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Welcome to SeTBio ’13

Welcome to the first International Conference on Sensing Technologies for Biomaterial, Food
and Agriculture 2013 (SeTBio ’13) organized and sponsored by Laboratory of Bio-Sensing 
Engineering, Kyoto University and SPIE (the international society for optics and photonics).

It has been a year since Prof. Sadao Nakai, chair of OPIC, President, the laser Society of 
Japan visited our laboratory, Bio-Sensing Engineering, Kyoto University for introduce of the 
OPIC and our joining the congress.  We are very glad to see all participants from about 20
countries here at Yokohama, Japan. On behalf of organizing committee, I would like to 
express our appreciation to all the participants and co-sponsors, Japanese Society of 
Agricultural Machinery (JSAM), the Society of Agricultural Structures, Japan (SASJ) and 4
companies for contribution to this SeTBio ’13.

The purpose of this conference is to “Provide a forum for discussions of new approaches and 
emerging results on sensing technologies in biomaterials, foods and agriculture of all over the 
world”.  The intent of the Program Committee (Chairperson: Prof. Yuichi Ogawa) is that 
participants here can share ideas, theories, techniques, challenges, and concerns with peers 
and expand our professional networks worldwide.  In this booklet entitled “Extended 
Abstracts” of this conference, 48 presentations were collected focussing on the three major
topics related to “Light”: Plant Factory, Precision Agriculture, and Bio-sensing. This 
conference is a very good opportunity to share a greater consciousness, a better understanding 
and knowledge not only on food production but also on life, energy and environmental issues.
I believe that our discussions here would be helpful for the next step of each participant and 
for a progress of present and future researches.

At last, I would like to express my sincere gratitude to secretaries (Tetsuhito Suzuki, Diding 
Suhandy, and Tomoo Shiigi) who handled many administrative works for this successful
conference. In addition, I want to say thank you to Rob Whitner, event manager and Darcey 
Maher Peterson, coordinator, programs and proceedings of SPIE for their great assistance and 
supports.  We wish all participants here enjoy this conference and establish good human 
networks for the near future agriculture, food, and affluent life in the world.

Naoshi KONDO
Conference Chair of SeTBio ’13
Professor, Kyoto University
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Organization
< Sponsored by >
— Lab. of Bio-Sensing Engineering, Kyoto University

— SPIE (the international society for optics and photonics)

— The Japanese Society of Agricultural Machinery (JSAM)

— The Society of Agricultural Structures, Japan (SASJ)

< Supported by >
— Japanese Society of Farm Work Research (JSFWR)

— Japanese Society of Agricultural Informatics (JSAI)

— Japanese Society of Agricultural, Biological and Environmental 

Engineers and Scientists (JSABEES)

< Organzing Committee >

Conference Chair
Naoshi Kondo (Kyoto Univ., Japan)

Program Committee Chair
Yuichi Ogawa (Kyoto Univ., Japan)

Program Committee Vice Chair
Rob Whitner (SPIE, USA)

Seiichi Oshita (Univ. of Tokyo, Japan)

Sakae Shibusawa (Tokyo Univ. of Agriculture and

Technology, Japan)

Hiroshi Shimizu (Kyoto Univ., Japan)

Michihisa Iida (Kyoto Univ., Japan)

Kazuhisa Yamamoto (Osaka Univ., Japan)

Hiroshi Tsuchiya (Hamamatsu photonics K. K., Japan)

Program Committee Members
Simon Blackmore (Harper Adams Univ., UK)

Kuanglin Chao (USDA, USA)

Suming Chen (Taiwan National Univ., Taiwan)

Jong Hoon Chung (Seoul National Univ., Korea)

Han Donghai (China Agriculture Univ., China)

Reza Ehsani (Univ. of Florida, USA)

István Farkas (Szent István Univ., Hungary)

Heon Hwang (Sung Kyun Kwan Univ., Korea)

Shuso Kawamura (Hokkaido Univ., Japan)

Moon Kim (USDA, USA)

Rika Kudo (Shikoku Research Institute Inc., Japan)

Daniel Lee (Univ. of Florida, USA)

Peter Ling (Ohio State Univ., USA)

Renfu Lu (USDA, USA)

Shigeo Maeda (IDEC, Japan)

Masahiko Suguri (Kyoto Univ., Japan)

Ryohei Masuda (Kyoto Univ., Japan)

Hiroshi Nakashima (Kyoto Univ., Japan)

Katsuaki Ohdoi (Kyoto Univ., Japan)

Juro Miyasaka (Kyoto Univ., Japan)

Yoshinari Morio (Mie Univ., Japan)

Bosoon Park (USDA, USA)

Yankun Peng (China Agriculture Univ., China)

Francis Pierce (Washington State Univ., USA)

Nick Sigrimis (Agricultural Univ. of Athens, Greece)

John Schueller (Univ. of Florida, USA)

Yang Tao (Univ. of Maryland, USA)

K.C. Ting (Univ. of Illinois, USA)

Masami Ueno (Univ. of the Ryukyu, Japan)

E. J. Van Henten (Wageningen Univ., The Netherlands)

Marc Vanacht (AG Business, USA)

Yibin Ying (Zhejiang Univ., China)

Li Minzan (China Agriculture Univ., China) 

Qin Zhang (Washington State Univ., USA)

Hadi K. Purwadaria (Bogor Agriculture Univ., Indonesia)

Gerrit Van Straten (Wageningen Univ., The Netherlands)

Francisco Rovira Más (Polytechnic Univ. of Valencia, Spain)

Kangjin Lee (National Academy of Agriculture Science, Korea)

Hermann Auernhammer (Techincal Univ. of Munich, 

Germany)

Secretariat
Tetsuhito Suzuki (Kyoto Univ., Japan)

Diding Suhandy (Kyoto Univ., Japan)

Tomoo Shiigi (Kyoto Univ., Japan)
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Program Time Table
Tuesday, 23 April

Opening Remarks of OPIC ’13 (Room 301, 302)
9:30 S. Nakai, Organizing Chair of OPIC ’13, President of the Laser Society of Japan
9:40 Past, present and future of lasers

K. Shimoda, Congress Chair of OPIC ’13, Prof. Emeritus at the Univ. of Tokyo, Japan

Keynote Lectures of OPIC ’13
10:00 Laser for Ignition and Future Energy Generation

R. L. Byer, Congress Chair of OPIC ’13, Prof. of Stanford Univ., USA
10:45 Advanced Laser Source and Applications to Medicine and Biology

K. Midorikawa, Conference Chair of ALPS ‘13
M. Kikuchi, Conference Chair of CLSM ‘13

---- Lunch Break (11:55-13:20) ----

Joint Plenary Sessions of OPIC ’13
Session A  (Room 301, 302) Session B  (Room 303)

13:20 Sensing Technologies for Bio-Material, Food and Agriculture
N. Kondo, Conference Chair of SeTBio ’13

Laser and Accelerator Neutron Sources and Applications
H. Azechi, Conference Chair of LANSA'13

13:50 Laser Display
K. Kuroda Conference Chair of LDC'13

Laser Application to Nuclear Engineering
S. Nomura, Conference Chair of LANE'13

14:20 LED and Its Industrial Application
H. Amano Conference Chair of LEDIA'13

High-Energy Density Science
R. Kodama, Conference Chair of HEDS2013

14:50 Laser Ignition
T. Taira Conference Chair of LIC'13

Laser Processing for CFRP and Composite Materials
M. Kutuna. Conference Chair of LPCC2013

---- Break (15:20-15:40) ----

Opening of SeTBio ’13 (Room 311, 312)
15:40 Opening remarks N. Kondo, Conference Chair of SeTBio’13

SeTB1：Light and Plant Factory Chair: Istvan Farkas, Co-Chair: Hiroshi Shimizu
15:45 SeTB1-1 (Invited) H. Murase

Advanced Technologies for Plant Factory
16:15 SeTB1-2 Y. Nakanishi

Development of a Monitoring System Technology Suitable for Production Process Monitoring in Small Scale Protected 
Horticulture

16:30 SeTB1-3 Y. Kakinoki
Efficient Plant Growth Using Automatic Position-Feedback Laser Light Irradiation

16:45 SeTB1-4 Y. Koike
Effect of Photoperiod on Flowering of Cypress Vine (Ipomea quamoclit L.)

17:00 SeTB1-5 (Invited) H. Shimizu
Current State and Research Trend in Light Environment for Plant Factory

17:30 SeTB1-6          S.Tian
Comparison on Machine Vision System for Sorting Melon Seedling on Grafting Robot

17:45 SeTB1-7 I. Farkas
Computer Vision Methods for Greenhouse Irrigation Control

---- Break (18:00-18:30) ----

Conference Reception (18:30-20:30) (Room 501, 502)
All participants of SeTBio ’13 are invited.

“※” mark refers candidate of “Student Best Presentation Award.”
Recipients of awards will be commended at Student Information Exchange Forum on 25 April.
Please cooperate with judgment of the award by giving points on judgment sheet.
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Wednesday, 24 April
SeTB2：Light and Precision Agriculture Chair: Sakae Shibusawa (Room 311, 312)

9:00 SeTB2-1 (Invited) J. De Baerdemaeker
Multi-scale Photonics for Precision Agriculture

9:30 SeTB2-2 ※ P. Tien Dat
Mapping Wetland Cover Types Using Remote Sensing and GIS in Can Gio Mangrove Biosphere Reserve, Vietnam 

9:45 SeTB2-3 S. Sumriddetchkajorn
Spectral Imaging Analysis for Silkworm Gender Classification

10:00 SeTB2-4 ※ B. S. N. Aliah
The Potential of Visible-Near Infrared Spectroscopy for Mapping of Multiple Soil Properties Using Real-Time Soil Sensor    

---- Break (10:15-10:30) ----

SeTB2：Light and Precision Agriculture Chair: Ferruccio Giametta
10:30 SeTB2-5 P. Catalano

Vibration Analysis Using a Contactless Acquisition System
10:45 SeTB2-6 Y. Saito

Proposal of Optical Farming —Development of Several Optical Sensing Instruments for Agricultural Use—
11:00 SeTB2-7 ※ M. Jahari

Monitoring System for Yield Qualities of Paddy
11:15 SeTB2-8 N. M. Nawi

Application of Visible-Shortwave Near Infrared Spectrometer to Predict Sugarcane Quality Based on Different Sample 
Forms 

11:30 SeTB2-9 T. T. Lin
Fusion of Image and Laser —Scanning Data in a Large-Scale 3D Virtual Environment—

---- Lunch Break (11:45-13:15) ----

SeTB2：Light and Precision Agriculture Chair: Josse De Baerdemaeker
13:15 SeTB2-10 (Invited) S. Shibusawa

Precision Agriculture Thanks Optical Technology
13:45 SeTB2-11 R. Pudelko

Low Altitude Aerial Remote Sensing and Mobile Ground Measurement 
14:00 SeTB2-12 J. Kozyra

Daily Cycle of Spectral Reflectance Characteristics of Different Crops —Case Study of Poland—
14:15 SeTB2-13 J. Miyasaka

Effects of Microwave on Spinacia Oleracea Growth —Survey of Germination and Long-Term Exposure—

Sponsor Presentation                                               
14:30 SeTB-SP-1 T. Ishi (NEC Corporation, Japan)

FPA Based, Palm Size and Light Weight Real-Time THz Imager and Its Applications
14:45 SeTB-SP-2 S. Funahashi (Murata Manufacturing Co., Ltd., Japan)

Murata's Technology for Electronics and Our New Market

---- Break (15:00-15:15) ----

SeTB3：Light and Bio-sensing Chair: Suming Chen
15:15 SeTB3-1 (Invited) B. Park

Foodborne Pathogenic Bacteria Identification with Hyperspectral Microscope Imaging 
15:45 SeTB3-2 S. Sumriddetchkajorn

Mobile Device-Based Optical Instruments for Agriculture 
16:00 SeTB3-3 ※ J. De Vylder

Multiple Leaf Tracking Using Computer Vision Methods with Shape Constraints 
16:15 SeTB3-4 J. Abdullah

Early Detection of Basal Stem Rot in Oil Palm Plantations Using Gamma-Ray Computed Tomography
16:30 SeTB3-5 Y. Makino

Non-Destructive Prediction of Degreening Rate of Broccoli by Hyperspectral Imaging 
16:45 SeTB3-6 D. Suhandy

Determination of L-Ascorbic Acid (L-AA) in Terahertz Region Using Back Propagation Artificial Neural Networks 
(BP-ANN) Method 
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Thursday, 25 April
SeTB3：Light and Bio-sensing Chair: Ta-Te Lin (Room 311, 312)

9:00 SeTB3-7 (Invited) S. Oshita
Monitoring of ATP and/or Viable Cells on Meat Surface by Excitation-Emission Matrix Fluorescence Spectroscopy

9:30 SeTB3-8 K. Hattori
Estimation of the Dielectric Changes of Detaching Adherent Cells by Terahertz Split-Ring Resonator 

9:45 SeTB3-9 ※ J. Shan
Determination of Chlorogenic Acid (CGA) in Different Roast Degree Coffee by Near Infrared (NIR) Spectroscopy 

10:00 SeTB3-10 ※ K. Shiraga
Evaluation of the Hydration Effect of Monosaccharides in the Terahertz Region 

---- Break (10:15-10:30) ----

SeTB3：Light and Bio-sensing Chair: Heon Hwang
10:30 SeTB3-11 ※ Y. K. Chuang

Inspection of Fecal Contamination on Strawberries Using Fluorescence Imaging 
10:45 SeTB3-12 S. Chen

Evaluation of Phalaenopsis Flowering Quality Using Near Infrared Spectroscopy 
11:00 SeTB3-13 ※ H. Naito

Attenuated Total Reflection Terahertz Spectra of Raw Milk for Measuring Somatic Cell Count
11:15 SeTB3-14 ※ S. Han

An Approach for Identification of Vitamin A Deficient Cattle by Pupillary Light Reflex Analysis in Japanese Black Cattle    
11:30 SeTB3-15 Md. H. Islam

Monitoring Chicken Embryo Development by VIS Transmission Spectroscopy

---- Lunch Break (11:45-13:00) ----

SeTB3：Light and Bio-sensing Chair: Seiichi Oshita
13:00 SeTB3-16 ※ L. K. T. Srimal

Optical Coherence Tomography Biospeckle Imaging for Fast Monitoring Varying Surface Responses of A  Plant Leaf 
Under Ozone Stress   

13:15 SeTB3-17 Y. Wang
Glass Beads Counting by Using Metallic Mesh Sensor in Terahertz Region for Pollen Counting Application

13:30 SeTB3-18 U. Siripatrawan
Hyperspectral Spectroscopy for Monitoring Fungal Contamination in Cereal Grains

13:45 SeTB3-19 I. Nishidate
In Situ Nondestructive Imaging of Functional Pigments in Micro-Tom Tomato Fruits by Multi Spectral Imaging Based on 
Wiener Estimation Method

14:00 SeTB3-20 H. Hwang
Development of Noncontact Integrated Egg Quality Measurement System 

---- Break (14:15-14:30) ----

SeTB3：Light and Bio-sensing Chair: Bosoon Park
14:30 SeTB3-21 B. Sutapun

Multichannel Microfluidic Chip for Rapid and Reliable Trapping and Imaging Plant-Parasitic Nematodes   
14:45 SeTB3-22 C. Li

Measuring the Key Shape Features of Onion Bulbs Using 2-D and 3-D Images
15:00 SeTB3-23 ※ T. Suzuki

Detection of Escherichia Coli Deposited on a Filter Using Metallic Mesh Sensor   
15:15 SeTB3-24 R. Van Beers

Apple Ripeness Detection Using Hyperspectral Laser Scatter Imaging 
15:30 SeTB3-25 ※ N. Nguyen Do Trong

Spatially Resolved Spectroscopy for Nondestructive Quality Measurements of Braeburn Apples     
15:45 SeTB3-26 D. Khoptyar

Broadband Photon Time of Flight Spectrometer for Characterization of Food and Pharmaceutical Products 

Closing of SeTBio ’13           
16:00 Closing remarks         Y. Ogawa, Program Committee Chair of SeTBio’13
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 Program of SeTBio ’13  
 

Tuesday, April 23               
15:40-15:45                       
Opening Remarks          Room 311,312 
15:40    N. Kondo, Conference Chair of SeTBio’13 

Professor, Graduate School of Agriculture, Kyoto 
University, Japan 

 
15:45-18:00                        
SeTB1: Light and Plant Factory  

Room 311,312 
Chair: I. Farkas, Program Committee Member, Szent István 
University, Hungary 
Co-Chair: H. Shimizu, Vice Chair of Program Committee, 
Kyoto University, Japan 
 
SeTB1-1 (Invited) Advanced Technologies for Plant 

Factory 
 
 
 
 
 
 
 
 
15:45 Haruhiko Murase 
 Osaka Prefecture University, Japan 
SeTB1-2  Development of a Monitoring System 

Technology Suitable for Production Process 
Monitoring in Small Scale Protected 
Horticulture 

16:15 Y. Nakanishi, and R. Kudo  
 Shikoku Research Institute Inc, Japan 
SeTB1-3 Efficient Plant Growth Using Automatic 

Position-Feedback Laser Light Irradiation 
16:30 Y. Kakinoki, Y. Kato, K. Ogawa, A. Nakao, Z. 

Okai, and T. Katsuyama 
 Graduate School of Engineering, University of 

Fukui, Japan 
SeTB1-4 Effect of Photoperiod on Flowering of Cypress 

Vine (Ipomea quamoclit L.) 
16:45 Y. Koike 
 Faculty of Agriculture, Tokyo University of 

Agriculture, Japan 
SeTB1-5 (Invited) Current State and Research Trend in 

Light Environment for Plant Factory 
 
 
 
 
 
 
 
 
17:00 Hiroshi Shimizu 
 Kyoto University, Japan 
SeTB1-6 Comparison on Machine Vision System for 

Sorting Melon Seedling on Grafting Robot 
17:30 S.Tian, S. Dong, J. Yang, and T. Li 

Key Laboratory of Protected Horticulture, 
Shenyang Agricultural University, China 

 
SeTB1-7 Computer Vision Methods for Greenhouse 

Irrigation Control 
17:45 I. Farkas 

Department of Physics and Process Control, 
Szent István University, Hungary 

 
18:30- 20:30                       
Conference Reception   

 Room 501,502 

 
 
Wednesday, April 24            
9:00-11:45                         
SeTB2:Light and Precision Agriculture 

Room 311,312 
Chair: S. Shibusawa, Vice Chair of Program Committee, 
Tokyo University of Agriculture and Technology, Japan  
 

SeTB2-1 (Invited) Multi-scale Photonics for Precision 
Agriculture 

  
 
 
 
 
 
 
 
9:00 Josse De Baerdemaeker 

 Division of Mechatronics, Biostatistics and 
Sensors, MeBioS - KU Leuven, Belgium 

SeTB2-2※ Mapping Wetland Cover Types Using Remote 
Sensing and GIS in Can Gio Mangrove 
Biosphere Reserve, Vietnam 

9:30 P. Tien Dat1), and K. Yoshino2) 

 1)Center for Agricultural Research and 
Ecological Studies (CARES), Hanoi University of 
Agriculture (HUA), Vietnam, 2)Faculty of 
Engineering, Information and Systems, University 
of Tsukuba, Ibaraki, Japan 

SeTB2-3 Spectral Imaging Analysis for Silkworm 
Gender Classification 

9:45 S. Sumriddetchkajorn1), C. Kamtongdee2), and C. 
Sa-NgiamSak2) 

 1) Intelligent Devices and Systems Research Unit, 
National Electronics and Computer Technology 
Center, Thailand, 2) Department of Electrical 
Engineering, Khon Kaen University, Thailand 

SeTB2-4※ The Potential of Visible-Near Infrared 
Spectroscopy for Mapping of Multiple Soil 
Properties Using Real-Time Soil Sensor 

10:00 B. S. N. Aliah1), M. Kodaira 2), and S. Shibusawa2) 

 1) United Graduate School of Agricultural Science, 
Tokyo University of Agriculture and Technology, 
Japan, 2) Institute of Agriculture, Tokyo 
University of Agriculture and Technology, Japan 

 
----- Break （10:15-10:30）----- 
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Chair: F. Giametta, University of Molise, Italy 
 
SeTB2-5 Vibration Analysis Using a Contactless 

Acquisition System 
10:30  P. Catalano1), F. Fucci1), F. Giametta1), G. La 

Fianza1), and B. Bianchi2) 

1) University of Molise, Italy, 2) University of Bari, 
Italy 

SeTB2-6 Proposal of Optical Farming -Development of 
Several Optical Sensing Instruments for 
Agricultural Use- 

10:45 Y. Saito 1), and K. Kobayashi 2)   

1)Faculty of Engineering, Shinshu University, 
Japan, 2)Graduate School of Science and 
Technology, Shinshu University, Japan 

SeTB2-7※ Monitoring System for Yield Qualities of 
Paddy 

11:00 M. Jahari1), K. Yamamoto1), M. Miyamoto2), N. 
Kondo1), and Y. Ogawa1) 

1) Graduate School of Agriculture, Kyoto 
University, Japan, 2) Yanmar Co., Ltd, Japan 

SeTB2-8 Application of Visible-Shortwave Near 
Infrared Spectrometer to Predict Sugarcane 
Quality Based on Different Sample Forms 

11:15 N. M. Nawi 1,3), G. Chen 1,2), and T Jensen 1,2)  
 1)Faculty of Engineering and Surveying, 

University of Southern Queensland, Australia, 
2)National Centre for Engineering in Agriculture 
(NCEA), University of Southern Queensland, 
Australia, 3)Department of Biological and 
Agricultural Engineering, Faculty of Engineering, 
Universiti Putra Malaysia, Malaysia 

SeTB2-9 Fusion of Image and Laser-Scanning Data in a 
Large-Scale 3D Virtual Environment 

11:30 J.S. Shih, T.T. Lin  
  Dept. of Bio-Industrial Mechatronics 

Engineering, National Taiwan University, 
Taiwan 

 
----- Lunch Break （11:45-13:15）----- 

 
13:15-15:00                          
SeTB2:Light and Precision Agriculture 

Room 311,312 
Chair: J. De Baerdemaeker, Division of Mechatronics, 
Biostatistics and Sensors, MeBioS - KU Leuven, Belgium  
 
SeTB2-10 (Invited) Precision Agriculture Thanks 

Optical Technology 
 
 
 
 
 
 
 
 
13:15 Sakae Shibusawa 

 Tokyo University of Agriculture and Technology, 
Japan 

SeTB2-11 Low Altitude Aerial Remote Sensing and 
Mobile Ground Measurement 

13:45 R. Pudelko, J. Kozyra, and M. B. Walker 
  Department of Agrometeorology and Applied 

Informatics, Institute of Soil Science and Plant 

Cultivation, State Research Institute, Poland 
SeTB2-12 Daily Cycle of Spectral Reflectance 

Characteristics of Different Crops-Case Study 
of Poland- 

14:00 J. Kozyra, R. Pudelko, and M. B. Walker  
 Department of Agrometeorology and Applied 

Informatics, Institute of Soil Science and Plant 
Cultivation, State Research Institute, Poland 

SeTB2-13 Effects of Microwave on Spinacia Oleracea 
Growth ― Survey of Germination and 
Long-Term Exposure ― 

14:15  J. Miyasaka 1), H. Iguchi 1), R. Yamamoto 1), Y. 
Ogawa 1), H. Shimizu 1), H. Nakashima 1), K. 
Ohdoi 1), N. Shinohara 2), and T. Mitani 2)  

1) Graduate School of Agriculture, Kyoto 
University, Japan, 2) Research Institute for 
Sustainable Humanosphere, Kyoto University, 
Japan 
 

14:30-15:00                          
SeTB-SP: Sponsor Presentation 

Room 311,312 
SeTB-SP-1 FPA Based, Palm Size and Light Weight 

Real-Time THz Imager and Its Applications  
14:30 T. Ishi  
 NEC Corporation, Japan 
SeTB-SP-2 Murata's Technology for Electronics and Our 

New Market  
14:45 S. Funahashi  
 Murata Manufacturing Co., Ltd., Japan 
 

----- Break （15:00-15:15）----- 
 

15:15-17:00                         
SeTB3: Light and Bio-sensing 

Room 311,312 
Chair: S. Chen, Program Committee Member, Department of 
Bio-Industrial Mechatronics Engineering, National Taiwan 
University, Taiwan  
 
SeTB3-1 (Invited) Foodborne Pathogenic Bacteria 

Identification with Hyperspectral Microscope 
Imaging 

 
 
 
 
 
 
 
 
15:15 Bosoon Park  
 United States Department of Agriculture (USDA), 

USA 
SeTB3-2 Mobile Device-Based Optical Instruments for 

Agriculture 
15:45 S. Sumriddetchkajorn 

Intelligent Devices and Systems Research Unit, 
National Electronics and Computer Technology 
Center, Thailand 

SeTB3-3※ Multiple Leaf Tracking Using Computer 
Vision Methods with Shape Constraints 

16:00 J. De Vylder 1), W. Philips 1), and D. Van Der 
Straeten 2) 
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1) Department of Telecommunication and 
Information Processing, Ghent University, 
Belgium, 2) Department of Physiology, Ghent 
University, Belgium 

SeTB3-4 Early Detection of Basal Stem Rot in Oil Palm 
Plantations Using Gamma-Ray Computed 
Tomography 

16:15 J. Abdullah 1), S. Mohd 1), H. Hassan 
1), M. R. 

Shari 1), M. Mustapha 1), A. A. Mahmood 1), M. R. 
Ngah 2), and N. H. Hamid 2) 

1) Centre for Computed Tomography and 
Industrial Imaging (CCTII), Malaysian Nuclear 
Agency, Malaysia, 2) FELDA Agriculture Services 
Sdn Bhd, Malaysia 

SeTB3-5 Non-Destructive Prediction of Degreening 
Rate of Broccoli by Hyperspectral Imaging 

16:30 Y. Makino, Y. Kosaka, A. Hosaka, and S. Oshita 
Graduate School of Agricultural and Life 
Sciences, The University of Tokyo, Japan 

SeTB3-6 Determination of L-Ascorbic Acid (L-AA) in 
Terahertz Region Using Back Propagation 
Artificial Neural Networks (BP-ANN) Method 

16:45 D. Suhandy, M. Yulia, S. Widodo, Y. Ogawa, and 
N. Kondo 
Graduate School of Agriculture, Kyoto University, 
Japan 
 

 
Thursday, April 25              
9:00-16:00                          
SeTB3: Light and Bio-sensing 

Room 311,312 
Chair: T. T. Lin, Dept. of Bio-Industrial Mechatronics 
Engineering, National Taiwan University  
 
SeTB3-7 (Invited) Monitoring of ATP and/or Viable 

Cells on Meat Surface by Excitation －
Emission Matrix Fluorescence Spectroscopy 

 
 
 
 
 
 
 
 
9:00 Seiichi Oshita 

The University of Tokyo, Japan 
SeTB3-8 Estimation of the Dielectric Changes of 

Detaching Adherent Cells by Terahertz 
Split-Ring Resonator 

9:30 K. Hattori, K. Shiraga, T. Suzuki, Y. Ogawa, and 
N. Kondo 
Graduate School of Agriculture, Kyoto University, 
Japan 

SeTB3-9※ Determination of Chlorogenic Acid (CGA) in 
Different Roast Degree Coffee by Near 
Infrared (NIR) Spectroscopy 

9:45 J. Shan, T. Suzuki, D. Suhandy, Y. Ogawa, and N. 
Kondo 
Graduate School of Agriculture, Kyoto University, 
Japan  

SeTB3-10※ Evaluation of the Hydration Effect of 
Monosaccharides in the Terahertz Region 

10:00 K. Shiraga 1), Y. Ogawa 1), N. Kondo 1), A. Irisawa 

2), and M. Imamura 2) 

 1) Graduate School of Agriculture, Kyoto 
University, Japan 2) ADVANTEST Corporation, 
Japan 

 
----- Break （10:15-10:30）----- 

 
Chair: H. Hwang, Program Committee Member, 
Sungkyunkwan University, Korea  
 
SeTB3-11※ Inspection of Fecal Contamination on 

Strawberries Using Fluorescence Imaging 
10:30 Y. K. Chuang 1) , S. Chen 1), C. C. Yang 2), M. S. 

Kim 2), D. E. Chan 2), S. R. Delwiche 3), and Y. M. 
Lo 4) 

           1)Department of Bio-Industrial Mechatronics 
Engineering, National Taiwan University, 
Taiwan, 2)USDA-ARS, Beltsville Agricultural 
Research Center, Environmental Microbial & 
Food Safety Laboratory, USA,  3)USDA-ARS, 
Beltsville Agricultural Research Center, Food 
Quality Laboratory USA, 4)Department of 
Nutrition and Food Science, University of 
Maryland, USA 

SeTB3-12 Evaluation of Phalaenopsis Flowering Quality 
Using Near Infrared Spectroscopy 

10:45  S. Chen 1), Y.K Chuang 1), Y.H. Chang 1), C.C Tai 
1), Y.C. A. Chang 2), J.Y. Hou 2), C.Y Tsai 3), and 
I.C. Yang 4) 

 1)Department of Bio-Industrial Mechatronics 
Engineering, National Taiwan University, 
Taiwan, 2)Department of Horticulture and 
Landscape Architecture, National Taiwan 
University, Taiwan, 3)Bioenergy Research Center, 
National Taiwan University, Taiwan, 4)Taiwan 
Agricultural Mechanization Research and 
Development Center, Taiwan 

SeTB3-13※ Attenuated Total Reflection Terahertz Spectra 
of Raw Milk for Measuring Somatic Cell 
Count 

11:00 H. Naito 1), Y. Ogawa 1), N. Kondo 1), and A. 
Kubota 2) 

  1) Graduate School of Agriculture, Kyoto 
University, Japan 2) Hokkaido Research 
Organization Agricultural Research Department, 
Japan 

SeTB3-14※ An Approach for Identification of Vitamin A 
Deficient Cattle by Pupillary Light Reflex 
Analysis in Japanese Black Cattle 

11:15 S. Han 1), N. Kondo 1), T. Fujiura 1), Y. Ogawa 1), S. 
Tanigawa 1), M. Fukushima 2), O. Watanabe 2), 
and N. Kohama 2) 

  1) Graduate School of Agriculture, Kyoto 
University, Japan 2) Department of Beef Cattle 
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University, Japan 2) NABEL Co. Ltd., Kyoto, 
Japan 
 



（8） （9）

----- Lunch Break（11:45-13:00）----- 
 

Chair: S. Oshita, Vice Chair of Program Committee, The 
University of Tokyo, Japan  
 
SeTB3-16※ Optical Coherence Tomography Biospeckle 

Imaging for Fast Monitoring Varying Surface 
Responses of A  Plant Leaf Under Ozone 
Stress 
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Electronics and Computer Technology, Thailand, 
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Filter Using Metallic Mesh Sensor 
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15:30 N. Nguyen Do Trong 1), C. Erkinbaev 1), B. 
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Baerdemaeker 1,3) 
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Sensors, MeBioS - KU Leuven, Belgium, 2) 
National Food Research Institute, Tsukuba, 
Ibaraki, Japan, 3)Graduate School of Agriculture, 
Kyoto University, Japan 
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15:45 D. Khoptyar 1), A. A. Subash 1), O. H. A. Nielsen 2), 
S. Johansson 1), and S. Andersson-Engels1) 

 1) Department of Physics, Lund University, 
Sweden, 2) DTU Informatics, Department of 
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Technical University of Denmark, Denmark 
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I  Introduction 
Full control type plant factory is the ideal plant 
manufacturing technology which planned production of 
plant would be possible not dependent on environment of 
nature and the suitability of the location. It is possible by 
controlling the environment of growing plant in the 
enclosed environment using the artificial light. The 
productivity of land would also increase and it would be a 
number up to a hundred times of the raising outdoors.  
However, there is a problem of running cost of expensive 
facility and electricity in general. So resolve the cost 
problem is essential for plant factory to spread generally. 
In this research, we focused on the effect of wind which 
has not controlled in plant factory yet as one of way to 
reduce the running cost.  
By giving wind to the plant, it is possible to remove O2 
that released by photosynthesis and send new CO2 so that 
the speed of photosynthesis increase and foster the growth. 
In this research, we compare the weight of the send wind 
state and windless conditions that were measured in the 
experiment fresh weight, dry weight, the amount of 
growth in order to examined the usefulness of wind. 
 
1. The importance of airflow control  

About the history of the study of the wind and 
photosynthesis has been described in detail in Yabuki. 
Carbon dioxide concentration, temperature and humidity 
are important for photosynthesis as well as the light 
intensity. Airflow is also important as well as those 
elements. There are a number of research reports supports 
this, which enhanced the photosynthetic rate by 

controlling the airflow. Tomato seedlings grown in 0.6 
m/s air velocity is 1.9 times the net photosynthetic rate as 
compared with the case of 0.1 m/s. By rising to 0.2 m/s 
from 0.01 m/s airflow speed, we have significantly 
improved the rate of net photosynthesis in sweet potato. 
Dry weight of soybean was increased 14% compared to 
cultivation in the airflow velocity 0.8 m/s and 0.4 m /s. 
Benefits that airflow controls is not the only growth 
promotion. It can prevent calcium deficiency called chip 
burn fed by airflow. By proper air flow control to reduce 
the spatial-temporal variations in temperature, humidity 
and carbon dioxide concentration, to equalize the quality 
of the product, and further to promote the growth of plants 
is very important.  
2. Inhomogeneous of airflow environment  
Inhomogeneous of airflow environment is reflected in 

Fig .1. However, it was a difficult problem to give plant 
the wind equally. Fig .1 cannot lead the conclusion that 
every single one gets wind equally in the traditional way. 
Airflow environment is irregular attention to the 
individual. With the electric turntable, it was possible to 
reduce the inhomogeneous of airflow environment. 

 
 
 
 
 

 

 

           Fig. 1. To send airflow from left side. 
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Abstract 

To improve cultivation performance, a new rotation mechanism for the alleviation of the inhomogeneous of airflow by the 
rotation of plant has been introduced. The combination of air flow control and rotation mechanism makes about 20% large lettuce 
compared with the normal condition. Essential resource elements in crop production are light, water, carbon dioxide and fertilizer. 
Optimum design for air-conditioning and lightings in plant factory system is required to realize the economical operation of plant 
factory because most energy consuming elements of plant factory system are air-conditioning and lightings. In this sense 
application of solid state lighting sources such as LD in plant factory system may be improved to expect some reduction of 
running cost in lighting for the future work.   
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II Material and Methods 
1. Plant material and growing conditions  
Experiments were carried out using Greenwave lettuce. 
There were planted 5 days after sowing and cultivated for 
15 days. We did the experiment 15 days. We used multi-
sensing growth chamber as cultivation facilities. 
Cultivation environment set to be constant at 22 ℃

temperature and 50% humidity. This setting is the same as 
the setting of common plant factory. We used white 
fluorescent lamp as light source. PPFD was about 200. 
Light period was 12 hours on and 12 hours off. Tower fan 
TF-810 (TEKNOS) used as blower module. Electric 
turntable device is Doris II (TECO Style). It was two 
rotations per minute. The state of the cultivation was as 
shown in the Fig. 2.  
 
 
 
 
 
 
 
 
 

Fig. 2. Cultivation equipment  
2. Methods  

We set the strength of the airflow in the following three 
conditions as shown in Fig.3.  
Strong : Wind velocity is about 1.8 m/s.  
Weak : Wind velocity is about 0.9 m/s.  
Still : Wind velocity is less than 0.1 m/s.  
 
No.  Airflow 

conditions  
Rotation  

1  Strong  Rotating  
2  Weak  Rotating  
3  Still  Rotating 
4  Still  Non- rotating  

Fig. 3. Experimental condition 

After cultivation, we measured the fresh weight and dry 
weight and growth rate. Condition 4 was the weight of the 
criteria. Grown under these conditions for 15 days, and 
then harvested. We measured fresh weight, dry weight 
and the amount of growth as the experimental data, to 
examine the correlation between these three conditions. 

 

III Results 
Growth rate r explained below.  

r=ln(M/M0 )/t 
M=Fresh weight  

MO = Fresh weight before settled planting  
t=Total days of cultivation  

Estimation method M0 took statistics from the aerial 
parts of the weight of fresh weight measurement before 
the experiment.  

 
 
 
 
 
 
 
 
 
 
                 Fig.4  Growth rate of lettuces 
 
Fig.4 shows the overall results. Used estimate M0 result, 

to calculate the growth rate. First experiment shows 0.6% 
superior between strong/rotating and still/non-rotating, 
and 5.2% superior between weak/rotating and still/non-
rotating. Also whether there was an effect of the rotation, 
2.3% growth promoting effect was observed.  

Second experiment shows 6.8% superior between 
Strong/rotating and Still/non-rotating, and 7.6% superior 
between weak/rotating and still/non-rotating. Also 
whether there was an effect of the rotation, 6.7% growth 
promoting effect was observed.  

Third experiment shows 2.7% superior between weak 
/rotating and still/ non- rotating. 

 

References 

Murase, H., 2012. Disaster prevention and plant factory: 
Trends in academic vol.17 pp.75-81  

Yabuki, K., 1990. Wind and Photosynthesis – Leaf 
Surface Boundary Layer and Environmental Response 
of Plants: 211, Nobunkyo Tokyo.  

Takahashi, N., Okamura, K., Matsuda, Y., ETST. 2012. 
Effects of Air Flow on Production of Vaccine Protein 
against Swine Edema Disease in Transgenic Lettuce: 
Environmental Control in Biology 50 (2), pp. 135-141  

Takatuji, M., 2007 Full control type plant factory: 125, 
Ohmsha Tokyo  

Shibuya, T., Kozai, T., (1998). Effects of air current 
speed on net photosynthetic and evapotranspiration 
rates of a tomato plug sheet under artificial light. 
Environment Control in Biology 36 : 131-136  

 



－ 3－ － 4－

I Introduction 
Protected horticulture is a very important industry in 

Shikoku Island which is located in the western part of 
Japan. On the other hand, many greenhouses on Shikoku 
Island are old fashioned and are not equipped even with 
basic ambient monitoring sensors because those sensors 
are expensive and hard to use for ordinary farmers. 

