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Bl Food security I
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Bl Traditional farming I

» Uncertain productivity due to weather, pests, and diseases
« Still high labor-intensive in field inspection
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Bl Technologies I
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Bl Motivation and objective GG

Motivation: Field inspection is highly labor-intensive

Developing automatic field inspection approaches

Crop growth monitoring Livestock monitoring

Production estimation Disease sensing

Greenhouse management

Goal: Reduce labor and increase product quality

A National Taiwan University
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Ml Application

Fish Species
Recognition

Leaf Species

SPRERY  centification ntelligence y ol Monitoring

Behavior

Greenhouse

Crop Growth
Monitoring
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Growth Monitoring of Lettuce Through Deep

Learning
NARESEERESEFRBE
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Il Production history of vegetables I

*Vegetable is essential in human diet

*Inadequate vegetable consumption attributed to
3.4 million deaths in 2013
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Bl The use of greenhouses NG
* High quality vegetables are usuaIIy grown in
greenhouses
Enwronmental sensors
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Bl Procedure
»
Embedded Leaf Deep Leaf area
system images learning estimation
algorithms
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B Mask R-CNN architecture GGGy

Input image Output image

Fully connected layers
Quiput

Mask
Prediction —
- _ r feature maps

from Spatial feature maps

C2to C5 Foreground
1):1 1x1 (Rol)
canv ccinv
Background
Slze Slze

[
3o 1:1 21

Pre-setting Anchor boxes
inside the network

Feature extractor network
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Ml Lettuce growth monitoring

Ml Counting lettuce area

€ 18days
€ 6:00-18:00 : 1 pic/hr
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|dentifying Fagaceae and Lauraceae Species in

Taiwan Using Leaf Images
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Bl Research background I

»Species diversification and
ecological speciation
* More then 1000 species
* Widespread in north hemisphere

» Tremendous economic values
* Wine barrel
* Timber for furniture
» Medical herbs with
bioactivities
* Food resources

National Taiwan University
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Bl Three similar species I

® C. insulari-montanum &&MRA1E
® C. Osmophloeum Tt
® C.Burmannii [2&

0400,
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M Procedure

‘\
Picking Imaging Deep learning Classifying
leaves leaves algorithms species
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Ml Pre-trained models IS

»VGG-16

* Convolutional block

f /

»Inception-V3
* Inception module

Hitey]

[_!._]

& @""_g\

> NASNet W"'ﬁfy;:t:%"‘w_r: Ei] :@@ l%'l@ (=)

. S BE B0 B B8 \BE SEEE
Normal cell, e 33 P9 77 SR
reduction cell -»/ %

) National Taiwan Uni
@& Dept. o fBomeht ering 19

Ml Dataset

C. insulari-
Leaf
montanum osmophloeum burmannu

training
validation 50 50 50
test 100 100
EIEare
montanum osmophloeum
training 1353 1884 1398
validation 150 150 150
test 300 300 300

() National Taiwan University
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Bl Performance I

10001 A Luite B $ i a'" LN "'_" AN Wy i :: e A el
0475 _‘ '{il..|i o " {J’Frﬁuy |r. Hi -l ” \‘"l “ J"!ﬁ 1". ‘ 0.7 4 L "7 m;ﬁ:l:\:;laaf
0.950 ],| { * :‘""': ﬁ m gﬁ i In:l e = ﬁ(ﬁi—:ﬁﬁm
N | H ! —— NASNet-palch
_oss it fR{ ! i (| i
éosﬂo- ?‘: | . gw i % : Eé
%7 :: -~~~ VGG16eal 031 1" i |
o sl IES gt
0.825 i — WGG16-patch | 1
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0.800 i —— NASNet-patch : | s
0 25 50 75 100 125 150 175 200 03 P 50 75 w135 w0 s a0
Epoch Epoch
(a) (b)
Validation accuracy Validation loss 183 AT
accuracy S
VGG16-leaf 0.973 +0.019 0.120 £ 0.106 0.907 14.78 M
leaf Inception-V3-leaf 0.990 £ 0.009 0.037 £ 0.041 0.903 21.81 M
NASNet-leaf 0.991 £ 0.010 0.036 £ 0.060 0.880 4.27 M
VGG16-patch 0.963 £ 0.014 0.105 £ 0.032 0.871 14.07 M
patch Inception-V3-patch 0.981 + 0.007 0.073 £ 0.030 0.923 8.98 M
NASNet-patch 0.985 = 0.007 0.062 + 0.035 0.866 0.87 M

