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Abstract: In this paper, on the basis of the measurement parameters, such as energy, delay, reliability, and other
factors, which are represented as vague sets, multi-criteria evaluation of fuzzy decision routing algorithm based on
vague sets is proposed. By comparing the degree of membership, non-membership , Vague sets distance and
similarity values,it selects the optimal network path. Numerical experiments show that the proposed algorithm can

solve the multi-criteria optimal QoS routing selecting problems, which are in the uncertainty link of complex

environment among wireless sensor networks.

Key words: Wireless Sensor Network (WSN) ; Vague Sets; Optimal Routing; Fuzzy Decision-making

1 5l§

TCLAL IR 45 QoS B i B 1y G 2k A% JE R 45
AU — A~ T B S IR WSN T R R
BE) S AP 0 2% 14 6 B RE AR L FR N AR DL QoS
TR G Z A AL 15 2% BE it L B AE L 5 L BE AR
A EEPESE QoS Z MU H AT — E 1Y Bl AL 1k A1 5 K]
P 223 DU ASRY] DR 5% B o B B g S 2% 1 ) AL

2241 Dijkstra 5035 i T 88 D5 7+ 5 A9 95 505
Z I 18] 52 2% HEAR i3 ) Bk A B PR TIE v 1 SR 45 1]
RS AR AR SCHR L4 D 4t T it A RTHLE Ky
Z L QoS B i Ve T 58, T i 7 ) v H0E B R
g figk ) Jo A 5 SCRR L5 1 ) ORI A6 580 3k, ol i -
oA A H br eR RO A, DL AN TR A QoS 75 3K 5

KW BHEI: 2013—07—20; fEEBHA: 2013—09—11

SR LA 98 318 % JC AL T 45 QoS & 4 2 JU
WIPERAE I8, SCHRL6 ] b e fe L AR e £ b 58
%I T QoS RSB HHIBMIME (ARG M EIES
HOMB R AR Ak Ak B 5 3%

SCRRL7TH R LT Vague R EEAZR LR,
SCHRCS JH A2 ST ARABLRE BE £t J5 % L A SCHE 25 1 U 3
RSN PR SR e 30 % B 1k R AT R IR 4RO B
BRI W] T IRk B0 AT R S T

2 Vague EEAXAMEREIEZE

EX1Y B ESEEU={x,x, s x) s
UM — Vague 2 ATEU B —STRIBRB tas fa:
ta:U—>[0,1], fa:U—[0,1]
WREO< (o) <1,0< faln) <1, HO< fu(D)

HEWB: HFXFARB IS EHTH (51274011,51104003) ; B HF #hHr 2408 5 A A RS2 55 H (NCET—10—002) ; Z 8

BEARBHFEILETH(1108085]03)



126 ol ToE SR

2014 4%

+ () < 1, Hp 1) & Vague £ A B ERE R
BLRRNLF o€ AWMIEEMSRIBE TR fa(o 2
Vague £ A BRI RR N = € A BYIESE
MSRIBE TR s ha() = 1— falo) — () K oM
XFF Vague £ A B9 Vague E, ZIH T « X F
Vague % A BB AR L EDE R W 1 Fios .

0 3 fEe,
.7 MR, 4{
1
AF 3 I FIS,
Vaguedlt

Bl Vague EMERER
W AK— Vague 5,9 U W& A
A:JJmuml—fg@}q, + € U
MU RS A
AZiDAw’Pﬁﬂwym € U.

EX 2 HABNULEEMW Vague £, H A
—< 1)y 1— fal) >, B=<13(0), 1— f(2)
>0 L

C=AB=<ita(), 1— falx) > <t(), 1
— fy() >=< ta() (), (1 — falx))C1—
fe(x)) >,

EX 3 & d:F(X)OXF(X)—[0,1] &—m
. #FXAEE Vague £ A€ F(X),B€ F(X),Ce
FCX), il 22 F 1 g 2k ¥ BT, W Fx DCALB) h
Vague 2 A5 B i3 —1L I &,

PRl 0<< D(A.B) < 1.

PEFR 2 D(A.B) = 0,4 H{LY A= B.

PR3 D(A,B) = D(B,A).

