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2013 Message from the Director 

The WSU Center for Precision and Automated Agricultural Systems (CPAAS) has 
continued to strive for preeminence in 2013 by taking firm steps toward achieving our 
mission statement goals of “Providing a venue for: (1) High impact research outcomes 
for our stakeholders; (2) True trans-disciplinary collaboration within WSU and World-
wide; (3) High quality educational and research experiences for our students; and (4) 
Incubation and development of new ideas relevant in an entrepreneurial climate”.  
The production of high impact research outcomes relies heavily on having an excellent 
faculty.  CPAAS currently has 15 affiliate faculty members from 7 different Departments 
(Schools) with efforts to recruit more to fill the needed expertise in 2014.  This excellent 
faculty team conducts multiple research projects, including six trans-disciplinary federal 
funded research projects and several industry funded projects.  Based on the knowledge 
gained from those research projects, the CPAAS team collectively published two 
technical books (Agricultural Automation; Automation: The Future of Weed Control in 
Cropping Systems) and 18 articles in different peer reviewed professional journals in 
addition to the numerous papers and posters presented at national and international 
professional conferences and industry meetings. 
To promote research collaboration worldwide, our faculty have traveled 7 times to 7 
countries to give seminars, guest lectures and participate in other research and 
educational collaborations.  We have also hosted 11 visiting faculty, scholars and 
students from 7 countries to perform their collaborative research and/or training at 
CPAAS.     
In 2013 continued effort was made to convert our research outcomes into useful and 
accessible tools for crop producers. We assisted in communicating with interested 
stakeholders regarding manufacture of two of our research prototypes into commercial 
products. 
To be best prepared and organized in performing productive research which addresses 
critical automation issues for Washington agriculture, we have created a CPAAS strategic 
research plan for developing core mechanical apple harvest technology.  As an internal 
guideline for setting the research goals for the CPAAS team to develop mechanical apple 
harvest solutions, the team has set the exploration and assessment of technical feasibility 
of two mechanical concepts based on pick-and-place and shake-and-catch approaches as 
the short-term (2014-2015) goal; set the development of a few core technologies each 
focused on addressing one specific technical challenges as the medium-term (2016-2020) 
goal; and set the development and demonstration of at least one full scale mechanical 
harvester for fresh market apple in WA commercial apple orchards as its long-term 
(2021-2024) goal. 
Working as a team, we are committed to developing a “World preeminent and 
Washington relevant” research and education program and to create solutions with 
precision agriculture and agricultural automation.   
 
 
Qin Zhang  
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                                                   CPAAS Faculty 

 
Qin Zhang  
Professor- Biological Systems Engineering  
Director– Center for Precision & Automated Agricultural 
Systems  
 
 
Dr. Qin Zhang is the Director of CPAAS, and a Professor of the 
Biological Systems Engineering Department.  He received his 
Ph.D. degree from the University of Illinois at Urbana-
Champaign in 1991, his M.S. degree from the University of Idaho 
in 1987, and his B.S. degree from Zhejiang Agricultural 
University in China in 1982.  Prior to his arrival at WSU, Dr. 

Zhang was a professor at the University of Illinois at Urbana-Champaign, and before joining the 
faculty at UIUC in 1997, he worked at Caterpillar Inc. as a Senior Engineer.  Dr. Zhang has 
focused his teaching and research activities on agricultural mechanization, agriculture automation, 
and intelligent machinery.  Based on his research outcomes, he has written two textbooks, 
published over 100 peer reviewed journal articles, presented over 200 papers at conferences, and 
has been awarded nine U.S. patents.  He is currently serves as the Editor-in-Chief for Computers 
and Electronics in Agriculture. 
 

 

 
Paul G. Carter 
Associate Professor 
WSU Extension and Columbia County Director 
 
 
Paul G. Carter joined WSU Extension in 2005 serving the Columbia 
County Extension Office and WSU Extension. In 2011 he joined 
CPAAS as a remote sensing and dry land precision agriculture 
specialist working in the SE Washington area. From Purdue 
University, he earned his B.S. (1974) in Agriculture Mechanization, 
M.S. (1999) in Agronomy Soil Science, and completed a Ph.D. 
(2005, ABD) in Agronomy and Remote Sensing. While completing 

degrees at Purdue University, he worked as a staff member with the Laboratory for the 
Applications of Remote Sensing (LARS) and the Department of Agronomy. Paul’s Extension 
programs in agriculture include precision technology applications, soil nutrition, and cropping 
systems. He participates in many of the county and state agricultural organizations including 
Sec/Treas of the Washington State Crop Improvement Association. Internationally, he serves on 
the editorial board of the Journal of Precision Agriculture and presents at regional, national and 
international conferences. Paul has initiated local Precision Farming seminars in Columbia 
County, and presented in other regional counties in Washington and Oregon. His leadership has 
impacted the adoption of precision technologies in the dry land wheat production area of 
Washington State. He is currently working with soil pH and nutrient balancing to help producers 
remain sustainable and vibrant.  
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Amit Dhingra 
Associate Scientist/Associate Professor 
Department of Horticulture 

Amit Dhingra is a horticultural genomicist at Washington State 
University. His research focuses on sequencing genomes and then 
taking that information to produce better fruit. Dhingra led the 
researchers who sequenced the double haploid Comice pear, 
Golden Delicious double haploid apple, almond and Stella sweet 
cherry genomes. He received his Ph.D. in Plant Molecular Biology 
from the University of Delhi South Campus, New Delhi, India; 
with his M.S. in Botany from Agra University, India and M.S., also 
in Botany from University of Delhi, India. 
 

