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Robust Moving Object Tracking Method Inspired by
The Mechanism of Human Brain Three-Stage Memory Model

WANG Yan-jiang, LI Hui, QI Yu-juan
(College of Information and Control Engineering ,China University of Petroleum ,Qingdao ,Shandong 266580, China)

Abstract: Most of the current object tracking algorithms will fail when sudden appearance changes and serious occlu-
sions occur. Inspired by the mechanism of human brain three-stage memory model, this paper develops a spinning tri-layer-
circle memory model( STLC-MM) and applies it for template updating during object tracking. Three memory spaces are de-
fined to store and process the object templates used during tracking. With three circle memory spaces spinning,templates in
the three memory spaces are updated by imitating the cognitive process of memorization,recall,and forgetting. Finally,in or-
der to verify the effect of the proposed model, STLC-MM is incorporated into a particle filter (PF) framework. Experimental
results show that the proposed method is more robust to sudden appearance changes and serious occlusions.

Key words: human brain memory modeling ; spinning tri-layer-circle memory model; particle filters; moving object

tracking.

1 3|8

FARERER Al 5 SO B AR TR 53 rh g sk ) H ARt
AR e 2R L AR DR B H bR BB Oy
i TARZ 55 R T AR 2 A A H AR ER BT 15
N, BHEEER VR TUE I, S 4. UE BTSN RAE S
PR BB AT 5 AR 2255 911, F AR S A5 A A i
P 0] AT R 240 5 B B 4R EL A AP ) TR

Wik F BT 2016-03-31 55 [0 H 41:2016-09-21 s TR St - g i ik

ARFITJE R, N A H AR 2 45 28 A0 A A 3 44175 O
L RE A ST R B RN H bR ARBIX—BEI 1%
i THIRESR K MICIC R G 2 NIRAF Y0, Fr4k
TEICIZH Y 55 A5G A — 2615 B RE % w4 IO o 15
NN S BAT AR 0 — M B iCACHLH C 7 1 228
VYRGB IR AR B AR R
BFFE " AR SR, T CAZ [ DA AR Jy 3 B R 3
R G, i HLEE 2 T R R XS R e

e H . EHE B KRR I4 T H (No. 61271407 ,No. 61402535 ,No. 61671480) ; 11 74 A ARl 243411 H ( No. ZR2013FQ015)



2066 TR

¥ W 2017 4

B LI AT A L A AL
1 S R T A 75 AR AT A
NG = B B A A P TR A o T SR 0
U T AP SRS S Y RS, T R TR 2
TR S Ak T 10 3 AR TR0 | TS0 = B B IR A
BB ARG R ) % T =AM
{275 1), B WA O 2 25 18] A2 28 IR R AL 5
[6] 43 50 FE TR 24 T BT A B A A f25 S T A o 3
FATAZ 135 Ak T80 R 4% 0 B8 3 5 0 2 10 3%
5t RRNE UGS B 3% S5 AL A SC TR 7 R AR
Tl L OF %S0k [ 13 ] e HE 2 , 92 30— Al R4 A
= A R E AL .
2 ZEREEELZIZER

AR SCHR L 13 ] e HE 2R LR SCik [ 16 ] i A =
B BRI, = 2 HERs BT A B A 1 R o,
%% USTMS , STMS , LTMS 1y = A 5 43 51 FH e A 80 A3
(YR IHEAL S8 IHEAZ R K B, 4 — AN B 2
IB] g 2 A A I 2 BT

K2 ARIZ RS R TR

[l 1245 1] i J Ml AR 4R

(5 BAFE B — A B 2 (8] KX AT il 42 1)
15 BHATA- AR AN AL BE. 1810122 8] b 1 920 [ R R A7
EME R, B Z N 15 B L ( Information Granule,1G) , 1t
FAEWE STLC-MM 43 A A I SEA TR, (5 Bk
A RAEATE R BE , 40— E e 2
— IR

