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Abstract Transmission reliability is one of the important indexes reflecting the performance of wireless sensor networks
(WSN). Aiming at the issue that the nodes’ failures affect the stability and reliability of the data transmission, a multi-
paths and erasure encoding based reliable transmission strategy (MPE?S) is presented. According to the normalized values
of the ants’ pheromone produced in best-worst ant system which reflect the quality of links, multiple disjoint paths for
data transmission are established between the nodes with the adjacent hierarchies. The erasure-coded data packets from
the source data is to be allocated to and transmitted through the multi-paths by the load balance mechanism to realize
the fault tolerance. Theoretical analysis and simulations show that MPE?S has a higher receiving rate and accuracy rate
of the data packets and energy efficiency. It has the good performance of fault tolerance, stability and reliability of data
transmission.
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AR R WAE YR T SR H R R e T
m SAREEERS, REABERE I gm g A s SN

R; = [(N + R)pil,

TEHREAATE LY, 224 R+ 2 HBIRA.
BEZBAAERTEN T, N+ R MR #0812
Gkt b, ARMEBRESEZ A R+ 1 4. B,
550 AR RE IR AR SR N

qi i o Pz
P +q’ Tron = Pi+q;

i Pig; k=1 )

T = P'+qi(1 )", kel,Ry

HRAHE 2 B ARAL AL, MUET S0 E H S R
R AR A AR k3. X T N + R ANk
W, & m 4 n BUMERRER o REFEIT AN

i=1,2,---,m (18)

(1—g)™

(—
Ty =

(19)

Eg = ZER 1 e ) =
e o (20)
S e(N + R)p 1 - ”01 )
i=1 O)
KA
Ea< FE (21)

SIZR 1. TS R 1Y) 22 e A 21 N i A A%
7 RE FE U] B2 /N1 i 45 21 M) 20 5% 4% 110 BEAE 3 22,
H Eqa < E.

MERR. TEASCNVE PN At kR, A
BRI Py > Py > - > Pyl 03 i 2 BEER )
Hlls eI AR 2, AR AR R ) > g > - >
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gt FEVSTT RURTH Y R AL S AR R AR Y
LA 2 AR P R R AR I mp AHAE, B o = 7.

(-m" _ (a-m" (L") o)
(1-m) ~ (1—m3) (1—m5)
1—xl"
E,=¢(N + R)p L=
1—mg (23)
1—7'('0”
e(N + R)p =p - K
1—770
1— 2"
Ey =e(N + R)p, 5 <
e(N + R)p, 1 =py- K
— Mo
MM, E;, <P;-E, je(3,4,---,m)
Eallzzg(N_l_R)pz((l Ol)) =
i=1 o (25)
E1+E2++Em<
(pr+pet...+pm) E=E
O

PLE T B AR A 25 A5 RIS T MPE2S SR
) Kt Bl Eh A i R AT 0 B, T LR AR 2 M 4
J1 B S

N+R
Pone = Z C(N + R’ k;)(ﬂ-g)k(l - Wg)N+R_k
- (26)
T MPE?S S (S o 5
Psuc = Zp? (27)
=1

PIRR 5 2 s BRI R R
Psuc Z Pone (28)

SIER 2. JoL AR M 4% L T B 1 2
R AR AN G B 3R Bl P A 4 v 1 T L
2 Mg 65 5 R EAE BRI LS F, B Pye > P

WERR. HE T m kAt iy I s A e 1 KL
ARV

ZPi'PiZZP?(N+R) (29)

i=1

SET 2 e T SIS R e

S PN + R)

-Psuc:i:1
N+R

=> p} (30)

i=1

M= 1W, m) = mo, BAPREHLT S

AR A, DL 2 B AR AL i 2 A AR R
LA )
Py = (m")? = 2" (31)
N+R
Ppe=Y_ C(N+RE)(m)" (1 —mg)" 7 <
k=N
pone/(R - 0)
(32)
Pone’ = (me™)" (1 —m™) R =m™  (33)
Yin>2 W, P> P,
F)?u7 \—lel >Pone Hﬂ‘7ﬁ
Psuc - pr Z DPone (34)
=1
2 pi > 0. O

3138 3. LTI 2 AR A M g td )7
TR FEA 2500 v 2 1 2 ) 2 B e % A B s A B T
.