 
Karina Gallardo 
Assistant Professor/ Extension Economist 
WSU Wenatchee TFREC 
School of Economic Sciences 

Dr. R. Karina Gallardo is an Assistant Professor Extension 
Specialist in the School of Economic Sciences, stationed at the 
Tree Fruit Research and Extension Center of Washington State 
University in Wenatchee.  She holds a BS in Food Science from 
the Universidad Nacional Agraria La Molina (Lima, Peru), a 
Master in Science in Agricultural Economics from Mississippi 
State University and a PhD in Agricultural Economics from 
Oklahoma State University.   
Gallardo’s primary research and outreach program goal is to 

enhance value-added agribusiness opportunities for specialty crops in the state of Washington. As 
such, her areas of research are focused on consumer demand analysis and economics of 
technological change.  More specifically, Gallardo is conducting research assessing consumers’ 
preferences for fresh fruit quality, and understanding the profitability and various other factors 
affecting growers’ adoption of new technologies, such as new cultivars, improved pest 
management systems, and labor enhancing mechanisms. 
  
 

Gwen-Alyn Hoheisel 
Area Extension Educator 
WSU County Extension Prosser 

Gwen-Alyn Hoheisel started in 2006 as a faculty member with 
WSU Extension working in commercial tree fruit and grapes.  She 
received her Master’s degree in entomology from Pennsylvania 
State University in 2002, and her B.S. degree in zoology from 
University of Maryland in 1998.  Hoheisel has focused her work 
on sustainable pest management, application technologies, and the 
use of digital media to enhance information delivery to growers.  
Hoheisel also sits as an ex-officio board member to five 
Washington tree fruit and grape commodity organizations. 
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Pete W. Jacoby 
Professor – Crop and Soil Sciences 
Affiliated Faculty member – Department of Horticulture 
Dr. Pete W. Jacoby joined WSU in 1997 as CAHNRS Associate 
Dean, a position he held for the next 16 years during which he also 
served as Director of WSU Extension Agriculture Programs, Interim 
Director of WSU Mount Vernon-NWREC, and Director of WSU 
Prosser-IAREC. Prior to coming to Washington State University, 
Jacoby served as Director of Research at the University of Nebraska 
North Platte-WCREC and District Director of the West Central 
Extension District. Jacoby also served 17 years with Texas Agri-Life 
– Research at Vernon as a Research Project Leader before being 

named as Interim Director in his final year there. Jacoby is a 1966 graduate of Texas A&M 
University, and earned M.S. and Ph.D. degrees at the University of Wyoming - Laramie. His 
research interests are focused on dynamics of perennial woody plant root systems under differing 
irrigation schedules and delivery systems. He also has interest in novel forms of weed control 
involving thermal systems such as microwave.  
 

Manoj Karkee  
Assistant Professor  
Biological Systems Engineering  
Dr. Manoj Karkee is an affiliated faculty member to the center and is 
an assistant professor in the Biological Systems Engineering 
Department. Dr. Karkee was born in Nepal where he received his 
undergraduate degree in Computer Engineering. He went to Asian 
Institute of Technology, Bangkok, Thailand in 2003 for his Master’s 
Degree in Remote Sensing and GIS. He received his PhD in 
Agricultural Engineering and Human Computer Interaction from 
Iowa State university in 2009 and joined WSU in 2010.  Dr. Karkee 
has established a strong research program in agricultural automation 
and mechanization area with particular emphasis on machine vision 

systems. Some of his sponsored projects include crop load estimation, fruit tree pruning, plant 
stress monitoring, and solid set canopy delivery. He has published in journals such as ‘Computers 
and Electronics in Agriculture’, and ‘The Transactions of ASABE’ and has been an invited 
speaker at several national and international conferences. 

 
 
Lav Khot 
Biological Systems Engineering 
Assistant Professor 

Khot obtained his M.E. from Asian Institute of Technology, 
Thailand (2004) and M.S. from Iowa State University (2006). He 
received his Ph.D. degree from North Dakota State University in 
2009. Prior to joining WSU, he was postdoctoral researcher at 
Citrus Research and Education Center, University of Florida.  He 
has over 20 peer-reviewed research publications and a few 
extension articles in the field of applied sensing technologies for 
precision agriculture and for non-destructive food quality 

evaluation. He is an active member of  the American Society of Agricultural and Biological 
Engineers (ASABE) since 2005 and has been awarded as ‘Outstanding Reviewer’ for his 2010 
peer-review efforts for ASABE journals 
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Karen Lewis 
WSU Regional Tree Fruit Specialist  
Grant-Adams Area Extension 
Executive Board Member CPAAS 

Karen Lewis is a WSU Extension Regional Tree Fruit Specialist 
housed in the Grant-Adams Area Extension office and CPAAS. 
She earned her B.S. degree in Plant Science and her M.S. degree 
in Horticulture at the University of Arizona. Karen’s extension 
and applied research program has been guided by active 
participation and leadership in international, multi state and 
statewide academic teams and grower member industry 

organizations. Current program focus includes: development and integration of mechanized / labor 
assist technologies for tree fruit pruning, thinning and harvest; competitive apple and pear orchard 
systems; Engineering, horticultural and economic strategies for sustained production of high 
quality tree fruit nursery stock and light duty electric vehicles for on-farm operations. Since 2005, 
Lewis has secured over $1M in program support, jointly published 6 articles in horticultural and 
engineering journals and been an invited speaker throughout the US, Canada, New Zealand and 
Australia. 
 
