gobgobtoobgobugbobobobooooon

Similarity of Time Series Based on Their Spectrum

Considering Human Recognization

oo ooVYoooooo?oooooo®oooo o

Katsumasa Koyama®) 0 Teruhisa Hochin? O Hideya Nakanishi® O Mamoru Kojima?®)

1) 000000 O00D0O00oOoO0D oDUoooooo
Osaka Prefecture University

2)00000000 D0000oODO000D oDboooood
Kyoto Institute of Technology
hochin@kit.ac.jp

j)ybooooood
National Institute for Fusion Science

goboobbooobooboobobooboooboooboobooobooooDo
gbooboboboobooooo boboobooobooboboooooooo
gooobooboogoboobooboooboobooboooooboooboobo
0000 (00O0O0000)0000000000000D000O00DoOO
goboobobooooooobooboobooobooboboobooboobo
goboobooooboooboobooboobooboobooobooboooDo

goooooogoogoo

goooooooboooobogobobobon

1 0000

ggoboboooooboogoobooooboooobooobbooobobooooboooboo
goooboboooobobobooobogoboobobooooobobobooooboon

gboogoboooboooooboboooobobobooooooooboboooboon



0000000000000 000000000000000000000000000
000000000000 000000000000000000000Y000000
O000000000000000000000000000000000D000000
0000000000000000000000000000000000000000
0000000000000000000000D0000000000000
000000000000000000000000000000000000000
0000000000 000000D00000000000000000 Y9290000
O000000000000001000000000000000000000000
0000000000000000000000000000000 1000000000
0000000000000000000000000000000000000000
0000000000000 0000100000000000000000000000
0000000%0000000000000000000000000000Agrawal
O000000000D0D0D0D0D0D00000000000000000%0000 Rafie
O000D000D0000000000 Agrawal 00000000 DO0Y0000000
000000000000 00000000000 APCA(Adaptive Piece-wise Constant
Approximation) ¥0000000000000000000000000DO0O0OO%:1
000000000000 D00000D000000D00000000000D00000
O000000000000000000000 MVQ(Multiresolution Vector Quantized)
0000000000000 D000000000D0000000DoDononoo®g
O00000000000000000000000000R00000000000
n0000000000000000D00000D0D00000D0D000000DO
O000000000000000000000000000000000000000
0000000000000 000D0D00000D0D00000D000000Do000onD
O00000000000000000 0000000000000000000000
000000000000 D0000D0D00000D000000D000000Do00nD
O000000000000000000000000000000000000000
0000000000000 D000000D0D 10030000000000 3000

uboo200b000boo1o0boooooobooobobbob 1booooo 2004



3000 7

2500

2000

Magn

1500

1000 L L L
0 0.002 0.004 0.006 0.008
Time(sec)

01 0000A000

sample0329.dat
3000 [y

2500

5 2000 [ VAP VAANMASAMAN AN A A, |

Magnetics

1500 -

1000 Lt L L
0 0.002 0.004 0.006 0.008
Time(sec)

02 00A00QCDOOO0OO

sample0638.dat
3000 (7

2500

2000

Magn

1500

1000 1
0

0.002 0.004 0.006 0.008
Time(sec)

03 00AQCQCO0OOOO

oboooooobonD 26484000000 100000030000 DOODOODOO
goob3r23s0ibooooooobonl4000ooobooooooboobooonooDn
ubooobooooboboobonoooboobooobobooboobooobooo
vbobooboobobboobuoouooboobobooboobuooooboooo

ubooobobooboooboboobooboboobooboboobobooobo



ODO0oO0ooooon
000000000000000000000000000000000000000
0000000000000 D000D000000000000000000000000
00000000000D000000000000000000Y9000000000
O000000000023% 00000000000000000000000000
0000000000000 000000000000000000000000000
O000000000000000000000000000000000000000
00000000000 00000000000000000000000000000
00000000000 00000000000000000000000000000
0000000000000 D0000000
0000D00000200000000000000000000000000000O
0000000000000000000000000000000300000000
0000000000000 000000D000400500000000000000

gbooooooooooooooooboooobobooobobgoebobOoDO

2 JOooooon

21 0Odooo
oooooooooooogoo
Ub1000«0,00000000

xr = [x] = [xo, 21, ..., Tp—1] (1)
ood,n0000000

oo, n0000D000D0DOOO0DO0ODLO0ODbDO0ObLO0OO

22 OOoOodbbObooodon

gboboobooo,0bn00b0b0n0b00000000DO00O0OO0O,000

ubog.gbooa,buoobobooobgd.



