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The Digital Transformation of Agriculture:  
Advancing Productivity Towards a Circular Bioeconomy 

Abstract 
Over the past 150 years, agriculture has witnessed a significant shift with the mechanization of 
machine systems aimed at enhancing productivity and convenience. The advent of precision 
agriculture technologies since the 1990s has acted as a pivotal point, gradually evolving into a catalyst 
for smart agriculture and further improving production practices. The integration of machine 
electronics, automation, precision guidance, communication, and cloud computing has not only 
increased machine productivity but also brought about notable enhancements in worksite productivity. 
Presently, autonomous machine systems are emerging as the next frontier, offering diverse pathways 
for future productivity and convenience while addressing the pressing need for sustainability and 
decarbonization. This presentation will review the fundamental aspects of digital technologies that 
currently deliver value in agriculture and explore the research opportunities lying ahead in the journey 
from automation to autonomy of large-scale production systems. The focus will be on how these 
advancements contribute to the creation of a circular bioeconomy. By leveraging digital transformation, 
the agriculture sector can foster sustainable practices, optimize resource utilization, and enhance 
overall productivity, paving the way for a more circular and environmentally conscious future.  

Professor John F. Reid
Executive Director, Center for Digital Agriculture 
University of Illinois at Urbana-Champaign 

RESEARCH AREAS AND EXPERTISE
Translation of research into practice, outcome-
driven innovation processes, business model
innovation, and innovation management.
Circular bioeconomy in agriculture, precision
agriculture technologies, agricultural robotics
and automation, automation of agricultural and
biological systems.
Deployment of embodied AI in agriculture,
construction, and marine application verticals.

SELECTED AWARDS AND RECOGNITION 
Fellow, International Academy of Agricultural
and Biosystems Engineering (2024)
National Academy of Engineering (2019)
John Deere Fellow (2017)
ASABE Fellow (2004)

Dr. Reid has more than 35 years of highly accomplished technology leadership experience in industry 
and academia. From 1986-2000, he served on the faculty and achieved the rank of Professor at the 
University of Illinois where his research focused on sensing, automation, and control of food and 
agricultural systems. 
Dr. Reid then spent 19 years with Deere and Company where initiated the development of enterprise 
field robotics capabilities. He has experience in innovation management having served as John Deere’s 
Director, Enterprise Product Innovation and Technology for 14 years. In 2017 he was recognized as 
John Deere Technical Fellow for his contributions in Technology Innovation. 
From 2020-2022, he was Vice President of Enterprise Technologies for Brunswick Corporation and 
responsible for building organizational capabilities that enabled initial products in vessel electrification 
and autonomy. In 2019, he was elected to the National Academy of Engineering for contributions to 
automation in agriculture. 
In 2022, Dr. Reid returned to academia at the University of Illinois in Urbana-Champaign where he is 
a research faculty member with joint appointments in CS, Ag and Bio Engineering, and Electrical and 
Computer Engineering. He also is the Executive Director of the NCSA Center for Digital Agriculture. 



Crop Monitoring Using AI Technology on UAV Images 

Abstract 
Remote sensing technology has been extensively applied in agriculture. In particular, the application 
of unmanned aerial vehicles (UAVs) to acquire high-resolution images has become a new trend in 
precision farming. Compared with satellite imagery, which is subject to the satellite’s repeat cycle, 
and aerial photography, which is costly, UAV imagery presents the advantages of high speed, 
convenience, and low cost, which makes it ideal for the short-term monitoring of plant growth. 
Because the low flight height of UAVs helps obtain images of objects in the scale of millimeters, UAV 
imagery has been successfully used in crop classification, weed detection, and growth monitoring, 
indicating its feasibility for use in in precision farming. However, a large amount of UAV images needs 
an efficient image process technology. With the advances in AI (Artificial Intelligence) technology, 
deep learning with high performance computation have been extensively used in image recognition. 
The presentation demonstrates the application of AI technology to UAV images in precision agriculture, 
especially large-area rice lodging identification. Furthermore, by combining autonomous scouting and 
lodging rice detection with edge computing, it is possible to estimate rice lodging by flying at a high 
altitude for broad scan and then at a low altitude for precise identification in one flight mission. In the 
future, AI identification on UAV images will provide a great opportunity to identify crop growth and 
field anomalies over a broad area and even in real-time for precision agriculture. 

