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Similarity Measure Algorithm of Time Series Based on Binary-dividing SAX
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Abstract Time series dimentionality reduction technology is used to resolve high dimensionality time series. Symbolic
aggregate appro ximation (SAX representation) is a time series dimensionality reduction technique which benefits from
its brief representation in dimensionality reduction and high-performance lower bound distance algorithm, but there is a
question that the number of segments, a parameter in SAX, is set artificially based on the characteristic of individual
time series. To solve this problem, similarity measure algorithm of time series based on binary-dividing SAX was pre-
sented by introducing sliding window and statistical methods. The experimental results show that binary-dividing SAX
algorithm not only solves the difficulty to choose the number of segments, but also reduces the complexity of time series

representation in dimensionality reduction and improves classification accuracy by using the SAX algorithm in a variety

of time series data.

Keywords Dimensionality reduction, Symbolic aggregate approximation, Sliding window

1 5l

LT E] 73 S8 oAb 38 2 R0 45 8 BTSRRI 5T B # R
Z—  HPHEAERXEANEN R FFIRgIEE. mX ik
EILE RIS R R A AR FEF A BEAPR BN
W P 2 W B (8] PP 51 S AT 42 98, AME T BN FE R B A0 [H] 523
i, T A RAR B RS AR A ENE RS  BEHF SRR
ARBRRZVENA RN . B FRESRA R LARRKRT
P ERERE ETMRBESWEERE, MHESEA
RO x5 BAFIE S B T R , R R BB AR
HItERE . BSURPIIT A RATLGKIE B T L F et (8] 5 HRE LR
A B IS B #/ NI AF 8 (Discrete Wavelet Transform) , 2
#id8 B ot AF % (Discrete Fourier Transform) . & 5 {H 4} f#
(Singular Value Decomposition) , 43 Bt B & i {8l ( Piecewise
Aggregate Approximation) , 5 B £ i &l (Symbolic Aggre-
gate approXimation, SAX)B1 48 | SAX R R H B IF 4

il

B H #9:2016-03-29 R4 HHH.2016-08-17

BEARRES T RERNER ERE SRS ERMETR
FRFRA T IZHMAY . TR EFIIRERRESH
HEMER 2%, B3 SAX R 7n B 78 A R B 8] 7 51 P itk 47 43
BRA B A RE— TR, T SAX RN BHE RS
HMEABRKEE LRBTO0BRENESE, ELBERAE
ik B4 e 18] PP 51 B3R B, QAT 5 RS B Y S BEBOBU T SAX
R PS

X —EL A5 A TR SIE D HE SR,
AT SAXEEPRIN BT XS, BN TET =45
BAK SAX TRkt T SAX T RERE %, A R R
WT SAX FRER T BRI E SRS RS FSIE T RE
BT R R,

AXEFENAT SAX KRk BHXPIR 8 3 Wl s
B SAX BEHBUA RIER, 2 1 T & F — % LK SAX &R
ERET iU SAX R i T REER B 58 4 Wl sk
RRAF T BN, TR 50T T SRR,

AXFERELTH (61402318), L 7H 4 FH B B3 T H (20130313012-2, 201603D221037-2) ,
BH - H AT H (2013T0490) , M 2 & TR H (20131402120009) ¥EH.

WRIE(1991—), B, B4, TEFRF FRIEEST 5 A TS, E-mail. ZTH_0518@126. com; T& M (1978—), %, i+, BB, T EHE
77 (6] SR 38  HLE8 2 T , E-mail : tywanghq@ 163, comGRE/EE ) ; ThEM (1989 —), B, Bl -, TEHA KT F A ARIBISH SVEE S BER
(1991—), B, Wi+, FEMR F i AfsEI SATE R AEE(1992—-), 7, Wt4, FEHREHHSEI 5 A TEEE.



