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Simultaneous Tracking of Multiple Trajectories with Unknown Delay
Shin’ya TAKAHASHI and Hiroaki SAKOE

(Received June 22, 1998)

Abstract: We investigate an algorithm to extract multiple trajectories with unknown delay in a noisy
image. Individual target trajectories and their mutual relation are described in terms of a finite state
automaton to form a model of trajectories. The algorithm analyzes the image searching for the optimum
trajectories with delay according to this model using dynamic programming. An acceleration technique
with beam search is also investigated. The effectiveness of the proposed algorithm is demonstrated by
applying it to test images.

Keywords: Multiple trajectories, FSA model, Unknown delay, Unknown phase, Dynamic programming,
Beam search
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Fig.1 An example of image with multiple trajectories.
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Table 1 FSA definition.
FSA=(Q,%,8,q0, F)

Q- a finite set of states, {p} ‘(‘*}LE’)’I%JS‘FE*@;{L:TI X2 & O »OFSA ﬁ‘f{"k HEq Thb
¥ .  a finite set of output symbols, {n} (a symbol Hett 2 3t § 2 72O DR EWN (a1, 22,8 | q) EEZL D

n corresponds to a basic feature.) W, CRIERIOERIRIEZER BN §(p,n) =q 10k > T
6 the state transition rules, (6(p,n) = q means

p 5 g, where p,g € Q,n € %) ﬁj’)ﬂl)tﬂ“% (PacQnel. .
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Table 4 An example of the symbol dictionary.

rgilmbol the number of basic feature of basic feature of basic feature
(n) trajectories,k | the trajectory x; | the trajectory zz | between trajectories z1 and z»
(a) 2 r5 r3 —
(b) 2 r3 r3 -
(e) 2 rh r5 5=
(d) 2 rd r4 S$=

Symbols (a)-(d) stand for the following local behaviors of trajectories: (a) The trajectory 1 is monotonically decreasing and the

trajectory 2 is horizontal; (b) The trajectories 1 and 2 are horizontal; (¢) The trajectories 1 and 2 are monotonically decreasing

and are parallel with each other; (d) The trajectories 1 and 2 are monotonically increasing and are parallel with each other.

Fig.2 An FSA model for two parallel trapezoidal waves.
(S: initial state, A: final state)

KD ) HIe KO BRI g (21, 22, T | f) 242 B4%
R TACL YR

g(z1,z2,t | q) = a(x1, x2,1)
+ mzz?a,x max [g(y1,y2,t — 1| p)] (1)
y

Y1.y2
8(p,n)=q

a(z1, z2,t) = alzy, t) + a2, t) (2)

22T, glxi,xe,t | q) id, Ki&qg D 2 RO GLEEHS
(x1,t), (z2,t) i % & L7z X 500 BAERIE % 0BT 5.
(x1,22) ICBWT, H2 LN REEBBI O WY
n(§ 7% b BHAENE) OBFNED £ % (y1,y2) DES
WA LT 2T 22 8T, UMD ORI TR
B qi2hd I EDREPED T S LS.

4. BELH GEREEOKR L

2 ARDBEFD BN BEI AT DA DMRM K52 &
25, Bl LTFig.3iz, BIEIC X DT hrd 2
AROESEHERZ 33, BAEL B A, QRNick 3
RSN T OB AR E 7 S i, LD
THT) XL TIERINTE v,

22T, HIEiOFSA#OMAHIRIET 7o b B ED 7 dk
BTHETNVELTHEL, ZDEFNTHZ L023
AREEE AT ERAOBFL % T 5 L2283t LCHMIli g
52 8T, KMOBIEIZFIET 5. Bl L IXFig. 3D 8L

(3, 2 RO E TAT % LR S hilBkDE T A TEL,
ROz IS L2 b D L ALY, HARIZIS,
W 2§ 2Pz, D %2d & LT, a(z,t) &
a(zo,t +d) & 2B I, D 2 ARDEIED [ THRAH
F2MT 5. 2Dd ZHLZITHER ST A — 21260,
oot 7 RIS & R T BRIN T 5.

4.1 EE5H I RMBEOKRETLIY XA
BAEIZ L2 NmoRHEfME -D<d<D &L,
0Lt<T DOy &, d<t <T+d D x, =5
M52 82F25. ABEDY A X3, X x(T+ D)
¥ 5. Fig diTHAEDTRGHP & A )y o ¥ 4: % 018
T BEHOEY, D ETFNIC—EBT B X £ DL

o G R

4.1.1 BERTF—TN

9, 52 HNIFSAEFNLDOEKIEQIAIGL T, X
DE) BT TN EERL TH L.

Fig.3 An example of two trajectories with delay d.
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(b) detected trajectories (d=7, T=200)
tracking rate 98%

Fig.5 An input image including two trajectories with
delay and the detected trajectories.
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Fig.6 The cumulative score at each delay.
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Fig.7 The beam search effect.

Fig.8 An FSA model for three sinusoidal waves (trian-
gular wave approximation).
(S: initial state, A: final state)
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Table 5 The symbol dictionary for detection of three sinusoidal curves (triangular wave approximation).
the number basic feature | basic feature | the basic feature | basic feature | basic feature
symbol | of the trajectories of the of the of the between between
(n) k trajectory x; | trajectory xo trajectory z3 zq, and z2 zo and z3
(a) 3 ) 75 75 8> s>
) 3 75 5 75 S S
() 3 rd r4 rd Sa Sr
(d) 3 r4 rd r4 S< s<

Symbols (@)-(d) stand for the following local behaviors of trajectories: (a) The trajectories 1,2 and 3 are monotonically decreasing

and are parallel or narrowing with each other; (b) The trajectory 1,2 and 3 are monotonically decreasing and are approximately

parallel with each other; (¢) The trajectory 1,2 and 3 are monotonically increasing and are approximately parallel with each

other; (d) The trajectory 1,2 and 3 are monotonically increasing and are parallel or widening with each other.

(a) input image , SNR: 4.9 [dB]

x

A A aYat:
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(b) detected trajectories (d2=6,d3=-5,T=200)
tracking rate 92%

Fig.9 An input image including three trajectories with
delay and the detected trajectories.
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