 
 
 

 

Changki Mo 
Assistant Professor 
School of Mechanical and Materials Engineering 

Dr. Changki Mo is an affiliated faculty member to the center and 
is an assistant professor in the School of Mechanical and Materials 
Engineering at Washington State University-Tri-Cities. He 
received his Ph.D. degree in Mechanical Engineering from the 
University of Oklahoma in 1996. Before joining WSU, Dr. Mo 
was Visiting Professor in the Department of Mechanical 
Engineering and Materials Science at the University of Pittsburgh, 
Pittsburgh, PA and Associate Professor in Automotive 
Engineering Department at Kyungpook National University 

(Sangju, South Korea).   
His research interest includes vehicular and structural vibration control, hydraulic control 
system, energy harvesting: self-powered medical implants and self-powered structural health 
monitoring, micro actuators and sensors, adaptive structure technology, and smart structures for 
sustainable buildings. Much of his current research focuses on morphing systems using shape 
memory polymer and piezoelectric systems for actuators, resonators, sensors, or energy sources. 
He has published about 50 peer reviewed journal and conference articles and one book chapter. 
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Troy Peters 
Extension Irrigation Specialist/Associate Professor 
Biological Systems Engineering 

Dr. Troy Peters works for Washington State University and serves 
as the Extension Irrigation Specialist at the Irrigated Agriculture 
Research and Extension Center in Prosser, WA.  Troy received his 
Ph.D. in irrigation engineering from Utah State 
University.  Following graduation he worked at the USDA-
Agriculture Research Service Conservation and Production 
Research Laboratory in Bushland, TX for three years.  He has been 
with Washington State University for over 6 years.  He is also a 
certified agricultural irrigation specialist and is a licensed 
professional agricultural engineer. 
 

 

 Sindhuja Sankaran, Ph.D. 
Assistant Professor 
Biological Systems Engineering 

Dr. Sankaran works in the Biological Systems Engineering 
Agricultural Automation Engineering research emphasis area. Her 
research focus is on sensor technologies for crop phenotype 
monitoring to support plant breeding, crop plant research and 
precision agriculture applications. Her work involves development 
of opto-electronic and chemical sensor technologies for non-
invasive, rapid and continuous monitoring of plant health. 

 

 
 
 
Li Tan 
Assistant Professor 
School of Electrical Engineering and Computer Science 
WSU Tri Cities 

Dr. Li Tan is an Assistant Professor in School of Electrical 
Engineering and Computer Science, and also on an affiliate 
assignment from CPAAS.  He received his Ph.D. degree in Computer 
Science from State University of New York at Stony Brook in 2002. 
He also has a M.S. degree in Computer Science (1999) from State 
University of New York Stony Brook, a M.S. degree in Computer 
Science (1997) and a B.S. Degree in Physics (1992) from Fudan 
University in China. Prior to his arrival at WSU in 2007, Dr. Li Tan 

was a research engineer at Mathworks, Inc. from 2004, and before that, a research associate and 
Postdoctoral fellow in the University of Pennsylvania. Dr. Li Tan's research interests include 
software testing and verification, dynamic system modeling and analysis, logistic system modeling 
and analysis, and decision support for precision farming. He published more than 30 articles on 
journals and peer-reviewed conference proceedings. He is currently directing the Center for 
Experimental Software Engineering at Washington State University, TriCities. 
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Matthew E. Taylor 
Assistant Professor 
School of Electrical Engineering and Computer Science 

Matthew E. Taylor graduated magna cum laude with a double 
major in computer science and physics from Amherst College in 
2001. After working for two years as a software developer, he 
began his Ph.D. work at the University of Texas at Austin with an 
MCD fellowship from the College of Natural Sciences. He 
received his doctorate from the Department of Computer Sciences 
in the summer of 2008, supervised by Peter Stone. Matt then 
completed a two year postdoctoral research position at the 
University of Southern California with Milind Tambe and spent 
2.5 years as an assistant professor at Lafayette College in the 

computer science department. He is currently an assistant professor at Washington State 
University in the School of Electrical Engineering and Computer Science, holding the Allred 
Distinguished Professorship in Artificial Intelligence, and is a recipient of the National Science 
Foundation CAREER award. Current research interests include intelligent agents, multi-agent 
systems, reinforcement learning, transfer learning, and robotics. 
 

 
Dr. Matthew Whiting 
Associate Professor/Scientist and Extension Specialist 
Department of Horticulture 
Executive Board Member CPAAS 

Dr. Matthew Whiting is an Associate Professor/Scientist and 
Extension Specialist in the Department of Horticulture and 
Landscape Architecture.  He received his Ph.D. degree from 
Washington State University in 2001, his M.S. and B.Sc. 
degrees from the University of Guelph in Canada in 1998 and 
1996, respectively.  Dr. Whiting leads the stone fruit 

physiology program that addresses the key horticultural and physiological issues facing the 
industry.  Dr. Whiting’s research efforts are leading the integration of mechanization and 
automation in tree fruit through the development of planar orchard systems that are productive, 
precocious, profitable, and sustainable. Since 2002, Dr. Whiting has published over 60 peer-
reviewed journal articles, garnered $6M+ in grant funding, and given invited presentations around 
the globe. 
 

