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3 Posture key points
4 Convolutional Neural Network

! Pose estimation
2 Encoder-decoder


https://jmrph.khu.ac.ir/article-1-274-en.html

[ Downloaded from jmrph.khu.ac.ir on 2026-05-22 ]

VP lino) g mly o o)lods )e ol 150 58 (a9d slo gy 4 ot

A § Slilg (0 Sl (eds ol 55 505 45 2l
9 X)) e (5 IATALLS 4y L5 o pgal oS LS
VAL atlon (amms Ll b 5 plse> o 59y 2 (Sesd b
4 Sy &yse a4 DLC sl () Ss @llas [YY
s St 350 s a5slos o Col s 1255
LS50, 9,15 50, 20 59 ‘qs.’.l-‘-’*" G\ g Lol
gl ailsy ol glsils glaay cusload LS4
SIS slaarY 5 %ils oagen 1 pga | sla S
b Jlisl JISo a5 5 sy Sl il
L DLC lajas axdlyoo plipebl sloats o500 4
N JEl Tl 5 Mools Cugi slaghy, x5S
3 eoS S (55, Joe Ghgel b wlanlys mls llae
CES 4 b Vo gm0 ol (g I3z gl
4wl Cews s glaodls 595 ot 0 YL
IVE 5 VAL cslosgy bl asseas 8o b awlio b5
slagae 5 (S g oo DLC (cgl5ils’ sloay (s loss
» a5 ol ResNet 4 EfficientNet MobileNetV2
I pess sleo p)5 ol ImageNet el g4,
5 cwlie sleme gy oLl wlas  ang
Wlie Sz @ 255 Ly oo Jaa sl ]2
oo 35800 Gt LS 090 3l0p Sy g 83 liee
S b Glp 1) ol 9 YL 35 ResNet50
5 VY] caslosls ylas olfiulejl o el cpass slao )15

Ivo

plod Sglgils (cuae slaasis 5l i35, DLC Jow
ResNet a4y Q—.’.PT 3o QT 50 45 0o \DJ..A:;A

Sy Yoone a5 Lats ples slaaY 1 eslinal sl> 4

ALY agdgilss Y Sl ls 3,8 gaais

alass BE3 (_g|)“ EY OQL;.:.OL‘ sleasds )| ‘_gld.cw ol ool
ON e 1SS p (gamgd Slaise ‘Lm‘_ﬂ 59 shore Aoy

114 "lﬁ

Mpygbad Wbl 7
Sy LaS e, 138 50, slaJow b s laxe (53Lo ypas ¥ IS

O 50355 i Ol aldd o Shis 4 |y 609,5 nsal 355,
D] oS o bas s 0,90 (29,5 | o] LaSse, slaayy

9 LS, sl o ST dajus ool 3 Shes 3500 sl
Slacslone 50 LiS e, 5 1850, sloaY (oo (GYLail eizeen
DeepLabCut asile oleaSis o] al a5 ol 039338l (gan
Ll slels gl [Yv] DeepPose-kit 4 [v1V] Leap (VA

N30, o
| ( o, ™ g \;“p/;k.". 2
: 5 % ., ageNet odld dagata 89y o
g (b |
000 W
JWATK, e
AR P — g

A A A A ar%:ur |0$S(l.l) ;

Iz 5 Joo (25,5 b podd oz ()l 4l hjgel 590
2l B b Joe slacyse 9 0l dslie ol (guudS blis jga> Jlas|
DAl Ngd o 90 Jae s> jrals Coos @ Flie 4y ol A gy

ol 438,513 o0litul 890 5 Liweiy ol o a5 DLCT Jue

- . . . WAL . .
05l (smagiaal p (b b p 4l dnws Tk ae ()l 0l aa

12 Transfer learning

13 Data labeling

14 Hyperparameter

> F-CNN: Fully Convolutional Neural Network
16 FC: Fully Connected

7 Deconvolutional layer

18 Stride

3 Confidence map

¢ Backpropagation

7 DLC: DeepLabCut

8 Open source

° Semantic segmentation
10 Feature extraction

11 Data augmentation
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2 Active learning
% Clustering
26 Unsupervised learning

19 Binary

2 Training epoch
2! Ground truth
22 Bottom-up

2 Top-down
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» Thresholding
30 Pigmented

" Closed-loop
28 Kernel
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3* Hough circle transform
35 Contour extraction

31 Albinism
32 Salt and pepper noise
3 Image inpainting
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3% Hot mirror
¥ Wistar

36 IMU: Inertia Measurement Unit
3TIR: Infrared
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46 Optomotor
47 Optokinetic
“ ERG: Electroretinography

43 PLR: Pupillary Light Reflex
4 Operant Conditioning
4 Water maze
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Accurate and quantitative monitoring of laboratory animals’
behavior, particularly in neuroscience models, is essential for
understanding the neural-circuit function and its relation with
complex behaviors. In computational ethology, novel systems
and algorithms have been developed to make experiments
automated, more precise, and less reliant on human observers,
which could improve the reproducibility and repeatability of the
results. In this research, a system composed of behavior-
monitoring cameras and a miniature cranial implant for rats was
designed and fabricated to record the animal’s body movement,
track eye movements, and measure head orientation. The implant
integrates an Inertial Measurement Unit (IMU) to measure head
acceleration and angular velocity, as well as an infrared miniature
camera for pupillometry; the total weight was about 4.5 g. A
custom-developed software tool is designed to capture, process,
and visualize the data. Sensor fusion of accelerometer and
gyroscope data was used to compute the Euler angles of head
motion. Classical computer-vision and deep neural-network
algorithms were utilized for image analysis. Thresholding and
edge-detection algorithms enabled real-time tracking of the pupil
in pigmented rats and the body center, with a processing speed of
25 frames per second, which is suitable for closed-loop neural
control. For body-pose estimation and pupil tracking in albino
rats, the DeepLabCut networks were used along with data
augmentation and transfer learning methods. This approach
reduced the pupil detection error to 3.31 pixels after training on
448 labeled images for 30,000 iterations. While deep learning
methods provide high accuracy, they impose substantial
computational demands; therefore, the suitable algorithm should
be chosen based on the experimental objective and available
hardware resources. The proposed behavioral monitoring system
can be used simultaneously with optogenetics and
electrophysiological recordings, which provides a versatile and
beneficial tool for advancing research in cognitive neuroscience.
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