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3-layer Cooperative Detection Algorithm for Multi-dimensional Events in WSN
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(School of Information Science & Technology,Nanjing Agricultural University, Nanjing 210095 ,China)

Abstract A 3-layer cooperative detection algorithm for multi-dimensional events was proposed in wireless sensor net-
works. Sensors detect abnormality through the similarity of mean vector sequences and confirm the occurrence of events
with the voting mechanism. On the basis of similarity of boundary vector sequences, cluster-headers analyze multi-di-
mensional events data using a modified K-means algorithm. Sinks match the types of known events using the distribu-
tion probability of event data. The results of theory analysis and simulation experiments indicate that compared with the
traditional centralized algorithm, this 3-layer cooperative detection algorithm for multi-dimensional events can improve
the detection precision under the interference of noise, reduce the data traffic and the computation complexity,and pro-
long the network lifetime in wireless sensor networks.

Keywords Wireless sensor networks (WSN) , Multi-dimensional time series, Event detection, Cooperative algorithm,

Type matching

1 3l5

TR AL s M2 (wireless sensor network, WSN)™ gy i
BT E E W i IX 38R P 149 K B A% 2% 15 A (sensor) 4 A, 3 3
TLBE IR LB B AL, H B KR EERA.,
SREEFNAL P M 2578 25 X I P BRAIT R E S, FHFERALER
5 & (sink) LUE B P AT AR AR ], WSN JE LUEHE
DRSS R R S T RSB U KB A A
VSRR, I EA T MR R FRTR™

WSN FZE sensor 7 5 BB K B & B0 A BB 30 8% vp () 4,
F3H b T & A B 25 A, sink Y S A RE SR BUAHE B SRS, XoF
JAR IR TR 55 WSN s 3 4605 2 LI
KM FRAE sink 5 5 BT (B SRR ZE U SGE(E
SRR TS E RN S, A RERE L

F|H HHI:2013-07-14 R4 HHH:2013-10-12

FR I X sensor T A FTRRA I — HE BRI ATRII . TRIA,
AR BB FRBEPRF R, R E. A30%E
H—MHEHT WSN =2 244 IERN A E. &
5, sensor 5 SAH B UMER I B 4E 4 KA. sensor 5 &R
WA E 27 5 AU R BLR R JS  m AAR sen-
sor 1 g HEAT 11, AR9E A 34 sensor W MR ML RBHH
HRAERTERE, Y05 B B{E G, sensor 5 &K 1
S M UMEX B R T R Sk AR R
sensor 11 g _F IR ESLEF MG BB F 10 BT 5
BLBE , 35 R Pk IS 1) K-means B9k % 22 4k 35 (4 B0 9047 4%
KMEI . BJa, L FOR AT sink 15 A PR I £ 4k 214
HIZERL, sink T 5 S48 M 008 o 3R 437 , UG fic Ao
HEAREARL,

AR v SRR R AR 5 % T BB & BT B0 B (KYZ201421) , R BHEARE AR 30 %

HRI%E IR B (2011BAK21B05) , B 54k BHE SR 55 4L % 4 30 B (2011GB2C100001) , I3 Tk f{E B W B AL L H 5| K & T H
(2011CD) , Yo A EE AR 45 2% B¢ B30 H (Y0201100080) , L5448 B S #4315 %8 B3 H (BE2011398, BE2011339) , B T AR ML K24 2013 4F

[ K2 A AT AL VI ZRit-R) ¢ B3 H (201310307049) B BY

EiE=A981—), B, 1+, JHiF, CCF & 51, FEFF I 108 P2P W% W5k W . CPS A MU HL I Ak 5355 s X (1990—) , %o, Bl -4
FBHIGE I 8 AR IR R SR AR s B BE (1994—) , &, FEWIFT T 1 CPS B ik Er M (1977—) , B 4 Bl &, FERITHH
L M F A ; R (1963—), B, 1+, #4% , FEIF T 1 A PBR M 48 R , E-mail ; huanliangxu@njau. edu. enGEIE/EE) .

0910



2 HHX#HR

TLRAGBER W B B AV 2 0 1T THE. &
W, WSN 2 H sink 35 & F1—4H sensor ¥5 S M i, sensor i
FNYI IR P SE(E B, T sink T 55 BT BEE RS Ao
Mg, XMEPRNEMFEREIIR DR R ITERE
RVEBAEHER 26, HEEE sink (1) sensor 15 A 7EAE &
RIER RS, CERL6J#2 th T WSN HMELRM , {45 sensor
5 sensor 2 ] ,sensor 5%k (cluster-header, CLH) ¥ 5 2 [f]
PLK CLH 5 s 5 sink ¥ 55 Z B GBS 0 R TAE , LASEBL & 4
NFH BAR. A SCHTHR SR I B 28 FI A WSN =45 g 1] 19
WMERZR ,f# sensor 7 f JCLH 5 & 1 sink 35 & PMEE L
HRAES . TR S 1) BEFE B 3 ] WSN Hp i) £ 2875 &1
L EE T SRRRREN RS, KT WSN ) TIEH 4.
[, JRAETLE sink 1 R _EHATH AR T EE T H sen-
sor 3 gURT CLH 35 &EA7 4340 R i 550 85 1 18 T i B o e
%,