(2) e : —AEC L2 AT LS 20 e £ 5
W EERE , TT ELiE  E  n] R 19 5

(3) H AT O B — AR 2 B ER A — ) AL

B[ E AR 1T, RO B9 05 BORL Y ez =
I REE I, AT — B2 T A7 72 W9 15 EORE R 16 i A
1. 50T R A SRR A, W SR A B R, STLC-
MM B3 K58 9 £ SRR T4 AT 1 PP 28 B s ) 5
BAE DT, FREBRSWAE P EARER
REEAT FOAE, 4 H5 S AR DL £ EORE R . 25 £ ORI
BTG DR RS BALGCE;

(4) far g 1 B— M ioieas AR — - B
11 A PO 1 7 1 208 A £ BRI AR, B — AN BHEAZ
23[R B 7 A — N R O R B 5 BORL”
BRI SRR AR B (19 5 SR S i h 7 R i g —
A BRI EE B R 32 % o AL A £33 JEORE T 7 2 ).
T TR A 218 4 15 SOk AR, STLC-MM. ) 4 —
AMBEHCAZAS [F] = A A © e e = e R AT EE
B, VRSB A A5 SR I AR L 4 Sl STLC-MM 11
2.

{EAF— 4R e : =2 BCIZ A8 VA BEAS ], Jie e
JEA AL MRS NG = B BOCAZ BIE , B2 2 B i
25— H A A RIBEAE R e 12 o R R AT AR S 1) g
I, T A 1 A AL 9 75 8 FT DAGRAF A K g i)
I, 75 STLC-MM " 45 € USTMS (14 %5 &t fie /)y HUE RS
JEE fpetRe i LTMS F) 254 B K T e 2 o 38 e 2. BRIt =2
S, STLC-MM i Ty BEA ACAZ A Un T 45, A -

(1) HIAHUH ) S A7 AL A2 25 18] AR AR O
& S BE B SR URIAL B 5

(2))icieiE RABAANER , R F s 5t ik & 19 5

(3) 5 B FE B R R AR SIS (R A SS 1A 2 5

(4) KA T EAS BER BT 7 BoR IE 2 P s

3 ET=ERrFEiCZERNBFERENR

iR

FET b3k =2 i e (RIS TR 4 S A T 7 A5 7R
Kl 3 iR, Ho, bR TE S USTMS, STMS, LTMS f) =g
12723 18] 53 391 FH R 402 B B IRE 1242 L 8 ik e 42 B K&
KIFICTL s B — A0 18 =5 8B T — A W] e ) 132 > 35
I BEATERE R P 250 an 18] 2 iR, Herb R E A2 =5 )
RSO BRI R A 9 45 EORL, B H LA STLC-MM
PR A 24 ) A RS, T R SR R TR
— ikt i H AR AR USTMS, STMS, DL} LTMS % X
e

E X1 USTMS( Ultra-Short Time Memory Space, [
BRI 0]) K, A S /W) A TR p A, TR AR
PN BERHCAZ O BE. 3 T, [ 1] R BI04 (8 Y 26
e AR, A

USTMS = { T, [t],t=1,2,-- K | (1)
X 2 STMS(Short Time Memory Space, 55 Hf g {2



%09 MW FHEVL : — 2 N =B Beic e AL e % 08 iz sl H AR B T 1% 2067

it I‘*ﬁi‘?

TR R
[l

v

3 BT =R IR A2 AR Y RS SRS 1

23 [6)) ARSI 25 ] i ok 1 K, ARl Bk i B2
FHF B B RO Br B 8 T[] FoRmniicie
2315 AR, A

STMS = | T.[i],i=1,2, K | (2)

EX 3 LTMS(Long Time Memory Space, {H}i2{Z
23 (8]« B IC 122 [ ok 14 K, A fil S A Al 1 4R 4
TR EHCC B & T[] FomKEheies
] PR AR S 7 SRR, A

LTMS = {T\[j],j=1,2,-,K} (3)

T A A STLC-MM {5 5 AR B2, 5 LA
AT TR 0 FRBURIS

EX 4 e B — 0 Es [ e — E Y e
. BEAE RO A3 AR | [0 12 23 T v 4 Jir A RS AR L
A [ %) 8 e .

