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Dr. Stavros George Vougioukas as Director of the Bio-Automation Lab, | conduct research in the
areas of mechanization and automation for specialty crops, with a strong focus on agricultural
robotics, and harvesting. Research topics include, but are not restricted to: Novel robotic and
mass harvesting systems fruit harvesters; Human-robot interaction during harvesting; In-field
traffic and logistics for agricultural machines; Sensor-based autonomous navigation for

agricultural vehicles.

QUALIFICATIONS

B Ph.D. Rensselaer Polytechnic Institute, Troy, NY, USA; Department of Electrical,
Computers and Systems Engineering; August 1995.
B M.Sc. State University of New York at Buffalo, NY, USA; Department of Electrical and

Computer Engineering; May 1991.

PROFESSIONAL EXPERIENCE
B 2016 - Today Associate Professor, University of California, Davis, Biological &
Agricultural Engineering Davis
B 2012 - 2015 Assistant Professor, University of California, Davis, Biological & Agricultural
Engineering Dept.
B 2011 -2011 Visiting Associate Professor, University of Aarhus, Denmark, Biosystems
Engineering Dept.
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Robotics for Smart Agriculture:
State-of-the-art and Future Directions

Stavros G. Vougioukas

Associate Professor
Director Bio-Automation Lab
) LUCDAVIS

L) BIOLOGICAL ann AGRICULTURAL
sl ENGINEERING

2019 International Conference on Smart Agriculture and Food Safety Management, Taiwan, R.O.C

Increasing press coverage i
for Agricultural Robots \
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Trend: Population growth

95% prediction intervals
o oo o Medium
— [istimates
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Population of the world: estimates, 1950-2015, and medium-variant
projection with 95 per cent prediction intervals, 2015-2100
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Source: United Nations, Department of Economic and Social Affairs, Population Division (2017).
World Population Prospects: The 2017 Revision. New York: United Nations.
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World Population Prospects: The 2017 Revision. New York: United Nations.
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Real GDP growth © TR,

MONETARY FUND

Annual percent change
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Trend: Increasing environmental impact

world population and fertilizer use
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AGRI-FOOD Chain i %

Challenge #1: Increase —~ -~ + -~
sustainably the supply of &/ 1000t
food, feed, fuel & fiber.

Trends: Aging farmer population
and farm labor shortage

U.S. Hired Farm Workers & Wage Rates
1910 - 2010

Average age of U.S. farmers

Average Age of Principal Operator (years)
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~ & Challenge #2: Address
#% farm labor shortages.

Coarvantional breeding

Virim resist

---------

......

The use of technology (e.g.,
%= robots, sensors, data,
J algorithms, cloud) to increase
' the output & efficiency of the
agri-food chain.

Coarvantional breeding

Virim resist
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“Smart Agriculture” i i

......

Breeding

¥
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Agricultural robotic technologies

* They offer automated sensing and actuation services.

* Intended primarily for implementing:
»Precision agriculture for crop production.
»Labor savings for crop production.
»High-throughput phenotyping for crop breedlng

* Applications in livestock and fish | S&&%
farming are not covered today.

Agricultural robot
types for crops

*Flying vehicles.
» Self-propelled ground vehicles.
«Smart implements.
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Agricultural robots - Sensors

* Robots use sensors to gather data;
e.g..
»GNSS.
»>LIDAR.
»2D and 3D Cameras.
>Therma| & multlspectral imaging.

Agricultural robots - Actuators

*Robots use actuators to interact W|th crops and
their environment. | |

*Mass delivery
»Spray, fertilize.

Mass removal
»Prune, sample, harvest.

*Energy delivery
»Heat, press, vacuum.
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Agricultural robots - Algorithms

 Use real-time algorithms to:

»Move/operate autonomously,
safely and reliably (navigation).

» Extract task-relevant information
from sensor data (estimation).

»Compute appropriate actions
(decision making & control).

Agricultural robot operations

Navigation
; Algorithm \
Sensor
» Data Crops,
Actuator Senso . 5 Environment
S rs . & Robot
Estimation » States
Algorithms
Decision \
f— making &

control
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Categories of Ag robot operations

*Sense-only; no actuation upon crops or
environment.
» Crop scouting and phenotyping.