00 2000 z=[x),y=[y) 000 D(x,y)

n—1
D(z,y) —J D {@e — pa) — (e — py) }? (2)
t=0
0000 pe,py 00000 2,y00000

0((2)0000000000000000000000000OO00D0D0OoOoOoOOO0
gooobooboooboobobooobooooboboboobooooboboon

gbooboooobooboobboobuoobboboboobooboobooobooo

23 00000000 (DFT)0OOO

00000000 (Discrete Fourier Transform; DFT) 00000000 ODFTOOO

ubbooboboobuobboobooboobboobooboa

00 3000 #= [z = [z0,21,...,2,1) 0 DFTO000000000000000
X,0000 X = [Xf] = [Xo, X1,...,X, 1] 00000000000000 [&) 0 DFT

O [Xf]DDD [mt]@[Xf]DDDDDDDDD
n-l 2mift
Xf: Tre n (3)
t=0

gobD0d«0+v-10

O000o0ooooooooooooooD »)00ooooboo

n—1
—2mift
xt:ZXfe n (4)
=0
00000 DFTOOOOOODO0OOOODOO0OO0O0OLOOOD0oO0oOooooOooon

000 (0 (5)00000000000000 (0 (6)0000

0oOo]

[w—ty] == [X; - €] (5)
OoOo]

Xp=Xn g (6)

gboboobodd 020000 (Qk)DDDDO(nlog(n))DDDDDDDDDDDD

DrrO000000o0ooooboooooooooooooooon



24 0000000

O000DFTOOODODODUOOOOOOODODUOODO0O0O0O0O0OOOOD (Doooo)oo
vbobodgooboobuoobobuobobuobboobooooboobuoobooobo

oboogooboobon

00 40002 =[z],y=[yJ]0 DFTO [X4],[Y;]000D0O00z0y00000O0 D'(x,y)

ugbbogooboodan

0[3

D'(z,y) = | Y (IXf|—|Yp])? (7)
F=1

0000|X, 0000 X,00000

0(7)0 f=00000000 (2000000000 UDOOOODOOODOOOOODOO

00000000 f=n/2000000 (6)000000OO0OOOOOOO

3 Juoooboogood

gbooboobooboooboobobbobooboobobooboooboobonoon

ugbboooboobuoobboobuooboobbod

3.1 Ooggd

gboobooboboooboobobbobooboobobooboobooooon
gbooobgooogobloooboobobboobooboboooobuoobobolng
0000 1300000000000000000000DO0ODODOOOOOODOOO (512

0)00ooO0oooooo

3.2 0OO0oQO

0000000000000 00000000O00000OLODO0O00O0 A(DYHOOo
0000000000000 B(O 4000000000000 OOOOC(OS5 000

ubbogobuodgbobooobooboan



3000 7

2500

8
S o000 [ AN S A S M e

Mag

1500

1000 L L L L
0 0.002 0.004 0.006 0.008

Time(sec)

040000 BOOO

3000 7

2500 |

2000 H

Magn

1500

1000 Lt L L L
0 0.002 0.004 0.006 0.008

Time(sec)