K% WSN SRS L, sensor 5 s BB TE sink
PR EAER AT . WIRAN B sensor g H BB R B
BN ABIR , HAA R B S sink 19 s M BERLA
TS B 4SRN, SCERL7]4R H T —Fh @ X Py 578
BB 2 HEAT T RS 43 0T 0 T T R AR B S 4 ) ARRAEAE L B
HEERERS . XIS IRE T —F@E i F 3k AR &
&, 855 AR SR 38 SUBHIE I 23 R A T A4 I, {H X Fif
FEFT SRR X BAEE, SO E T —FETF
JRTR IR B 30 2R T 3 A “ A BRI 2807 1 1
W3t U847 sensor 5 A5 1R A SR8, DT ORIE B9 1 ME B
SCERL10 ][R B 43#F T 344 X SR 1 sensor 5 g R4 |
BT A A B AR A B A s A G M X 1, AR SR
FRJR BRI B AL e S A 1R BT R R R B, R TT BB
XL W B B4 sink 4580, AT f45 sink 5 2168
TETH A H SR 2 A

H AT, WSN Hb (g S0 7 i K BURT LAIF 44 3 280,
T BB R RI 7 kB T B s A AL A O ik A B B AR
SR Tk . WSRAL RRES 9 SR 508 o T 38 1y F A~ B4, )
T BE BRI 7 B HI A S R A TR S A
I T 2 ) R A% SRR AR SR ) B 4 A S MR A, X Bk A
4 TIT B P A S T 5 2 T = e T vk B R AR TR
FEHAWEHRERE . ISR A —E N
PR, ZTF BIME Rk HER KA T IR A LR
BTG TSR A6 1 B, (H X ToEk % & WSN
SR E BN T oK BT A s AL 5 R B SR
TIALAY , {H 5% F1 WSN B4 B A SIS AH G BR , T B AR
BHMER S, LA WSN B, 752 AR5k
PR R PRS2 A , DT i <2 A o (s 1 SR . (R AR SO
SR FAE TR MR EEE R WSN H (3 44010 ik

WSN Hy sensor 11 s B ERECK T BB R 751 B[] )5
HIFRR Tk B R P S BRI IR AT iR, BRI HE
BB ITACR A B R . B AT, REFS R ER
R A : DWT (discrete wavelet transform)®  PAA (piece-
wise aggregate approximate)'®) | PLA (piecewise linear ap-
proximation )™ #1 SAX ( symbolic aggregate approxima-
tion) " 45, Hiv , PAA J5 ¥ — i~ B 2 58 B B sh i O

. 92 .

RAEFINNEAN B IFTEE O NI FISE. PAA
FEHERE/N,ETARREZRE sensor T L#AT. FF
B, EReXTat 8] 55 61778 R4 , B0 P AR fb LB R iR
FRIE AR A AAR B (58 T S 0 0 B3 3 Xof L 190 /5 b 3R 4
PEIEHE . SCERL16 148 T T H A WutRFF RAE B . T
SCERL17 AR B3 — 2522 08 T A R P 50 0 B AT A
BT A5 AR B F P MER B ERE i —
R T FIRHIRAFIEE B ID R T FIP 5 8IEE s &K
JEHE . ASCK 43 A #E sensor i S A1 CLH 5 SR A PAA 1
ETF BT RO BRI EMHEE, IR b TR
w,

3 BMIFENX

P WSN Wil X 35 & — 4~ 4k %5 6], 38 4 R, 7EX 3 R
W FFLE ng A sensor T 51, BB MERER T AL siie1,n) B
A d, LS. X sensor W R A RRRE S, KB IHAE n
AN AL E sensor 9 AR B F AR MK, sensor 5 £
BB A% L IRRJE 1) 58 8 S A L ) CLH 5 £ ceee 1,000m ) 1538
4 sink P g, BRI NEW X IR N S AE R SR AL D FE
3.1 s4gmEREF

X3 R (1)@ HEEBERT R 35481k . sensor 5 5 EHIZA
L IRES W FAPERT X3 R (9B (AT R M. B % 2, sensor
W s ERBERRIC A m,, (D= (z;, (D, 2%, (1) -+, 2
(1), sensor 11 fAAERTZ 11 BURSZ] 45 [R1HY) 5 ASFESERAERT [H]
FUC SR IBEE S # B 22 4k 16) 12 B E] SR 31, 38 R m, (4, 2) =
{ﬁsi (t) "Z‘i () 50" sti @)}

