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Traditional Farming
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Why Machine Vision?
- Labor shortage and farmer aging

Births in Taiwan

Employment in Agriculture
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Introduction — Rise of Smart Agriculture
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Information and communication technology, 10T, big data, smart machine
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What Machine Vision Can Do from Images?

@ Classification

Semantic
segmentation

Instance
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What Machine Vision Can Do from Videos?

(5 Classification (6)  Object tracking

(Behavior recognition)

Matching/ association
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Machine Vision in Agriculture Production
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Machine Vision Applications in Food Production
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Chicken Behaviors — Dispersion and Movement

* Worldwide chicken prOdUCtlon Chicken meat production worldwide from
exceeded 135 million tons in 2021 201210 2023 (in 1,000 metric tons)
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« Taiwan native chicken is a popular
variety in the domestic market

Source: https://www.statista.com/statistics/
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Problems — Frequently Checking Chicken Status

« Taiwan native chickens have long
raise periods (up to 12 weeks)

« Frequent patrol in chicken houses is
required to observe chicken status

»> Laborious and time-consuming

> Frequent entering chicken houses
increases the risk of introducing
pathogens (e.g., Avian Influenza)
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Photo taken in the experiment field. Yunlin, Taiwan.
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Solution — Automatic Monitoring and Warning

« Overhead cameras for monitoring chickens

» Deep learning and machine learning models for quantifying and
monitoring chicken dispersion and movement
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Chicken Detection Model — YOLOv7-tiny

e The trained model achieved a mAP of 96.0%

Prediction

Input image

Head
| _Head
1 Head

YOLO v7-tiny
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Dispersion and Movement Quantification Algorithms

« Chicken dispersion was quantified
using nearest neighbor index

« Chicken movement was quantified
using simple online and realtime
tracking

Dispersion = 0.459 Dispersion = 1.01
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Long-term Observation of Chicken Dispersion

« Two batches of chickens were observed — winter and summer
« Chicken dispersion increased gradually — moving average model

Winter Summer
% 2021/01/31 - 03/20 15 2021/05/24 - 07/12
—— Regression equation: y = 0.001 * x + 0.91 —— Regression equation: y = 0.001 * x + 0.929
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Warning of Chicken Dispersion

» Dispersion was modeled using a
moving average model — ARIMA

« ARIMA achieved a MAPE of 3.71%

Red warning (2 hours)
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Long-term Observation of Chicken Movement

« Chicken movement decreased gradually — moving average model

Winter
2021/01/31 - 03/20

Movement (mm/s)
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—— Regression equation: y = -0.032 * x + 96.731
95% confidence interval
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Week 7

Week 8

Week 9
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Summer
2021/05/24 - 07/12

—— Regression equation: y = -0.049 * x + 72.607
95% confidence interval
One hour average
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Daily Patterns of Chicken Movement

» Opposite trend between chicken movement and indoor temperature
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Warning of Chicken Movement

*  Movement was modeled a moving
average model — SARIMAX

 SARIMAX achieved a MAPE of 13.39% Red warning (30 minutes)
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Lactating-related Behaviors of Sows and Piglets

« Worldwide pork production

exceeded 114 million tons in 2022 Production of pork worldwide from

2013 to 2023 (in million metric tons)
« Demanding for pork in the domestic
market is strong

11458 11433
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2003 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023*

Source: https://www.statista.com/statistics/
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Solution — Automatic Monitoring

a Farrowing House €  Qutput
— Sow lactating time / frequency
— Sow feeding time / frequency

— Sow recumbency time

— —
embedded — Sow posture change frequency
system |
crate — Piglet movement
7 ~Re® pillar — Piglet daily activity ratio (suckling/ active / rest)
'— Unfed piglet event

videos

b c Deep learning models d Data analysis

Video Sow posture recognition +  Sow posture analysis
— H — . oo . —
preprocessing | images +  Piglet position analysis
while the sow is lactatin
Piglet localization and tracking ( 9)
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Video Collection Tainan farm

« Totally 10 thousand hours of videos

» Acquired between 8AM and 6PM

« Length of 30 s and frame rate at 5 fps
» Resolution: 960 x 540 pixels

* Transmitted to the cloud server and
converted to images
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Image Pre

