BARAGI=EA: 2ZEH] &

27 @349 54 g 49 7%
SEEE ERE

(Time Series Pattern Recognition based on
Branch and Bound Dynamic Time Warping)
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Abstract The dynamic time warping algorithm generally used in time series pattern recognition
spends most of the time in generating the correlation table, and it establishes the global path constraint
to reduce the corresponding time complexity. However, the constraint restrains just in terms of the
time axis, not considering the contents of input patterns. In this paper, we therefore propose an
efficient branch and bound dynamic time warping algorithm which sets the global constraints by
adaptively reflecting the patterns. The experimental results show that the proposed method

outperforms conventional methods in terms of the speed and accuracy.
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function BrB-DTH{Array F[], Array SI])
{

Array S1[]:
int Length! = Length of Array FI];
int LengthZ = Length of Array Sfl.

for i =1 to Lengthl - 1 /o8 22
{

St[i] = Sl »dx + S[i + 1) * (0 - da):

double Bound = §:
for i = 1 to Lengtht
Bound = Bound + (F[i] - St{ID:

Bound = Bound * alpha; I eHE £8

int ProfitTablefl;
ProfitTable{0] = Bound:

for i = 1 to Lengtl // Profit Table =4
ProfltTab!e[n] = Prof(tTable[l 11 - F{i] - StLiD:

double DlLengthi}{Length2]:

// HRT 2B

for i =0 to Lengthl
D[i][0] = Infinity:

for i = 0 to Length2
BLOI[i} = infinity:

olo1[0] = o;
for j = 1 to Length?
for i = 1 to Lengthl

{
k = min(i, ((Lengthl} * {) / Lengthd):

if (CurrentCost > Bound)
continue;

CurrentCost = CurrentCost + (F[i] - S1[i}):
if (CurrentCost + ProfitTable[k] <= Bound)
BL3I] = SurrentCost;
eise
DI = Infinity:
}

OptimalPathSearchwithBackiracking():

dx = ceiling(i * (LengthZ / Lengthl)) - {i * (LengthZ / Lengthl)):

/B WE MOI2I MaEE BHE ME

CurrentCost = min®Li - 11{j1, DLiILj - 11, DCi - 13L) - 1D

// Profit Table2 AX H&

// BT A2 SN0 OB HHIZ A

// B M2, A4 g, BAG OE JeE3: N

// D12 DINGE FO) HERE B HNE FE @Y

O 3 AUD GzaEEy dAame

AHR3lg e, Audeis BlFY C+8
a2FE Mg AtE e 458 A 9
3 449 volgEe 98 == H(circular projection)
3¢ o888 ¥E A8 20079 VoiceBoxEhe
MATLABel 308 12449 BR71E 188 &4
e 100709 27kA] AlAld He-g AMSEnh an
Agrehe wn %S va Bokelr] 98 B =8
AMe 712 ¥y F DTW ¢xelEs DDTW ¢ad)
= FEs4Th

2 =®dA4e 3Ed Hrts 98 ey 22 37t
A Yoz A%E vim Rtk AR, Add Wy
o2 4% AY A27F AY AZE AYSA g%E
e Hy AsE T gleAe ARE Frg
A, V1&g 1Y AR Adzys) vlnsgs 9 A
E BnB-DTW7} 2 Aokl 58408 A= Uer

Al 22

N]ﬂl

9 o
AZre

2%1

Brigc) A, HE AR 547 A

dsi=a

3 e
Nt A

@_ﬂr% i"%ﬁ’fn}. Agrd

2l BAgole rI1EY He

aPoA Hed godL

& o,
2

fr
do

olgdtd WY HE2E
2 YY) HA RARE Nag
W ol2)e]l DTWSE DDTW
19 2 AkRng AHEAth

A okt

2 o

_39,

{ 0%

% FHEE AT o AMIA
ggorn], #4 Jde FEFY BT Bt} AL
& 49€ vehagt 129 °ﬂ/‘1 #H&9| ¥ FYE
23 AdE vndy ZFE yegn, 39 29 A
2 o0& 23 A4S uad Zd3s 27 depdnh A
de el FY AYL vuse Fede YHEE
2z} oAl A Profit ol wlmd F#sted
g4 9ol gAsH FolAle A& AUE + 3o,
te dee udMes A4 Fds gt 24 @

|2 KB
=



588 HRAGH=EA 2xEd0 2§48 A 7 W A 7 2Q0107

(a) DTW (b DDTW

(¢} BnB-DTW

Y 4 A9A4E AEAd )

Sy

a8 5 942 AkgE )

Aozt AM g4 490 Wolde Z3e #UY 4
Aok 13 $Y AEe sladMe g Qo] g4
A FoAgolr B ela 7|Ee A Az Aekx

£ AMElA AREE H3 ArE dY Jed gRe
2gstn glok

¥ 1% ¥ 2= H& Az, Q4 Az a8z 4 9)
of o3 Ad=EE Solxe @AvE S dE 43
Z2A4E BYEd 4 9 N 48 2188 &3
Hee] A, lengthe 729l o), mz9 msie 34
HE Feob S 3 sRel FHel 27 ojake] Hol dl-g
He Boldg MA4E vekdth
1 & (my+m)
5= Wx}; lzngtho

e WEL DTWS vl8 2 AgE Yehiz
o] dAa A7l DTW Yo WE ANE 98 +
gk DDTWE #Ha Azle dg=e AHe £33}
g g& F /9 DTW X Adges gL zoprt
SAYTE 28ln SolFd #ANze A9t Aty

)