R T IR 2 2 2 ) B[R] P 51 vh & B S S LR A,
R BN B[R] P B AT 43 5, SR E X 43 5 B F IR S AT IR
R R SRR T/E. ASCRAZEEI PAA
5 ¥ sensor 7 g XF BT 32 3 1) 22 4k 1) i B [ ) 3 A 7
FERAE, R RLER g.. g EHBK, WAEEHFITH
ot 225 Ak P SR B AR AT 5 (R LA SR B AR /N SRR A 5 b
eIk, BB B BERE SN,

53] WSN Ry FH % 52 B ) BE5R, 4 SCHE sensor 5 4%
A CLH 95 & W shi O LSRR aa . Wshé 0w
KB RIBA W, FIW. . Wah 0K B, I s SR e
B O P LR , B B0 28 Ah th A S0 (L AN SR
BERL/N, WV 3h B O B A A 5 1 2w, B S v
Shid DR RERE SN, Rk, EFMEE g f1 W, , W, K
/X WSN S Wa il 35 vk i ME T P A BERERR & — B R
W, FESERRR FA AT , T EAR AR E N R R IA R g MIW,,
W, BIBE .

3.2 HEREFT

sensor WL s; MAKER W, KR 1 MEsE O n,
tw, JEERTZ ow, 18 B — A 24k [ & B 8] T 5 m,, (1, 0w,) =
{m,, (2)ymg, (22, m, (tw )}, Hot,mg, (3,5 0,0,w,)) =
(2L ()22 (1) oo s s (1)) RIS BRI g0 JF) m, 44

W,

BRI EI N 0, :g/l\?f?ﬁﬂ o RYE PAAJT I, BT

IR BER B ok, N AR BT 5 m., (21, ow, ) B (E 1)
27751 Esi (tws )= {Esi,l (tws D I_isi,z (tws )R I_kl.,as (th )}
B, Gty S AR B G ) BB R ISR (D B

%)

B2ty )=

8s k=g, G—D+1

md (1) )



K, md (1) FTR m,, ()W d fTTE, b (w VRN Ps,.j
(w VWIS d YETTHE, B p,,.; (tw )= (pi,,; (tw ) s+ pl i (1w ) s
oy Pl (tw D)o
3.3 HREERFT

YK R A HE AR LR, CLH 45 & o #51F] sensor 4
Aos BARR SR A M B F S q., . sensor WA s B 4G HI
W O (s tw, JAERT 20 1 1850 2408 (R )90, (s
tw,) SRIEHE T m, S KA R 0, A FIFT. I BT
Bl ESAT SRR (2 Bt B ok, W43 21551 m,
(1 ,tws )B‘Jiﬂﬁl‘rﬂﬁf?ﬁﬂ asi (th )= {asi,l (tws ) ’6:1-,2 (tws )IRITIN
40, (w D} e g, Gw DHPHE j AN g, (w D IR AR N

a?z.,j(tws):;‘é,j(tws)‘f‘zi,j(tws) L 2
;g,j (tw, ):max{ﬁfi (tg,Gi—v+1) 5 J;fi 2y )} 3
sti,j (twS ):min{ﬁfi (tg:(j—1)+l) [ ﬂ;‘é (tgsj )} (Y]

K ,6‘3{,,- (tw, YRR asi,j (tw, YIS d 4B, H

asi,j (tws ):(6}i,j (Ifws )y '"y&é,,‘ (tws )y "'76?1.5,1' (tws )
Rl ; (w VFRFIFBIN LRI 5 (o )RR TIFFI T
o

4 WMEEHRNEE

4.1 sensor HMEHKME %

A SCOR R H —FlET 0SB T WSN i =2 2 4 H 4 HvE
W . B 56, sensor 1o S MMER I F A4 K A . sensor
A9 R PR B R R J5 5 18] R 3 Y sensor Y g AT A 4T,
HRAEE N sensor T EBENERBHEHRENTERE,
MIINFEMRLEST » sensor 7 5URE ER N B 9 B0 & 1% 45 7 3k
& CLH, #i— R s 4258,

A SCHTER I SR 75 1 B ST E sensor T i #EAT
P, LU X3 R 2 ABA FM A . LERFZ] tw, ,sensor F5 i
s; MBI h i 015 3 L5 4k ) 2 A 8] 7 371 ';si (tstw)o T s
RRIER D PR 80 ms, (2, tw ) 48 Ry X R 1 Y918 18] B 7
B ps, (w,) o BEEWSHE OIS, 580 s ZEASRES 2175 2]

D, (q,, (t:)q,, (t:))= | g, (t:)—q;, &) || =

1 %} %} Re((_ffj,z(tn))—lrn(c_lfj,t(tn))
0 «d, =1 k:lRe@fi,z(M))—Im(c_lfi,t(lm))
W, B B
1 FARA Re(qfi,l(tm))_lm(qfi,l(tm))