Ming-Der Yang
Distinguished Professor & Dean, Department of Civil 
Engineering
National Chung Hsing University

RESEARCH AREAS AND EXPERTISE
General area: Geomatics and Remote Sensing
Specific area: Image Processing, Geographic
Information Systems (GIS), Environmental
Monitoring, Disaster Assessment, and AI
Applications in Remote Sensing

SELECTED AWARDS AND RECOGNITION
Tech Breakthrough Award (2019, 2020, 2022,
and 2023)
Outstanding Research Award (2021)
Third Potential Investment Prize at International
Forum and Exhibition for AI Innovation Research
Center Program (2019)

Ming-Der Yang received his B.S. degree in Civil Engineering from National Chiao Tung University, 
Taiwan, in 1990, and M.S. and Ph.D. degrees in 1993 and 1996, respectively, from Department of 
Civil and Environmental Engineering and Geodetic Science, The Ohio State University, USA. He is 
presently a Distinguished Professor in the Department of Civil Engineering, National Chung Hsing 
University, and serves the Dean of College of Engineering. His expertise is geomatics and remote 
sensing, especially in image processing, geographic information system, environmental monitoring, 
and disaster assessment. He has authored about 100 international journal/conference publications. In 
addition, he is also granted patents on a street panoramic image preview system and gesture control. 
Recently, his research efforts have been put on developing Artificial Intelligence on remote sensing 
images for agricultural monitoring and disaster assessment. His Recent research effort has been put 
into 3D scene reconstruction, the applications of VR/AR and AI. Recently, he applied AI technology to 
UAV images for precision agriculture, and has been awarded many prizes, such as Tech Breakthrough 
Award in 2019, 2020, 2022, and 2023, respectively. He was also awarded Outstanding Research 
Award in 2021 and the Third Potential Investment Prize at International Forum and Exhibition for AI 
Innovation Research Center Program in 2019.



Advancing Sustainable Food Production through 
User-Centric AI-Based Phenotyping 

Abstract 
The integration of artificial intelligence (AI) into sustainable agriculture has revolutionized phenotyping, 
the process of measuring and analyzing plants and their surrounding ecosystems. User-centric AI-
based phenotyping focuses on developing tools and systems tailored to the needs of farmers, breeders, 
agronomists, researchers, and agricultural stakeholders. These AI systems leverage machine learning 
algorithms and advanced image-sensing techniques to provide accurate, real-time data on crop health, 
growth patterns, and environmental interactions. This presentation will introduce the current research 
activities of the Laboratory of Field Phenomics at the University of Tokyo.  

Associate Professor Wei Guo
Graduate School of Agricultural and Life Sciences
The University of Tokyo

RESEARCH AREAS AND EXPERTISE
General area: Agricultural Informatics
Specific area: Plant Phenomics, Machine learning and
Image processing

SELECTED AWARDS AND RECOGNITION 
Senior Editor, Plant Phenomics, 2023-
Board Member, Councilor of Japanese Society of
Agricultural Informatics.
Board Member, Japanese Plant Phenotyping Network.
JSAI Shinnourin International Award, by Japanese
Society of Agricultural Informatics. To: Guo, W.
2022.05.
Young Researcher's Award, by Japanese Society of
Agricultural Informatics. To: Guo, W.  2020.05.
Best presentation award, at 136th Meeting of the
Japanese Society of Breeding. To: Guo, et al.,
2019.09.
Director Award, at 2018 AIP Challenge Program by
AIP Network Laboratory, JST (Japan Science and
Technology Agency). To: Guo, W. 2019.04.

Wei Guo, Ph.D., is an Associate Professor and PI at the Laboratory of Field Phenomics, Graduate School 
of Agricultural and Life Sciences, the University of Tokyo, Japan. Trained as an engineer in computer 
science/informatics in China and Japan, he received his Ph.D. in agriculture, majoring in agro-
informatics at the University of Tokyo in 2014. He established the “Laboratory of Field Phenomics,” 
Japan's first plant phenomics laboratory, as a core member in 2017. His research focuses on field-
based phenotyping using advanced sensing platforms and technologies such as drones and ground 
robots, image processing, and machine learning approaches. In 2020, Guo received the Young 
Researcher’s Award from the Japanese Society of Agricultural Informatics. He has published over sixty 
journal papers in the field of plant phenomics. His synergistic activities include being a Board member 
of “Japanese Society of Agricultural Informatics(JSAI)”; International Commission of Agricultural 
Engineering (CIGR) “Technical Section VII (IT)” and “WG12 - Artificial Intelligence and Data Science”; 
“Japanese Plant Phenotyping Network”. He is also the Senior editor of the journal “Plant Phenomics”. 



