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Energy-Efficient Link Scheduling Combined with Routing Optimization
in Wireless Sensor Network
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Abstract: Link scheduling technology plays an important role in improving data transmission reliability in wireless sensor
networks. Traditional link scheduling algorithms mainly focus on how to find the minimum scheduling frame under the condition of
interference-free transmission, but ignore the impact of route selection on link scheduling, which leads to an expansion of interfer-
ence set for some links and reduces the slot reusability . In response to this problem, the relationship between link scheduling, route
selection and energy consumption is analyzed systematically, and an energy-efficient link scheduling model combined with routing
optimization is presented. Through variables deletion and model transformation, an optimal routing tree construction algorithm is pro-
posed to accelerate the solution speed based on integer programming. Furthermore, according to the routing tree and link demands
achieved by integer programming, a heuristic slot allocation algorithm is proposed based on maximum degree of interference, to min-
imize the scheduling period. Extensive simulation results are presented to demonstrate the effectiveness of our proposed algorithm.

Key words:  wireless sensor network; link scheduling; routing tree; integer programming

1 3= K, BRI PUORREAE BN F R IR 2 R O U
SE S IR 21 MAC 4 A 1 AR 190 45 5 v T I

TCEAR IR W 25t R B 1 St AR BE Ty S [ L, B B M 25 0 4 A A B0 135 e SRR

LR [ SR AR TN AE AT S LA Ad hoe UM, AT (L gEiR 220 H T TDMA B9 MAC 32 A KL H o Jy %
T A EME RS I DX PR B AE AT R AR AL BRI s 2h S E I B L S R A S s AT B Rk

W H 497 :2013-03-27; & 181 H 91 : 2013-05-27; 54T 2 4 - BEAR4R

FATH R A AR HES (No. 61173153, No. 60903159, No. 61070162, No. 71071028, No. 70931001 ) 5 [l A48 H B 4ERF 5 4x (No. 61225012) ; F e i e 4
AR 55 254 1598 45 W5 1 (No . N110404014, No. N110318001, No. N110204003 , No. N120104001 ) ; /[ 1 -+ J5 RF2#: 545 ( No. 20110491508, No.. 2012150248 ) 5
A 2 B A TR A 4 10 518 R 451 B M A A (No. 20120042130003 ) 5 Tk BH B8 Tk 25 315 WL BT FH 450 A B 5 2 ) T e i 4 W By R
(No.4771004kfx06 ) 5 185 2527 A T 22 B 5 L TURMIF ££45 (No. 20100042110025 , No. 20110042110024 ) ; T A5 B H k) & JBB 4 1198 4 5 W30t H



% o6 M B

AN T AR R I 245 v I s e 1010 14 755 S B B 52 1119

TE 1) 3 422 1) AR 45, B T 3z SR Bk, 2 1
TR I 45 0 VR AT PR e 22 ok — 38 15 1 52 W), Q4] 52 B g
SIS VR R LA M 5 S A i 1) T S M S S e, O
P v N 4 A e i, (B AR5 14 X o )

UTAFE R, B AT HB 43 SCHRER X 2 4 9 B8 1 75 R 1Y
T o e 4] o ] AR T F 5 5140 T TRk I 4%
FH AT LR A T4 S e ik, o 7 SR I0 ok e 1 B
PR EERLS], SClk (6,7 R il T 3L FIEE g & X
SRAR DT AE AL R 48 1 22 BR R P, B BRI T
T EAL B B Ah 1 T B AR L H At T AT O
AT, 0K T B0 B I AT S [ 4 I R R £
5 F R IG T V8 BE ML AS E L 122 0L FH T TGk 1% k2% )
v SCER[ 8 T 3L F LB, REM T T HA T EE
R B S I I ) A 2% B, 4 B — 22 0 2 i) & 2
FEMIEIE g o )7 2. o0 T BRI 3R B2 40 R 5|
KT B AR, SCERL9, 1032 T 5T R dnFh i o A
ST REHLH], B R R 76 Pk ik, (L HC 9 1 ) s 4. S
FRLIL ~ 14 D003 2o 5 P B 6 9 L %of v B 114 5
I s VR O U= ) I e 4 N 7 W3- 71 T
R TR AE N  Fa Be s 56 B vE B HLR .