 

 

 

 
 
 
 
 

CPAAS External Advisory Board: Keith Oliver, Richard Fenske, Gary Snyder, Scott Williams, 
Ruben Canales, Scott Korthius. Not shown are Walt Hough and Al Robison 

CPAAS Support 
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Robert Dickson 
Information Systems Coordinator 
 
Robert grew up in Seattle and graduated from the University of 
Washington with a degree in Political Science.  His passion for 
computer technology led him to own and operate a small business in 
computer retail sales and service in Kennewick, WA for a number of 
years.  Most recently Robert worked at Pacific Northwest National 
Laboratory in Richland, WA supporting IT in Information 
Management Services. Robert has a passion for technology and 
loves working within the research community. 
 

.  

 
     Patrick Scharf 
     Engineering Technician III 

 
Patrick earned his B.S. in Animal Science from the University of 
Wisconsin-Madison in 1999.  Scharf is currently working toward a 
Masters in Biological and Agricultural Engineering, here at WSU.  
Scharf’s role at CPAAS includes management of facilities, research 
project management, project design consulting, project fabrication, 
safety coordination, shop manager, vehicle management, and 
providing assistance with administrative issues as they pertain to his 
activities.  Scharf is also a coauthor on CPAAS publications and a 
listed contributor on invention disclosures to which he has made a      
significant contribution. 

 
 
 
 

     Linda Root 
Finance Budget Manager 
 
Linda came to WSU in 2006 with of seventeen years of experience 
in small business management.  She helped facilitate the spin-off of 
AgWeatherNet and has been working to assist the growth of 
CPAAS. She has an AA degree in Business Administration from 
Columbia Basin College and performs functions in Center finance 
management, grant management, purchasing, travel, event planning 
as well as principal assistant to the Director.  
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Student Interns 

 
  

Visiting Scholars 

WSU International Programs at CPAAS 

Many of today's pressing global challenges (such as food, environmental, energy and water security) 

align with WSU's strengths and expertise. Solutions to these complex challenges require 

interdisciplinary and international cooperation. 

Global engagement is essential to the mission of the University for achieving a world-class 

environment for research, scholarship, education, the arts, and engagement. Through international 

Memoranda of Understanding (MOUs) and International Agreements (IAs), the University fosters a 

network of students, alumni, teaching, and research colleagues and leaders with experiences, links, 

and commitments to share in the development of activities beneficial to the University, the state of 

Washington, and the world. 

 

Youchun Ding Yunhua Jia Aiping Zhao Long Yu Zuoxi Zhao 

Maimunah Mohd Ali Norsuhailzah Sazali Chin Nee Vong 

In 2013, three agricultural engineering undergraduate students from University Putra Malaysia were 
hosted at CPAAS for 10 weeks from June to Sep. The students got first hand research experience in 
various projects including cherry and apple harvesting, apple crop load estimation and solid set 
canopy application systems. 
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Post-Doctoral 
Research  
Associates 

 

Graduate  
Students 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shaochun Ma Peter Ako Larbi 

Meng Wang Ajay Sharda 

Suraj Amatya 

Yiannis Ampatzidis 

Mark De Kleine XaioleiDeng Aleana Gongal 

Long He 

Lei Li Yasin Osroosh Patrick Scharf 

Junhua Tong Yunxiang Ye Jingjin Zhang Jianfeng Zhou 
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Agricultural Automation 
And 

Engineering Club 
  

OFFICERS 

MARK DE KLEINE- PRESIDENT 

SURAJ AMATYA- VICE PRESIDENT 

ALEANA GONGAL- TREASURER 

YUNXIANG YE- SECRETARY 

 

MEMBERS 

GOLNAZ BADR 

YASIN OSROOSH 

PATRICK SCHARF 

JINGJIN ZHANG 

DIANA ZAPATA 

JIANFENG ZHOU 

HOSSEIN SADEGHI 

OUR MISSIONS: 

THE AGRICULTURAL AUTOMATION AND 
ENGINEERING CLUB IS FOR 0GRADUATE STUDENTS 
WHO HAVE A PASSION FOR AGRICULTURE AND 
ENGINEERING;  

WE FOCUS ON ENGINEERING SOLUTIONS FOR 
BIOLOGICAL SYSTEMS; 

OUR LIVES ARE AGRICULTURALLY INSPIRED 

THROUGH ENGINEERING, FRIENDSHIP, AND 
ORGANIZATION. 
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CPAAS Productivity 2013 
 

 
(Summaries begin page 13) 

 

 
 
 
 
 

 
 
(Refereed Journal Citations begin page 21) 
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Project Summaries 

 
Precision Canopy and Water Management of Specialty Crops through 
Sensor-Based Decision Making 
Sponsor Agency: USDA NIFA (SCRI) 

Zhang*, Q; Whiting, M.D.; Tan, L.; Peters, R.T. (WSU Team) 

This project is a 
subcontract to a SCRI 
project with UC Davis as 
the leading institution.  
WSU team will contribute 
to all 9 objectives and will 
take critical roles in a few: 
we will refine the sensor system and perform the 
canopy PAR/shape assessment in tree fruit 
orchards ; and we will develop a research-grade 
sensing and mapping system to gather the data for each plant using multiple sensors to predict 
plant water status.  WSU Investigators will lead the development of a visualized decision support 
system to meet the decision support needs of growers, university researchers; and will be involved 
in the development and implementation of site-specific application of water and fertilizer using 
autonomous units.  Collaborating with external partners, we will also conduct studies on assessing 
social impacts of developed innovative technologies through collecting, analyzing and 
summarizing collected data. 
 
