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Abstract: A TBPR (time-based broadcasting for power-aware routing) protocol is proposed. Since more hops can
save more energy in wireless transmission, the TBPR protocol selects more energy efficient routes by comparing
accumulated power consumption based on the mechanism of delaying rebroadcast route request packets. This
method can reduce energy consumption and prolong the lifetime of network. Simulation results indicate that the
TBPR protocol can conserve more energy and reduce energy consumption in wireless Ad hoc networks.
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P A 55 4 P SR T A0 Ay Ty SR S A e R A AT P [ = A T LR SO ST TBPR(time-based
broadcasting for power-aware routing) i3 T35 4 T SR, & — i Dy 3 8 1) 1 B B0, e ik 4 1) B 3 SRR
SCAEYR-H B R AT o ) B R BN (R AR ) BRI A R AR K R 4, PR AR T
4 T B HR S A 326 TV RE 1Y) A R, AT S L HE K Do 28 A4 A7 TR 1 D

TBPR 1 15 F B i FE it A2 A2 4t TG S vl 9 A% i 10 A G BEAR 0 AT ) A5 i i A2 O 0 BR800 11 B A% L Bk 4
D IR A2 T T R TR i i B/ — 26 H 22 Bk R fh B RE KRR TBPR P iSCH I 1 Y 22 B 1% e e P, ik 10 2 (4
FZ 5 RE-H T 508 AE b, 2L T R 9 26 1 47 8 AR T R 2% b T R SOOI B RS 0. TR R OB AL
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Fig.1 Power-Aware routing protocols
B 3R B i il

ThA B i M BF i 2, H AT e B A 2481 #% UM 1T BIP(broadcast incremental power) ] EWMA
(embedded wireless multicast advantage)!™ EEMRP(the energy-efficient multicasting routing protocol)® PAMPA
(power-aware message propagation algorithm)!™; 5 2 5 fig % (11 ) i 47 PARO(the power-aware routing
optimization protocol)!® LAPAR(the location-aided power-aware routing protocol)’) MPR(minimum power routing
protocol)™ PCSR(power control source routing)™! MCPR(minimum consumed power routing)*? EAR(energy-
aware routing)™ FAEE(fragmentation-aware energy-efficient)™; 55 £k 9 2% & 17 15 18] B 1 B iX 45 MBCR
(minimal battery cost routing), CMMBCR(conditional max-min battery capacity routing)!*® MSR(maximum
survivability routing)™*® PSR(power-aware source routing)!*’”) BEE(battery energy efficient)!*¥), PAW-AODV
(power-aware ad hoc on-demand distance vector routing protocol)™®: # z %7 g % 1 ¥ LA Span?Y,CPC
(coordination power conservation)?!; 3t F 41 #h 4 ) (€9 B i 45 MECN(minimum-energy communication

network)[!.
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A5 %4 5 ek B P 22 R BBt /AN 0 5 T4 S e B e 0 SR T T % v Tt AT 2 8 12 A
B 0 1 % T R P ok AR AN HE T P TR A A A ek 21 P R K SR, 2 B £ K e rh A AR T A
T 4% il F A/ Y A

W ) Rl T M TSR D A £ il W R B AN 122285 DI S BRI R 9 1 B L 75 B e B S S AR
3 35% F 95 ) RREQ(route request)di 3,57 HI AN 7 ) 75 45 HE AT 2 6 430 1ty BL AR, A H 2t 86 5 /DN G 42V RE 0 K
B H B SR 5T 1 S A P 7R B A Sk DDA MR I LA b TG RREQ 4R SCTE 4 45 o 4% 3 FE v A 1R 4 s ot
AT H 0 LB 23 RO B th A Re o, % L B 2 B

,/-—"""""-..\\ ’/"'"""‘"-“\\
/ Y / ~
K, = A / \
/ AN \‘
{ / .-""h-.. -L 1
\ sy @/ 0 D /
\ \‘ b . )
\ ~ Y /
\\ /, \\ /,
o ”/ \\-‘ ,/

——

Fig.2 An example for RREQ packet broadcasting
2 RREQ 3] #ini
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Y% 2,957 2 S 75 EARE BRI SR B 7T 05 DA A ¢ B H T S D R ARME— WYE- B S AR
LT 5 4 g% S—c—~....S~a—~c—~....S~b—c—....S>a—b—c—...S—b—a—c—... B S—~a—b—c
—.. . fl S=b—a—c—.. .7 H Lk S=a—c—...8 S=b—c—.. . WHHE L WHER,H S>c—....S~a—c—....5—b
—c— W BE RV FENE LN 23 52795 5 a T b A7 & 43 AT 1) 5% W AR T 42 045 BIAG, DR R B0 10 i 422 05 It 1 749
/DR ST E AR IR R P=kd®, He b oo BR 2 SRR 250 UE X [A] 24 2~5,k 2 5 e /T AR G 1) 4, d ik
RAFHLIE I BE 8825 50 W Ps-¢,Ps-a-c,Ps-p-c KER S—c¢,S—~a—c,S—~b—c X 3 4B AN Th R HEFE, N

P_.=kdg , P .. =k(dg+dg), P, . =k(dg +dp) .