- i
| \' L
| B
1)
) 1 '

o
Yan-Fu Kuo
e Dept. of Biomechatronics Engineering

processing

Two Deep Learning Models — Sow and Piglet

-
-

Sow posture
recognition model
(SPRM)
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Piglet localization
and tracking model
(PLTM)




Seven Sow Postures
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Sow Posture Recognition Model (SPRM)

« EfficientNet + LSTM

» Predict postures using consecutive
images (i.e., videos)

Posture Training Test
Feeding 272 91
Standing 231 77
Sitting 233 78
Recumbency 377 126
== Lyin 217 72
o EfficientNet LSTM Posture ying
/\(‘ Lactating (right) 215 72
images Lactating (left) 219 73
Total 1764 589
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Performance of SPRM

FeedingO.lS 0.00 0.00 0.00 0.00 0.00 Posture Precision Recall F1-score
Standing o.oaﬁo.oo 0.00 0.00 0.00 0.00 e Feeding 0.93 0.84 0.88
o - Standing 0.90 0.96 0.93
sitting | 0.00 0.04 [OKEM 0.01 0.00 0.00 0.00 8
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£ 3 .03 0.03 .01 001 O
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Sow Posture Analysis (Statistics of 10 Days)

Farrowing crate in Tainan farrowing house
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Crate 1 Crate 2 Crate 3 Crate 4 Crate 5 standing
® sitting
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Lactating on the left side
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Piglet Localization and Tracking Model (PLTM)

« Piglet localization using R3Det (Refined Rotation RetinaNet)
« Piglet tracking using SORT (simple online and realtime tracking)

Output

Image Amount:

Training: 907

Feature

extractor Predictor Validation: 227
R3Det Test: 227
Yan-Fu Kuo .
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Performance of PLTM

Localization

Tracking
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Trajectory

Precision: 0.93; Recall: 0.91; F-1 score: 0.92; AP: 89.11%; MOTA: 94.6% (SORT)
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Long-term Piglet Movement Analysis

800 1
700
= 6001

S

— 5001
@
& 400

¥ 300+
o

= 500

100

S

Piglet movement variation in the first 15 days

|=|e
°

~ 2 % 5 o A ®
0'5\ 0'5\ 0’5\ 0’5\ <>”’A 0@* 0'5\ 0’5\ g

Dept. of Biomechatronics Engineering

)
23

0’0

S
0’0

S >

Y
IR ENIEN:
YN

©
K
0@\

One day average
Cratel o«
Crate 2
Crate3 o
Crate 4 Crate 9

Crate5 « Crate 10
Regression equation

Crate 1: y = 0.24x + 258.67
Crate 2: y = 0.18x + 328.96
Crate 3: y = 1.09x + 318.84
Crate 4:y = -0.71x + 197.45
Crate 5: y = 1.99x + 217.34
Crate 6: y = 23.80x + 272.78
Crate 7: y = 16.03x + 332.73
Crate 8: y = 18.44x + 269.31
Crate 9: y = 21.14x + 283.18
Crate 10: y = 9.32x + 328.50
68.3% confidence

Crate 6
Crate 7
Crate 8

Piglet Behavior Analysis (Statistics of 10 Days)

Farrowing crates in Tainan farrowing house

' 35.7% ‘ 24.5% ‘ 33.8% 63.7% l 39.1%
Crate 1 Crate 2 Crate 3 Crate 4 Crate 5
Farrowing crates in New Taipei farrowing house
43.0% ' 35.5% ' 35.4% ' 37.1% 48.9%
Crate 6 Crate 7 Crate 8 Crate 9 Crate 10
@ Suckling ® Active Rest
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Unfed Piglet Detection

« Detecting unfed piglets by combining SPRM and PLTM

L1 L2 R1 R2
(77,175) (215,175) (275, 175) (435, 175)

r=745

L3 R4 R3
(77,460) (215, 460) (275,460) (435, 460)
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Model Inference Choice — Edge, Fog, and Cloud
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Lab of Machine Learning and Machine Vision

Network Attached Storage

Storing massive of images and videos
collected from various sites
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Compute Capability

Accelerating the training of deep
learning models and hosting trained
deep learning models

Independent Workspace

Providing independent environments
for convenient software
development and model training

Service Host (& User Interface)

Functioning as an inference servers
for various trained models and
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