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Adaptive Time Warping
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Adaptive Time Warping
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Recently, time series produced and treated in many fields, and fast similar-
ity search in large time series databases becomes important. For this subject,
similarity search techniques based on Euclidean distance are straighforward.
However, recent studys have shown that time warping distance is more robust
distance in similarity search for time series. Difficulty is that time warping
distance is computationally expensive. Traditional indexing techniques is pow-
erless because 1t violates the triangle inequality. To overcome this problem,
compression is considered to be effectvie and some techniques which divide
time series into fix length for compressing have been proposed. In this paper we
propose an adaptive compressing technique. Prefer to fix length division, our
approach divides a time series according to its characters hence obtains higher
effect while keeping lower information lost in compression. The effectiveness
has been confirmed in out experimental results.
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Fig.1 Euclidean distance and Time Warping
distance
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Fig.2 An example of warping path
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Fig.3 Fixed lenghth compression of time series
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Fig.4 Time series with different frequency
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Fig.5 Variable lenghth compression of time series
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Fig.6 Division of time series into frames

i | f (i) — 2]

" n
<E== g (9)
RICEZRTNER S0 21, BUE T
EEDEIITPET EhE NS 2L THB.
T % 2—YDEEEET 5 OIEY) T,
IR 613, KRRYIOEY 152 fHORPHZ H
5L OHI- TR IS, EY)7BELZ S
ETERODO5THD.

Z 2T, FEfmofEE L 2 — PR EERE T
ELNTGRA=2L LT, HFIRERp 21D
bORERTL., 2D phb, BUETIZLATF
DX TPESINS.

T=p (maz{xy, -, xn}

—min{xy,- -, Tn}) (10)
2T LT, KRYIDOERY 15 25 fEOHBHIC
B <, 06 1 OfECEMOREEZIRE
TEL LD 5.

3.2 AEREMEINABHRIICHT S

TW D&

W o5 % n] B REME L 72 %1%, FEfMShi
B RINCH LT TW %281 L CHigE% 515
TLHLZ LIRS, LPL, ZV—LORERIN
—ETIF RN =0T, FIEREM S -
RINHLCEFDEE TW 2HHTHZ &
ITERN, Z2T, 7V—LDORE2EZE
WKANT TW &8 % HiEIC D0 TR
5.

REVIN, M O 2 DOFEAHRT] X = 21,
.@2’...7@-“...7@-]\[, Y = Ql,QQ,"',:&j,"',
G WS TW 280 U CREgfE 2 kD 5 2 2 2%
A5,

F 9L, FEMRERINCK L T 2.1 Tk
NFEgEEZOEEHEHALT, 7N
A&RKD 5L, RIS, TDT—ELTINADE
BB KD B DIEDS, F D FEHEITOWTARNR
LENTT —E U TN ONWTEELLERT
BB,

B2l E RN FETCT - I N2 %

error =

0 4950

B 7 ATW ISBY SRRT %GR
Fig.7 Relations of time series in ATW

B8 T—EVIRADTNV—T45F
Fig.8 Grouping of warping path

kode, 7O P IRTEI R 17 %

‘17 offRE, BRPIGRTEO R 1]
X% OBRIIHFELET HM, PLITRT &
27 % X% OBMRIIFEEL R, 2
DEFFNCE L TIERT 5.

ZLC, nAREMINRRINCET S
D—E VI NATE, ‘1% % oRf%RE S
BIC2 DD — VTR TEZ LN TED,
M7DOP,DEd% 1 DFOTV—LD
BEN'Z 0/ 07V —L0EIOMLY
VEWSRT -, Paoko7 1 o
ZTOHFELV BRSNS -V TH S,
AERTEM SN RRINCBIT T —E Y
TINAVL Py, Py, Py D 3DDNF — 2 THERK
INTHWEDT, MSITRTLIITT—F
VINRAE g, gy W N—=T T LT,
AT ORI S T F — VRl 7 )V — T Df
ghv EREL gl ZRD 5,

NRE—V P TN—T g, BT BEEN
By e{pto 1" 1 ThbeT B,
gnv = d(Z;,9;) - maz{z;.0,9;.0}  (11)
gn-l = max{z;.0,7;.l} (12)
IRB—=V Py TN—T g, \ITBT B EEN
{2} & g, ou} @ "1 % THY,
TV—LOREWI<YE gl ThbE

g5 L,
k
gn-V = Z(d(i“h(%) “Ys-1) (13)

s=j


研究会Temp 
－495－


L1
Dux L1 D> 35 Le

E9 MR ORERINCHT 5 TW O]
Fig.9 Application of TW to original time series
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Fig.11 Examples of real data
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Table 2 Result of experiments with CBF dataset

param | time(ms) | correct(%)
Buclidean 3.4 64.97
™ 1086.3 83.30
PDTW 2 270.1 77.28
4 67.8 74.56
8 18.2 68.14
ATW 0.1 366.9 80.26
0.2 106.3 75.95
0.3 27.1 78.17
0.4 8.5 80.54
0.5 4.6 76.78
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Table 3 Result of experiments with real dataset

param | time(ms) | correct(%)
Buclidean 70 26.19
™ 100020 80.95
PDTW 2 26090 79.05
4 6140 66.19
8 1600 59.05
ATW 0.1 8320 82.86
0.2 3810 81.90
0.4 1740 67.62
0.6 1200 62.86
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Fig.13 Result of experiments using real dataset
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