H T A% e I 245 22 Bk 15 S 22 36 — T R AL, sink
BRFT 19 o575 B R O 22 R 0 R O R T N S
LR BEAT D R BT, DAE— 2 3R T R 45k g1
I, SCHR[ 16 178 MAC 32 AR % 58 T35 5 1Y HAR 1 307
SR I8 A& R T AL DA AR g o 4 A k. SCRk[17]
R R 8% R AR 2 Ak AR, IR AR I DF ) R o 32
P A R B, 2 T s AR AT B B 40 S . SR
(18 MR A 7 S R0 it 8 5 i i m oK (3 A 114 1% P
SRR RO T U B % B A5 I TR R AR S T A%
B SR AR RESL A B B A AL . SCHR [ 19 10058
i Eh B R B S T R s A T R AL, AR
BARAL . SCER[20 T8 T Y1 HE 2 MAC )2 5 M 4%
ZH UM R AR TR | 3 s — B3 R A ok A ik
R 7 V5 I A ) F B 6 O kA% i i e 1k, 24 0
KIUETC LR AL A P25 1, 25 5 5 RS 5 1) 4 i 4B

LTI, A S0 i 7 G 53 BT T 4R AL T I 45 i i
R REREAEIY B T B A B AR TR 1) 1R RE AKCRE I
VRREARERY Ay T PR R A L 3 ], Sl i A I Bk
FASERYA T, $1 35 T 3 5003 114 55 G B et A ) 2 AL
il R 3 TR i B U R R BR, BT T TS
e 3EE T A B B R B AL, DT e o 5 i I R 5
Fsf iR 3 T P80 %o I S BB

2 MES5THHEE

B I AG A M B A s EE 6= (V,E),
He V=i, 0,0, 0, | BRI HES, v, N sink

TR vy, v, BRI S5, A IR A EL A A (R A
5B R E Fm M R, e, € E 4 HALY
di< R, i WEIRRILTT , j HEARAEWTT, dy R i i
1 22 T B R R B

2.1 ZFMEEAE

SRR BT P TS Sfe il ik R0 4% £ F P01 L 1B
WM TETE e, e, € E RIBE{EIE C #E4785:8
5 EERE e; 5 e, REUEIB S R E KR : (dyy =
R) &&(dy= R;) , Ry Fm 15 S0 A48 GEH 28 (E
HER WERG, E=1).

FIAWEE G, (V,, E,) KR ¢(V, E) ik
WIETI, 5 — 5 G(V, E) R B S5 E AR
MIT S SE V, , R

V,=le;ldy< R, (1)

P RIE R e, € E, #53R GV, E)TEER o5
ew (e e, © E)TFTER BT M. 55 B 8 52 1] B ] 204k
HiARN :  e; € E, TR —FhEF X HEHE S TDMA 14 )3 T
A BTBRIIRE R M Y Ex M—>10,1} , RN
oL MREERE e fERTBR e TAE
i= {0, HoAt @

FE SRR e, TN 1(ey). R T LI T
TRk, 5 4 A0 T 40 0 4 56 Ak AS [R] I Bt A7
R

Ze@e/(ev) y;$1 (3)
2.2 RESE

IR AR, g Il Q(Q<n - DA AW
sink &4 BHTEE , B BT KT RRm < 5,1, > (g
€ Q) s, r, SNERIRE g B R A PRAT 2SS B
TEOREL. 2 X f RN BT R g 76 ¢ B 2 G 58 B el

i {1,11[1%%&!3 q TEIFBR ¢ 6 FHAE 3% e 1% i “
©o Lo, Hofty
MFL g = LB,y = VRS, WA

I <yi (5)
SR T4 A4 4, R RE AT

Zevel<({u)jg"sl(eg€E,q€Q,zGT) (6)
BT LR i srE A
ZtGTZ:“#EIE k= ZLGTZJJf:GS(Eq)
fiiliszgs,i#l,i€V,q€Q) (7)
D T = ()= 5,00 € 0.420) (8)
2 = (g i=1,€ 0.A50) (9)

D2 e i< 20, vi(e€ Eng€ Q) (10)