We have successfully developed a powerful, easy to 
use low cost monitoring system technology suitable for 
small scale horticulture production process monitoring 
and have named it HaPPi Monitor. This paper describes 
about its three important features listed below. 1.Flexible 
system architecture, 2.Energy conservative and low cost 
devices, and 3. Lightweight data processing. 

II Specific features of the system 
1. Flexible system architecture 

Fig. 1 shows the basic functions of the HaPPi Monitor. 
The system is composed of a local host computer(referred 
to as NC later) and some sensing nodes(referred to as 
NICE later).  

The NC is equipped with three kinds of wireless 
communication capability. Those are ZigBee, WiFi and 
3G. The first one is used to communicate with sensing 
nodes, the second one is used to communicate with WiFi 
capable devices such as web cameras and human interface 
devices and the last one is used to connect the device to 
the Internet. The monthly cost of those 3G communicati-
on systems which have enough communication speed and 
stability to connect each NC to the Internet cloud database 
is equivalent to a cup of coffee under the favor of recent 
IT breakthrough in Japan. An NC can manage up to 50 
NICEs  connected by the ZigBee radio wave network. 

Each NICE can work as a radio wave router too if enough 
electricity is available. 

Wireless communication and battery powered operation 
capability brings two kinds of benefit to farmers. One of 
those is easy installation and another one is strength 
against the lightning. It is not necessary to explain about 
easy installation, but strength to the lightning might not be 
understood in general. Electronic devices such as micro 
processors and sensors are very fragile when encountered 
with electric surge noise which accompanies lightning. 
Most effective way to avoid damage from lightning is to 
install those devices without the usual electric wires 
which supply electricity and data communication. 
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Fig.1 System architecture of the HaPPi Monitor 
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was confirmed through experimental operation in some farmers' greenhouses. It has also been confirmed three main features 
discussed in this paper are critical to put this kind of system into practical use as a result of a long term field experiment. 
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2. Energy conservative and low cost devices 

Electricity consumption of each device is a very 
important issue since electricity can not be supplied easily 
in greenhouses or in open fields. NICE's average 
electricity consumption is about 200uW and NC's is about 
3W including electricity for WiFi and 3G communication 
devices. 

NICE has been designed to be very energy conservative 
and to run at low cost. It can work for more than six 
months on a small battery even while supplying electricity 
to the sensors connected to it. A small solar panel with a 
small lithium-ion battery is also effective as an electricity 
resource for eternal operation if NICE can be put in bright 
sun light. 

On the other hand, NC's 3W is not small enough but 
when you can utilize a commercial electricity outlet or a 
50x50 cm(equivalent to 30W generation capacity) solar 
panel and a rechargeable battery for night operation. 
Fortunately supplying electricity to NC is not so difficult 
since it can either be attached anywhere commercial 
electricity is available or in a 1x1 m location where bright 
sun light is available to supply energy to its solar panel. 

We have developed all of NICE's hardware and 
software including its specially designed operating system 
to provide high sensing accuracy while at the same time 
functioning at low energy cost. 

Furthermore, we have decided to utilize commercial 
hardware and an open source linux operating system to 
build NC with our basic original monitoring software  
because recent linux based commercial embedded 
computers are capable enough and cheap to be used as  
NC. The basic monitoring software is designed to save 
time and cost in order to develop practical monitoring 
system based on Java, XML and WEB technology. 
3. Lightweight data processing 

Lightweight data processing technology is another 
considerable feature. Cloud data processing is a hopeful 
candidate, but it is not adequate if a high speed IP 
network is not available. We have developed a compact 
and powerful data processing mechanism which works 
only on NC and users' mobile terminals. This data 
processing mechanism offers a flexible and powerful data 
mining function. Its easy to use operating interface for  
users is based on modern web-computing technology. 

The cloud database will be a useful option, for example, 
when you need to share measured data by HaPPi Monitors 
among group members on the Internet. Furthermore you 
can utilize cloud computers' enormous computing power 
after measured data has been accumulated on the cloud 
database. 

The fusion of lightweight processing technology and 
cloud database technology can be a smart option.  The 
HaPPi monitor is designed to utilize both technologies 
depending on users' purposes and their operating 
environment according to this idea. 

III Field experiment 
Fig.2 shows a sensing device which is attached to an 

armature in a strawberry cultivating greenhouse. 
Temperature, humidity, CO2 concentration and photo 
intensity measuring sensors are connected to it.  

 A lithium-ion battery contained in the water-proof 
casing can supply electricity to NICE's circuit board and 
to each sensor except for the CO2 sensor which consumes 
too much electricity to depend on the battery. 
 

 
Fig.2 A sensing device in a field experiment 

VI Summary and Conclusions 
It has been successfully confirmed that the newly 

developed HaPPi Monitor is practical enough for small 
scale horticulture production process monitoring. It has 
also been confirmed that the three main features discussed 
in this paper are critical to be able to put this kind of 
system into practical use.  

We hope our HaPPi Monitor will be a useful option to 
able to modernize horticulture on Shikoku Island. It is our 
hope that may contribute to the advance most of the 
whole agricultural industry in Japan, and may be even 
throughout the world. 
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Fig. 1 System configuration

Table 1 RGB laser characteristics

Red Green Blue
Wavelength 630nm 530nm 450nm

Output power 120mW 72mW 50mW

Fig. 2 Process sequence

I  Introduction 
The research on the plant factory using LEDs and white 

fluorescent lamps (FL) has been developed [Maeda et al.
2010, Yorio et al. 2001]. However, the light irradiation is 
required to the leaf positions only, where the 
photosynthesis occurs. Furthermore, the light wavelengths 
suitable to the actual photosynthesis and the light 
morphogenesis of the plants are restricted [Yorio et al.
2001]. Therefore, such a plant factory needs much more 
electric power than those truly required for the plant 
growth.  

Here, we demonstrate the three-primary-color scanning 
laser beam system for the plant growth, which can 
irradiate the light to the restricted plant parts such as 
leaves in combination with the camera system. This 
system also uses the light wavelengths suitable to the 
individual plant growth. Thus, we can save the electric 
power significantly by introducing the system shown here. 

II  Experimental Setup 
1. Laser Beam Control
The system used here is schematically shown in Fig. 1. 

The system is composed of the laser scan system and the 

camera. In order to correct the laser beam irradiation 
positions from the image obtained with camera, we 
adopted the perspective projection method by using 
position markers projected by laser itself. Equation (1) 
shows the transformation equation, where x’, y’ are the 
coordinates of each marker position obtained from camera 
image, x, y are those for actual position for laser beam 
irradiation. The detailed process sequence is shown in Fig. 
2. As shown, the sequence contains the extraction of the
leaves parts only, which enables to reduce the laser 
irradiation area. The laser diodes used for the growth 
itself are shown in Table 1.

Efficient plant growth using automatic position-feedback laser light irradiation

Yoshiaki KAKINOKI, Yuya KATO, Kosuke OGAWA, Akira NAKAO, Zenshiro OKAI,

and Toshio KATSUYAMA
Graduate School of Engineering, University of Fukui, Bunkyo 3-9-1, Fukui 910-8507, Japan

Abstract

The plant growth based on the scanning laser beam is newly developed. Three semiconductor lasers with three primary colors, 
i.e., blue, green and red are used. Here, the laser scanned position is restricted to the plant leaves only, where the light irradiation
is needed. The feedback system based on the perspective projection is developed. The system consists of the automatic position 
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Fig. 1 System configuration

Table 1 RGB laser characteristics

Red Green Blue
Wavelength 630nm 530nm 450nm

Output power 120mW 72mW 50mW

Fig. 2 Process sequence

I  Introduction 
The research on the plant factory using LEDs and white 

fluorescent lamps (FL) has been developed [Maeda et al.
2010, Yorio et al. 2001]. However, the light irradiation is 
required to the leaf positions only, where the 
photosynthesis occurs. Furthermore, the light wavelengths 
suitable to the actual photosynthesis and the light 
morphogenesis of the plants are restricted [Yorio et al.
2001]. Therefore, such a plant factory needs much more 
electric power than those truly required for the plant 
growth.  

Here, we demonstrate the three-primary-color scanning 
laser beam system for the plant growth, which can 
irradiate the light to the restricted plant parts such as 
leaves in combination with the camera system. This 
system also uses the light wavelengths suitable to the 
individual plant growth. Thus, we can save the electric 
power significantly by introducing the system shown here. 

II  Experimental Setup 
1. Laser Beam Control
The system used here is schematically shown in Fig. 1. 

The system is composed of the laser scan system and the 

camera. In order to correct the laser beam irradiation 
positions from the image obtained with camera, we 
adopted the perspective projection method by using 
position markers projected by laser itself. Equation (1) 
shows the transformation equation, where x’, y’ are the 
coordinates of each marker position obtained from camera 
image, x, y are those for actual position for laser beam 
irradiation. The detailed process sequence is shown in Fig. 
2. As shown, the sequence contains the extraction of the
leaves parts only, which enables to reduce the laser 
irradiation area. The laser diodes used for the growth 
itself are shown in Table 1.
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Table 2 Estimated efficiency of light sources 

 LD LED FL 
Conversion Efficiency 33.0% 12.0% 9.9% 

 

  
 

Fig. 5 Growth apparatus 

 
(a) Stem length vs. time 

 

(b) Leaf width vs. time 

Fig. 3 Growth characteristics 

 

 

Fig. 4 Amount of chlorophyll 

 
                                                                                 (1) 
 
 
2.  Growth Condition for the Plant 

We chose radish sprouts as a plant to grow. The seeds 
were placed in a dark condition during 48 hours for 
germination. We measured various scales of the radish 
sprouts. Among them, we discuss here the leaf width and 
the amount of chlorophyll. 

III  Results and Discussion 
It can be seen from the last inset of Fig. 2 that the laser 

beam is irradiated to the leaf parts only, which means the 
excellent performance of the system. As shown, the laser 
irradiation area is restricted to 20% of the total irradiation 
area. This can lead to the reduction of the electric power 
required for laser emission. In addition, the growth 
efficiencies for the radish sprouts are shown in Figs. 3 and 
4 for various kinds of laser light irradiation. The 
irradiation conditions are also shown in Table 2, and 
growth apparatus are shown in Fig. 5. As shown in the 
figures, the red light irradiation gives the most efficient 
growth in the view point of the leaf width and the 
chlorophyll amount. The estimated efficiency from the 
electric power supply to the required light power is 33.0% 
in this case (red light irradiation), as shown in Table 2, 
where the efficiency for the white LED and the white FL 
are also shown for the comparison [Bando 2011]. 
Therefore, the combination of the restricted area 
irradiation and the appropriate selection of the laser color 

can reduce the electric power consumption down to 
6.25% compared with that of the conventional white FL. 

IV  Summary 
We have proposed and constructed the laser beam 

system, which exactly irradiates the leaf parts only during 
the growth. Furthermore, the laser light color 
(wavelength) can be selected. By growing the radish 
sprouts by using this system, we have demonstrated that 
the estimated power consumption is reduced significantly, 
i.e., 6.25% of that for the conventional white fluorescent 
lamp. 
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Introduction

I. quamoclit L. has potential for wider use as a potted plant 
and garden plant . However, the flowering response of I.
quamoclit L. to temperature and photoperiod, which are 
important factors in the cultivation of plants, has not yet been 
elucidated. Proper timing of flowering is critical for ornamental 
crop species, particularly garden plants species. Garden plants 
exhibit a wide range of photoperiodic responses (Erwin and
Warner, 2002; Mattson and Erwin. 2005) . The effect of 
photoperiod on flowering in I. quamoclit L. was examined in 
order to obtain basic information needed to regulate its 
flowering.

Materials and Methods

Three seeds of Ipomoea quamoclit L. were sown in 15 cm 
plastic pots, and after germination, the seedlings were thinned to 
1 plant per pot. Plants in the 8-hour photoperiod received 8 
hours of natural light from 08:30 h to 16:30 h, while plants in 
photoperiods of 9 hours or longer received 8 hours of natural 
light supplemented with incandescent light supplied by 60 W 
(18 μmol m-2 s-1) lamps to the designated photoperiod, after 
which they were covered with silver-colored polyfilm in a 
tunnel configuration (Koike,2008).

Three experiments were performed using 10 plants for each 
treatment. In Experiments 1, the effect of photoperiod on 
flowering was examined by exposing I. quamoclit L. plants to 
various photoperiods and measuring the percentage of plants 
budding, the number of days from sowing to budding, the 
percentage of plants flowering, the number of days from sowing 

to flowering, the plant height at flowering, and the number of 
nodes at flowering. In Experiment 2, the effect of seedling age 
(number of true leaves) at the start of the short photoperiod 
treatment on flowering was examined by transferring I.
quamoclit L.plants to short photoperiod conditions at different 
ages and measuring the percentage of plants flowering, the 
number of days from the start of short-day treatment (10-hour 
photoperiod) until flowering, the plant height at flowering, and 
the number of nodes at budding and flowering. Further details of 
each experiment are given below.

Experiment 1. Effect of photoperiod duration on flowering
After the seeds were sown on 10 December 2002, the plants 

were cultivated in a greenhouse kept at temperatures no lower 
than 15°C. After sowing, plots with photoperiods of 9, 10, 11, 
12, 13, 14, 15, and 16 hours were established. The experiment 
was completed on 5 March 2003.

Experiment 2. Effect of the timing of the start of 
photoperiod treatment on flowering

After the seeds were sown on 1 December 2002, the plants 
were cultivated under a 16-hour photoperiod in a greenhouse 
kept at temperatures no lower than 15°C. On reaching true leaf 
stages (plant age) of 0, 2, 4, 6, and 8 leaves, the plants were 
transferred to a 10-hour photoperiod in a greenhouse kept at 
temperatures no lower than 15°C. In the 0-leaf stage plot, the 
10-hour photoperiod treatment was begun after sowing. The 
experiment was completed on 5 March 2003.

Results and Discussion
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than 15°C. After sowing, plots with photoperiods of 9, 10, 11, 
12, 13, 14, 15, and 16 hours were established. The experiment 
was completed on 5 March 2003.

Experiment 2. Effect of the timing of the start of 
photoperiod treatment on flowering

After the seeds were sown on 1 December 2002, the plants 
were cultivated under a 16-hour photoperiod in a greenhouse 
kept at temperatures no lower than 15°C. On reaching true leaf 
stages (plant age) of 0, 2, 4, 6, and 8 leaves, the plants were 
transferred to a 10-hour photoperiod in a greenhouse kept at 
temperatures no lower than 15°C. In the 0-leaf stage plot, the 
10-hour photoperiod treatment was begun after sowing. The 
experiment was completed on 5 March 2003.

Results and Discussion

Effect of Photoperiod on Flowering

of Cypress Vine (Ipomoea quamoclit L.)

Yasuhiko KOIKE
Faculty of Agriculture, Tokyo University of Agriculture, Atsugi, Kanagawa, 243-0034, Japan

Abstract

Plants of Ipomoea quamoclit L. were exposed to an 8-hour photoperiod under natural daylight, which was supplemented with 
60 W incandescent lamps to give an 8- to 24-hour day. Under photoperiods of 12 hours or less, flower buds were initiated, while 
the period from bud formation to flowering was shortened in plants grown under a 12-hour photoperiod. Photoperiods of 12 
hours or less had no effect on plant height and number of nodes. The present results suggest that Ipomoea quamoclit L. is a short-
day plant.

[Keywords]: Ipomoea quamoclit L., flowering, photoperiod

The 1st International Conference on Sensing Technologies for Biomaterial, Food and Agriculture 2013

Experiment 1. Effect of photoperiod duration on flowering
Budding occurred in 100% of the plants at photoperiods of 12 

hours or less, but absolutely no budding occurred at 
photoperiods of 13 hours or more (Table 1). The number of days 
from sowing to budding did not differ significantly among the
plots with photoperiods of 9 to 12 hours. As with budding, 
100% of the plants flowered at photoperiods of 12 hours or less, 
but flowering did not occur at photoperiods of 13 hours or more. 
Among the plots with photoperiods of 9 to 12 hours, there were 
no significant differences in number of days to flowering, plant 
height at flowering, or number of nodes at flowering. These 
results suggest that I. quamoclit L. is a short-day plant with a 
critical day-length between 12 and 13 hours(Thomas and Vince-
Prue,1997).

Experiment 2. Effect of the timing of the start of 
photoperiod treatment on flowering

Regardless of the number of true leaves at the time of transfer 
from long-day conditions (16-hour photoperiod) to short-day 
conditions (10-hour photoperiod), 100% of the plants flowered 
(data not shown). Significant differences in the number of days 
from transfer to short-day conditions until flowering were not 
seen among the plants transferred at times from soon after 
sowing until the 6-leaf stage. However, when the plants were 
transferred at the 8-leaf stage, the number of days to flowering 
was shorter than when the short-day treatment was initiated soon 
after sowing or at the 2-, 4-, or 6-leaf stage.

Short days are necessary for flower bud formation in cineraria. 
When cineraria seedlings with 1 to 16 leaves were transferred at 
the same time from long-day conditions to short-day conditions, 
seedlings with 1 to 6 leaves at the time of transfer flowered at 
about the 14-leaf stage, whereas in seedlings with 8 or more 
leaves at the time of transfer, the number of leaves at flowering 
increased in proportion to the size of the seedling. This result 
showed that seedlings with up to 6 leaves at the time of

transfer were still in the juvenile phase(Yeh and Atherton,1997).
In the present study, I. quamoclit L. seedlings transferred from 

long-day to short-day conditions at the 0- to 6-leaf stages did not 
differ significantly in the number of days from transfer to 
flowering or in the number of nodes at flowering. Therefore, we 
suspect that these seedlings were still in the juvenile phase at the 
time of transfer, as were the cineraria seedlings with 1 to 6 
leaves in the experiment described.

The results of the present study indicate that I. quamoclit L.
does not flower under photoperiods of 13 hours or longer, and 
photoperiods of 12 hours or less promote flowering.
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Photoperiod Rate of Days from Rate of Days from
budding sowing to plants sowing to Height No. of
plants budding flowered flowering (cm) nodes

(hrs) (%) (%)
9 100 69az 100 75a 21.3a 9.8a
10 100 70a 100 76a 22.2a 10.1a
11 100 70a 100 77a 23.2a 10.2a
12 100 71a 100 78a 22.9a 10.7a
13 0 ― 0 ― ― ―
14 0 ― 0 ― ― ―
15 0 ― 0 ― ― ―
16 0 ― 0 ― ― ―

Table 1. Effect of photoperiod on flowering of  Ipomea quamoclit L.
Flowering time

  Seeds were sown on 10, December 2002. After sowing, plants were subjected to
  various photoperiod in a greenhouse kept at min. 15±1.5℃.
 Experiments were discountinued on 5, March of the following year.
zMean separation by Tukey’s multiple range test at 5% level.
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I  Introduction
Plant growth is greatly affected by environmental factors.
Severe weather such as cool summer cripples harvests of 
vegetable and crops, and it results the cost of grains, fruit 
and vegetables soaring.  On the other hand, good weather
allows for bumper crops and the price of crops and 
vegetables increase.  It is inevitable because open field 
agriculture is always affected by natural climate.  Instead, 
if the environmental factors can be artificially controlled, 
there is a possibility to artificially control the plant 
production. Its ultimate form is a plant factory.  
Environment factors as temperature, light intensity, 
carbon dioxide concentration, nutrient solution content, 
are optimally controlled by a computer in plant factory.  
Therefore, the plant production is possible even in snowy
midwinter, it is also possible to food production at the 
location of the barren, which could not be cultivated
plants such as desert and polar regions. In addition, insect 
and bacteria cannot invade into a plant factory because it 
is completely isolated from the outside.  Therefore, 
agricultural chemical free production can be achieved.  In 
this way, plant factory has characteristics quite different 
from conventional open-field agriculture.  To summarize
the advantages of plant factories, (1) production safe and 
clean vegetables, (2) planned and year-round production 
independent on the weather, (3) high growth rate due to 
optimum environment conditions, 4) no location 
requirement, (5) high land-use efficiency.  However, the
current state of the plant factory has some disadvantages
like high production–cost not only advantages.  Both high
initial cost and running cost of plant factory is higher 
compared to conventional land-use agriculture.  An idea 
that recent consumer may pay for it if it is reasonably safe 
is accepted.  More and more people will tend to buy

safety food even if it has higher prices.  However, cost 
reduction of vegetables produced in plant factory is a big 
challenge in business.  Researches have been currently 
conducted to solve these technical issues, especially 
research on effect of light quality and quantity on plant 
biosynthesis and growth is one of the hot topics in this 
research fields.  The current status and research trend in 
terms of light environment in plant factory will be 
discussed in this paper.

II Characteristics of artificial light type plant 
factory

Agriculture had been carried out in outdoor environment
from ancient times. As intended to protect plants from 
cold temperature and in order to increase the productivity
in the winter time, protected horticulture such as plastic 
house and glass house have developed. The conventional 
plastic house was basically intended to protect the plants 
from the outdoors harsh environment rather than to
control the environment in the facility actively.  Although 
an appearance of solar combined type plant factory is not 
a big difference between a conventional glass greenhouse, 
there is very different in terms of actively controlled
internal environments.  Even in this solar combined type 
plant factory, the light environment for photosynthesis 
cannot be artificially controlled since the light source for 
the photosynthesis is the sun light.  However, all 
environmental factors including light can be fully 
controlled with realization of artificial light type plant 
factory. Artificial light type plant factory is not 
positioned on the extension of the conventional 
greenhouse, and it is a completely new type of food 
production system.  There is great significance in 
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controlling the light environment which was not able to 
control in conventional agriculture.  
We could give a light environment never experienced
ever plants, and this must be great potential. For example,
photoperiod can be controlled freely, and there is no need 
that day length is 24 hours.  It is also conceivable that a 
variety of quality, quantity and pulsed light that were 
impossible in nature environment have potential.

III Effect of light quality on plant growth
For light environment in 人工光植物工場, the existing 
commercially available light sources have been diverted.  
However, these light sources are designed to be bright for
the human eye, and it has not been optimized for plants.  
Thus, development has been actively carried out in 
consideration of the light absorption spectrum of plant 
leaves using an LED.  In particular, the effect of the 
mixing ratio of red and blue light that is the absorption 
bands of chlorophyll has been studied, and it has begun to 
become apparent that the optimum mixing ratio may be 
plant species-dependent.  In addition, red and blue is also 
the absorption wavelength of the photoreceptor as 
phytochrome, phototropin, and cryptochrome, and it has 
been pointed out that these receptors relates to plant
biosynthesis.  Figure 1 shows the relation between fresh 
weight of leaf lettuce and mixing ratio of blue and red 
light. The number after the B represents the ratio (%) of 
the blue light.  Fresh weight decreases as the ratio of B 
increases.

Fig.1  Effect of light quality on fresh weight of leaf 
lettuce (modified from Oshima et al., 2011)

A similar trend is also confirmed in another leaf lettuce
variety “Greenwave”, and photosynthetic rate has reduced
the higher the percentage of B as shown in Figure 2.  The
reduction of 14% in B100 was observed when compared
to B100 and R100.

Fig.2  Effect of light quality on fresh weight of leaf 
lettuce

Fig.3 Effect of light quality on Anthocyanin content and Ascorbic acid content
(modified from Oshima et al., 2011)
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On the other hand, a functional component such as
ascorbic acid and anthocyanin increase as the ration of B 
increases (Fig. 3).
A result that blue light promotes the amount of ascorbic 
acid biosynthesis has also been reported in “Komatsuna” 
lettuce (Fig.4).

Fig.4 Effect of blue light on Ascorbic acid content in 
“Komatsuna” (modified from Kitazaki et al., 2011)

In addition, it has been reported that chlorogenic acid,
chicory acid and total polyphenols significantly increased
by irradiating blue light 470nm and 450nm in leafy lettuce 
“Red fire” (Fig.5).
For total polyphenols, the effect of green light was 
investigated.  It has been reported that the total 
polyphenol content was approximately 1.5 times higher 
with the 2 hours irradiation of the green light of 20 µmol 
m-2 s-1 every three days in “Fryl ice”.  However, more 
stronger green light of 80 µmol m-2 s-1 was required for 
“Red fire”, therefore it can be seen that the effect of green 
light may depend on plant species (Fig. 6).

Fig.6 Effect of green light on Total Polyphenols in Fryl
ice and Red fire (modified from Kudo et al., 2011)

In addition, it has been found that anthocyanin content 
increased with the irradiation of ultraviolet region light of 
320 nm in “Red fire” (Fig.7).
It is also revealed that light quality influences the stomatal 
opening.  Blue light promotes stomatal opening and it 
decreases with the irradiation of red light (Fig.8).
Furthermore, it was become apparent that reaction of stem 
elongation to the same color of light was different.  In 
chrysanthemum, stem elongation under a fluorescent lamp 
was promoted with the red, however stem elongation 
under a LED condition increased with the blue (Fig.9). 

Fig.5 Effect of light quality on Chlorogenic acid, Chicory acid and Total Polyphenols
(modified from Shoji et al., 2011)
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Fig.7 Effect of ultraviolet light on Anthocyanin content in
Red fire (modified from Takahashi et al., 2012)

It was experimentally confirmed that the small spike 
peaks in the fluorescent lamp were affected to the stem 
elongation of chrysanthemum.  Since the reaction of plant 
to a fluorescent lamp and LED varies in the same color, it 
is important to know the details of the spectrum in light 
source and its effect on plant growth.

IV  Summary and Concluding remarks
A large part of relations between light quality and plant 
growth is still unclear, and it is expected that these 
relations are highly dependent on plant species.
It is necessary to examine the response to light 
environment that plants never have experienced in nature.
We believe there is a potential to be found an effective 
light environment from the agriculture point of view.
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I  Introduction
In Northeast China, the demand of grafting melon

seedlings are increasing year by year because they can
ensure high quality, high productivity and makes the 
plants stronger. Another reason for the increasing demand 
of grafted seedlings is the recent constrain of chemicals 
that is a tendency in food production in the world. 
However, this grafting operation is still being conducted 
by human and it is not easy to catch up with the 
increasing demand [1].

In Japan, YANMAR, ISEKI and MITSUBISHI 
companies in cooperation with the Bio-oriented 
technology Research Advancement Institute (BRAIN) of 
Japan have developed and commercialized semi-
automatic grafting robotic systems for cucumber and 
watermelon, which are about three times faster than 
manual grafting [5]. Nishiura et al. in Japan, Hwang et al.
in Korea, Lee et al. and Chen et al. in Taiwan had 
developed automatic grafting robot system [3, 4, 6, and 9].
Even though some semi-automatic and fully-automatic 
tomato grafting robots have been commercialized, but no 
grafting robot with machine vision has been applied yet.

With the invention of high speed computers, machine 
vision technology has been widely used in extracting 
morphological, spectral and temporal information of 
plants and plant products. Grading seedlings using 
machine vision has been reported by Regney et al. and Fly 
et al. for loblolly pine seedlings, Nishiura et al. for tomato 
seedling and Sase et al. for lettuce seedlings [2, 7, 8, and 
10]. However, they have simply graded the seedlings as 
“acceptable” and “cull”. 

The purpose of this paper is, therefore, to compare 
different machine vision system for sorting melon 
seedlings to four levels before grafting, so that the robot 

can graft seedlings automatically with high quality. The 
specific goal is to select the appropriate devices and 
lighting resource system as the key parts of machine 
vision system, which is important to the grafting robot.

II Method
Shape of seedlings can be characterized by its 

phyllotaxis, which, however, does not provide with any 
useful quantitative information good enough for pattern 
recognition, because the shape of seedling varies in great 
deal even among seedlings in the same variety. Proper 
quantitative features that can characterize the shape of 
seedling have to be identified for the directed pattern 
recognition of seedlings. The parameters that can identify 
dimensions of the plant body were inter-nodal length, 
stem diameter and leaf arrangement, which always differ 
from one seedling to another. Because of the large 
variation of dimensional indices, each of seedlings has to 
be measured separately to quantify its shape and thereby 
to recognize the required features.

For proper grafting, stem-diameter of melon seedlings 
should be uniformed. When human operators graft the 
seedlings, they use their ‘eye-vision’ to choose the 
seedlings of almost same stem-diameter. In a machine 
vision for the fully-automatic grafting robot, a camera can 
be used to substitute the human eyes for sorting the 
seedlings.

1. Selection of camera and lens 
The main feature of the seedlings to sort is the stem-

diameter. Therefore, each pixel of an image is important 
to measure the exact seedling diameter. In this paper, EL-
DM37 DAFENQI Image Processing and Development
Kit with a color camera (Fig.1) was chosen to acquire the 
images of the melon seedlings. 
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2. Selection of lighting source type
In machine vision system, two major categories of 

artificial lighting source and nature lighting are generally 
used to acquire images for visualizing the object: 1) Front 
lighting —lighting the object from its front side, i.e., from 
the camera side so that the required features are visualized 
to the camera; 2) Backlight —lighting the object from its 
back side so that the shadow of the object is visualized to 
the camera. 3) Nature lighting —lighting the object from 
the upper side, so that the required features are visualized 
to the camera.

To find the suitable one for this study, three lighting 
source were tested. In the first step, two LED front 
lighting source were placed around the camera facing 
them towards the seedling. Images of a seedling for 
optimal camera distances were acquired with that 
arrangement. In the second step, for same seedling and 
same camera distances, images were acquired placing the 
lighting source behind the seedling facing it towards the 
camera, so that the shadow of the seedling can be 
acquired. In the third step, images were acquired under 
nature lighting under the same conditions as the first and 
the second step. Images acquired for the three types of 
lighting source were compared, and the best lighting 
source was selected for the research.

3. Selection of software and Design of algorithm and 
program

The CCS3.3 software which matches the selected 
device was set and tested, and then the different algorithm 
and processing method and program were designed 
individually according to artificial lighting and nature 
lighting. Then, we can get some processed melon images
under different lighting. One processed melon image
under Backlight is as shown in Fig.2

III Results and Discussion
The result shows that Blue Backlight is best because 

the algorithm for sorting seedlings is easy, while using 
nature lighting, the devices is simple and the processing is 
complex. 

IV Summary and Conclusions
The images of sorting melon seedling were acquired 

using the different machine vision system and processed 
by the different program individually. Finally, by 
comparison, EL-DM37 DAFENQI Image Processing and 
Development Kit with a color camera and Backlight was 
identified in this paper. Experiment results show the 
success rate on processing the images of sorting seedlings 
can reach more than 97%.
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I  Introduction
Wellness refers generally to the state of being healthy. 

Visual appearance is a useful sign for the grower, and 
monitoring the plant itself gives a straight diagnosis about 
the health of plant. Some wellness parameters could be 
quantified by machine vision technique as plant colour, 
growth rate, leaf and stem movement and insect 
recognition.

An information-management-system can be a helpful 
tool to measure plant wilting, and control development 
and irrigation of plants in order to achieve lower water 
consumption or higher yields. Former research has led to 
the conclusion that visual quality of tomato plants can be 
linked to the measurement of plant wilting by image 
processing. That can be extended for other plants, as well.

Seginer et al. (1992) followed the vertical movement of 
the tip of fully expanded tomato leaves using machine 
vision imaging and reported that the movement can be 
used as an indicator of incipient drought stress before the 
appearance of wilting symptoms.

Another possibility to automated assessment of plant 
water status estimation is the image of the whole canopy 
or crop stand, rather than that of the individual plants or 
leaves. Kurata and Yan (1996) extracted lines reflecting 
inclinations of the rachides of tomato leaves from the 
whole canopy image obtained from a fixed position 
slightly above the canopy.

Nyakwende et al. (1997) set the camera above and in 
front of a single tomato plant and used both top and side 
projected canopy images to detect water stress. Taut-

string boundary and polygon area provided information 
about plant water status.

Inclination was measured from local directions around 
each edge points in a selected area (Tamura et al. 1978). 
The algorithm looks for edge points, where green and 
white pixels around an investigated point are strongly 
separated.

Farkas (2010) described a measuring technique for 
monitoring plant growth and water status. Saving water 
and growing healthy plants at the same time could drive 
to a low level water consumption.

The aim of this study was to find a suitable method to 
quantify plant water stress, and to solve the irrigation 
control based on the computer vision method

II Image analysis
The image analyzing algorithm requires input files of 

preset operating parameters, camera position and plants 
morphological features. These values should be adjusted 
for different plants, camera or measurements. The leaves 
and stems on the image could be separated by the image 
processing algorithm according to the differences in their 
shape. A general leaf inclination value was calculated 
from the local orientations at each point on the visible 
leaf’s and stem’s edge lines. The method was tested under 
the conditions when leaves were partly hidden in the 
canopy. To prevent water stress and to ensure the 
wellness of the plants a tolerable wilting rate was 
identified by the developed model. As an example, Fig. 1
shows the magnified image of leaf inclination vector of 
paprika crop.

Computer vision methods for greenhouse irrigation control

Istvan FARKAS
Department of Physics and Process Control, Szent Istvan University, Páter K. u. 1. Godollo, H-2100, Hungary

Abstract

On-line monitoring of greenhouse plants gives a straight diagnosis on their health and wellness. A machine vision method was 
investigated for detection and localization of leaves’ wilting as a sign of visual appearance. Besides other vegetables, tomato, 
cucumber and paprika were tested using side projected canopy images. The camera was focused on the plant canopy from 
horizontal direction in order to obtain images covering the leaves. At defined time scales images were taken to analyze leaf and 
stem movements as the visual signs of plant state. The machine based control can be applied successfully in crop irrigation. The 
parameters of the control unit were identified and adjusted in each case of the plant, as well. 
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Fig. 1. Magnified image about direction vectors of
paprika plants

III Irrigation control
The paprika plants were irrigated with about 100 gram 

of water at the same time when they have not received 
any water in the past hour and the estimated inclination 
value of the selected canopy were dropped below -51°.

In the tomato experiment three plants were irrigated 
with about 200 gram of water at the same time when they 
have not received any water in the past hour and the 
estimated inclination value of selected canopy area 
dropped below -48°.

After measuring the inclination value in the selected 
canopy area, the control algorithm triggered the water 
pump on if wilting occurred. The irrigation control was 
relied exclusively on the leaf and stem inclination. 
Besides leaf and stem inclination, plant height, vertical 
centre of gravity, the optical monitoring system measures 
other colour and morphological parameters of plant 
growth in vivo and in situ and continuously calculates the 
desired graphs (Figs 2-3).

Fig. 2. Images of paprika plant before irrigation

Fig. 3. Images of paprika plant after irrigation

IV Summary and Conclusions
Based on the validation measurements it can be stated 

that the image analysis approach was applied successfully 
for measuring leaf and stem inclination of different 
greenhouse plants as paprika, tomato, cucumber and other 
plants. 

The developed algorithm can be used for automatic 
irrigation of different plants. In irrigation experiments of 
paprika and tomato plants had the visual symptoms of 
wilting at an inclination level at around -50 degrees and 
they were quasi turgid when leaf inclination was around –
40 degrees. In the experiments the change in canopy 
inclination was about 20% between wilted and turgid.

The optical method was also tested when leaves were 
partly hidden in the canopy. Finally, it can be concluded
that the machine based control can be applied successfully 
in greenhouse crop production. The parameter of the 
control unit should be adjusted in each case of the plant, 
as well.
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I  Introduction 
The processes in agricultural and biological production systems 
are very variable (natural variability of biological processes) and 
they are complex in nature. The complexity also arises from the 
fact that processes occur on different scales, from molecular or 
sub-cellular processes, over organs, fruits or seeds, to fields or 
regions. The dynamic behavior of these processes also has 
different time constants. Furthermore, plants are (non-linear) 
time variable systems in which many of the processes change as 
the plants grow older.  There are also several disturbances, most 
of which are unpredictable. Plant production is therefore 
subjected to variability in growing conditions for roots as well as 
environmental conditions for stems, leaves and fruits. This 
variability can be spatial as well as time dependent and different 
factors can have variability effects at different temporal or 
spatial scales. The growers try to adjust crop treatments in such 
a way that a desired growth and yield (quantity and quality) is 
achieved that gives an optimal economic return.  Precision 
agriculture tries to deal with variability.  
It is very important that the crop condition is known and also 
that the crop response to a treatment is observed so that this can 
be taken into account for subsequent actions. Photonics offers 
many opportunities because photons are ultrafast, and extremely 
focusable and function contactless which opens a number of 
usages for agricultural diagnostics. Photonics can be the basis 
for measurement systems to observe plant responses at different 
spatial and temporal scales.  

Optics and radiation measurements are techniques that 
generate a lot of interest for observation of crop conditions. 
Indeed, growers also can visually recognize when a problem 

arises or when there is a large variation in crop condition in the 
field. Human observation is mostly limited to a qualitative 
interpretation. In search for a more quantitative approach, 
numerous articles and reviews have been published on optical 
properties of crops and image analysis in relation to fertilizer 
use, crop stress, and disease or weed detection. In most of these 
cases, correlations have been established between a spectrum or 
an image and the particular crop characteristic that one wants to 
evaluate. These are then mainly empirical studies that have 
resulted in some practical implementations.  However, it is of 
interest that the acquired data can yield information on 
physiological processes through the use of underlying 
physiological models rather than just statistical correlation 
models. In this way control actions can be based on a better 
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There is more and more a need to link the measurable optical 
characteristics to physical and physiological processes in the 
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better pinpoint potential actions. One approach is the use of 
biophysics based mathematical models that link physiological 
processes to observed radiation and then apply model inversion. 
This model inversion may not always yield sufficient sensitivity 
to the different physiological components that can affect 
radiative transfer. Models at different spatial scales are used and 
sometimes they are integrated which increases the 
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I  Introduction 
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understanding of light interception by plant canopies and the 
interpretation of vegetation reflectance in terms of biophysical 
characteristics. The canopy radiative transfer models attempt to 
describe absorption and scattering, the two main physical 
processes involved, and are useful in designing vegetation 
indexes, performing sensitivity analyses, and developing 
inversion procedures to accurately retrieve vegetation properties 
from remotely sensed data (Jacquemoud et al., 2009).  
The processes and mathematical formula that are used to 
simulate sensing signals depend on the scale of the system. In 
general most models either simulate leaf scale signals or canopy 
scale signals (Atherton, 2012). At the canopy level, the model 
inversions typically require inputs of many canopy parameters 
that are not readily estimated from remote sensing data. Sims 
and Gamon (2002) developed a new spectral index based on the 
first derivative of reflectance in the red edge region that was 
insensitive to leaf structural variation. The presence of other 
pigments did not significantly affect estimation of chlorophyll 
from spectral reflectance. They conclude that spectral indices of 
canopies can be applied across species with widely varying leaf 
structure without the necessity for extensive calibration for each 
species. 
Leaf characteristics determine the reflection, absorption and 
transmission of electromagnetic waves (Tucker and Garratt, 
1977): (1) Internal leaf structure (the histological arrangement of 
tissues and cells) is responsible in part for the diffusion or 
internal scattering of incident  irradiance. Spectral absorbance, 
reflectance, and transmittance are greatly determined by the 
mean optical path length of incident radiation. (2) The pigment 
composition, concentration(s), and distribution(s) control the 
absorption of UV and visible radiation. (3) The concentration 
and distribution of leaf water control the absorption of radiation 
in the IR region of the spectrum. (4) The surface roughness 
characteristics and the refractive index of the cuticular wax of 
the upper epidermis control the spectral reflectance from this 
surface. 
For the evolution over time, use can be made of crop growth 
models. These crop models typically consider the processes of 
plant development, light interception, CO2 assimilation and 
respiration, and the partitioning of biomass to plant organs and 
their growth. Including more detail at the process level 
ultimately increases model complexity and calculation time. It 
implies also that the inversion of these models to obtain 
information on the biophysical process based on radiative 
measurements becomes very complex. 
It should be noted that a number of crop characteristics or 
processes of interest are linked and highly correlated and that 
inverse modeling based on optical measurements does not easily 
allow for the separate estimation of these characteristics.  