Non-destructive Detection for the Early Drought Stress Status of 
Tomato (Solanum lycopersicum) by Spectroscopy and Deep 

Learning 

Abstract 
This study introduces a deep learning architecture termed 1D-SP-GC Net, designed to analyze Vis/NIR 
(visible to near-infrared) spectoscopic data obtained from the canopy leaves of tomato plants 
(Solanum lycopersicum). The 1D-SP-GC Net was employed to develop a non-destructive model for 
detecting early drought physiological status in tomatoes. Compared to commonly used models for 
spectral data analysis, such as Partial Least Squares (PLS) regression, Random Forest (RF), and 
Convolutional Neural Networks (CNN), the 1D-SP-GC Net demonstrated superior prediction accuracy 
(>95%). Additionally, by utilizing Gradient-weighted Class Activation Mapping (Grad-CAM) within the 
1D-SP-GC Net architecture, the study identified specific spectral bands that significantly contributed 
to the model's discriminative capability. The 1D-SP-GC Net effectively detected early drought 
conditions in tomato plants, offering a timely warning system for farmers to implement appropriate 
agricultural practices, thereby mitigating the impact of drought stress on the quality and yield of 
tomatoes.  

Associate researcher, Yuan-Kai Tu
Crop Genetic Resource and Biotechnology Division 
Taiwan Agricultural Research Institute

RESEARCH AREAS AND EXPERTISE
General area: Biochemistry and Biostatistics
Specific area: Plant phenotyping

SCIENTIFIC ACTIVITY
2023: Summer School on Image Analysis for
Plant Phenotyping. Wageningen University and
Research. Nederland.
2018: Visiting Scholar. Australian Plant
Phenomics Facility (APPF). Australia.
2017: Machine Learning for Big Visual Data.
IEEE International Elite School. Taiwan.

Yuan-Kai Tu earned his Bachelor's degree in Natural Science Education from the University of Taipei, 
Master's degree in Biochemistry from National Taiwan University, and Ph.D. in Agronomy from National 
Chung Hsing University, Taiwan. He commenced his research career at the Genetic Resources and 
Biotechnology Division of the Agricultural Research Institute (TARI). With a strong foundation in 
biochemistry and biostatistics, Dr. Tu specializes in applying advanced quantitative methods to plant 
genotyping and phenotyping analyses. His research endeavors aim to elucidate the correlations within 
biological data. In addition to his research activities, Dr. Tu is actively involved in the strategic planning 
and development of phenomics research initiatives at TARI. 



Phenotyping Strategies for Agricultural Robots:  
Massive Sampling and Real-time Fruit Assessment 

Abstract 
Artificial intelligence has the capability of setting an alliance with farmer knowledge to get further 
away by letting computers do what they excel at, and by keeping farmers doing what they can do 
best. The VineScout (2017-2020) and Cerberus (2024-2027) projects are EU-funded grants that use 
ground robots for automating data collection as a systematic way of approaching big-data conditions, 
and thus facilitating the application of AI algorithms that heavily rely on data. The former robot 
modeled water stress as a phenotype-derived quality indicator for assessing the potential of grapes 
to get a great wine that required large amounts of data. Massive sampling with the robot let us move 
from less than 50 manual samples per hectare to over 20,000 measuring points per hectare. This talk 
will discuss the result of this AI-based classification strategy and the opportunities that robotic 
harvesting offers to map and assess quality properties in high-value crops. The challenge for 
competitive wineries and fruit producers for the fresh market is how to keep up to the consumer 
expectations under the climatic uncertainties being faced today.  