248 WO AL R

2017 4

2 SAX FRRZERIMHEXIE

RS R R L B AR BT SR B — Fh AT I R
k. BFRELES N EE BB, NI TS
FRMRFEEEARONE S HREURET. SAXFSE
TR A I BB 4 B A SRR MBI R 43 B 5 A B
FAL X IR , H LA B TR SRS R BUE ., SR 5]
MU BUASRAR AL SR AR . Keogh S ADHE T
ZFhETE] FHI M55 F R : SAX /R 5 . Experiencing SAX
FT . ISAX 8 R B ISAX2. 0 B %5 1 RA-SAX
% EJUEARSE XI5 L2 E 4T SAX FR 5 i R R
T TARR S, 38 5 T Extended SAX £71EE NSAX ER
w01 SAX-TD Z2Rru:097 FastSAX FEpRgelY |
2.1 SAX & &

Keogh % AP 75 PAACS BY R AR IR ) G A 260 |, 45
£ B B IE 25 40 A6 B0 AR, 4R 1 T XA R B A B AR B 1Y
SAX FR e, BN B 05 75 380 b B A B 3 10 28 B , T L BB
TSR BUR M MRS, R R AR ERERNLEE b
WEERIFHERA,

] PR 9 SAX Rk M9 BRI T

(1) 3R FA IEASAT AL 2 200 A 1] J52 99 384T A 3 , 25 36 P ]
T 31 B (8 L AR MR TE AR5 7

(DBEKER n BEREFI C=clrcrre e, HE
it PAA MBAEAL IR, JH w BEMBC =0, 0, 1G5+ 1 TR0, HoAP
¢ HR(DBEH:

== ‘”2 Py ¢
n j=REL Ly
Hebw 5B, Bl PAA FR4EFS B FSI4ERE
© (3)PAA [T HFF P AR 31 9 43 7 bk AR
HEIE 2573 A0 M 7 R B R IR, BB A S B A s
53 i PP BUE SRR A ) 2 R B, 0 R B Bk 3 LA
BFER.

FSFY), B ik e HAAT 55 5R0 4 5UE K80 &
SHEMIIF AR BESBILRE., WMEmEL
et E] PR 3 b B, FI LB R RO R 43 K8, 3 FH
BEXBREX NS ER, BEABE—-FZENFEF.
SrERBENE 1R, B9 o« IFESELE NS ESBE.

a

3 4 5 6 7 8 9 10

—0.43 —0.67 —0.84 —0.97 —1.07 —1.15 —1.22 —1.28
0. 43 0 —0.25 —0.43 —0.57 —0.67 —0.76 —0.84
0.67 0.25 0 —0.18 —0.32 —0.43 —0.52
0.84 0.43 0.18 0 —0.14 —0.25
0.97  0.57 032 014 0

.07 0.67 0,43 0.25

1.15 076 0.84

122 0.84

1. 28

PR RIRRRRR

Bl SHARER

B O.CABIRRES QF1C 23t SAX RS KSR
B, 3 Q 55 C et st R 0 o652 OB S O

A A 0

dist(q,c):{ ’
A A —_ A A

Bmax(q.c)*l ,Bmin(q,c)’

A A
if [g—cl|<1

otherwise

2

MEFI Q5 CHT REEEY .

A A n w i A A
MINDIST(Q,C)= E/\/;l(dzst(q,',c,'))z 3

Hob, Q5 CABIREF Q5 C i SAX RRFFFI.
2.2 SAX-TD %R

T SAX Rk a5 EE B & 5 BB EST
X REAS W , BB T B4 B N E R S ke B, RN T
BEMRESLEEERBRNSBERNESER, A4S
SHREHATHEFERKAME. Sun 2 AT 43T 1
B S BB S SR SIS T A BRI RS
SAX FRIBEEY:, /M T SAX-TD TRAEEH .

BHFEI Q=q1,q:»"sq F C=c1,¢25 50y SAX-TD
THRIEBAEEHASBNME. SBEREESBESE I SBEE
XEANFF S Bl R S, s (DO BiR.

td(q,0)= /(Aq(t,) = Ac(t,))? +(Aq(t.) — Ac(2.))? (4)
Ho, A0 =q()—=q,q(t) 5 Q)53 5IREIFH) Q 58+ 1
SBEMESRAEAES LI ST E. RETHE G .
ct)5 Ac(D),

HHETBRMBEEE, T Q5 C 1 SAX-TD FRER
K

TDIST(Q,C)=

\/g\/él(((dist(qi e+ 2 (1d(g ) (5
2.3 [BREFSIREM SAXERTRZE

SAX FR ik BB I S 3 B HE v 40 13 R 7 e 4 4 4R B
KM, HHRREFEBIEERRSBEESH SR TR
i) SAX FREMEZE ., Stylios 5 Kreinovich!'? 3 18 43 #7115
W FFIE SR IE, LT 2B SEEMFTSH) . 4
SAX FRFH IR 2K B B/ R B3 T SAX FREETE
WA SR, WL T AR A ER T fE g
BOE SRR, 8 S TR AR 5 A2 (Bl &b,
TbLE B EE.