O50000COD0O0

gbboooboooboboooboboooobobooboboobooobobooobboon
ubogbooobooboobuoobobboboobooboboooobooboooa
gbooobooboobooboobooboobooobooonobooooobo 2d
ugbbgobodaboobbuooboobbooboobbooboobbon

gbooooboboboobooboobobobooboooobooboooobonoon
0000000000000 (recal) D00 O (precision) 0000000000 O0OOO
00 =00000000000000 /OOUODODOOOODDOOODOOD =0000000
0000000 /0000000000000 0o00oOoOoO0ooDUoOoOOoUOooOOO
gbooboooboboboobooboobobobobbobooboobobooobo
uboobobobooboobobobboboobobobbobodd~bO0b0ogyg
oo n000000DO0OD00OO0ODOO0DOODO0ODOO0DbOObOO0bO0ODbO0DbOo
000000000 (recal) D00 O0ODODOOO (precision) 00000000 O0O0O0OO

gbobooooobobobobooooboboboooobooboboboooobo



Recall-Precision curve

Euclidean --&---

precision

05

recall

O6:00AQ0QO0OO00OO0ODODOOCODO

Recall-Precision curve

Euclidean --&---

precision

05

0 0.5 1
recall

07 00A0QCQOO0OO0OO0OODOOCOOOOO

uboooboboboooobobonbOO0bO0o0bO0obOOo0ob00o0boboboOooboono
ubodbudgbgobuooboobobobobboboboboobobbobobo
uboooboobooboooobooboboobooboooobooobooobonooo
ubogbugoogboogbooboobdoboboobooboobouooboboobo

gboooobogbobooobgo



Recall-Precision curve

Euclidean --&---

precision

05

PSS = ISR - FE B FrE— I TR - e - R
B---o- H------ Fel = -

0 0.5 1
recall

U8 o00BOOODOOODODOODOD

Recall-Precision curve

Euclidean --&---

precision

05

09 o00dBObOObOObOODOOODOOOD

3.3 0Uuogn

000000000000000000000000600 1100000600110
00000000 (recall) 0000000000 (precision) 0000000

0600 110000000000000000000000000000000000
0000000000000000000000000000000000000000

gbobooboobobooobooboon



Recall-Precision curve

Euclidean --&---

precision

05

0 0.5 1
recall

O 1000 cO0bDooobooooooonn

Recall-Precision curve

Euclidean --&---

precision

05

L
0 0.5 1
recall

O11.g0coobooooooooboooooa

gbobooobooboobooobooboobobooboboobobooobonboon
gbobodbgobooboboobooboboobooogbuoouoboooa
uboooboobooboooobooobbobbobbobooboboboonbo
ubboogobuoaboboobuooboboboboabo

gboooopoobooboboboboboboooooobobooboboboboon

ubogboobobbouobuobuoobobbobooboobuooobobboobo

10



ubooboobobboobooobobobobooboobobboboboobooobo
0000000000000 0o0oOO0O0o00oooO C(0sbooooooooooooDoo
uboboobobonooooobooboobobobobobonooooobobooboon
gboobooboooboobboboboobooboobobooboobbooobobo
uboooboboobooboboobooboobooobooboboobobnobbobono
uboobooooooooooooooooobobobobobobon
O0oooooopboboooo cobpoooooUoOopboooUoboooUoooDpoogo

ubogoodg

4 UOO0bOoooooobboooo

3gbobobobgobooooboobooooooobooboboboboobobon
ooooboobooooboboboboboooooboobobbooboobobogooo
googboboooobooboboooobooboooooboboooooobooobooboon

oboboobooobooboobooboonoog

4.1 0O0OO0O0OO0OO0OO0OO

goobobbooooooobobobbooooooooobobooooobobob 1000
00000 (sin(nx))D00000ORn=8,90n=16,1700000 1200 150000
n=80n=900000000000000000n=160n=1700000000
ubogbobobooboobuooobbboboobuooboboobooboooa
gboooobooobogn

gboobodgbogoboobobboboboobooboboooboobooobonboo
goooobogn

gboooboboobooboobobboboobooboboobobooooboonoo

gboooobooboooobd

11



Sin(8X)
T

L L
3.14159 471239 6.2831¢

R L
0 1.5708
X

0 12: sin(82z) 00 O

Sin(9X)
T

Sin(9X)