Professor Francisco Rovira-Más
Agricultural Robotics Laboratory
Polytechnic University of Valencia (Spain)

RESEARCH AREAS AND EXPERTISE
General area: Digital agriculture
Specific area: Robotics, precision farming,
automation
Robotics view: doi.org/10.1007/978-3-030-89123-
7_147-2

SELECTED AWARDS AND RECOGNITION 
6 US patents and 1 EU patent granted
4 ASABE paper awards
Edmund Optics Research & Innovation Award (2011)

Francisco Rovira-Más received a degree in Agricultural Engineering in 1996 from the Universitat 
Politècnica de València, Spain, where he was an Assistant Professor from 1997 to 2000. He obtained 
his Ph.D. in 2003 in the University of Illinois at Urbana-Champaign, Urbana, IL, USA. He has been a 
member of the Intelligent Vehicles System group at the John Deere Technology Center in Moline, IL, 
USA. He has also been a Research Associate with the Department of Agricultural and Biological 
Engineering in the University of Illinois, conducting research at the John Deere Intelligent Vehicle 
Systems unit (formerly Agricultural Management Solutions --AMS) in Urbandale, IA, USA. Currently, 
Francisco is a Professor at the Universitat Politècnica de València in Spain and director of the 
Agricultural Robotics Laboratory. His research interests include autonomous vehicles, machine vision, 
controls, off-road equipment automation, robotics, and artificial intelligence. Francisco has been the 
technical manager of the European project VineRobot and the coordinator of the EU H2020 FTI project 
VineScout. At present, he is the coordinator of project Cerberus, funded with 4.8 M€ and involving 13 
institutions from Slovenia, Italy, Cyprus, and Spain. 



AI-Powered Imaging and Spectral Techniques: 
From Crop Growth Monitoring to Flavor Analysis 

Abstract 
In crop production, harvesting, and post-harvest handling, traditional methods heavily rely on human 
labor for monitoring, recording, and decision-making. However, the growing shortage of experts and 
the decline in available labor present significant challenges. By integrating IoT sensors, autonomous 
vehicles, image processing, spectral sensing, and AI algorithms, expert decision-making processes 
can be emulated. This presentation will explore how these advanced technologies have the potential 
to significantly enhance agricultural practices. Examples such as tomato, tea, and coffee will illustrate 
the application of deep learning in crop growth monitoring, pest and disease identification, harvest 
prediction, and even market-level quality grading and flavor prediction of beverages. These 
innovations not only offer more efficient and labor-saving field management practices but also provide 
groundbreaking insights into food flavor science.  

Associate Professor Shih-Fang Chen
Department of Biomechatronics Engineering
National Taiwan University 

RESEARCH AREAS AND EXPERTISE
General area: Precision Agriculture and Quality
Control
Specific area: Machine Vision and Spectral
Sensing

SELECTED AWARDS AND RECOGNITION
Excellent Teaching Award, National Taiwan
University, 2018, 2019, and 2024
Associate Editor, Engineering in Agriculture,
Environment and Food, 2023-
Third Place, 2021 CTCI Foundation AI Innovation
Competition, 2021
National Agricultural Science Award, Ministry of
Agriculture, 2019

Shih-Fang Chen is an Associate Professor in the Department of Biomechatronics Engineering from 
National Taiwan University (NTU). She received her Bachelor and Master’s degrees in Bio-Industrial 
Mechatronics Engineering at NTU, and Ph.D. degree in Agricultural and Biological Engineering from 
the University of Illinois at Urbana-Champaign, USA. Shih-Fang’s research focuses on applying image 
processing and spectral techniques in plant status monitoring and agricultural product quality 
evaluation. She is dedicated to advancing smart agriculture by integrating Internet of Things (IoT) 
and Artificial Intelligence (AI) technologies to enhance precision farming practices. She has worked 
on a variety of projects, including plant disease identification, harvest time prediction, agricultural 
product grading, pesticide residue detection, and flavor prediction. She served as a Guest Editor for 
Special Issues of Computer and Electronics in Agriculture and currently serves as one of the Associate 
Editors for Engineering in Agriculture, Environment and Food. She is also the leader of the research 
group at the Center for Intelligent Agriculture (CIA) Education and Research at NTU. 



Smart Agriculture, the Needs, Challenges and Approaches 

Abstract 
The extensive use of EIC technologies, especially AI and digital technologies, in agriculture, people 
believe that the industry is now moving to a new era of “smart agriculture”.  While researchers put 
great enthusiasm to adopt AI & digital technologies in solving agricultural problems, people are still 
unsure what is the core issue they are going to address.  The speaker suggests as a new era of 
technology advancement, smart agriculture should target on improving the capability of sustainably 
produce differentiated quality food to meet the needs of different customers, i.e. higher the overall 
efficiency on agri-food production, just like precision agriculture being targeting on optimizing the use 
of resources, mechanized agriculture on higher productivity, and cultivated agriculture on producing 
sufficient food.  The adoption of EIC technologies provides the needed means to address this challenge. 