FREMFFIRZEA SAX TR EEDEFSIREM LS
AL AR /N ML, FHE X TH SRR ELED
hitg ) B TR, BESERERECTAE WA, ATiE H 4
% 2R O WS ELE R EEBE SAX FRERHRZER /.

()= (6
()3 dy
e, x BB MNAT B, o () 2280 (B3 P 4 81 5 5K
o) BFF « MO R R

2.4 Efl SAXHXFZE

MREANETE S AESURE AR, B T ZMET SAX
HERRWHTE. LinBAVRE T M EEH S HR
7% Experiencing SAX 5SHEREN T RIEEE Y, Shieh &
APRE T IR E TR PRI RS W E PN SAX B &
k. Tayebi % AU 4E5 85 3R & L ASEt ECG $3B 447
BT —FEE TR 35 & ET B P 51 4 iR RA-SAX,
Camerra % AU @ iSAX AT, 8 0 T 4%+
e P B E R MBI 45 iSAX 2. 0, Payam Z AU 4%
SAX FerRiE Rl T X R T 5 iR B B sh 8 BE AL 38
FEZE. Qinkun 2 AUIETF B A B ML AR SR EE,



1

TEE, 2 BT AR SAX HRT A UM B B | 249

I T SAX MIShAES |44 . Arthit 5 AU @K SAX &
REEHATHERBLEE, BT AT XERRE M EK
B,

A B RS X RF B F S KBS A R S P # L ER
RLFIAVER, 258 T SR BIREEEAR BR T SAXBRES
PR BB T

BT SAX MHRE B I AR B HIRE R IR, 20 T
RIS B8 A [R) e Ji e 37 1] 49 22 S v o e A R ) S 8t A7
FEAWAE, EREFH SAX BEENFIBERHRAR
RE.HEZBASAXEETHABRBERRE T KR
RS, AN BRI A EERE W T & T
SAX R BRI itk aE , R B AL K 2 5
HATHERERE S,

3 ETFTTHERR SAX BMMERE %

SEHSHSRE SAX BRENFIMRESHE. &8
BOE THIRBUE R EUL R, SAX R RENERF SR
B, R SRR 8, K2 WK, Eamonn %
ABE MR SRR 2~ 10 Z jBIAT, AT LA BH B b 7 e 2 b i)
FFFERYAFAE, Sun % ANV T LB i — B HE R B 5
TLEEITE 5~ 8 PR A B E MR I 2R3 R . TSRk H
ELBET—TITHEE, BEERCHEERRTIIRKE
B4 BESA R B4 SAX M6 7 B B 72 b i W R XERE

H T RO SAX Bk o BEUE B R B TR T
RN SAX BRERETRAERER: AR LG4 THY
HOFERE DM KERE, SIATRITER N T EIFEE
THEOWSHFR G, BB B 15 R AR 55 6 6] 7 5] (9 3
B4y A EXT R FI AT 4 BRI 43 R R T 3 BR B R R TR
EHFEET SAXMAeRRWERE. TRBIETETFZ
AEAH SAX BB SR FRE LML ERRAEH
fib SAX Hik A BAEE.

3.1 ZoHEKRE0OXNS*E

M TR EEFIREOREER BREEREARKEEZERR
K, B3 SAX FoREE: BB B2 R P51 B SAFIE S
MW, FEAEEARBREREEE, XTERWT
SAX REHd . s 0EkEd e -0 RE,
BRI 45 B R 5 4 B b B R (L S B MELRO 22 52 A B
{835 h By R /BB B 51 4 B B RAR B 4 By . — 40kt
H ORISR ARSE BB, O EFEFIR 2
SR B N SAX FR sk it R Mg S S 1L AL B R 1
THRE,

AHEFFIRESIRE R EEEENFE, MAFERR
MEEETFEN I EEER. REZITEPRHFEHA
W TR RE ORI Ak s RS R r 2 e R E O R
HRENEES%,

BHERFS Q=q1sq2s g W3 BE DK RENR e
F3) QRIS EEAN S BKE SRS KK %R T 5 4
FITUF 4RI B LRI W=w1 10 sy, v (wy AP BIRER
FiNMBEHEEL, BRA o AE—-1T2BREIER
), HKEEN 1,8 W R{1).