1120 H +

2 2014 4§

Horbr (7)o ]9 5 00 U B <A A%, BB 9
FELIA P A 805 A5 0 AN BB T 0 B B 58 (8)
5 (9) g I A 5 T A A A, B
U RO T A A R AR A, LR AR
R TR g BB SR (¢) 538 (10) %
REATTRACA BT B B 1 0 0 I BRBOR il 3 1%
S 43 R BB
2.3 HEFEAEE
SETVHBE TR T RS £ Bt g MBI K
FE T, AT365 N
Fo= 20,20, i€ Vg€ Q) (1)
{155 P 24 47 5 R R 5 B 135 4 06, 1Y 2
e B FRF BRCH (U RERE S 1, , A o e A 11
RERE 1, ,sink 15 5 A I 70 12 , R JECHC A I TG . U0 K
IR g 1% S I BUBGR 2] sink 17 5 1 RERE
Eq:rtl—‘q+r,(1—‘q—l) (12)
P4 T A A RS B B 5 sink
AT 4% i RE T 0 A R B 19 ol B AR K
3. HTAREE R T 1, R ph R T % 3 K
ol B 2 VOB, TR A% 18 sink 17 5 BEICBOdR 7 2
(RIRERE. BRI T , SR BERE g 3, + 21,

A B C sink
E1 BRKESERRE

3 AR

TCLAL I W 24 DA % e D A4 0 35 R 200 B
£ BT 53 Sy - RN BB I R < 5,0, > | s,
€V, q€ Q) HENEIHER T3k —Fh i th , O 3%
TA%BE B T G I B C 7 22, B A S AL
BRI L A BT A 5 8 A% T R, O A5 B
R D0 e/ O R e SRR TR, R R I A
e 0 ] L) 2y

{T

Z qGQE"
_{Lm%%%%ﬁw@nmf
s.t. Yi= 0, ;H;/ﬂij‘

Zeyezw i<l
. {1,1&[15%&%&!3 q TERF B ¢ 8 FHEERE e 15 50
' o, HoAh
I <vi
Z}eqemﬂfg‘tsl(eijGE,qG Q,1ET)

kel oy i#s(q) 4,
EtGTZeMGEjZi - ZtETEeUGE Ji
(is#s,i#1,i€V,q€Q,1€T)

j#s(q) .
D 2 = ()= 5,0 g€ 0.A20,ET)

DD = () (i=1,€ Q.220,1€ T)

e € F
ZLGTZqEQfg,tS EtETy;(ei,-G E,q€Q,t€T)
L= 20, 20 G E Vg€ QET)
E,=rl", + r,(l_'q -1)
yi i € 10,1} (13)
SMARARAR RS A /N 0 3 T 309 2% e/ DN ) 4 ) i
F&. ERIUAEAL AT MR T2 HAn iR A B BOR R H] L,
LT NP e S
4 [E)FKAE
R O AT 8 I 2% R4S I8 F O A 1Y) v B Ak i
B T [ AT, 2 — ol 9 A B SR AL, e e IR 2 B
B ISR LAk 187 Sy B8 E AR AR A IR AL, [) Ao 38 0 7 Bk 011
SR I R E R RO R T vk PR SR A 2 i 4
A BB T e A b 0 D B R SR 2B xR
i 0 B8 b I T R 0 B 40, B8 o SR A e /DN R R
JEL I B et X o R
4.1 ETEHNIHEEIERE
ESUERE = D) v p ViR BE I e 1T R T
PA 0 B P SR R, PR e s A
O<y;<T (14)
XFFE(3) AN 2 0 [R) s e 3 B2 T B 7 sk
1, A R A, v S
2 ene) <T (15)

X fi= D0 R FRTEV B T e
SR g G FBE K ot B A B, T I B S % 1 S
H
Zf;d;q)f‘é: Zi?(;)ﬂ-(i#sq,i#l,ie V,qg€ Q)
3 = (@)= 5,00€ 0,420)
X i=r()i=1.4€0.220)

quofg's%j(eije E,q€ Q)

(16)

[F) B, BT AR i £ 8% g R BRAS T, Al
BrEom

L= 25 _ fili,j€V,q€Q) (17)

s R BE RS JBE TR B 5 B AS R LR A T, 3%



%6 W BN TOER AR T I 2% R S e 0 A P s RE A B R 2 1121

min(a* T+ 3 Z(IGQE‘I)
s.t. O$}”ij$T
Z e,€1(c,) yisT
0</fi<y;
Efied::q)f“ Zijexl?)fz(i#sq,i#l,ié V,q€ Q)
Ze//éh‘ t=r(q)(i=s,,9€0Q,2=0)
N =)= 1.0€ 0,320

D) o fi<ri(e€ B, g€ Q)
L= ZeeEﬁi’[(i’JE V.q€ Q)
qurzpq+rr(Fq_]) (18)