JUERR. M4 REFER RUME e SON B AL REAE
% T AL S B IR RERE IO Bl . LT i i £
AR MM b Ty =R RERER UPE Ny
5" e(N + R)p, )

i=1 (1=m5)
Emul = =

o (35)
2.pi- M
i=1

B2 G P A A T S REREAT 2R A

E 1—77) (N
Eone — — 5( 7TO)( +R> (36)
M'Pone Pone(l_ﬂ-O)M
MRYEFIFE 1T 5513 2 w5 Epng > Eope. BR
Eall < E7 Psuc 2 Pone' 0

PR3 T G B 1T 10 22 i AR 21 M 2 5 S
FAR TR (1 22 AR 2 M 2 By S F R A
WA AELLBL T

SIFR 4. SO Y 2 A 4 g i g X
()R e R B 2 ey T 2 T AR S B i 1) 2 AR 2
MHgHs 55, W Paye > Pl

WERR. AR SR A 1 2 AR A H 9 5 75 53X
INEACRD o L TR S|

m (1
) 21 <mpi(N+ R)) m o
P = = = ",
suc N + R ZZ_; mp'b (37)
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2
%

1698 H ]|
é\
F(m) = P 1f:§hy_mlp_
suc suc — 7 - m 7
= = 38
S (p— = 1 .
— i 2m 4dm
Xt f(m) KA
, 1 — 1 1 3
Fim =32 (= 5) * o = gn >0

i=1

Mmo=1 W, BRI T 7 P =1,
M f(m) = f(1) =0.

Mo > 2, BUAZ MRty W f (m) >
0, FTLL f(m) >0, B Py > P O

Kk, 762 i 2 5 AL f b 51 N gt 1 Reed-
Solomon 24 Ml g f5 ML, 30 sk Jok B A0 1 A i o i
S ICEE 2 B dm A B B 1R 2 B AR a3 i ik, AR
15 2 B R R R I AR R . REREIS M PR R REAE
k.
4 BitHh5HETEN
4.1 BEEMHEER

1) i =1 R4 BWAS & X WU 51 1
e, 5N R ZE B AR AL, B T LR A
R fEFR . Er A e s — XA G, X2z
W SR 28 st 1 HL 3 S D0 SR A 1) B AR A S R AT
BT, gt KRS R AR 5, B T
LB RS R T, RSO . X BWAS
5 ACO (Ant colony optimization) 7EJgAT R n) &
AT ISR, RS REXT Lkt 2 B, BWAS
WStk el T ACO (EAZSE: a=1,8=5,p=
0.1, 7 = 10, Noote = 30, Ny = 40).

#2 BWAS 5 ACO WSIURFIERS L
Comparison of convergence performance
between BWAS and ACO

Table 2

ZH k = 30
IR JEATINT (s)
462.4024 1.4422
472.8267 2.7651

ZH k = 50
AR JEATINT (s)
462.4024 1.2529
462.4024 6.3853

IEARREL
30
48

BWAS
ACO

2) MPE?S A VFAE-EALIN 2 B AR H LT A0
B AN MO 25 %, e 2 i s A R DU AR AR v A
i EA . F b DA (0 1Y st BB I I e st
SR CUHE LA 2 B AR R T PR A A R AR HEAT
1) 2 et 7 50, MPE?S ia FIS U5 B2 H —
AR i i, DI A A8 A S 7 2 g i
W, /N TS 2 A AT B I AR Y B2 0% R T BRI A%
I 4E. MPE?S $73% 8% & 2R Bz F] ot i

