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Agricultural Research
Organization

The Research Arm of the Ministry of Agriculture

Vision Statement

Excellence in research and development for the
promotion of agriculture and the protection of the
environment
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PERSONNEL

200 Scientist (PhD)
~390 Research Assistants, Technicians
~140 Administration Staff
~240 Graduate Students
~ 40 Foreign Visiting Trainees

Funding

Government ~ 60%
Competitive granting agencies - 32%
Industry R & D projects - 8%
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Institute of Agricultural Engineering

* The only research organization in Israel whose activities
encompass a wide range of engineering and technological
topics relating to all aspects of agriculture.

 About 60 people, including 14 research scientists
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Improved Efficienc
Number of people fed by one farmer

f In 1955 15

In 2000 90

......

In 2015 400
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30%

15%

0%

Percent Of US Workforce in Agriculture, 1870 to

(http://www.thadw.us/agricultural-employment-since-/1870)
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Evolution of Productivity in
Agriculture and Other Sectors
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Industry 1.16
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Unstructured Environments
« Unknown a-priori

e Unpredictable

e Dynamic




T

Unstructured Environments

 The terrain, vegetation, landscape, visibility,
illumination and other atmospheric conditions
are not well defined; vary, have inherent

uncertainty, and generate unpredictable and
dynamic situations.
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Size
shape
color

texture

location
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Space

Industry | Under-water | Medical
Military
Env. + = + :
Objects + + = -

—
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e Livestock and aquaculture
* Grading and sorting
* Field crops and orchards

* Precision agriculture
e .. and many more

—

.. greenhouses
.. storage

.. consumers

.. etc.
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Computer vision technology for
automated lameness assessment

e What is lameness?

— ... deviation in gait and posture due to pain or
discomfort resulting from hoof and leg injuries and
diseases.
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2D RGB computer vision

 Lameness = deviation in gait and posture ...

» Recording of cow gait = after milking
fence/wall Topview!!

Milking
Robot

shed

Cow
Corridor 1m
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Camera

Feedlock fence ,
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2D Video preprocessing

C:ANotSynchrowideos\setup.avi

Points Of Interest
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XBOX 360




Algorithm flowchart

3D Video

Cow segmentation

Back detection

Back spine extraction

Curvature
parameters
extraction

Classification
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Algorithm flowchart

3D Video

Cow segmentation

Back detection

Back spine extraction

350
300 —~—
Curvature 250 200 oo Zi00 2
parameters Wigy 100 g5
. h(piXe[s)
extraction

Threshold on depth image

Classification
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Algorithm flowchart

3D Video

Cow segmentation

Back detection Pixel histogram along x-axis

Back spine extraction

Curvature
parameters
extraction

Classification

' _Mamm
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3D Video

Cow segmentation

Back detection

Back spine extraction

Curvature
parameters
extraction

Classification

Algorithm flowchart

Back spine extraction

IMVC



3D Video

Cow segmentation

Back detection 0
X 450 - i

2

2

g
Back spine extraction 2 350r i
260 i

Curvature
parameters 5 | | | | | |
extraction 0 100 200 300 400 500 600 700

Length (pixels)

Classification
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3D Video

Cow segmentation

Back detection

Back spine extraction

Curvature
parameters
extraction

Classification

lowchart

Not Lame
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Algorithm output

e Back Posture Measurement
BPM

Variables 61, 82, 63 and L1 extracted from the reconstructed back curvature of the cow.

Comparison of a three-
dimensional and two-
dimensional camera system
for automated measurement
of back posture in dairy
COWS

Computers and Electronics
in Agriculture Volume 100
2014 139 - 147

»
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“Algorithm Verification |

N = 744 Reference Live Score
(4x186)
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The Problem

* Manual
—Hard work
—Labor & Time consuming
* Subjective
—Technician
— Previously seen
COWS

IMVC 2815,



Machine Vision
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Cow contour:

Machine Vision

Interpolation 1000 points
Scaling to 0-1 range

5 anatomical points and 5 angels ¢ - ’

. — T M\ .
Horizontal and vertical distance /\/t oo\
1 dimension curve / \ RS ok " S
PCA Analysis | | 3
Fast Fourier transform o G | /f\ ' i\ﬂ(’\
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Fourier descriptors