Hrh o, 3 HIEE o + f=1; B0, B0l i), b
B f1 .y B T 453 B0 o A R, FL AT Fb i i A
R/ DR A i AEBS R RO QL BERE S L Y
LT RGP rh AL AR Bl L+ Q % T(T>
1), AR JE A AL g AR AR S SR Lo« Q + 1. % 8
B H AR EOR R SR A7 0 A% (I IR E S
B AL AR B S AR BN, R0 4 AR T, B R
fiR i AR BEAT N 0 (2197 D) g >k 0 (2¢ E D)
4.2 ETRATHEMRENBEXERAE

o3 e Ak 72 2 M v 5 A R B AL S, R DA A AR
FRRI T s PRGERAS Y BT AR RECT /N T
Mg mmIh G (Vv E) T ¢ (V,E) 5l El
R S Ol e N A B o a i N 7 WL D=
e 2 R B B L AR I FE AR RO (L e A B LA
R TP BE (8 B, 4 R 0T RE 22 10 BE B& T A7 15 50, A\
T 50 8B 6% 81 5 T B 3 104 PR e S, LA 44 e o)
JEH B2 5 X 4% i e i IR AP A% i SiE IS

BEXEREEEZX

BN BME G (VL E) B kARG R (k=1,. .., m)
Wl BRI T RETBR A B

(DIET ¢ (v, EDVMETHE G.(V., E)

(2)while G;#‘P do

(3) % G PHAR/NEM L

(4) M G AP IMBRZ T S AR5

(5) WHE e AR (m - k+ D MMERTIE

(6)end while

(DEHE T=1;

(8)for e, € E ,k=1:m

(9) assign = false, a(e;) =0

(10) forslot t=1:T

(11)  if o TEMBR ¢ SIAE G, PGSR A R LT
(12) 2 e SYBLISBE £5

(13) if(a(ek)++::rek)

(14) assign = true;

(15) break ;

(16) end for

(17)  if assign= = false

(18) T= T+rek—a(ek);

(19) g e SERINBR(T - r, + aley) T
(20)end for

BN e A R P B0 (R PIA T 52 4% BE A4 e e
B L AR T AR o TR HER R T 1P 2
ISR O(L?) I BT B B2 2 Bl O (T
* L2), AT RA BERE R [ AL R O(T % 17).

5 KWERSHT

SRR 1 I A SRR AT B o A D S
Bt o B O , -5 B BOM R R A5 A9 R BRAE AT He A, A
BUESAE A R

x1 WESEER
SRR Iy B S i B2 I} B S i
1 1,10 27 6,7
2 2 28 1,8
3 1,11,13,14,15 29 8,14,17,18,63
4 3 30 7
5 2,5 31 2
6 3,4,5 32 4,6,10
7 6,10,22,23,24,25,26,27 33 5,7,11,19,20,64
8 16,21,28,29,30 34 4
9 6,7,11 35 4
10 5 36 6
11 4,8,11,14 37 4,8,16,21
12 2,6 38 12,65,66,67,68
13 1 39 9,12,13,15
14 1 40 3,9
15 2 41 7,9,12,17,18,19,20
16 1 42 1
17 2 43 2,69,70,71,72
18 7,8,11 44 9,10,12
19 31,32,33,34,35, 45 3
36,37,38,39,40
20 3 46 5,6,22
) 41,42,43,44,45, 47 5
46,47,48,49
22 3,4,10 48 3
23 5 49 1
24 9,13,15,50 50 1,2
o5 51,52,53,54,55,56, 51 3
57,58,59,60,61,62
26 1




1122 H +

2 2014 4§

WG, 50 A I Y 15 FEAIL S & 7E 120 = 120 19 W
W X 38 N, o7 F X s AP BY 37 S5 5N sink A, HAY
R AL KE Ro= R =20,r,=2,r, =1,/ EKT
SEE N a=0.6,8=0.4. 8 2 JB/R T SR AL
49 AR AL, A VR s B B B R Bl e
BRI, 2R F 43 3 B B AT 3 B3O 400 SR A5 1) #% ok 4R
FIED, Forb & B B BT RN AR AN LT B BE B g
TR VBR T T e HINE BRI TR oK R A &
FOE A AR D B BT IO 0. NIl 2 53R 1 AT
D0, , B 43 C 1) B B T Bl 2 G T P A% i 45 1 . i LI
KRB R A B B BRECR 72, RS K T3 B0 R SR 1
P /NS B 43 O 4R 68.