 

III  Multiple scales of monitoring 
Plant growth or vegetation development involves several 
processes that each occur on a different spatial as well as 
temporal scale.  Examples of these different scales are disease 
symptoms on a leaf or the vegetative biomass in a field or a 
larger area. At those different scales information is required for 
correct identification or classification of diseases or of plants or 
crops.  In many cases this identification can rely on optical 
information taken at a high spatial resolution, but it can just as 
well happen that this identification is only possible through the 
use of high temporal frequency information. Also, in case one 
wants to use information for statistical process control in order 
to detect abnormal deviations, then it is required to have high 
temporal frequency information. There is usually a trade-off to 
be made between fine (or coarse) spatial resolution and low (or 
high) temporal frequency information since it may be impossible 
to have a high spatial and temporal resolution. For example, in 
vegetation observation, satellites with a high spatial resolution 
are not usually available for measurements at very short time 
intervals. Moreover, at the moment that they are doing the 
observation on the site of interest, there can be cloud covers that 
render the images almost useless. Under those conditions, a 
benefit can be derived from high frequency passes of satellites, 
even if the spatial observations are coarser.  It is then a 
challenge to combine the data obtained at different temporal 
scales and different spatial scales such that useful information is 
obtained (Robin et al., 2005). 
 

IV  Spectroscopic and imaging techniques for 

precision agriculture 
1. Reflectance spectroscopy 
The basic theory of diffuse reflectance developed by Kubelka 
and Munk for a homogenous layer of “infinite thickness” yields 
a simple relationship between the intensity of reflected light and 
absorption and scattering coefficients of the medium. A plant 
leaf consisting of several structures with different refraction 
indices (cuticle, epidermis, and mesophyll) and containing high 
amounts of pigments represents a complex optical system. 
Although detailed investigations of leaf optical properties have 
appeared in the literature, the most fruitful approaches for 
quantitative pigment analysis in situ were developed by 
considering the leaf as a “black box”. (Merzlyak et al., 2003). 
The challenge of using reflectance spectra for the different 
purposes requires: (1) Finding reflectance spectral bands that are 
predominantly quantitatively sensitive to the pigment or the 
stress of interest and (2)  Development of models (algorithms), 
quantitatively relating reflectance at certain wavelengths with 
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pigment level or stress severity over the entire range of its 
variation. 
Mahlein et al., (2012) refer to several studies on the prospects of 
sensing leaf reflectance in the visible (VIS, 400-700 nm), near 
infrared (NIR, 700-1000 nm) and short wave infrared (SWIR, 
1000-2500 nm) for detecting changes in plant vitality with 
emphasis on plant stress detection. such as water-stress or 
nutrient stress, and also for disease detection at an early stage to 
prevent the spreading of the diseases. Disease symptoms result 
from physiological changes in plant metabolism due to activities 
of pathogens. The impact on physiology and phenology of plants 
varies with the type of host-pathogen interaction and may cause 
modifications in pigments, water content, and tissue 
functionality of plants or in the appearance of pathogen-specific 
fungal structures.  
Efforts have been made to differentiate between plant species on 
the basis of reflectance characteristics of the leaves. The latter 
approach tries to find indices that emphasize differences rather 
than finding indices that are not sensitive to species as 
mentioned earlier.   
Also here inverse modeling of radiative transfer can give 
information on the leaf condition. Even within leaf variability 
can be considered like for example the heterogeneity within the 
leaf of the inhibition of photosynthesis cause by some biotic 
stress.  
 
 
2. Fluorescence spectroscopy 
Chlorophyll fluorescence occurs when an electron in an 
electronically excited chlorophyll molecule falls to a lower 
energy state, thereby emitting a photon. Chlorophyll 
fluorescence competes with photochemistry (the photosynthetic 
reactions), constitutive heat dissipation, and regulatory heat 
dissipation (which is also referred to as non-photochemical 
quenching) as an alternate pathway for absorbed light energy. 
Because the pathways are in direct competition, there is an 
intrinsic biochemical link between an observable quantity, 
chlorophyll fluorescence and photosynthesis (Atherton 2012).  
The chlorophyll fluorescence has an influence on the apparent 
reflectance spectrum as described by Atherton (2012). At the 
leaf level chlorophyll fluorescence accounts for approximately 
10 - 20% of the apparent reflectance spectrum.  Measurements 
of reflectance spectra alone cannot be used to derive radiometric 
estimates of chlorophyll fluorescence. However, reflectance 
spectra can be used to measure relative changes in chlorophyll 
fluorescence by identifying the bands where the fluorescence 
signal is expressed and deriving/calculating fluorescence based 
vegetation indices. The fluorescence spectroscopy can be 
utilized to monitor nutrient deficiencies, environmental 

conditions based stress levels, and diseases in plants (Cerovic et 
al., 1999). Blue-green fluorescence and epidermal screening of 
chlorophyll fluorescence by phenolic compounds has also 
received a great deal of attention particularly with the recent 
commercial release of instruments which can measure in real 
time and in vivo both the leaf chlorophyll content and several 
phenolic compounds (anthocyanins, flavonoïds, 
hydroxycinnamic acids) (Tremblay et al., 2012). The conclusion 
is that fluorescence-based technologies allow for highly 
sensitive plant N status information and other physiological 
parameters known to react to N fertility conditions, 
independently from soil interference, leaf area, or biomass status.  
 

V Imaging 
1. Multispectral and Hyperspectral images 
Hyperspectral imaging spectroscopy and multispectral imaging 
integrate conventional imaging and moderate resolution 
spectroscopy. Multispectral imaging differs in that it acquires 
images in only a limited number of wavebands. Hyperspectral 
imaging acquires images in a large number of (very narrow) 
wavebands, yielding a near continuous spectrum for each pixel 
or physical location. These techniques find applications in 
remote sensing and astronomy, but reducing the size of the 
equipment made that it can be used in the laboratory and it also 
found its way in field measurements in agriculture and into other 
areas as life sciences or industrial production. The advantages in 
agricultural and industrial procedures such as material 
discrimination are obvious, i.e. reduced measurement time due 
to the simultaneous acquisition without the need for scanning 
mechanics. By assessing specific spectral features at each pixel 
corresponding to a material point, or by using calibration to 
quantify individual components, an optical parameter map of the 
material may be generated. García-Allende et al. (2011) give a 
review of the existing hyperspectral imaging methods and 
technologies and compare these in terms of their suitability for 
on-line quality applications in agricultural and industrial 
environments. 
Hyperspectral imaging sensors often record scenes in which 
numerous disparate material substances contribute to the 
spectrum measured from a single pixel. Given such mixed pixels, 
one wants to identify the individual constituent materials present 
in the mixture, as well as the proportions in which they appear. 
Unmixing provides a capability to decompose the measured 
spectrum of a mixed pixel into a collection of constituent spectra. 
It is important in numerous tactical scenarios in which subpixel 
detail is valuable (see also Keshava, 2003). 
This type of imaging yields huge data sets and to convert these 
into usable information, considerable data management and 
analysis is required including novel and time efficient 
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compression and interpretation techniques that are suitable for 
real time application in agriculture and related bio-based 
industries. 
   
2. Fluorescence images 
Fluorescence imaging system permits to acquire detailed 
information on local spatial variability of fluorescence pattern 
across the sample and have been applied in laboratory 
conditions at microscopic, leaf and plant scale to investigate a 
wide range of stress symptoms. Multispectral fluorescence 
imaging systems allows to acquire images of chlorophyll 
fluorescence in its different spectral bands, with the aim of 
investigating the wavelength dependence on the emission 
according to the stress perturbations. The results reported by 
researchers show that changes in chlorophyll fluorescence, even 
if they do not seem to provide a precise and unambiguous 
information about the stress factor, precede visible indications of 
stress status of plants, and interesting to investigate further 
properties in case of disease attacks. Lenk et al., (2007) and 
Gorbe and Calatayud (2012) give a review of the applications of 
fluorescence imaging.  Using recent optical technologies, 
images of low light signals (e.g. fluorescence) can now be 
acquired under conditions of high background/excitation light, 
where previously only point measurements were possible. 
Imaging has the inherent advantage of showing the distribution 
and variation of signals over a sample; the temporal changes of 
these patterns can be monitored by time-lapse acquisition. 
Reflectance disturbance of environmental light is the most 
severe constraint for field applications of fluorescence imaging. 
Johansson et al. (1996) showed the feasibility of remote 
fluorescence imaging in outdoor conditions by developing multi 
colour fluorescence images, based on a pulsed laser 
synchronized with a gated intensified sensor, able to exclude 
background illumination and allowing to obtain field images by 
integrating the acquisition over one hundred laser shots.  
Techniques of spectral unmixing cannot always unambiguously 
differentiate between different species (or different health status 
of a given plant species), especially when some spectral 
signatures are linear combinations of so-called end-points 
(identification features of other species or plant status). One 
method to overcome this problem is to make maximum use of 
variables (e.g. spectral reflectance bands) and less correlated 
features such as a combination of spectral and fluorescence 
imaging results.  The fusion of different measurement 
approaches should then provide clearer identification patterns 
and thus less confusion.  Pre-mapping of diseases and stresses 
could also be achieved using air-borne systems, but the spatial 
resolution may not be sufficient. 
 

VI  Spatio-temporal image analysis 
Variation over time of crop characteristics can be due to normal 
development or also due to emerging stress conditions. Again 
here, there may be different scales at which these changes occur.  
Patterns in spectra or hyperspectral images changes can be 
observed using time-lapse acquisition. Obtaining the 
information from subtle changes may require advanced image 
processing.  Hao-Yu Wu et al. (2013) describe a method to 
reveal temporal variations in videos that are difficult or 
impossible to see with the naked eye and display them in an 
indicative manner. The method, which they call Eulerian Video 
Magnification, takes a standard video sequence as input, and 
applies spatial decomposition, followed by temporal filtering to 
the frames. The resulting signal is then amplified to reveal 
hidden information. They are able to visualize the flow of blood 
as it fills the face and also to amplify and reveal small motions. 
The technique can run in real time to show phenomena 
occurring at temporal frequencies selected by the user. It is clear 
that such techniques may be able to reveal spatio-temporal 
responses of crops to treatments (fertilizer application, pest 
control, disease spreading…). 
 

VII  Applications 
In the following some examples are given of photonic 
applications for precision agriculture. It is only a selection from 
the many research papers and other available information. In 
many cases some additional development is required before 
widespread commercial use can be expected. 
 
1. Weed detection  
Christensen et al. (2009) discuss the different technologies that 
detect weeds that grow in crops for successfully controlling 
them. They conclude that a wide range of weed sensing 
techniques has been studied over the last 10 years. So far, none 
has been developed into a commercial product. It seems that the 
robustness of the sensing systems, i.e. their ability to cope with 
the natural variations of spectral or morphological 
characteristics and mutual shading among weed species in a 
field requires the application of combinations of high-speed 
spectral cameras, image processing and embedded algorithms in 
the weed management model. 
Hadoux et al., (2012) showed the potential of detailed 
hyperspectral information to discriminate vegetation species, 
provided the influence of lighting variability can be overcome 
using a reference material, and provided efficient chemometric 
tools are utilized in combination with a calibration set. 

 
2. Disease detection 
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Sankarana et al. (2010) reviewed advanced techniques for 
detecting plant diseases. Some of the challenges in these 
techniques are: (i) the effect of background data in the resulting 
profile or data, (ii) optimization of the technique for a specific 
plant/tree and disease, and (iii) automation of the technique for 
continuous automated monitoring of plant diseases under real 
world field conditions. They suggest that the spectroscopic and 
imaging technology could be integrated with an autonomous 
agricultural vehicle for reliable real-time plant disease detection 
towards superior plant disease control and management.  
The spatio-temporal challenge for disease detection is also 
discussed by Mahlein et al. (20012) in the case of sugar beets. 
The sugar beet diseases differ in their temporal and spatial 
development as well as in their effects on plant tissue associated 
to reflectance characteristics. High spatial resolution is crucial in 
particular for the detection of leaf diseases with discrete, 
roundish symptoms. Spatial resolution of the hyperspectral 
camera used in their study provided information even on 
subareas of disease symptoms. Nevertheless, the limited spatial 
resolution of the sensor resulted in a high amount of mixed 
pixels. Depending on the shape of the symptoms, pixel size 
should be smaller than the object of interest by a factor of 2 to 5. 
This rule restricts the (early) sensing of plant diseases to 
proximal sensing technologies. Specific effects of diseases, 
disease stage, and of disease severity on spectral characteristics 
of plants are complex. The development of patterns in time and 
space, recorded by hyperspectral imaging may help to identify 
disease or stress on the tissue level and on the canopy level. 
 
3. Crop density 
The amount of biomass of a growing field crop has an effect on 
the micro-climate within the canopy and as such on the risks of 
disease development and spreading. In the case of combinable 
crops then the amount of crop mass to be processed affects the 
efficiency of the combines and it is required that ground speed 
should be adjusted accordingly. Saeys et al. (2009) looked at 
two types of Light Detection And Ranging (LiDAR) sensors, 
and different methods of online data-processing for estimating 
crop density in front of a combine harvester. Using either of 
both sensor types to measure the variation in laser penetration 
depth, good crop density estimations were obtained with 
coefficients of determination (R2) in the range 0.80–0.96. The 
high-frequency laser scanner gave very good results based on 
the histogram peak ratio and on a 3-dimensional field 
reconstruction. A new method for the estimation of crop volume 
was proposed which calculates the volume between the ground 
profile and the crop profile using thin plate spline fitting through 
the ground level and ear level points.  
 

4. Soil parameters and crop conditions 
Uschkerat et al.  (2013) looked at the potential of microwave 
measurement techniques to record and document soil parameters 
and crop conditions.  A frequency range was chosen from 6 to 
10 GHz, corresponding to a wavelength of 2 to 5 centimeters. 
Higher frequencies capable of achieving the required resolutions 
with less technical effort cannot be used due to their inability to 
penetrate into the ear. Also,  the current Ultra-Wideband (UWB) 
regulation allows transmit frequencies up to 10.6 GHz. Another 
application area for the ultra-wideband short-range radar system 
is in the cultivation of plants with storage roots. The capability 
of forming the storage root should be recognized in a cultivation 
vessel at the earliest stage possible. The root formation of the 
seedlings is investigated by carrying out a soil-penetrating radar 
scan and subsequent data processing operations. 
 
5. Fruit quality evaluation 

a. Fruit internal structure 
Understanding the O2 response of plants and plant organs not 
only requires knowledge of external conditions, dimensions, 
gas-exchange properties of the tissues, and cellular respiration 
kinetics but also of microstructure. (Quang Tri Ho et al., 2011). 
This microstructure can therefore be an important criterion for 
decision making at the moment of harvesting, for example 
related to the storage potential of the fruit.  The microstructure 
has also effect on absorption and scattering properties of the 
fruit. In order to have information not just at the fruit level but at 
the tissue level,  a novel hyperspectral laser scatter imaging 
(HLSI) technique was elaborated for estimating the apple quality 
through the contactless measurement of its scattering properties 
(Van Beers et al., 2013). 

b. Ripeness of grapes 
Good quality grape is a prerequisite for quality wines of defined 
character. Vineyard management and soil characteristics have a 
direct influence on berry ripening at the cluster level. The 
indirect influence is at the canopy level, through photosynthetic 
production of assimilates provided to the fruit. There is a great 
variability in the vineyard at the cluster, shoot, vine, block, plot 
and the whole vineyard scale. Because of this heterogeneity, 
sampling and accurate estimation of fruit ripening is difficult to 
achieve. To overcome this problem new field optical sensors 
based on autofluorescence were recently introduced as discussed 
in Ben Ghozlen et al. (2010). 
 

VIII  Conclusions 
The research and implementation efforts in precision agriculture 
have resulted in many novel approaches to measure and monitor 
agricultural production processes. The processes to be monitored 
can be at different spatial scales like  (sub-)cellular, the leaf or 



－ 21 － － 22 －

 
 

Sankarana et al. (2010) reviewed advanced techniques for 
detecting plant diseases. Some of the challenges in these 
techniques are: (i) the effect of background data in the resulting 
profile or data, (ii) optimization of the technique for a specific 
plant/tree and disease, and (iii) automation of the technique for 
continuous automated monitoring of plant diseases under real 
world field conditions. They suggest that the spectroscopic and 
imaging technology could be integrated with an autonomous 
agricultural vehicle for reliable real-time plant disease detection 
towards superior plant disease control and management.  
The spatio-temporal challenge for disease detection is also 
discussed by Mahlein et al. (20012) in the case of sugar beets. 
The sugar beet diseases differ in their temporal and spatial 
development as well as in their effects on plant tissue associated 
to reflectance characteristics. High spatial resolution is crucial in 
particular for the detection of leaf diseases with discrete, 
roundish symptoms. Spatial resolution of the hyperspectral 
camera used in their study provided information even on 
subareas of disease symptoms. Nevertheless, the limited spatial 
resolution of the sensor resulted in a high amount of mixed 
pixels. Depending on the shape of the symptoms, pixel size 
should be smaller than the object of interest by a factor of 2 to 5. 
This rule restricts the (early) sensing of plant diseases to 
proximal sensing technologies. Specific effects of diseases, 
disease stage, and of disease severity on spectral characteristics 
of plants are complex. The development of patterns in time and 
space, recorded by hyperspectral imaging may help to identify 
disease or stress on the tissue level and on the canopy level. 
 
3. Crop density 
The amount of biomass of a growing field crop has an effect on 
the micro-climate within the canopy and as such on the risks of 
disease development and spreading. In the case of combinable 
crops then the amount of crop mass to be processed affects the 
efficiency of the combines and it is required that ground speed 
should be adjusted accordingly. Saeys et al. (2009) looked at 
two types of Light Detection And Ranging (LiDAR) sensors, 
and different methods of online data-processing for estimating 
crop density in front of a combine harvester. Using either of 
both sensor types to measure the variation in laser penetration 
depth, good crop density estimations were obtained with 
coefficients of determination (R2) in the range 0.80–0.96. The 
high-frequency laser scanner gave very good results based on 
the histogram peak ratio and on a 3-dimensional field 
reconstruction. A new method for the estimation of crop volume 
was proposed which calculates the volume between the ground 
profile and the crop profile using thin plate spline fitting through 
the ground level and ear level points.  
 

4. Soil parameters and crop conditions 
Uschkerat et al.  (2013) looked at the potential of microwave 
measurement techniques to record and document soil parameters 
and crop conditions.  A frequency range was chosen from 6 to 
10 GHz, corresponding to a wavelength of 2 to 5 centimeters. 
Higher frequencies capable of achieving the required resolutions 
with less technical effort cannot be used due to their inability to 
penetrate into the ear. Also,  the current Ultra-Wideband (UWB) 
regulation allows transmit frequencies up to 10.6 GHz. Another 
application area for the ultra-wideband short-range radar system 
is in the cultivation of plants with storage roots. The capability 
of forming the storage root should be recognized in a cultivation 
vessel at the earliest stage possible. The root formation of the 
seedlings is investigated by carrying out a soil-penetrating radar 
scan and subsequent data processing operations. 
 
5. Fruit quality evaluation 

a. Fruit internal structure 
Understanding the O2 response of plants and plant organs not 
only requires knowledge of external conditions, dimensions, 
gas-exchange properties of the tissues, and cellular respiration 
kinetics but also of microstructure. (Quang Tri Ho et al., 2011). 
This microstructure can therefore be an important criterion for 
decision making at the moment of harvesting, for example 
related to the storage potential of the fruit.  The microstructure 
has also effect on absorption and scattering properties of the 
fruit. In order to have information not just at the fruit level but at 
the tissue level,  a novel hyperspectral laser scatter imaging 
(HLSI) technique was elaborated for estimating the apple quality 
through the contactless measurement of its scattering properties 
(Van Beers et al., 2013). 

b. Ripeness of grapes 
Good quality grape is a prerequisite for quality wines of defined 
character. Vineyard management and soil characteristics have a 
direct influence on berry ripening at the cluster level. The 
indirect influence is at the canopy level, through photosynthetic 
production of assimilates provided to the fruit. There is a great 
variability in the vineyard at the cluster, shoot, vine, block, plot 
and the whole vineyard scale. Because of this heterogeneity, 
sampling and accurate estimation of fruit ripening is difficult to 
achieve. To overcome this problem new field optical sensors 
based on autofluorescence were recently introduced as discussed 
in Ben Ghozlen et al. (2010). 
 

VIII  Conclusions 
The research and implementation efforts in precision agriculture 
have resulted in many novel approaches to measure and monitor 
agricultural production processes. The processes to be monitored 
can be at different spatial scales like  (sub-)cellular, the leaf or 

 
 

The 1st International Conference on Sensing Technologies for Biomaterial, Food and Agriculture 2013 
 

the whole plant, even a field or a region. Photonics offers many 
opportunities because photons are ultrafast, and extremely 
focusable and function contactless which opens a number of 
usages for agricultural diagnostics. Reflectance spectroscopy 
and fluorescence spectroscopy are the main techniques used for 
monitoring crop conditions. This monitoring can be at the  
different spatial scales depending on the required information. 
Imaging at different scales is applied to avoid that some spatially 
distributed phenomena are not observed as is possible in single 
point measurements. The available measurement and sensing 
technologies yield a vast amount of data. Novel approaches in 
the analysis of these data can help to detect the underlying 
sources of variability and support management decisions. 
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I  Introduction
Coastal wetland ecosystems are considered the most 

important on the earth and they provide habitat for 
wildlife as well as numerous ecological resources for 
humans. These include mangroves, salt marshes, tidal 
mudflats and seagrasses of which mangroves are found in 
subtropical and tropical climates (Wolanski et al., 2009).

Mangroves play an important role in protecting coastal 
zones from the waves (Mazda et al., 1997) and the 
damage from the effects of tsunamis (Daniel, 2008). 
However, mangroves have been lost over 3.6 million 
hectares throughout the world since 1980. Asia has 
suffered the greatest loss of 1.9 million hectares (FAO, 
2007). The mangrove area in Vietnam has decreased 
markedly over last 50 years (Tuan et al., 2003). On the 
Northern coast of Vietnam, mangrove area declined by 
17,094 ha between 1964 and 1997. The coastal zone of 
the Southern parts of Vietnam witnessed little change in 
mangroves. Mangroves have decreased by 30% since 
1965 in Ca Mau province (Tong et al., 2004), and the 
mangrove area in Cai Nuoc district declined by 75% 
between 1968 and 2003 (Binh, 2005). On the other hand, 
mangrove forests in Can Gio increased significantly 
between 1989 and 2001 (Hang et al., 2003) thanks to 
effective conservation and management (Tuan, 1996; 
Tuan et al., 2002).

In the world, research has been undertaken using 
various satellite remotely sensed data for mapping and 
monitoring land cover types in wetlands ( Ozesmi and 
Bauer, 2002; Seto and Fragkias, 2007; Lee and Yeh, 
2009; Klemas, 2011). Multi-temporal and multi-sensors 

remote sensed data provides useful information to detect 
mangrove change and facilitate monitoring (Hang et al., 
2003). Nevertheless, few studies have used a Geographic 
Information System (GIS) and remote sensing data for 
wetland cover mapping in Vietnam. Prior research on 
wetland mapping in Vietnam is limited and there is a lack 
of available data on mangrove area statistics. Therefore, it 
is necessary and important to map and update mangrove 
wetland status in Vietnam.

In this research, a hybrid approach of wetland mapping 
was introduced based on pixel-based and object-based 
classification. Moreover, the integration of wetland cover 
maps into a GIS can be used to analyze how the wetland 
condition changed in Can Gio mangrove biosphere 
reserve, Vietnam from 1994-2010. 

II Material and Methods
1.  Materials
The satellite images in this study are shown in table 1. 

The different sensors used include LANDSAT TM/ETM, 
SPOT 5, and ALOS AVNIR-2.

Table 1 Acquired satellite images in Can Gio
Satellite 
Sensor

Date of 
acquisition

Spatial 
resolution

Spectral 
resolution

ALOS 
AVNIR-2 2010 10 m Multi-spectral 

(4 bands)

SPOT 5 2004 10 m Multi-spectral 
(4 bands)

LANDSAT 
ETM+ 2002 30 m Multi-spectral 

(6 bands)
LANDSAT 
TM 1994 30 m Multi-spectral 

(6 bands)
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2.  Methodology
The image processing is illustrated in figure 1

Fig 1 Flowchart of the image processing and classification

III Results and Discussion
1.  Mapping wetlands covers in Can Gio district
Figure 2 illustrates the wetlands cover maps from 1994 

to 2010in Can Gio mangrove biosphere reserve.

Fig 2  Wetlands cover maps in Can Gio biosphere 
reserve from 1994 to 2010

The overall accuracy of the satellite image processing 
for the years 2004 and 2010 are 91%, 88%, and the Kappa 
indexes are 0.88, 0.84, respectively.

2. Wetland covers change from 1994 to 2010
The mangrove forests area expanded by 17.3% between 

1994 and 2010. The annual rate of mangrove gain was 
nearly 370 hectares (Table 2).

Table 2  Mangrove area statistics in Can Gio

Period
Onset 

of 
period 
(ha)

End 
of 

period 
(ha)

Mangrove
area

change 
(ha)

%
change

Annual 
rate of 
gain  

(ha yr-

1)
1994  -
2002

28495.
68

31356.
05

2860.37 10 357.55

2002 -
2004

31306.
05

31938.
20

582.15 1.9 291.08

2004 -
2010

31938.
20

34472.
67

2534.47 7.9 422.41

1994 -
2010

28495.
68

34472.
67

5976.99 17.5 373.56

Can Gio has good mangrove conservation and 
management. This district has one of the most successful 
wetland conservation and management in Southeast Asia, 
and become an example for other coastal area to follow. 
This is due to effective wetlands management and success 
of the rehabilitation program in Can Gio is facilitated by 
local institutions and the property rights of local people
(Adger and Luttrell, 2000).

V Conclusions
This research indicates the potential of a hybrid 

approach using multi-temporal satellite remote sensing 
data for mapping wetlands. This technique provides high 
over accuracy and the Kappa coefficient.

The statistics findings of this research are valuable in 
understanding the current wetland ecosystem in Can Gio 
mangrove biosphere reserve in Vietnam. 
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Fig. 1  Our optical penetration-based silkworm 

gender identification structure.

I  Introduction
In agriculture-based countries, sericulture is considered 

to be an important industry that significantly contributes
to the economic growth (FAO, 2010). One of the
important processes in this industry is the silkworm sex 
identification process. In the past forty years, several 
silkworm gender separation techniques have been 
proposed and demonstrated including a destructive and 
time-consuming approach based on DNA analysis (Fujii 
2007) and very expensive techniques via magnetic
resonance imaging (Liu et al., 2008) and near infrared
spectroscopy (Jin et al., 1995). Optical fluorescent 
imaging under the UVA illumination can also be 
deployed for silkworm gender classification with limited 
silkworm species (Yu Qing et al., 2010). To solve the 
above problems, we have recently proposed and 
experimentally demonstrated a highly-accurate optical 
penetration-based silkworm pupa sex identification 
structure (Sumriddetchkajorn and Kamtongdee, 2011,
2012). In this paper, we specifically study the effect of 
different wavelength spectral in the performance of the 
identification of the silkworm pupa gender. Key 
achievements will be highlighted.

II Silkworm pupa sex identification structure

Fig. 1 shows our optical penetration-based silkworm 
pupa sex identification structure in which a silkworm 
pupa is placed on a transparent base located under an 
array of light sources that radiate a desired light spectrum.
Beneath the transparent base, there is a digital camera

used to capture the image of the silkworm pupa. After that, 
the image goes through several image processing steps 
such as image thresholding, particle filtering, image 
inversion, and particle analysis. At the end, the female 
silkworm pupa is identified if the image region associated 
with the chitin gland is found. Otherwise, it is the male 
silkworm pupa.

III Effect of different wavelength spectral
In our system, the light source is an array of light 

emitting diodes (LEDs). We have five arrays of light
sources, each emitting different wavelength spectral at 
468 nm, 565 nm, 639 nm, 940 nm, and broad white light. 
We have three sets of 20 male and 20 female silkworm 
pupae in our study. These three sets of silkworm pupae 
are from J108, Nang Lai, and Nang Noi species. The 
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Abstract

We study the effect of different wavelength spectral in identifying the gender of silkworm pupae. With available low-cost light 
emitting diodes (LEDs), each emitting different wavelength spectral at 468 nm, 565 nm, 639 nm, 940 nm, and broad white light, 
we find that the body of the silkworm pupa can block blue and near infrared light while allowing green and red light pass through. 
In particular, the red light can clearly highlight an important organ called “chitin gland” in female, leading to high accuracy of 
silkworm gender identification. In our experiment with 120 silkworm pupae, measured high average 92.8% and lower average 
87.5% accuracies in identifying silkworm gender are obtained under red and white light LEDs, respectively.
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I  Introduction
In agriculture-based countries, sericulture is considered 
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2012). In this paper, we specifically study the effect of 
different wavelength spectral in the performance of the 
identification of the silkworm pupa gender. Key 
achievements will be highlighted.

II Silkworm pupa sex identification structure

Fig. 1 shows our optical penetration-based silkworm 
pupa sex identification structure in which a silkworm 
pupa is placed on a transparent base located under an 
array of light sources that radiate a desired light spectrum.
Beneath the transparent base, there is a digital camera

used to capture the image of the silkworm pupa. After that, 
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such as image thresholding, particle filtering, image 
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silkworm pupa is identified if the image region associated 
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silkworm pupa.
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emitting diodes (LEDs). We have five arrays of light
sources, each emitting different wavelength spectral at 
468 nm, 565 nm, 639 nm, 940 nm, and broad white light. 
We have three sets of 20 male and 20 female silkworm 
pupae in our study. These three sets of silkworm pupae 
are from J108, Nang Lai, and Nang Noi species. The 
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Fig. 2 Captured spectral images of male and female 

silkworm pupae near the abdomen part under 

different wavelength spectra.

corresponding spectral images of male and female 
silkworm pupae are shown in Fig.2.

From Fig.2, we find that the body of the silkworm pupa 
can block blue and near infrared light while allowing 
green and red light pass through. For white light 
illumination, the spectral image looks yellowish which is 
a combination of green and red light that can pass through 
the body of the silkworm pupa. It can also be observed 
that the red light can clearly highlight an important organ
called “chitin gland” in female, leading to ease of 
silkworm gender identification. In our experiment with 
120 silkworm pupae, measured high average 92.8% and 
lower average 87.5% accuracies in identifying silkworm 
gender are obtained under red and white light LEDs, 
respectively.

IV Conclusion
The effect of different wavelength spectra in the 

performance of our optical penetration-based silkworm 
gender identification structure is studied. We find that the 

body of the silkworm pupa can block the near infrared 
light at 940 nm. For the visible wavelength region, red 
and green light can easily pass though the body of the 
silkworm pupa. The combination of these two wavelength 
spectra also leads to a yellowish spectral image. In 
particular, it is clear that the chitin gland can be 
highlighted under the red light illumination, leading to a 
high accuracy of 92.8% in identifying the silkworm 
gender.
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I  Introduction 
In conventional method of soil properties quantification, the 

soil sampling and chemical analysis process are not only 
laborious but also high cost and time consuming. It is also 
impractical when the quantification of the soil properties 
involves mapping of large field areas for precision agriculture 
applications. Due to these reasons, the exploitation of optical 
and radiometric sensor is essential for efficient quantification 
and mapping of soil properties in large field areas. Unlike the 
conventional technique, the optical-based approach by means of 
Vis-NIR spectroscopy offers rapid, non-destructive, cost-
effective and most attractively, multiple soil properties can be 
derived from a single scan (Viscarra Rossel et al., 2006). Once a 
soil is scanned, the same spectra can be used for estimation 
variety of soil properties such as moisture content, carbon, pH 
and available phosphorous (Mouazen et al., 2007), clay content, 
cation exchange capacity, base saturation, organic matter 
content (Viscarra Rossel et al., 2010), total carbon and total 
nitrogen (Yang et al., 2011), total organic carbon, total nitrogen, 
clay content and cationic exchange capacity (Genot et al., 2011). 
However, in many previous studies the soil spectra were 
acquired in laboratory environment where the samples were 
dried crushed and sieved prior to the spectra scanning. This 
method although may provide better accuracy due to the 

controlled condition in the laboratory, it is laborious and cannot 
provide information of field condition in real-time manner. 

The objective of this study was therefore to investigate the 
potential of visible-near infrared spectroscopy for mapping of 
multiple soil properties using the optical-based real-time soil 
sensor (RTSS). The investigated soil properties were moisture 
content (MC), soil organic matter (SOM), pH, electrical 
conductivity (EC), cation exchange capacity (CEC), total 
carbon (C-t), ammonium nitrogen (N-a), hot water 
exchangeable nitrogen (N-h), nitrate nitrogen (N-n), total 
nitrogen (N-t), exchangeable potassium (K2O), exchangeable 
calcium (CaO), exchangeable magnesium (MgO), hot water 
soluble soil boron (B), soluble copper (Cu), exchangeable 
manganese (Mn), soluble zinc (Zn), available phosphate (P-a), 
and phosphate absorption coefficient (PAC). 

II  Materials and Methods 
Soil reflectance spectra were acquired using a tractor-

mounted RTSS (SAS1000), at 2 fields (4.43ha and 4.51ha) of 
a commercial up-land farm in Hokkaido, Japan. When the 
RTSS running on the track, the soil penetrator tip with a flat 
plane edge ensured uniform soil cuts and the soil flattener 
following behind produced a uniform underground surface. A 
light from 150-W tungsten halogen lamp was propagated 
through two optical fibers and illuminated the underground 
soil surface with area of about 50mm in diameter. The 
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underground soil Vis-NIR reflectance spectra were then 
collected through an additional optical fiber probes to the two 
spectrophotometers. The first spectrophotometer was for Vis 
(305 to 1100nm) has a 256-linear diode array while the 
second spectrophotometer was for NIR (950 to 1700nm) has a 
128-pixel linear diode array of multiplexed InGaAs. The 
RTSS was also equipped with differential global positioning 
system (DGPS) receiver and a micro CCD camera to capture, 
record and display the images of uniform soil surfaces while 
the RTSS running across the field. The saved images were 
then used to detect outlier in the calibration and prediction 
process. In addition, a laser line marker located close to the 
optical fiber was used to monitor distance variations between 
the soil surface and the micro optical devices. 

The reflectance spectra were acquired at 0.05 to 0.35m soil 
depths along 303m of the RTSS travelling line and 24m 
spread width. A total of 262 soil samples were subsequently 
collected at 0.15m depth of every 24.64m of the RTSS’s track. 
Chemical analyses were then performed on these samples to 
determine the composition and amount of soil properties.  

Prior to the development of calibration models, all collected 
underground soil reflectance spectra were converted to 
absorbance using the Beer-Lambert’s Law and pre-treated 
using second derivative Savitzky and Golay method. 
Calibration models were subsequently developed in the 
Unscrambler v9.8 software using partial least square 
regression (PLSR) technique coupled with full-cross 
validation as to establish the relationship between the pre-
treated Vis-NIR soil absorbance spectra with the value of soil 
properties obtained by chemical analysis (lab-measured 
values). The accuracy of the 19 developed calibration models 
were assessed based on the value of coefficient of 
determination (Rval

2) and residual prediction of deviation 
(RPD) produced from the PLSR analysis. All the 19 soil 
properties map were then drawn using Inverse Distance 
Weighted method (IDW) by ArcMap v.9.2. 

II  Result and Discussion 
From the analysis of PLSR, it was found that highest accuracy 

was MC with Rval
2 of 0.86, followed by C-t (Rval

2 = 0.82), PAC 
(Rval

2 = 0.81), SOM (Rval
2 = 0.78), N-t (Rval2 = 0.77), and CEC 

(Rval
2 = 0.75). pH, K2O, MgO, B and P-a produced Rval

2 of 0.65. 
The lowest accuracy were EC, CaO, N-a, N-h, N-n, Cu, Mn and 
Zn where the Rval

2 of these eight soil properties were 0.64.  
According to Chang et. al. 2001, RPD values more than 2 

were considered excellent, between 1.4 and 2 were almost good 
and below 1.4 were unreliable. From this classification, it was 
found that the accuracy of predicting MC (RPD = 2.7), C-t 
(RPD = 2.4), PAC (RPD = 2.3), SOM (RPD = 2.1), N-t (RPD = 

2.1) and CEC (RPD = 2.0) were excellent while the other 
properties were considered as almost good (RPD = 1.7).   

   The predicted maps (from spectra data) produced for 
nineteen soil properties were comparable with the measured map 
(lab-measured values). This shows that the RTSS by means of 
Vis-NIR spectroscopy can be used for mapping the 19 soil 
properties.  