MPE BRI ECN 2 KA a B b BT 2 PRl de AEAR SR P WA P >P 5

> Py JXR AR S—a—~c—.. . B S~b—c—...[k S—c—~ . AR E.
TEAL G B th 2B B 1T A S S SEAE M rh R R UEZ RO RREQ, 7R W A HoAlh i S A 7R 1) 45 A1 R, L 4R
SR A ab I ¢ K E] IS R0 B S0 AR IEEE 802.11 FRHUE T i A I AT WT 22 8617 160/ 54 I (carrier sense
multi-access/collision avoidance, & Fx CSMA/CALEI, T &1 a,b I ¢ 7EA I 247 18 2% [H 1 #1006 % & % RREQ 4R
3, 1T CSMAICA HLHIR Y 53 ab Al ¢ 249 J& 201 1, 5 11 ¢ A 33.33% LA L5 10 a Al b Ju#% i RREQ i3,
TEZAE IR S—c W4 A B th S—a—c 8 S—~b—c & o 47 ). MCPRIMVE T 3 1 AE 1% 111 0 3L A5I8
PR A BT 9 AR iZ B i3 T AODV(ad hoc on-demand distance vector)0,MCPR 4 RREQ . LG5I N T —/N
KRR a), U S S AN 2 s S—a—c B S—b—c % i1, [\ I8 48 B T SO 2 R A 1 s B AR T L
8,0 fe /I g BB TH FE N B A2 HEAT R 2. MCPR {E RREQ 1 SC 84 it 17 19 AN 35, 9 T8 3 4 ¥ RREQ #2311 e ke 2%
AR5 IR 1) &5 7 VR A ST I I 8% 1 e (R R VR S TR R, I 4% JT BB OR BT R MCPR RIS A2, A SC 4 H — i
TBPR(time-based broadcasting for power-aware routing) i H #1150 1% 5532 5 BUAH S a7 7, [ I 45 L MCPR BEAIG[H)
5 1 T, T RE AR L L MCPR P 22 47

2 ET R iE) B R T F RN R R 1Y

P

S—>C

2.1 MCPR7E7EHRY 8] &

MCPR %] AODV 1] RREQ .3t 4T T 15 2k, 7 RREQ # 3C i fin 1 W4 1: Accumulated Consumed Power
T Wait Time 38 AH X1 LURT 135 30717 A8t B &, 5 ZE K R /5 R 345 86 K RREQ ) SC i & T — AN R 2%
R I IAD, BP T AR U B — AN BT 19 RREQ 4R SCHT K A 4l RREQ 4 SC HH 11 Wit Time 35 (148 LA A 322 0% 4R SC AT
Al H R S EAT AR 7% e RREQ AR SCAF A I [] 1) ¢ T 1% 4% S5 AR5 I [B) 12 5 1) H R4 ok T A3 B
TSI P s LM R RREQ 4R SC,7E MCPR o i [R5 s AT Wt ] 3 i (1 O AR5 LA 8 RREQ #f S 4E
ILEE S S I % (A

B 3 H 5 5 B TR 1 Ta_reva A F2MRE) RREQ F 3C H Wait Time 3805 38 7% F AR, Tovaie 47 24 50719 21502 19
RREQ ] SCH 2 S5 A7 5 1], P 4 15 R 5 KR I ) 356 P P receivea I 22 M2 (1) RREQ R SC ) 26 HILSF  Preq 0 715 1
TE BRSO R ST I AT 5 () B 26 HE1, Dy R Do b TSk 5 10 4

I 43 BT P 3 e IR O AR, AT R R BLAREY 1~8 AT RENS AR AP HURF A MCPR B BARL MR 2 T e >0
H Dy P/ Prceives < Dy X Priae ! Preg = Tt res (PV AT SR 5~8 A7) I, 328 B Y55 A A5 7988 WT B LU REL VB AU B (1)
FT 05 L K RREQ RS0 Z A5 O a0 1 4 7 B b 5 05 1 SR 0 R R ALB R C 43 AR AR T A 0,k AR
Ky B W 1) 7 S DX TS AU B KT G AR e R 3 AN K B, T AN 9 B 29 2 s =0 =dp m=1(unit),
dn=1.5(unit).
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LIf (Twaitircvd=0) then