0 d 2 2 Rea  woyo '
s e ds =1 k—lRe(qu,z(tn)) IIrl(qu,l(tn))
W, B B
1 & & Re(qu,z(tn))—Im(qfi,z(tm))
0. + d: =1 #=1Re(gf, 0 (1)) —Im(gs, 0 (2:))
w
1 g g Re(&fi,z(lm))—Im(afj,z(tn))
0 +d, =1 klee(Efj,z(ln))—Im(Efi,z(tm))
0,else

QERFN A A 10 B P A A B = W AT LAA 3 S
U. (ag,k () 76@ 2w (E))=
Re((_lﬁi k (tn))—f—IIn(aﬁij () .

Re(a‘é,k (tm))‘f‘lrn(&sdi,k ()
Re(@ . (b)) +Im(@ 4 (1))
Re(gi (tm))+1n1(§§j-,k (.))

0,else

B Gty Y B, Gt 1) 45T B A0 B A B
O B, 1A s INKTTRER MR A . WX {H a7 51 AR DL BE
IR (O PR
DSi (I_Li (tws+1 ) 71_7;i (tws )
1B, (o=, ) |

1 ﬂs ds _ _
=95 < d. ,;1 kglu’fi.j(tws«)—l)—ﬁfi,j (tws)| %)

WA s N Y ATES 2P BB 4 & AR R, MK E R B
SR AT B . BB A s A0SR RIREIA R 2w 2 AT
B RA NRE 1R BN EORREE. 4
s WEIPA R JE 1 R G WSCRER o, Tt 0.,
INEMEA., 6, EHBEERT 0.5, X BRI XRHERME
AURTF 0, BT A s BABI R I 4, RATEEH T
REF T FEN ; WL RERUIRE T 0. 5, W A s
T RBAbE B X 3R A 10 %% , BT A5 50RO AR v S B 28140
RE. WA s: e ¢ R BE B4R R A, TERTZ 2
WRIBE T R RREREMNHAEGRE  ZFEV R s &
TR TR CLH W5 o LIRFBAHEHL A mEF
1 651, @)

4.2 CLHthMERME %

sensor i s; WING FHM4 R A5, ¥ METEH K CLH
TR ¢ PMEX AR AT 2. WA o BRI — MK EE
R W KA W, B shE QBRI FEFE I 24 sen-
sor 5 g SEBF_H AL EEAAHSC R S A BT, HEx g shE O
TR 2 4ERER AT K-means M.

J T HATRIESHT, 3k AR EITE R R WA~
Fia B AMUE. CLH ¥ &% o #ERHE X L4, 0w I
B H] sensor P s A s; LAERL AW EF S
s, Ctme (1,2, w,) ) s, (B (1,2,w,0 ) o LS 11 BT HAH DL
BRI E R (6 fian, H,Re(« )FT Im( « )43 3%

JRe(@, 1 (1)) =Re(@, 1 (1)) NI, (6,)<Im(gf, . (2,))

Re(q}, i (2.)) =Re(d}, . (2,)) NIm{gs, ; (2:))<Im(g5, . (1,,))

(6

JRe(h 1 (1)) =Re (g1 (1) NI (g (1)) <Im (G, 1 (1)) <Re(y 1 (1)

JRe(@, (60 =Re(@ 1 (1,00 NI, (1)) <Im( 1 (1)) <Re(g . (1))

W EEFS. DR ERFIE I EIER (D ER

i»Re(gd & (1)) =Re(gf, i (2)) NIm(gs, i () <Im(@, 4 (1))

* LRe(ql, .+ (1)) ZRe(q, & (2,0 NIm(gs, & (8 <Im(gf, 4 (1,))

+ 1, Re(gé & () =Re (g, (20 NI & () <Im(g ¢ (1)) <Re(g, e (2,)) ("
* 1 Re(@ £ () ZRe(@ £ (1)) NIm(G s (1)) <Im(gS, £ (1) )<Re(@x (1))

.93.



CLH i & ¢ ¥R ] K-means %% , % 71| Fi ¥ 3h %1 1 7E
Ak 22 ¢ BT WO 30 S ) PR 3 4 R SR S FE DU R AT
EE., BEEETH K EABENFHFLRBMMED, Hik
%'JJ%E‘C(@X#%?@JE‘JY??’J%@%Q%B’JEF':E»}.*—E Mci,j,j6(1,2,~-~,D)
TR BE T3, TX 45 202 Y v s B SO TR (DD
KT YRERETWG, BLWAKEE DA%k
Cije 2,y » BTSN NLE A [R5 IR BT _E A% B30 55t 16 B
FINES HNREA L BP0 Mci,j,je(l,z,---,m )=
{Mci,j,l @ VMci.j.Z (2) - 7Mci SN @7}, H A_/Ici.;'.lz (l)iE!l: Mci,j €3]
2 & AN .

