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An Extraction Algorithm for Motion Parameters of A Laboratory Mouse by
Model Matching and Particle Filtering

ZHANG Ji-Wen’ 23 LIANG Tong* ZHANG Shu-Ping*

Abstract Laboratory mouse is a kind of deformable object. Existing methods can hardly extract motion trajectories
and posture details simultaneously from those continuous recorded videos. An object tracking method based on model
matching and particle filtering is adopted to solve this problem. A geometry based part model and its motion state
function involving moving velocity are proposed. A model-observation difference function is established as the observation
model by comparing the foreground pixels in the binary image and the geometry part model. A basic particle filter is built
with this observation function and the motion state function with multi-stochastic variables which follow an independent
distribution. Comparison is made between the proposed method and the classical frame-differencing method, which proves
that the novel part model is analogous with a physical mouse in shape and supports real-time extracting rate and high
computing efficiency. The novel method is able to estimate precisely both motion trajectories and posture states, and
avoid effectively the faults of head-tail confusion and reflection disturbance. Therefore the novel method provides a trust

worthy means for later behavioral analysis for biologists.
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Fig.1 Model matching and particle filtering method

applied to the object tracking of a laboratory mouse
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Fig.2 Illustration of the part model of a mouse
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Fig.3 Uniform circular motion of a mouse with constant

curvature p and constant moving velocity v
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32 H ] (e Es 1 4%
INERIEEh > . Hodr 655~ 80 s INFE)ELIY, /NI 3000 2832
R Bl R BT T2, [ IR (A 5 At 24 0 2] e /ML i
FW/INEAL T R s AR, 5 AL TR B I /)
BT PRAERS B IR ERAT X LWL, PR e ey 20007
INRURTS REAZ A S HT TR E ST &
ST 5
1000
350 500
300 0l L 4 16 9 10 5 16 29 9
20 30 40 50 60 70
gg 2504 PHEFEIN /ms
B 200 K11 B s 2B U T SRR L5 &

1504

100

150 200 250 300

x M55
Pl 9 AR VCHE SORL I8 R AE = FOR R B AR N BT
T S N R (4G S B PR I 5 2R

Fig.9 The extracting result of the moving trajectory of

350 400 450

the laboratory mouse in three different illuminating

conditions using model matching and particle filtering
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Fig.10 The extracting result of the motion speed, body
length variation and body curvature using model

matching and particle filtering
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Fig.11 Histogram of the computing time consumption of
the motion parameter extraction algorithm for a single

cycle
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Fig.12 The extracting result of the moving trajectory of

the object mouse in three different illuminating conditions

using frame differencing method
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Fig.13 The extracting result of the motion speed, body
length variation, and body curvature using frame

differencing method

4.4 SHXB}RE v BYITIL

nEs 2.2 A ARPIRES I AN A B AR
v BRI B T RETS S Bl B B B A THAL, B RE
UEAE H AR R BRI S P2 1E 7 R (8 B A B iR

IR, 2 B BRI b R AR 5 2 Ak
(ar, b) 5B S (an, by) HHESCE EB A
PR PAAE R IR BIRER AN, 2 FEBUMKR
TR AENE RN AR IR (2) ML
SR, AT BEAE R I Ta] P JEvA 21 IR X — 4 R

ISR/ A B Rtz s > 1k, FESIA
B v HAER (5) AYPRIR ek 0T B /N
B BT HERS B o™ | ST i) e 1B A% Bl
[ BSAER, RAREE ARG SR ATy )
—EURRL T A BERE IR B B T RCEE, 1 RS
SRS Bl EETT 1) AH B AL U T TR, A
REASTE J5 2 J Lt A DRk 78 B v e i R A 1R, S
TNz B ER ERER

4.5 RNFIEKBJ[HLEMTHE

ARSI 7 YR BERS A B8 s B R 8 7 2
MIRESE, A RO RG  1 2 B A R A5 20 TR
TUEBASIJLIURFALE. R 7 DB TR R BELE AR,
SRABEE 2/ RS IR A 431 1 Al B — B, =4
WRR D ATAFAEZ A UEE I, AT LA A/ B 35 7
BB 4 SR ATt — 2 L8, AT HERR 1 4 B
S5 [FImE, BT Markov iR A7 ik BERE A R
Z WM EE R, 24 R B DRI 22, AT
pit N PR RN DR (AR -3 € 3 ST b c A g )
WP R AR R IR AR, HBIUERR T MR (A AR RS,

