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H7#17 7 (Fixed-Replication similar Sub-trajectories Retrieval: FRSR)® &3 84 Zizho] A
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(Variable-Replication similar Sub-trajectory Retrieval: VRSR) o]tk AQtele MhHL o]F 7049
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A uFel 7WEE FAF FEAD H@AY Vol FEF AFEES HASEA, 71E9 Lio ¥y
(no-warping)3 Shan®] OCMR¥H(infinite-warping)d] B3] A& ZddA £& HE5E BTh

ZH= @ HY L dlolH, olF AA, k-9 dnE, FAF REAH A4

Abstract Moving objects’ trajectories play an important role in indexing video data on their
content and semantics for content-based video retrieval. In this paper, we propose new similar
sub-trajectory retrieval schemes based on k-warping algorithm for efficient retrieval on moving
objects’ trajectories in video data. The proposed schemes are fixed-replication similar sub-trajectory
retrieval(FRSR) and variable-replication similar sub-trajectory retrieva(VRSR). The former can
replicate motions with a fixed number for all motions being composed of the trajectory. The latter
can replicate motions with a variable number. Our schemes support multiple properties including
direction, distance, and time interval as well as a single property of direction, which is mainly used
for modeling moving objects’ trajectories. Finally, we show from our experiment that our schemes
outperform Li’s scheme(no-warping) and Shan’s scheme(infinite-warping) in terms of precision and
recall measures.

Key words : video data, moving object, k-warping algorithm, similar sub-trajectory retrieval
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1wk A4 #A gk fAM AR
(a) 4 @A) dF A A (b) 14 A i FA3 A
NT |[NW | NE |WT |SW | ET | SE [ ST D] | TCI1EQ | IN | CB | CT | CV | OL
NT 0 1 1 2 3 2 3 4 D] 0 1 6 4 5 4 5 4
NW 1 0 2 1 2 3 4 3 TC 1 0 5 5 4 5 4 3
NE 1 2 0 3 4 1 2 3 EQ 6 5 0 4 3 4 3 6
WT 2 1 3 0 1 4 3 2 IN 4 5 4 0 1 6 7 4
SW 3 2 4 1 0 3 2 1 CB 5 4 3 1 0 7 6 3
ET 2 3 1 4 3 0 1 2 CT 4 5 4 6 7 0 1 4
SE 3 4 2 3 2 1 0 1 CV 5 4 3 7 6 1 0 3
ST 4 3 3 2 1 2 1 0 OL 4 3 6 4 3 4 3 0
49 e A U AR0~360F olgdHel B¥  AYAER FAHM, AUL S, s[2, . s8]
31, AHEAE A9 AF Q=(ange, ...am)< AR RE Vi Va
AHE EFste dolel A V=(vi,vy, . vwAtole] f Gma| D[m-1,0-11~%,  D[m-1,n)
AdE 24371 Yal OCM(Optimal Consecutive BN
. . . . Um| D[m,n-1] replicate  D[m,n]
Mapping)® OCMR(Optimal Consecutive Mapping

with Replication)®] 5 7}2 fAH4 &3 daEEs
Abgty. #x, OCM ¢ulEe BAF v)A(exact
matching) 2.2 A2} #Z = diolel #HHALole] 7} £3
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OCMR 2u8l&e 24 wWiAg Adss, 138 194
9} Zo] AMEAZRE Folzl Ao AHE olfE #ZH
9 A9 228 Heolg A3& ¥ 747494

A 2AE(vrteld FAHIS AXEe ‘“ 214,
9 SAY 8AE FTAA AU AL wEAZ 7;4\
(replicate)® 1% A &2 F(map)S H]EEHH o &
AE Agct. AVAM dlg, v o viAkele A
g5 (distance function)olil, DIMN]E A9 #AF=
dolel HHAtele] wHE(replication)S& ©]-&F HL A
Z(minimum distance)& T3}7] ¢ HolEojt 1
g 25 ZAF W3S 93 OCMRE &S veldo

2.2 AF MEAIRIA Y

fA} A BAIE A(subsequence) HA[9,10,11] & Fo]
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Aste oz Frt o dojel, A4EF weE, @4 Holg,
g dlolels} e &8 Eokolyq B AF7) °0]F9
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i Dlm—1,n—10+d(q,, v,)
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Algorithm Optimal Consecutive Mapping with
Replication (OCMR)

for j=0 to N-M do D[0, j]=0;
for i=1 to M-1 do D[i,i-1]=
for j=0 to N-M do
for i=1 to M-1 do
D[i,i+j]=min(D[i-1,i+3-11+d(q:, Visi),
D[i,i+3-1]1+d(qi, viei)) s