Wgol DDTWHROE ¥ UEE 292y, DTWee -

B FRE RY

N

16 4

14 —-DTW
wlfp DDTW
121 —ee-gors gy

3, 081
-
06 -
04 -

02

o 200 400 6(;0 3;0 1006 12‘00
gojeje] go]
a9 6 Y dolo] e AT Wt

A3 AZhe vlms B ow Aekd wye ohE Wby
of ulg] &5/ GAHALE HAYL & Aok B HE
x AHEE E3 gEe 542 X9 dolHz 2ol
£ 100 Wlolm, &4 542 12219 vlolHZ "ol:=
400 Wjeith 43 AxE B g4 Aol A AH
Bel &4 Hee A% 2do] Hold wF A ARt
o] 2P LL FAANT F Y, DTWY H$de ¢
208, DDTW2l Sl of 256, A< e A%
A o 109 AR F/A0. 4HE Qe f8d
Wt AeHow AY ARE AdF AL wie A3
2 e ol BAe) oyt ol Age] R}
st 44 Azte] A28E4E 898 4 ALk

a3 63 2¥ 7 sEe ol R B4 Hor}
Z715) wE WH3lete dANGE oYgzz HYE
k. DDTWE 98 Hol8E 3 was)y| ol b
ole e 7t EIFE VEFALE AU
23 Ay, A9 PP Hd FHgHezE AY
AE2E ARy QEJ DTWERL daAzto] 24
Rk

¥ 1 #H2Ae QA magHA9)

g DTW DDTW BaBDTW
=g #A#l S Azt A4 S At A# S Azk
= 36855 06438 0.1110 0.8836 05936 02717 35866 06317 0.0905
o) 31.473 05953 0.1533 22911 05643 0.3154 36551 05926 0.1218
E 2 A2AY AT vlaEAEE)
S| DTW DDTW BnBDTW
k! A# S A1zt A 8 A2k Az S Azt
9 357.09 0.6685 1.9220 252.58 06110 58670 356.95 06793 1.0860
ol 551.40 0.6138 2.7681 254.76 0.5682 6.4165 594.67 06216 1.5991




71 8R4 54 e 94 7w AAE HEAY 589

06 -
"'Q""DTW
o5 4
- DOTW
R OME W
04
~
;‘; 0.3
<]
02
21
0 .
o 6 12

3o #ol
a9 7 54 o] mE AW W

5. 4E 4 gray

£ = dMe AAE dolHE Uasly] g8 7
o DTW «xgFo] £7] F9EE 2HE3ly HEd
AEHeZ WEste WY AR AYRAL ANde
71 @439 DTW g2eEs A A Agsigoh
71&9] DTWE dE$ 28R & AtEd 9%
1Y A2 ASzyE AEsEod AdH YmeEd
Ae £7] 3PS olfgoEn 9 A2 AgRA
& #HEd wet FEHeE A48 4 Uk 2 Fn
g st HaEglen, A AR Qe o)
2 159 29l AR $AHPL-S HAsigrl 53,
e B oyt ZMESE Bt & &% it
ERE By

FFoe 2ok Tk 49 dolHE JiXm Agtd
7] 342 DTW ¢uEEe vz J7tg g3,
AE e AAE HEHe AHESE uoE 44 &
& Eoboll A&t 1 5L AS5T dF el

#2oRs

{11 H. Sakoe, S. Chiba, "Dynamic Programming Algo-
rithm Optimization for Spoken Word Recognition,”
IEEE Transactions on Acoustics, Speech and
Signal Processing, vol.26, no.l, pp.43-49, February
1978.

[2] E. J. Keogh, M. ]. Pazzani, "Derivative Dynamic
Time Warping,” In Proceedings of the First SIAM
International Conference on Data Mining, pp.1-11,
April 2001.

[3] Y. Mizuhara, A. Hayashi, N. Suematsu, "Embedding
of Time Series Data by Using Dynamic Time
Warping Distances,” Systems and Computers in

Japan, vol.37, no.3, pp.1-9, February 2006.

[4] G. Tomasi, F. V. Berg, C. Andersson, “Correlation
Optimized Warping and Dynamic Time Warping
as Preprocessing Methods for Chromatographic
Data,” Journal of Chemometrics, vol.18, no5, pp.
231-241, May 2004.

[5]1 L. Rabiner, B. H. Juang, Fundamentals of Speech
Recognition, Prentice Hall, 1993.

[6] Richard Neapolitan, Kumarss Naimipour, Founda-
tions of Algorithms Using C++ Pseudocode, Third
Edition, Jones & Bartlett Publishers, 2003.

[7] M. Faundez-Zanuy, M. Hagmiiller, G. Kubin,
"Speaker Identification Security Improvement by
Means of Speech Watermarking,” Pattern Recog-
nition, vol.40, no.11, pp.3027-3034, November 2007.

SRS

19956 Fddgha AxANSR E4
(8h. 1997 Sadzte HEd HHF
B8t EA(4Ab. 2000 SR
thekel AFE s SAb. 20098~
A gt oA Ev|telss ne

Bpols 2RuH, 379, AY, W

0
to
2z
-0,
g
o
e
ol

i o A

20059 Bedsm BRHBIR 29
(3hah, 2008 EAdem BFED
E (4. 2008 ~EA SRR 7
Feety wAg. BYRer: 94E
4, AR, RFH WA 5

A4 %

1990d SAdsR AXANES E9
(B+h. 19929 s4ddste dgd AF
Hatg £9(44h. 19963 s4HsE
e AFEHEH SACEAD. 20009~
A FAUNE ARENF we B
Fobe AFH 81, e, AU,
384, A9 §