MR R T A AE R, BB REAS L B/
BB AL A AE B TR PRS2 B

5 Z5ip

ASCRF SR/ N B2 B 2 B U 2558 — A1
A0 b RSB T, SR FHASEAR DG ML 121 5 A AR
X FELEAT SR AR 4t — R SE B /B (R 1R T LA
PR, FESe B s SR IR, e %8
TR T AL A SN BT AR L, IS
TR VL RGE A RE. TR it aa s A G LA
TN B AR SHL, KT X — SRR Al
WA, ARUER T B ERARE IR, 32T T2
B UG 00 5. L1 UE BT YA RO SR T AL
BRI RIRIR R, MRk T R E— RS T 5
GEMWTHA 22 50 YA HE SE R R S8 7 AR A DL -5 s 1
IS A REAE LB AR RS T LA N/ N AZ B A
TROAAR S B TR IS B, AT RE S S J5 24T 5 70
SRt SR

RAMFET5 1AL AT 45 2R 5/ B
R FE IS BN AE 2 B G MR R TR IE I
HA G Z IR EF B EE YT, SEBUH A
W2 2805 2 = 4Eia s Z AN PRI, A RE Y ek
J7 AL A A PR/ B = B R st s n
R 182 NI EAT S 5, =5 SR 1 g
AR — 22 B USGE, DA DR o 2 SR 1932 53 97 Ay
(R AR 38 25 4 1) L.

References

1 Shang Yu-Chang. Animal Ethology. Beijing: Peking Uni-
versity Press, 2005.
(MEE. Stz dent: JEntA b, 2005.)

2 Dell A1, Bender J A, Branson K, Couzin I D, de Polavieja G
G, Noldus L P J J, Pérez-Escudero A, Perona P, Straw A D,
Wikelski M, Brose U. Automated image-based tracking and
its application in ecology. Trends in Ecology & Evolution,
2014, 29(7): 417—428

3 Jhuang H, Garrote E, Yu X L, Khilnani V, Poggio T, Steele
A D, Serre T. Automated home-cage behavioural phenotyp-
ing of mice. Nature Communications, 2010, 1(6): Article
No. 68

4 Ishii H, Ogura M, Kurisu S, Komura A, Takanishi A, Iida N,
Kimura H. Development of autonomous experimental setup
for behavior analysis of rats. In: Proceedings of the 2007
IEEE/RSJ International Conference on Intelligent Robots
and Systems. San Diego, USA: IEEE, 2007. 4152—4157

5 Salem G, Dennis J, Krynitsky J, Garmendia-Cedillos M,
Swaroop K, Malley J D, Pajevic S, Abuhatzira L, Bustin
M, Gillet J P, Gottesman M M, Mitchell J B, Pohida T
J. SCORHE: a novel and practical approach to video mon-
itoring of laboratory mice housed in vivarium cage racks.
Behavior Research Methods, 2014, 47(1): 235—250

6 Noldus L P J J, Spink A J, Tegelenbosch R A J. Etho-
Vision: a versatile video tracking system for automation



34 H 3l 1k

¥ 4%

of behavioral experiments. Behavior Research Methods, In-
struments, & Computers, 2001, 33(3): 398—414

7 Rantalainen T, Silvennoinen M, Kainulainen H, Sievdnen H.
Vertical ground reaction force measurements and video mea-
surements provide comparable estimates of distance moved
by mice during artificial light and dark periods. Journal of
Neuroscience Methods, 2011, 197(1): 104—108

8 Dielenberg R A, Halasz P, Day T A. A method for tracking
rats in a complex and completely dark environment using
computerized video analysis. Journal of Neuroscience Meth-
ods, 2006, 158(2): 279—286

9 Zurn J B, Jiang X H, Motai Y. Video-based tracking and
incremental learning applied to rodent behavioral activity
under near-infrared illumination. IEEE Transactions on In-
strumentation and Measurement, 2008, 56(6): 2804—2813

10 Pistori H, Odakura V'V V A, Monteiro J B O, Gongalves W
N, Roel A R, de Andrade Silva J. Mice and larvae tracking
using a particle filter with an auto-adjustable observation
model. Pattern Recognition Letters, 2010, 31(4): 337—346

11 Zhang Min, Zhang Heng-Yi, Zheng Xiao-Xiang. Automatic
recognition of rat’s postures based on contour curvature and
hierarchical clustering analysis. Journal of Zhejiang Univer-
sity (Engineering Science), 2006, 40(3): 524—527, 532
(A, BRI S, FRAAE. FE T4 RR AN R R LR RUAZS H 3
TR WL aE2ER (T24AR), 2006, 40(3): 524—527, 532)