L L
3.14159 471239 6.2831¢

g L
0 1.5708
X

0 13: sin(92) 000

4.2 0000

gboooboobooobboobooobboobuoobboobuoobbooobd

00 500 kl,d000 {i;},000

k—1 -1
D) = | S =Yy | (] - Y)?
f=1 f=k
d ZJ 2
(X 0xi-m) )
le ] l+]-

0000 [z] < [X/], v YfDDDD{z]}Dan/ZDdDDDDDDDDDDDDD

ip=1—1044 =20
DO000kLdO {i;}¢,000000000000000000000000000

000000000 R)00000000 (f=10k—-1)00 (f=kO1-1)00 (f=1

12



Sin(16X)

0.5

Sin(16X)

05 F

L L L
0 1.5708 3.14159 471239 6.2831¢
X

0 14: sin(162) 000

Sin(17X)

Sin(17X)

L L L
0 1.5708 3.14159 4.71239 6.2831¢
X

0 15 sin(172) 000

On/2)030000000000000000O0ODOOODOOOOOOOOOOOOOO
gbbooobogboobboobuobobobobodoboobobod
000000 D'(x,y) 000000000000 DO0O0O0240000000000

ugbboobuooboboobuoobobooood

4.3 0000

30bopoo0ooooooboboocoboboos20booooooboonoooboon
gbooobobooboboobooboobooboboobooboboobooobo
00O00oO00osooO {4;}00000000000000000

oo1o000 k,l,d0O0000DODOO0OODOOO COOO0O0ODODOOO0ODOOOO

O0k=11=49,d=4000000000000000 1600170000

13



Recall-Precision curve

precision

05

L
0 0.5
recall

O l6:00000oboooboooooboo cogbooouoobooooooo

Recall-Precision curve

precision

05

L
0 0.5
recall

O 1. goboobooobooobboocoooooooooooouoboo

oobkll,d00 3300000000000 00ob00oooDoooDooooooonDg
ooboooboooooboooobooooooOooooOoooobooOOoboOOnE=1
0000oO0oDOO0o0oOoDoOoO0OoOo0oooobooo0oooOo cooooooooooooo
ooooooooooboodooooooooooobOooDooDOoOoDOOOgldo

0000 {4}0000000000000000

14



3000 T T T

2500 | ||

2000

Magnetics

1500 f- |l

1000 4
0

L L L
0.002 0.004 0.006 0.008
Time(sec)

018 0ooocoooon

5 Uobooobuoood

go0oC0 coOoOoooooobooobooooogooooooobobooboogoog s
googbobooooboobobooooobooobobooogbobooooboboooo

uboboobooboobbooboobboobooon

5.1 00O

gobooboboobooooobooobooboooobobooboobobboboooog
googboboooobobooooboboobooobooboooboboboboon

000000000000000
00 6 000 [2)]0000 [2)]
) = piz + |ve — pua| (9)

0000w, 0 [z)0000

15



5.2 0O0O0OO

gbobooboobooboboooboboboboobobbobooboboooobooon

gboboooboobuoobboobuooboobbod

00 7000 [#,[)]00000 D”(x,y)

00 +000
D"(x,y) = riDi(x,y)+ roDa(x,y) + r3Ds(z,y) (10)
00 k,1,d000 {i;}},000
k—1 -1
Di(z,y) = | D I1Xp=Yi2+ | D (X5 = ¥5])2
=1 =k
(11)
k—1 -1
Do(z,y) = D IXF=Y{P+ | D (X} - [Y]])?
f=0 f=k
(12)
d i 2
Difay) = [S( 3 (xp- D) (13)
J=1 =i+

0000[X & W"fl < ] 00 21,110 (e[ 00 f=100000000
O000000000r,re,r30 Di(z,y), D2(x,y),D3(z,y) 000000000 D;(z,y)
ggobbtboooobobtooooooooobbbdooobobboooobooooo
0000000000000 000000 Dy(x,y)DOODDODOOOOODOOOODOODOO

00000 Ds(z,y) 000000000 D"(z,y)OODODODODOOODODOOODOOOO

5.3 0OO0O0OO

43000000000 CO00000000000000000000000
001000012000000000000000 CO0000000000000000
000000 k=7,1=57,d=8ri=1,r,=5,r;=600000000000000C0C