4.3 sink PMERNIE %

CLH % i ¢ S22 45301 5t 1) 7 91 B SRR A ) - e
AL R AL sink TR TR RRILE., hTHE
X3 R 7 D PRI S, sink 15 50K R KR B4 hol
KM, etz ()5 D 348 ¥ 0 8 R 55 15 ok 5
Frre,2,,0) (O HATVCED LA RE PO 5 BT 72 43 255 B 1 26
AL, PR s (O FizR .

os d .
Da (M, (0 FO =i + 2 S Ff (Re(M,, 1 (1))
— B (m(M,, ;.. (D)) ®

R, FY (D RRNFHEE d 4E)8 M IRER 510 R %L

MR Daw (M (05 F) = max (D (M, (1),
Fo b, WA BNz O g M. ; (0 FTE Sy R ARy n,
IR BER E b BRI B RE R RES . TREFE
i —F g O, R R — R R A MR A RS 2 26
B R ML, 1,0 (O EBVE L LN PRI A (7D ¥ 24 rhols
BT EI. BTG, sink P BB 5HMAR o U
FEH 2 E M, (D)

5 tkEestr

A SCHTHR I Z2 e A UME R U T 5 432 3 )2 : sensor Y
FUMER IS ;. CLH 45 s MMERII B35 & sink 5 S UME
B, 3853 sensor 5 45 .CLH 5 /5 F sink ¥ &5 i BME,
WSN iz H 75 5 BE S ARSI J s SR 35 v B R A SRR 2 A
AR SCHT R B AR SE PR B B T B WS iy i ko 24446
BEMIREZENEK,

sensor YMERIIEEL 1, sensor T5 & s; ZEBS 2] 2; 5|
KOHEBRE p,, (1), HitEEIER O, XW) . ZEF]
ARG HEFATFHI AR, B S 245 02X d,
X0 MR s FERFZ 1 TE ML & oo BIREIE,
EFREFAROIHERE g, G, HITBEEZE N 0, X
W, B, B sensor 5 & s MBKITEE 2N 02
Xd, XWo) . FILEH, IR W, &K, W sensor 5 54
BRWITEE B TR W, 58 o/, W p, GHEER
BlE s B UL BA A EdEE =,

CLH YMER IS, #3535 8 o ZERT 20 ¢ BRI
(O)FFATIRIBH] D a2, HitBEE 488 03 X0, Xd,
XDX (n,—n.—D)), {£ K-means BRI, FEF AR
(DITEEA AL L, TR R 44E R 03 X0, Xd. X
(n—n.—D)), Bk, BEPTH A ¢ ERNZ: WEKITEER
4R OB X0, Xd, X (D+1) X (n,—n.—D)), % EF|#HE:k
W E B E DMK W 5L SRR EE 2

. 94 o

BEHRH OBXOXd, X(D+1D) X (n,—n.—D)/g), FIUUEH,
MR g, WEBK, WS S ERRFITEE 2R &%
1% 1B 4351 J 19 F F 370 Xof 72 A 1) 0R% JBE e 2 BRI THT G R g
BEE /N, WF 75 I BER A 5 g, BER AR
FePBESHIIN . WeSb, R T EERESL T SRR TAE A A ] , 3
R IRER T O R R S 2 B A0 T 2 Sk A

sink PMERINE B, sink 5 SRR AR (O 7142
RIPCHD , Ht B E 4B R O((2m+1) X6, X d, X D?), Hrf,
m R P LR A0 BB Froe .20 () T E & 4
. ZEBICESIE » sink 75 58 75 22 A 2 (7 R A R 34
FA AP0 R A I, HITEE 24 O3 X6, Xd,
X(D—=1)), Fik, B sink 3R ERZ t R KITESE
ZREEH OO, Xd, X DX (3X (ny—n)+2XmX D)), %EF
sink 7 S FTAIFME sh & O B B8 ok s B e, |
I sink 5 8 B SHE DK R W, I sink 55 S PR R
HEEZE R OW(d, X DX BX (n;—n)+2XmXD))/g)

6 HESH

6.1 {FERE

A SCKFIFH Matlab 3 #2405 B IR 8ok U BT 31 10 = )2
BHHUMERIE Y. (FES, F X3 R 24 400mX 400m, H
A 441 N EELIRER 16 MR SR 1A sink . R
BAL AR A R B B SE B BT A B A BB R Sk 1y
MESHX NS5, BAZREG T SRE I E B
FAIN LT i B AL B 1 2 B 3 AL RS R
FEARY N 1Hz, EELRES LB E O KE W, J 16,
SERLE g M4, ML WAMBESIEOREW. 24, 4
L AL A 1 RURA B S R AR ST, 73K ORI B
PAERHEAT 7328, T sink 19 S0 AT 28 Y T e DL B 8 S5 44 1Y
HA,

HUXIER R WHLE 4 BE M4, GRFHM 3 N EEB M
HIREZR 5375 R B0 SL AR A TEZS 404 N(p,0®) 1 B EE(E, &
ARUE T 2. WL, AR 12 Bl S B9 4 A R N (4,
(DY), HEHHER i=1,2,3,4, B BEERNLEE d=1,2,3,
4 o ¥ sy BIAEXRIL1, 10 ] BENLATFC .