 
 
Automatic Algorithms for Precision Irrigation of Fuji Apple Trees in the 
Pacific Northwest 
Osroosh, Yasin; R. Troy Peters 
 
We have developed a theoretical model for the estimation of stomatal conductance, theoretical 

models for the estimation of actual and potential 
transpiration of apple trees, a theoretical Crop Water 
Stress Index and CWSI-based irrigation algorithm, 
and an analytical model for estimation of stem water 
potential. Canopy temperature measured through 
infrared thermometry provides a feedback to these 
models. To apply automatic irrigation algorithms, we 
also developed a central control system including a 
wireless sensor network, graphical user interface and 
required irrigation control algorithms. A total of seven 

irrigation scheduling methods were refined and evaluated.   
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A Total Systems Approach to Developing a Sustainable Stem-Free Sweet 
Cherry Production, Processing, and Marketing System 
Sponsor Agency: USDA NIFA (SCRI) 

Whiting*, M.D.; Zhang, Q.; Karkee, M., Dhingra, A.; Oraguzie, N.; Pierce, F.; Ross, C. (WSU 
Team) 

This research is part of a large multi-state, multi-
disciplinary research project funded by the USDA’s 
Specialty Crop Research Initiative (SCRI).  This four 
year project began in 2009.  The overall research goal is 
to develop a highly effective sweet cherry production, 
processing, and marketing system with effective research 
and outreach programs addressing the entire production 
chain.  Researchers are working closely with industry to 
solve the challenges of a declining labor supply.  The 
rationale behind this research project is clear:  to remain 
profitable and sustainable, the sweet cherry industry must 
improve harvest labor efficiency without reducing 
consumer appeal of fruit. Objectives are addressed in 
horticulture, genetics & genomics mechanical harvest technologies, packaging & consumer 
acceptance and economics. 
 

 

Development and Optimization of Solid-Set Canopy Delivery Systems for 
Resource-Efficient, Ecologically Sustainable Apple and Cherry Production 
Sponsor Agency: USDA NIFA (SCRI) 

Brunner*, J.; Zhang, Q.; Karkee, M.; Whiting, M.; Hanrahan, I.; Schmidt, T.; Xiao, C.-L.; 
Hoheisel, G.-A. (WSU Team) 
 
This project is a subcontract to a SCRI project with Michigan State University and co-directed by 
Dr. Brunner of WSU.  This project is performed a multidisciplinary research and extension team 

from three of the major fruit-producing states to develop, evaluate, 
and deliver resource-efficient, innovative management technologies 
and tactics for apple and cherry production systems.  It aims to 
establish innovative delivery technologies for canopy and orchard 
floor inputs (including high efficiency irrigation systems, precision-
activated micro-emitters, and reduced risk pesticides) to address 
critical fruit production needs as identified by commodity PMSPs 
and the Technology Roadmap for Tree Fruit Production. Direct 
outcomes of system implementation that will be analyzed include: 
economic and agro ecosystem impacts. Sociological research will 
focus on how these integrated technologies impact urban-farm 
relations, barriers to grower adoption, and how these factors can 
inform better extension and educational programmatic efforts. 
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Conversion of High-Yield Tropical Biomass into Sustainable Biofuels  
Sponsor Agency: USDA NIFA (BRDI) 

Zhang*, Q.; Karkee, M. (WSU Team) 

In this project, we are 
undertaking tasks of 
improving harvesting 
mechanisms for effective and 
efficient harvesting of tropical 
crops for biomass. The target 
crops are sugar cane, energy 
cane, sweet sorghum, and 
Napier grass. We have been 
perform laboratory simulation 
studies to identify limitations 

of current cutting and feeding mechanisms. At the same time, we carried out field evaluation of 
existing machine to collect baseline machine performance data in Hawaii sugarcane fields. Based 
on the knowledge acquired from the field and lab tests, we will improve and optimize cutting and 
feeding mechanism for tropical biomass harvesting. Improved mechanisms will be evaluated in 
the field in Hawaii.  
 
 
Integrated Systems Research and Development in Automation and Sensors 
for Sustainability of Specialty Crops 
Sponsor Agency: USDA NIFA (REEIS) 

Zhang*, Q.; Tang, J.; Sablani, S.S.; Lewis, K.M.; Karkee, M. 