IV  Summary and Conclusions  
From this study, the calibration models for quantification of 

19 soil properties have been developed using the optical-based 
RTSS. It has been found that this optical approach has potential 
in quantifying 19 soil properties with different levels of 
accuracy. Moreover, the information of the soil properties can 
be visualized on the map and can be used to assist the farmers in 
making agronomic decision and farm management in precision 
farming. However, further research could be carried out to 
increase the level of accuracy such as increases number of 
samples for developing calibration model, considering different 
soil layers and incorporate with various type of soil. 
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I  Introduction
The problem of vibration measurement has assumed 

increasing importance in recent years for different aspects, 
for example when dealing with rotating machinery or 
problems related to noise reduction. Vibrations in fact can 
cause efficiency reduction, malfunction and even damage 
or failure of the equipments or components. It is, therefore,
necessary to correctly evaluate the dynamic behaviour of 
such systems even for relatively long times. This is 
usually done by means of vibration measurements with 
accelerometers connected to a suitable data acquisition 
system.
The knowledge of the dynamic behaviour of equipments
or components, has a significant importance in the design
of any mechanical system too. The use of this type of 
experimental tests is now part of the development cycle of 
many products. Generally speaking the dynamic tests are 
referred to by the term of modal analysis. By means of 
this analysis it is possible to characterize a mechanical 
structure as regards its characteristics of elastic behaviour: 
natural frequencies of vibration, damping coefficients and 
natural vibration modes.

II  Body
In the preliminary phase of the study an analysis of 

vibrations by means of contact accelerometers was carried 
out to study a tree shaking machine used in the 
mechanical harvesting of olives. Tests were carried out to 
determine how the oscillating force is transmitted to the 
tree trunk. In this case, we used two piezoelectric triaxial 
accelerometers, the one fixed on the trunk and the other 

on the shaker itself.
However, such systems use sensors that require a physical 
contact with the objects subjected to analysis. On the 
contrary, the implementation of a non-invasively 
measuring system, could be very useful to the study of 
many mechanisms or in general of moving and / or 
vibrating systems.
Therefore a kinematic analysis of motion with a 
contactless method was carried out on a belt transmission 
system equipped with three pulleys (Fig. 1).

Fig. 1 Belt transmission system equipped with three 
pulleys

The system is used in a wine press and it is characterized 
by a driving pulley (A: 1400 rpm), a driven pulley (B) 
connected to the pair of grooved cylinders placed inside 
the hopper, a third pulley (C), connected to the bladed 
shaft for rape removal. This pulley also acts as a belt 
tightener; the belt is a trapezoidal one.
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In this paper we used a high speed camera, able to capture 
up to 500 frames per second (1024 X 768) thus to follow 
the position of any moving point of the mechanical 
system under investigation.
The kinematic mechanism was placed on a vertical plane 
at a height of 1 meter above the ground and the camera 
was positioned parallel to the same vertical plane and at a 
distance of 2 meters from it.
A little marker was used to track belt oscillations: a white 
pin with spherical head fixed on the upper face of the belt.
Furthermore, two halogen spotlights, 500 W each, 
positioned at each side of the mechanism, were used to 
light the scene up as much as possible so to acquire at the 
maximum speed of the camera. Attention was paid to 
avoid reflections on the metallic parts that could somehow 
"trick" the analysis and confuse the colour of the marker 
with the colour of the reflected light coming from another
point.

III Results and Discussion
The variation in time of the adhesion of the belt on 

the pulley, involves speed variations compared to the 
theoretical belt speed. This is because the border 
delimiting the contact surface between the belt and the 
pulley causes rapid deceleration and equally sudden 
accelerations of the transmission system.
Fig. 2 shows the trend of the relative displacements of the 
marker with respect to the theoretical path represented in 
Fig. 1, each point representing its relative position 
detected by the acquisition system, one point for each 
acquired frame, while the solid line was obtained by 
interpolation with cubic spline.

Fig. 2 Trend of the relative displacements of the marker

Moreover, small sliding is always present both in the use 

of flat and trapezoidal belts. Therefore, the belt-pulley 
relative motion was examined to detect the presence of 
any sliding that the acquisition system is able to capture.

IV Summary and Conclusions
In this paper a kinematic analysis of a belt 

transmission mechanism was carried out using a 
contactless vibration measurement system based on high 
speed camera. Vibrations are acquired detecting the 
positions during time of a marker fixed on the belt.
The proposed method made it possible to analyze the 
mechanism and verify both known behaviours and 
neglected aspects in the usual kinematic analysis carried 
out using acceleration measurements.
In conclusion it can be stated that the method here 
developed is able to determine the characteristics of the 
analyzed mechanism, provided that the acquisition by 
means of a high speed camera has been carried out in 
suitable environmental conditions: light, distance from the 
mechanism, etc. In fact, for example, the acquisition of 
the marker position appears to be quite accurate, with 
regard to method requirements. On the basis of the 
achieved results it can be stated that the chosen 
configuration is well defined. However, this accuracy may 
increase or decrease just varying the precision of: control 
area, marker type, sample rate, etc.
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I  Introduction 
As plants’ growth strongly depends on light, 

technology based on optical phenomena is an intrinsically 
advantageous way in agricultural use. Its importance can 
be recognized from the viewpoint as agriculture supplies 
foods and energy which are essential for construction of 
the sustainable society. 

If we consider practical usages of optical instruments 
in field and by farmers, they would respond to the many 
requests such as downsizing the volume and weight but 
robust in outside weather conditions or unexpected 
usages, user friendly system with less technological 
knowledge, inexpensive and low cost of maintenance, 
and so on. To realize such instrument, we should use 
commercial products as possible as we can. Fortunately 
such products can be easily found on the market. 

Here, we report optical instruments named 
“AGRISERVER”, “AGRIGADGET” and “LIFS-
LIDAR” that are used in agriculture. Main function of 
them is sensing agricultural information, and we propose 
the data usage for agriculture and agriculture-related 
industries under the concept of “Optical Farming”.

II  Optical Farming 
The concept of “Optical Farming” is proposed in Fig. 1 

(Saito, 2012). It covers lots of general matters on 
agriculture from field to home/kitchen. Several plants’
physiological information on chlorophyll, sugar, water 
and others are obtained with optical manners. Such 
information are available to diagnosing the growth status 

of agricultural and horticultural products, some treatments 
by light itself, inspection at shipment locations and during 
transportation to market and home from field, and so on. 
Non-destructive and non-chemical approach offered by 
optical technology surely promises realization of these 
matters. Three optical instruments are mainly developed 
toward the realization. 

Fig. 1 Concept of OPTICAL FARMING 

III  Optical Instruments 
1.  AGRISERVER
AGRISERVER is the general term of agricultural 

sensor network (Saito et al., 2011). Figure 2 shows the 
basic  construction  of  AGRISERVER.    A sensing  node 
located in field collects agricultural information as growth  
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Fig. 2 Basic construction of AGRISERVER 
 

of products, working scenes and field weather conditions. 
Data collection and storage is remotely controlled through 
the Internet. Data are opened to the public as agricultural 
contents and new application is proposed. Six 
AGRISERVERs have been operating and the data are 
utilized in various agriculture-related industries form IT 
farming to the market, education and so on.  

2.  AGRIGADGET 
Demands on quick monitoring when farmers just notice 

something are also arose. AGRIGADGET is developed to 
respond such demands (Kobayashi and Saito, 2013). Its 
usage is assumed for ground based monitoring by each of 
farmers. Several optical instruments have been developing. 
Here we introduce a smart-phone based spectroscopic 
device. Figure 3 is a photograph of the smartphone based 
spectroscopic device (Kobayashi, 2013). A hand-made 
spectroscopic device with a transmission diffraction 
grating film inside a collimating tube was suited on the 
smart-phone camera.  We could see spectrum of a 
fluorescent lamp on the display of the smart-phone. This 
can be used for examination of surface color spectrum to 
check quality of products such as ripeness of grapes. And 
if we prepare several software for agricultural application 
on the cloud, a farmer will get growth information of the 
products in field in real-time by just pressing a camera 
button and downloading the application software.  

 
 
 
 
 
 
 
 
 

Fig. 3 Smartphone based spectrometer; outlook (left), 
spectrum of fluorescent lamp (right). 

 

3.  LIFS-LIDAR 
Laser-induced fluorescence spectrum (LIFS) gives us 

the inside physiological information of plants. For 
example, chlorophyll fluorescence offers information on 
photosynthesis of plants. To obtain such information in 
field, development of LIFS-LIDAR was made (Saito 
2006). As LIDAR is a laser remote sensing system, it is 
suitable to monitor products that we can’t reach. LIFS-
LIDAR consisted of a UV laser, a receiving telescope, 
and a spectrometer with a CCD sensor. Fluorescence 
spectrum of tree leaves located 15 m away from the 
system was mainly separable into blue-green fluorescence 
at around 400-650 nm, red fluorescence at around 680 nm 
and far red fluorescence at around 740 nm. It is known 
that each peak directly connects with plant material itself; 
blue-green fluorescence is feruic acid derivatives, red and 
far red are chlorophyll a, and so on. And as they varied 
their intensities depending on the leaf growth stages, 
LIFS-LIDAR’s data has a great potential for evaluating 
living status of horticultural products in remote ways. 

IV  Summary and Conclusions 
Agricultural usage of optical instruments was proposed 

under the concept of Optical Farming. To realize the 
proposal, we developed AGRISERVER, AGRIGADGET 
and LIFS-LIDAR that they were elements of Optical 
Farming. Their performance test in field confirmed that 
they had high potential for agricultural usage. 

The researches of AGRISERVER and AGRIGADGET 
have been carried out in the SCOPE project (#12943982) 
funded by MIC, Japan. 
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I  Introduction
The combine harvester is a machine that harvests grain 

crops and is widely used in precision farming. In combine 
harvester, the combine harvester operator needs to adjust 
some of the operating parameter to make sure that they 
will get the high qualities of harvested grain. The 
marketability of rice products depends on the quality of 
the grains which can affect the profitability of farmers. 
The operating parameters are depending on the condition 
of agricultural field, weather and season of harvesting.
The improper adjustment of operating parameters can lead 
grain damage, increase grain loss and cogging will happen 
because of rough rice with long rachis-branch. (Matsui. M, 
et al., 1999). Therefore, it is essential to adjust parameter
properly for each part of combine harvester before 
starting and during harvesting operation. If during
harvesting operation, farmers can get data automatically 
about the ratio of rough rice, brown rice and grass in the 
harvested grain, then it may possible to modify the 
operating parameters in real time to reduce the entire 
combine losses. Therefore it is immense important to 
develop a data acquisition system for recording of various 
parameters.

There is a growing interest in applying machine vision 
system in the food-grain industry (Visen, N. S., et al., 
2001). Various machine vision researches have been 
report such as grain classification and quality evaluation 
(Brosnan et al., 2004). Some studies examined the grain 
quality based on appearance, color and shape analysis; 
such as problem of brown rice i.e. milky white rice, green 
rice, damaged rice by insects or split rice (Shigeta. K, et 

al., 2007). Tokuda. M, et al., (2002) discriminated the 
distorted black soybeans, wrinkles caused by mechanical 
dryers and caving hull cracked by using shape analysis. 

Now, the problem is the existed is complex, big, and as 
well as costly (Itoh. H, et al., 2000). However, if the 
acquisition of these devices becomes simple, small, and 
relatively low cost, then it is expected to use in the on-
field operations.

In our research, we have studied to develop a machine 
vision based system for monitoring different objects of
harvested grains.

II Material and Experimental Device

1. Material
The rice grain (Hinohikari) harvested in late October 

2010 in the Okayama Prefecture, Japan was used as a 
sample. After the harvesting operations, we observed the 
harvested grain in the tank and 106g sample was collected 
from the grain tank randomly. 

2. Experimental Device
The machine vision system consists of a WEB camera 

(Logicool Co., Ltd., type: C905m, UXGA class), ring 
type white LED (CCS Co., Ltd., type: LDR2-90-30SW) 
as front light, square type white LED (CCS Co., Ltd., 
type: LFX2-75SW）as back light and a power unit (CCS 
Co., Ltd., type: PD2-3024-2) to control brightness for 
both lighting devices. The schematic layout of the 
proposed machine vision system is shown in the Figure 1.
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Fig. 1 Layout of image acquisition system

III Method
From the 106g sample, we divide into a small sample 

which is 1g per sample for easy to acquiring images.
Image of each one gram samples was obtained by using 
front light and back light system in the same orientation. 
After that, the image will be process with the proposed 
algorithm for detecting the brown rice and the rachis 
branch.

III Results and Discussion
(a) Performance evaluation of husked-rice detection

The detection result of brown rice using back lighting 
method is presented in the Figure 2. It is seen that the 
correlation coefficient between measured number of 
targets using the algorithm and the real number of each 
image is 0.9789. However, the algorithm could not detect
the immature type of brown rice. This is because, in the 
case of immature rice, the transmittance light intensity is 
low compared to normal brown rice.

Fig. 2 Comparison of actual and estimated brown rice

(b) Performance evaluation of rachis-branch detection 
The relation between measured rachis-branch length 

using the algorithm and real rachis-branch length of each 
image is shown in the Figure 3. It is observed that the 
success rate of the algorithm to detect rachis-branch also 
has good performance with R2 value of 0.7642.
Nevertheless, sometimes there will be a wrong detection 
in the algorithm. The algorithm detected some grass as a 
rachis-branch.

Fig. 2 Comparison of actual and estimated rachis-branch 

V Summary and Conclusions
In this study a new approach for monitoring harvested 

grains was developed. The system is small, easy to use 
and cheap. Evaluation result of detection for each object 
using the proposed algorithm was more than 0.76. Further 
experimentation will be conducted to overcome the 
problems, detection of others object and as well to 
improve the detection ratio.
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I  Introduction
The in-field quality measurement system is critically 
important for the sugarcane industry. However, the 
development of the system faces serious technical 
problems due to logistic limitation, mechanical 
vibration, high level of contamination and rugged 
field environment which is undesirable for delicate 
optical and electronic equipment. Moreover, most of 
the existing technologies need a clarified juice 
samples for the measurement. Unfortunately, 
obtaining sufficient juice samples in the field, 
especially during harvesting is very difficult. Another 
challenge for juice sampling in the field is to process 
a raw juice into clarified juice which is time 
consuming and often very difficult tasks. Therefore, 
the most suitable sample form for rapid field 
measurement must be first identified. Some studies 
have shown that spectroscopic method can be applied 
to predict sugar content of sugarcane from raw juice, 
clear juice, macerated and solid samples. 

The purpose of this chapter is to identify the best 
sample form for quality prediction by visible-
shortwave near infrared spectrometer under the same 
experimental set up. Therefore, five different samples 
forms were tested; raw juice (RJ), clear juice (CJ), 
macerated stalk (MS), stalk cross sectional surface 
(SCS) and stalk skin (SS). Technically, the quality 
prediction from these sample forms can be done at 
different positions on a harvester. 

II Material and methods

Sample Preparation for Juice and Macerated 
Samples

A total of 100 samples representing raw juice, clear 
juice and macerated stalks were collected from mini-
mills facilities of BSES, Bundaberg in 2012. Then, a 
total of 128 internodes were extracted from eleven 
sugarcane stalk samples. The stalk samples were 
collected from a propagation block at the research 
station of Bureau of Sugar Experimental Station 
(BSES), Bundaberg, Queensland in May 2012. They 
were a plant crop that was planted in September 2011 
(8 months old). The crop was grown under 
commercial conditions with the fertilization based on 
soil test and the six easy steps nutrition guidelines. 
The stalks were taken from commercial variety trials 
representing three different maturity stages, namely 
early-maturing (Q155), mid-maturing (Q208) and 
late-maturing (Q190) crops. The selection of these 
three varieties was to make sure that the models 
developed in this study would cover a wide range of 
quality parameters which are typically available 
during harvesting. 

The spectral data of the samples were measured using 
a handheld Vis/NIR Spectroradiometer (FieldSpec 
HandHeld and FieldSpec Pro FR, 325 to 1075 nm, 
Analytical Spectral Devices (ASD), Inc., Boulder, 
USA). The spectra scanning were conducted inside a 
black measurement box (900 x 600 x 450 mm). The 
box was built to enclose the light source detecting 
probes and the samples, and to block ambient light.

III Results and Discussions
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Abstract

Spectroscopic method has been proposed for sugarcane quality measurement on a harvester. There are different sample forms 
could be used to predict sugar content using spectroscopic method; raw juice (RJ), clear juice (CJ), macerated stalk (MS), stalk 
cross sectional surface (SCS) and stalk skin (SS). This study was conducted to identify the best sample form for predicting 
quality using a spectrometer. A total of 100 samples from each sample forms were scanned using spectrometer. All spectral data 
were calibrated against Brix value. The coefficient of determination (R2) for RJ, CJ, MS, CSS and SS were 0.78, 0.80, 0.86, 0.76 
and 0.82 respectively. The study found that the fibrated sample could be the best sample form for quality prediction using 
spectrometer.
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samples for the measurement. Unfortunately, 
obtaining sufficient juice samples in the field, 
especially during harvesting is very difficult. Another 
challenge for juice sampling in the field is to process 
a raw juice into clarified juice which is time 
consuming and often very difficult tasks. Therefore, 
the most suitable sample form for rapid field 
measurement must be first identified. Some studies 
have shown that spectroscopic method can be applied 
to predict sugar content of sugarcane from raw juice, 
clear juice, macerated and solid samples. 

The purpose of this chapter is to identify the best 
sample form for quality prediction by visible-
shortwave near infrared spectrometer under the same 
experimental set up. Therefore, five different samples 
forms were tested; raw juice (RJ), clear juice (CJ), 
macerated stalk (MS), stalk cross sectional surface 
(SCS) and stalk skin (SS). Technically, the quality 
prediction from these sample forms can be done at 
different positions on a harvester. 

II Material and methods

Sample Preparation for Juice and Macerated 
Samples

A total of 100 samples representing raw juice, clear 
juice and macerated stalks were collected from mini-
mills facilities of BSES, Bundaberg in 2012. Then, a 
total of 128 internodes were extracted from eleven 
sugarcane stalk samples. The stalk samples were 
collected from a propagation block at the research 
station of Bureau of Sugar Experimental Station 
(BSES), Bundaberg, Queensland in May 2012. They 
were a plant crop that was planted in September 2011 
(8 months old). The crop was grown under 
commercial conditions with the fertilization based on 
soil test and the six easy steps nutrition guidelines. 
The stalks were taken from commercial variety trials 
representing three different maturity stages, namely 
early-maturing (Q155), mid-maturing (Q208) and 
late-maturing (Q190) crops. The selection of these 
three varieties was to make sure that the models 
developed in this study would cover a wide range of 
quality parameters which are typically available 
during harvesting. 

The spectral data of the samples were measured using 
a handheld Vis/NIR Spectroradiometer (FieldSpec 
HandHeld and FieldSpec Pro FR, 325 to 1075 nm, 
Analytical Spectral Devices (ASD), Inc., Boulder, 
USA). The spectra scanning were conducted inside a 
black measurement box (900 x 600 x 450 mm). The 
box was built to enclose the light source detecting 
probes and the samples, and to block ambient light.
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Application of Visible-Shortwave Near Infrared Spectrometer to Predict 
Sugarcane Quality Based on Different Sample Forms

Nazmi Mat Nawi1, 3, Guangnan Chen1,2, Troy Jensen1, 2

1. Faculty of Engineering and Surveying, University of Southern Queensland, Toowoomba, QLD 4350, Australia
2. National Centre for Engineering in Agriculture (NCEA), University of Southern Queensland, Toowoomba, QLD 4350, Australia

3. Department of Biological and Agricultural Engineering, Faculty of Engineering, Universiti Putra Malaysia, 43400 Selangor, Malaysia
Corresponding author: E-mail: nazmi@eng.upm.edu.my

Abstract

Spectroscopic method has been proposed for sugarcane quality measurement on a harvester. There are different sample forms 
could be used to predict sugar content using spectroscopic method; raw juice (RJ), clear juice (CJ), macerated stalk (MS), stalk 
cross sectional surface (SCS) and stalk skin (SS). This study was conducted to identify the best sample form for predicting 
quality using a spectrometer. A total of 100 samples from each sample forms were scanned using spectrometer. All spectral data 
were calibrated against Brix value. The coefficient of determination (R2) for RJ, CJ, MS, CSS and SS were 0.78, 0.80, 0.86, 0.76 
and 0.82 respectively. The study found that the fibrated sample could be the best sample form for quality prediction using 
spectrometer.
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Table 1: PLS model performance for all sample forms

Sample 
forms

Calibration Prediction
n PCs R2 RMSEC n PCs R2 RMSEP

MS 73 10 0.85 0.81 24 10 0.86 0.84
CJ 73 10 0.83 0.81 24 10 0.80 0.98
RJ 73 10 0.86 0.75 23 10 0.78 0.91

SCS 96 10 0.89 1.09 31 10 0.76 1.74
SS 96 10 0.92 0.94 31 10 0.82 1.48

Fig.2. Typical spectra curve for different sample form

This study has demonstrated that all proposed sample 
forms can be used to predict sugar content using visible-
shortwave near infrared spectrometer. However, this 
study found that the fibrated stalk is the best sample form 
for quality prediction using spectrometer. Future research 
should focus on how to scan the sample form on a 
harvester. The sampling mechanism would also be 
designed for this purpose. 

References

Anon. (2011). Canegrowers annual report for 2010/2011, 
Australia.

Barnes, A. C. (1953). Agriculture of the sugarcane. 
Leonard Hill Limited, (Chapter 1).

Berding N, Brotherton G A, Skinner J C. Near infrared 
reflectance spectroscopy for analysis of sugarcane from 
clonal evaluation trials: I. Fibrated cane. Crop Science, 
1991; 31: 1017-1023.

Huang, L. H, Imou, K, Kaizu, Y, & Yokoyama, S. (2005). 
System for automatic separation of sugar cane tops. 
Transactions of the ASAE, 48, 4, 1441−1448.

Nawi, N. M., Jensen, T., & Chen, G. (2012). The 
application of spectroscopic methods to predict sugarcane 
quality based on stalk cross-sectional scanning. Journal of 
American Society of Sugar Cane Technologists,  32, 16 -
27.

McCarthy, S. G. (2003). The integration of sensory 
control for a sugar cane harvester. PhD Thesis. Faculty of 
Engineering and Surveying, University of Southern 
Queensland.

Mehrotra, R. & Siesler, H. W. (2003). Application of mid 
infrared/near infrared spectroscopy in sugar industry. 
Applied Spectroscopy Reviews. 38, 307–354.

Næs, T., Isaksson, T., Fearn, T., & Davies, T. (2004). A 
user-friendly guide to multivariate calibration and 
classification. Charlton, Chichester, UK: NIR 
Publications.



－ 37 － － 38 －

I  Introduction
Virtual reality (Sutherland, 1965) has been applied in 

many fields such as robotic navigation, urban planning, 
transportation, and remote sensing, etc. In virtual reality,
the model is usually created by manual construction 
utilizing commercial software such as Maya, 3ds Max.
Reconstruction of 3D model from real-world is common 
application in the virtual reality. However, the large-scale
virtual environment model is usually difficult to construct
through commercial software; it needs to consider many 
environment structures such buildings, trees that relies 
heavily on personal impression rather than subjective 
measure. Another reconstruction strategy is based on 
point cloud that can represent and visualize the
environment. 3D laser scanner (LiDAR) is the most 
common and powerful device in the reconstruction of
outdoor environment. In general, 3D laser scanner is 
made by combining a 2D laser scanner with a rotating 
mirror or platform that can obtain the 3D information of 
environment (Oliver et al., 2003). However, laser scanner 
only has depth information without any color information.  
For a high quality visualization of virtual environment,
it’s necessary to fuse image data from camera and 3D 
laser scanner so that a more realistic 3D virtual 
environment can be reconstructed (Poullis et al., 2011).

Besides the beneficial effects on the visualization of 
3D model by fusion of image and laser-scanning data, 
color image data also provide extra information than just 
the 3D coordinates of point clouds. The extra color 
information may be helpful in improving the integration 
of multiple scenes into a complete virtual environment 

when the alignment algorithms such Iterative Closest 
Points (ICP) algorithm is applied (Besl et al., 1992).

The aim of this paper is to develop an efficient 
algorithm and method to combine image data and laser-
scanning data so a more realistic large-scale virtual 
environment can be created. Furthermore, we wish to 
incorporate color information into 3D coordinates of 
point clouds in joining separate scanned scenes to form 
the large-scale virtual environment.

II MATERIALS AND METHODS
1. Hardware Architecture
Fig. 1 is our integrated data acquisition device which is 

equipped with a 2D laser scanner (SICK LMS291), the 
rotated platform and a webcam (Logitech C910). Webcam 
is connected computer by USB; its resolution is 640ㄌ480.
Scanning angle of 2D laser scanner reaches 180 degree in 
one scan containing 361 points and the total steps of 
rotated platform are 1200 steps. Therefore, the total points 
of each scene is 1200ㄌ361=433200 points.

Fig. 1 The integrated laser scanner and color camera on a 

rotating platform.
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system. We also discuss the efficacy of the system and technical problems involved in this proposed method.
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2.  Point Cloud Acquisition by Laser Scanning
Large-scale scenes were reconstructed by using 3D 

laser scanner. The result of each scene can be saved as a 
range image. Fig. 2 shows a typical range map that is 
reconstructed from a site of NTU experimental farm; the
black region is nearer than the white region. In order to 
transform range image into 3D point cloud, the spherical 
coordinates must be converted to Cartesian coordinates.

Fig. 2 Range image reconstructed from a site of NTU 

experimental farm.

3. Laser–Camera Extrinsic Parameters Calibration
In order to transform laser coordinates into camera 

coordinates, the rotation and translation matrix must be 
multiplied by the following equation (1). Then, the 
perspective projection was applied in transforming 
camera coordinates into camera plane by equation (2). 
The images shown in Fig. 3 illustrate coordinates
definition in equation (1).

O LP RP T= +                     (1)

im OP K Pλ = ∏    (2)

where R and T present rotation matrix and translation 
matrix, respectively. K is the camera’s intrinsic 
parameters. O and L present coordinates center on camera
and laser scanner, respectively.

Fig. 3 Definition of laser and camera coordinates and 

triangle chalkboard.

To determine the laser-camera extrinsic parameters,
the calibration method was proposed by using triangle
chalkboard (Ganhua, et al., 2007).

III Results and Discussion
In Fig. 4, the two images demonstrate the experimental 

results of our proposed method. In Fig. 4a, the laser-
scanned point cloud was reconstructed without color 
information. Laser scanner could only provide range 
information. So we used laser-camera parameters to 
estimate transformation matrix between them. Fig. 4b 
shows the result after fusing the color and point cloud 
information.

Fig. 4 Reconstruction of a scene; (a) point cloud without 

color information; (b) point cloud with color information

IV Summary and Conclusions
This paper demonstrated that our proposed method

successfully reconstructed and integrated large-scale 
scenes by fusing laser-scanning data and color 
information from image. The color virtual environment is 
more visually realistic. Furthermore, we also showed that
laser-scanning data combining with color information 
helps to improve scenes registration result.
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I  Introduction 
Precision agriculture is a farm management strategy 

using spatiotemporal information on the fields aiming at 
economical, environmental and social outputs with an 
integrated scenario, which is sophisticated as a 
community-based precision agriculture in Japan 
(Shibusawa 2004, 2008, 2009). A key operation in the 
farm management is decision making, which needs the 
information on fields and farm commodities. Core 
techniques therefore become soil sensing/mapping for 
information-oriented fields and produce grading/packing 
for information-added commodities, followed by 
traceability management. 

This paper introduces a real-time soil sensor (RTSS) 
and application, and a decision support approach of farm 
practice. 

II  On-the-go soil sensing 
1.  Real-time soil sensor 
The RTSS (SAS 1000, Shibuya Machinery Co., Ltd.) is 

mounted on a tractor using a three-point hitch (category II 
type). The RTSS equipment captures several datasets 
simultaneously as a real-time soil measurement system for 
precision agriculture. It is composed of the sensor unit’s 
housing, a touch panel, the soil penetrator and the housing 
for the probes (Fig. 1). Electrical power for the RTSS was 
supplied from a gasoline inverter generator (EU-16i, 
Honda Motor Co., Ltd). The PTO (power take-off) of the 
tractor is connected to the hydraulic power of the RTSS 
and is used to drive the chisel unit into the soil. 

The sensor unit’s housing includes the core devices of 
the RTSS system, such as a personal computer (Windows 
XP, Microsoft), 150-W Al-coated tungsten halogen lamp 
(USHIO Inc), micro CCD camera (TOSHIBA Co.), 
differential global positioning system (DGPS: DSM132, 
Trimble) receiver, and two spectrophotometers. The 
DGPS antenna is mounted on the roof. The 
spectrophotometer for Vis has a 256-pixel linear 
photodiode array (MMS 1, Carl Zeiss AG). The spectra 
ranged from 305 to 1100 nm with intervals of 
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Using spectroscopic technology a real-time soil sensor (RTSS) was developed. The sensor predicted a dozen of soil parameters 
in a single sensing action at every seconds, which provided meter-scale soil maps of respective soil parameters. A combination of 
soil map and crop yield map could provide an input-output response of the field, such as a missing nitrogen map of 
environmental impact.  With the field map and yield/quality maps a new management strategy: community-based precision 
agriculture came out. The decision making process was also a new research target in the field of precision agriculture. 
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Fig. 2. Combination of real-time soil sensor and  

combine harvester with yield monitor  creates missing 

nitrogen map. 

approximately 3 nm. A 128-pixel linear diode array of 
multiplexed InGaAs (MMS, Carl Zeiss AG) for NIR was 
used. The spectra ranged from 950 to 1700 nm with 
intervals of approximately 6.0 nm pixel pitch. Also, the 
spectra data collected from the two spectrometers was 
converted to 5-nm-interval data by interpolation. The 
spectra ranged from 350 to 1700 nm with intervals of 
approximately 5 nm.  
2.  Technology Package 

One of the decision making is how to organize a 
technology package which is defined here as a 
combination of machines and techniques providing a new 
function or evidence available for precision agriculture.  
Shibusawa et al (2008) presented a technology package 
for nitrogen management as shown in Fig. 2. With soil 
maps before planting and after harvest using the real-time 
soil sensor, accompanied by a yield map provided by a 
head-feeding combine with a yield monitor, nitrogen 
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III  Thinking process 
A thinking process was described in a case of weed 

control, as shown in Fig. 3. In the figure eleven units of 
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be handled. For example, "field map" unit found a bunch 

of weeds and made a claim to kill them. The claim was 
sent to "decision support" unit which referred the record 
of herbicide in "work history" unit and made a claim to 
get information on the weed against "field map" unit. The 
unit of "decision support" also made a claim to get the 
field weather forecast and called the information on crop 
variety to "crop management" unit, followed by calling 
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spray.  

Finally "decision support" unit recommended a 
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V  Conclusions 
Development of sensing technology provided an 

intelligence-oriented stage of farm management in linkage 
with supply chains of foods. 
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I  Introduction
There are many ways to obtain remote sensing data, 

which are necessary for implementing precision 
agriculture (Adamchuk 2004). Some methods are 
relatively cheap compared to the final profit (e.g. increase 
yields, soil state improvement). In recent years the 
developing of technology unmanned aerial vehicle lets 
use flying models for remote sensing (Inoue et al. 2000, 
Jensen et al. 2007, Igras and Pudełko 2008). But those 
systems demand qualified pilots (for remote control) and 
are not such effective as low altitude remote sensing 
based on planes (Hunt et al. 2005, Sugiura et al 2005).

Low altitude digital photography allows for a quick and 
cheap acquisition of spatial data. This data, processed by 
the methods available in geographic information systems 
(GIS) take on cartometric characteristics. Additionally, 
their processing allow vegetation index maps to be drawn, 
one of the main sources of information used for agro-
environmental studies (Stark 2000, Nieróbca et al. 2008,
Pudełko et al. 2008). The advantages of using low altitude 
digital photography are in its low cost of obtaining 
photographs in addition to planning the date of the flight 
according to the state of the plant vegetation in the 
researched area (Fig. 1) – Sugiura et al. (2005).

Fig. 1. Mounting the photo-platform on board the 
Cessna. NIR – infrared spectral channel, RGB – red, 
green, blue spectral channels

II Aerial remote sensing
The presented method assumes the initial acquisition of 

aerial photos in 4 spectral bands (R, G, B, IR) – Fig. 1. 
Photos are subjected of rectification and classification.

The classification intend the separation of homogeneous 
areas within the fields. This is especially important in the
case of a large variation in soil (Fig. 2).
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Fig. 2. Sample of field with canopies effected by soil 
mosaic.

III Mobile ground measurement
The points for ground test were calculated based on the

reclassification of orthophotomap. These measurements 
were performed using a mobile proprietary constructed 
Spectroradiometer, recording the reflected radiation and 
going through canopy in 4 ranges (R, G, B, IR) – Fig. 3.

Fig. 3. Mobile spectrometer

IV Results and Discussion
Pre achieved results are very promising. Allowing the

characterization of fragments of fields where uniform
conditions prevail: soil, no infection or disease infestation
occur, the need for fertilizer, micro-relief. The use of

ground-based measurement allows accurate diagnosis of
the problem, as well as spectral calibration of cameras.

V Summary and Conclusions
Combining both presented kind of data are possibly by 

using GIS geoprocessing methods. But the problem is that 
this approach is too much sophisticated for farmers. 
Therefore there are two ways of implementing this system 
to the agricultural practices. The first one is developing a 
simple software, easy for use – but in this case non 
qualified user could misinterpret the results. The second, 
most real way is to dedicate the system for research 
institution and advanced agricultural advisers.
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I  Introduction
Spectral characteristics of the radiation reflected from

the Earth's surface are widely used in remote sensing,
including the remote sensing of agricultural environment.
Vegetation, soil and water have different spectral
characteristics of the reflected radiation, making it 
possible to distinguish and classify them. Analysis of
spectral characteristics of the reflected radiation consist 
of monitoring spatial and temporal changes calculated on 
the basis of the characteristics of the vegetation indices
(Kozyra et al. 2007). Vegetation indices are obtained by
simple arithmetic performed on the values of the intensity 
of radiation reflected from the surface at certain
wavelengths. The most popular and most widely used
indicator is Normalised Difference Vegetation Index 
(NDVI) (Stark et al. 2000, Scotford and Miller 2003). 

There is a number of indicators which are a
modification of NDVI index, an example of which is the 
Soil Adjusted Vegetation Index (SAVI), which takes into 
account the impact of modifying the spectral reflectance
of soil (Huete 1988, Kozyra and Pudełko 2006).

II Cycle of spectral reflectance
Many whole-day measurements were processed during 

period 2007 – 2009. Spektroradiometr LI-1800 was used 
for measurement light reflected from canopy (1 m above). 
This unit allows for registration band of 400-1100nm with 
4 nm resolution. Parallel we used Tetracam ADC, a 
digital camera which can register: green, red and infrared, 
in bands where are close to SPOT and IRS satellite 
sensors. Based on obtained values, some vegetation 

indices were computed: NDVI, SAVI, IPVI, NIR to 
Green ratio.Fig. 1. Illustrated field work.

For testing plant conditions into canopy we used Leaf 
Area Index (LAI ) and Chlorophyll Meter (SPAD ). 
Different crops and species were tested. The sample of 
result present Fig. 2.

Fig. 1. Measurement with using Spektroradiometr LI-
1800 and Tetracam ADC.
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In this paper study on daily cycles of spectral reflectance characteristics of different crops were presented. Knowledge of this 
variability can help improve interpretation of remote sensing data, their calibration and classification  multi-bands imagines into 
maps of vegetation’s indices or delineating polygons. Studies were conducted during 2007-2009 and many whole-day 
measurements were processed for different crops. As a result functions describing the cycle were found. 
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A
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Fig. 2. A) daily changes of reflection (NDVI, SAVI and 
NIR/G); B) daily changes of measurement into canopy 
(LAI and SPAD), maize field (27.07.2009).

IV Results and Discussion
Results show strong relation between vegetation 

indices and time of a day (Fig. 2A). NDVI, SAVI and 
IPVI have the minimum value at the noon. IPVI is the less 
sensitive from the 3 indices. Ratio NIR to Green did not 
depend on sun position. In comparison to reflective 
indices – LAI and SPAD were independent from the time 
at which the measurement was done, but we observed 

high variability of obtained values (Fig. 2B). The 
functions of the vegetation cycle  indices for the 12 crops 
received from ground-based spectral measurements have 
been constructed. The cycle function for vegetation 
indices of winter wheat, spring wheat, rye, triticale were 
obtained using a second order polynomial, while for 
winter barley, spring barley, rape seed and maize we used 
a third order polynomial.

V Summary and Conclusions
We confirmed the possibility of describing temporary 

changes in vegetation indices. It has been also shown that 
a close relationship between LAI and spectral derived 
vegetation indices can be used until the leaves start 
desiccating. The developed algorithms will be 
implemented in the computer program AGROCICLUS, 
which can be used for analysing the variability of a crop’s 
condition and identification (classification) of crops based 
on remote sensing methods.
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I  Introduction
Recently, application of microwave power 

transmission has been studied in various situations, such 
as Solar Power Satellite (SPS) and ubiquitous power 
source. In a situation of microwave power utilization in 
agriculture, effects of microwave on plants should be 
carefully considered.

Objective of this study is to determine the effects of 
microwave on plant growth are derived from thermal or 
non-thermal phenomenon by measuring root growth in 
germination stage. Further growth under microwave 
exposure (1, 3, and 5 weeks) was observed to investigate 
the long-term effects of microwave.

II Experiment 1 -

Thermal and Non-Thermal Effects
1.  Materials and Methods
To obtain non-destructive experiments, measurement of 

temperature characteristic of plant growth was introduced.  
If the effect is thermal, the curve of the relation between 
temperature and growth will shift horizontally under 
microwave exposure (Fig. 1(a)) because the real 
temperature of the plants will be higher than atmospheric 
temperature, while the curve will shift vertically, if the 
effect is non-thermal, which will cause simple increase or 
decrease of growth at each temperature (Fig. 1(b)). 

Twenty germination beds with 50 spinach naked seeds 
('Try', Takii & Co., Ltd) for each were placed in a water 

container. The water container was placed in a growth 
chamber, inside of which was covered with microwave 
absorber.