Sense-only:
Crop imaging - scouting
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Populstion T Populstion 2

Sense-only: Phenotyping

» Breed productive and resilient plants.
* Anumbers ‘game’: try more combinations!
 Data collection and analysis are expensive & slow.

Sense-only: Phenotyping

* Robots can automate field data collection.

LemnaTec UC Davis

4
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Categories of Ag robot operations

*Sense only, and later, act selectively
»Prescription-based precision farming.

Sense; later, act selectively
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Categories of Ag robot operations

*Sense and act selectively, in real-time.
»On-the-go precision farming.
»Weeding, thinning.

»Harvesting fruits and vegetables.

Sense and act selectively, in real-time

»On-the-go precision farming
(Variable Rate Applications).
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Sense and act selectively,
in real-time

* Thinning and weeding
(commercial technologies).

Sense and act selectively, in real-time

»Harvesting fruits and vegetables
(prototype stage technologies).
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Sense and act selectively, in real-time

>»Human-robot collaboration. NRI: Robotic Harvest-Aiding Orchard Platforms

S. Vougioukas' (Pl), G. Kantor?, D. Slaughter?, F. Fathallah'

Carnegie
University of California, Davis “((‘| l(llrl—
2Carnegie Mellon University TT.

University

Challenges for Ag Robot Operations

Navigation
4 Algorithm | ¢
Data Crops,
Actuators Sensors Environment
. . & Robot
Estimation
. States
Algorithms
@ - | Decision making

& control
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NRI: Robotic Harvest-Aiding Orchard Platforms

S. Vougioukas' (Pl), G. Kantor?, D. Slaughter?, F. Fathallah'

1University of California, Davis
2Carnegie Mellon University
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Navigation with unreliable GNSS |

* Goal: Auto-guidance (e.g. in orchards),
with accuracy, safety and reliability.

* Challenges:

»Biological, horticultural & environmental variability.

»Presence of people, g
animals, obstacles, %
and other machines. F&S»

ttttttttt

Sensing

*Goal: Gather data relevant to crop
and environment properties, at high throughput.

-Challenges:
»Dynamic, harsh environmental conditions;
»Complicated plant structures limit sensing
(visibility);
»Large amounts of data (storage, transmission).
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Estimation of crop &
environment properties

* Goal: Estimate crop and environment properties,
from data, with accuracy and precision.

-Challenges:
»Complexity and variability of plant responses.
»Multiple causes can contribute toward a response.
»Large amounts of data and compute power.

Actuation

*Goal: Operate cost-effectively, with
high speed and success rate.

*Challenges:
»Plant tissues can be easily damaged.
»Large variability in physical properties of the
targeted plants or plant components.

»Limited machine accessibility due to plant
structure.
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Decision making

*Goal: Map crop and environment properties
into management actions that optimize
cultivation objectives.

-Challenges:

»Complexity and uncertainty in interactions of
crop Genetics, Environment and crop
Management (GxExM).

Possible Future Directions
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Teams of smaller robots

 The current trend:
* An alternative:

Teams of smaller robots

*Smaller robots may be affordable b
small farmers too.
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Systems approach for robotic crop production

ol

Engineering + Biology + Horticulture

: o

A

«Co-develop plants (breed, train) and robots
(design, program) to improve sensing and
actuation.

Introduce low-cost infrastructure to increase
safety and reliability of robot operations.

Data sharing among Ag robots

*Robots collect and share data - via the
cloud- from huge numbers of plants, at many
different locations, under widely ranging
environmental conditions and management
strategies.

*Big data can be used to:
» Calibrate models.
» Train estimation algorithms.
»Learn GxXExM interactions.
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New data paths in the Agri-food chain

Local decisions incorporate data
from other links of the
agri-food chain.

* Robots and sensors cnerate — and share large amounts of data, in
fields and the post-' arvest chain.

* Distributed softwar helps optimize the entir agri-food chain.
» Ag robots are the pi ‘sical components of 7= _yber-physical system.
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Thank you!
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