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Temporal Texture Analysis Based on
Motion Trajectory in Spatiotemporal Space

KAZUHIRO OTSUKA,t* TSUTOMU HORIKOSHI,* FUMIO ADACHI,t#*
NOBORU SONEHARAT* and SATOSHI SUZUKIH##*

A novel framework and method are proposed to extract local features of a certain kind of
non-rigid motion pattern, referred to as temporal texture. To catch both the motion and
texture features of this complex pattern, we focus on motion trajectories in spatiotemporal
space derived from moving contours through multiple frames of an image sequence. From a set
of trajectory points comprising the motion trajectory, we estimate the posteriori probability
distribution of possible normal flow in the spatiotemporal space, as a statistical characteristic
of the temporal texture pattern. Based on the normal flow distribution computed by a Hough
transform which parametrizes the normal flow as tangent plane on the motion trajectory, a
method to extract temporal texture features is proposed. Several motion features including
motion intensiveness, entropy, and the occlusion ratio of motion trajectory are defined, and
we also extract texture features such as the directionality strength and the density of contour
placement. Furthermore, some experiments, including the pattern classification of weather
radar images, verify the effectiveness of the defined features.
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Fig.1 Moving countour C and its normal flow V x on
image plane (a) and spatiotemporal space (b).
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Fig.4 Normal flow distributions for basic pattern (a)
and pattern with random component (b).

9

BTHET 5 & SREM 01255 <.
3.21.2 /—3IA70-OILhOE—

Tz, HBACEINTWE ) - 70— FKa0
ERE, BO20X0FEAVIIHIET 2HMEL LT,
J=INTU-OIy bR f, %

’

fo==)" Sn(0,0)logSn(6,4)  (14)
o ¢
DEIEHT L. /A TO-DIY POl — §f,

X, IRTO70—-0KMH, REDFHHEI%EL VE
BTHETHEE, D%V, Sv(d,¢) = —EDHA,
BAEZ L), BB~ DEGDAIPIELET D L &5
INMERE D

3.2.1.3 SERSDES

EHIT, /R TO-DFEEDOKESICEHL,
ZDEEZRIOEE f2 %,



Vol. 40 No. 8

f5 = 220 2 pcpry SN(0:9)
T Ze Zd’ SN(97 d))

DEIEHETD. 12720, oy WEEBL I2VEED
KESOTR Veg £V, érug = tan™'(1/Vrg) 2
SVEIBLEVETH S, COBRBTDEE f3
XY, REOEKLSS V¥ MBI T 3 (/) —<ib
7O - DRI EERBATE S HBTB) Ny -
DHEELHET A LN TES,

3.2.14 BBEATF AL TO-KS

RIZ, /=N T70—53% Sy o8y F [ AOE
DBELEERS (AT F 4N 70=) %3k, 720
HEOKRISLHHE f, LT5. 22T, 20k
ELTCERESDPDRREL 27325 Hws, &
DFETE, ROBREFENZ MV V = (vg, vy, v5)
&, /=N TU—DIRT A5 (0,$) DG

Ut
 (vecosf+ vy sin 6)
TRWT, /=S T7U—0DI8T A5 22/ Sy (0, $)
o, HEEMNOHEZEITV, FOEERDFER
BOBOBT e BE 2 RERS VELTHRIET S,

8.2.2 FUXF v

TYRINVT I RAF X —IN8 =V DF 7 AF v —4F
BELT, AR CTIERLEERS VTEET LH)
BHICEHL, ZORTOBERONH L FMELE
FY D, BERD V = (va, vy, v:) TEREIT 8K
BT 5 =<7 =L, 0-¢-p ZEHPICBW
TR (16) TRSh 2 HEELICHREN S, 22T
DT % FER M & (FYS, HRBE LS %