PEFi 4 D(A,B) << D(A,O) + D(C,B)

AR SR R R 1 Wk L B AR 3 — fL iR
BER DA.B)  HH e RN

D(A,B) =

J%i[(rA(l';)*tB(lj))z+(,/}\(1t,‘)*f[;(17))2+(hA(J‘])*hB(I;))Z]
j=1
(D
3 BT Vague B % A W ITF 0 1 1 0R R B%
HIEFEHEZE

3.1 TEEBME S HEN QoS i M & &R
— HICLAL M L Al A [ G= (V. E)

FOoR H AL,V IE WSN T 84 E J WSN 4 i 4
BRI EEES O= (0. 0. .0, L6
Al hnE S B IE) AT SRME S (AT SR | M S
Cif 56 VBB S L 55 X B AR T 20 B s ey s eee s

o B D = 1A AT B BT 1

Hew= {wiwsssw,) . 2 0E N EE 2B )
SR ] FRF — Z5 A TE T A5 s B H AR A ¢ A AT AT
T AT AR B A g PHUARL BR AR (8 AR WG 0 B p R
AT 4 1 0l 2 QoS B H 75 3K
3.2 HikmR

AR L ETITIREES R={n.n. ).
RIS O= {0,055 0,) Fl Vague FEALTE [0]
w= (< pis1 — 1, > 0 JBE o, RTFAATIEAR r; 11

E‘lﬁﬁlﬂ Qi 3
AR 2 B AL PR M S8 R AL S HCR
<t l—fi >=<u L:f\x’l — B Cfnl]‘x > (2
a; a;
AR S H N
Sl fy =<8t = T ()

ot @™ = max{a; ) ™ = min{a; 5
=)]=n

S UR 3 R Vague SRR E F = (< t;,1—
f,j >)an?
HIR 4 AN Vague FERFHE F = wF =

(< 1yl — f5 =) s
AU 5. E Vague F£1E FRBAEM AT A ;
AR 6 AL HEHTE r(G= 1,20
5 Vague S 1E | i FRARAR 19 BIRE R 7 3 — RRJL LS
H—Ab#E 8 D(r;, A7) D(ry, A
R T TR v 5 OE PRAEAR 4 AR X 0 T B
D(ri, A .
b= DG A DA U
n) 4)
IR S AMKAE p; BRBEHES Y 0 T AT RS AR
£ RWMIEEHET 5 it B AE.

4 HETE

Bl 2 kg — AT BRI TR AL R 2 F FN L s 6Lt
AT R 5T R E B AR R R A 7 &
HERG 4 SRS IR ERIE N R= {r.n.n,
b Hh g WL — L, % N L — Ly — Ls,
PEAE vy N Ly — Ly o842 v N Ly — Lo s Al AT AR5
PEME N 1 iR,

= 1,24,



FME%, % . 5T Vague S TL LK% QoS I & i 5% 127

B2 TJ&EBRMEZR
x1 BEMEMRE

Ja P L " " " "
o (4 ) 0.03 0.05 0.04  0.03

o, (5% kb/s) 12 8 10 13

oy (AT HEHE) 0.6 0.9 0.8 0.7

o (EIARfER D 6 5 5 8

FIRMEEERE S HEERE . i Vague £
ACE W gy, RO B EE (delay) . A BE
(bandwidth) . °A] g1 (relay) . B AT BE I (energy) :

w= (T p,t>)pa = (< 0.4,0.55 >, <
0.1,0.85 >, << 0.2,0.75 >, << 0.3,0.6 >)".

XA T @ o (3 15

_oLoam 0.03 _

th = 0 a —O.SSX—O.OS 0. 85,

L _ - alinin _ B w _
1 fn 1 Y1 an 1—0.1X 0.03 0.9.
X FR s EYE o () 15
S L
(23 [0 s O. 80 X 13 O. 78a
= fu=1—p 2 —1—0.1x22 =091,

a 13

WK FEHEAT Vague PRI .
F —

rl ” 73 e

ol | << 0.85,0.90 > <0.51,0.94>> <<0.64,0,92>> << 0.85,0,90 >
@ | <0.78,0.91 > < 0.52,0.94>> <<0.65,0.92>> << 0.85,0.90 >
0 | <0.57,0.93 > <0.85,0.90 > <<0.76,0.91>> << 0.66,0.92 >
ot (<0.64,0.92> <C0.53,0.94>> <<0.53,0,94>> << 0.85,0.90 >
Py ZH
HE X 2 15
F = wF =
<2 0.340,0.495 0 >, << 0.204,0.517 >, << 0. 256,0. 506 0 >, << 0. 340,0. 495 >

< 0.078,0.773 5 >, << 0.052,0.799 >, << 0.065,0. 782 0 >

20.085,0.765 >
< 0.114,0.697 5 >, << 0.170,0. 675 >, < 0.152,0. 682 5 >, << 0. 132,0. 690 >

<2 0.192,0.552 0 >, << 0.159,0. 564 >, < 0. 159,0. 564 0 >, <C 0. 255,0. 540 >
il 7T 5 Vague 4E 1F B A8 fi2 AT N 40 B AR
fitt A

AT = (<0.340,0.517 >, << 0.085,0. 799 >,
< 0.170,0. 697 5 >, < 0.255,0.564 >)",

A" = (<C0.204,0.495 >, <C0.052,0. 765 >,
< 0.114,0.675 0 >, << 0.159,0.540 >)",

D ITEEREL r .. 5 Vague
AR IE (O PRAR A 1Y B BE R S A — WL B4R BE B )
Vi)