1900200000

16



Recall-Precision curve

precision

05

L
0 0.5 1
recall

019 00boobooobooboooobo coooobooooooboobooo

Recall-Precision curve

precision

05

L
0 0.5 1
recall

O20:.00000000000000O00DOO0COOODOODODOOODOODOOO

0le,017v000dbo0ooboooooooboobooboooboobooboboooboog
goooboobooboboooooboooooboooboooboooobooboooboon
ubooboooboobobooobooboobobobboboboooboobooobo

OO0k, d,r00000 {;;}00000000000000

17



6 4Uogg

gbooboooboooboboobooboboboobooobobooboobooooboonoon
goooboobobobobooboobooooboobobooobooboobo
uboobooboobobooobooboboboobooboooboobooobooooo
gobooooobooboooobooobooboobobobooboboooboobooboooboo
uboooboobobboboooboobobooboobobbobooboooobono
uboooooooooooooooobooobooboboboobobobob

gbooobogbooobobooboobobbooboooobobooboobooooboonoon

gbooooooooooogoooobogoboobobobobob

0

O00O0O000OO0ONIFSOOOO NIFSo6KCHHoOOD O OO OOoooooo

goog

[1] Nakanishi, H., Hochin, T., Kojima, M. and group, L.: Search and retrieval method
of similar plasma waveforms, Fusion Engineering and Design, Vol. 71, pp. 189-193

(2004).

[2] Agrawal, R., Faloutsos, C. and Swami, A. N.: Efficient Similarity Search In Se-
quence Databases., Proc. of 1993 Int’l Conf. on Data Organazation (FODO’93),

pp. 69-84 (1993).

[3] Rafiei, D. and Mendelzon, A. O.: Querying Time Series Data Based on Similarity.,

IEEE Trans. Knowl. Data Eng., Vol. 12, No. 5, pp. 675-693 (2000).

[4] Keogh, E. J., Chakrabarti, K., Mehrotra, S. and Pazzani, M. J.: Locally Adaptive
Dimensionality Reduction for Indexing Large Time Series Databases., Proc. of 2001

ACM SIGMOD Int’l Conf. on Management of Data (SIGMOD’01) (2001).

18



[5]

[11]

[12]

Kawagoe, K. and Ueda, T.: A Similarity Search Method of Time Series Data with
Combination of Fourier and Wavelet Transforms., Proc. of 9th Int’l Sympo. on

Temporal Representation and Reasoning (TIME’02), pp. 86-92 (2002).

Megalooikonomou, V., Wang, Q., Li, G. and Faloutsos, C.: Multiresolution Sym-
bolic Representation of Time Series., Pron. of 21st IEEE Int’l Conf. on Data En-

gineering, pp. 668-679 (2005).

Agrawal, R., Lin, K.-I., Sawhney, H. S. and Shim, K.: Fast Similarity Search in
the Presence of Noise, Scaling, and Translation in Time-Series Databases., Proc. of

21st Int’l Conf. on Very Large Databases (VLDB’95), pp. 490-501 (1995).

Faloutsos, C., Ranganathan, M. and Manolopoulos, Y.: Fast Subsequence Matching
in Time-Series Databases, Proc. of 1994 ACM SIGMOD Int’l Conf. on Management

of Data (SIGMOD’94), pp. 419-429 (1994).

Loh, W.-K., Kim, S.-W. and Whang, K.-Y.: Index Interpolation: An Approach
to Subsequence Matching Supporting Normalization Transform in Time-Series
Databases., Proc. of 9th Int’l Conf. on Information and Knowledge Management

(CIKM’00), pp. 480487 (2000).

Kahveci, T. and Singh, A. K.: Optimizing Similarity Search for Arbitrary Length
Time Series Queries., IEEE Trans. Knowl. Data Eng., Vol. 16, No. 4, pp. 418433

(2004).

Harada, L.: An Efficient Sliding Window Algorithm for Detection of Sequential
Pattern., Proc. of 8th Int’l Conf. on Database Systems for Advanced Applications

(DASFAA’03), pp. 73-80 (2003).