(LFEF QB NRABIE R 0 HFER 1 MIRHEIES

a4 R (D AFRFITR L A

Qizg‘_&i: N

i, p AFIQ WE 0, HFFIQ W2,

(O ¥ EARERRFS QT 4ERE RS, EF
5 QH,E max(qi sz sGs»*** s Gm) —MIN(G G2 2 @3 5°*" s G )T
e LB R B & A% R 1 R 430 & i, SR B 5
X143, H1R B LB B E | 08 w (¢ B S) .

# max(q11q2+Gs >+ 3@ ) —MIN(G1 G2 1 Gs »*** 1 G ) e, M
B30 B oy AU E O R4 R SRR R A A R
BAERTFMN: {q,q. e} 5{gut,guil, -,
Ot o FHEHEFIINEE S w BHENTEIIMNEE S
HASH S

KRG, BT TFRIERE RO R, EE
B 4 BTN R R 4 % BRA R B AR T B P A 43 4R
#HORI5 .

ZARRBARBERUT ZENE OO EE, RS
FREE, AT T 2B %075, HEIE S BYAR
G BRIA R,

2 HERFMREZRBIESE ItalyPowerDemand H1
F—&uHEFEIEEE, B 2 () — (DAFIA R T 4 %MR
FHOHNE—RIB UM RITEER.

-10

1
0 5 0 15 P\ ] o 5 10 15 20 2
Italy Power Demand Italy Power Demand

(a) (b)

|

5

5 10 15 20 %
ItalyPower Demand

0 5 10 15 20 25
Italy Power Demand

(o) (d
2 BB TtalyPowerDemand | — 40408 O R4

3.2 EFTHERE SAX Rk

25t A E ORI 2 5, S SE BRE B) 1A 5 40
oLbE B T REE B HHE, B SR EAA R HEAT SAX £
BHER,

(D& FE RS DR, RS EA 4B K1
fg  HBIERTIEINR=0 2,311 q (¢ A BIFEIY
BABRMKERFEI W=w ,w ,ws .,

()35 Q H R B B AL AL 38, ATARE I 1 i 4l
B, HE S T 3 (LR 43 3 A A S A R 53 7 B A X 3 9
ANEA S BN R ER A N R 0 B 2 LG B R — AN

A

2. BB R R FIQ= 011022310 G,
B 3 HEFRRALEE— AN SAX Fm i Al 4
BRI E F B HY SAX R ARSI



250 OB MR 2

2017 &

{aoa’c9e’€9c} 9&*%%“%@@93&5%“%%5”&[%%%* as
b.c,d,e ;E%‘é/i:\‘o

0 5 10 15 2 %
3 FPIK SAXFFSERR

3.3 EFZHERRSAX TREBEHRZE

SAX TR K R X KBRS F5 6 848
IEE R, EET ERH SAX RS FIIMKEHFA
BE, PR SAX TREBRAERITERET — 20K
SAX /R FFlE T RER. —4EAE O EEd A
W i 53 B IR E A ST FF 51 5 it 40 B R Bk i 7 57 o
B TBRRE L GrBRE 5P S KK HED 5 R
B ARy iR M B 40 8E R R M 3RS K 4 B el DT
RS TRESKITEEMLT M. TXAHET 4EA
SAX X T R ERBEE.

ERFAEHEFS QA C, &t — 4% SAX RoRfE i)

A

HT A SAX BRM T FEFIQ= 01r qer Gar s s

AN A A A A A
C=ciycoscassrces ARFFFIQE FFHICX L 49 BE L7 51
W, =y st s Wiz s Wes ,"‘,'qu5 W=t s W s Wy 5 ** s W o

P Q 55 C XM TCHE & A T R R ().
dist(q; s¢c;)=

Wy (Ei Wi ) X SAX_dist(q,- sCj ) ’ % Wy = Wi io
Wy X SAX_diSt(qi s C; )_E_ W = Wg — Wy » é’{ Wyi >'lch
Wy X SAX_dist(q; sCj YH Wy =W — Wy » % Wyi <wc,-

(8
Heip,SAX _dist(qic; )N q Se; WSAX TREEE., Yu, =

0B, &Ik g BB, TR g SREAICH T RIER,
wcj :o B‘j‘r‘ﬂﬂo
AN (9) B X4 B A5 LG B 5 1 F SRR B s i, BT