0.75

o7} Slim cows (BCS < 2.5)

]

f

0.65 - ‘
Fat cows (BCS >3.5)/

vy
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0.55

0.5

0.45

0.4

Radial distance from object center to contour

0.35

[ [ [ [ [ [ [ [ [
0 100 200 300 400 500 600 700 800 900 1000
Contour index

Bercovich, Maltz et al., Halachmi, |

Journal of Dairy Science. 2013 ; 96(12):8047-59
; IMVC 2815,



DEVELOPMENT OF A'SELECTIVE Fl
HARVESTING SYSTEM FOR PONDS
OBJECTIVE

To develop a system for continuous, automatic
and selective live fish harvesting in ponds
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(Lt-Ls)/Lt~ 0.1
(Lt-Ls)/Dp<0.5

Tmin/Tmax ~ 1

Dp
"

\
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Tmin

7
, /7;(9*

(Lt-Ls)/Lt~ 0.4
(Lt-Ls)/Dp>0.5
Tmin/Tmax < 1

T < 1| S




Ornamental sh




Counting of fishlets

Digital Camera

Plate with fishlets
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evaluation

Detection of
diseases in
potatoes

i 1 H _NEame
Guy Shani, Lea Tsror, Victor Alchanatis, 2014 !M C EOIS, e



A

PotatoDiagnose

*Upload up 10 6 photos. Make sure:
~All photos are of the same potato.
«All photos have white background.
chek for image example

Upload from gallery Take photo
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e “ for mobile
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PotatoDiagnose

L]
*Upload up to 6 photos. Make sure: *Upload up to 6 photos. Make |
-Nlpmu:.toﬂ’nmm, ~Allphu::putolwtmpﬂ':o'. Detectlon Of
~All photos have white backgrownd. <Al photos have whito background.
click for image example ciick for image example
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On-line adaptive classifier

vy 1 -  Highlevel
Fruit Grading
Low level &
FENN 2 ﬂ;n '(B ?la?s.i%el-
Input: 4 , T Tinca mdat e A c =t
On-line clusterirg o' . Sf 1o
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ne pO p u I 31 i . Rule-based
selectiontn
FENN n —»
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Feedback

System
ition, 2012. 45 (7), pp. 2843-2853
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Evaluation of apple flowering inten

using color image processing for tree
specific thinning
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The process..

Process for
buds

Process for
flowers

Original picture

Thresholding

Geometrical

Zoom in on mask
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DEC'S'On Tree =~ CART Breiman et al., 1984

m For all features

Find feature threshold value that maximizes the
"splitting criterion”

deltaR < 0.0431373

= Among all features

R < 0.307543

Choose the one that

maximizes the
"splitting criterion”

0016452  0.15574

; IMVC 2815,




Judges Vote (~ Majority rule

= A customized CART variation, developed in this research
= A “Judge” is single level CART (root node only)

m Classification rule:

Judges Vote
Number of Judges

=

Vote (M) 121|123
Judges (N) |2 |12 |3 |3 |3 |4
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Obstacle detection in a greenhouse
environment using the Kinect sensor

COIWI liaye uvepin image
ot : 1240 |

Suspected
' Obstacle Map

Color and Texture <&
Classification
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Apparatus

* A robotic manipulator (MH5L, Motoma
* A custom-made end-effector.
e Sensory apparatus.

Multispectral
camera

Manipulator

Color camera

End-effector

Laser sensor

3
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Precision agriculture and remote sens

40.0°C
~ 40

[ 35

— 30

Vineyard, Upper Galilee, summer 2005 2 RNECPC LL
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e Blue cross shows
correctly detected
leak.