National Taiwan University
Dept. of Biomechatronics Engineering

1

21

M Performance

VGG16-leaf Inception-V3-leaf NASNet-leaf
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- 0.8
2
o C. osmaphloeum
2
(™
C. burmanni 0.6
(b)
r0.4
C. insulari-
montanum
°
8
2 C. osmophloeum L 0.2
=
C. burmannii
Predicted label Predicted label Predicted label
(d) (e) ()
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Fish species identification and body length

estimation
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Bl Fish catch I

> In 2014, there were about 93.6 MT of
aquatic products caught in marine worldwide

Capture fishery production Middle East & North

Capture (wild) fishery production, Africa )
measured in metric tons per year. Sub-Saharan Africa

80 North America

60

South Asia

40

20 East Asia & Pacific

0
1960 1970 1980 1990 2000 2010 2015
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Bl Fish sustainability I

» Many fishing boat were involved in illegal, unreported
and unregulated (IUU) activities

> 31.4% of the fish stocks were overfished

WELL, THAT
B LEAVES JUST
e THE TWO OF

« UNTIL
THEY
CROP

THE NET
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Bl Manual monitoring

» Observers were sent to record fish catch
information, including species and sizes

» Fish catch may underreported or misreported

(o National Taiwan University
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Ml Electronic monitoring system ]
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M Procedure

il B

Imaging Deep Generating
fish body learning fishery
algorithms report
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Dept. of Biomechatronics Engineering 2 8




Bl Species identification NG

> Step:
* Fish body detection
« Fish species identification

e |— —— (g —

Load Fish body Fish body CNN model Result
image detection segmentation classification
. ‘ & gzggn:‘fl g?oirzzghi?ri;ﬁirityEngineering 29

Ml Image collection
4[ Tuna type ]

‘Blue marlin Sailfish
1000 images 400 images

Albacore Big eye tua. |
1600 images 1600 images

Yellow fin tuna Southern bluefin tuna Swordfish Other billfish
1600 images 1600 images 1000 images 900 images

—[ Other type }

Shark
* 1600 images

Others
1600 images

Dolphin fish
1000 images

\n .
(o 2 National Taiwan University
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B Augmentation

Horizontal/vertical flipping
Width/height shift
Rotation

Shearing

Zoom in/out

(o 2 National Taiwan University
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Bl Pre-trained models I
> VGG-16

* Inherit the thought of AlexNet !f
- Add more layer F ((ptepessmeer
> DenseNet'201 Sirr;’onyan& Zisserman, 2014

 Feature reuse
« Summation — Concatenation

|||||

> MobileNet Huang etal., 2017
Depthwise separable convolution:
* Depthwise and pointwise
convolution

Standard DepthW|se separable
convolution convolution

Howard et al., 2017
(o 2 National Taiwan University
AlEYTS & Dept. of Biomechatronics Engineering 32




VGG-16 DenseNet-201 MobileNet
0
Accuracy (%) 95.44 96.89 92.27
Ullunts 0.02 0.05 0.014
(sec/images)
DenseNet-201
FXR:] 0094 0.003§0.002 0.000 0.000 0.000 0.000 0.000 0.000
BET 0.977 0.0030.000 0.000 0.000 0.000 0.000 0.000 0.000
YFT Jo.008 ey ] 0.002[0.000 0.000 0.000 0.002 0.000 0.000 0.000 o8
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0
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0.2
Shark {0-000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 [JCEE]
Other{9-004 0.000 0.000 0.000 0.001 0.001 0.000 0.004 0.001
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Bl Model visualization I
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«Step:

(o 2 National Taiwan University
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Ml Fish body length estimation

1. Fish head, caudal, and color plate detection
2. Fish body length estimation

Load image CNN Fish head, fish
classification caudal, and
color plate

Image
processing

Fish body length
estimation

Image processing

35

Bl Training patch preparation

Head

o
E
i & et
C )
o i

background Color plate

(o 2 National Taiwan University
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Class Training Validation Total
Head 3500 500 4000
Caudal 3500 500 4000
Body 3500 500 4000
Color plate 3500 500 4000
Background 13500 500 14000
Total 27500 2500 30000
Patch size: 36x36 (pixels x pixels)
Images source: (FA:COA)
36




