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Abstract In distributed wireless sensor network, it is difficult to transmit and analyze the entire
stream data depending on limited networks, power and processor. Therefore it is suitable to use
alternative stream data processing after classifying the continuous stream data. We propose a
classification framework for continuous multivariate stream data. The proposed approach works in two
steps. In the preprocessing step, it takes input as a sliding window of multivariate stream data and
discretizes the data in the window into a string of symbols that characterize the signal changes. In
the classification step, it uses a standard text classification algorithm to classify the discretized data
in the window. We evaluated both supervised and unsupervised classification algorithms. For
supervised, we tested Bayesian classifier and SVM, and for unsupervised, we tested Jaccard, TFIDF,
Jaro and JaroWinkler. In our experiments, SVM and TFIDF outperformed other classification methods.
In particular, we observed that classification accuracy is improved when the correlation of attributes
is also considered along with the n-gram tokens of symbols.
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/148 wiolele] B 7z Yrirh 7o) Fxo) wel B YA
1129 M2F @sln - ta)7t AR A" A1Z(U, u, D, 4, S) Bl wet a3
} //End of For

Step 2: MakeWordList()
Fori=1tomDo {{/ m= Q5% =7]
WordVector[index] = MakeHPL(); /HPL 7}¥§& o]&sle] EE Exd AA
/2y e B2 wlth l-gramol 4] S-gram7hx] Tho] A4
} //End of For
Forj =1t nDo {/n=&A2 A
WordVector[index++] = MakeCorrelation(j, j+1);
115743k9] ZFBa 7 (correlation)& 1317] S13 jo} j+ 1A 5 3 HEjd] 3] Hoj& FB P45 o) gs}
o B A (coeflicien) T FF. heF FAAF 3ol 0.6 ool agan T AN F7}
} //End of For
Return WordVector(];
End

FagF 2 WAL £F dug

aly

Begin
48 7t dlojg} WELE n-=}9) 9] feature WE 0T}
st Edold diolelyt @aElE 1€ Fs 7Ry SAlo] ExAdz WEHI 9= npl
Normal#} Abnormal2 #F7} HAThd thed 2& 48 713tk zF $48 Tdos ik
d: {UDUDUDJUDU uUDdsuUdDu sUUDDsssUU, Normal
uUDdsuUdDu uUDdsuUdDu uUDdsuUdDu, Abnormal}
Z3: old & e yNe= Hd AR §F LS v
Step 1: MakePriorPro() /T2l a4 Hlo| &S o] &3 ol & A
While (ReadLine() != Null) {
Splite (Word_list, separator) //separator = “,”
MakeWordlist () // ]2 19 2974 =%
MakeMultipleHash (ClassName, WordSymbol, Probability)
i 29 dolol tia o] FEE 34 HolBol A
// HashUpdate()$} HashKeyReturn() g~ o] 8-
} // end of While
Step 2: FindMaxPosterior() / o) A% g &
For i = 0 to Class.length Do{
ProVal = ProductOfPosteriorProb(C;); / Z+ Za) 29
MaxClass = FindMaxClass(); / ) A% 85 g
} //end of For
Return MaxClass;
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2E dolgke PG | X7t A g 22 8
@9 Bk

pec, | x )= PEXICIP(C)
PX) w
Px1C)=TP(x 1€,
o]u}] ( \ ,) 1’3 (xkl ')°]“1,
1<ij<m iz
Ho|x|ot BF M9 Fg8 SauAE IS 29

2l o] €& Ay &4 HolE-S o] &3y o]
A FEe AYse A9 A AF B3E Sy
Adste gAE FAE

SVM(Support Vector Machine): SVM& E£4 8}
ZQl ol&e] TAZM Y AdelA BN EF $87)
A de] ARR-gh. SVMS o glojgle dislq @
sska ZjEAHez F e Fulad ug EF7)0
o, dutyoz oiard Fei: EH77(one vs. the rest)
2 3] 7153 tH15,16]. ©] =#o EdoA SVMe]
Ao 2 Feature WE ] I 3(d)9 n-gram e2E
9} Z £4709) A Aoz FAHT Feature ¥ E|S)
2 &efold JE99 YEld n-gram 2EY NE
5 18 JMEAE Hos g3 48 g5y 48
F H$E ol 83T

g 0] shte gdold Y=HW)o) Wi={uD=2,
UUd=10, UDDD=5, aa:+;=0.8}2 ®] Feature HE&
{uD, UUd, UDDD, a@:s}°]3 WEFE o]&3 715X
(ell: 02, 06, 08 10)8} AAASF F2 AL o
Feature WE12] zk& {0.2, 0.8, 06, 0.8} FHY} F
ol Egeold tloleld) Zt Featured)] ths) SVMS &
o o &(margin)o]l BA A=+ hyper-planed A4
gk