* Red crosses mark
other areas
suspected for
leaks

—

Automatic leak detection
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Data from

scouting
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X 10‘ 2_3 k=2

Index X y Type
268135.5 741497.6 Low
268139.7 741535.4Low
268141.5 741588.6 Low
268141.8 741593.8 Low

268146 741595.9 Low

268146 741560.9 Low
268147.1 741493 Low
268149.9 741595.6 Low
268151.3 741495.1 Low
10 268154.1 741595.2 Low
11 268154.1 741558.8 Low
12 268154.8 741529.8 Low
13 268157.9 741594.9 Low
14 268161.8 741594.5 Low
15 268162.8 741531.5Low
16 268165.6 741594.2 Low

7.4158

7.4156

7.4154

7.4152

O 00 N O Ul B WN -

7.415

7.4148

7.4146

7.4144

7.4142

26812 2.6814 2.6816 2.6818 2.682 26822 2.6824 26826 2.6828

x 10
Pixel nifo (268200 25, 741508 03) [243 24051 Dusplay range. [ |
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Detection accuracy of visible leaks
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Analysis of Thermal Images

Canopy segmentation (Matlab)

A watershed image processing algorithm was employed to the
thermal image to outline the palms canopy.

I1500
= -11000
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Maps of irrigation status
based on temperature, for
each site. The dashed
1 borders delineate sub-plots

« irrigated with 100% of the
@\ recommended amount (sp-
=== 100%); the continuous

borders delineate those

under 20% deficit irrigation

(sp-20%).
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LWP Map in
Givat-Brener Field (11/08/13)

Algorithms for
delineation of
uniform
management
zones

LWP
. >14

= = 0 80100 200 300 400
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Detection of weeds in high
resolution images

* RGB images from UAV (Unmanned Aerial
Vehicle) or ground vehicles (tractors)

* High resolution images.
© 0O 6

© §@| @ H0
= = =
@ © l ® =
‘f ® ®
® @ @ @ Fig. 26 f.'m‘;!rsaa'}g:o?é_;; gzg;fgrg;a/ z'ffeequ.' ped with
|
-/,
Fig. 27 — Chemical injection system !vag E% |5 A




Mechanical within-row weed control for
transplanted crops using computer
vision
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Mechanical within-row weed control for
transplanted crops using computer
vision

LCamer IEEE 1393 P
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Classification of crops and weeds
extracted by active shape models
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Vision-based approach to differential
spraying in precision agriculture

Lo not
spray

Original image Segmentation  Cell extractor

= o

< S = o=
- ) %ﬁ T | ¥\ Decision
- on-line
off-line H [ \

Knowledge
Base .
(KB) B

‘\\\

x
Mwlture, Volume 60, Issue 2, 2008, 144 - 155 IMVC 2815,
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Vision-based approach to differe
spraying in precision agriculture
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lmage acquisition

* Navigation of tetracopter

— Autonomous navigation
and acquisition

— Height: 88m
* High resolution color

camera.

* Canon EOS Kiss X4, 5184 x
3456 pixels, exposure:
1/1000, f/7.1, 1SO 200

* No mosaicking

; IMVC'2@I5,




Image resolution:
1cm/pixel

Image area: 50 x 35 m

*

MVC'2@I5, «




1- clean
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Classification

Questionable
Object
< Norm A > Norm

l Size

Out Of Proximity

Proximity In ran to Small
to Large range In Norm Object
Object
In
Out O range

range
Broad Leaf ) —>C C.r Weed )(—
; IMVC'2@I5,
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Classified Image

BGI

C. rotundus-
Single

C. rotundus-
Cluster
Broadleaved
Weeds

EGI

MEGI

Cotton -Single




Wz

Number of narrow leaf
weeds per Image.

Area of narrow leaf weeds per image.
Number of broad leaf weeds per Image.

Area of broad leaf weeds per image.
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Wz

f eed Ma - Alonim 2 C.r. area .

Number of narrow leaf weeds per Image.

Area of narrow leaf weeds
per image.

Number of broad leaf weeds per Image.

Area of broad leaf weeds per image.
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Wz

Number of narrow leaf weeds per Image.

Area of narrow leaf weeds per image.

Number of broad leaf
weeds per Image.

Area of broad leaf weeds per image.

IMVC'2@I5, i



Wz

f eed Ma - Alonim 2.2 bI area .

Number of narrow leaf weeds per Image.
Area of narrow leaf weeds per image.

Number of broad leaf weeds per Image.

Area of broad leaf weeds
per image.

IMVC'2@I5, i



Summary

Machine vision gets increasing attention in
agricultural applications

* Livestock and aquaculture
— Precision Livestock Farming — PLF

* Produce sorting and grading

* Precision Agriculture — PA
— High resolution images

; IMVC 2815,



Thank you!
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