DB ARIRZ] ¢ ZEFF X R WA R E W BE L
AR, BAREHRAEE R 10m, L8
WIS m,, (DBEE B IRAS T AL s MO E M BERS A 42
b, Bm, (D=e"* e m(t), H,m) R0 LR E M
B, AR sink 55 S ERRI A, WA & A4 W E 4%
HT BT R EN SRR AL R, ZEBERES
TR AR FEAEIR 2, &1 AU RO IR 224 00 S IR IE RS
4370 N, D, A5 Bk R B4 X T iR = 2 4 0ME
DB A KRB AE BT T, R B h &S
B s R

Z P HAT WSN S 4 i 7 s RE R E PR,
O BRI M 15 SR T W SR B K BT R 2 4
B AREE LT R BB YA sink T S AT E A, 46 T
FEREAN K HERERE, & WS4 = m
XoF L o 3 — 25 A A A SRR 32 S 4 SR M E R B vk (P B
6.2 HELE
6.2.1 Ak

D5 B IR GH 25 B A SO 4R UM E A i B vk 1 A A



AFEE LR IER R RR . BRI SR
RYTE A B YRR AR K1Y 5 B aREAFIN B . SRR
R ERMERBER. HREERNELRI HFAERE
RUAS DN UR 10 YRR SE P B0 R 2R A LA I H 3 2 A Y
YOB b Sk B AR B L) TR IR E RN KA
PR AETBA BRI ], 0 BB PG A RS %00, 0,
BUEXBIEAMAERE R . 7 EERME 1R,

80
70+
60 -
50:;/’
W0F T

30 | T

ness/%

Effective

— G e —a

06 07 08 09 1 11 12 13
Detection threshold of sensor node/V
(@)
5,~1 g.=4 W,~16 W.=24

/%
@
3
i
\

\
\
\

Effectiveness

50 55 60 65 70 75 80
Vote threshold of sensor node/%
(b)

B 1 ERIe AR

HE @A FEH, 4S80 A 0.6 HZE 1.4 B, FHik
MIIEBRM 50 % A4 EFHR 0% A . XERAHEE O 1
B, 8 AL RS R BRI B ) S AE B R , sink Ty
RN S S B A R . TR B A B R R
SR 7 PR) R M) TR AT R 353 » sinke 7 s o 32 24 2% TF A G 00 ) o 8
Keorgin, XrE B IETER SBEE o M m L7t .
B 1, BEMERE ERN BN ELETHRE 15K ESL.
XREE R Y O BTN, sink i AAGT H S 4E B HIEE R
WV ECA BT T B, HLREE 18 7 X A% SR SR 50 Wi O 9 » 2 B
BB B R A EAG T 2 A B R B & BT T R, X
L BENAEIRE EREWEK. TR BENEREER
BEZE o MBI, L FHAIEEEEEE 10% .,

HE 1WA LEE, 4S50, ) 0.5 HZE 0. 8 Bf, Bk
HIIEFRMN 55% 2K AR 5% EhH . XEFAKEE 0, ¥
N, AR E A RS AR R BRI, Wb
BIXHE RSB W B W L /N, sink T 5 2R TE
TR B R B 2538 I . R B , 3 38 15 KA E IR B O
SN, sink 7 SR H S04 00 S A SRR D . XRE,
BN IEREG SRS o, M3 EFt. B 1), B
HAREERMN AN ELATHRE 20% . XEENY S, &
W e, sink #9025 14-(B 28 BUEER B YR BCE BT M, LIS
I S XA AR S O WA 551 » S PR e S R AR B A
HEARAHRBBSHFI TR, X BENEREER
BWREIL. ED, BN REERME o, 13gm, L7
IR 10%.

6.2.2 @Iz ¥

WSN 735 S M B PMEREHATESE , MR R E S T8
TR BERTEAER I, FEREK I ARSE g W, BUE
XA SR FE A MERIE B b S EEE R, TR

HIFE WSN =45 3 Bfr 41 ELAF 8] P9 BT K 144 LB - 3 R BOR 5
BV REER. RN, A0 B R BT i i 48 i
HRMBEENEGRE. TESRWE 2 .