Twait=D1XPmax/Preceived;

set Timer (Twait);
else
5 if (DlxPmax/Preceived>D1XPmax/Preq'Twait_rcvd) then
6 Twait=D1XPmax/Preceived;
7
8

H~wnN

else

Twait=D1x Pmax/Preq'Twai!_rcvd"'DZ>< P max/Preceived;
9 endif
10  set Timer (Twait);
11 endif

Fig.3 Waiting time setting for RREQ packets in MCPR Fig.4 An example of MCPR
3 MCPR 1 RREQ % 3T e 55 A5 I 1) ¥ 5 4 MCPR 7

T EBAE BT P L AR B B A% B 39 T AR s O S=K(Ud ™) JE T o DAy B2 R AR A ICELIX ) Dy
2~5,K 2 B, d e R AR HILIAD R ER A AE T T 20 A D TR SRR LK a8 O 2, [T t s RREQ R 3C
B 2 9 EL SN 0] ARG MCPR, Dy % P/ Progeives = (Dy/K)® = Kyd” |, D, x By / Peg = (D, /K)d? = Kyd et Ky
HI Ko A2 F Dy, Dy, KX IV (1) 3 4

1) 15 t=te 5 AT i R — A9 RREQ 40,15 £ j 1 K HE R 3 i B %40 S0 I F44 45 11 10 s i 28 e
Twait(i), Twait(K)=4Ky.

2) TEt=ty+ K I 0 AR 5 I 3R BER 0,4% & RREQ i 3071 i n 7R3 EK A j I RREQ #3055,
AR LR B Toie(n) R B E T 8K +6.25K, i HH 0L T,

D, x P, /P <D, x P /P T,

received req  'wait_rcvd ?
Twait = Dl x Pmax/ I:>req - Twaitircvd +D2 x Pmax / Preceived .

3) TEt =ty + 4K, I, 5K (18R i I 2 1R 3k 3 0,%% & RREQ R .5 /i m R IR A j 1) RREQ )3
S AR L B Toain(m) B RSN 6.25K I 1H DL T,

Dl x Pmax / Preceived >Dl x Pmax / Preq - Twaitircvd '
Twait = Dl X Pmax /Preceived .

MAWBES A n Al m %K RREQ L 31 3 92 1)1 t(n) =ty + T, () +Toaie ()= t,+9K,+ 6.25K, ;
(M) =ty + Tt (K) +T, (M)=10.25K, ; t(n) —t(m) = 6.25K —1.25K 7 EAL 5 8 n 56T s m )~ # RREQ #i3¢, J %2
3K 6.25K,<1.25K (%5 [] 24 4% 11:6.25D,<1.25D). it 4R 6 - MCPR S i Fil 4l 5 U Dy, Do, 45 BEARIE TS £ n LL
m HEH)TRE RREQ R SCHEAR N AE ). b vF Svh 5 SE U WK, 19 e k. RREQ. AR ST IR () v 85 | A% 18
MAC Jz (¥ B I [0 LA K TR (RAL AR I 4.

2.2 TBPRY

EFXT MCPR A AL, FAl 14 th—F 55 T- AODV 5 fi p s i) TBPR B[l I, 7E 51 TBPR BRI, AT
W 255 2% AR G S B RE L) 7 0 48 A o e SO ) P T AN AR 1, LR 00 ) e Bk 114052) Y 485 1) T 28 17 108 A5 784 A f
FagE;3) LRz RiehE o MAC G5 1B 1E4) ok 1R IGR S Th 3R R FE 2T 1 1.

TBRP Wi (k%0 AL 1) Jl o A R % e 78 N 445 1) RREQ R SCHE P 4% v it vz 1ok 78, DA S B iy 30 2 e
HiyRE SO REEE (AL 0L E;2) E RREQ 4R SCH I i B vk Th S i R IR, O H K1 sUER A I ol B 2 )
Pt
2.2.1 RREQ R3CHtyz il B =4l

5 MCPR J&1Ll, TBPR 130t 2 3 i 45 1) RREQ $% SCAE 0 £5% ry 1) vk 32 2ok T2 i 1 D1 R s H 2 o (¥ JL 3 il
RN BT MCPR 5503, R B B3 2.1 755 v Jr i 7850 5 DAy AT AR PR JB0 R A 1T e PRV EDCAEL 5 79 50 R P 25 52 O M R 4
PERR X TP K R EESK MCPR 111 Dy,D, BEMEARYE A [R11¥13%) 5esh &R 44, T LULE 52 b 13 P o 4R o 4 31 45
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TG [¥) Dy, D, i 2 MCPR (¥ 2SR AR Y 46 B Y51 20T (9797 5 56 RREQ R 3C, HAZUT AN B 1 306, e 1%
R JE T A2 Twaie T 20 55 79 s 0] PR 88 DR R — 8 IO e MO0 R T AR FRAT TR — FOAN [ T MCPR 115
TR Toain Z ISR B (145 5 HL1 DL TE 2R A5 08 AR S 2, U 550 H 0 R In) (¥ 8 8 AR U PR AR B 1 45
) P B B SR ¥ F RREQ 1 S IR #5 & 25 4% N 4E .