Sr1(0,p) = {Sp(6, ¢, p)|

(vz cos B + vy sin @) tan ¢ + vy = 0} (17)
DEHIHET 5. ZO5H Srp 13HE V TEE
TLHRADEROBESAIIIEL TBY, 0 13HHD
DEHCEE R F, psing ZEHADPLBE~NTSL
LERDESE TN ENERT S, flL L TH 3 (a)
ER3(c) DN = BOBONLSH S DREF
T ENENES (a), (b)ISRT. 7220, 6 ITFER
TV OFACEER A 0L LEBEANTHD,
HHIE (—r/2<0 <n/2) THAB. LFTH, =0
HEAND 0 ICLIZ o THRTHED S,

X, BEETFELO 2 RTLOMB/Y — > OEH
DEET, BFEHONTEREEL THON BT
A= BEPOTRZESMP L EPHIELN D Z LA
HMONTBY, BONBROHBEY S5 —> Dy
LOERPEABE, 2 KMBD/1 8T X—5%% kD2
FEFRESN TSI 5512 FHECTHESLH

(15)

tan ¢ = (16)

MR OEBEHICETCF Y RI VT 2 RF v — W 3161

—T£/2--—-—-—-|0—-—Tt/2 0’ mﬂ:/2~—~——-—46———n/2 &

@ ®)

5 BiREOBMOA FRIME LD/ —< V7 9—-54). (a)
FEANY =, (b) BEEEE Y —

Fig.5 Tangent line distribution (normal flow distribution

on constraint surface) of moving contours for basic

pattern (a) and pattern with variation in placement

(b).
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Fig.6 Behaviors of features for model images. (a) Ratio of random component vs.
Motion intensiveness, (b) Ratio of random component vs. Motion entropy,
(c) Speed vs. High-speed ratio, (d) Variation in placement vs. Directional-
ity strength, (e) Grid interval vs. Contour density, (f) Intermittence ratio

vs. Occlusion ratio, where grid intervals of (a), (b), (d),(f) are 16 pixels,

while grid interval of (c) is 24 pixels (Displayed range: 145 x 145 [pixel]).
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Table 1  Average feature values for each temporal texture image.
Features
Class I F2 Ts I Ts e f1
Intensiveness | Entropy | High Speed | Speed | Directionality | Density | Occlusion

River 0.449 9.683 0.126 1.95 0.387 0.181 0.627

Fire 0.610 9.638 0.196 5.43 0.365 0.119 0.353

Boil 0.406 9.680 0.159 4.68 0.234 0.231 0.434
Steam 0.661 9.635 0.141 2.59 0.429 0.0621 0.566

B7 FUvRINVFIAFy—HE (a) River, (b) Fire,
(c) Boil, (d) Steam
Fig.7 Temporal texture images. (a) River, (b) Fire,
(c) Boil, (d) Steam.
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Fig.8 Normal flow distributionfor. (a) River, (b) Fire,
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K2 FURINVF I AF v —EBEODEHEE
Table 2 Classification accuracy for temporal texture

images.
Feature set | Correct Classification
ALL 93.3 [%]
fa, fe, fr 95.8 [%]
f3, fe 94.2[%]
fe 71.2 [%]
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B9 KRRV —FER. (a) iR, (b) BAER, (c) BIR. (EROHMM ; 210 x 210 [M%])
Fig.9 Weather radar images. (a) Band-shaped type, (b) Scattered type,
(c) Stratiform type (Displayed range: 210 x 210 [pixel]).
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Fig.10 Normal flow distribution (left) and tangent line
distribution (right) for (a) Band-shaped type, (b)
Scattered type, and (c) Stratiform type echo pa-

terns in weather radar images.
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Table 3 Average feature values for each weather radar echo pattern.
Features
Class f1 f2 A A I3 fe fr
Intensiveness | Entropy | High Speed | Speed | Directionality | Density | Occlusion

Band 0.585 9.637 0.178 4.88 0.314 0.109 0.529
Scattered 0.640 9.628 0.176 3.32 0.417 0.088 0.491
Stratiform 0.583 9.616 0.207 5.45 0.312 0.113 0.471

Fa RRV-F TIN5 -V OHERE
Table 4 Classification accuracy for weather radar echo

patterns.
Feature set | Correct Classification
ALL 100.0 [%)]
f1,£3, fa 100.0 [%]
f3:.fa 98.6 [%)
f3 96.0 (%)
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