D[M, M]=D{M~1,M-1]+d (qu, vu) ;

for j=M+1 to N do

DM, j]=min(D{M-1, j-1]+d (qu, v}, D[M, 3~1]);

return D[M,N];
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Du (0),0)=0
Dw(S,0)=Dw(0,Q) = oo
D (S,Q) =Dhase(S 11, QL1 +min(Dw(S,Q
[2:-1,Dw(S12:-1,Q), Dw(S[2:-],
Ql2:--1)
Doasc{a, b)=1Ila — bl
E}q) 938 WEg o83 fAl MuAds Hae H
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daeglEo s g 1Y 33 2o
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(approximate matching)< 93] g9 A 714 18
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FEAFG 1 0 A2 dolgH ol FAF AMHEA]
A AHREAD BHY H3 wage A
AL Bek olgr dlolel Al disiME efg]
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{
Input:

valsl : Data Sequence;
vals2 : Query Sequence;
Output:

float dtable[numl][num2];

dtable[0][0] =

for (int j = 1; j < num2; j++)
dtable(0][4] =

for (int i = 1; i < numl; i++)

for (int i = 1; 1 < numl; i++)
for (int j = 1;

return dtable[numl-1]{num2-1];

float TimeWarping Distance(int numl, float *valsl, int num2, float *vals2)

numl : the number of Data Sequence;
num2 : the number of Query Sequence;

dtable[numl][num2]; time-warping distance;

fabs (vals1[0] ~ vals2{0]):

fabs (valsl[0] - vals2(3i])

dtablef{i][0] = fabs(valsl[i] - vals2[0])

3 < num2; j++)
dtable[i][j] = fabs(valsl[i] - vals2[j]) +
fmin3 (dtableli}[3-1],

+ dtable{0][3-1];

+ dtable[i-1](0]:

dtable{i-1]{3], dtable[i-11{3-1));
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e £402 ojFoinl $HY 24T A ol

oo EeD

L olo @ gy

2

o o 1t

2]

A AHE F 38 o] XHIch
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(SII>)e 28 948 39 8489 oz &
#st, A3e P €99 2AY 84 slil=(s
[i,11, sfi2], .., slin)E dephdc}
ol&#, olF A AHL 29 £A2F el
S 8489 AFoZ FHEsH, B =FM
F JARE A HAA =g ol&sty ‘A
of Mg Ax2 RS olw A9 49 o] YE
1= 8
(A9 4] ©)5 A AAH S(=<sl1), s[2], .., sl
ISII>)e d¥e d%d 239 8459 HyPoez ¥
Hal, Yoo 32U [/A5L 717} 2219 &4 F
Zt % (angle)®t A (distance) 2 E&@3TH = 2Y 4
Ag A 239 84 slilE (A, DVE Jehdth
Fold ARg2L Ao #HAHY vt 2AY 849 ©
olg} AFe] shie] 32U 24 Alolg FAMES 23
371 A8, 9 59 22 A & dys B3

(B9 51 o5 AA9 AH SE F45k= P9l &
A 84 slileh 29 AH Q5 F43te g9 £3
d 84 gfjlArel9] A"l F<(distance function) duls
lil,alihe & 2ol AYdct. 9714 dues 33Y
849 Ztz7ke] Al 45 YU, dut $3Y
849 AR A-FFE vtk 283 s[il]
s[i2l€ 42 43 Sef WA $3Y 845 FAsl=
Z= AGE vebdch o9} pe 47 A=l ARE
A A E rch(a+p=1.0)

ifl s(i,13-q[j,1]} > 180 Then

dung(s[i,11,a03,11) = ( 360 - Is[i,1]1-qlj, 111 )
else
dangtsli,11,a05,11) =1 si,11-q[j,1] |