Specialty crop producers have a need for 
automated production and post-harvest 
equipment.  Aiming at filling this need by 
providing required research and 
development for such equipment, this 
project adapts biological concepts 
associated with specialty crop production, 
harvest, and postharvest handling into 
quantifiable parameters that can be sensed, 
develops sensors and sensing systems that 
can measure and interpret the parameters, 
and enhances the design and evaluation of 
automation systems that incorporate varying degrees of mechanization and sensors to assist 
specialty crop industries with labor, management decisions, and reduction of production costs.  
The success of the project will be measured by the number of prototypes the participants develop, 
patents they file, and assistance they provide to industry in the process of developing commercial 
products.  
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Human machine collaboration for automated harvesting of tree fruit  
Sponsor Agency: NSF-USDA-NRI 

Karkee, M.*; Lewis, K.; Mo, Changki; Zhang, Q. 

Harvest is the most labor-intensive operation in apple 
and pear orchards, requiring heavy utilization of 
seasonal labor. The development of robotic 
technology for harvesting tree fruit has achieved only 
limited success due to insufficient speed and accuracy 
of fruit recognition and removal. Lack of such 
technology is a crucial problem for the long-term 
sustainability of the domestic tree fruit industry 
because the cost of labor continues to increase and the 
availability of a semi-skilled labor force is becoming 
increasingly uncertain. The long-term goal of this 
work is to reduce dependency on human labor through 
mechanization and human-machine collaboration 
while increasing yields of premium quality fruit. The 
overall objective is to develop a framework for 

knowledge transfer and collaboration between human and machine. This objective will be 
achieved through the understanding of the dynamics of the hand picking of fruit, development of 
an effective end-effector based on the knowledge of hand picking, and a framework of hardware 
and software for optimal collaboration between human and machine for fruit identification. A 
trans-disciplinary team of experts is involved in this project, which is crucial for the successful 
completion of these activities. This project was initiated in fall 2013; some progress was made in 
understanding fruit removal dynamics and fruit identification areas over the past several months. 
 
 
 
Multispectral Image Analyses of Potatoes under Different Nutrient 
Management with Center Pivot Irrigation  
Sponsor Agency: USDA ARS Prosser Vegetable and Forage Crop Research Unit 

Alva*, A.; Zhang, Q.; Karkee, M.  

 
This research project aims to investigate the feasibility of non-destructive estimation of nutritional 
status of potato canopy using multispectral imaging and prediction of tuber yield and quality 
response to variable nutrient management under pivot irrigation.  Spectral characteristics of 
vegetation are a quantitative measure and can offer a non-destructive method to assess crop 
nutrition; biomass production; yield and quality of crop products. This type of sensing technology 
has been successfully developed for detecting nitrogen 
stress in agronomic crops, but little research has been 
reported on effectively and accurately measuring the 
nutritional status of potato plants in irrigated 
production systems using multispectral images.  This 
project will modify the technology to potato production 
under center pivot irrigation.  Furthermore, 
multispectral image sensing can be an efficient tool of 
non-destructive evaluation of potential non-uniformity 
in water distribution in center pivot irrigation system.  

 
 

16 
 



 

 
Systems Approach to Superior Pear Fruit Quality 
Sponsor Agency: NW Pear Bureau 

Dhingra*, A.; Evans, K.; Sablani, S.; Zhang, Q.; Ross, C. 

This project uses a systems approach to establishing pear-
specific knowledgebase.  In the past recommendations for 
improving pear production, processing and packaging 
have heavily relied on systems established for apple. 
However, pears are not apples, and there is an urgent need 
to reevaluate our approach in how to develop pear-
specific solutions for production, post-harvest and 
processing stages. We plan to utilize this project as a 
platform to successfully compete for federal USDA-SCRI 
grant.  The specific objectives of this proposal include: to evaluate and devise efficient orchard 
systems that are amenable to mechanized pruning and harvest using labor assist platforms; to 
assess the effectiveness of vigor-retarding chemicals like Apogee and Treehold by understanding 
the underlying gene function; to test the role of cuticle as it relates to fruit quality using 
microscopy; and to evaluate alternative fruit sanitization platforms like UV or gamma rays in lab 
settings.  
 
 
 
3D Machine Vision for Improved Apple Crop Load Estimation 
Sponsor Agency: WTFRC 

Karkee*, M.; Zhang, Q.; Lewis, K.M. 

Accurate estimation of apple cropload is essential for efficient orchard management. In this work, 
we designed an over the row platform to capture images from two side of apple canopies to 

minimize the occlusions and improve the accuracy of cropload 
estimation. A color camera, a 3D camera and a orientation sensor were 
mounted in the sensor platform and moved down apple rows in three 
different commercial orchards of Allan Bros. Inc., Prosser, WA. 
Overall, the images of apples trees were successfully captured from 
both sides of the row using this platform. Taking images from dual 
sides showed to be fruitful as more apples were identified which were 
occluded when viewed from a single side. A apple identification 
algorithm and a 3D mapping algorithm was used to count apples while 
avoiding duplicate counting of apples that were visible from both sides 
of tree canopies. Crop load estimation imporved by approximately 
20% when imaged from two sides compared to that with single-side 

imaging. Increased accuracy of crop load estimation on a block by block basis would lead to 
increased efficiencies, a higher level of risk management and increased profitability. 
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Intelligent Bin-Dog System 
for Tree Fruit Production 
Sponsor Agency: WTFRC 

Zhang*, Q.; Lewis, K.M.; He, L. 