12 de Chaumont F, Coura R D S, Serreau P, Cressant A,
Chabout J, Granon S, Olivo-Marin J C. Computerized video
analysis of social interactions in mice. Nature Methods,
2012, 9(4): 410—417

13 Shi Q, Miyagishima S, Fumino S, Konno S, Ishii H, Takan-
ishi A. Development of a cognition system for analyzing rat’s
behaviors. In: Proceedings of the 2010 IEEE International
Conference on Robotics and Biomimetics (ROBIO). Tian-
jin, China: IEEE, 2010. 1399—1404

14 Branson K, Belongie S. Tracking multiple mouse contours
(without too many samples). In: Proceedings of the 2005
IEEE Computer Society Conference on Computer Vision
and Pattern Recognition. San Diego, CA, USA: IEEE, 2005:
1039—-1046

15 Farah R, Langlois J M P, Bilodeau G. Catching a rat by
its edglets. IEEE Transactions on Image Processing, 2013,
22(2): 668—678

16 de Andrade Silva J, Gongalves W, Machado B, Pistori H, de
Souza A S, de Souza K P. Comparison of shape descriptors
for mice behavior recognition. In: Proceeding of Progress in
Pattern Recognition, Image Analysis, Computer Vision, and
Applications. Berlin Heidelberg, Germany: Springer, 2010.
370-377

17 Wu Y, Lim J, Yang M H. Online object tracking: a bench-
mark. In: Proceedings of the 2013 IEEE Conference on
Computer Vision and Pattern Recognition. Portland, OR,
USA: IEEE, 2013. 2411—2418

18 Smeulders A W M, Chu D M, Cucchiara R, Calderara S,
Dehghan A, Shah M. Visual tracking: an experimental sur-
vey. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2013, 36(7): 1442—1468

19 Li X, Hu W M, Shen C H, Zhang Z F, Dick A, Van Den Hen-
gel A. A survey of appearance models in visual object track-
ing. ACM Transactions on Intelligent Systems and Technol-
ogy, 2013, 4(4): Article No.58

20 Thrun S, Burgard W, Fox D. Probabilistic Robotics. Cam-
bridge, UK: MIT Press, 2006.

21 Li Tian-Cheng, Fan Hong-Qi, Sun Shu-Dong. Particle fil-
tering: theory, approach, and application for multi-target
tracking. Acta Automatica Sinica, 2015, 41(12): 1981—2002
(BRN, FELLHE, IR, RLFUBBEE . Tk AL H AR B
MR . Bk, 2015, 41(12): 1981—-2002)

22 Hartigan J A, Wong M A. Algorithm as 136: a K-means
clustering algorithm. Journal of the Royal Statistical Soci-
ety. Series C (Applied Statistics), 1979, 28(1): 100—108

23 Bruyninckx H. Open robot control software: the OROCOS
project. In: Proceedings of the 2001 IEEE International
Conference on Robotics and Automation. Seoul, South Ko-
rea: IEEE, 2001: 2523—-2528

SRURSC AR RAENU TR R B w5
Bi. 2014 AEFRAFE R AENUM TR R L
WA . T T 1 0 A
BLEE N, BB, PR 5E L.
E-mail: jwzhang@mail.tsinghua.edu.cn
(ZHANG Ji-Wen
searcher at the Department of Mechan-
ical Engineering, Tsinghua University.
He received his Ph. D. degree from Tsinghua University in
2014. His research interest covers humanoid robotics, mo-
tion planning, perception and localization.)

Assistant re-

RO H IR B2 I T
WA, 2013 4R AR A R
8 U/ e o VA 2 0 ST B S R
PR iR 221 240 L 355 Bl A A AN 2 1AL
H. E-mail: liangt10@Q126.com
(LIANG Tong Ph.D. candidate at
the Brain Research Institute, Univer-
sity of Zurich. He received his master
degree from the School of Life Sciences, Tsinghua Univer-
sity in 2013. His research interest covers cellular and molec-
ular mechanisms that regulate stem cell activity in the de-
veloping and adult brain.)

e ofey

[ _l.ki‘ p
—

SR 0 AR A B BB UR.
1998 AF B A [ ARl R o Pl Ay 2
B FEBTFEIT 1 0 A EL S A
AN BT 8 5 5 B Al K i 4l
W5 S AL RS, A SCEEEE

E-mail: bezhang@mail.tsinghua.edu.cn
(ZHANG Shu-Ping
the School of Life Sciences, Tsinghua
University. She received her Ph.D. degree from China
Agricultural University in 1998. Her research interest cov-
ers molecular mechanism of cell signaling using mammalian
cells and mouse model. Corresponding author of this pa-

per.)

Professor at