— Mok R ECAZ A R A M, B ES
] By e R B Ry €, W% I 4or T B IR Al. 104 ] 9k
TL(i+C) %M, A B

TLi]=T[(i+C))%M,] (4)
Hh % J& R ARHT

Bl LA 2 (B B e RS , A7 R
RS A L7 BT

EXS 012 WEREARCE T B0 122 R A
7 L MFRIZ AR A2 S [RC AT, 15 T o — R, 25

Tu,in[i] =T or Tsvi“[j] =T or Tl,n.[kl =T
MFR Tz mIcAE 7. Hi 7, L] 2B i ie =
) AT R AR 0= 1,2, -, 8,5 T, [ ] R
WAC A B AE DR iR, =12, 85T, [ k]
KBS B AT D PR EREAR  k=1,2,,S;
S.,S.,S, /35 /& USTMS .STMS 1 LTMS =% A %
1R/

TEX 6 FREEL: P 7 11 e 0 UG AR AR ) i AR
FRZ BRI IS S E 3, i o i RN g —
ISR B IR AR 3 DA OC. o B A S o8 F1 RO,
BRI At K. 38 p 2 G Al TR, 7, [ 1]
FonH O AR, A

S /(L) > h 5)
WFR T,[ 0] 2 Ve R, sl U8 T, [0 ] s 4R B k. Hor
th Sy T 15 5 1) I .

REXT e —MARME—IC ez 6] Bx,
DN FR AR B 33 5. 388 AT O AT R A TR AR — 5 [ P Y
ICIC AR AT Ay i A

VY T'e USTMS U STMS U LTMS

o T, WFR T s .

BEAh, O TR IEAL 2 6] A AR 2 1) A AT
TESCT PR - LEBCFIRL A

EX 8 LUELAZ R BT T V-0 0SB AR B A (L
- R — I AR RE 28 B A D il 5 9 L Al AR SR T
AR Y Bhattacharya R B NARMUE R % BE T, M1 T,
ORISR, U 25 22 ) R B BE 5 SN -

sim(T,,T,) = Z, V(T (T,), (6)
Hor m AR FRIE AR R
EXY G RO TR WA s 2R S
H A~ PSRRI AR BLEE B 2 T =X
sim(T,,T,) >Th
I — 5 il R EOE SN
T =merg(T,,T,) =al, + (1 -a) T, (7)
o Th J2 5 8 SO BIE; T, &Rl 5 7 A BB s
W ;o Rl G R AL

BT STLC-MM (1) H bRt S 3 1Ak

Step 1 W)t fk. 55— il H 40 a1k B bR A AR A ik
F| USTMS, -4 STMS I LTMS ‘B Ry %5. Wi & 5 22 IR i
12, USTMS F LTMS #4525 .

Step 2 = AME27S (8] DAAS ] ) 3 B 01 7 e i , IR
WA A3 () 0 e % 34 B 43 31 R Cs,, Cs,, Cs), BEFE Z 5
A ) rh A A% BR (4) CHEA T 300, HLAA

USTMS:;

T[t]=T[(t+Cs)%K,],t=1,2,--,K, (8)

STMS .

Tli]=T[(i+Cs)%K.],i=1,2,,K (9)

LTMS.

T[j1=T[(+Cs)%K],j=1,2, K (10)
[RI, AN 3002 25 1) i A B A o op Al
. b 2 TR

Step 3 435X} USTMS ,STMS L4 A&z LTMS f) =4~
i LB 7R TR R AR ARG AT AR

(1) 4n2R USTMS B % Hh a7 11 eb 48 20 5 4> 5 4 U
EARRISE AR , 3 S AR RS A A 25 1 Rl . Rl IS AR AR
o AF) STMS, i J52 56 i A RIS Al 3k 25 B ast s, o 2R
STMS fy i AT 1 ARG, BHEAE T, , (Rl G e AR ) ;4