120

D4 48
8 Q
100 |- 3 o G4 26 >
S R0 9 36 g o8
22 Co) 4 10
80 24 59
L Q15 ] 25% o3 : - o ©34
~60 7 &4 g 1 © 41940 )
o 231 % 7 o18
wl by p
40 4 0 46
N ® 838 o8 ©45
20 w7 1631 210 3 o 0
o6 ©l4 o9 42 5 ? o5
! L 44 ¥
g 0 20 40 60 80 100 120

B2 IRAE KB BT

K82 BEA R ML RS AE T, ik i I B
5 M2 BE L THAEREACE R BRSO

A [ 2 R SRR ) 25 5 49, Mo AR R
FLASCH 1. 5 A R R WA S
RELR T AE Y X LU B0, 5 A5 R 30 an e 3 51 4 fi
Zi

MIEL 3 I P 4 ] UL, Bt 51 e 50 38 T, A A
JEE A ) S AT FE R B 3 R st R LA B, REFE AN
RLIH 1) TR, AR A 3] 1) BE A EL /1, 91 B2 J] 30
DB

80 N 25U 1
70 I 494N R

60

50
40

T

30
20
10

0
01 02 03 04 05 06 07 08 09

B
B3 AR EEFEAUE R LT A B A Mt Bt

S 3 EEERE A N 10.15.25.35.45.55 K 65

i, H M2 BT R sink 35 5 3494 BB & s s, AR
SCHT R L 5 TR A RO R B3k AR SR I 18] B g X6 B
150015 EAE F PC LA 40N i7-2600 3.4GHz, NAFH
4GB.

500 | T 25NN R
[ 49N AR

400
¥ 300
=z

gg 200

100

0

01 02 03 04 05 06 07 08 09

B
El4 RFAREFMERL T RRREFEHIN LS

F2 R TAFRE ST R A0k 5
BRSO3 5 1 A SR Ak I 1) b By X U B0 . AR 2 W)
UL, 2R RS BRI T3 3 00 DR A A SRR T, 243508 5 1
Br< 15 I, BT R RO R i BE T AT 4 A2 14 I [
FEl AL B B 0 . R, o 3 988 38 1 s B B, 2
AT A (> 72008) BRANRE SRS I 352 M 5 ZAH L,
AR ST B 12 100 5 ) e T P ) A R, B A R KK
SR PRI ] 38 e SR AR

K2 SRHEBRAER EXT L

WE AR | UBBLRARE R (s) | ARBERARR ] (s)

10 20.49 0.06

15 255.85 1.19

25 > 7200 74.02
35 > 7200 101.7
45 > 7200 166.5
55 > 7200 246.82
65 > 7200 345.34

K4 N TR TR G b AR
S R A B AR B 1 (Dijkstra) L $5c /D 2B R 5
( Minimum Spanning Tree, MST) M e AT e 47 %50 L

G35 BT A5 10.15.25.35.45.55 J% 65 i,
ML BT AR sink 17 88 359 8RS0 B s & 25 1) B
bR =R AR R R TR A 5 R R T RE A MR BE N
e e B A o RS B R0 oK A =X (18) S5 15 B Y g e 55
B A BEE R HnE 5 5 6 fis, Hoh AN
Ty E N «=0.6,8=0.4.

LS T &l 6 R L A [ 13m0 DX 3 r 3 2B
22, FH VL1 R 2 JEL 008K . T Dijkstra BERS R4S fe J 1%
12, HOR R RERE B/ (H Dijkstra 235 S8 1% 5% 5% 10
RAE JUH Y 28008 25 B 38 ORI, HE T Dijkstra 119 8% H



%6 W BN TOER AR T I 2% R S e 0 A P s RE A B R 2 1123

A HR T DB S RS R BRI O R
TRBEFA . BT MST (9 35 ph A R B R T i e SR
PP (R AR o BRSO oh S A, AN A G 5 |
KA AR, 2 P ECEMBERER I AU E 3 T RO
5K PR RE AE 5 110 B e Y kA7 78 Xt Bt o0 B, B
FERFVE- 5 BB PR AR R, R B ] 6 Fh PR fERE
HHER S AT A, A S 114 B ey B P R AR B RE e 1k 4
Dijkstra fif i B . A% SCH- 05 7 449 322 e o B8 A1) ] ) 255 1 T
A RE R, LI Ao I B S TR AR, 5 2 SR 1) 181 FE
JE IR T B A

120

—o AR
100 —=—Dijkstra
——MST

80 —o— It fis ot

1 !