BEEF Q575 C HT —4ri%% SAX F RIS,

Dist(Q.C) = Sdist(gi ¢, 9

o ER el AL, BT a3 RH SAX FAREEE U B
B E HARUESI A SAX T REEBE B, @3 AT
SrEEMLEE 3R 7 SE U S N T 4 B R) A BE B T SR 1B A B
BEES i I, BN AW R FIE T a8 SAX FTRIEER.,

4 KBHH

4.1 TWHESHHE
LI IR E & Matlab R2012b, Windows 7 Basic, 8GB 5
1%, Intel(R) Core(TM)i7-4790 CPU®@ 3. 60GHz,
SLIGBEE R IR T INAI4E B WA K22 W B 53 4% Eamonn 2
R = M) FT BB %, Bl UCR B 18] FF 51 4 2 B 4 (UCR
Time Series Classification Archive) , &2 B [8] FF 51 B 25 47 8, 3k
HEARRESTEENTREEE. SMSRBEEUNS N

IR SHLAAE, BB T th 2 8% 58 B A%, L —AtHE
KR 24 Z 720 A% VIGESUREFFHEEH
28 4% 300 &A%, MIBFEARNFE, R THF o4
ZHU B SREARR RS EFFBE#TER, A FRIERE T
ZasAH SAX ERERMAERE 5@, REBIEF R
w155,

F£1 ZRYE

KELK BEKE VWEEHE AREHE %%
CBF 128 30 900 3
ECG200 96 100 100 2
FaceFour 350 24 88 4
TtalyPowerDemand 24 67 1029 2
Medicallmage 99 381 760 10
MoteStrain 84 20 1052 2
SonyAIBORobotSurfacell 65 27 953 2
TwoLeadECG 83 23 1139 2
Trace 276 100 100 4

LWL =R INN 223,55 H SAX FRE
%.SAX-TD FARE®RSET %M SAX THREBHE R
S 9 AN ST A B S AT 4 28 R, DA SRR RAE BY
SREE RPN 3 HMERBLAINSE . LR RARER
SREN SAX RREEHBIEENRAL SAX FEH, 55
B—BAMNER -8 MR = MSEER R TRIE.

4.2 TRERSHIF

AP EEEAX L RBWHITHEIR M ET 5
AR SAX TREBRERMHERESHARE, wERET
FIA SAX TREEEE % .SAX-TD FAEREES®HT -4
A SAX TREERBE LTS, 4 Eammon % A i
FEWBS PP AR SL I SR, SE RGBT PR 3 ML R FOR R
PR, BT 9 AR R UCR ¥4 b7 4055800, 3
ML RE RS HEBIER LT /%R SAX TRIER
B,

B FHISCERET AL SAX B B BB E#F 5 a4
B — X — W LA RS, BB A LA B 2 AR FAE
A5 B BB B ; T SAX-TD BB T Lt
B, Fe7ES2 5 ENFIHEEESHTSRESBEA TS
BB ERS R EARNRT , RLRS 58
BEHEMNFPI R R SAX BENFMS. Rknm, iRkt
HAARAR LR, BERPSEENEEFEM— LR,
Bl SAX-TD B4 B SR 9 B SAX R F ki — ¥, T ik
FAREELES R ML LR, 2T 4% R0 SAX
THREZBRET SAX RRENBRELR, B2 5B NF
Y454 BB — 80 BT U BB IR B R 5 SAX Fon ik
—3, ETFHSHRENIR ITHFREE,

ER— HWEREETFARTEOSBREERMEIESE
(Medicallmage, CBF) |- 5 2143 2 Xf L SL 1 ZEAR R RF S 3
50BN THSHIRET, ETF 4% SAX.SAX &
SAX-TD 3 #ARM T FEEE LT INN 47 2K88 T #1745
KRB, B 4 1 Medicallmage F 3 AEIMHT R
EEEE LR, B4 P 4 ERRESEREN
0. 5fE 2=, 4 B8k 27; B 4P AR EES KL E N
0. 7552, B fCh 26; 8 4o AR BES N E
J LfEH T, BN 16, B 4D P 2R RESEEE



E1

SREEAE, &5 BT ik SAX Wi AR BB

251

H 155 A BECH 11 40 FABRNRESHER  Bh2HFE,SBRER9.