Temperature

With microwave exposure

Without microwave exposure

Temperature

With microwave exposure

Without microwave exposure

(a) Thermal effect (b) Non-thermal effect
Fig. 1 Thermal and non-thermal effect characteristics

Microwave was generated by an oscillator and was 
amplified by a 5W and 20W amplifiers. Amplified 
microwave was generated from a circular patch antenna 
on the ceiling of the growth chamber. The Experimental 
equipment is shown in Fig. 2.

After 96 hours of germination period at 12, 20, 30, and 
35°C, roots were scanned by an image scanner and were 
measured by an image processing software, which can 
obtain root length, area, and perimeter.

2.  Results and Discussion
Fig. 3 shows mean area and perimeter at each 

temperature with and without microwave exposure.  
Except the result of 30°C, the result suggested the 
existence of non-thermal effect. The result of ANOVA 
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the existence of long-term effect of microwave on spinach growth.
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except 30°C showed significance at the 5% level of 
significance.
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Fig. 3 Result of root measurement

III Experiment 2 - Long-Term Exposure
1. Materials and Methods
To observe long-term effect of microwave to plant 

growth, 1, 3, and 5 weeks growth experiments under 
microwave exposure were conducted.

Ten pots with soil and 9 spinach seeds for each were 
placed in the chamber. Temperature setting was 18.5°C. 
The light/dark photoperiod was set to 14:10h. Plants were 
grown in this condition for 1, 3, and 5 weeks in 
experimental (with microwave exposure) and control 
plots. One plot has 10 pots for both control and 
experimental plot. For 1 week experiment, 3 control plots 
and 3 experimental plots were tested. For 3 weeks 
experiment, 2 control plots and 2 experimental plots were 
tested. One control plot and one experimental plot were 
tested in 5 weeks experiment.

After each growth period, leaf area of cotyledons, 
second leaves, third leaves, and forth leaves were 
measured by image processing of scanned images of the 
leaves. Fresh weight and dry weight were also measured.

2.  Results and Discussion
Considering the differences of the microwave power 

density at each place of pot, Wilcoxon signed-rank test, at 
the 5% level of significance was conducted to analyze the 
measured value.

Results of 1 and 3 weeks experiment showed no 
significance for all measured value. Dry weight, fresh 
weight above ground, and area of third leaves showed 
significance (Table 1).  However, number of individuals 
in 5 weeks experiment was not enough.  This result 
suggested that there was no effect of microwave on 
spinach growth appearance, or if there was effect of 
microwave on spinach growth, the effect could be found 
after long-term (more than 3 weeks) period.

V Summary and Conclusions
Relation between temperature and root growth in 

germination stage suggested the existence of non-thermal 
effect on spinach growth.

Long-term growth experiment showed no significance 
in 1 and 3weeks growth.  There found significance in 5 
weeks experiment. However, to determine the existence 
of effect in long-term, further investigation is needed.

To examine this phenomenon, not only the 
measurement of outer plant body, but also analysis of 
molecular level in plant body will be necessary.
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Abstract

Food safety is worldwide issue for public health. The cost of foodborne illness in the 
United States is estimated to be up to $77.7 billion a year, which indicates that foodborne illness 
continues to be a significant problem. The Centers for Disease Control and Prevention (CDC) 
estimated the incidence of foodborne illness about 48 million people in the United States suffer 
from foodborne illnesses each year, resulting in 128,000 hospitalizations and 3,000 deaths.  
Among foodborne pathogens, Salmonella had the most infections and incidence cases (15.1%) 
followed by Campylobacter (13%). Although a conventional microbiological method for cell 
counting is accurate for foodborne bacteria detection, this method is laborious and takes time for 
the result. Also, the detection method currently being used for serotype identification is based on 
polymerase chain reaction (PCR) that requires trained expertise and takes a while to get the
results. Therefore, rapid detection and identification of pathogenic microorganisms naturally 
occurring during food processing are important in developing intervention and verification 
strategies for food safety.

In the poultry industry, contamination of poultry meat with foodborne pathogens; 
especially, Salmonella and Campylobacter remains an important public health concern, both to 
the processors and regulatory agencies.  Since optical method is a good candidate for real-time, 
in-situ foodborne pathogen detection with less colony biomass by minimizing incubation time,
hyperspectral microscope imaging for evaluating foodborne pathogens could improve the 
presumptive-positive screening method by reducing labor and increasing detection speed. The 
goal of this research is to develop hyperspectral microscope imaging methods to evaluate 
spectral characteristics of foodborne bacteria for early and rapidly detection and identification of 
pathogenic bacteria.

The hyperspectral microscope imaging (HMI) system (Figure 1) consists of a Nikon 
upright light microscope that has been retrofitted with an acousto-optic tunable filters (AOTF), a 
high performance cooled electron multiplying CCD camera, and dark-field illumination lighting 
sources with metal-halide and tungsten halogen. The HMI system was used to scan bacterial 
samples with different dilutions at the wavelength ranges from 450 to 800 nm, 4-nm interval 
with various exposure times and gains for high quality image acquisition. Prior to preparing 
bacteria samples for HMI, blank slides with buffer only were made for all reagents to be free of 
bacteria.  Few colonies were scraped off from the agar plate (microcolony) and resuspended in a 
small volume (~100 µl) of either sterile 1x PBS buffer or sterile water. Vortex samples were 
executed for 5 min to mix samples thoroughly before usage. Approximately 20 µl of resuspended 
bacteria samples were placed in the center of microscope slide followed by air dry in a biosafety 
cabinet for 30 min until live cells are completely fixed. After cells are immobilized on glass slide,
immersion oil was added on samples and dropping immersion oil on the top of cover slip for 
scanning. Using HSi-400 software, hyperspectral microscope images were acquired and 

2

converted to hypercube data format accordingly for further spectral data analysis from bacterial 
samples (Figure 2).

To develop hyperspectral microscope imaging platform, 11 foodborne bacteria of gram-
negative (Salmonella, Escherichia coli, Citrobacter) and gram-positive (Enterococcus, Listeria,
Staphylococcus including 5 serotypes; aureus, haemolyticus, hyicus, sciuri, simulans) isolated 
from poultry carcass rinse were used. For the development of models, several classification 
methods including support vector machine (SVM), k-nearest neighbor (kNN), linear discriminant 
analysis (LDA), quadratic discriminant analysis (QDA) with a principal component analysis 
(PCA) were examined. With the optimum classification models, the accuracy to classify gram-
negative from gram-positive bacteria was 97.2% with SVM, the accuracy to identify Salmonella
was 99.4% with QDA; whereas, the classification accuracy for 5 serotypes of Staphylococcus
was 96.6%.  Overall, the classification accuracy of SVM model was higher than other models to 
identify foodborne pathogens tested in this study.

Figure 1. HMI system setup

             (a)                              (b)                                                       (c)

Figure 2. Hyperspectral microscope images: (a) Salmonella Enteritidis; (b) Salmonella
Typhimurium; (c) Spectral signatures of SE and ST with halide and halogen lighting sources
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(a)
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Fig. 1  (a) Cell phone-based digital microscope with a lens 

module in front of a cell phone’s digital camera. (b) 

        

I  Introduction
Today, we can see that the smart devices in the forms 

of tablets and mobile phones and their close or open 
operating systems have been grown very rapidly (Global 
mobile statistics, 2012). These smart devices in a small 
form package can be considered simply as a combination 
of a computer, a keyboard, and a digital camera used in 
our daily activities. As they are compact and portable, 
they can be applied for use in our daily activities as can 
be confirmed through several application programs 
available in the internet (Google play, 2012). From this 
high potential of this smart mobile device, this paper 
shows how it can be functioned as optical instruments 
suitable for agricultural applications. These include a 
digital microscope (Sumriddetchkajorn 2012a), an 
illumination meter (Sumriddetchkajorn 2010), a 
spectrometer (Sumriddetchkajorn 2012b), a ripeness 
estimator for green fruits (Intaravanne 2012a), a nitrogen 
estimator for rice fields (Intaravanne 2012b), and a 
chlorine analyzer for fishery and drinking water
(Sumriddetchkajorn, submitted 2012c).

II Mobile device-based optical instruments
Fig.1 (a) shows our specifically designed lens module 

that can be fitly attached to a cell phone (see Fig.1) or a 
tablet in order to convert it into a digital microscope for 
inspecting unwanted small insects (Fig.1(b)). The image 
sensor of the camera can work with an appropriate 
compensating algorithm for analyzing the illumination 
level as shown in Fig.2(a). In addition, the spectrum 
analysis of the light source can be performed by placing a 
diffractive grating in front of the camera. Apart from 
simple image capturing for microscopy and illumination 

analyzing, color analysis of the object can be achieved as 
well. In particular, the two-dimensional (2-D) 
colorimeters have been implemented for analyzing the 
color level of the rice leaf (Fig.2(b)) that can correlate to 
the amount of nitrogen fertilizer needed for rice fields. It 
can also analyze the chlorine in water when worked in 
conjunction with chemically indicating materials such as 
potassium iodine solution and o-tolidine (Fig.2(c)).

Mobile Device-based Optical Instruments for Agriculture

Sarun SUMRIDDETCHKAJORN
Intelligent Devices and Systems Research Unit, National Electronics and Computer Technology Center
112 Thailand Science Park, Phahonyothin Rd., Khlong 1, Khlong Luang, Pathumthani 12120, Thailand

Abstract

As today mobile devices such as cell phones and tablets are embedded with a built-in digital camera and they are ubiquitous, 
this paper reviews and demonstrates how a mobile device can be specifically functioned as a portable optical instrument for 
agriculture applications. The paper highlights several mobile device-based optical instruments designed for microscopy, 
measuring illumination level, analyzing spectrum of light, estimating chlorine in water, determining ripeness level of the fruit, 
and identifying nitrogen status in the rice field. They are suitable for individual use and small and medium enterprises.

[Keywords] Optical instruments, Mobile devices, Optical sensors, Agriculture, Agri-photonics, Quality control.
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Fig. 2 Cell phone-based 2-D colorimeter for (a) 

illumination analysis, (b) nitrogen estimation, (c) chlorine 

in water analysis, and (d) fruit ripeness estimation.

Furthermore, it can be used for spatially determining the 
ripeness level of the green fruit under white light and 
ultraviolet A (UVA) illuminations (e.g., banana) into 
immature, ripe, and overripe stages (Fig.2(d)).

III Conclusion
It can be obviously seen that a mobile device equipped 

with at least a digital camera can be extended its 
functionality for agricultural applications. As highlighted 
in this article, several mobile device-based optical 
instruments can be realized. These include a digital 
microscope, an illumination meter, a spectrometer, a 
nitrogen estimator for rice fields, a ripeness estimator for 
green fruits, and a chlorine analyzer for fishery and 
drinking water.
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I  Introduction 
With a worldwide growing demand for food, the pressure 
on farmers to produce bigger harvests is increasing. In 
order to get more biomass, without using more land, staff 
and other resources, it is necessary to carefully organize 
the cropping. This means that the right crops  and the 
right type of plant have to be seeded, the best fertilizer 
and most efficient pesticide have to be chosen, etc. This 
however is a nontrivial task since this all depends where 
you want to harvest, e.g. in what type of soil or what type 
of climate the seeds are grown.  In order to model all 
these factors, biological laboratories have started growing 
plants in controlled environments, where they can 
measure the influence of stress factors such as wind, 
drought, light conditions, etc. Under these controlled 
conditions, they can compare the influences of stress 
factors on plant growth of different types or completely 
different species. However measuring the well being of a 
plant is a challenging task. In [1,2] they have proven that 
monitoring plants with a chlorophyll fluorescence camera 
results in biological relevant information, since the 
measured fluorescence of plants is correlated with the 
photosynthesis the plant undergoes. Measuring the 
fluorescence of a plant in an image is a time consuming 
and tedious task. It requires a skilled technician to 
delineate each leaf in an image. This becomes unfeasible 
if this has to be done for a large dataset, or if biologists 
want to monitor plant changes over time, e.g. in a time 
lapse sequence. While some research on automatic image 
analysis for plant monitoring has been done [2-3], these 
methods restrict themselves to analyze complete rosettes. 

However analysis of individual leaves has gained interest 
[4], requiring other computer vision approaches. 

II  Methods 
In this paper we propose to automate individual leaf 
measurements using computer vision algorithms. An 
interesting framework to do this is the active contour 
framework [5,6], which enables to track each individual 
leaf. In the active contour framework, an initial contour is 
moved and deformed in order to minimize a specific 
energy function. This energy function should be minimal 
when the contour is delineating the object of interest, e.g. 
a leaf. Since the optimization method of the active 
contour model does not guarantee a global optimum, extra 
care has to be taken in order not to optimize towards false 
local optima, i.e. towards erroneous segments. In this 
paper we propose a specific optimization scheme 
developed for the segmentation and tracking of individual 
leaves in time lapse sequences. 

 The proposed method consists of three main steps: rosette 
segmentation, leaf detection and finally the individual leaf 
segmentation. Based on intensity, the complete rosette is 
segmented out of each frame. This rosette segment serves 
as an aid for both the leaf detection as for the actual 
individual leaf segmentation step, which are both 
implemented using the active contour framework. The 
leaf detection step is initialized by the leaf segments of 
the previous frame, which are translated towards the new 
leaves location. This translation is calculated using both 
the full image and the result of the rosette segmentation. 
This results in a set of contours which than can be 
deformed in order to delineate the individual leaves. The 
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optimization of the contour, i.e. the deformation, is done 
using a new approach that it takes into account the 
segmentation result of the full rosette.  

Based on the resulting segments, the size, movement, 
average amount of photosynthesis, etc. for each leaf can 
be measured and analyzed. 

III  Results 
The method was validated by comparing the tracking 

results with manual delineated contours. In total 240 
individual leaves where measured. The proposed method 
shows accurate tracking results, i.e. a Dice coefficient,(a 
quality measure for segmentation and tracking) of 0.91 
compared to a Dice coefficient of 0.75 or less for state-of-
the-art tracking methods [5,6]. 

IV  Conclusion 
This paper proposes an automated method to measure 

individual leaves time lapse sequences. The proposed 
method consists of three steps: rosette segmentation, leaf 
detection and leaf segmentation. Both the leaf detection 
and the leaf segmentation fit within the active contour 
framework. The method was tested on chlorophyll 
fluorescence time lapse sequences of A. thaliana. These 
tests show that the proposed method significantly 
outperforms state-of-the-art methods.  
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Figure 1: Tracking results using different methods of individual leaves in Chlorophyll fluorescence images of A. thaliana 
rosettes. (A) Tracking result using GVF active contours [5], (B) Tracking result using moving active contours [6], (C) 
tracking using the proposed method 
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I  Introduction 
Basal stem rot (BSR) caused by Ganoderma boninense 

is considered the most destructive disease constraint to oil 
palm production. This disease can cause considerable 
damage in estates and is one of the main limitations to 
long-term oil-palm crop management in the South-East 
Asia region, especially in Malaysia and Indonesia 
[Turner, 1981]. Tens of thousands of oil palms die each 
year in South-East Asia as the result of Ganoderma 
diseases. At present the detection of the Ganoderma 
pathogen, i.e. basidiomycete fungus can be done by using 
the enzyme-linked immunosorbent assay (ELISA) [Idris 
and Rafidah, 2008] or by molecular techniques such as 
the polymerase chain reaction (PCR) [Idris et al., 2003]. 
Both of these methods require long hours of analysis in 
order to ascertain with any confidence the level of 
Ganoderma. Therefore, an in-situ and non-destructive 
inspection method for early detection of BSR damage is 
required. 

Ganoderma produces enzymes that allow it to degrade 
woody tissue, primarily lignin and cellulose. As the 
fungus destroys the palm wood internally, the xylem will 
eventually be affected. In general, the Ganoderma 
infected oil palm stems will have a lower wet density than 
healthy stems. The change in density can be detected by 
the attenuation of gamma-rays. Theoretically, this meets 
the non-destructive detection of BSR using gamma-ray 
transmission techniques is feasible. Realising that a 
reliable non-destructive method is needed for field 
inspection, a robotic gamma-ray computed tomography
system has been designed and manufactured. This 
patented scanner (called GammaScorpion) is able to 
detect BSR and precisely determine the magnitude and 
location of BSR damage without the need to fell the tree. 
This paper presents the design of a system developed for 
this purpose and provides some field test results.

II  Method and System Development
1. System Design and Configuration

The GammaScoprion system consists of two major 
parts, the mechanical hardware and the system software. 
The hardware section comprises five main components: a 
single radioactive source, a single radiation detector, a 
pair of linear translation arms, a circular motion rig (C-
frame), all mounted on a mobile cart. The software 
consists of three main programmes: mechanical system 
control, data acquisition and processing, and data 
tomographic image reconstruction. The schematic 
diagram of system layout is given in Fig. 1. The complete 
system is totally autonomous and is transported on a 
mobile cart, complete with four heavy-duty wheels that 
allow the system to be easily manoeuvred in oil palm 
plantations by one or two operators. 

2. Gamma-Ray Source and Detector
The radioisotope source chosen is cesium-137 of 

1.85GBq. The source has half-life of 30.1 years and emits 
gamma-rays with a photon energy of 662 keV, which is 
suitable for a typical oil palm stem of average diameter 
about 50 to 80 cm. The source holder is made of tungsten 
and is designed with in-built radiological safety features 
to ensure that exposure will not exceed 2.5 µSv/h.

A scintillation detector is used to detect the transmitted 
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I  Introduction 
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Fig. 1. 3D schematic diagram of the mechanical system for 
GammaScorpion, showing (1) radioactive source holder, 
(2) radiation detector holder, (3) nuclear electronic 
scaler/ratemter, (4) laptop computer, (5) & (6) stepper 
motors, (7) electronics box for motor driver and control, (8) 
front wheels, (9) controllable back wheels, (10) linear 
translation arms for source and detector, (11) C-frame for 
rotating the linear translation arms, and (12) rigid handle. 

 

angle from 0  to 180 . A scaler/ratemeter was used to 
count the transmitted gamma-rays, and to send raw data to 
a computer for storage and processing. This data recorded 
was displayed on the computer screen during the CT scan. 

Before commencing a scan the system is placed so that 
the oil palm stem is at the centre of the C-frame. The 
operator selects the scanning parameters; linear step, 
rotary step and count interval. After completing the scan, 
the data is checked and corrected as noted previously 
before the final CT image reconstruction stage. The 
reconstructed image is displayed on the screen for 
immediate diagnosis. 

 
III  Results and Discussion 

Figure 2 shows the system installed around an oil palm 
stem in a plantation. Figures 3(a)&(b) show two 
reconstructed CT images of the healthy stems, whereas 
Fig. 3(c)&(d) show two reconstructed CT images of the 
infected stems. These figures clearly indicate there are 
significant differences in density values between the 
healthy and the Ganoderma infected stems. The white 
(high density) areas in the images correspond to the 
healthy tissues, while the dark (low density) areas 
correspond to the BSR infected area. Images of healthy 
stems in Fig. 3(a)&(b) clearly show a fairly uniform grey 
that indicates a uniform density of the stems. The position 
at the base of old fronds around the stems can clearly be 
seen in these images. 

 
 
 
 
 
 
 
 

 
 
Fig. 2. In action, a photograph showing GammaScorpion is 
installed in-situ to scan a stem in an oil palm plantation,  

 
Figure 3(c) displays inner and central regions of the 

stem have been badly infected by Ganoderma, while in 
the peripheral region the disease is partially affected. 

Figure 3(d) demonstrates that Ganoderma damage has 
been detected at one location in the peripheral region 
behind the cortex and bark layers. 

 
 

 
 
 

 
 
 
 
 
 
    

Fig. 3.  Four reconstructed images of healthy and infected 
stems. 
 

To study the potential usefulness of gamma-ray 
tomographic techniques for early detection BSR damage, 
all the CT images obtained from the GammaScorpion 
system were evaluated and then compared with data 
collected by conventional techniques, such as trunk 
drilling and visual observation. In each test, the drill-dust 
was collected and evaluated by an experienced 
Ganoderma specialist and a plant physiologist. Based on 
the colour and odour of the drill-dust, the condition of a 
stem is then established. Results revealed that some of the 
conventional tests were not perfectly matched with the 
accurate and reliable results obtained from the 
GammaScorpion tests. 

 
IV Summary and Conclusions 

A robotic tomographic system employing gamma-ray 
transmission techniques was successfully designed and 
tested for early detection of BSR damage of oil palms. 
The system produced high quality images which enabled 
discrimination of healthy and infected oil palm stems. 
Using the reconstructed CT images the positions and 
extent of the infected areas could be quantified. The 
method offers great advantages for in-situ inspection of 
oil palm stems as compared to the available conventional 
methods.  
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I  Introduction 
Broccoli (Brassica oleracea var. italica) is a popular 

vegetable in the world, with 20 million tons of the 
vegetable produced in 2010, according to FAOSTAT 
(recorded as the sum of broccoli and cauliflower 
[Brassica oleracea var. botrytis]). Degreening is the 
major limiting factor that reduces the shelflife of stored 
broccoli (Shewfelt et al., 1984) and is caused by the 
dedradation of chlorophyll (Hortensteiner, 2006). 
Objective evaluation of the surface color of broccoli 
heads has been attempted. Shewfelt et al. (1984) 
nondestructively measured the color of six varieties of 
broccoli using two kinds of colorimeter. Ren et al. (2006) 
modeled changes in color of broccoli heads using values 
measured with a colorimeter. However, Lipton and Harris 
(1974) reported that degreening was localized and 
occurred at random. This report suggested that it may be 
difficult to use a colorimeter as a point-based scanning 
instrument to detect degreening at local sites. Conversely, 
hyperspectral camera systems have been used in research 
to evaluate pigment contents in forests in remote sensing 
areas (Treitz and Howarth, 1999). This method has also 
been applied as an analytical tool for food quality and 
safety control (Gowen et al., 2007). The chlorophyll 
concentration at leaf and canopy levels in forests was 
estimated using hyperspectral camera systems in a remote 
sensing area (Nicotra et al., 2003). 

In this study, we attempted to predict the degreening 
rate of broccoli heads during storage using a more 
advanced technique than that employed in previous 
studies. Prediction of the degreening rate at localized sites 
at the start of storage or distribution permits the grading 
of products according to their shelflives. Near-infrared 

spectroscopy combined with artificial neural networks 
(ANNs) is effective in predicting the concentration of 
components in agricultural products (Williams and Norris, 
2002). The objective of this study was to determine a 
method for predicting the degreening rate of broccoli 
heads using ANNs and spectral reflectance obtained from 
a hyperspectral camera. 

II  Materials and Methods 
1.  Samples and preparation 
Seventeen broccoli (cv. Sakata Seed Corporation, 

SK048) heads with representative appearance were 
harvested at a farmland in Fukaya (Saitama Prefecture, 
Japan) and the height of samples were unified to 130 mm 
by cutting the main stems of the samples so that the 
distance between the samples and the light source of the 
hyperspectral camera system remained constant. 

2. Measurement of spectral reflectance using the 
hyperspectral camera system 

The samples were stored in a constant temperature unit 
(5°C) for 48 d. The relative humidity in pouches was 
maintained around 70% during storage. 

The spectral reflectance of broccoli buds was measured 
using the hyperspectral camera system (JFE Techno-
Research Corporation, Tokyo, Japan) over the wavelength 
range from 380 to 1000 nm, wavelength resolution of 5 
nm. A SpectrumAnalyzer® ver. 1.8.6 (JFE Techno-
Research Corporation, Tokyo, Japan) was used for storing 
and processing the “hyper-cube data” (Gowen et al., 
2007). The mass of each sample was measured during 
storage as well as the spectral reflectance. 
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3. Destructive analysis of chlorophyll concentration in 
broccoli buds 

The hue angle (H°; tan–1 (b*/a*)) was calculated from 
the reflectance in the wavelength range from 380 to 780 
nm according to the method defined by the Commission 
International de l'Eclairage (CIE). The chlorophyll 
concentration (mg•g−1) was determined according to the 
method described by Vernon (1960). An equation to 
associate chlorophyll concentration with H° was 
determined by linear regression analysis (Ren et al., 2006) 

4. Determination of a mathematical model to estimate 
chlorophyll degradation rates 

Ten arbitrary 6 mm  6 mm areas were selected from a 
broccoli head and the mean spectral reflectance of these 
areas was calculated. The mean spectral reflectance data 
at the same areas selected above were collected from the 
start (0 d) to the end of storage (48 d). Eleven and six 
heads were used for the calibration and validation samples, 
respectively. The chlorophyll concentrations were plotted 
on a scatter graph, and the time changes were 
approximated using linear lines. 

An ANN model to predict the degreening rate was 
constructed using JMP® 8.0.2 (SAS Institute Inc., Cary, 
NC). The wavelengths required for determination of the 
mathematical models were selected using simple 
correlation coefficients between the 2nd derivative of 
spectral reflectance (δ2 R) as the input variables and the 
degreening rate as an exemplar at each wavelength. 

III  Results and Discussion 
Fifteen of the wavelengths ranged from 405 to 960 nm 

with a high correlation coefficient (absolute value) were 
selected as the input variables. Loss of the visible color of 
chlorophyll is due to the conversion of pheide a to the 
primary fluorescent chlorophyll catabolite. Two kinds of 
enzymes, pheide a oxygenase (EC 1.14.12.20) and red 
chlorophyll catabolite reductase (EC 1.3.1.80), catalyze 
the degradative reaction (Hortensteiner, 2006). However, 
we are unaware of any report providing data on spectral 
absorbance of the enzymes responsible for the degreening 
of plants. Therefore, an indirect relationship between 
spectral reflectance and the degreening rate needs to be 
examined using statistical analyses. 

The degradation rate was estimated using the proposed 
ANN model with a correlation coefficient of 0.999 and a 
standard error of prediction (SEP) of 1.52  10−5 
mg•g−1•d−1. The fit between the results of the 
mathematical model and the unknown experimental data 
was better with a high correlation coefficient and a low 
SEP. Williams and Norris (2002) demonstrated that a 

correlation coefficient over 0.99 was usable in any 
application. This suggests that ANNs using spectral 
reflectance from 405 to 960 nm could be used for 
estimating the chlorophyll degradation rate. ANN model 
supports chlorophyll degradation rates in the range of 
1.05  103 to 3.00  103 mg•g−1•d−1 in the basic 
research area.  

ANNs are suitable for solving nonlinear problems 
(Williams and Norris, 2002). This suggests that there are 
nonlinear relationships between the degreening rate and 
reflectance of visual/near-infrared light. Because it is 
difficult to estimate the concentrations of enzymes, which 
are directly controlling the loss of green color, the method 
proposed in the current study, a non-linear model 
combined with spectral reflectance measurements, may be 
effective in predicting the degreening rate, thereby 
providing a nondestructive estimate of the deterioration 
rate of broccoli buds. 
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I  Introduction 
Recently, many food products, such as juices and 

sports drinks, contain L-ascorbic acid (L-AA) or vitamin 
C as a featured ingredient. However, the concentration of 
L-AA in fresh food, such as fruits and vegetables, is 
subject to degradation. For this reason, it is highly 
desirable to quantify the L-AA present in foods, 
especially in juice or sports drink, at each stage in 
processing and along the supply chain, for quality control 
purposes. 

In a previous study, Suhandy et al. (2012a, 2012b) 
developed a linear relationship between L-AA and 
glucose in aqueous solution samples with THz spectral 
data using a full spectrum PLS (FS-PLS) and an interval 
PLS (iPLS) regression method. Artificial neural network 
(ANN) is a nonlinear multivariate method which has been 
widely used for modeling nonlinear data. In the field of 
spectroscopy, the use of the ANN method for both 
quantitative and qualitative studies has been reported 
(Janik et al., 2007; Shao et al., 2007). 

The focus of this study is to show the potential of the 
ANN method used in conjunction with a multi layer feed 
forward back propagation algorithm to determine L-AA 
concentration using FTIR-ATR-THz spectroscopy. First, 
principal components (PCs) and latent variables (LVs) 
scores of the raw spectra of the THz data from 20-400 
cm-1 were generated using PCA and PLS regression. 
Calibration models using the PC-ANN and LV-ANN 
methods were then developed and validated.  

II  Materials and Methods 
1.  L-ascorbic acid (L-AA) 
In this study, 55 samples of L-AA solution with 

differing concentrations were used as samples. The 
concentration range of the samples was 0-21% 
(mass/mass (w/w)). For PC-ANN and LV-ANN, the 
samples were divided randomly into three sample sets, a 
calibration sample set (33 samples), a validation sample 
set (11 samples) and a prediction sample set (11 samples). 

2.  Method of spectra collection 
THz spectra of L-AA were collected using a FTIR 

spectrometer, with a special high pressure mercury lamp 
(JASCO Corp., Japan) light source and used in the 
attenuated total reflectance (ATR) mode (Suhandy et al., 
2012a; Suhandy et al., 2012b). A detector made from 
deuterated L-alanine triglycine sulphate (DLATGS) was 
used to capture spectral data in the range 20-400 cm-1. 
Spectra were collected using 16 cm-1 resolution and 200 
scans.  

3.  A hybrid method combining PCA and PLS with BP-
ANN (PC-ANN and LV-ANN) 

The score of LVs from PLS regression and PCs from 
PCA were used as the inputs to the ANN model. The 
ANN model was developed using a back propagation 
algorithm (BP-ANN). For this, two models of PC-ANN 
and LV-ANN were developed in the manuscript. This 
approach has been used by Janik et al. (2007) for 
determination of total anthocyanin concentration in red-
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Abstract 

In this study, a spectroscopic method of L-AA determination in aqueous solution using FTIR-ATR-THz spectroscopy, 
combined with back-propagation artificial neural networks (BP-ANN), was presented. THz spectral data of fifty five samples of 
L-AA solution of differing concentrations were acquired using a Fourier transform infrared-based spectrometer in attenuated total 
reflectance (ATR) mode. In the PC-ANN and LV-ANN models, the Savitzky-Golay first derivative spectra data were first 
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I  Introduction 
Recently, many food products, such as juices and 

sports drinks, contain L-ascorbic acid (L-AA) or vitamin 
C as a featured ingredient. However, the concentration of 
L-AA in fresh food, such as fruits and vegetables, is 
subject to degradation. For this reason, it is highly 
desirable to quantify the L-AA present in foods, 
especially in juice or sports drink, at each stage in 
processing and along the supply chain, for quality control 
purposes. 

In a previous study, Suhandy et al. (2012a, 2012b) 
developed a linear relationship between L-AA and 
glucose in aqueous solution samples with THz spectral 
data using a full spectrum PLS (FS-PLS) and an interval 
PLS (iPLS) regression method. Artificial neural network 
(ANN) is a nonlinear multivariate method which has been 
widely used for modeling nonlinear data. In the field of 
spectroscopy, the use of the ANN method for both 
quantitative and qualitative studies has been reported 
(Janik et al., 2007; Shao et al., 2007). 

The focus of this study is to show the potential of the 
ANN method used in conjunction with a multi layer feed 
forward back propagation algorithm to determine L-AA 
concentration using FTIR-ATR-THz spectroscopy. First, 
principal components (PCs) and latent variables (LVs) 
scores of the raw spectra of the THz data from 20-400 
cm-1 were generated using PCA and PLS regression. 
Calibration models using the PC-ANN and LV-ANN 
methods were then developed and validated.  

II  Materials and Methods 
1.  L-ascorbic acid (L-AA) 
In this study, 55 samples of L-AA solution with 

differing concentrations were used as samples. The 
concentration range of the samples was 0-21% 
(mass/mass (w/w)). For PC-ANN and LV-ANN, the 
samples were divided randomly into three sample sets, a 
calibration sample set (33 samples), a validation sample 
set (11 samples) and a prediction sample set (11 samples). 

2.  Method of spectra collection 
THz spectra of L-AA were collected using a FTIR 

spectrometer, with a special high pressure mercury lamp 
(JASCO Corp., Japan) light source and used in the 
attenuated total reflectance (ATR) mode (Suhandy et al., 
2012a; Suhandy et al., 2012b). A detector made from 
deuterated L-alanine triglycine sulphate (DLATGS) was 
used to capture spectral data in the range 20-400 cm-1. 
Spectra were collected using 16 cm-1 resolution and 200 
scans.  

3.  A hybrid method combining PCA and PLS with BP-
ANN (PC-ANN and LV-ANN) 

The score of LVs from PLS regression and PCs from 
PCA were used as the inputs to the ANN model. The 
ANN model was developed using a back propagation 
algorithm (BP-ANN). For this, two models of PC-ANN 
and LV-ANN were developed in the manuscript. This 
approach has been used by Janik et al. (2007) for 
determination of total anthocyanin concentration in red-
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Fig. 1  Scatter plot of L-AA prediction using PC-

ANN and LV-ANN. 

grape homogenates, using visible-near-infrared 
spectroscopy and artificial neural networks. 

4.  Model evaluation parameters 
The quality of the calibration model was evaluated 

using the parameters; root mean square error of 
calibration (RMSEC) in the calibration step and root 
mean square error of prediction (RMSEP) in the 
prediction step. To evaluate robustness of the model, a 
residual predictive deviation (RPD) value was used. This 
value was calculated using equation (1) (Niu et al., 2012): 

RMSEP
DS

RPD
.

       (1) 

where S.D is the standard deviation for the prediction 
sample set. When using this equation, the higher the RPD 
value the better the calibration model. For quantitative 
analysis, an RPD value more than 3 was acceptable 
(Cozzolino et al., 2011). 

III  Results and Discussion 
In this study, the number of input layers was varied (7 

for PCs and 9 for LVs) and different numbers of hidden 
layers (1-10) with only one target layer were used to 
develop the PC-ANN and LV-ANN models for L-AA 
determination. In order to find the optimal parameters of 
the network structure (number of hidden layers), several 
combinations of input, hidden and target layers were 
created and the root mean square error (RMSE) was 
calculated for each combination. The lowest RMSE for 
the prediction set corresponds to the optimal parameters 
for the network structure (Shao et al., 2007).  

The lowest RMSE of the prediction set was obtained 
with 6 hidden layers (network structure: 7-6-1). Using this 
network structure, a RPD of 6.01 was obtained. The 
lowest RMSE of the prediction set was obtained with 6 
hidden layers (network structure: 9-6-1). Using this 
network structure, a RPD of 6.44 was obtained. Fig. 1 
shows the scatter plot between actual and predicted L-AA 
concentrations for the prediction sample set using PC-
ANN and LV-ANN, respectively.  

The RPD was more than 3 for both the PC-ANN and 
LV-ANN. This indicates that a nonlinear calibration 
model for L-AA determination in the THz region, using 
the BP-ANN method, is possible with LV-ANN is better 
than PC-ANN.  

IV  Summary and Conclusions 
In this study a nonlinear calibration model for L-AA 

determination in aqueous solution was demonstrated 
using FTIR-ATR-THz spectroscopy combined with a BP-
ANN method. Both PC-ANN and LV-ANN gave good 

prediction results, with an acceptable RPD value. Using 
PC-ANN with 7 PCs as an input and 6 hidden layers, L-
AA concentration can be well predicted with a RPD of 
6.01. Using LV-ANN with 9 LVs as an input and 6 
hidden layers, L-AA concentrations can be predicted with 
a RPD of 6.44. 
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I  Introduction
Meat demand and consumption is very high especially 

in developed countries. In 2009, the major livestock 
numbers were 1.4 billion (cattle), 941 million (pig) and 
19 billion (poultry) in the world (FAO, 2011). Food borne 
bacteria may contaminate the meat products during 
processing, e.g. during slicing (Jessen et al., 2003). 
Therefore, hygienic practices, sanitation procedures, 
product handling and processing procedures, and 
conditions of storage and distribution are the most 
important factors that determine the microbiological 
quality of the final meat and poultry products 
(Koutsoumanis et al., 2006). At a meat processing plant, 
rapid and accurate detection system for microbial 
spoilage of meats is demanded. Sanitation monitoring at a 
meat processing plant is carried out in several ways: 
visual inspection, swabbing for microbiological analysis 
or ATP bioluminescence. However, the swabbing method 
requires a skilled worker, a lot of time, and processing 
line has to be stopped. Considering these conditions, the 
study of a non-destructive and real-time evaluation of 
ATP content and plate count by fluorescence 
spectroscopy is introduced (Oto et al., 2013).

II Materials and methods
1.  Meat sample
The lean part of pork loin sliced with 5 mm thickness 

was obtained from a retailer. The sliced samples were cut 
into pieces of about 4.5 x 4.5 cm and stored in a storage 

chamber at 15 oC. During the storage, fluorescence 
intensity, ATP content, and plate count of meat samples 
were measured.

2.  Fluorescence intensity
Fluorescence Spectrophotometer (F7000, HITACHI, 

Tokyo, Japan) was used to record the fluorescence 
intensity from the surface of a pork meat sample. A 
wavelength range of both excitation and emission were 
from 200 to 900 nm with the resolution of 5 nm. The 
measurement was conducted in the constant temperature 
room at 20 oC.

3.  Sampling protocol, microbial analysis and data analysis
After the fluorescence intensity measurement, the 

sample was swabbed in a horizontal pattern and again in a 
vertical pattern, being rotated between the index finger 
and the thumb in a back and forth motion, according to 
Bautista et al (1997).

Serial dilutions of the swab sample were prepared with
the phosphate buffer solution in which the swab was 
immersed and 1 ml of the dilution was dispensed onto 
PetrifilmsTM (AC plate, Sumitomo 3M Ltd., Tokyo) for 
total aerobic plate count. The ATP content of swab 
sample was also determined by the bioluminescence 
method using a luminometer (Luminescenser MCA, Atto 
Corp. Tokyo). 

The partial least squares regression (PLSR) models 
were developed for estimating ATP content and plate 
count. PLSR is a method for relating the variations in 
response variable (Y-variable) to the variations of several 
predictors (X-variables).