03 5,=1 g,=06 Wy=20 W=30

»
2
Q
E L ~*— Cooperative detection
TS 025'\\\\ — * ~ Centralized detection | |
s <
g oz AN -
£ e
3 -
E 015} -
g -~4
8
g o S
g T
Z 005 =
2 3 4 5 6 7 8 9 10
The granularity of time subsequence on sensor node
(a)

2 5,1 3,206 B=4 W.=15%W,
el ——C d
& ool ~ “ooperative detection ||
5 ~ * ~ Centralized_detection
£ 022 ~<. 1
8§ 02 el 1
§ 018} RN |
g 016 T el E
E o ]
g - 1
g of T 4
&
]

16 18 20 22 24 26 28

The size of sliding window on sensor node

®
B2 SN LREER

Hi B 20 AT LA Y, PRI S ok v 7 R i R
WE g BYIEINTIAN 0. 2 /AP T HEE) 0. 05 W/#b. X EN
R g BRETHE IS, 5 BT RIS 0 5 T H AR fF B R R
A i ORI B IR T S SRR B RO AT, R
17T 45 2 A 50 18 R R e e . (R B A 8 M 32 3
E. B 2%, £ ANEFRNEENEFRER TH
ORI BB AE B X O sensor 15 AU E ) S 14
EFREEN CLH W f G ANL R T sink T, i 2(b) A
VA i, SRS DU 58 0k 938 15 B BE W, /9 _E 5T ALo. 19
W/RPBH TR 0. 08 W/ A . XREFAY W, ZHi
T, A2 JRES 15 R AR G T R AR B R AR
s T _E AR BB 2 A BT . B 2(b) i, S rh i 4
KNk i R B R R T A SO R Bk il R i .

ZEWIE  ASCE X WSN RIS S B 24 R
R R T — R =2 S 4R MEARR TN 7 35 » A
RERS R B 2 4 J PSR I 6 A TR BE A A I i 22 48 3 1 0
KA, FRMEGRAFAING B 5 328 5 S AR BOR 22
BRI, BIEAE PAA J7dk i 2R b K 3906 7 51 e b i 5
JP B HEAT B2 43 A2 2L D e , 6 R AR T4 1 [R] B (RAE A
BOEIE. W TR T =)2 UMERI M, PR REAG T 5 1k i3
FEATTEERE. He TR B Xt B iR Bk 1 B
AT THRIE.

AR SCHTHR B S PRSI B s T R v X RS 1Y 5 BT
FERE PR EEIE . 4580 WSN R & BE55 s BT
SRR B A4 3 ST LA 4 25 SR AR, sinke 35 ROREAR
X 25 A KR B TR BE P2 AT 1R 23 H7 DT o 52 5 B0 T
SRR . BRI, B3 2 AR 48 10 32 08 A1 20 B ke
ST B I — PR R TT . BAh, Bk PR B B B iE
T AT LA & H L TOL AL AR M 45, I BB L3R B i
Frit— e SEE » DA T 3R RAS I 8 35 B S A

& % X #k

[1] Abdegawad A, Bayoumi M. Data Fusion in WSN[]]. Lecture
Notes in Electrical Engineering,2012,118:17-35

.95.



(2]

(3]

[4]

(5]

L6]

7]

(8]

(9]

(10]

Viani F, Oliveri G, Donelli M, et al. WSN-based Solutions for Se-
curity and Surveillance[ C] // Proceedings of the 3rd European
Wireless Technology Coference. Piscataway, USA; IEEE, 2010
285-288

Bhuvaneswari P T V, Vaidehi V, Karthik M., Dasarathy Model
based Fusion Framework for Fire Detection Application in WSN
[C]//Proceedings of 2nd International Conference on Networks
and Communications. Heidelberg, Germany: Springer Verlag,
2010:472-480

Feng Y B,Zhang R B, Fault Detection of WSN Based on Spatial
Correlation[ C] // Proceedings of International Conference on In-
formation Technology for Manufacturing Systems. Clausthal-
Zellerfeld, Germany; Trans Tech Publications, 2011:1504-1510
Shen D D. Energy-saving Routing Algorithms with Optimization
for Wireless Sensor Networks[ D]. Hanzhou; Zhejiang Universi-
ty of Technology, 2009

Huang X, Tan L, Hu K. A Cooperative Game-based Clustering
Algorithm in WSN[J]. Advances in Information Sciences and
Service Sciences,2012,4(8):147-154

Chatzigiannakis V, Papavassilion S. Diagnosing Anomalies and I-
dentifying Faulty Nodes in Sensor Networks[]]. Sensor Jour-
nal, 2007,7(5) :637-645

Gao J L,Xu Y J,Li X W. Online Distributed Fault Detection of
Sensor Measurements [ ] . Tsinghua Science and Technology,
2007,12(1):192-196

Chen J R, Kher S, Somani A. Distributed Fault Detection of
Wireless Sensor Networks[ C] // Proceedings of the Workshop
on Dependability Issues in Wireless Ad Hoc Networks and Sen-
sor Networks. New York, USA:ACM, 2006:65-71