2068 W

EE ¢ 2017 4

STMS ¥y At I E, T, 5 STMS g A% AR gt
A7 MO, gl S 4 FH LU 45 oR %0155 Bhattacharya 2% p
=sim(T,,, T.[i]),i=1,2,- 8, (Hr S J& STMS i A
WA R KA. Wk p,, =sim(T,,, T.[j1), W T,,
5 T [RGB R se s 7,01, B
T.[j) =merg(T,,,T.[j]) =(1-a)T.[j] +a - T,,
(11)
Hp o J2fil G ZELASP a=p,,,.
(2) 4n 2R STMS iyt & 1 v i 7 > 5 22 S AR A
oL, Rl i SEARAR , Bl 5 B AR B A3 LTMS, JF358 2
JEARRUEE AR G SR LTMS % A DR, EIEAA 6 T,
(RS AR s Fez 158 T, 55 LTMS fy A 1 b 4
— R EIAREL ,p = sim (T, T\[i]),i=1,2,-,5,
(Hrr, S, J& STMS By A% H i K25 ). W p,. =
sim(T,,, T\ [j1), WK 7., 5 T[] Rl IF B s iy
Tl [J] ,EI]!
Tl[j] =merg( Ts,n’Tll:jJ ) =(1 _a)Tl[j] to - Ts,o
(12)
(3) 4R LTMS i i % F A A7 9 A el 22 SRR AR
oL, 76 LTMS %y 2 11 Rl 3 6 R RUBEAR , Rl 45 )5 1Y)
RS AR LA AR H B — 1, 8 3 AR AU AR g A i 12
23 [A] 3R,
Step 4 R M FIMIA AR p f AF] STLC-MM.
p BB USTMS % A, 42kt USTMS 4 A& H R
W, EHEAAAE ps 0, THRAR TN p 5 USTMS fi A
% R — AR AR R 8 p = sim (p, T,[¢])
=1,2,,S, (M, S, & USTMS % A% H 9 B R 4%
&) Wkp,,, =sim(p,T,[j]) W p 5T [ BG5S B
PR E e r iR 7,07, B
T,[j] =merg(p,T,[j]) =(1 -e)T,[j] +a+p
(13)
Step 5 7E =LA ] F 4RI ARIC T, 4 Fi il
TR p % A3 STLC-MM J5 , STLC-MM i i 345 4 Hif
WAL TR p 55 = AN ICA2 25 B R BT 0 A Y B AR AR
HREARLEE 2R 8, = A1 12 %5 ) 43 Sl e s = A P A
B R A T, T AT S DB REAR T, H
T AL
T,.. =arg max(sim(p,Ttvr)),tzu,s,l (14)
AR A STLC-MM T — 25 T 0 17 i L.

4 FRERTH

N T BE R B SE A R, B STLC-MM iz A 2
KLU DR EAAHE SRR 1732 3l H bR R ER , ) b o35
TEZEHUN PA 3,06 BYTHRHL_EREAT T, I 5 L 5ok
TUEWE (Particle Filter, PF) J5 3% LK (R BEAR 5 3 (B
AR i A 4 AR ) — A B AR B A BT ) kL

F-3€ 7% ( Total Template Updating Particle Filter, TTU-PF )
T R ERSCR AT 10 .

FH P EESBOE T

H bt R LS m =16 x 16 x 16 1) RGB
i i I FAE , USTMS (STMS A1 LTMS A9 %5 54351 A
K, ,=9,K =11,K, =13; USTMS STMS #1 LTMS =%
ANEH RN AIEE R S, =8, =S, =158 T i1
273 1) R A g — A A A R B 1 4 I, 142 5 ) e T
L A AR 312 45 18] 1 R/ s TRAE BE 1Y I th =
Th =0. 85 ; =Fh 7y ki 75035 1% &y N =100 ; TTU-PF
TR v B RSN S BT R AR 0. 4.

(1) HFRZEARAL IR 7 S5

55 1 2H 200 T BRI S R Y B b, S v i
AT 23 3 X A v A seq _ dk 7™ (http ://www. ces.
clemson. edu/ ~ sth/research/headtracker/seq ) & Bl 5
AT E .