Monitoring of ATP and/or viable cells on meat surface by 

excitation-emission matrix fluorescence spectroscopy
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in developed countries. In 2009, the major livestock 
numbers were 1.4 billion (cattle), 941 million (pig) and 
19 billion (poultry) in the world (FAO, 2011). Food borne 
bacteria may contaminate the meat products during 
processing, e.g. during slicing (Jessen et al., 2003). 
Therefore, hygienic practices, sanitation procedures, 
product handling and processing procedures, and 
conditions of storage and distribution are the most 
important factors that determine the microbiological 
quality of the final meat and poultry products 
(Koutsoumanis et al., 2006). At a meat processing plant, 
rapid and accurate detection system for microbial 
spoilage of meats is demanded. Sanitation monitoring at a 
meat processing plant is carried out in several ways: 
visual inspection, swabbing for microbiological analysis 
or ATP bioluminescence. However, the swabbing method 
requires a skilled worker, a lot of time, and processing 
line has to be stopped. Considering these conditions, the 
study of a non-destructive and real-time evaluation of 
ATP content and plate count by fluorescence 
spectroscopy is introduced (Oto et al., 2013).

II Materials and methods
1.  Meat sample
The lean part of pork loin sliced with 5 mm thickness 

was obtained from a retailer. The sliced samples were cut 
into pieces of about 4.5 x 4.5 cm and stored in a storage 

chamber at 15 oC. During the storage, fluorescence 
intensity, ATP content, and plate count of meat samples 
were measured.

2.  Fluorescence intensity
Fluorescence Spectrophotometer (F7000, HITACHI, 

Tokyo, Japan) was used to record the fluorescence 
intensity from the surface of a pork meat sample. A 
wavelength range of both excitation and emission were 
from 200 to 900 nm with the resolution of 5 nm. The 
measurement was conducted in the constant temperature 
room at 20 oC.

3.  Sampling protocol, microbial analysis and data analysis
After the fluorescence intensity measurement, the 

sample was swabbed in a horizontal pattern and again in a 
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and the thumb in a back and forth motion, according to 
Bautista et al (1997).
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the phosphate buffer solution in which the swab was 
immersed and 1 ml of the dilution was dispensed onto 
PetrifilmsTM (AC plate, Sumitomo 3M Ltd., Tokyo) for 
total aerobic plate count. The ATP content of swab 
sample was also determined by the bioluminescence 
method using a luminometer (Luminescenser MCA, Atto 
Corp. Tokyo). 

The partial least squares regression (PLSR) models 
were developed for estimating ATP content and plate 
count. PLSR is a method for relating the variations in 
response variable (Y-variable) to the variations of several 
predictors (X-variables).
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III Results and Discussion
As shown in Fig. 1, there were high correlations 

between ATP content and plate count. Figure 2 shows the 
relationship between fluorescence intensity and log10

(ATP content). The peak of fluorescence intensity at this 
pair of the wavelengths (Ex = 295 nm and Em = 335 nm)
was produced by tryptophan which is is an amino acid 
contained in pork meat.

Figure 3 shows the relationship between fluorescence 
intensity (Ex = 335 nm and Em = 450 nm) and log10 (ATP 
content). The peak of fluorescence intensity appeared at 
these wavelengths was derived from NADPH, because it 
is reported that NADPH shows fluorescence at Ex = 340 
nm and Em = 450 nm. In the presence of ATP and 
glucose, NADP is converted to NADPH at an equimolar 
ratio (Corriden et al., 2007).

The logarithmic value of fluorescence intensity, ATP 
content, and plate count was used to ensure the linearity
of the models by PLSR, and ATP content and plate count
were predicted with good determination coefficient (0.94-

0.97 in calibration and 0.84-0.88 in validation).

IV Conclusions
The fluorescence of tryptophan and NADPH was 

detected. The fluorescence of them was related to 
microbial spoilage. PLSR models for predicting ATP 
content and plate count showed high determination 
coefficient and the potential of fluorescence spectroscopy 
for sanitation monitoring was proved.
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Fig. 1 Relationship between log10(ATP content) 
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Fig. 2 Fluorescence intensity against ATP content 
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Fig. 3 Fluorescence intensity against ATP content 
at (Ex 340/Em 450 nm).
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Abstract
Changes in the complex dielectric constant of adherent cells as they detach from a substrate are estimated by a terahertz split-ring 

resonator (SRR). First, we demonstrate that a terahertz time-domain spectroscopy measurements of glycerol solutions (0 – 100 % 
molar fraction) with a SRR are significantly correlated with the complex dielectric constant of these solutions (R2=0.996), as measured 
by THz time-domain attenuated total reflection spectroscopy. Then using this correlation, we estimated changes in the complex 
dielectric constant of the adherent cells (Cultured DLD-1 cells) as they were detached from the SRR using trypsin. The results
demonstrate that change in dielectric constant can be measured as the cells in the cultured monolayer are detached into solution.

[Keywords] split-ring resonator, adherent cell, terahertz, reflection, dielectric constant

Ⅰ Introduction
In recent years, scientists in various fields such as agriculture, 

medicine or ecology are increasingly focusing studies at the 
cellular or molecular level. To understand biological phenomena
at this level, the chemical basis for cell function needs to be 
demonstrated. These chemical reactions that are activated by the 
expression of biomolecules in the cell depend in part on the 
behavior of the water they are immersed in. When water 
molecules hydrating to biomolecules change their state,
biomolecules undergo structural changes, they become activated 
and then, they initiate various chemical reactions. Therefore, to 
understand biological phenomena in cells, it is important to 
understand water behavior within these cells.

The relaxation mode of bulk water molecules is at picosecond 
scale. Terahertz spectroscopy (wave length range 30 - 3000 μm)
can probe these picosecond dynamics. Therefore, terahertz 
waves can provide us with very important details about water 
dynamics.

These days, SRR has been investigated to apply as a bio 
sensor. SRR has sub-wavelength size structures. Its spectral 
response depends on its geometric structure and its resonance
characteristic. When a SRR resonates, it exhibits a strong local 
enhancement of the electric field in the vicinity of the SRR that 
is highly sensitive to changes in dielectric constant. Therefore, a
SRR may be able to detect the dielectric properties with water 
dynamics.

We utilize a SRR as a sensor to detect intercellular details 
related to the dielectric properties of water dynamics. In order to 
differentiate out those properties related to water dynamics, we 
need to distinguish what properties are associated only with the 
cells and what properties are due to the surrounding solvent or 
media. However, water is also the main component of cells 
(about 70 %). This means a cell has a very similar dielectric 
property to that of water. Therefore, we need to distinguish the 
difference between intercellular and extracellular water. In this 

work, we measure the complex dielectric constant of cells in
solution and distinguish that when there is only solution present 
by terahertz time-domain spectroscopy with a SRR. We used a 
reflection spectroscopy because water causes a strong 
absorption of THz light.

Ⅱ Device and Method
We fabricated a SRR sensitive to terahertz region using

lithography technique. The size of the SRR is showed in Fig.1.

Fig.1 SRR unit structure
The SRR is made from gold (200 nm). The substrate is silicon (500 μm
thickness), structure length l is 25 μm, line width w is 5 μm, and gap 
width g is 3 μm.

First, 21 concentrations of glycerol solution were prepared (0 
- 100 % molar fraction at 5 % interval) and the reflectance of 
each sample on a SRR was measured together with the complex 
dielectric constant which was measured by a THz attenuated 
total reflection time-domain spectrometer, TAS7500
(ADVANTEST Co.). Next, an adherent cell (DLD-1) layer was 
cultured directly onto the SRR. Four days later, a DLD-1 cell 
monolayer was established on the SRR surface. The reflectance
of this cell layer on the SRR was then subsequently measured 
for ten minutes. Next, we detached the cells from the surface of 
the SRR by adding trypsin solution and measured change in 
reflectance during subsequent ninety minutes as the cells 
detached. After that, the solution was stirred to disperse the cells
in the solution. Then we measured reflectance again for ten 
minutes. Using the correlation attained in the first experiment,

w

g l

Silicon substrate
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we estimated the dielectric changes during the detachment
process for both the layer in solution and only the solution by 
itself.

Ⅲ Results and Discussion
Fig.2 shows the correlation between the change in complex

dielectric constant and the change in SRR reflectance of the 
glycerol solutions measured at 0.793 THz. This frequency is the
resonance frequency of the SRR with samples. The changes in 
both reflectance and dielectric constant mean deviation from
0 %. There is a significant correlation between the imaginary 
part Im(ε) and reflectance. Moreover, the region of dielectric 
constant from 0.0 to 1.2 means mass percentage of water is 
more than 70%. This is comparatively similar to conditions in 
living cells. This indicates that SRR can distinguish cells in a
solution from the solution alone.

Fig.2 Correlation between complex dielectric constant and SRR 
reflectance

From Fig.2, we propose a linear regression equation for Im(ε)
and ⊿R as follows.
            Im(ε) = 0.116⊿R – 0.246              (1)

Using this equation (1), we calculated the Im(ε) of the adherent 
cell layer at 0.793 THz (resonance frequency of SRR on which 
cells are cultured). Fig.3 shows changes in Im(ε) change as the 
cells are detaching from the SRR surface. 

Fig.3 Im(ε) during detaching process

Although majority of the cell is made up of water, the Im(ε)
of a cell layer is smaller than that of the solution alone. A 
reduction in Im(ε) indicates layer cells absorbs less than the 
solution by itself. There are two reasons why cells have a
smaller absorption. One is that there are various biomolecules 
within the cell. The volume of these molecules occupies 30 % of 
the whole cell volume. These molecules in the cell displace the 
equivalent volume of bulk water that could have occupied the 
cell volume. That’s why a cell contains less bulk water than the 
equivalent volume of solution. The other reason is that water 
molecules hydrate to biomolecules. The more water molecules
are hydrated to biomolecules, the less bulk water there exists in 
the cell. The speed of relaxation mode of hydrated water is 
slower than that of bulk water. Therefore, cells have a smaller 
absorption. Although Im(ε) of the cell layer is an aggregate 
value made up of both cell and solution component, the cell 
component is the dominant contributor because the local depth 
sampled by the SRR is estimated to be only a few micro 
meters ; this is almost same as the cell thickness. These 
experiments demonstrate that a SRR can be used as a sensor to 
measure living cells in medium.

Ⅳ Summary and Conclusions
A significant correlation between dielectric constant Im(ε)

and SRR reflectance was established. Using this correlation, we 
estimated Im(ε) changes in a cell layer cultured directly onto the 
SRR, as they were detaching. Although the cells have similar 
dielectric properties to that of water, the SRR was capable of
distinguishing these small differences. Therefore, we can 
indicate it may be possible to apply the SRR to a sensor to 
measure living cells. Further refinement is, however needed. To
more effectively obtain specific intercellular details, we need to 
improve the sensitivity and adjust the localization field of the 
SRR to cell thickness.
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I  Introduction 
   Coffee is the second important raw material within the 
international trade. Chlorogenic are a class of antioxidant 
phenolic compounds in coffee which play an important 
role on human health, and also contribute to the final 
acidity, cup quality of coffee beverage (Tfouni et al., 
2012). For routine analysis, high-performance liquid 
chromatography (HPLC) method was used to detect CGA 
in coffee (Trugo and Macrae, 1984). The complex sample 
preparation and time consuming are the limitations of 
using previous methods. 

Currently, near infrared (NIR) spectroscopy method 
has been demonstrated to be as a rapid quantitative tool 
(Esteban-Diez et al., 2004). It requires little sample 
preparation, rapid and nondestructive. The goal of the 
study is to examine the potential of NIR spectroscopy for 
predicting the content of CGA in different roast degree.  

II  Materials and methods 
1.  Sample preparation and chemicals 
65 Arabica green coffee beans were prepared. 38 green 

coffee beans were roasted in a home coffee roaster at 
temperature from 60 C to 250 C at 5 C intervals every 
15 min, and 22 green samples were roasted from 5 min to 
60 min at an interval of 5 min at 170 C and 200 C, 
respectively. Other coffee beans were not processed.   

2.  Near infrared spectroscopy (NIRS) 
     NIR spectra were recorded on a UV-NIR spectrometer 
(V-600, JASCO), equipped with an integrating reflectance 
detector. The light spot size of the instrument was 4 cm in 
diameter. Each spectrum was obtained within the 
wavelength from 190 to 2700 nm. 

3.  High Performance Liquid Chromatography analysis 
    The concentration of CGA was measured on an HPLC 
system, consisting of an autosampler, a UV-Vis detector, 
and a shim-pack VP-ODS column. The mobile phase was 
70 % methanol and distilled water mixture, flow rate was 
0.5 ml/min, UV detector was accomplished at 324 nm. 
The volume injected was 10 μL. After acquiring NIR 
diffuse reflectance spectrum, roast coffee was dissolved in 
water and methanol mixture solution (the volume ration 
6:4), solution would be used for further HPLC analysis. 

III   Results and Discussion 

 
Fig.1 Diffuse reflectance spectra of roasted coffee 

The original spectra of different roast degree of coffee 
bean samples were shown in Fig.1. In visible region, the 
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difference was mainly caused by different roast color not 
the information inside coffee beans. In NIR region, it may 
be caused by structure change of some chemical 
composition occurring during roasting (Ribeiro et al., 
2011). Absorption peaks correspond to some bond 
motions, such as 1215 and 1225 nm (second overtones of 
C-H vibration in CH2 and CH groups, respective), 1685 
nm  (first overtone of C-H vibration in the aromatic 
structures), 2080 nm(combination band of O-H stretching 
and O-H deformation in R-OH groups) and 2150-2180 
nm(C-H vibration in aromatic structures). 

 Partial Least Squares Regression 
Mathematical treatment and statistical analysis were 

carried out by partial least square regression (PLS). 
Multiple scatter correction method (MSC) was used to 
remove baseline shift (Chen et al., 2009). Cross-validation 
was used to test predicted model’s capability considering 
the number of samples. One crucial step in modeling 
based on NIR is the selection of the optimal number of 
PCs to be used in model development. The optimal 
complexity of each model was assessed by cross-
validation. 

The capability of predicted model was evaluated by 
several parameters, including the root mean square error 
(RMSE), and determination coefficient (R2). 

Fig.2 shows the predicted results by using PLSR model 
with processed spectra. The R2 was 0.795 for prediction 
(a), and R2 was obtained to be 0.722 (b) for validation.  
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Fig.2 Plots of actual vs. predicted CGA concentration: 
(a) calibration group (b) validation group   

IV  Summary and Conclusions 
In this study, the feasibility of using NIR spectroscopy 

combined with PLSR algorithm to determinate CGA in 
coffee was demonstrated. Determination coefficient was 
obtained to be 0.795 and 0.722 for calibration and 
validation, respectively. The result showed that NIR 
spectroscopy may be used as processing tool to detect 
CGA in coffee in nondestructive and high efficient 
method. 
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I  Introduction
Fecal contamination of produce is a major concern for 

the produce industry since fecal matter is a major source 
of human pathogens associated with fresh produce.
Strawberry has traditionally been a popular fruit for raw 
consumption and is the fourth most valuable fruit 
produced in the United States. The risk of fecal 
contamination is increased due to the growing pattern of 
the strawberry plant which exposes the fruit to the soil. 
Therefore, automatic inspection of fresh strawberry with 
fast and accurate detection of fecal contamination on the 
fruit surface will be helpful and essential for food 
processing industry.

Hyperspectral imaging technique has been applied to 
food safety and quality applications such as the detection 
of defects and fecal contamination on fruits and fresh 
greens (Kim et al., 2003; Kim et al., 2005). Among these 
techniques, fluorescence imaging has demonstrated 
promise for detection of spots of diluted fecal 
contamination on fruit surfaces. Previous research at the 
USDA Environmental Microbial & Food Safety 
Laboratory (formerly the Instrumentation and Sensing 
Laboratory) evaluated hyperspectral fluorescence 
imaging technique for in-line inspection of apples (Kim 
et al., 2002), and for cantaloupes (Vargas et al., 2005) 
and fresh greens, to detect fecal and soil contamination. 
Therefore, the purpose of this study was to apply a line-

scan violet-LED-excitation fluorescence imaging system 
to determine multispectral wavebands for detection of 
bovine fecal matter on strawberry.

II Materials and Methods
1.  Sample preparation
A total of 96 randomly selected strawberries were 

purchased from a local supermarket. Each batch of
samples was placed on a black, nonfluorescent sample 
holder to prevent sample movement and color reflection 
during the image acquisitions. Samples of fresh cow feces 
obtained from the USDA dairy farm in Beltsville, MD 
were diluted into four concentrations: 1:10, 1:40, 1:80, 
and 1:160 by weight with de-ionized water. The feces 
dilutions were respectively applied to 84 strawberries in 
10-μL spots, and the samples were allowed to air dry in 
an air-conditioned room until fecal spots were completely 
dried. The remaining untreated strawberries were used as 
prediction samples. Digital color photos of samples were 
acquired prior to taking fluorescence images.

2.  Fluorescence image acquisition
In the present study, a custom-made line-scan LED-

induced fluorescence imaging system with violet LED 
excitation was used for in-line inspection of fecal material 
on strawberries. The spectral range spanned 464 to 800 
nm, captured using 85 spectral channels at 4 nm intervals.
After binning both the spectral and special dimensions, 
the line-scan image size was set to 600 (spectral) × 502 
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(spatial) pixels. The system was operated under dark 
conditions during the experiment. Dark current line 
images were captured to record the baseline images for 
the system. The strawberry samples with sample holder 
were placed on the motorized table before measurement.

3.  Data analysis
The mathematic software MATLAB version 7.5.0 (The 

MathWorks, Inc., Natick, MA, U.S.A.) was used to write 
image processing programs for this study. The ratio of 
fluorescence intensities from two wavebands should be 
more appropriate to detect fecal contamination on 
strawberries. Spectra were extracted from uncontaminated 
surfaces, leaves, and within fecal contamination spots on 
the surfaces. The spectral data were analyzed by the ratio 
of the fluorescence intensities measured at two different 
wavebands for all possible two-waveband combinations 
in the available spectral range. Highest correlation 
between the ratio of fluorescence intensities and the 
condition of the pixel would be selected for fecal 
detection.

III Results and Discussion
Fig. 1 shows the averaged fluorescence spectra for 

areas treated with 10-μL spot of fecal contamination at 
1:10, 1:40, 1:80, and 1:160 dilutions, and for untreated 
sample areas. The peaks of fecal contamination, 
uncontaminated surfaces, and leaves are found. With the 
objective to further facilitate and enhance contrast for 
fecal contamination detection, all ratio combinations of 
the wavebands corresponding to the emission maxima and 
minima of the fluorescence spectra were generated.

Fig. 1  The averaged fluorescence spectra of fecal 
contamination (1:10, 1:40, 1:80, and 1:160 dilutions), 

uncontaminated surfaces, and leaves.
After correlation analysis, two ratios had better results 

and only a few uncontaminated surfaces were incorrectly 
marked, as shown in Fig. 2. To assess the differentiation 
rate under conditions of using one ratio or two ratios, the 
correlation between these two-waveband ratios was built. 
Fig. 3 shows the distribution of fecal contamination, 
uncontaminated surfaces, and leaf pixels under space of 
the two ratios, indicated that the benefit using the ratio of 
fluorescence intensities which was better than the 

intensity from a single ratio for fecal contamination 
detection.

Fig. 2  The binary images from two-waveband ratios.

Fig. 3 Distribution of fecal contamination, 
uncontaminated surfaces, and leaves pixels under 

condition of the combination of two-waveband ratios.

IV Summary and Conclusions
In this study, a line-scan LED-induced fluorescence 

imaging system used to acquire hyperspectral images and 
spectral ratios were applied to the detection of fecal 
contamination on the strawberry surface of fresh produce. 
Fluorescence images of strawberries artificially 
contaminated with bovine fecal matter to four different 
concentrations were analyzed. The results indicated that 
the combination of two-waveband ratios can successfully 
distinguish fecal contamination, uncontaminated surfaces, 
and leaves. The binary images showed that the algorithm 
could successfully detect all of the fecal contamination 
spots that were applied on the strawberry surfaces.
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I  Introduction 
Phalaenopsis is one of top four flagship agricultural 

export products in Taiwan, which counts for 70 % among 
orchids in terms of export value. Exporting Phalaenopsis 
plants to distant countries by sea transportation may take 
a few weeks. Therefore, quality of flowers needs to be 
more precisely controlled to assure flower numbers and 
flower size to meet the challenges of competitive markets. 

The flowering process of Phalaenopsis can be divided 
into two stages, including flower bud induction and 
flower development. A previous study indicated that 
factors such as carbohydrates, hormones, minerals, and 
plant age are related to the flowering quality and growth 
status of Phalaenopsis (Kataoka et al., 2004). The 
relationship between flower bud induction and 
carbohydrate content had been demonstrated (Kubota and 
Yoneda, 1993; Chen et al., 1994; Wang, 1995). It is 
interesting to note that the starch stored in leaves is 
decomposed into sucrose during period of flower bud 
induction, and sucrose can be regarded as an indicator of 
flowering quality (Kataoka et al., 2004). 

In the present study, near-infrared reflectance (NIR) 
spectroscopy was used for evaluation of Phalaenopsis 
flowering quality based on its sucrose concentration. It is 
the aim to develop the spectral calibration models for 
sucrose concentration in Phalaenopsis. 

II  Materials and Methods 

1.  Sample preparation 
The samples of Phalaenopsis Sogo Yukidian ‘V3’ were 

provided by Department of Horticulture and Landscape 
Architecture, National Taiwan University; and 88 samples 
under different cultivation environments were collected. 
The shoot and root samples were measured separately. 
The samples were first washed by water and rinsed by 
distilled de-ionized water, frozen in liquid nitrogen and 
then water was removed using freeze drying process. The 
dried samples were then ground into powder form. 

2.  NIR spectra and HPAEC measurements 
Dry powder of Phalaenopsis was gently filled into a 

small ring cup (i.d. 5 cm) and subjected to NIR 
measurements (NIRS 6500, FOSS NIRSystems, Inc., 
Laurel, MD, USA) with rapid content analyzer (RCA) 
module. The reflectance spectra of the samples ranged 
from 400 to 2498 nm with 2 nm intervals. The authors 
measured sucrose concentration using HPAEC to obtain 
the reference values. The method proposed by Hou et al. 
(2011) was adopted to extract soluble carbohydrate. High-
performance anion exchange chromatography (HPAEC, 
Dionex, Sunnyvale, CA, USA) with pulsed ampere metric 
detection (ED50, Dionex, Sunnyvale, CA, USA) were 
applied to measure sucrose concentration. 

3.  Spectra analysis 
In order to apply the specific wavelengths identified to 

future multi-spectral imaging inspection of Phalaenopsis, 
both the spectra of the full wavelength range (400 to 2498 

Evaluation of Phalaenopsis Flowering Quality Using Near Infrared Spectroscopy 

Suming CHEN, Yung-Kun CHUANG, Yung-Huei CHANG, Chu-Chun TAI 
Department of Bio-Industrial Mechatronics Engineering, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617, Taiwan 

Yao-Chien Alex CHANG, Jiunn-Yan HOU 
Department of Horticulture and Landscape Architecture, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617, Taiwan 

Chao-Yin TSAI 
Bioenergy Research Center, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617, Taiwan 

I-Chang YANG 
Taiwan Agricultural Mechanization Research and Development Center, No. 391, Sec. 4, Hsin-Yi Rd., Taipei 11051, Taiwan 

 

Abstract 

Sucrose concentration has been demonstrated as an indicator for flowering quality of Phalaenopsis plants. In this study, near 
infrared reflectance (NIR) spectroscopy was employed for quantitative analysis of sucrose concentrations in Phalaenopsis. The 
modified partial least squares regression (MPLSR) and stepwise multiple linear regression (SMLR) methods were adopted for 
spectra analyses over the full wavelength range (400 to 2498 nm) and silicon CCD sensing band (400 to 1098 nm) respectively. 
This study successfully developed the calibration models for inspecting sucrose concentrations to predict the flowering quality in 
different cultivation environments of Phalaenopsis. The specific wavelengths selected within the silicon CCD sensing band can 
be used to design a multi-spectral imaging system as a powerful tool to predict the quality of Phalaenopsis flowers and thus to 
adjust cultivation managements. 
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Sucrose concentration has been demonstrated as an indicator for flowering quality of Phalaenopsis plants. In this study, near 
infrared reflectance (NIR) spectroscopy was employed for quantitative analysis of sucrose concentrations in Phalaenopsis. The 
modified partial least squares regression (MPLSR) and stepwise multiple linear regression (SMLR) methods were adopted for 
spectra analyses over the full wavelength range (400 to 2498 nm) and silicon CCD sensing band (400 to 1098 nm) respectively. 
This study successfully developed the calibration models for inspecting sucrose concentrations to predict the flowering quality in 
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nm) and the silicon CCD sensing band (400 to 1098 nm) 
were analyzed. Modified partial least squares regression 
(MPLSR) and stepwise multiple linear regression 
(SMLR) methods were employed to build the calibration 
models for sucrose concentration in Phalaenopsis. The 
spectral were anlyzed by WinISI II (Infrasoft International, 
LLC., Port the Matilda, PA, USA) chemometric software. 
The spectra of Phalaenopsis powder was subjected to pre-
treatments for the best pretreatment parameters selections. 

III  Results and Discussion 
The NIR spectra of the 176 Phalaenopsis samples (88 

shoots and 88 roots) were shown in Fig. 1, the root spectra 
in the visible region showed a significant difference, this 
could be due to lack of chlorophyll in the roots of 
Phalaenopsis, which reduces absorption of blue light and 
red light, and reflects green light. 
 

 
Fig. 1  The spectra of Phalaeonpsis powder. 

 
The sucrose correlation coefficient distribution of 

Phalaenopsis samples were compared using the original 
spectra, 1st derivative spectra, and 2nd derivative spectra, 
respectively. Fig. 2 shows that the bands of high 
correlation were mainly distributed in the NIR region. 
 

 
Fig. 2  Correlation coefficient distributions between the 

spectra and sucrose concentration. 
 

The analysis results of Phalaenopsis spectra were 
shown in Table 1, the best calibration model was found 
that MPLSR model with the 1st derivative pre-treatment, 9 

factors, smoothing points and gap both set at 9, using the 
wavelength range of 1500 to 1600 nm, 2000 to 2100 nm, 
and 2200 to 2300 nm, and resulting in Rc = 0.915, SEC = 
0.396 %, SEV = 0.416 %. Since SMLR calibration model 
based on the combination of a limited number of 
wavelengths, which gives less spectral information than 
that of MPLSR, so the analysis results of MPLSR seemed 
better than that of SMLR. 
 
Table 1  Results of models for the sucrose concentration 

in Phalaenopsis. 

Method Spectrum Wavelength (nm) Rc SEC (% D.W.)

MPLSR 1st derivative
1500-1600
2000-2100
2200-2300

0.915 0.396

SMLR 1st derivative
2038, 2086, 1564
2396, 1968, 1746 0.897 0.436

MPLSR 1st derivative 400-1098 0.877 0.472

SMLR 1st derivative
968, 1044, 496
1034, 918, 610 0.782 0.613

 
 

IV  Summary and Conclusions 
This study applied NIR for quantitative analysis of 

sucrose concentration in Phalaenopsis. The specific 
wavelength regions or specific wavelengths selected 
based on their characteristic response to sucrose could 
effectively improve the predictability of the calibration 
models. This study successfully developed the spectral 
calibration models for Phalaenopsis, which enable 
quantitative predict of sucrose concentration in 
Phalaenopsis. The specific wavelengths selected in 
Silicon CCD sensing band can be used as a basis to 
establish a nondestructive and rapid system to assess the 
quality of Phalaenopsis using multi-spectral imaging. 
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I  Introduction 
Mastitis is one of the most serious problems in 

dairying farming. The economic loss due to mastitis is 3 – 
4 trillion dollars per year in the world (Blood.D.C. et al, 
1989).  In order to prevent milk cows from getting 
mastitis, it is critical to detect increase of somatic cell in 
milk at the early stage. A conventional method is 
conducted in only large milk inspective station. Thus, it is 
time consuming and not suitable to detect mastitis at the 
early stage. 

It can be conducted rapid and nondestructive 
measurement of milk quality with spectroscopy in the 
several spectra region. The terahertz (THz) spectroscopy 
is an unexplored technic for milk measurement, and 
researches for observing cells with this technic are 
conducted. (H. B. Liu, 2007). In this study, the possibility 
of using THz spectroscopy for measuring somatic cell 
count (SCC) was investigated. A Fourier transform 
spectrometer (FT-THz) was equipped to obtain 
information on SCC. At first, spectra of milk and milk 
added cells in the THz region were measured as a model 
experiment, and compared their difference.  Furthermore, 
we investigated the correlation between the absorption 
spectrum in the THz region and SCC in raw milk by 
Partial Least Square (PLS) regression and confirmed the 
prediction accuracy.  

II  Materials and Methods 
1.  Milk sample 

As model sample, commercial milk and that milk 
added human cells (3.0×107 cells/mL) which size and 
shape are almost same with somatic cells in milk were 

prepared.    
 Raw milk samples were obtained from Holstein cows 

in Hokkaido Research Organization. A total of 103 raw 
milk samples were acquired. We obtained actual SCC 
with a flow cytometry. The actual SCC data was from 
3.48 to 5.12. 

2.  Terahertz spectra and PLS regression 
All spectra of raw milk in the THz region were 

obtained by a FT-THz spectrometer (FARIS-1S, JASCO). 
This device has a high-pressure mercury lamp, which has 
a higher intensity than a ceramic lamp at less than 100 cm-

1. It was used as the THz light source, and had a silicon 
broadband beam splitter in the interference part and a 
deuterated l-alanine-doped triglycine sulfate (DLATGS) 
as the room-temperature detector. For the sample cell, we 
used the ATR method, and used a high resistance silicon 
ATR prism which has higher refractive index (n) than 
water and little absorption in the THz region (n = 3.4, 
extinction coefficient (κ) = 9.4×10-5-1.4×10-3 from 40 to 
440 cm-1) (Palik,E.D, 1998). Temperature of the ATR 
prism was maintained at 40 degree Celsius with a 
temperature controller. After preprocessing of 700 μL raw 
milk samples were put on the silicon prism. The sample 
cell was kept at atmospheric pressure with a chamber 
equipped with O-rings. The ATR sample cell was put 
inside the spectrometer, and vacuuming inside the 
spectrometer was conducted, and degree of vacuuming 
during measurement was from 130 to 150 Pa to prevent 
the influence of vapor absorption. Absorbance spectra of 
raw milk were collected in a wavenumber range from 20 
to 440 cm-1. The number of scan was 200 times, the 
resolution was 16 cm-1 and 5 spectra were collected for 
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one sample in order to confirm repeatability and to 
conduct averaging. The sample cell was cleaned with 
acetone after each measurement, and residue inside the 
sample cell was removed completely. For spectra of raw 
milk samples, several kinds of second derivation 
(Savitzky golay, gap segment, Noris gap) were conducted 
as preprocessing of spectra. After that, partial Least 
Squares (PLS) and full cross validation were conducted, 
and the coefficient of determination (R2) and standard 
error of cross validation (RMSECV) were calculated. 

III  Results and Discussion 
The ATR spectra of model milk samples are shown in 

Fig.1. Eighty-eight wt% of the milk is water. Thus, the 
shape of the absorbance spectra was similar to that of 
distilled water (Ogawa et al., 2009). It was confirmed that 
there are several absorbance bands, an absorbance band 
centered on 60 cm-1 derived from bending mode of 
intermolecular vibration , an absorbance band at 150 cm-1 
derived from stretching mode of intermolecular vibration 
and a base absorbance at 550 cm-1 derived from libration 
(Yada et al., 2009). The ATR signal of the milk with 
human cells was lower than that of pure milk sample over 
most of the whole range. The absorbance of water is much 
higher than that of fat, and milk protein dominated by 
casein in the THz region (Sato et al., 2009). Milk consists 
of mainly 90 wt% water, and 10 wt% fat, protein, lactose, 
and other contents, while the cells consist of 70 wt% 
water, 30 wt% fat, protein, and other contents. Thus, an 
increased SCC results in a decrease in ATR signal in this 
measurement, and it inferred somatic cells in milk could 
be determined by the absorption in the THz region. 

 

Fig. 1  Spectra of milk samples in THz region 

 
The result of PLS regression and full cross validation 

was shown in Table. 1.  The best model was confirmed 
when a savitzky-golay method was selected. The 

optimum THz range was from 130 to 146 cm-1, the 
number of latent factors was 1, the R2 of validation was 
0.014 and the RMSECV was 0.33 log mL-1. It was 
considered that a savitzky-golay method was selected as 
the best 2nd derivation method for conpricative spectra 
because this methods used approximate formula with 
polynomial for smoothing. However, the R2 was low and 
it was difficult to determine the SCC in raw milk by using 
PLS regression. It inffered that spectra bands of 
multicomponent in milk were overlaped because 
absorption in the THz region derived from intermolecular 
interaction, and that absorption bands were broard. Thus, 
It was confirmed that other creative inovation was 
necessary to extract information of SCC in raw milk 
instead of statistical methods.  

 

Table 1  Result of PLS regression and full cross validation  

  Segment 
 size F R2 RMSECV 

original - 4 0.005 

0.33 

Savitzky 
golay 

1 1 0.014 
2 1 0.009 
3 3 0.01 

gap segment 
1 1 0.009 
2 3 0.01 
3 3 0.009 

Noris gap 
1 1 0.01 
2 3 0.01 
3 3 0.009 

IV  Summary and Conclusions 
Somatic cells in milk could be observed with the THz 

spectroscopy in a model experiment. However, it was 
difficult to determine the SCC in raw milk by using 
statistic methods. It was inferred that spectra bands of 
multicomponent in milk were overlapped each other 
because absorption bands were broad. 
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Fig.1  Sketch of experimental device

I  Introduction
To produce beef with high BMS, maintaining the 

serum vitamin A at a low level (30-40 IU/dL) during 
fattening age, from 16 to 24 months old, has been proved 
to be an effective way. Most breeders adopt the vitamin A 
controlling method. However, it is difficult to keep the 
cattle at the critical low level. If vitamin A deficiency 
happened, cattle would be vulnerable to catch diseases 
such as night blindness, xerophthalmia, or diarrhea, even 
death. It is important to monitor the vitamin A level to 
keep the cattle healthy and prevent economic lost for the 
breeders. Conventional way of testing serum vitamin A 
level is blood assay. It is invasive and stressful to the 
cattle. Besides that, it needs complicated procedures and 
expensive devices, high-performance liquid 
chromatography (HPLC) system which cannot be 
afforded by most breeders. Thus, an alternative that can 
identify vitamin A deficient cattle is desired.

Loss of pupillary light reflex (PLR) was considered to 
be a clinical sign of vitamin A deficiency (Issi and Gul, 
2010). O'Donghue (1955) reported some cattle which 
were vitamin A deficient showed dilated pupil and no 
response to light. Matsuda et al. (1999) investigate the 
relation between PLR and vitamin A level. The result 
showed cattle with lower vitamin A level tended to need 
longer time to stop shrinking. Matsuda’s research 
demonstrated the possibility of using PLR as an indicator 
of vitamin A deficiency. To realize vitamin A 
identification in a short time, PLR in 1 second was 
analyzed. The main aim of this study is to identify 

vitamin A deficient Japanese black cattle by PLR analysis 
during vitamin A controlled stage.

II  Animals and Devices
1.  Animals
This experiment was conducted from June 2012 to 

December 2012 at Hyogo Prefectural Hokubu 
Agricultural Institute, Japan. Right eye PLR images of 9 
Japanese black cattle were taken once every month. The 
cattle’s ages were 16 months and vitamin A level ranged 
from 58 to 87 IU/dL (mean level 70±10 IU/dL) at the 
beginning of the experiment. The cattle were subjected to 
a vitamin A free-diet beginning in April 2012.

2.  Devices
A 2CCD multi-spectral camera AD-080CL (JAI) was 

used to acquire both color images and Near Infrared (NIR) 
images. The camera was combined with two ring-shaped 
LED lights; a MDRL-CW50 (MORITEX) white LED 
light and a MDRL-CIR31 (MORITEX) NIR LED light 
which has a central wavelength of 850 nm. Two 
polarizing (PL) filters were installed to reduce the specula 
reflection from the surface of eye.

An approach for identification of vitamin A deficient cattle by pupillary light reflex 

analysis in Japanese black cattle
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Pupillary light reflexes of 9 Japanese black cattle were analyzed from June to December in 2012 monthly to identify vitamin A
deficient cattle during their vitamin A controlled stage. A 2CCD camera was used to acquire the pupillary light reflex images. 
Least squares fitting method was used to fit an ellipse to the pupil area. Two cattle with significant smaller constriction amplitude 
in 1 second were confirmed loss of pupillary light reflex. This result showed the potential of using machine vision system to 
automatically identify vitamin A deficient cattle.
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Fig. 4  Relationship between vitamin A level and 

constriction amplitude in 1 second

Fig. 5  Example of PLR in 1 second

Fig. 2  Color and NIR images of cattle’s right eye

The sketch of the device is shown in Fig. 1.

III Image processing and PLR analysis
Because of the unique blue color of pupil, it is easier to 

distinguish pupil from background in color images than 
NIR images, as shown in Fig. 2. Color images were 
processed by developed program in Matlab 2007 
(Mathworks). Procedures of pupil area acquisition are 
shown in Fig. 3.

Constriction amplitude (CA) in 1 second was used for 
PLR analysis. It was calculated by (1) below.

𝐶𝐶𝐶𝐶 = 𝑆𝑆0−𝑆𝑆1
𝑆𝑆0

                                  (1)

Where 𝑆𝑆0 is the initial size of pupil and 𝑆𝑆1 is the pupil 
size at  the end of 1 second’s constriction.

IV  Results and Discussion
All the cattle’s vitamin A level gradually declined 

during the experiment period. In December, the 
experiment cattle’s vitamin A level was from 14 to 33 
IU/dL (mean level  23±6 IU/dL), which was considered 
to be vitamin A deficient level. The relationship between 
serum vitamin A level and CA were shown in Fig. 4. Two 
cattle which showed significant low CA were found. Their 
PLR results were shown in Fig. 5. Compared with normal 
PLR, these cattle’s PLR were weak or lost. It shows this 
method can be used to detect loss of PLR, a sign of 
vitamin A deficiency, during vitamin A controlled stage.