The tree fruit industry needs 
technological innovations which can 
assist growers in maintaining a 
competitive position in the global 
marketplace.  High labor demand, 
associated costs and rigorous 
regulations, requires the industry to 
adopt mechanical and/or automated 
approaches to solve production 
system challenges. This second phase project will be focused on developing a prototype of an 
actual “bin-dog” system capable of helping human pickers to achieve the goals of more efficient 
harvesting with better fruit quality, improved worksite safety and superior production and quality 
traceability.  The core capabilities of the “bin-dog” include (1) carrying one fruit bin within the 
vicinity of picker harvesting zone; and (2) traveling within typical WA tree fruit orchards.   

 
 
 
 
Developing Apple Harvesting Techniques 
Sponsor Agency: WTFRC 

Karkee, M.*; De Kleine, M.; Lewis, K.M.; Zhang, Q.  

Fresh market apple harvesting is 
currently done using manual labor in all 
fruit growing regions in the world. 
Because the labor cost is increasing and 
labor availability is increasingly 
uncertain, mechanized harvesting 
solutions are critically important for the 
sustainability of apple industry. In this 
work, two concepts for fresh market 
apple harvesting were developed and 
tested for trellised orchards in 
Washington State. The harvesting 
technique uses bi-directional rotating 
rubber wheels, and a shaking 

mechanism to detach apples from a fruiting wall trellised-branch. Rotation was varied between 
clockwise and counter-clockwise directions. Shaking was achieved to apply patterned and linear 
signal to the branches. Prototype machines were developed and evaluated in WA orchards. 
Performance of different techniques depended on apple varieties. 
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Red Raspberry trellising demonstration plot for development of automation  
technologies 
Sponsor Agency: WRRC 

Karkee, M.*; Tarara, J. 

Cane management in red raspberry 
production is highly labor intensive. Labor 
availability is uncertain at best and labor 
cost is increasing. Currently, Washington 
growers estimate the pruning and tying 
cost in red-raspberry production to be from 
$500 to $800 per acre. In addition, labor is 
at risk for chronic and acute injury. 
Mechanization has the potential to 
substantially reduce labor use from cane 
management. Through this project, we 
established a red raspberry plot in Prosser, 
WA and collected preliminary data with 
different horticultural systems established 
in Mt. Vernon, WA. Further evaluations of different types cane management techniques will be 
carried out to identify mechanization friendly system for pruning and tying while maintaining or 
improving fruit quality and yield.  
 
 
 
Intelligent Agricultural Systems for Specialty Crop Production 
Sponsor Agency: WSU ARC (Hatch) 

Zhang*, Q.; Karkee, M. 

The recent advancement of intelligent agricultural equipment (IAE) technology has made such 
equipment practical and applicable for agronomic crop production.  However, there are still many 
special challenges to be solved before the technology can be practically applied to specialty crop 
production.  The primary focus of this project is to remove such challenges to make IAE 

technology practical and applicable 
for specialty crops production.  
Specific objectives of this project 
are to develop mechanization and 
robotic solutions for production of 
a wide range of specialty crops, 
including, but not limited to, fruits 
and vegetables, hops, grapes and 
berries, and nursery crops; to find 
automated solutions for 
disease/pest monitoring, scouting 

and controlling in specialty crop production; to develop core technologies for computer-aided 
worksite management, from data collection and analysis to decision-making support; and to create 
effective methods for demonstrating and delivering the research outcomes to the stakeholders. 
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Field Phenomics Platform Development 
Sponsor Agency: WSU, ARC 

Pumphrey*, M.; Brown, D.; Carter, A.; Garland-Campbell, K.; Hulbert, S.; Knowles, R.; Steber, 
C.; Zhang, Q. 

This project is to develop a field research platform and conduct 
preliminarily tests based on an automatically navigated and steered 
agricultural tractor.  Field-based sensor and imaging devices will be 
mounted on the platform to efficiently collect data related to crop 
productivity, input-efficiency, and health while simultaneously 
applying methods to determine and account for spatial variation due to 
soil heterogeneity.  This automated field research platform, with state-
of-the-art imaging, sensing, and positioning/guidance systems, will be 
capable of rapid, in situ, assessment of crop nutrient and water status, 
crop health, vigor and productivity, and other important characteristics. 

 

Modelling fruit surface temperature dynamics for automate fruit evaporative 
cooling 
Sponsor Agency: CPAAS 
Li, L.; Peters, T; Zhang, Q 

Sunburn of fruit surfaces exposed to direct 
sunlight is a major economic problem of 
marketing fresh apples. The aim of this work is to 
develop and test a model for simulating fruit 
surface temperature based on climate data. This 
model would take into account the effect of 
different sun exposures and leaf shading. Fruit 
surface temperature in orchard was monitored by 
infrared camera. Climate data (air temperature, humidity, solar radiation and so on) were 
measured. The model was developed based on an energy balance as well as field data. The model 
described apple thermal behavior, improving upon the estimates usually made by only air 
temperature. It will define temperature and time thresholds necessary to automate a fruit 
evaporative cooling system. 
 
Evaluating Non-Newtonian Fluid-based Surface for Fruit Catching 
Sponsor Agency: WSU Faculty Start-Up Fund 
Karkee, M.*;De Kleine, M. 