El4(a) ~ ()53 a iR ThRUER U8 IR
AR SEHORL ¥ U8 B 7 125 FAS SCRT 4 O v BRI 45 2R (W)
LRALBEAR T B0) . AUAT b i) H AR AE 5 X5 Kk B 58 SR
e B, NN 7 A 22259878 (AL AT 82 Mt 83 M) . S 25
RN Y B AR LS WA AR 22 0 B R I, PF I
TTU-PF & #% H A5 5 10 57 $2 07 2% RE A 10 AE 55 i B

#83 w0 4149 #177
(@) PFEREZAICR

(©) A IFHE I BRER R R
Fl4  BREE— AR B



%09 W FHEIT :— 52 NNk =B BEOCIZ AL R A& s 3l HARBRER 7 1% 2069

PR , 2 F bR 83 R A S I, RE A8 AL 1223 i) v 4
BORISC I B AR, D A SO 48 07 35 RE % — EL i
Mot H AR AT BRER

(2) H bRt iR R S

55 2 ZH I T INAAR SOk X T — H bR A Wi
P H BRI EER. FEF81 “seq_jd” H B H AR BY
Fi— AR Z UGS, B 5(a) ~ (o) 730l iR R T 50k 1
RT3 v R RS S AL 1 U 8 O T RAR ST 4 7
TEIREREE R (W IR AR T S e 1) . SCIR 4 R R, Y
BRI 0 24 )5, AR SCHIT $ 077 125 RE AR PR 2 0 % i
FIAR R R

i i -
#253 #256 #258 #264
(@) PRERBEERCR

(c) RSO U IR AR
K5 ERERE SRR A

TEFPSI“seq _mb ™t JBOGHR H AR 22 BT UL iR 2

HHAR T B 6 43 T A SCR A IR ER S5 R, LR g R

R, BIRSZ BB AL F AR A TS0 R HE P, A SO
SRE TS RERAGE 1%t H REA T BR B

(3) e flL AR Bhattacharry 2% 2%

K7 2050 s 7 = AP - seq _ dk ™, “seq
jd” R seq _mb” HARERER B P A S S BEAR 1 Bhatta-
charya RECHHZE AL M h R AT, =4S S2 50 I e
FARERER S FE b H bR S8 kAR R, h TRIERA
ICIZIIRE, NI Bhattacharya 28 R AEAR PR A9 AR AT K
PR KA, AT 18 R S5 .

1

0.8
B
W%
£0.6
=
8
£0.4
=
= b
- — S€q_m
0.2 T Seddk
—sed_jd
0

50 100 150 200 250 300
il At
7 =AW Bhattacharya 2 K il £k (5]

5 HZig

AR SR — b = 2 T % [ IC A2 B AL ( Spinning Tri-
Layer-Circle Memory Model , STLC-MM ) F F45 1 A fii =
W BOCAZ 5 A7 G FAR IR F2 , O Ho N T8 3
H bRt A i H b AR BB Bl =)= B A2 %5 A
(R ER% , STLC-MM i o DL i AR AT g i 42 4
TRURISE AR 5 TE BT = e 28 ) Hh i) H AR B AR 24 3R
ETWTR RTINS , R H R A S USTMS, 355 =
AL S Ta) i A Y BT A R S 24 A AR AR
HEAT HOER , PR SRR L AR A S STLC-MM (i . fix
J& T BT IR T A S B STLC-MM iz A EIk:
U B E SRR AR o A0 A 3 S 3 45 AR o,
P& L RE S B PR A 3 H AR 8 25 58 R ™ T I 4 A5 ] 7.

2% ik

[1] Yilmaz A,Javed O. Object tracking:a survey [ J]. ACM
Computing Surveys,2006,38(4) ;1 —45.
[2] Wk, B i, XG5, TR e, A BRI T 45 T H 3 0L



2070 T

Eihd 2017 4

Ry UE AR ) HARER ER [T ]. B 72240 ,2006,34 (12) .
2150 -2153.

Chang Fa-liang,Ma Li,Liu Zeng-xiao,Qiao Yi-zheng. Tar-
get tracking based on adaptive particle filter under complex
background[ J ]. Acta Electronica Sinica,2006,34 (12) .
2150 —2153. (in Chinese)

[3] sKEL, B H R, 45 6 T Y835 Ml B AR S e DB B 5 s i L
S EPRERER[T]. AL T4 ,2012,40 (8) :1670 - 1675.
Zhang Kai, Shan Gan-lin, et al. Maneuvering targets track-
ing based on pose-aided nonlinear filter algorithm[ J]. Acta
Electronica Sinica, 2012,40 (8):1670 - 1675. (in Chi-
nese)

[4] Wang Y X, Chiew V. On the cognitive process of human
problem solving[ J]. Cognitive Systems Research,2010,11
(1):81-92.