Bl Architecture of the CNN ]

FC;
1x1x256

--------- R G

Input Cq C, St
36x36x3

)
Cs Cq Sz ::EEEEEO

Convolutional layer Cs Cg S3
Filter size: 3X3
No. of filters: 64, 64,128,128, 256, 256

| Fully
Feature connected
(o National Taiwan University eXtraCtlon Iayer
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M Performance comparison I

»Comparison to other well-known CNN architecture

CNN Training time Validation Parameters
architecture (s/epoch) accuracy (%) )
Proposed 10.0 97.70 2.2
AlexNet 30.0 97.50 37.9
VGG-16 44.0 96.93 65.0

(o National Taiwan University
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M Filter visualization

() National Taiwan University
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M Visualization

Original  Saliency Map Grad-CAM Original  Saliency Map Grad-CAM

Caudal
Body

Color plate

Background

() National Taiwan University
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M Detection of head and caudal

» Detection
rates:

Spatlarlafizramld Head (%) Caudal (%) Colcz(;glate
0.5 89.83 87.37 98.77
0.4 98.80 96.67 99.20
0.3 97.14 97.97 98.78
99.62

Combined

99.23




B Body length estimation  IEEE—

» The snout point and fork point localization

National Taiwan University
Dept. of Biomechatronics Engineering 43

M Performance

» Test images: 154
»Body length estimation error: 5.36+0.33 cm
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Detecting animal behavior - chicken and pig

BIEHEHREETS
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Bl Animal husbandry sales in Taiwan IS

others : 4%

Egg : 12%

Milk : 6%

By-product: 22%

s

75.5 billion

Duck : 5%

Goose, turkey: 1%
Poultry: 30%

Chicken : 24%

39.2 billion

Cow, goat : 2%

(o National Taiwan University
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B Manually monitoring

» Inactive chicken:
» under heat stress, injure in
fights
» reduce feeding and
movement
= increase mortality

» Nursing piglet:

» newborn pigs need to be
taken care of

» Patrol and naked-eye
observation are laborious
and time-consuming

0 C-% Dept of Bomeshattns Engincering 47
Il Image acquiring system .
Embedded system enhouse image

National Taiwan Universi
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M Procedure

mage
acquiring
system

National Taiwan University
Dept. of Biomechatronics Engineering

Deep
learning
algorithms

Detecting
animal behavior
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) .% () Base CNN

National Taiwan University
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Bl Faster R-CNN architecture

Input image

Qutput result

I _ an)
L 384, 256 Feature maps Ro::: o / ﬂblec: gl‘;sslﬂer
- i — i — i —
cl1| G2 | cace c5 :// \ Bounding box
- Fully regressor (BBR)
le.x ML \ J/ / Connected
podiing paoling layers v}

Region of iterests (ROIs)
(I} Region Proposal Network
(RPN)
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Bl Performance of chicken detection

chicken detections with p(chicken | box) == 0.90
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» 360 images for test
» Tracking accuracy: 98.94%

Bl Result of tracking I

National Taiwan University
Dept. of Biomechatronics Engineering
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Il Chicken drinking time

» Tracking the distance of the chickens and
drinking kettle in each frame

National Taiwan Uni
Dept. o fBomeht ering
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130

Movement (m)

THI value

B Chicken activities and THI

» Correlation between chicken activities and THI
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Bl Chicken detection in henhouse ]

» 18 images for testing
»0.081 seconds per frame (Nvidia 1080Ti)
»Overall accuracy: 80.54%

55
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Bl Chicken tracking in henhouse o

» Tracking the chickens in commercial henhouse

National Taiwan University
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Bl Piglet detection I

» Detecting piglet in farrowing hous

»

i —

\\\\\\
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B Conclusion

» Growth Monitoring of Lettuce — Achieved an error
of 2.37% for estimating Lettuce area

» ldentifying Fagaceae and Lauraceae Species in
Taiwan — Achieved an accuracy of 99.1%, 98.7% for
identifying 3 species

» Fish species identification and body length
estimation — Achieved an accuracy of 96.9% for
identifying 11 fish species

» Detecting animal behavior — Achieved an mean
average precision of 80.4%, 81.4% for chicken detection,
piglet detection respectively

National Taiwan University
Dept. of Biomechatronics Engineering 58
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Thanks for listening !
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