0 20 30 40 50 60 70
B A
s TR RIS AT VAR M E

800 - .
o AICH
700 - —=— Dijkstra
600 [ —+~MST
—o— ARG 5L
¥ 500 |-

2% 400 |
38 300
200 -
100 |-

10 20 30 40 50 60 70
TR RS

B6 HETAFEEZMT REMNFERN LR

6 it

ARICERG 5 16 T BRI | I 2% REFE S Bt AR U
SFLYRTETR R TCLR A T Ao 19 245 1A e B 3 JEZ ) 4y
TR I, St — Pl IR 5 5 ey DG 1 110 i i 8] J3E A5
B2 X vy RE RS B R L ) A e G A
TR AT A f] , 41 T 2 T B KO0 3 19 e 110 3 o AR
F Ak T RBORRR RS ¢ (V' E') 5%
B R, B SRR d /D VR R T S ) U e e B A R
ik S X B T U BEATHE Y, 4 B R T I BB i
BALSEAL I, DLRAIE/S o] BE 2 1O BE 047 4 4, AT 5¢
G e VR JEE 5 I B 70 T ) Rk AR ) I S R WA
SCUCTT A B % R B2 SR W E 05 DR 5 by S e U0 B ot B, A5
R4 VR J 915 B A AR B RUE H AR, B EE BT
L AU PR RE .

S5 3k

(1] R, JRZK B, A 2T Jo 2 A% Jak 2 I 46 vh B i A2 it 5
ViTIEFEBERELY] . B 2441, 2008, 36(10) :2001 - 2010.
WEI Zhao-chun, ZHOU Shui-gen, GUAN Zhe-hong. Data stor-
age and access in wireless sensor networks: a survey[ J]. Acta
Electronica Sinica,2008,36(10) :2001 — 2010. (in Chinese)

[2] RHEE I, WARRIER A, AIA M, et al. Z-MAC: a hybrid MAC
for wireless sensor networks[ J]. IEEE/ACM Transactions on
Networking ,2008,16(3) : 511 — 524.

[3] GANDHAM S, ZHANG Y, HUANG Q. Distributed time-opti-

mal scheduling for convergecast in wireless sensor networks

[J].Computer Networks,2008,52(3) :610 — 629.

SRUFNI, XU, AR B, 55 T AL AR I 25 PR T T o

PFSR S 9 55 BE TDMA Bl [T]. s 2% 41, 2007, 35

(10):1843 - 1848.

GONG Hai-gang, LIU Ming, YU Chang-yuan, et al. An energy

efficient event driven TDMA protocol for wireless sensor net-

work[ J] . Acta Electronica Sinica,2007,35(10): 1843 — 1848.

(in Chinese)

[5] JAIN K,PADHYE J, PADMANABHAN V, et al. Impact of in-

terference on multi-hop wireless network performance[A] . Pro-

(4

[

ceedings of the Annual International Conference on Mobile
Computing and Networking (MobiCom) [ C] . San Diego: ACM
Press,2003.66 — 80.

[6] SHARMA G,MAZUMDAR R, SHROFF N.On the complexity
of scheduling in wireless networks[ A] . Proceedings of the An-
nual International Conference on Mobile Computing and Net-
working (MobiCom)[C].Los Angeles: ACM Press,2006.227-
238.

[7] SALONIDIS T, TASSIULAS L. Distributed dynamic scheduling

for end-to-end rate guarantees in wireless ad hoc networks[ A].

Proceedings of the 6th ACM International Symposium on Mo-

bile Ad Hoc Networking and Computing (MobiHoc) [ C] . Illi-

nois: ACM Press,2005.145 - 156.

ERGEN SC, VARAIYA P. TDMA scheduling algorithms for

wireless sensor networks| J | . Wireless Networks, 2010, 16(4) :

985 -997.

[9] RAJENDRAN V, OBRACZKA K, GARCIA-LUNA-ACEVES
JJ. Energy-efficient, collision-free medium access control for
wireless sensor networks| A | . Proceedings of the ACM Confer-
ence on Embedded Networked Sensor Systems (Sensys)[C].
Los Angeles, California: ACM Press,2003.181 — 192.