BTV 5 22 AR s T R A N G AL A5 T T . P 4
[0 5L BWAS S5 240 O(N -k - (R — 1)?),
Hrp, N W EEWIERIRE, R W4 S35, k
AL, TR S PR Y Reed-Solomon 4 i
15977 3K, A4 2 5 DA &y 30l o v sk AR I 4%
1/3n3, itk 2 J5 DL Wil Jo ik SR g 1 52 2= AL K
1/3(n —m)®, Ho, n —m h4mhs)5 ARS8 F
S S IR TU A AR S B . EY) Reed-Solomon
Y fr 7 N T v A R, $ER T dn i R
S, TN E YR A7 B 1) T e A B e X 45 1 o R B
()=’

3) MPE?S HARUFMInT - hett, K4 b as e
BRI BER BB A RE & Y Y 45 0 Fh &5 M IR A4k, Y
R 2% Sk P THAR AR S5 R, 19 IR BN 18 SORE S
LN 2 IR AR ISR R 5 B A R R A EE
MREHN O(N - k- (R—1)2). WL AR A K
I 286 1] SR FH 20 15 R 4 4 G5 ), 38 FH SO B9 A X 2%
AR RN oy B AR ST A T & A AR i AT, A
S BRI EVEE ) O(N - k- (R, — 1)?),
Ry NWZS ST BB B E S M4 o iR
W BRI R AR AR B G
4.2 HRZKHEIL

FAFERVE: 1) WIS RURERIEI; 2) %595 A
HO PR B CVA; 3) A AT AR I 1 R A, A
AR S ERPIAhRE R 4) WSS b T2XU T
TAERE; 5) WA BENLI S AR HDE X Sy, H
(10745 547 4.

)5 FLIAR JE 7E AL BE 3% R 13-2100, WAF 4GB
PC ML L, 3T Matlab R2008 35 4 F2 1) E SZH.
11 [100, 100] DX I BEALESE 150 AN i, XL
n =5, Sink T AUMHILE AR N (120, 50). XY
% R = 40, A Sink 7 258 2 X IR T A n (8
. T AUE BN k= 30, WIMALTE B R0
B =100, {5 BB KHET o =1, HE B KAFT
B =05 EERERRZE p=0.1, FREFEKXEH TN
1 — p, B KIEAREL Nipax = 200.

IAEEE 1~ 5 S5 LUK A ~ E 454
WU (27, yr) AR T SSIX I AARKR, o) h
PRI IUE R —AE, p pp Fm E X AL (T,
42) B D DX AT 0 B4R I B s B = I —
A, E X a5 (7, 42) BRI o5, ARG B
A—AHABLFINS BT R ARBR 23 A 3R 3 ~ 5 TR,

* 3 53R 4 00 hiz SO AN E T
R(7, 42) BIH AT ARSI A AR L N
FLAR S e A B R 0. R 5 hEAME
BV AR B (Y 55 AR AR . 3 p’ = 0.3034,
Fon (7,42) 5 (zp,yp) = (16, 35) HEM LM
BEHLE. E X4 (7, 42) 2] D X735 510
fE B ZIH bl max p/ = 0.3034. Ik, E X5
(7, 42) &F (zp,yp) = (16, 35) B/ALHRAE. 25
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#*3 Path: A RFEffl