V  Summary and Conclusions
Two cattle were found loss of pupillary light reflex 

during vitamin A controlled stage in 2012. They can be 
identified by calculating constriction amplitude in 1 
second. It shows the potential of machine vision system 
on automatic detection of severe vitamin A deficient 
cattle, which would help the beef cattle management 
during vitamin A controlled stage.
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I  Introduction
Post hatch performance of a batch of day-old chicks 

depends on the homogeneity in their quality. The 
homogeneity in day-old chick’s quality is affected by the 
spread of the hatch window (Tona et al., 2003). During 
incubation chicks can hatch over a time window of 24 to 
48 h (Careghi et al., 2005), resulting in late versus early 
hatch of chicks. At the moment of chick collection, the 
earlier hatched chicks show signs of dehydration with 
negative effect on the post-hatched performance 
(Gonzales et al., 2003). In practice, chicks are expected to 
hatch within a time window of 24 h. If the incubation is 
ended too early, the eggs with viable chicks inside are 
thrown away, resulting in economic losses. Therefore, it 
is important to control the spread of hatch window. This 
hatch window depends on the hatching time of individual 
chick of a batch. Several factors such as parental flock 
age, egg handling, egg storage time and incubation 
conditions influenced hatching time of chicks (Decuypere
et al., 2001). All these factors are related to embryonic 
development. Therefore, information on embryonic 
development rate and the relation with time of hatching 
can perhaps be used to predict hatching time. In an 
incubated fertile egg, formation of blood vessel takes 
place from incubation day 2 onward (Romanoff, 1960). 
The amount of blood in the egg increases with the 
vascular development as the embryo grows and hence can 
be an indication of embryonic development. The 
hemoglobin in the blood has three absorption bands: 415, 
539 and 577 nm. Gielen et al. (1979) reported that ratio 
of transmission at two wavelengths (hemoglobin band 
577 nm and a reference band not influenced by 

hemoglobin) can be used as a blood value. The main aim 
of this study is to investigate whether optical transmission 
spectrum contains information on the change of blood 
value (linked to amount of blood) with time and the 
possible use of this blood value to predict hatching time 
of chicks.

II Materials and Methods
1. Experimental design
An experiment was conducted from September 20 to 

October 11, 2012 at NABEL Co. Ltd., Kyoto, Japan. 
Twenty four brown eggs (Ross 308 breeder flock of 42 
wk aged) were incubated at 37.8O C and 55% RH. Eggs 
were turned every hour through an angle of 90 degree 
during the first 18 days of incubation. The transmission 
spectrum of each egg was measured every 24 h during 
this period. Experimental setup for the measurement of 
transmission spectrum is shown in Fig.1. A Hamamatsu 
C7473-36 type spectrophotometer was used to measure 
transmission spectrum of the egg within an optical range 
of 200 to 950 nm. The integration time for one 
measurement was 20 ms and spectrum of each egg was 
obtained as an average of three consecutive measurements. 
Before each measurement day the spectrophotometer was 
calibrated for transmission using a Teflon block of 30 mm 
thickness.  At incubation day 19, eggs with living
embryos were placed in hatcher baskets at 37.8O C and 
60% RH. From 460 to 505 h of incubation eggs were 
monitored by a web camera to record the time of hatching 
of the individual eggs. 
2. Data analysis
In the data analysis the records of all un-hatched eggs 

transmission ratio were not used. From the daily 
transmission spectrum, the T577/T625 ratio was
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calculated for all eggs. The hatching time of a individual 
egg was measured from the captured images. Per day, 
T577/T625 ratio data were linked to hatching time by 
means of a simple general linear regression model.

Fig.1 Schematic diagram of experimental setup used for 
the measurement of transmission spectrum

III Results and Discussion
A time series of the T577/T625 ratio of 4 eggs is shown 

in Fig. 2. The data show that the T577/T625 ratio 
gradually declined after incubation day 2 and after 
incubation day 6 slowly increased. The early decrease of
T577/T625 ratio indicates that more hemoglobin is 
formed. Figure 2 also shows that the lowest T577/T625 
ratio was between incubation day 5 and day 6. The 
relationship between T577/T625 ratio at incubation day 5 
and hatching time is shown in Fig. 3. The result shows 
that eggs with the lowest T577/T625 ratio require less 
time for hatching and vice versa. However, the correlation 
is not high. This may be caused by variability in egg size. 
Large size eggs require more time to hatch than the 
medium and small size eggs (Hassan and Nordskog, 
1971). In this experiment the effect of egg size on 
hatching time was neglected. Also the prediction of 
hatching time was based on the blood value of only one 
given day during incubation. 
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IV Summary and Conclusion
The ratio of light transmission at 577 and 625 nm was 

used as a blood value and calculated for all days of
incubation. Eggs having lower T577/T625 ratio between 
incubation day 5 and day 6 required less time to hatch. 
But the correlation was not strong. This information is 
valuable for the poultry hatchery manager to predict how 
much incubation time is still required by a chicken egg to 
hatch. 
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I  Introduction 
Ozone is a secondary pollutant with a regional 

distribution, and its effects may occur over large areas of
Japan. The ozone concentrations found in Japan are able 
to cause a wide range of effects including visible leaf 
injury, growth and yield reductions (Rathnayake et al, 
2007; Kobayashi et al, 1995).Conventional techniques for 
studying these changes in plants require destruction and 
subsequent analysis, thus plant’s responses to external 
stress are inferred indirectly. Specially for O3 stress, 
researchers measure biomass, height change, counting, 
chemical analysis, that all required long waiting periods to 
arrive a definite result. 

To overcome above mentioned limitations and to see 
short term response of plant leaf against O3 stress, in this
study, we employ optical coherence tomography (OCT).
OCT is an interferometric method that detects internal 
reflected light can provide non-contact two, or three 
dimensional in-vivo tomographic images of the internal 
tissue structure with very high resolution, in the range of 
few micrometers and data collection takes only a few 
seconds (Fujimoto et al, 2008). In the experiment, Allium 
tuberosum commonly known in Japan as Nira was 
exposed to O3 and the effect to both the front and back 
surfaces of a leaf was observed by OCT. 

Ozone enters the mesophyll via stomata where it 
immediately interacts with water and other cellular 
components to generate reactive oxygen species. It is 
possible that ozone-induced gene expression is mediated 

by the production of these active oxygen species. So 
immediate response to the ozone takes place first from 
back surface of the leaf since front surface has no such 
structure. But visible injury due to ozone, first appears on
the front surface. So we were interested to see structural 
observations by OCT and biospeckle signal (a dynamic 
signal due to the movement of different organelles such as 
stomata and guard cells inside the leaf) of leaf front and 
back surfaces. The standard deviation (SD) of OCT 
biospeckle signal was found to reflect the influence of 
ozone well from back surface than front surface for short 
term ozone exposures.

II Materials and methods
1. Experimental Setup
The optical system applied in this experiment is a 

fiber based Michelson interferometer with a super 
luminescent diode laser with a central wavelength 836.1
nm and a band width of 55.2 nm. The axial resolution 
(depth resolution) was estimated to be  6μm.

2. Data Collection
OCT imaging data were collected sequentially before 

O3 exposure, after starting O3 exposure at 1min, 1hour, 
2hours, 3hours,and after stopping of O3 exposure at 1
hour, 2hours. Same procedure was conducted for both leaf 
front and back surfaces separately with 120ppb O3

exposure. Both the temperature and the humidity were 
kept constant during a single session of experiment with 
respective variations, around ±2% and ±1%.  
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III Results and Discussion 

Figure 1 
Fig. 1 (a) shows two dimensional standard deviation 

images of the selected leaf (10Hz scanning frequency in 
lateral direction) 3hours after starting O3 exposure, while 
Fig. 1 (b) shows same for leaf front surface. SD image 
represents the standard deviation of OCT temporal signal 
(biospeckle signal) obtained at each point in the cross-
sectional structural image along time axis. 

Figure 2 
Fig. 2 (a) shows standard deviation (SD) of OCT 

biospeckle signal for 600 to 1600µm lateral position of the 
leaf back surface and Fig. 2 (b) shows their maximum 
values attained at palisade tissue (56m in depth) as a 
function of time. 

Figure 3 

Fig. 3 (a) shows standard deviation (SD) of OCT 
biospeckle signal for 1400 to 2400µm lateral position of 
the leaf front surface and Fig. 3 (b) shows their maximum 
values attained at palisade tissue (46m in depth) as a 
function of time. 

We examined the vitality of the plant by looking at 
temporal development of the signal at 600-1600m lateral 
region from back surfaces and at 1400-2400m from front 
surface. As it can be seen from the SD images that, 
fluctuations become strong with O3 exposure while 
decrease after the exposure for the back surface and up to 
200m depth. Maximum of 72.5% of change in SD value 
attained at palisade tissue (56m in depth) after 3hours of 
ozone exposure. 

Meanwhile, fluctuations become strong with O3

exposure while decrease after the exposure for the front 
surface also. Moreover, the fluctuations for front surface, 
a maximum of 17.5% of change in SD value was attained 
at palisade tissue (46m in depth) after 1hour of stopping 
ozone exposure. 

IV Summary and Conclusions 
The study employs OCT biospeckle signal to directly

monitor the effects of ozone exposure on plant leaves of 
Allium tuberosum with the OCT biospeckle, a period of 
only a few hours of exposure is enough to monitor the 
changes. Plant leaf front surface is less susceptible than 
the leaf back surface for short term ozone exposure. We 
will present more detailed in the meeting. However, 
additional experiments are required to evaluate ozone 
stress on several other plants. 

We presented an optical method that can be used for 
in-vivo studies of plants under environmental stresses. As 
a preliminary experiment we presented results from 
Allium tuberosum under O3 stress. We could observe the 
response of the plant which differs within and after O3

exposure for both leaf back and front surfaces. 
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I  Introduction
Airborne allergens, such as pollens, are a major trigger 

for hay fever and other seasonal allergic reactions (Boris, 
2010). Conventional method for pollen counting mainly 
relies on manual microscopic observation. Although the 
principle and operation of this method are relatively 
simple, it is too time-consuming to monitor and anticipate 
frequent allergic symptoms. Thus, new method which can 
realize rapid and specific pollen counting is needed.

Metallic mesh, thin metallic film with periodic 
microarrays, has been researched as a sensor in terahertz 
region recently. An evanescent electrical field forms on 
mesh surface when resonance of incident wave and 
surface plasmon polariton excited on mesh surface occurs.
The effective sensing depth of localized electrical field on 
mesh surface is proportional to the wavelength of incident 
wave. Refractive index change happens within the 
electrical field could result to a spectral shift of mesh
transmission spectra (Yoshida et al., 2009). Terahertz
wave covers frequency from 0.1 to 10 THz, while applied 
as incident wave, electrical field with several to dozens 
micrometers can be established on mesh surface.

Until now, metallic mesh sensing characteristics have 
been mainly exploded for quantitative detection of 
uniform flat objects such as dielectric film, or a few kinds 
of nano-scale objects such as protein. However, no 
research is available of mesh sensing behavior in terahertz 
region for relatively big size sphere objects such as micro-
scale sized pollen grains. Different from thin layer of 
uniform target sensing, each micro-size pollen grain
might be considered as individual object by mesh, the 

influence to transmission characteristics might be 
different. In our study, fundamental experiment was 
conducted by using glass beads as model sample of pollen 
grains to discuss mesh sensing performance in terahertz 
region for unspecific counting of micro-size particles.

II Material and Methods
As a sensor, the two dimensional square metallic mesh 

which has 20 µm thickness with a lattice constant of 260
µm and aperture length of 180 µm was used. To make 
relative uniform distribution of glass beads and fix their 
location, adhesive tape of 5 µm thickness was adhered on 
bottom side of mesh while glass beads with diameter of 
30 µm were added from the upper side of mesh in form of 
water solution. After dried by hot-air oven (55̊C), 
microscopic images of glass beads distribution on mesh 
sensor were obtained by digital optical microscope (VHX-
1000: KEYENCE, Osaka, Japan) for number counting.

Transmission spectra were measured by using terahertz 
spectrometer (TAS7500: ADVANTEST Corporation, 
Japan). When the terahertz beam is obliquely incident on 
metallic mesh surface, a sudden decrease of transmittance 
called “dip” appears in the anomalous transmittance 
region. The unique dip structure is very sensitive to 
refractive index change happened inside and above mesh 
openings. Therefore, the frequency shift of dip is usually 
used for detecting of sample attachment on mesh. Incident 
angle of 10 degrees was used in our study to improve the 
sensing performance of metallic mesh by providing sharp 
and deep dip structure in transmission spectra.

III Results and Discussion
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bottom side of mesh while glass beads with diameter of 
30 µm were added from the upper side of mesh in form of 
water solution. After dried by hot-air oven (55̊C), 
microscopic images of glass beads distribution on mesh 
sensor were obtained by digital optical microscope (VHX-
1000: KEYENCE, Osaka, Japan) for number counting.

Transmission spectra were measured by using terahertz 
spectrometer (TAS7500: ADVANTEST Corporation, 
Japan). When the terahertz beam is obliquely incident on 
metallic mesh surface, a sudden decrease of transmittance 
called “dip” appears in the anomalous transmittance 
region. The unique dip structure is very sensitive to 
refractive index change happened inside and above mesh 
openings. Therefore, the frequency shift of dip is usually 
used for detecting of sample attachment on mesh. Incident 
angle of 10 degrees was used in our study to improve the 
sensing performance of metallic mesh by providing sharp 
and deep dip structure in transmission spectra.

III Results and Discussion
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Transmission spectra of metallic mesh with adhesive 
tape after adding different number of glass beads is shown 
in Fig.1. Gradual spectral shift towards low frequency can 
be observed with the increase of beads number. In our 
study, glass beads number in the beam path area 
(diameter: 4mm) measured by metallic mesh ranged from 
0 to around 30,000 estimated by microscopic images.

Fig. 1. Transmission spectra of metallic meshes with 
adhesive tape after adding different number of glass beads

Spectral shift of dip structure reflects the refractive 
index change happened in the electromagnetic field
formed on mesh surface, which was mainly caused by two 
ratio-changing components, air and glass beads. Within 
the limited mesh sensing area, the proportion of air and 
glass beads are changing with beads addition. Because 
bigger refractive index would result to shortened incident 
wavelength (Tomita et al., 2011), dip frequency shift 
amount gradually increased with the beads number.

In our study, the minimum number of detectable glass 
beads by metallic mesh is 75; ignorable frequency shift 
happened when more than one layer of glass beads added 
on mesh which is due to the sensing limitation of mesh
sensor.

Polynomial regression model was used to describe 
correlation between beads number and dip frequency shift 
with R-square about 0.99 for the beads number ranged 
from 0 to around 16,000 as shown in Fig. 2. Different 
from uniform dielectric films glass beads distribution in 
each opening unit could contribute to sensing situation as 
one object with various density parts on mesh surface. 
This condition may result in the nonlinear correlation 
between beads number and dip frequency shift.

Fig. 2. Correlation between glass beads number and dip 
frequency shift of mesh transmission spectra

According to the electric field distribution simulation 
results, inner sides of mesh openings are most sensitive to 
refractive index changes (Takayuki et al., 2012). Glass 
beads were left next to inner sides of mesh openings with 
priority when added in the form of solution, which 
resulted to a steep linear increase of dip frequency shift
when the glass beads number is in small range. Therefore, 
linear correlation model might be more appropriate for 
small number range glass beads sensing. 

IV Summary and Conclusions
In this experiment, sensing performance of 1 THz 

metallic mesh for micro-scale size sphere objects was 
tested for the first time by using glass beads. Polynomial 
correlation was found between beads number and dip 
frequency when only one layer of glass beads was formed 
on mesh surface. Influence of glass beads distribution on 
sensing repeatability was discovered. The understanding 
of metallic mesh sensing results of glass beads provides
fundamental knowledge of future pollen counting.
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I  Introduction 

Post-harvest contamination can occur if the drying is delayed 
and during storage of the crop if moisture is allowed to exceed 
critical values for the mould growth ((Kumar et al., 2008; Reddy 
et al., 2009).   Surveillance for fungal infection is critical for 
maintaining high quality grains and grain products.  There is 
currently a strong demand for a rapid, simple, non-destructive 
and accurate method to detect and monitor the presence of 
spoilage and mycotoxigenic fungi in cereal grains from entering 
the food chain. This research, hence, aims to develop a rapid, 
non-destructive and simple method based on hyperspectral 
imaging (HSI) integrated with chemometrics for monitoring 
fungal contamination in cereal grains. 

 

II  Methodology 

1. Sample preparation  

Rice (Oryzae sativa L.) grains were inoculated with the 
selected fungi strain, Aspergillus sp. The inoculated samples 
were stored at 25 °C for consecutive periods of time. All 
samples were analyzed using hyperspectral imaging.    

2.  Hyperspectral imaging system  

The hyperspectral imaging system consisting of a high 
performance CCD camera, a spectrograph attached to the 
camera covering the spectral range between 400-1000 nm was 
used.   

3. Data pre-processing 

The detector signal intensity counts (SD) were transformed 
into reflectance (R) units by comparing with spectra of dark 
current (DK) and dividing by similarly corrected total reflectance 
spectrum (Rf100) using Eq (1).  
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Sawitzky-Golay with 2nd derivative was used to compensate the 
scatter-induced baseline offsets and intensity variations from 
path length differences.   

4.  Data analysis 

The hyperspectroscopic data were made a three-dimensional 
array (hypercube). The complex multidimensional HSI data 
were reduced using principal component analysis (PCA). The 
classification algorithm was developed by applying discriminant 
analysis.  

 

IV  Results and Discussion 

 Spectral signals show an increasing trend, while conserving 
invariable spectral profile during the growth. Ten hypercubes 
per treatment were used. Individual hypercubes were then 
merged to form a full set of data. Each data set thus included 
samples on the first day of inoculation (d1) and the respective 
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contaminated grains taken at 2 consecutive days for each 
treatment. A PCA model with 3 components was calculated.   

  Sample classification was performed using discriminant 
factor analysis.  After 3-5 day storage, samples could be 
discriminated from d1 samples.  The results suggested the 
hyperspectral imaging could be used to monitor fungal growth 
in cereal grains during storage. 

 

V  Conclusions 

The proposed HSI detection method could be used to classify 
samples different stages of fungal contamination in rice grains 
with minimal sample manipulation.     
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I  Introduction 
Multi-spectral imaging technique has been widely employed 

for evaluating nondestructively the spatial distribution of 
contents of functional pigments in different kinds of fruit using 
a series of discrete narrow-band filters or a liquid crystal tunable 
filter.  To achieve high speed multi-spectral imaging, use of an 
acousto-optical tunable filter (Arnold et al., 2011), the 
combination of a lenslets array with narrow-band filters (Basiri 
et al., 2010) have been reported.  Multi-spectral imaging with 
the Wiener estimation method (WEM) (Murakami et al., 2008; 
Chen and Liu, 2012)  is one of the most promising methods for 
practical uses because of its simplicity, cost-effectiveness and 
possibility of high speed, high resolution image acquisition.  In 
this study, we newly propose a method based on the 
multispectral diffuse reflectance images estimated by the 
Wiener estimation for a digital RGB image to evaluate the 
contents of chlorophyll a, β-carotene and lycopene in the 
tomato fruits nondestructively.  

II  Principle 
1. Wiener estimation
The response of a digital color camera in spatial coordinates 

(x, y) with ith (i =1, 2, 3) color channel, or Red, Green, and Blue, 
can be calculated as vi(x,y)=∫ui(λ)E(λ)S(λ)r(x,y,λ)dλ, where λ is 
ui(λ) is transmittance spectrum of the ith filter, E(λ) is the 
spectrum of the illuminant, λ is wavelength, S(λ) is the 
sensitivity of the camera, and r (x, y; λ) is the reflectance 
spectrum in the spatial coordinates (x, y). For convenience, the 
above equation is expressed by discrete vector notation as v =
Fr, where v is a vector with three element column and r is a 

vector with a k element column which corresponds to the 
reflectance spectrum of a pixel of an image. F is a 3 × k matrix 
and expressed as F = UES, where U = [u1, u2, u3]T. Column 
vector ui denotes the transmittance spectrum of the ith filter and 
[ ]T represents the transposition of a vector. E and S are k × k
diagonal matrices and represent the spectrum of illuminant and 
the sensitivity of the camera, respectively.  The Wiener 
estimation of r is given by =r Wv , where W is the Wiener
estimation matrix. The purpose of W is to minimize the 

minimum square error between original r and estimated r and it
is given as W= rvT vvT -1= rrT FT F rrT FT -1, where,  is 
an ensemble-averaging operator. To derive the matrix W, the 
autocorrelation matrix rrT  is required. In this study, we 
determined rrT  on the basis of 140 different reflectance 
spectra obtained from the samples of Micro-Tom tomato fruits 
under the various ripening stages.  

2. Multiple regression model for pigment contents
An absorbance spectrum A(λ) is defined as A(λ) = -log10 r (λ), 

where r(λ) is the diffuse reflectance spectrum normalized by the 
incident light spectrum. According to the Lambert-Beer law, 
A(λ) is expressed by the sum of absorbances due to major 
functional pigments in the tomato fruits as A(λ)=Cchll(λ,Cchl)
εchl(λ) + Ccar l(λ,Ccar)εcar(λ)+Clycl(λ,Clyc)ε lyc(λ)+S(λ), where C is 
the concentration, l is the mean path length, ε(λ) is the extinction 
coefficient, and S(λ) indicates attenuation due to light scattering 
in the tissue. Subscripts chl, car and lyc denote chlorophyll a, β-
carotene and lycopene, respectively. By using A (λ) as the 
response variable and ε (λ) as the predictor variables the 
multiple regression analysis can be performed as 
A(λ)=achlεchl(λ)+acarε car(λ)+alycεlyc(λ)+a0, where achl, acar, alyc,
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and a0 are the regression coefficients. The regression 
coefficients describe the degree of contribution of each 
extinction coefficient to A(λ) and are closely related to the 
concentrations Cchl, Ccar, and Clyc. Then, simple regression 
model is used with the regression coefficients achl, acar and alyc.
In this case, Cchl, Ccar and Clyc are regarded as the response 
variables and the regression coefficients achl, acar and alyc are 
regarded as the predictor variables, respectively. Thus, their 
relations are written as, Cchl=αchlachl+βchl, Ccar=αcaracar+βcar and 
Clyc=αlycalyc+βlyc. Coefficients α and β are unknown and must be 
determined before the analysis. Analysis of absorbance spectra 
with the pigments extracted from the destructed samples 
(Watada et al., 1976) was performed to establish reliable values 
of the coefficients α and β.   

III  Experiments 
Micro-Tom tomatoes (TOMJPF00001, TOMJPG4497 and 

TOMJPE5411) were bled in a controlled environment (24ºC, 
10h light/14h dark cycle). A White light emitting diode 
illuminated the sample surface via a light guide and a ring 
illuminator with a polarizer. Diffusely reflected light was 
received by a 24-bit RGB CCD camera with a camera lens and 
an analyzer to acquire an RGB image of 640×480 pixels. The 
polarizer and analyzer were set to be a crossed Nicols alignment 
in order to reduce specular reflection from the sample surface.  
A standard white diffuser was used to regulate the camera white 
balance. RGB images and reflectance spectra of the skin were 
stored in a personal computer at 1h interval. Using WEM, 
reflectance at 480, 500, 520, 540, 560, 580, 600 and 670 nm 
were reconstructed from a RGB image acquired at 65 ms (15 
frames per second) and then were used to estimate the Cchl, Ccar,
and Clyc images according to the above process.  

IV  Results and Discussion 
Figure 1 shows the typical results of in situ multispectral 

diffuse reflectance images obtained from the wild type of Micro-
Tom tomato fruit (TOMJPF00001) for Green, Breaker and Red 
stages in the ripening process. In green stage, the lower 
reflectance can be observed at 480, 500 and 670nm than that at 
the other wavelengths, which reflects the absorption spectrum of 
chlorophyll a. The reflectance in the range between 480 and 
600nm was dramatically decreased from Breaker stage to Red 
stage whereas the reflectance at 670nm was slightly increased.  
This change in reflectance spectrum indicates the decrease in 
chlorophyll a and increases in both carotene and lycopene due to 
ripening of tomato fruit. Figure 2 shows the reconstructed 
images of chlorophyll a, carotene and lycopene contents, 
obtained from the wild type sample. Both of lycopene and β-
carotene were gradually increased after onset of decrease in 
Chlorophyll a in the ripening process. Those changes in contents 
of pigments correspond to the results reported in the literature.   

Fig.1 Typical results of in situ multispectral diffuse reflectance 
images obtained from the wild type of Micro-Tom tomato fruit. 

Fig.2 Reconstructed images of chlorophyll a, carotene and 
lycopene contents, obtained from the wild type sample. 

V  Summary and Conclusions 
In summary, demonstrated in the present report is a method 

based on the multispectral diffuse reflectance images estimated 
by the WEM for a digital RGB image to evaluate the functional 
pigments in the tomato fruits nondestructively. The result 
confirms the feasibility of the method for in situ imaging of 
chlorophyll a, β-carotene and lycopene in the tomato fruits. 

Micro-Tom seeds (TOMJPF00001, TOMJPG4497 and 
TOMJPE5411) were provided by University of Tsukuba, Gene 
Research Center, through the National Bio-Resource Project 
(NBRP) of the MEXT, Japan. 
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I  Introduction
In Korea, quality grade of an egg is specified into 4 grades 

such as 1+, 1, 2, and 3. In fact, eggs with 1+ and 1 grades are  
available in the market and eggs with 2 and 3 grades are used 
for food factories. Non-destructive techniques such as NIR, 
Dielectric property, and visible light transmittance have been 
developed related to the egg quality evaluation especially 
related to the freshness measure (Lin et. al, Liu et. al, Ragni et. 
al). However, quality grade of an egg is mostly determined 
manually as sample base using egg quality measurement
instrument via breakout method. An egg is weighed then broken 
onto a flat surface, and the height of the thick albumen around 
the yolk is measured. The height, correlated with the weight, 
determines the Haugh unit (Haugh). The higher the number, the 
better the quality of the egg since fresher and higher quality 
eggs have thicker whites.

In egg quality grading two instruments are commercially 
available in Korea as shown in Fig.1. QCM+system(Technical 
Services and Supplies Co., Ltd, England) is a system used 
mostly and is composed of 5 independent modules to measure 
color of egg shell, color of the yolk, weights of whole egg and 
the yolk, and height of the dense albumen. Color of an egg shell 
is measured using a colorimeter. Color of the yolk, however, is 
measured using a color template. The height of the dense white 
is measured using a mechanical touch probe. It has limitations 
such as time-consuming, labor intensive and potentially 
inconsistent between inspections.

EggAnalyzer(ORKA food technology) is the another system 
which utilizing a ultrasonic wave to measure the height of the 
albumen. It measures the weight via electronic scale. Albumen 
height and yolk color are measured drawer type flat surface. 

The company insists Haugh unit is automatically computed in 
17 seconds.

In this paper, computer vision based integrated automatic
measurement system of egg quality is developed and presented. 
The developed system has integrated functions such as weight 
measurement of whole egg, weight measurement of the yolk 
and albumen, color measurement of the yolk and albumen, and 
height measurement of the yolk and the albumen. Moreover, the 
system can measure the spread rate of an egg white i.e. height 
changes of the thick albumen for a specified amount of time
right after the egg is broken onto a flat surface.

Developed system can be utilized to select the proper quality 
factor related to the freshness measure and to build-up the 
image and weight database of an egg under GUI environment.

II Materials and Methods
1.  Image processing System
An automatic egg quality measurement system adopted two 

progressive color CCD cameras as shown in Fig.2 to acquire 
side and top view images of an egg respectively. Four 30cm 
long LED bars were installed at each side below the glass plate 
as shown in Fig.3 and illumination was controlled. Side view 
image was captured using a 2,592(horizontal pixel) by 
1,944(vertical pixel) camera(Micron Co., Ltd., DFx72buC02) 
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Abstract

Noncontact integrated automatic system was developed to measure quality factors of an egg such as weight, volume, color,
areas and heights of the yolk and the albumen. Two progressive color cameras were used to capture top and side view images.
Image processing algorithms to measure quality factors automatically were developed as continuous and single modes. Weight 
and height compensation routines were developed. Spreads of the yolk and the thick albumen with respect to time were measured
via processing sequence side view images and the freshness of an egg can be determined with the height and spread rate.
Maximum height measurement error was 0.2mm within 14cm by 14cm measuring area. Image processing time was less than 3
seconds.
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(a)                                               (b)

Fig. 1 (a) QCM+system(TSS Co., Ltd, England) (b) 
EggAnalyzer(ORKA food technology)

SeTB3-20



－ 85 － － 86 －

I  Introduction
In Korea, quality grade of an egg is specified into 4 grades 

such as 1+, 1, 2, and 3. In fact, eggs with 1+ and 1 grades are  
available in the market and eggs with 2 and 3 grades are used 
for food factories. Non-destructive techniques such as NIR, 
Dielectric property, and visible light transmittance have been 
developed related to the egg quality evaluation especially 
related to the freshness measure (Lin et. al, Liu et. al, Ragni et. 
al). However, quality grade of an egg is mostly determined 
manually as sample base using egg quality measurement
instrument via breakout method. An egg is weighed then broken 
onto a flat surface, and the height of the thick albumen around 
the yolk is measured. The height, correlated with the weight, 
determines the Haugh unit (Haugh). The higher the number, the 
better the quality of the egg since fresher and higher quality 
eggs have thicker whites.

In egg quality grading two instruments are commercially 
available in Korea as shown in Fig.1. QCM+system(Technical 
Services and Supplies Co., Ltd, England) is a system used 
mostly and is composed of 5 independent modules to measure 
color of egg shell, color of the yolk, weights of whole egg and 
the yolk, and height of the dense albumen. Color of an egg shell 
is measured using a colorimeter. Color of the yolk, however, is 
measured using a color template. The height of the dense white 
is measured using a mechanical touch probe. It has limitations 
such as time-consuming, labor intensive and potentially 
inconsistent between inspections.

EggAnalyzer(ORKA food technology) is the another system 
which utilizing a ultrasonic wave to measure the height of the 
albumen. It measures the weight via electronic scale. Albumen 
height and yolk color are measured drawer type flat surface. 

The company insists Haugh unit is automatically computed in 
17 seconds.

In this paper, computer vision based integrated automatic
measurement system of egg quality is developed and presented. 
The developed system has integrated functions such as weight 
measurement of whole egg, weight measurement of the yolk 
and albumen, color measurement of the yolk and albumen, and 
height measurement of the yolk and the albumen. Moreover, the 
system can measure the spread rate of an egg white i.e. height 
changes of the thick albumen for a specified amount of time
right after the egg is broken onto a flat surface.

Developed system can be utilized to select the proper quality 
factor related to the freshness measure and to build-up the 
image and weight database of an egg under GUI environment.

II Materials and Methods
1.  Image processing System
An automatic egg quality measurement system adopted two 

progressive color CCD cameras as shown in Fig.2 to acquire 
side and top view images of an egg respectively. Four 30cm 
long LED bars were installed at each side below the glass plate 
as shown in Fig.3 and illumination was controlled. Side view 
image was captured using a 2,592(horizontal pixel) by 
1,944(vertical pixel) camera(Micron Co., Ltd., DFx72buC02) 

Development of Noncontact Integrated Egg Quality Measurement System

Dong-Goo LEE, Sung-Ho CHO, Heon HWANG
Department of Biomechatronics, College of Biotechnology and Bioengineering, Sungkyunkwan University, Suwon, Gyeonggi-Do, KOREA

Won-Byong YOON
Department of Food Science and Biotechnology, College of Agriculture and Life Sciences, Kangwon National University, KOREA

Abstract

Noncontact integrated automatic system was developed to measure quality factors of an egg such as weight, volume, color,
areas and heights of the yolk and the albumen. Two progressive color cameras were used to capture top and side view images.
Image processing algorithms to measure quality factors automatically were developed as continuous and single modes. Weight 
and height compensation routines were developed. Spreads of the yolk and the thick albumen with respect to time were measured
via processing sequence side view images and the freshness of an egg can be determined with the height and spread rate.
Maximum height measurement error was 0.2mm within 14cm by 14cm measuring area. Image processing time was less than 3
seconds.

[Keywords] egg quality,  noncontact measurement, freshness, computer vision, albumen height, weight, color

 
(a)                                               (b)

Fig. 1 (a) QCM+system(TSS Co., Ltd, England) (b) 
EggAnalyzer(ORKA food technology)

The 1st International Conference on Sensing Technologies for Biomaterial, Food and Agriculture 2013

and top view image was captured using a 1,024(horizontal pixel) 
by 768(vertical pixel) camera(IMI-TECH Co., Ltd., IMC-15FT). 
Since heights of the white and the yolk of an egg are very 
important and should be measured very precisely, high 
resolution camera was used to capture the side view image.

Image acquisition and processing of an egg was chosen as 
either single or continuous mode. In continuous mode, as the 
yolk and the white of an egg was placed on the glass plate, the 
images were continuously captured and processed automatically. 
Total time for the continuous image acquisition was set as 
600sec and time interval of image acquisition could be set as 
minimum 0.5sec.

2.  Freshness and Quality Measurement  
The egg freshness and quality measurement software was 

developed using C# language of Microsoft Visual Studio 2008
and Opencv of Intel and HALCON 10.0 of MVTec Co., Ltd. 
were used as image processing library routines. The software 
modules were developed to measure the freshness and quality of 
an egg in two different modes, single image capture and 
continuous image capture processing modes. Spreading state of 
the white of egg with the lapse of time was measured using a 
continuous image capture processing mode. Individual software 
module was developed to measure quantitatively the freshness 
and quality of an egg. Software modules include setting-up a 
reference horizontal line for the height measurement of the 
white and the yolk of an egg, zero weight compensation in egg 
weight measurement using 4 load cells, compensation of 
geometric distortion of lens, and compensation of error in height 
measurement caused by the distance between the object and 
camera. Fig. 4 shows the main display of the developed software.

3. Color conversion
Since variations of hue and saturation of the yolk and the 

white of an egg were relatively less in spite of the brightness 

variation of an environment. RGB(red, green, and blue) images 
of the white and the yolk of an egg were converted to the 
HSI(hue, saturation, and intensity) image.

III Results and Discussions
It is necessary to segment areas of the yolk and the white of an 

egg to measure the height of the white. Image of an egg was first 
separated from the background using thresholding from the 
I(intensity) image among HIS images converted from the RGB 
images obtained from the side view camera. Blob labeling with 
size comparison was done to remove small size noise caused by 
the ambient lighting.

The white and the yolk were separated using the S(saturation) 
image. Since the yolk area showed darker compared with the 
white area, the white was segmented via thresholding. Using the 
subtraction operator the white area was extracted and boundary 
was extracted using edge detection algorithm.

From the center of the yolk, either left or right measuring side 
was determined according to the size of the white. Larger side of 
the white area was chosen as a measurement area. In the chosen 
side, the point 1cm apart from the boundary of the yolk was 
selected and the height of the white at that point was measured. 
Actual height of the white of an egg was computed using 
position information of the white from the camera and the 
compensation coefficient. Maximum error in the height
measurement was 0.2mm and the repeatability after 30 
measurements  +/- 0.017mm for the height of the dense white
and +/- 0.03mm for the yolk height.
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I  Introduction 
Exported aquatic ornamental plants found with plant-parasitic 

nematodes such as Radopholus similis (R. similis) generate a lot 
of economic loss. For normal examination technique, after 
extraction procedure, samples are examined manually using an 
optical microscope on a counting disk. Well-trained technicians 
are required to perform this task since it must be fast to count 
and identify nematode species. 

Recently, microfluidic devices have been widely applied to 
the studies of the nematode Caenorthabitis elegans (C. elegans) 
[Rohde et al., 2007, Hulme et al., 2007; Ben-Yakar et al., 2009]. 
This nematode species is considered as an extremely important 
animal model. Microfluidic chips employed in the previous 
works are highly complicate because it is necessary to precisely 
control nematodes one by one. 

Here, we report a simple microfluidic device that can be used 
to trap all worms in a well-defined area of the chip so that it is 
simple to capture their images using a microscope.  

II  Microfluidic Chip Design 
The microfluidic device for nematodes trapping and imaging 

shown in Fig. 1 has four parallel fluidic channels each of which 
contains an imaging area chamber in the middle of each 
channel. The imaging area has a diameter of 2.0 mm and has an 
integrated flow-through microfilter. The microfillter has a 

distance of 5 m between rectangular pillars. Worms with a 
diameter of 20-30 m cannot go through the filter at the flow 
rate up to 1.0 mL/min. Worms are loaded into this chamber 
through a 200-m inlet channel and then trapped in the area. 
When nematodes are already trapped, users can easily capture 
their images with a microscope and later identify their species.  

Fig. 1 (a) 4-ch microfluidic chip for nematode trapping and 
imaging and (b) details of the imaging area.  
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We fabricated the microfluidic chip out of poly(dimethyl 
siloxane) (PDMS) soft lithography [Weibel et al., 2007]. The 
inlets and outlet ports were constructed by punching holes 
through the PDMS chip using a needle. Silicone tubing was 
inserted into these holes and sealed with epoxy. The chip was 
sealed to a glass slide using an oxidizing plasma bonding. 
 

III  Prototype development 
A prototype apparatus for trapping and imaging of plant-

parasitic nematodes utilizing the 4-ch microfluidic chip was 
developed as shown in Fig. 2. Up to four samples with a volume 
of 10-20 mL were delivered to the microfluidic chip in parallel 
using a peristaltic pump. Using a USB microscope together with 
an LED light source allow us to build a low-cost instrument in a 
compact size. We also found that crude samples prepared from 
plant roots contained a large amount of dirt and debris that could 
clog the device. Therefore purification steps for removal of dirt 
and debris are required to prevent device clogging. 

 

 

Fig. 2 A prototype apparatus for trapping and imaging plant-
parasitic nematodes. 

 

IV  Conclusions 
A multichannel microfluidic device with in-line integrated 

microfilter was developed for reliable trapping and imaging 
plant-parasitic nematodes. The device with an 5-m spacing 
between the pillars of the filter can retain the adult worms within 
the imaging chamber at the flow rate up to 1 mL/min. The 4-ch 
microfluidic system was also successful demonstrated. Future 
developments include filter designs for minimizing the clogging 
of device as well as for improvement of the maximum flow rate 
that still retains worms within the imaging area. Further field 
tests are also planned. 
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I  Introduction 
In onion postharvest processing, the shape of the onion 

bulb is one of the most important metrics for grading 
onions. According to the onion grading standards of 
United States Department of Agriculture (USDA 1995), 
the diameter of the U.S. No. 1 grade onions should be 
larger than 38 mm and 40% of them should have a 
diameter larger than 50.8 mm. The U.S. No. 1 grade 
onions should also be free of misshaped onions, such as 
doubles, bottlenecks, etc.  