Ding M, Chen D C,Xing K, et al. Localized Fault-tolerant Event
Boundary Detection in Sensor Networks[ C] // Proceedings of the

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

24th Annual Joint Conference of the IEEE Computer and Com-
munications Societies. New York, USA:IEEE, 2005:902-913
Zoumboulakis M, Roussos G. Complex Event Detection in Ex-
tremely Resource-constrained Wireless Sensor Networks[]].
Mobile Networks and Applications,2011,16(2):194-213
Ngaopitakkul A, Pothisarn C. The Protection of Transmission
Network Systems Using Discrete Wavelet Transforms[ ]J]. Inter-
national Journal of Innovative Computing Information and Con-
trol,2012,8(9) :6491-6502

Ohsaki M, Abe H, Yamaguchi T. Numerical Time-series Pattern
Extraction based on Irregular Piecewise Aggregate Approxima-
tion and Gradient Specification[ J]. New Generation Computing,
2007,25(3):213-222

Jiang Y L, Chen H B. Application of General Orthogonal Poly-
nomials to Fast Simulation of Nonlinear Descriptor Systems
Through Piecewise-linear Approximation [ J]. IEEE Transac-
tions on Computer-Aided Design of Integrated Circuits and Sys-
tems, 2012,31(5) :804-808

Li H L,Guo C H. Symbolic Aggregate Approximation based on
Shape Features[ ] ]. Pattern Recognition and Artificial Intelli-
gence, 2011,24(5) :665-672

Zhang X P, Zhu X C, Ma C. Clustering Algorithm based on
Boundary Identification[J]. Journal of Xi’an Jiaotong Universi-
ty,2007,41(12):1387-1390

Dai Dong-Bo, Xiong Yun, Zhu Yang-Yong. Efficient Algorithm
for Sequence Similarity Search based on Reference Indexing[]J].
Journal of Software,2010,21(4):718-731

Xiang H M, He W S, Mining Wireless Sensor Network Data
based on Vector Space Model[ C] // Proceedings of International
Conference on Computing, Information and Control. Heidelberg,
Germany : Springer, 2011:100-104

(8% 81 7

(2]

(3]

[4]

(5]

(6]

7]

‘Wang Xing-wei, Cheng Hui, Huang Min, Multi-robot Navigation
Based QoS Routing in Self-organizing Networks [J]. Enginee-
ring Applications of Artificial Intelligence,2013,26(1) ;:262-272
Wang Xing-wei, Cheng Hui, Li Ke-gin, et al. A Cross-layer Opti-
mization Based Integrated Routing and Grooming Algorithm for
Green Multi-granularity Transport Networks [ J]. Journal of
Parallel and Distributed Computing,2013,7(6) :807-822

Lee S S W, Tseng P-k, Li Kuang-yi, et al. Interface Specific Fast
Failure Rerouting for Load Balanced IP Networks [C]// 2011
IEEE Symposium on Computers and Communications (ISCC).
Kerkyra,2011:316-319

Metnani A, Jaumard B. Connection Rerouting in GRWA Net-
works [C]//2011 18th IEEE Workshop on Local & Metropoli-
tan Area Networks (LANMAN). Chapel Hill,NC,2011;1-6
Xu Ming-wei, Yang Yuan, Li Qi. Selecting Shorter Alternate
Paths for Tunnel-based IP Fast ReRoute in Linear Time [J].
Computer Networks,2011,56(2) ;: 845-957

Amdouni N, Koubaa M, Aguili T. Lightpath Rerouting Scheme

96

L8]

(9]

[10]

[11]

[12]

[13]

for Dynamic Traffic in WDM All-Optical Networks [C] /2012
International Conference on Computer Systems and Industrial
Informatics (ICCSID. Sharjah,2012:1-6

Ma Wen-chao, Fang Yu-guang. Dynamic hierarchical mobility
management strategy for mobile IP networks [J]. IEEE Journal
on Select Areas Commun, 2004 ,22(4) :664-676

Li Xin, Qin Zhen, Yu Tao. Optimizing the QoS Performance of
Fast Rerouting [C] // 2009 Ninth International Conference on
Hybrid Intelligent Systems. Shenyang,2009:313-318

Tian Li-gin, Lin Chuang, Ni Yang. Behavior Value Analysis and
Application in Evaluating Network Entity Behavior Trust [C]//
2010 2nd International Conference on Computer Engineering
and Technology (ICCET). Chengdu,2010:313-318

FRE RUE ET Gl R AR 8 —B ], +E
EHRLY, 2006, 14(3) :65-70

EXH, EEM, WL ETREE RIS QoS Bl Ak
ARALK AR - BRBHERR, 2012, 33(10):1385-1389
FhCE, BIGEEE , EEEE, S5 BT k BRI 0 M S5 I B
HEREER] MUBASTEYLRSE, 2006,27(10) : 1850-1855