Table 3 Pheromone normalized values on Path;
pEﬂD/ pDﬂc' PC’~>B/ pBﬂA/
0.3034 0.1814 0.1285 0.1162
0.1515 0.1033 0.0873 0.0742
0.0920 0.1469 0.1277 0.1029
0.1299 0.1300 0.0796 0.1254
0.1041 0.0683 0.1086 0.0510
0.0608 0.1188 0.0983 0.0868
0.1039 0.1039 0.0619 0.0601
0.0544 0.0881 0.0889 0.0710
— 0.0729 0.0726 0.0360
- - 0.0578 0.0525
— — 0.0461 0.0375
- - 0.0426 0.0564
- - - 0.0454
- — - 0.0409
_ _ — 0.0438
# 4 Pathy 5 RFEH—E
Table 4 Pheromone normalized values on Paths
pPE—D’ pp—c’ pc—B’ pB—a’
0.1515 0.0471 0.1070 0.0327
0.1041 0.1521 0.0423 0.0421
0.1299 0.2081 0.1146 0.0616
0.3034 0.1033 0.0518 0.1652
0.0544 0.1116 0.0550 0.0423
0.1039 0.1106 0.0485 0.0487
0.0608 0.0627 0.1229 0.0386
0.0920 0.1281 0.1319 0.0594
- 0.0764 0.0803 0.0343
- — 0.0722 0.0553
- — 0.1123 0.0424
- — 0.0613 0.1045
— — — 0.0926
- - - 0.0741
_ _ - 0.1063
X5 NN SARKR
Table 5  Coordinates of corresponding nodes on the
paths
(ze,ye)  (¥p,yp)  (zcyyc)  (ws,ys)  (®a,ya)
(1,53) (18, 62) (56, 13) (57, 74) (88, 4)
(4,63)  (30,66)  (33,50)  (68,4) (100, 35)
(4,80)  (29,27)  (32,63) (55,52) (82, 43)
(6,11)  (16,35)  (46,58) (66, 18) (69, 71)
(7,42)  (33,100)  (44,59)  (71,99) (96, 31)
(10, 53)  (32,20)  (39,78)  (81,98) (92, 38)
- (30,94)  (36,19)  (54,72) (100, 27)
- (23,76)  (32,44)  (53,56) (93, 57)
- - (44,34)  (61,85) (93, 11)
- - - (58,32) (67, 29)
- - - (58, 62) (74, 17)
- - - (62,26) (77, 66)
- - - - (78, 84)
- - - - (64, 40)
- - - - (71, 56)

A (16, 35) KA, MERE p = 0.1515 MIEE1E,
JREEFETT WL (vp,yp) = (18, 62) FELARAH RS

R.WIERIN N (7, 42) — (16, 35) — (32, 44)
— (53, 56) — (71, 56) — Sink 7 .

AL AR ER AT, W AU (7, 42), &
PRI KA p = 0.1515 XN (18, 62) S FBky
ML AR BRIk R K A HARSE AR i
I R R L R R AR AR R 5 BT
. AR T R AR e R A 2 A AN A XA
AT

4.3 BR SR RFERR

SR SCHR [27] v ) B £ i A REAR TR e Y
R8N S REFE IR BIWI LR W e B 0 I i
B 1 0. X% s R i A s ISR A i, AE T A
DL Y INE 1] TRIRE At PN 6 ISR 3810 1 2 i i s 1k
ITEARIFEIG . Tk 7k 10 RS H W
MPE?S; J5ik 20 ARSI vk A R £ %
AR Wik, K B B 1T 4 AR B ST £ 4
TR T, 4R 30 RE S H 825 B
I 51 AR ST IR 22 S AR T B s vh s vk 40 R T
FEC 4ifith () 2 I 1A 4 2 e 11 4 Lh i o4t

B 2 0 R R T A 3 A S L I O
ORI R bR, BoHE e e SUAE H T s Rzl 2
Km0 5 5T 8 RIS K e I LA B
ORI, B AR I R R A SN, Y A5 A 1
B I O R B L BRI A LA R ] 6
MK 7 s

1

3

_ =
0.99
0.98 v\

0.97 N,
B
£ 0.96,
#0.95 —x—
—
0.94 A
2 i
0.93f
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0.91}
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B ATIREL n
6 i&ﬁ@»ﬁ%q&}? (ﬁ%ﬁ%i& EfusE7 Eelem €amp )

Fig.6 Packet receiving rate (energy consumption

parameters: Efuse, Felec; Eamp)
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Fig.7 Packet receiving rate (energy consumption

parameters: 5Ffuse, 5 Felec, Deamp)
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Fig.8 Packet accurate rate (energy consumption

parameterSZ Efuse7 Eelec7 Eamp)
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Fig.9 Packet accurate rate (energy consumption

parameters: 5Ffyse, 5 Felec, D€amp)
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Fig.10 Efficiency analysis of energy consumption
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