Seshadri, P., Livny, M. and Ramakrishnan, R.: Sequence Query Processing., Proc.
of 1994 ACM SIGMOD Int’l Conf. on Management of Data (SIGMOD’94), pp.

430-441 (1994).

19



[13]

[14]

[15]

[16]

[20]

[21]

Park, S., Lee, D. and Chu, W. W.: Fast Retrieval of Similar Subsequences in Long
Sequence Databases, Proc. of 1999 Workshop on Knowledge and Data Engineering

Exchange, pp. 60-67 (1999).

Keogh, E. J., Chakrabarti, K., Pazzani, M. J. and Mehrotra, S.: Dimensionality
Reduction for Fast Similarity Search in Large Time Series Databases., Knowl. Inf.

Syst., Vol. 3, No. 3, pp. 263-286 (2001).

Li, Q., Lépez, I. F. V. and Moon, B.: Skyline Index for Time Series Data., IEEFE

Trans. Knowl. Data Eng., Vol. 16, No. 6, pp. 669-684 (2004).

Hirano, S. and Tsumoto, S.: Mining Similar Temporal Patterns in Long Time-
Series Data and Its Application to Medicine., Proc. of 2002 IEEE Int’l Conf. on

Data Mining (ICDM’02), pp. 219-226 (2002).

Kim, Y., Park, Y. and Chun, J.: A Dynamic Indexing Structure for Searching

Time-Series Patterns., Proc. of COMPSAC, pp. 270-275 (1996).

Loh, W.-K. and Kim, S.-W.: A subsequence matching algorithm supporting moving
average transform of arbitrary order in time-series databases using index interpola-

tion., Proc. of 12th Australasian Database Conf. (ADC’01), pp. 37-44 (2001).

Shahabi, C., Tian, X. and Zhao, W.: TSA-Tree: A Wavelet-Based Approach to
Improve the Efficiency of Multi-Level Surprise and Trend Queries on Time-Series
Data., Proc. of 12th Int’l Conf. on Scientific and Statistical Database Management

(SSDBM’00), pp. 55-68 (2000).

Kalpakis, K., Gada, D. and Puttagunta, V.: Distance Measures for Effective
Clustering of ARIMA Time-Series., Proc. of 2001 Int’l Conf. on Data Mining

(ICDM’01), pp. 273-280 (2001).

Chan, K.-P. and Fu, A. W.-C.: Efficient Time Series Matching by Wavelets, Proc.

of 15th IEEE Int’l Conf. on Data Engineering (ICDE’99), pp. 126-133 (1999).

20



[22] Rafiei, D. and Mendelzon, A. O.: Efficient Retrieval of Similar Time Sequences
Using DFT., Proc. of 1998 Int’l Conf. on Data Organazation (FODO’98), pp. 249—
257 (1998).

23] 00000000000 O0OO0O0O0O0O0O0OOOOOOO0OOD 11D00D0oOooDooOOOo

0000000000000 0000D0DO pg. 56 (2006).

[24) DOO0OO0OOO0OO0OOOU0O0OOO0OODOOUOOODOODOOOOO0OOOUDOOO

0000000000000 830000000000 pp. 1-8 (2006).

25 000000000000 0O0O0OODO D0D0OOOOOOODOOODOOOODOO

00000000000 8 UOOODDOOODODpp. 53-60 (2006).

21



This paper studies on the dissimilarity of time series. The spectrum distance is the
dissimilarity based on the distance in the frequency domain. The correctness of the spec-
trum distance is evaluated through the metrics used in evaluating that of the information
retrieval, i.e. precision and recall. The experimental result shows that the spectrum dis-
tance works better than the Euclidean one, which is the tradisional dissimilarity, in
retrieving waveforms. Additionally, this paper improves the spectrum distance by con-
sidering the characteristics in recognizing waveforms and the envelopes of waveforms.
This paper shows that these considerations could significantly improve the correctness

of the spectrum distance through the experiments.

Keyword: Time series, Similarity, Frequency, Recognition
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