[10] RHEE I, WARRIER A,MIN J, et al. DRAND: distributed ran-

domized TDMA scheduling for wireless ad-hoc networks[ A].

(8

[}

Proceedings of the 7th ACM International Symposium on Mo-
bile Ad Hoc Networking and Computing (MobiHoc) [ C] . Flo-
rence: ACM Press, 2006.190 — 201 .

[11] WEI H, GANGULY S, IZMAILOV R, et al. Interference-



1124 H +

2014 4

[12]

[14]

[15]

[16

[l

[17]

[20]

aware IEEE 802.16 WiMax mesh networks[ A ] . Proceedings
of Vehicular Technology Conference ( VIC) [ C]. Dallas:
IEEE Press,2005.3102 — 3106.

CAO Y,LIU Z,YANG Y. A centralized scheduling algorithm
based on multi-path routing in WiMAX mesh network [ A ].
Proceedings of IWCMC/[ C] . Vancouver: IEEE Press, 2006. 1
-4.

HAN B, TSO F P, LIN L, et al. Performance evaluation of
scheduling in IEEE 802. 16 based wireless mesh networks
[ A].Proceedings of IEEE International Conference on Mobile
Ad-hoc and Sensor Systems (MASS) [ C]. Vancouver: IEEE
Press,2006.789 — 794.

WANG Y, WANG W, LI M, et al. Interference-aware joint
routing and TDMA link scheduling for static wireless networks
[J].IEEE Transactions on Parallel and Distributed Systems,
2008,19(12) :1709 - 1726.

KWON H, KIM TH, CHOI S, et al. A cross-layer strategy for
energy-efficient reliable delivery in wireless sensor networks
[J].IEEE Transactions on Wireless Communications, 2006, 5
(12):3689 - 3699.

WHEFIE, EBOR AR IR . — RIS i 2 (5 B a2
Bk Ad Hoc MAC JZ M [T] . F T4k ,2006,34(12) : 2129
-2133.

XIE Hai-bo, CUI Yi-dong, XU Hui-min. A joint route-MAC
layer design multi-hop ad hoc MAC protocol[ J]. Acta Elec-
tronica Sinica,2006,34(12) : 1843 — 1848. (in Chinese)

LIU S,FENG S, YE W, et al. Slot allocation algorithm in cen-
tralized scheduling scheme for IEEE 802. 16 based wireless
mesh networks[ J] . Computer Communications, 2009,32(5):
942 - 953.

MAO J, WU Z, WU X. A TDMA scheduling scheme for
many-to-one communications in wireless sensor networks[ J] .
Computer Communications,2007,30(4) : 863 — 872.

CRUZ RL, SANTHANAM AV . Optimal routing, link schedul-
ing and power control in multi-hop wireless networks[ A]J.
Proceedings of the 22nd Annual Joint Conference of the IEEE
Computer and Communications Societies (INFOCOM) [C].
San Franciso: IEEE Press,2003.702 - 711.

CUI S,MADAN R, GOLDSMITH AJ, et al. Cross-layer ener-
gy and delay optimization in small-scale sensor networks[ J].
IEEE Transactions on Wireless Communications, 2007, 6
(10) :3688 — 3699.

B ARBREEE) K, 1980 FHETT
TR B BRI A T AR I EARBE T
JIr R Bt , 2 EE IR N 4% | 46 S A
oLk HLEOR S 7 T BT AR

E-mail: jiajie @ise. neu. edu. cn

RBE= 5,190 FHATINARE T T,
i AIFFE A, RN TOL e i M 45 T A X
AR SE T W R A
E-mail : windyneu2013 @ 163 . com

BR & 55,1980 4F 2 T w45 HIBHTIT
L ARAE PRI, T8N F 2 AT E
RGP 25 IS 5 AR 45 5 TR BT
FELAE.

E-mail : chenjian _ 2002cn @ 163 . com

EXME 53,1968 4 AE T NSk
BT = 23 W I NIV 32 5 N W4 A L
A, EEAF T A EE R | ALL %
% 3 B I S 5 T (09T A

E-mail : wangxingwei @ ise . neu. edu. cn

Bz U5,1956 F il T IIAREF Bl
B AR E AU HEARB T P8, 15
M TGLR A 220 2% T RS Bl 545 D5 T 5
TAE.

E-mail : zhaolinliang @ ise. neu. edu. cn