—— =R
~e— SAX
—a— SAX-TD

3

06

A XHRE%)
&

S

g

2RERE®)

04

. \%m

—— AR
—~o— SAX

3

&

A XHRE%)
£

—

03+
4

(a)

—— %R

—e— SAX
:t —a— SAX-TD

4 5 7

i g 4
(d

FRERED)
& & B

&

@
o
o
o

5 6
fiag
(b)

7

®
™
-
an
i
3

~— ZAER
—— SAX-TD

AREREO%)
5 £ B &

3
-

5 6 7
#9%
(e)

B4 4255 SAX.SAX-TD 7 Medicallmage I (43254883

A5 3 FMARKIEEEREELE CBF FIX LR,

—— ZHR
—— SAX

‘\\/\\“*‘ SAX-TD

¥

AXHRE®)
g B8 %
2 XU RE%)
g & ¥

a1

1

W SAX-TD|

\

—— ZRAR
—e— SAX

ARERE®)
2 8 8 ®

3 4 5 6 7 8 3 4
Ea g 4

(a)

— ZRAR,
—— SAX-TD|

& %

i

2 XERE (%)

SRR (%)
o
8

2

-
-

ﬁ%l
@

5 6
Eia 3

(b)

7 8 3 4 5 6 7 8

828R

(e)

B5 Z4r#fsS SAX.SAX-TD 7 CBF L H/r448HRR

A 5P ZH4RESEREN 0.5 FhE. 4BE
H100; B s = ERBESHRERO. 75 BHE. 4
BHCH 80; B s i RBESHRERN 1524
Bk 60; B 5(D R RESBREN 1.5 FH E,

GBI 30; B S() T B RBESHIRERN 2 5 &£,

BB 16,

HEARTRERTE: DET 43R SAX FRIES
BrR7E INN R TR SR8 b 094 20 S R R R
W F 5 SNFIRR B R 5 2) SAX R A SRR,
HAP KRR ES , 3 R IR M S RN S 5 FF
HWRESRN BTFRE: DT OISENRELIK, 2SHE
S d 6 MO BRIBARIE B0 50 3 6 MR s B AR AN, M
SEMRAFETHOSBREGEZ BRI RS RKBRE. LR
SRR TR , B 1 4380 B R B 7 20 , BRI H 43 U R P
FIB AR MR R I TR MKE.

TH— RAREHSIRE SAX FREN SAX Rk
WA EEGEATHE— S k. SAX Bk . SAX-TD #Riks
EF 4R SAX FR kB s A S BUE 4 5 B
MR AR SR S22 4 SAX RREN 3 FE % M4 25K
WHERRAFL . MR SRETH RN E R, RIERE

FHREN SAX TR ERTSLR—NER B, LREE
HETER—HEIESE (Medicallmage 5 CBF), 8 F LB 5
FRIE XTI, IR 2 Bl

R2 REMFSRE SAXRTREE S MEE LN SEMRASR

B 4 Medical Face

Image Four

BREE K 5 5 5 5 6

B 2 WAL FRERF SR 2 SAX Rmikie 5 MRS
FHBRAEREALE S~ 6 1 B8l SR —HNLRER
BT BT, L — 5 REFF SR E SAX HFOR BRI
RS MR A3, AN BNV SR 5~ 6 MFSBE R
ERSH

EE= SAX.SAX-TD §ETF %K SAX 3 F A
R T FEER L AITE 9 M ARBIEE LT RLR I
B. B6(QFRRERSECH 5, BB REURESRE
TEH BN SAX RRER P 0 BB, 3 T R EE
BERE IARFRNBELE LRSRERE, FHEAHE
FHIR B AR, Hoar 2w R . A 6(b) RNERSEH
6 HEMSHEE 6(2) —BHFRT,3 MERAELEMR
9 HBIESE L IR

CBF ECG200 Trace




252

it BB

2017 4¢

6 Tk SAX LS SAX SAX-TD 7 9 1M EudE 4
b REEIRE

TESCSCE b BT 00k AU SAX T AR BERH ik 9 432
RIMR B AR RO B R R R
Bl AL, HER R KRBT SAX 5 SAX-TD F#
PEERE . &b E— AR A 5 S e A L B A
XA 77 22 0 B 11 30 23 0 BB ELBRAE B AT 5 SR M H 9 5~ 6, 5
F ik SAX T RS X B R 2 K80R .

