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Nondestructive quality assessment and grading of fruits and vegetables

Project Plan summary

deployment of appropriate nondestructive
production efficiency, product quality, and

Production cost and pastharvest quality are major concems for LS. specialty crop industides. D

quality grading and fracing technologies for harvesting and postharvest handling has great potel
thus profitsbility for the specially crép industries. Recent research has demonstrated that optical
eﬁectlve means for nondesteuctive properfy and quality assessment of horllcullural and food produ

postharvest handling, Specifically, innovalive optical sensing melhods and {echniqus
internal qualify/maturity of fruits and vegelables, New, cost effeclive, automated sarltn
harvesling, sorling and grading apples in the orchard. The research objeclives w
characterization and sensors and algosithms development, and through crea
arid computer, coupled with advanced mathematical and stalistical data p
fram the research wlil enable growers and packers/processors 1o mare efligie afigge harvestand postharvest operations so as lo achleve production
cost savings, enhance praduct markatabiiity, and reduce postharvestproduetis v

eloped and transferced fo frult growers for
g a systems approach of integrating properly
owledge and technology in imaging, spectrascopy

Froject Plan objective

The overall goal of the rese i ew methods and technologies for accurate and

postharvest handling, s
cost and postharves
systems approach

alty crop growers and processors reduce production
ure high quality, consistent products for the consumer. A
nsors devélopment, properties characterization, and
algorithms developmeft |Il bg applied to attain the following specific objeclives:

Objective 1: Enable newggandmercial imaging and spectroscopic methods to determine fruit
and vegetable internal quality and maturity.

Objective 2: Enable new, economical, accurate, automated, in-orchard methods for
commercial apple quality tracing and grading.

- Name(s) and contact information of member(s) on Project Plan Team

Renfu Lu

524 S. Shaw Lane, Room 224

Michigan State University

East Lansing, M| 48824

Phone: 517-432-8062; email: renfu.lu@ars.usda.gov




* A brief description of the stage of development of the research and/or technology

We have developed a cost-effective and cony ialfy viable technology for apple harvesling and automatic sorting in the orchard. We have designed, and are in the final
stage of assembling, the first commercia! self-propelled apple harvest and automatic sorting pratolype, which incarporates the harvest aid function with our naw,
innovative, and cost-sffectiva computer vision-based technology for automatically sorting and grading apples into two ar three quality grades (l.e., cull, processing, or
fresh). ‘The sorting system is modularly designed for easy mounling or adaptation to the self-propelled apple harvest platform designed by cur team and other commaerclal
harvast platiorms, We have also designed and assembled a new apple bin handling system for automatic, continuous handling of emply and fuli bins withoui causing
disruption to the harvast crew, thus significantly Improving the overall harvesting eperation efficiency. Finally, we have established a format cooperative agreement with
Pracise Manutacturing, Inc., @ horlicultural equipment manufacturer in Michigan, to expedite the development and transfer of aur lechnology ta the U.S. apple industry.
‘The self-propelied apple harvesi and automatic infield sorting prototype will be teady for demonstration and evaluation in a commerclal orchard during the 2016 harvast
SBESCN. .

= A brief description on how the requested funding will enhance the commercial potential of an
- agricultural solution currently under development in the Project Plan and/or enable the adoption
of the Project Plan’s research outcomes by lndustry, academia and other stakeholders.

I

The requested funding will be used for further improvement, test and evaluation of the commercial apple harvest
and automatic sorting prototype to better meet the needs of the U.S. apple industry and expedite the fransfer of
the technology for commercial use. We intend fo use the funding: 1) to improve the usability and reliability of the
computer vision-based sorting system that has been developed by our research team, and 2) to test and evaluate
the new commercial prototype under different orchard structures for a varieiy of apple cullivars. Although the
developed apple grading and sorting system can meet the basic require ts of grading and sorting apples in the
orchard, it needs further improvement in its user-interfacing functions
commercial orchard environment. Specifically, improvements will be
program so that it would require as little time and effott as possible from’
system. Moreover, because the sorting system will be operat

puter vision-based sorting
orkers to operate the
arsh orchard environment, it

would be vulnerable to a number of environméntal and operati ~ temperature, humidity, dust,
vibration, steep slope, etc.). Hence, it is important that one for the apple harvest and sorting
machine operated under various orchard conditions fa vars in order to more fully evaluate the
performance of the new machine for harvesting and ples. This step is critical for the adoption of the

= A brief deseription of the regulatory i propetty considéraﬁohs_to adopt research
oufcomes.

ee invention disclosures, which include: 1) Docket No.70.16,
g apples in the orchard," 2) Dockel No. 141,16, entitled
automatic infield sorting," and 3) Docket No. 142.16, entitled
"Apple harvesting system.” Thednvention disclosure No. 70.16 has been approved by the ARS
Mechanical and Measure atent Committee in March 20186, while the other two invention
disclosures are pending on review by the Committee at its June meeting. The three inventions are
co-owned by ARS and Precise Manufacturing, Inc., a commercial pariner for the research project.

| entitled "Device and
"Systems for apple h

= A brief description of whether the project is composed of a team with cross-functional expertise
across mulfiple national programs, areas of science, geographtc areas, andfor members from
other research organizations or companies.

The project involves a team of members with mutti-disciplinary expertise In blosystems and agricultural engineering, imaging and electronic
engineering, and haoriiculiture, We are currently parinering with Precise Manufaciuring, Inc. in Michigan to commercialize the developed technology.
An advisory committee was formed for the project In 2015, which conslsts of six members representirig apple growers, extension specialists,
packinghouse and equipment manufacturer. Since 2015, the advisory commitlee has met with the research team ai least five times {o review and
discuss the progress of the project and provide inpuis and suggestions on the overall direction of the project. The project team is also collaborating
with researchers and exlension specialists at Mickigan State University and Washington State University's Center for Automated and Praciston
Agricultural Systems for testing and evaluating the apple harvest and sorting iachine in cormimercial orchards in Michigan and Washington, twa
leading apple producing states in the .S,
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