Currently, the automated estimation of the onion shape 
features mainly counts on the machine vision systems 
using 2-D imaging in onion sorting lines. These systems, 
however, are often limited on determining the diameter of 
onions, and are not capable for measuring other shape 
features such as estimating volume and identifying 
misshaped onions. Therefore, trained human inspectors 
are still employed to screen unqualified onions from 
normal ones in packing houses. Human visible inspection 
(HVI), however, is less accurate and efficient due to the 
natural pitfall of being subjective and inconsistent in 
making evaluations. 

Numerous computer vision technologies have been 
reported for estimating the size and shape of agricultural 
products (Costa et al. 2011, Moreda et al. 2009). Most 
reported techniques were based on the contour, color, 
region features extracted from the custom optical sensors 
or the 2-D images of the product (Koc 2007, Ngouajio et 
al. 2003, Gall et al. 1998). Due to the nature of lacking 
the information of the third dimension, these techniques 
often have to use shape approximation or recovery 
techniques, which inevitably reduce the accuracy and 
robustness of the shape measurement. As a new trend, 

three-dimensional scanning/imaging techniques are 
increasingly investigated to supplement the geometric 
information in the shape analysis of the agricultural 
products (Moreda et al. 2012). 

This work aimed to develop a fast and accurate method 
for quantifying the size and volume of the bulb onion by 
utilizing the low-cost 2-D and 3-D imaging techniques.  

II Material and methods 
1. Instrumental setup
In this laboratory study, the consumer level 2-D color 

and 3-D cameras were used to collect RGB and 3-D 
images. The illumination was provided by 20 W DC 
halogen lamps. A continuous rotation stage was made 
based on a DC servo motor and a servo drive. The 
schematic of the system hardware setup is illustrated in 
Fig. 1. 

Fig. 1 the schematic of the system setup.  
Onions were placed on the top of the rotation stage and 

the cameras were mounted in the upper region of the 
rotation stage. A C++ program was written to control the 
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cameras for acquiring image and constructing 3-D images. 
The rotation direction and speed of the DC servo motor 
was also controlled by the program. 

2.  Experimental procedure 
Medium, large, and jumbo size onions were tested. The 

maximum equatorial diameter of the onion bulb was 
measured by a caliper. The volume of the onion bulb was 
approximated by submerging the onion in a beaker filled 
up with dry marine sand and measuring the volume of the 
displacement of the sand.  

Color and 3-D images of each onion sample were 
acquired at 16 camera-to-object views. Specifically, for 
each onion sample, four different initial bulb orientations 
were tested, with onion neck facing the camera or onion 
root cap facing the camera. At each initial orientation, 
four data acquisitions were made when the onion was 
rotated. 

3. Onion shape feature calculation 
  Onion shape features were calculated and extracted 

from both 2-D and 3-D images. After image registration, 
onion images were first segmented from 2-D and 3-D 
images. For the 2-D images, the global geometric features 
of onions such as the maximum equatorial diameter, 
centroid, aspect ratio, and ellipsoid ratio were calculated. 
From the 3-D images, the geometrical features of onions 
like surface height were calculated.  

Using the extracted parameters, the key shape features 
of the onion bulb such as size and volume were calculated 
based on an approximation 3-D model. The robustness of 
the method was also evaluated by an independent data set.  

III  Results and Discussion 
The result showed that both the 2-D and 3-D images 

are useful for determining onion shape parameters. The 3-
D representation of the scene provided an easier solution 
to segment the onion images from the background since 
the onion 3-D images was not affected by the lighting 
condition. When the illumination was well-controlled, 
however, the 2-D onion image offered a smoother and 
clearer edge contour, which enhanced the accuracy of 
measuring the onion size and aspect ratio.  

 In general, the root-mean-square error of the volume 
estimation decreased as the onion size increased. Using 
images scanned from a single camera viewpoint, the 
accuracy of the volume estimation varied at the different 
onion initial orientations. When multiple camera 
viewpoints were used, the accuracy of the volume 
estimation was significantly improved.  

   The results of the test also showed that the over 
length onion neck stem could cause the over-estimations 

of both the size and volume. To avoid this problem, onion 
neck stem should be trimmed to a certain length, or 
should be recognized and pre-processed on the images.  

IV  Summary  
This paper demonstrated the feasibility of applying 2-D 

and 3-D imaging fusion methods to measure the key 
geometrical features of onion bulbs. The proposed 
techniques can be used for the automated grading in onion 
packing houses. In the future study, it’s necessary to 
enhance the proposed algorithm to use as less scanning 
viewpoints as possible to improve the processing 
efficiency and reduce the cost of the system.    
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I  Introduction 
In onion postharvest processing, the shape of the onion 

bulb is one of the most important metrics for grading 
onions. According to the onion grading standards of 
United States Department of Agriculture (USDA 1995), 
the diameter of the U.S. No. 1 grade onions should be 
larger than 38 mm and 40% of them should have a 
diameter larger than 50.8 mm. The U.S. No. 1 grade 
onions should also be free of misshaped onions, such as 
doubles, bottlenecks, etc.  

Currently, the automated estimation of the onion shape 
features mainly counts on the machine vision systems 
using 2-D imaging in onion sorting lines. These systems, 
however, are often limited on determining the diameter of 
onions, and are not capable for measuring other shape 
features such as estimating volume and identifying 
misshaped onions. Therefore, trained human inspectors 
are still employed to screen unqualified onions from 
normal ones in packing houses. Human visible inspection 
(HVI), however, is less accurate and efficient due to the 
natural pitfall of being subjective and inconsistent in 
making evaluations. 

Numerous computer vision technologies have been 
reported for estimating the size and shape of agricultural 
products (Costa et al. 2011, Moreda et al. 2009). Most 
reported techniques were based on the contour, color, 
region features extracted from the custom optical sensors 
or the 2-D images of the product (Koc 2007, Ngouajio et 
al. 2003, Gall et al. 1998). Due to the nature of lacking 
the information of the third dimension, these techniques 
often have to use shape approximation or recovery 
techniques, which inevitably reduce the accuracy and 
robustness of the shape measurement. As a new trend, 

three-dimensional scanning/imaging techniques are 
increasingly investigated to supplement the geometric 
information in the shape analysis of the agricultural 
products (Moreda et al. 2012). 

This work aimed to develop a fast and accurate method 
for quantifying the size and volume of the bulb onion by 
utilizing the low-cost 2-D and 3-D imaging techniques.  

II Material and methods 
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In this laboratory study, the consumer level 2-D color 

and 3-D cameras were used to collect RGB and 3-D 
images. The illumination was provided by 20 W DC 
halogen lamps. A continuous rotation stage was made 
based on a DC servo motor and a servo drive. The 
schematic of the system hardware setup is illustrated in 
Fig. 1. 

Fig. 1 the schematic of the system setup.  
Onions were placed on the top of the rotation stage and 

the cameras were mounted in the upper region of the 
rotation stage. A C++ program was written to control the 
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cameras for acquiring image and constructing 3-D images. 
The rotation direction and speed of the DC servo motor 
was also controlled by the program. 

2.  Experimental procedure 
Medium, large, and jumbo size onions were tested. The 

maximum equatorial diameter of the onion bulb was 
measured by a caliper. The volume of the onion bulb was 
approximated by submerging the onion in a beaker filled 
up with dry marine sand and measuring the volume of the 
displacement of the sand.  

Color and 3-D images of each onion sample were 
acquired at 16 camera-to-object views. Specifically, for 
each onion sample, four different initial bulb orientations 
were tested, with onion neck facing the camera or onion 
root cap facing the camera. At each initial orientation, 
four data acquisitions were made when the onion was 
rotated. 

3. Onion shape feature calculation 
  Onion shape features were calculated and extracted 

from both 2-D and 3-D images. After image registration, 
onion images were first segmented from 2-D and 3-D 
images. For the 2-D images, the global geometric features 
of onions such as the maximum equatorial diameter, 
centroid, aspect ratio, and ellipsoid ratio were calculated. 
From the 3-D images, the geometrical features of onions 
like surface height were calculated.  

Using the extracted parameters, the key shape features 
of the onion bulb such as size and volume were calculated 
based on an approximation 3-D model. The robustness of 
the method was also evaluated by an independent data set.  

III  Results and Discussion 
The result showed that both the 2-D and 3-D images 

are useful for determining onion shape parameters. The 3-
D representation of the scene provided an easier solution 
to segment the onion images from the background since 
the onion 3-D images was not affected by the lighting 
condition. When the illumination was well-controlled, 
however, the 2-D onion image offered a smoother and 
clearer edge contour, which enhanced the accuracy of 
measuring the onion size and aspect ratio.  

 In general, the root-mean-square error of the volume 
estimation decreased as the onion size increased. Using 
images scanned from a single camera viewpoint, the 
accuracy of the volume estimation varied at the different 
onion initial orientations. When multiple camera 
viewpoints were used, the accuracy of the volume 
estimation was significantly improved.  

   The results of the test also showed that the over 
length onion neck stem could cause the over-estimations 

of both the size and volume. To avoid this problem, onion 
neck stem should be trimmed to a certain length, or 
should be recognized and pre-processed on the images.  

IV  Summary  
This paper demonstrated the feasibility of applying 2-D 

and 3-D imaging fusion methods to measure the key 
geometrical features of onion bulbs. The proposed 
techniques can be used for the automated grading in onion 
packing houses. In the future study, it’s necessary to 
enhance the proposed algorithm to use as less scanning 
viewpoints as possible to improve the processing 
efficiency and reduce the cost of the system.    
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I  Introduction
Worldwide, the leading cause of foodborne illness is 

bacteria, such as Salmonella, Campylobacter,
Escherichia coli (E. coli). There is urgent demand on 
rapid and simple detection of bacteria in food product. 
Currently, however, conventional measurement techni-
ques are complex, and time consuming. Quantitatively-
established official procedures rely on culturing the 
bacteria from the food and drink for several days, and/or
estimating numbers and species manually through 
microscope observation. Even though fluorescently-
labeled antibody method enables specific and sensitive 
detection of target, it needs multistage reaction for 
labeling and fluorescence. Needless to say, such methods 
are time and labor consuming so that easy and rapid 
analytical method, for a screening assay of considerable 
food specimen, has never been constructed yet.

A metallic mesh sensor, an artificial structure with
periodic holes in a thin metal film, creates such a 
localized electric field on the surface of the device (Fig.1)
and resonant response in transmission spectrum.

Detection mechanism of the metallic mesh is based on a 
spectral shift of resonance due to increasing of refractive 
index within the electric field by target (Miyamaru et al., 
2006). The frequency of resonance and depth of the 
electric field rely on designs of the periodic structure in 
the metallic mesh, enabling a wide range of target size 
and wavelengths from visible to far infrared to be used.

In this study, a system for detecting E. coli based on 
transmission of electromagnetic waves through a 
membrane filter itself, with target sample deposited on it,
is presented as a rapid and easy detection system. Far 
infrared wave can transmit through the membrane filter.
Because it needs localized electric field created to a depth 
of the target for sensitive detection, the metallic mesh 
sensor was attached to detect.

II  Method
E. coli W3110 was cultured in medium and heat 

treated. Saline suspensions of E. coli at 0, 105, 106, 107

mL-1 concentration were prepared.  Five mL of each 
suspension was filtrated through a 13-mm-diameter 
membrane filter (hydrophilic poly-tetrafluoroethylene:
Merck Millipore) with a pore size of 0.1 µm, and 
thickness of 30 µm. This ensured E. coli was deposited on 
the surface. After drying for 30 min, the filter with 
deposited E. coli was fixed to the metallic mesh by 5-µm 
thick double-sided tape.

A freestanding metallic mesh, a square hole array on 
nickel film, with a lattice constant (a) of 260 µm, hole
length (b) of 180 µm and thickness (t) of 20 µm was used
as shown in Fig. 1(a). Fig. 2 shows transmission spectrum 
of this metallic mesh with 10° of incident angle. 
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Fig. 1  Schematic of a metallic mesh (a) and simulation 
of electric field near the holes (b).
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I  Introduction
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labeled antibody method enables specific and sensitive 
detection of target, it needs multistage reaction for 
labeling and fluorescence. Needless to say, such methods 
are time and labor consuming so that easy and rapid 
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and resonant response in transmission spectrum.
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2006). The frequency of resonance and depth of the 
electric field rely on designs of the periodic structure in 
the metallic mesh, enabling a wide range of target size 
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is presented as a rapid and easy detection system. Far 
infrared wave can transmit through the membrane filter.
Because it needs localized electric field created to a depth 
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sensor was attached to detect.
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suspension was filtrated through a 13-mm-diameter 
membrane filter (hydrophilic poly-tetrafluoroethylene:
Merck Millipore) with a pore size of 0.1 µm, and 
thickness of 30 µm. This ensured E. coli was deposited on 
the surface. After drying for 30 min, the filter with 
deposited E. coli was fixed to the metallic mesh by 5-µm 
thick double-sided tape.

A freestanding metallic mesh, a square hole array on 
nickel film, with a lattice constant (a) of 260 µm, hole
length (b) of 180 µm and thickness (t) of 20 µm was used
as shown in Fig. 1(a). Fig. 2 shows transmission spectrum 
of this metallic mesh with 10° of incident angle. 
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Extraordinary transmission occurred at about 1 THz (300 
µm of wavelength), where transmittance exceeded the 
opening ratio of the metal mesh (48 %). A dramatic dip in 
transmittance was observed when the wave was at an
oblique incident angle, and not at normal incidence
(Yoshida et al., 2007). There were 5 replicate samples at
each suspension concentration. Transmission spectra of
the metal meshes were measured by a time-domain 
spectrometer (ADVANTEST, TAS7500) with 2048 times 
of accumulation and 10° of incident angle. 

III  Result and Discussion
Typical transmission spectra of the metallic mesh are

shown in Fig. 3. With each subsequent addition of tape, 
membrane filter, and sample, the spectra shifted to a 
higher wavelength. These spectral shifts are associated 
with the increased refractive index at each addition; tape,
filter, and sample. The spectral shift in the dip structure 
was calculated using a Lorentz function, with the defined 
centers of the function being dip wavelength.

Fig. 4 shows the relation between concentrations of E. 
coli and dip wavelength shift. With increasing
concentration of E. coli, spectral shifts also increased. A
distinct spectral shift was observed at 106 mL-1 (3.5 µg, 26 
ng/mm2), whereas there was no distinct change in 
transmission without the metallic mesh. This sensitivity is 
higher than that of a conventional micro balances. The 
sensitivity, acquired in this experiment, is lacking to apply 
for current food inspection. If filtration is performed by 
not only 5 mL but more, sensitivity will be improved. 
Moreover, smaller beam size of collimated wave in 
spectrometer and smaller diameter of the membrane filter 
will also enables density of the target to be increased, and 
sensitivity to be improved.

IV  Conclusion
In order to discuss a possibility of sensor application of

the metallic mesh for agricultural and food fields, we 
demonstrated detections of bacteria, E. coli, without 
culturing and labeling. Transmission spectra of the 
metallic mesh with E. coli deposited on the membrane 
filter were measured at far infrared region, where the 
membrane filter has low absorption. As a result, with 
increasing concentration of E. coli, spectral shifts also 
increased, and a distinct spectral shift was observed at 106

mL-1 (3.5 µg, 26 ng/mm2), whereas there was no distinct 
change in transmission without the metallic mesh. 
Additional work is also required to improve sensitivity.
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I  Introduction
New methods for measuring food quality parameters 

in a cost-efficient, non-destructive and contactless way 
are of great importance for the food industry. In the past, 
the use of Visible (VIS) and Near Infrared (NIR) 
spectroscopy for the detection of apple quality has been 
investigated extensively (Bobelyn et al., 2010; Nicolaï et 
al., 2007). However, due to the complex interaction of 
incident light with food products, involving both 
absorption and scattering phenomena, standard 
spectroscopic methods are often not robust enough. The 
scattering of light, which is linked to the physical 
properties of the material, is often considered as an 
interference factor in the pursued absorbance spectra.
However, those physical properties are often highly 
correlated with food quality and perception (Saeys et. al,
2008). Therefore, in this study, a novel hyperspectral laser
scatter imaging (HLSI) technique was elaborated for 
estimating the apple quality through the contactless 
measurement of its scattering properties. 

Apple firmness and soluble solids content (SSC) are 
two major physical properties determining the apple’s
quality. The main objective of this research was to 
correlate these destructive parameters to reflectance 
profiles obtained by non-destructive HLSI measurements.  

II  Materials and Methods
Measurements with the HLSI setup are performed on 

apples of the cultivar Braeburn. In total 147 apples will be 
measured postharvest to predict ripeness. The experiment 
is designed to measure at 3 distinguished moments in 
time: at harvest, after 3 months and after 6 months of 
storage. Both good storage and bad storage conditions 
will be examined. So far only the ‘at harvest’ 
measurements on 27 apples are completed.  

A schematic representation of the used hyperspectral 
scatter imaging setup is shown in Figure 1.

Figure 1: Schematic representation of the HLSI setup 

A supercontinuum laser (Supercontinuum SC-450-4, 
Fianium, Southampton, UK) is used as a light source. The 
white laser is dispersed by a high precision 
monochromator (74125 CS260 USB, Newport, USA) 
which permits to select a desired wavelength. In this 
experiment 91 wavelengths between 550 nm and 1000 nm 
are used (VIS/NIR range) in 5 nm intervals. The light 
from the monochromator is focused into an optical fiber. 
After focusing the laser beam from the optical fiber onto 
the sample, the scatter images are captured by a CCD 
camera (TXG14-NIR, Baumer GmbH, Germany).  

The measurement procedure was repeated on two 
sides of each apple: the red/blush side and the green side 
of the apple. In order to compensate for day-to-day 
variations in laser intensity and camera and detector 
sensitivity, a background image and reference images 
using a diffuse reflectance standard (SRS-20-010, 
Labsphere, North Sutton, USA) were captured. Each 
reflectance image was transformed by averaging the 
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I  Introduction
New methods for measuring food quality parameters 

in a cost-efficient, non-destructive and contactless way 
are of great importance for the food industry. In the past, 
the use of Visible (VIS) and Near Infrared (NIR) 
spectroscopy for the detection of apple quality has been 
investigated extensively (Bobelyn et al., 2010; Nicolaï et 
al., 2007). However, due to the complex interaction of 
incident light with food products, involving both 
absorption and scattering phenomena, standard 
spectroscopic methods are often not robust enough. The 
scattering of light, which is linked to the physical 
properties of the material, is often considered as an 
interference factor in the pursued absorbance spectra.
However, those physical properties are often highly 
correlated with food quality and perception (Saeys et. al,
2008). Therefore, in this study, a novel hyperspectral laser
scatter imaging (HLSI) technique was elaborated for 
estimating the apple quality through the contactless 
measurement of its scattering properties. 

Apple firmness and soluble solids content (SSC) are 
two major physical properties determining the apple’s
quality. The main objective of this research was to 
correlate these destructive parameters to reflectance 
profiles obtained by non-destructive HLSI measurements.  

II  Materials and Methods
Measurements with the HLSI setup are performed on 

apples of the cultivar Braeburn. In total 147 apples will be 
measured postharvest to predict ripeness. The experiment 
is designed to measure at 3 distinguished moments in 
time: at harvest, after 3 months and after 6 months of 
storage. Both good storage and bad storage conditions 
will be examined. So far only the ‘at harvest’ 
measurements on 27 apples are completed.  

A schematic representation of the used hyperspectral 
scatter imaging setup is shown in Figure 1.

Figure 1: Schematic representation of the HLSI setup 

A supercontinuum laser (Supercontinuum SC-450-4, 
Fianium, Southampton, UK) is used as a light source. The 
white laser is dispersed by a high precision 
monochromator (74125 CS260 USB, Newport, USA) 
which permits to select a desired wavelength. In this 
experiment 91 wavelengths between 550 nm and 1000 nm 
are used (VIS/NIR range) in 5 nm intervals. The light 
from the monochromator is focused into an optical fiber. 
After focusing the laser beam from the optical fiber onto 
the sample, the scatter images are captured by a CCD 
camera (TXG14-NIR, Baumer GmbH, Germany).  

The measurement procedure was repeated on two 
sides of each apple: the red/blush side and the green side 
of the apple. In order to compensate for day-to-day 
variations in laser intensity and camera and detector 
sensitivity, a background image and reference images 
using a diffuse reflectance standard (SRS-20-010, 
Labsphere, North Sutton, USA) were captured. Each 
reflectance image was transformed by averaging the 
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intensities at equal distance from the center of the 
illumination point. This results into a profile with 
reflectance intensity in function of the distance from the 
illumination center (Figure 2). A logarithmic 
transformation of each reflectance profile results in a 
straight line with a slope and intercept. For each 
measurement, the slope and intercept was determined at 
all 91 wavelengths (Figure 3). In a first attempt these 
parameters will be used to correlate with firmness and 
SSC of apples using PLS (partial least squares). Firmness 
was measured on both sides by a material testing machine 
(LRX, Lloyd instruments, West Sussex, UK). The SSC 
was measured at the same points by a digital 
refractometer (PR-101α, Atago, Tokyo, Japan). 

All optical measurements are controlled by software 
written in LabVIEW 8.5 (National Instruments, Austin, 
USA). All data processing algorithms were implemented 
in MATLAB R2010a.  

III  Results and Discussion 
In Figure 2 some typical scattering profiles are given 

at two wavelengths.  

 
Figure 2: Scattering profiles at two different wavelengths 

From these raw image profiles the absorption of 
chlorophyll around 670 nm is clearly visible as a smaller 
reflectance glow spot resulting in steeper scattering 
profiles. The chlorophyll absorbing wavelengths will be 
of importance for analyzing the apple ripeness as 
chlorophyll degrades during ripening. 

In Figure 3 the mean slopes of the reflectance profiles 
(of the 27 apples measured) are given for all the 
wavelengths. There is a distinguishable difference 
between the red side and the green side of the apples used. 

In a preliminary experiment on a limited amount of 
apples an R2 of 0.86 between intercept and Brix value was 
found for calibration. Firmness related to the intercept 
with an R2 of 0.56. A larger set of samples is necessary 
towards the validation of the obtained results. 

Since the measured profiles and the extracted slope 
and offset are the result of both scattering and absorption, 

 
Figure 3: Mean slope values of the measured apples 

the relation with physical properties (e.g. firmness/SSC) 
can only be derived directly through black box models 
such as PLS. However, a better separation between 
scattering and absorption by including theoretical light 
propagation models based on the diffusion approximation 
or Monte Carlo simulations would probably result in a 
much better understanding of the scattering and a more 
accurate and robust theory-based prediction of physical 
properties. The potential of these techniques will be 
evaluated in the near future on a set of solid phantoms 
with known optical properties. 

In the search towards a cost-efficient sensor, most 
informative wavebands might also be selected in order to 
replace the supercontinuum laser and monochromator by 
a few low-priced laser diodes. 

IV  Summary and Conclusions 
A new hyperspectral laser setup was designed to 

determine the ripeness of apples. In this study two 
parameters related to the obtained reflectance profiles 
were correlated with apple firmness and SSC. These 
parameters showed a potential to be used as a ripeness 
indicator. 
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I  Introduction 
Current trends in consumer behavior of fresh fruits have 

shown growing requirements of not only nutritious but also 
textural and flavorsome products. Visible and Near Infrared 
spectroscopy has long been studied for nondestructive 
measurements of fruit quality attributes (Nicolaï et. al. (2007)). 
In these works, multivariate calibration models have been 
employed to relate acquired spectroscopic data to fruit quality 
attributes. Since these calibration models are generally based on 
Lambert-Beer’s law, scattering phenomena, which increase the 
light traveling path lengths during its propagation, must be 
reduced or minimized to improve the performance of these 
models (Martens and Næs (1991)). Spatially resolved 
spectroscopy (SRS), on the other hand, implements multiple 
conventional spectroscopic measurements at different source-
detector distances; which subsequently allows obtaining 
separately scattering and absorption information of the 
measured samples (Tuchin (2007)). These scattering and 
absorption levels, usually represented by reduced scattering and 
absorption coefficients respectedly, reflect microstructure and 
chemical composition of the samples. In this research, contact 
spatially resolved spectroscopy measurements based on a fiber-
optics probe were carried out to evaluate nondestructively 
quality attributes of Braeburn apples (soluble solids contents 
and firmness) in shelf-life storage condition.  

II  Materials and Methods 
1.  The SRS setup 
The SRS setup used in this research was described in details 

elsewhere (Nguyen Do Trong et. al. (2011); Herremans et. al. 
(2013)). In brief, it contains one illumination fiber and five 

detection fibers collecting diffuse reflected lights in the range 
400 – 1000 nm. All these fibers are integrated in a fiber-optics 
probe for contact SRS measurements. Each measurement 
provides 3D data containing various wavelength-dependent 
spatially resolved diffuse reflectance profiles of the studied 
samples. 

2.  Setup calibration 
The SRS setup was calibrated for differences in efficiencies 

of the detection fibers, variations of the light source intensities, 
correspondence of waveband-CCD sensor positions, etc. as 
reported in Herremans et. al. (2013).  

3.  Braeburn apples 
Thirty Braeburn apples were harvested at the orchard of KU 

Leuven, Belgium following normal cultivation condition and 
were transported to the lab. In the lab, these apples were 
measured with the SRS setup (day 0). On each apple, SRS 
measurements were carried out at 7 different positions on the 
equator at each side of an apple (most reddish and most greenish 
sides) and were then averaged to acquire the measured data for 
that side. Half of the apples went for destructive measurements 
(soluble solids contents SSC and firmness) at the same sides 
analyzed by SRS and the other half were then stored under 
shelf-life condition (18 oC in a controlled temperature storage 
cell) for 2 weeks. After shelf-life storage of 2 weeks, the same 
SRS and destructive measurement procedures were implemented 
at the same sides for these fifteen apples (day 14). The 
experiments aimed at investigating the changes in 
microstructure and chemical composition of the Braeburn apples 
represented by absorption and reduced scattering coefficients of 
the apple tissues after 2 weeks of shelf-life storage, and 
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Abstract 

A contact spatially resolved spectroscopy (SRS) setup was developed, calibrated, and validated for its measurements and 
optical properties estimation by means of metamodeling on a set of liquid optical phantoms. Thirty Braeburn apples were 
measured before and after shelf-life storage by the setup and were analyzed for quality attributes by destructive methods. 
Preliminary results showed the potential of the SRS measurements for nondestructive quality evaluation of the apples. 
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I  Introduction 
Current trends in consumer behavior of fresh fruits have 

shown growing requirements of not only nutritious but also 
textural and flavorsome products. Visible and Near Infrared 
spectroscopy has long been studied for nondestructive 
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represented by absorption and reduced scattering coefficients of 
the apple tissues after 2 weeks of shelf-life storage, and 
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A contact spatially resolved spectroscopy (SRS) setup was developed, calibrated, and validated for its measurements and 
optical properties estimation by means of metamodeling on a set of liquid optical phantoms. Thirty Braeburn apples were 
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Preliminary results showed the potential of the SRS measurements for nondestructive quality evaluation of the apples. 
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constructing calibration models relating the obtained optical 
properties to the apple quality attributes (SSC and firmness). 

4.  Estimation of apple optical properties 
Thirty six optical phantoms containing aqueous mixtures of 

intralipid 20% (Fresenius Kabi, Sweden) serving as scatterer and 
Indian ink (Chartpak Inc., USA) acting as absorber in the range 
400 – 1000 nm were prepared. Optical properties of these 
phantoms were determined as reported in Nguyen Do Trong et. 
al. (2011) and covered possible ranges of optical properties for 
apples. A metamodeling method was then developed and 
applied to the measured SRS data of the phantoms to relate them 
to the reference optical properties. Calibration metamodels were 
then obtained and were applied to the measured SRS data of the 
apples to get their estimated optical properties. 

To validate the metamodeling, one phantom (validation 
phantom) was left out of the phantom set and the remaining 
phantoms were used for constructing the calibration metamodels. 
Comparing the estimated optical properties of this phantom from 
the inverse estimation to its reference optical properties gave the 
accuracy performance of the metamodels. In this research, 8 
phantoms covering the possible optical properties of apples were 
selected for validation. 

III  Results and Discussion 
1. SRS measurements of Braeburn apples 
Figure 1 shows the spatially resolved diffuse reflectance 

profiles of one Braeburn apple. Only data in high signal-to-noise 
regions are plotted. 

 
Fig. 1  Spatially resolved diffuse reflectance of an apple 

In Figure 1, the diffuse reflectance spectrum of each detection 
fiber indicates two ‘valleys’ representing the absorption of 
chlorophyll (at 670 nm) and water (at 970 nm). At each 
wavelength, the diffuse reflectance decreases with increasing 
fiber number or source-detector distance because the lights have 
traveled longer path lenths and were more scattered or absorbed. 

2. Validation of the metamodels 
The plots of the predicted optical properties of the validation 

phantoms against their reference optical properties showed a 
very good prediction performance of the metamodels (R2-
absorption coefficients = 0.975 and R2-reduced scattering 
coefficients = 0.987) (data not shown here). 

3. Optical properties of one apple 
The estimated optical properties of one side of an apple at the 

beginning (day 0) and the end (day 14) of shelf-life storage are 
preliminary reported in Figure 2 and 3. 

 
Fig. 2  Absorption coefficients of one apple 

 
Fig. 3  Reduced scattering coefficients of one apple 

In Figure 2, the absorption of chlorophyll at 670 nm 
decreases significantly after 14 days, indicating the changes in 
the chemical compositions of the apple due to ripening. In 
Figure 3, the reduced scattering coefficients from 700 to 1000 
nm decrease after 14 days, exhibiting the changes in the apple 
tissue microstructure. 

IV  Summary and Conclusions 
The acquired results clearly showed the potential of spatially 

resolved diffuse reflectance measurements for nondestructive 
evaluation of quality of Braeburn apples. 
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I  Introduction
Diffuse optical spectroscopy (DOS) is an indispensible 

component in the modern photonics sensor toolbox. 
Diverse DOS applications range from biomedical 
diagnostics and medical treatment monitoring to the 
quality control and analysis in food, pharmaceutical, 
wood and other industries. 

The main feature that provides wide popularity of 
DOS in various industrial applications is a combination of 
comparably low price and its ability to assess both 
chemical and physical properties of very diverse samples 
without the need for special sample preparation. DOS
spectroscopy offers advantages of being fast and easy to 
implement and can be set up for remote operation. These 
features are of highest importance in the manufacturing 
industry where VIS/NIR DOS spectroscopy plays an
increasingly important role for process monitoring and 
quality control.

Ever-growing pressure on the industry to reduce is 
production cost urges development of the novel DOS
instrumentation that enables cost-efficient methods for
process monitoring and fabrication quality control. In this 
contribution we discuss design and development of an 
advanced DOS instrument that enables independent 
evaluation of absorption and scattering spectra of tested 
media. This leads towards development of novel, cost 
efficient product analysis methods in industry due to 
drastic reduction in complexity and maintenance cost of
associated chemo-metric calibrations.

II Instrument setup 
Basing on the recent advances in source and detector 

technologies we developed broadband photon time-of-
flight (PTOF) absorption/scattering spectrometer for 
analysis of turbid media. The device is capable to deliver 
continuous absorption and scattering spectra of turbid
samples in an ultra broad wavelength range from ca 400 
nm up to 1400 nm. 

Fig.1. General scheme of the PTOF spectrometer.  

The simplified scheme of the spectrometer setup is 
depicted in the fig 1. The instrument is based on the 
broadband super-continuous source that provides short (ca. 
30 ps) spectrally broadband optical pulses at the repetition 
rate 80MHz. Acousto-optic tunable filter (AOTF) is used 
to cut spectrally narrow probe pulses from the broadband 
super-continuum. The center wavelength of probe pulses 
is computer controlled in the range from ca. 400 to 1400 
nm whereas pulse spectral width ranges from ca. 3 nm up 
to ca. 12 nm dependent on the selected wavelength.
Two broadband single photon counting detectors operated 
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for R&D and quality control in pharmaceutical, food in agrochemical industry. Recent upgrade enables extended spectral range 
and fully automated high speed data acquisition. The instrument enables precise (0.5% random errors) continuous spectra 
measurements in the range form ca 400nm to 1400nm. We illustrate outstanding performance of our instrument by presenting our 
new results on highly accurate quantitative analysis of pharmaceutical and on monitoring of key dairy products parameters.
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in time correlated single photon counting mode enable 
precise monitoring of the photon time-of-flight 
distribution through the turbid sample. In the wavelength 
range up to ca. 1000 nm we employ Si SPC APD (MPD, 
Italy) whereas in the longer wavelength NIR extended 
MCP PMT (Hamamatsu, Japan) is utilized. The PTOF 
data accrued by TCSPC electronics is collected by PC for 
further analysis. Evaluation (fitting) of the PTOF 
distribution with either analytical (diffusion) or Monte-
Carlo model for photon diffusion enables independent 
reconstruction of absorption and scattering coefficients of 
the sample (cf. Fig 2). Tuning of the probe pulse 
wavelength enables accruing continuous absorption 
scattering  spectra in ca. 400nm to 1400nm range.

Fig.2. Example of experimental data. PTOF distribution –
solid line; PTOF fitted range – dots; Fitted model – red 
solid line; IRF- dashed line; TR – timing reference pulse.  

The temporal instability of the super-continuum source is 
a key performance limiting factor that has being 
successfully addressed in present set up. PTOFS as a 
time-resolved technique heavily relies upon an accurate 
measurement of instrumental response function (IRF). 
The absorption/scattering spectral data provides by 
PTOFS is thus highly sensitive to the temporal drifts of 
the source. An uncertainty (or errors) in the temporal shift 
between the IRF and recorded photon time of flight 
distribution lead to the errors in  determination of the 
absorption and scattering coefficients of the tested media. 
From continues monitoring of IRF fluctuations is apparent 
that the typical drifts can easily be on the scale of 3-4
ps/hour. The effect of such drifts upon the relative errors 
in determination of the absorption (μa) and reduced 
scattering (μs’) coefficients are in principle dependent of 
the magnitude of the optical parameters. In the typical for 
the pharmaceutical tablets case, that is when μa << 1cm-1

and μs’ is ~ 400cm-1 the relative errors in estimation of μa

and μs’ can easily exceed few % 

In order to suppress effect of temporal drifts and enhance 
precision of determination of the optical parameters we 
developed special double path optical scheme that enables 
temporal stabilization of the system. In a nutshell, a tiny 
fraction is stripped from the probe signal prior the sample 
or IRF spacer and routed towards the detector over the 
dedicated optical path. (cf. fig 1). This enables a timing 
reference (TR) signal be recorded simultaneously with the 
PTOF distribution or IRF (cf.fig 2). The timing reference 
signal is used for precise synchronization of PTOF 
distribution and IRF prior to fitting of the experimental 
data with appropriate model for turbid light propagation. 
The distinctive advantage of the present technique is that 
it enables drastic reduction of the errors caused by the 
temporal drifts which eventually allow increasing 
precision in the determination of the absorption and 
scattering up to 0.5%. 

II Results 

Figure 3. Representative spectra of pharmaceuticals.
Pharmaceutical tablets are very characteristic examples of 
highly scattering samples with typical absorption values 
of about 1 cm-1 and scattering that easily reaches few 
hundred cm-1 (cf. fig). Peculiarly an average light path 
through typical 3mm thick pharmaceutical tablet can be as 
large as 25 cm.
Figure 3 shows a characteristic example of abortion and 
scattering spectra of four pharmaceutical tablets. Two 
tablets were prepared from the mixture of two ingredients
and two from the each of two pure ingredients. Notably 
the absorption spectra of mixed tablets can be represented 
as linear combination absorption spectra of ingredients.  
We provide further illustrations of outstanding 
performance of our instrument by presenting our new 
results on highly accurate quantitative analysis of 
pharmaceutical tablets and evaluation of critical process 
parameters in dairy products fabrication.
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Rux 2000 Project ‘Workshop for Young Scientists’, JSAM

Student Information Exchange Forum with Dinner
~ For exchanging information and establishing network among students and experts ~ 

It is a great pleasure to announce that during the SeTBio ’13 we would like to invite you attending Student 
Information Exchange Forum (SIEF). This is an informal forum for students held with SeTBio ’13 simultaneously.
Not only students participating in the SeTBio ’13 but also anyone is welcome to join this forum.  Enjoy meal and 
establish network among students and great experts. 

Objectives: 
1. Exchange information among students.

Enrich your knowledge and enlarge your research vision by sharing information between the 
students in this forum.   

2. Opportunity for networking and research collaboration.
With many participants from various countries and expertise, start your world class 
networking here in this forum.

3. Awarding ceremony
The best three student presentations (tentative) in the SeTBio ’13 will be selected 
and awarded at the forum.

4. Meeting with distinguished researchers and famous experts 
It is a great chance to talk face to face with famous experts. 

 Prof. Josse De Baerdemaeker
Division of Mechatronics, Biostatistics and Sensors (MeBioS)  
Katholieke Universiteit Leuven (KLU), Belgium  
Expertise: Physical methods for determination of quality and quality change in agricultural 
and biological systems, precision agriculture, process control.

 Dr. Bosoon Park 
United States Department of Agriculture (USDA)-ARS, USA
Expertise: Hyperspectral/multispectral imaging, Real-time multispectral image processing, 
Machine vision for automated food processing, Near-infrared spectroscopy for food 
application, Optical sensing technology, Ultrasonic for meat quality evaluation.

 Other experts participating in the SeTBio also are expected to join this forum.

Time & Date:  17:30 – 19:30 PM on April 25, 2013

Participation Fees (meal charge):  
Student: 1,000 JPY, Non-Student: 4,000 JPY

Parts of the participation fee of this forum (meal charges) will be covered by Rux2000 project, JSAM. If you 
have question about this program please feel free contact us at email: ts@kais.kyoto-u.ac.jp (Tetsuhito Suzuki, 
Graduate School of Agriculture, Kyoto University). 
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