D(r A" = {[(0.34—0.34)* 4 (0,505 0 —
0.483)* 4 (0.155—0.177)* + (0. 078 — 0. 085)* +
(0.226 5—0.201)° 4 (0. 695 5 —0.714)" +
(0.114 —0.170)* 4 (0. 302 5—0.302 5)* +
(0.583 5—0.527 5)° 4 (0.192 — 0. 255)* +
(0. 448 —0.436)* 4 (0. 36 — 0. 309)*]/2}"* =
0.086 591;

DC(r A7) = {[(0.34—0.204)* + (0. 505 0 —
0.505 0)*4(0.155—0.291)* 4 (0. 078 —0. 052)* +
(0.226 5—10.235)" 4+ (0.695 5—0.713)" +
(0.114 —0.114)* 4+ (0.302 5—0.325)" +
(0.583 5—0.561)" + (0.192 —0.159)* +
(0.448 —0.46)" + (0.36 —0.381)*]/2}"* =
0.142 713.

(/SRR

D(r,A") = 0.171 196,
D(rs A7) = 0.073 157;
D(ry, AT) = 0.126 372,
D(ry s A7) = 0.076 811;
D(r,, A7) = 0.058 583,
D(r,, A7) = 0.170 529.

M (4) 715

p = 0.622 375, p, — 0.299 391,

ps = 0.378 029, p, = 0. 744 304

Bl 4 5T AT AR HHET N rosriars s
BRIy S Z2 HEN 50 W B L PT AT A2

WA AR 1 & SRR R A A
J& M Vague S . f L B 728 19 328 B 45 S 58 PR 1
R —En . H A RLER X 5 .

5 FERE

R T VR AR SCHRE Y BB A A R R S )
H NS-2 fff BV & 6 % 5k A7 5 Bk 56, OF 5 1%
ez AODV B bR 53075 7 A% B I E | 43 41 434 %
CRTEEE) |19 4% A 77 B[] R 4 fiE 1) 45 )7 1l 64T L
BT A AR SHAT .



128 T T2 5L 2014 4F
set val(chan) Channel/WirelessChannel ;8 [FIEZEM
set val(prop) Propagation/ TwoRayGround  ; # {5 S &G R

set val(netif) Phy/WirelessPhy/802 15 4
set val(mac)

set val(ifq)

set val(1D) LL
set val(ant)

set val(ifglen) 50
set val(nn) 50
set val(x) 1000
set val(y) 1000

set opt(engmodel) EnergyModel
set opt(initeng)300. 0000

set opt(txPower) 1. 30

set opt(rxPower) 0. 90

set opt(idlePower) 0. 80

IG5 AN ] 3 R, RN S B R
TE 2~25 m/s [ 484k, 19 sl &£ K/NR 512 B Y
CBR #4843 . & % M %60 dpacket/s. &% 5 i
Kiz 2 3R e i) A SCH i 3R7E 5 AODV B iR
VL AEAG BT RE o3 21 A5 3o 38 X 4% A A7 B[R] 4 3 A

-
o o © )
* ° GOG o
o 090 o
. le] © o
@ eoeo o o
® o o)
@ 4 ° o o
o) [5)
) o o o
(o] o © o
o
° o)
o o
=

B3 Ak ML iEHh E

FT I 4 R 7 o R ) A I S g T e R
BT A (BT S A R AE [ AODV g% iy 303 i 4E
ZIN 3T PR O A B R 1 R R P SO0 B T BE B
v LT R DR 3R (0 A 00 A% B 52 B I W 2R A A% B
EIE R A N R

H T 5 R 7 ol Bk ) 0 2 8 R T
$E TN AR (H T A B R AODV Bk i X
Je FH T T SRR T e o e R e 0 B B T B B AT R
P8 F TR W ST S B0 Al

HI T 6 A1, B 19 5 RS B B2 A 16 o 9 2% A A
IR ) 329 A7 B2 T 3R PR O B A 1 A 2 A O

Antenna/OmniAntenna

Mac/802 15 4
Queue/DropTail/PriQueue

s F HEHBAAI A
s 5 HEBEE ISR

s B RS

T ININIENES
s # Bl RUEH

s 19 RS Bl Y
s BE AR AY
; F EiE
s 7 1% fi BE 1
s F AR R
s # AFHLAE =
ek —a— i
—e— AODV
% 1.2
=
£ 08}
B
2
E
0.4
1 1 1 | 1 |
10 15 20 25
R K B B /(m/s)
4 BEEBERELRE
1.0 —h— giﬁﬂ\
—e— AODV
1.9 |-
ﬁ'.
=
§ 0.8
0.7
1 | 1 | 1 |
0-6 5 10 15 20 25
W R K B (m/s)