[5] Wang Y X. Formal description of the cognitive process of
memorization [ A ]. Lecture Notes in Computer Science
[ C]. Heidelberg ; Springer Verlag,2009. 81 - 98.

[6] Lin J H. A Theory for memory-based learning[ J|. Machine
Learning,1994,17(2) :143 - 167.

[7] Putze F,Schultz T. Cognitive memory modeling for interac-
tive systems in dynamic environments|[ A ]. Ist International
Workshop on Spoken Dialog Systems [ C ]. Kloster Irsee,
Germany : IWSDS ,20009.

[8] Dinerstein J, Egbert P K, Garis H, Dinerstein N. Fast and
learnable behavioral and cognitive modeling for virtual
character animation [ J ]. Computer Animation and Virtual
Worlds ,2004,15(2) ;95 - 108.

[9] Yang Z,Fan Y,Zhang B,Cheng X. A computation memory
model with human memory features for autonomous virtual
humans [ A ]. Proceedings of International Conference on
Computer Application and System Modeling [ C]. Piscat-
away : IEEE Computer Society,2010. 3246 —3250.

[10] Ai D M,Ban X J,Zhang S J. Cognitive modeling of artifi-
cial fish learning and memory [ A ]. Proceedings of the
12th International Symposium on Artificial Life and Ro-
botics[ C]. United Kingdom ; AROB,2007. 280 —283.

[11] Ho W C,Dautenhahn K,Lim M Y, Casse K D. Modeling
human memory in robotic companions for personalization
and long-term adaptation in HRI[ A ]. Proceedings of the
First Annual meeting of the Biologically Inspired Cogni-
tive Architecture Society [ C]. Amsterdam; IOS Press,
2010.64 -71.

[12] Gnjatovi’c M,Janev M, Deli’c V. Focus tree : modeling at-
tentional information in task-oriented human-machine in-
teraction [ J ]. Applied Intelligence, 2012, 37 (3): 305
-320.

[13] Huang S,Sadek Adel W. A novel forecasting approach in-
spired by human memory ; The example of short-term traf-

[14]

[17]

fic volume forecasting [ J ]. Transportation Research Part
C.Emerging Technologies,2009,17(5) :510 -525.

FF ARG, EHETT, 2K ZETICIC R IR A o s sm At
[J]. Bshfk2#4,2010,36(11) ;1520 — 1526.

Qi Yu-juan, Wang Yan-jiang, Li Yong-ping. Memory-
based Gaussian mixture background modeling [ J]. Acta
Automatica Sinica,2010,36 (11) :1520 - 1526. (in Chi-
nese)

Wang Y J,Qi Y J. Memory-based cognitive modeling for
robust object extraction and tracking [ J ]. Applied Intelli-
gence,2013,39(1) :614 —629.

Atkinson R C, Shiffrin R M. Human memory: A proposed
system and its control processes [ J]. The Psychology of
Learning and Motivation : Advances In Research and Theo-
ry,1968,2:89 - 195.

Atkinson R C, Shiffrin R M. Mathematical models for
memory and learning [ R ]. Stanford, California; Institute
for Mathematical Studies in the Social Sciences, Stanford
University ,1965.

Birchfield S. Elliptical head tracking using intensity gradi-
ents and color histograms [ A ]. Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition
[C]. Los Alamitos: IEEE Computer Society, 1998. 232
—-237.

EE BT

FEIT 55,1966 A AR L,
YR, WA R, W55 10 O RE AR B b B
AR AL

= E 4, 1986 A, IR, L
WFFELE , FEEBEFETT 10 T EALILSE AR

FEIE L1977 WA, INAEMRA L,
PRI, FZEWRFE T 1 SRS AU
ASGEIIES .

E-mail ; qiyj@ upc. edu. cn