ERE ACGRBMET _0EAEH O 28 SAX T
S B RS ARG e (8] 1 5 £ 40 8 R 10E 2 59 st & 43 31
A1 RO B B P AR AE 42 0 PR AR R RS  HE IR SAX AR
KIERA E R RS B0 E X E R AR RN R A

T ok SAX R 7B B 3 A 7 S S G A B I
TREERE SAX FERIFE R M WAE— et e b o264k
MR HERRBARTT. BEFSIR BRI, 2T 0%~
B9 SAX T 5B B 5 1 B 28R AH R T B {05 55 SAX-TD
TR R R AT A R AR R R A4 SO A .

% X W
[1]

LI Hai-lin, Yang Li-bin. Method of dimensionality reduction and
feature representation for time series [J]. Contorl and Decision,
2013 (11):1718-1722. (in Chinese)

ZEAERR A 18] PP BB e A AR AE R ik [T . 42 5
K ,2013 (11):1718-1722,

[2] DAW C S,FINNEY C E A, TRACY E R. A review of symbolic

analysis of experimental data[ ]J]. Review of Scientific Instru-

LY

(sl

[4]

(5]

(6]

(7]

(el

[9]

[10]

(11]

[12]

[13]

(14]

[16]

ments, 2003,74(2) : 915-930.

LIN J,KEOGH E,LONARDI S, et al. A Symbolic Representa-
tion of Time Series, with Implications for Streaming Algorithms
[C]//Proceedings of Acm Sigmod Workshop on Research Issues
in Data Mining &. Knowledge Discovery. 2003:2-11.

LIN J.KEOGH E,WEI L,et al. Experiencing SAX:a novel
symbolic representation of time series [J]. Data Mining &
Knowledge Discovery,2007,15(2) ;: 107-144.

SHIEH J,KEOGH E.i SAX:indexing and mining Terabyte
sized time series[ C] // Proceedings of thel4th ACM SIGKDD in-
ternational Conference on Knowledge Discovery and Data Mi-
ning. ACM, 2008.:623-631.

CAMERRA A,PALPANAS T,SHIEH ], et al. iSAX 2. 0: Inde-
xing and Mining One Billion Time Series[C]//2013 IEEE 13t
International Conference on Data Mining. IEEE, 2010.58-67.
TAYEBI H, KRISHNASWAMY S, WALUYO A B, et al. RA-
SAX: Resource-Aware Symbolic Aggregate Approximation for
Mobile ECG Analysis[C]//2011 12th IEEE International Con-
ference on Mobile Data Management. IEEE Computer Society,
2011.289-290.

LKHAGVA B,SUZUKI Y,KAWAGOE K. Extended SAX:Ex-
tension of symbolic aggregate approximation for financialtime
series data representation[ C ]/ DEWS 2006. 2006.

HE X,SHAO C,XIONG Y. A non-parametric symbolic approxi-
mate representation for long time series[ ] ]. Formal Pattern A-
nalysis & Applications,2016,19(1);111-127.

SUN Y, LI J,LIU J, et al. An improvement of symbolic aggre-
gate approximation distance measure for time series[ ] ]. Neuro-
computing,2014,138(11):189-198.

FUAD M M M,MARTEAU P F. Towards a faster symbolic ag-
gregate approximation method[ C]//ICSOFT 2010. 2010.
STYLIOS C D, KREINOVICH V. Symbolic Aggregate approXi-
mation (SAX) under interval uncertainty[ C] // Fuzzy Informa-
tion Processing Society (NAFIPS) held jointly with 2015 5th
World Conference on Soft Computing (WConSC),2015 Annual
Conference of the North American. IEEE, 2015.

BARNAGHI P,GANZ F, HENSON C, et al. Computing percep-
tion from sensor data[ C]// Sensors,2012 IEEE. IEEE,2012.1-4.
XIAO Q,LUO Y,GAO S. Human Motion Retrieval with Sym-
bolic Aggregate approXimation[ C] // Control and Decision Con-
ference. 2012:3632-3636.

BURANASING A,PRAYOTE A. Storm intensity estimation u-
sing symbolic aggregate approximation and artificial neural net-
work [ C] // International Computer Science and Engineering
Conference. 2014.

KEOGH E, ZHU Q, HU B, et al. Ratanamahatana, The UCR
time seriesclassification/clustering homepage [ OL ]. http://

www, cs. ucr. edu/~ eamonn/timeseries_data/.