(ot oE

_\9

das = | s[i,2] - qlj,2] |

dy=((dang/180) * a)+{{dais/100) * B)
#1325 HEAFIEA EEFHA HAF BE
HAH ZAE A3 7189 fAE ABAIR2 HAA AL
|HJE o] 28 PSS HY 674 T2 N2 k-
93 A -5 P93
(A9 6] 5 A S Q Alolg] k-9%8 AY Duws
3 2ol AAHeR Fodct
Diw(0,0)=0
Diw(S,0) =D (0,Q) =
Diw(5,Q) =Dhase(S[11,Q [11) + min{({Dkw (S [
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2+i:-1,Q),0<i<k}, Dww(S[2:-1,Q
[2:-1))
Dease{a, b) = dufa, b)
KW_CM_Table) F€& 3#AlY 18 TEA7]7]
A g, 71EY AlEL dolgi o] 24 AREE ]
G el 93 AgE AN 9% guEEss hys)

o, FoiA AM-A A9 HEH QF FAsT d99 &
A aaSe) tsiAT F&3) wrEEAM diolet AF
I "ol HAH Al A9 zEe] FHE HolE
(kwThb)-& YHETHE 4). 9714 53 =& v}z
u o] wxet gl ¢ & kwThi[ISI-1QI-11&
2o A&5E FAshe dolo 24Y 8kl waj

void KW _CM Table(S, Q)
{

kwTbl[0] [0] = dar(S[0], Q[O]};
for j=1 to |Q|-1 do
kwTbl([j-1][3] = o0;

for i=1 to |S|-1 do

for i=1 to |Q]-1 do
for j=1 to |S|-1 do

Input:

S: Data Trajectory, Q: Query Trajectory:
Output:

kwTbl[][]: cumulative distance table;

kwTbl[i] [0] = dar(S[0],Q[0]) + kwTbl[i~1][Q];

kwTbl([i]{3] = dur(S{1i],Q[J])+ min(kwTbl[i-1][]],kwTbl[i~1][]j-11);

a9 4 5 AHAele wA dlol 44 84

{
Input:

Output:

lo_wp_cnt=k:
gl_wp_cnt=|S|-1Ql;

i=lQI-1; j=IS|-1:
minDist = dfS(], Q]
while(1) {
if( i==0 && j==0) break;
else {

i o lo_wp_ent

}

}

)} // end of while
return minDjist;

int k-Warping_Distance(S, Q, kwTbl, KW_List)

S: Data Trajectory, Q: Query Trajectory;

kwThl[][}: cumulative distance table;

KW_List[] : the number of warping(replication) for each motion;
minDist: minimum distance acquired using k-warping

//local warping count
//global warping count

if( (i>0) && (kwThl[i][j 1] < kwThl[i-1[j-1]) && lo_wp_cnt>0) {
minDist += d{S(3],QLH]Y
else if( (i*k<gl_wp_cnt) && {lo_wp_cnt>0) && (gl_wp_cnt!=0) ) {

j--5 lo_wp_cnt--; gl_wp_cnt--,
minDist += d{S{j],Q0]):

k;
[il)

else {
i j=-= lo_wp_cnt
minDist += dy(S[j]
} // end of if
} // end of if

gl_wp_cnt--;

a8 5 k-9% AY 3 2ndF
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int FRSR(Q, Results)
{

for j=lQ| to |Ql*(k'1) do {
for m=0 to lSljdo(
minKWDist=oc

minKWDist
} // end of m
} // end of j
if minKWDist > t value {
Results [count].id
count++;
}
} // end of for i

return count;

L

Input:
Q: Query Trajectory;

OQOutput:
Resuits @ Retrived Results including {id, dist}

Variable:

ki // the number of warping
t_value; // predefined threshold value
S // 1 th data trajectory in databasc
count = O // the number of retrieved results
STI]: // sub trajectory
for i=0 to  |DBI-1 do {

CkwThl=0SI10Q11 ST=[];
(wn,%ub,lrdjutory(s., 3, m, ST
KM_CM_Table(S,. Q)

kwDist=k Warping_Distance(S;, Q, kwThl, k)
if kwDist < minKWDist

- kwDist;

Sidds Results[count] dist =

minKWDist;
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int VRSR(Q, KW_List, Results)
{

Input:

Q: Query Trajectory;

KW _List : k-Warping List for Query Trajectory:
Output:

Results : Retrieved Results including {id, dist}
Variable:

t_value; // predefined threshold value

Si s // i-th data trajectory in database

count = 0; // the number of retrieved results

STII; // sub-trajectory

for i=0 to  IDBI-1 do {

for j=IQ| to QI*(KW_list[j]+1) do {
for m=0 to [Si[-j do
minKWDist=00; kwThbl=[ISil][IQI]; ST=(1;
Gen_Sub_Trajectory(S;, j, m, ST);
KM_CM_Table(S;, Q)
kwDist=k-Warping_Distance(S;, Q, kwTbl, KW_List);
if kwDist < minKWDist
minKWDist = kwDist;
} // end of m
} // end of j
if minKWDist > t_value {
Results[count].id = Siid
Results{count].dist = minKWDist;
count++;
}
} // end of for i

return count;
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