B o5 SERBELR
A5 R AL s T X A — E R L T RE
SV AE , AT AE K 1 I 4% A A7 B[] AR S5 R, B
VA T AR v 5 8 TR A RE B I R LR 4% A A
I} E] Fe AODV 5303 %8 17 ) A A7 6 [



A5 ET Vague SR TRZAL R 4 QoS il Bk W5 129

%5 TG
130 |- —A— ik
—e— AODV
® 120
=
i‘_‘]“ 110
§
=4
100 |
| | | | 1 |
90 5 10 15 20 25
W R B B (m/s)
6 MI4E 4 TF RS A LL R
6 HEWiE

T JC 2R A% S8 265 13 ] o, R 5T A B R 1R A 45
%TEE%?&A%#EE‘J&W@,lﬁlﬁﬁﬁlﬁléﬁﬂjﬁﬁ%
BiX QoS Wy SR ZHE. AR Vague 5 2 i N
PR e S B Pl e R R IR R T LA BN R 1%
JE L 38 T 0 265 2 BB A AR B, 25 A () R R A%
J A PR S k. R A B 5 e 9 P A RSOH A A
22 YU PR T R O A, I T AR SCHR
P18 B 1 X 38 I A iy R S 8 i 73 2 32 33 3% D 5 K )
25 HE AT I AL A ARARAE .

S
[10 R, SEBR. 574 22 0 U 1% 2% 90 205 f 55 I &k F 5%

(). 7 515 B2 4. 2013 .35 (4): 965-969.

(2] E/NBL, SR A0k, 4 BORTREHLIA S T 19 B4 A%
A M 2 AR Z AR [T LR, 2011,
34 (5): 779-790.

(3] ARk Bt, Bk, 7 2 20 0 A 10 10 S O I A 30k R 5 1 T
S0 A B A . 2008 .28 (5): 1101-1103.

(4] XR 5.3 K0, 358 55, Tk 2 AL S 19 2% h
B AR QoS IR AR L L) ], BT BERL 5 TR FL 24
2F4. 2011,19(1) :153-164.

(5] EHLN%=%. WSN i BT MO 1 QoS % H
WL AL AR 24 2011,24(11) :1625-1631.

[6] DouY L, Guo H X, Zhou J L. On the shortest path
to solve the problem based on vague sets [ C]//Fifth
international conference on fuzzy systems and knowl-
edge discovery. Shandong: IEEE Computer Society,
2008:85-89.

(7] oK. BESEBOWI(E B B o M. dbst . #
2 R FE 520081 5-30.

(8] Zar0g, WA IR X Jr i [M]. JEat.
] 5 Tl . 2012:6-102.

[9] Gau W L. Buehrer D J. Vague sets[J]. IEEE Transac-
tions on Systems, Man and Cybemetics, 1993,23(2)
610-614.

EZ Y -
FHEE B .1988—) ML WFIR A . BEIT 1) R JC £k A% IRk
) 4 15 Bl A B AR,

(E#5% 124 7O

S 230k

[1] Singh S, Woo M, Raghavendra C S. Power-aware
routing in mobile Ad Hoc networks[ C]//Proceedings
of the 4th annual ACM/IEEE international conference
on Mobile computing and networking. NY, USA.
ACM, 1998:181-190.

[2] Toh C. Maximum battery life routing to support ubiq-
uitous mobile computing in wirelessAd Hoc networks
[J]. Communications Magazine, 2001, 39 (6);
138-147.

[3] Ren P, FengJ, Hu P, et al. Energy saving ad-hoc on-
demand distance vector routing for mobile ad-hoc net-
works [ C]//Proceedings of the IEEE International
Conference on Communications. Presden: IEEE,
2009:1-5.

[4] YuPF, LiY, Fang F, et al. A new TORA-based ener-
gy aware routing protocol in mobileAd Hoc networks
[C1//Proceedings of the 3rd IEEE/IFIP International

Conference in Central Asia on Internet, Tashkent:
IEEE, 2007 : 1-4.

[5] Ding R, Muntean G. An Energy-Oriented Node Char-
acteristics-Aware Routing Algorithm for Wireless
LAN[C]//2011 IEEE International Symposium on
Broadband Multimedia Systems and Broadcasting
(BMSB). Ireland:IEEE, 2011.1-6.

[6] Perrucci G P, Fitzek F H, Widmer J. Survey on ener-
gy consumption entities on the smartphone platform
[ C ]//Vehicular Technology Conference ( VTC
Spring) . 2011 IEEE 73rd. Yokohama:IEEE, 2011:1-

6.
M
% A BH.,Q981—) A IR e H A KL
FEIEIEER
BEXE B.1988—) Wbk B o EL MY .=

R