H2E dAoMe Edeold dAoM A€ hyper-
planed] o3 REH Y F7he] wjFsd Q2@
dlolels £/t HE)A $2l= RBF(Radial Basis
Function) Kernel, K(xi’yi)=e_rnxv-y'"2’(7>0)—% A8
ot Eglold Y 5 olZ dolgt 2|9 AojAg
(overfitting) #Aol el A& FAA717] A3 A=
E o 2(soft margin)ol 3t dHE &k =3
Two-Norm AXE ¥ k& 012 AAsIE.

3.3.2 Unsupervised ¥5% 71%

EAY 7t Ael(String-based Distance): Unsuper-

vised BF 1M A omE Edoldr 275X
gon ZFHAx Fouo] A gtk FAA sk A
7M. F FAE Aol fAMS A8 98 F
FAEY ATE o83 4F Eo] F sje EAE
UubDSS el USDDSSS A#le Dist(UuDDSS, USD-
DSS)E Atk A ZAd) AgHE B2 7Y &
Zof| o] ERo\M= EXtoken) 7Ivt B8 7)¥(Jaccard,
TFIDF)# #H A=) (Edit-distance) 7]1%HJaro, Jaro-
Winkler)& ol-ggtth o] ¥ 7|ge w3l ¥z
g el £ AARE wATH17,18].

o] F 71l gk A 4L (14,1718 F=3y,
F 19 &old wet 4709 FF 71E 4 @9AM G)7
2 AA g

IrnTy

2)

Jaccard (x,Y) =

x y

V(wT,)xV(w.T,)

TFIDF (x,%) = Zwsw , o]

log (IDF,))

\/zw, (1og(TF..;, +1)x1og (IDF,))

V(w.T,)=log(TF,; +1)x

TFor, & Toqto) we)

L))o wa W) o
Mes, IDF = o 24 a4 @)

y 1 |CC” |CC”
. = = +—
Jaro (x,7) 3 ¢ C

N !CCx,y - ch,.,.cc,,,
2lcc,,

x v

(4)
Jaro-Winkler (x,Y) =
max(|L|,4)

Jara(x,y)+—-10—x(l - Jaro (x,y))

olg L& x¢yol 71 1 FF AFAL (B

g 79k A1 A} (Vector-based Cosine Dis-
tance): ©] 7 EAG Atele] Azt opd o
ol oM BASE n-gram EALTH B
£48 s AHE Y4 £ vlmse 3ol o
=5dAE ZF 95 9999 n-gram EAGe] W)
A wize whEr 6 25{0.0, 0.2, 04, 06, 0.8, 1.0}2
2 7MSAE 2ed, £470 Fole ABAFI 06
ol dd o HWEd Frlgith dE o] dolet 49
ATyl T = {Uu, DDS, UDu, aiaz, axas}d

E 124G 71 230 BE S5

712 27 7% ek
X, y zt QA £A 5] g n-gram #2E¢} JAAA CCiy x, y ZAEY 59 e EXNEE

C x EA19Y BRE EXE T x o Wi 2E n-gram¥} FB3A Lol
Xey 3hte] FAda g BRG] teEE BAle £47F o Exe] A5




Wi= <Uu, Udu, aiz2> = <08, 0, 06, 0.7, 0>°]2
We= <Uu, DDS, aaz> = <08, 06, 0, 0.7, 0>=kd
W, - W
(AN R
olti15]. 4 A NA Uuol 7HEA+ 08, DDSE 0.6,

UDue 0.7°19, a9 43ASE 0718 7MY

F S WiH Weel Agle Gsf=

4. oF A @It

SEe ¥ 59 o] APS s [19]14 AT
F M Ak AAE dHolgt Alg o] &FHT) ©]
oletE Ak &Adeln, Al dlojgt AlFAle] <)
olejetel] gk 547 Fol2 olBo] v A d
olete|r}. whebA 1§ 59 dlojels o] =EoA At
3 EF 7ol ulgh AF 2 #Hrlol A