Drop heights and fruit contact surfaces are important to engineers designing 
machinery and processing equipment. In this study, various drop tests were 
conducted using an instrumented sphere, peaches, pears, and apples. The 
instrumented sphere was dropped on three surfaces: a tiled floor, a human hand, 
and a non-Newtonian shear-thickening surface composed of cornstarch and 
water. For use as a damage boundary in harvesting and handling procedures, a 
shear-thickening non-Newtonian fluid surface can limit acceleration and velocity 

of moving fruits. Reducing the impact forces will reduce the bruise rates during handling. 
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Machine Vision System Development for Shake and Catch Cherry 
Harvesting 
Sponsor Agency: CPAAS  
Amatya, S.; Karkee, M. 

This project is aimed at identifying branches of 
cherry trees for harvesting cherries using 
mechanical limb shakers. Automation in cherry 
harvesting using mechanical shakers requires 
sensors that can guide robotic arm to the branches. 
The machine vision system will help to identify 
branches for locating shaking points. Color cameras 
are used to acquire images of cherry trees. Image 
processing techniques are used to segment branches 
from the background. Processing images captured 
from different cameras by single algorithm is 

challenging due to variation in camera parameters. Therefore, branch identification was done with 
images captured from a single camera. In the future, the algorithm to identify cherry branches will 
be further improved. 
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Significant Research and Development Accomplishments to Date 

1. Smart sprayer  
Investigators: Francis J. Pierce, Feng Kang, Patrick Scharf, Qin Zhang  
This device is developed for practicing barrier application for cutworm control and 
chemical control of suckers in vineyards and high density tree fruit orchards.  It applies a 
target recognition system detect plant trunks and control a multi-nozzle spraying system 
rapidly and precisely applying chemicals to obtain an adequate coverage on plant trunks. 
Spray efficiency tests showed that targeted applications applied higher application 
densities at <10% of the spray volume than commercial applications with about 65-70% 
of the spray hitting the target under the environmental conditions tested. The trailer 
targeted sprayer for cutworm control performed well and would greatly reduce 
insecticide application costs and open up opportunities for alternative control products 
that are more desirable but prohibitively expensive in larger application volumes used in 
conventional application systems. 
Contact: Qin Zhang (qinzhang @wsu.edu, or 509-786-9360) if interested in adopting or 
transferring this technology. 

2. Precision, site-specific irrigation control of an apple orchard 
Investigators: Troy Peters, Yasin Osroosh, Qin Zhang 
This allows for site-specific and individual automatic control of various areas of an 
orchard.  Various types of data is collected from each sub-plot within the block including 
soil moisture, air temperature, and canopy temperature.  This data is reported back to a 
central control computer which analyzes the data, makes irrigation decisions, then 
automatically opens and closes irrigation control solenoid valves to optimally manage the 
irrigation for each sub-plot within the block.  This setup is currently being used to test 
various irrigation automation algorithms. 
Contact: Troy Peters (troy_peters@wsu.edu, or 509-786-9247) if interested in adopting 
or transferring this technology 

3. Labor Management System 
Investigators: Matthew Whiting, Yiannis Amatpadis, Li Tan 
We have developed a real-time labor monitoring system with the ability to track and 
record individual picker rate/productivity during manual harvest of specialty crops. This 
system utilizes existing commercial harvest equipment and integrates a digital weighing 
scale, RFID reader, computational unit, and cloud-based software for visualization. As 
fruit is dumped into a standard collection bin, the system can read simultaneously a 
picker’s ID (RFID tag) and measure the weight of fruit. This system shows potential to 
improve the accuracy of picker reimbursement, fruit handling logistics, and decision 
making in the orchard. 

4. Hand-Held Fruit Trees Mechanical Blossom Thinner 
Investigators: Qin Zhang, Karen Lewis, Meng Wang 
This device can be used to thin fruit tree blossom of, including but not limited to 
Cherry, Apple, Pear and Apricot with minor modification of the thinning head 
configuration.  It improves thinning efficiency, reduces labor cost and improves 
fruit quality illustrated by trials conducted in orchards in Washington, Oregon, 
Pennsylvania in US, as well in Chile.. 
Contact: Qin Zhang (qinzhang @wsu.edu, or 509-786-9360) if interested in 
adopting or transferring this technology. 
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5. Knot-Tying Robotic End-effecter for High-Trellis Top Twining 
Investigators: Qin Zhang, Long He, Henry Charvet 
Twining is a labor intense task in high-trellis hop production. This robotic knot-
tying end-effector was developed to perform automatic knot-. Conceptual 
validation tests proved that the invented knot-tying end-effector could 
successfully tie clove hitch knots satisfactorily on trellis wires. 
This technology is developed under private funding support, and is not available for 
technology transfer. 

6. A Remotely Controlled Bin-dog for In-orchard Bin Handling 
Investigators: Qin Zhang, Long He, Yunxiang Ye, Karen Lewis  
This is a remotely controllable self-propelled bin handling platform 
implementable in typical Washington tree fruit orchards. It is capable of traveling 
in typical WA/OR tree fruit orchards; and (2) capable of placing an empty bin at 
target locations in the row to support efficient picking and transporting a full bin 
to the designated bin landing area. The developed prototype-one could 
accomplish the designated functionalities based on the tested results in both off-
field environment and orchard environment in 2012 harvest season. 
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