Qin Zhang
Professor Emeritus, Biological Systems Engineering
Washington State University

RESEARCH AREAS AND EXPERTISE
General area: Agricultural Machinery Automation
and Agriculture Automation
Specific area: Automated and Autonomous
Agricultural Machinery Technologies, Intelligent
Agricultural Machinery Controls, On-Machinery
Crop Health Sensing Technologies, Machinery-
Area Network Technologies, Agricultural
Infotronics Technologies

SELECTED AWARDS AND RECOGNITION
John Deere Gold Medal (2017)
iAABE Fellow
ASABE Fellow
Member, Washington State Academy of Science
(WSAS)
Honorary Vice President, International
Commission of Agricultural and Biological
Engineering (CIGR)
Full Member, Club of Bologna (World Taskforce on
Agricultural Mechanization Strategies)
Former Director, Center for Precision and
Automated Agricultural Systems (CPAAS), WSU

Dr. Qin Zhang is the former Director of the Center for Precision and Automated Agricultural Systems 
(CPAAS) and a Professor Emeritus of Biological Systems Engineering, Washington State University 
(WSU); a Member of Washington State Academy of Science (WSAS), a Fellow of iAABE (International 
Academy of Agricultural and Biological Engineering) and ASABE.  He has received several awards and 
honors over his career, featured by John Deere Gold Medal in 2017. Dr. Qin Zhang has given 20 
keynote speeches and 37 invited talks at international professional conferences, plus numerous invited 
seminars and guest lectures at 60+ universities Worldwide. He has also been invited to give talks at 
more than a dozen major agricultural equipment manufacturers in North/South America, Europe, and 
Asia.  Dr. Qin Zhang is an Honorary Vice President of CIGR (International Commission of Agricultural 
and Biological Engineering), a Full Member of the Club of Bologna (a World Taskforce on the Strategies 
for the Development of Agricultural Mechanization). 



Application of Image Texture Feature Distribution on 
Agriculture Field Type Classification 

Abstract 
Identifying farmland use has long been crucial in large-scale agricultural production management. 
This study utilized multi-temporal visible RGB images, captured by UAVs over agricultural areas in 
Taiwan, to develop a model for classifying field types. We combined color and texture features to 
extract more information from the RGB images. Instead of the common Haralick feature, we employed 
the vectorized gray-level co-occurrence matrix (GLCMv) as the texture feature to enhance 
classification accuracy. The Extreme Gradient Boosting (XGBoost) algorithm was selected to build the 
classifier. The results showed that the highest overall accuracy reached 82%, and the best balanced 
accuracy across categories reached 97%. Our comparison revealed that color features provide the 
most information for the classification model and yield the most accurate classifier. When combined 
with GLCMv, accuracy improved by about 3%. In contrast, the Haralick feature did not enhance 
accuracy, indicating that GLCMv contains more useful information for prediction.  

Professor Li-yu Daisy Liu
Department of Agronomy
National Taiwan University 

RESEARCH AREAS AND EXPERTISE
General area: Agricultural Statistics
Specific area: Image analyses; crop modeling

SELECTED AWARDS AND RECOGNITION 
Outstanding Teaching Award, National Taiwan
University, 2019

Li-yu Daisy Liu is a Professor in the Department of Agronomy at National Taiwan University (NTU). 
She received her Bachelor and Master’s degrees in Agronomy at NTU, and Ph.D. degree in Department 
of Statistics at Texas A&M University, Texas, U.S.A. After graduation from Texas A&M University, she 
became an Assistant Professor at NTU in 2005. Her recent research topic is data analysis applied to 
the agricultural science collaborated with colleagues in other disciplines. Recent publications include 
the study of expression mechanism of insect resistance genes (Cheah et al., 2020), the coconut 
rhinoceros beetle transcripts (Shelomi et al., 2019), and molecular marker development of rice blast 
resistance (Chen et al., 2021), the application of avian influenza virus sequences to explore 
transmission routes (Yang et al., 2020), UAV image recognition and analysis tools (Liao et al., 2021 ; 
Lee et al., 2024), and image recognition and analysis tools for lawn mowing robots (research in 
progress), etc.
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