4.1 &8 Hlojet

1% 5(a)= SCCTSE Alcock$t Manolopoulosd] =
ZAlzd o] A9He 2 4P AAE AEL 60070
AAE g} o] Holels 670(Normal(a), Cyclic(b),
Increasing Trend(c), Decreasing Trend(d), Upward
Shift(e), Downward Shift(f))e] 2gol3r S22 T4
Heh 28 5(b)e 2o AAE I oM UE &
A2 o]58 W Force$} Torque AN ZHH AlA
d dlojeto|th o] Holel= 2R dld 9] A}
ZAAE ARAANA AR A F¢ 15709 Force/
Torque #E& EFsIAT. 28 &9 doleke =AA 5
ME AR 242k LPiolA LPs7HA & 8 A
E AotH19]. & Eo] BEo] A, FE EA #
A T} ol 99 A wal AAdA d&Fgom
+3E deolgr el varh a2¥ 50b)9 “front colli-
sion & part lost”E ZEo] AW $Eo] dojd ¥
7HAL 0)F3 Y E0S FAHYE Wy Azt WE |

P INANN VWA N
o TN N TN

(c)
— W
@ MWWWM/\M\

(e}

(a) SCCTS(Synthetic Control Chart Time Series)

a9 5 v AAE

=S 7P gHF 2B

giolet % 719 17

3} ofolt}.

dolel 2HE A% Ezleld dAlA e 6709
o2 Fei=9 22X 39 (Normal, Collision, Obstruc-
tion ¥) EHWLE o &SPt 3FoNA A EF 7)
Ho AP E ZA3Y) A8 k-fold cross-validation
7I¥[5,1518 A&t ©o 71YHe ¥ dolElS)E
YT =719 kA BEHARS=HS, Sop, SH2E
9z $@Yct w57} BlEE dolgetd YA &
 JHE 2HVE EFold sted AHSET. 3B

2 Edoldn HAY dA k1 SPFTG B/
AREE 2 AEF Ao k A NES B3] gui=
A EFE FH29 AA £8 U Roz gk

4.2 Ay A3 9 "ot

Ag die 18 694 RAFEY 1Y 6(a)e
Al AAG EE BA EF 7IHE ol83ld AEEE
Z43 ZAzolt}). o] A= ¥ 3(d)% Zol n-gram
9 E&E l-gram? FE3te AAHS Ry 5
gram7tA] BF st g ne3e we FH=E
Hwageh & &9 3-gram9 A% l-gram%H
3-gramol A A€ RE BALL TIgch 4F 29
93] delete] F7ARME meisled BAZ AAEE R
X}t HPL9 n-gram$ ©)§sle] thakstAl 43 Ao
e d5g 2o

BEAIRE D) AlZhe] whE djolele] F3)
AL A og ouldx il
A e FESA E3le BHol Aok ‘1}3]'
= Aol 7} &£4719 AR BME d
2% £4 ZRE dojety F3 sl ¢4 ”’345}01
32 =4t 19 6(b)= n-gram E&3 A}

A 1HEde e AHEAL wiwsdd
# n-gram® E&E 1@HE5-F JYgEI 4

€ 1 EZ W8] #eEe Alztd 194 L

349

RN e
o JP

Front collision & part lost Collision in part & part lost

(b) EX 390 e} AlAoA
dolet 41

A9 dojet
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Z 287 gEo|tt FFEE n-gram¥ A% &4
S 7 nEste Bo] YRt¥e R wonm I9 63 2
o] 33 4-gramolA A3 HF=IF FUAE ¢ F
Atk

o] 43 Az Wi A HA A=, 219 lae XAF
o] A& WAY W(H1HE= B, D, F, H) 2E¥ H
olel Wglrt BF U o] vt £ #A(VlE EXd
=“UUuDDU")d}s 2%g 7M. 28 ade |3
g o Ad9=7F F78ie 7kE7] AAe] gre] A F
7bske 29 1(h)9 Ze FEE 7INER, 2329 7}
%719 ABBA AS7t 2L £4E A nH3ot
o} w2y 23F AAdA FHEE 2EY dolets 7
B Aol FAHE Holekg AAg 71 HE3
W Ao 3% A& P 2HE & Atk

Supervised®} Unsupervised 8t 71H< vlms] =2
H Supervised 471¥o] Ag=r ¥ SVML H|
2E 9HE PN 71 £33 29E Kok Unsu-
pervised 84 ZI¥oME EZ 7vte] X149 A F

1ol #BFPAL Jite] HE €k AFEIL 2ok
AL 2EY dHolele A$ &AM Wl Fady]
Fo) g3 598 &4 757t EAFTGE olfE &
Apslgn 27 FE7) gEolch A¥E Aul AolE o
gatgen (20211004 AFT} XE R/ #olB s}
#7128 st 2B

a3 69 A3 Hlo|Ag RIS —71‘—01%_] =5
2P YR shie] &4 ol HE #FH %
3 Y& 7HPsy ol ‘Fula 24 Sl stk
&gk WSN 274004 3=e odd £49 AA

@ol 25 SUFolA] 2] WEol, o] EReIE TH
, | B8 NBM TFIDF
IsvM R ju0
1 ——j B Jaccard = Jaro-Wrinkler
09
’
"
0.7 ¥ = H A
¥ v t] HeAR
o /R =t
) / 1 tA e HAE m e
o 0o HY H =] A et
R0 | ’ = :"-z.T =T :/EEEE E;-::g
QL HAER Edn R O
] - 88 g Wow 58S L AT AT + L 8T] . o
;l:i Lidn=C :/.Eird HAn] Heta
Bl AR AT Hoeg
R AR iR S e
Ot BOAEE R el
l-gram  2-gram  3-gram  4-gram  5-gram

(a) n-gram FA49 @47 & U

s dlojeld| o] 2 A 33 A A 2 Z (20064

K

P
E}%

£ dlolele] £4zke & FAE 1B l°l
AEe A8 23 a9 o] WAL
o #3d e AFsA. APl A& 7‘%?—8—
TAN(Tree Augmented Naive Bayes), FAN(Forest
STAN(Selective Tree
Augmented Naive Bayes), SFAN(Selective Tree
Augmented Naive Bayes)ejt22,23]. 22 A 39
dlo]el19]E ©]43% 4¥ 27 TANF STANe] &

Augmented Naive Bayes),

Zigel Hish 5% AFHE BRI ©] él?‘:l Ade
WSNolAH 9%$ @92 F3=E vojet 43k 9
& fAE EAY A JE=E 1T v‘i— e

gl ke A& BATH

I 1b)e Ede)d wloleld] wis) Ak =
gol2o] A dHolelE o]&3tArHIg. e FY
3 dolele]l dis] Fdl #lolBe] gl HEER
k-means FY2HY 7YYL o]&3td 7IE dolets}
Hwshs A4¥L 3Rk o AFdA k #e LPielA
LPsW e} Atol3t Ee29 AFE Ak 4d Wie
349 A AL o)Edy Fy d=fuint £
I &4ol & o)gsto e sFA HE(Y
<0.8,02,1.0,+,00> -, <020210,-,00>)% 493
At} old BRG] gL WE AUF FAEd o
2} 6712 1§ <1.0, 0.8, 0.6, 04, 0.2, 0.0>o=2 F¥E3}
gon, &40 4L 06014 A# AcLE e A4S
e nEstgok 3.229 AAE #3e 53 FiH
g 71He H8¢ A3} Collision? Obstruction eh2
AL & FAG Ao Ak wEpM 28 7(b)¢
7+o] Normal S#j27t Bol EFE LPAA 2 A&
TE 1ol ¥lde] Collision® Obstructiono] %ol ¥3

EdNpv B3 TRIDF
SVM =X Jaro
1 — B Jaccard == Jaro-Wrinkle:
Fl :2
0.9 i
2 ; |
08 : - ias
0.7 - H E%if : —
W | | LA
06 g g:éiE Sl R e
a ot =Pt e YY) re]
0 ‘5,.= 2.=:5 HRED - g?l: _éz-;iﬂt
K A ity B V
0.4 SR —OAN R /R R AR
I D AR DAERE AR
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02 |EHASER- HER  RUEER R R
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0 HAS R H B R HAERE
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(b) n-gram 2243 correlationg ©A& A& ¥

a3 6 AFE v (n-gram EALT correlation®] -8 HH)
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Bayesian Classifier 5.9 9] 5
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LPt LP2 LP3 LP4 LPS

23X 45 949 oy 2%
(b) E=HY 7149 FE=

¥ 7 $3E BR 71N 28R Y 38

H LPolAE A5 @A veRgdt)
5.4 = '

2 g 2Ed doletd g &7 758
&9 2EQ dloJg £F 7EE AMsAh
Ao $2¥E n-gram3} HPL 7|%& 2&5tq
2EY Holelg o|A7 75 o= wls)
5 AYEEE 5ol7] H8 &x8E B9 F%
HAshg olefe] 2EY doJele] £43 A@AFE &
7 nesksich

AEE 3] Supervised 7 7IHOZ wlolAgt ¥
Fol SVM 71¥E o] &3¢ e, Unsupervised 5ol
+ Jaccard, TFIDF, Jaro$} Jaro Winkler 7]Hg % &
k. 4% Zs} SvM#} TFIDF7L 247k $-4:3 23
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83 ARt 4700 dBLE P mEAE | &
3 498 Byt
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