76 TBPR w2445 58— W B A RREQ R SCIN ARG B2l (5 5o B T, W LT

Twait :ﬂ(Pmax/Preceived )1/0: (1)
Ferh oA TRBERE IR 250 MR T 0 45 v SRV ) DK 2 A I S
A AR K% RREQ AR SCHT PR EIH A AR IR RREQ 41 3L, i W 75 BEHUB vh 5 T, JFRE BT H 41

0 Ty 3 R IR 58 EP PR AT BB T o 55 R KT 5 I 8 AL, DU 5% R T 200t — 20 AR, 7 DI 5 o 2 I
i PRI JRE IR 8] 46 150 Ay o T 1) o S48, O () IR CSORH 2 PR B — B &0 S £ BN R T FRATLRAIE D TBPR K T, B
HLHIBE 8% ORAIE RREQ 4R SCHE 9 2% th il Jz g ) 4.

RS BT m BT 4 T RS 1Ry BT Ry 2 45 5P M RS B R n K0P 4 1T R 1, HLAT
dg (R < ds 0 (Ry) < s o (R,) < s (R,)

oty (RYFE 1 AT K 1 988 46 B o U3 6 J OB 5. o T dlg (R <l (Ry) TS A5 m o 0 957744 2,

FUE WA 4 m 2 e n 8 LH RS % RREQ 4 L.

/ \\>§:':3::\‘\:~‘f-_;;, Lo . \

"D ‘\

Fig.5 An example for broadcasting in the TBPR
K5 TBPRJ ffnik
A BT RS AE I 0] t =ty At T — AN % i K, TG 18 RREQ 4R SCAE W 46 Hh 3 i) % 4, 190 46 AT i1
R e RREQ 1R SC R IR ) 48 B T A UISETY 0 280 2 B9 s (9 dpe RSB A, JU) AT AR S5CHE 9 2l m A n 6k RREQ 4R
SCRECSEIN ) (5558 2.1 5 AL IX L AN 1E MAC JZ2 B I i) e JC A5 5 A% R N i)

t(m):tO+ZTwait(i):t0+(ﬂ/K1/a)dS,m(R1) (2)
t(n) =t, + _ZTwait(i) =t, +(B1K"")ds ,(R,) (3)
t(m)_t(n):(ﬁ/Kl/a)[ds,m(RJ_ds,n(R3)]<0 (4)

AT DL, 8 m 25 EE T A n B R % RREQ 4R SC AR LR ML, TBPR Brisl BEM 5 4 b SE I b T % i
#) RREQ R3¢ #%

£ TBPR 1, tH+ RREQ H1 3L 4% & S A5 IN 1) [ 15 5 nf LI ok A b 1500k 58 7, JE 75 RREQ i SCAE W 2% Hh 4%
3 1R 7 AT S O T 22 MCPR i (1) Wait Time Sk /5 52 2% (1) JE 4 PR 8 v, A% S0 Hb i SR 0007 5 Do B8 o3 £ o
YRR I 2552 52 I 52, AT RREQ 1 SCAE M 45 Hh (R k2 1 AR (EBE 36 15 5 A B R 1 & 8, e 15
R AR A TR PR RO B v, R X B8 5 VB INE] TBPR B, ) T L AR IX 7 T (9 5 . TBPR Ji i
WE RREQ 41 ST 1% i S5 A0 I [ A 445 199 24 v (1Y) RREQ #RSCSEIR T 28 1% K, v] LURRAIR AODV 3 RREQ 4
SCHE I 3 e RO p 58, — B FR MW AR T ) 3 XU 1) ) .
222 f/PMRERTHFERAS AL

0T AE H B S RE RS R P N B R R 1, TBPR P B YE RREQ 3z 7 il sh R e, gt H
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PR RCEAT B E S A e, 2 o )RS R B AN BT RREQ R SCIRT K AR s B e 3 (1045 5 0P A v H AR R 1
DM, IR I R N 2] RREQ R SCH 2 vt Dy Ry Fegirh A5 15 s R 2UAH [ (1) RREQ 3 Sy JE 8T BE e 1L
Tt U T 20y 20 90 FEI P A (B LR AT A N 9 ST, H 1Y i AE B 21 RREQ R 30 K LEAEAN ] RREQ 4Rk 3T
A (1 28 0 T AR IR AR, Ik B d N D A AR I — AR B AR AT I

3 TBPR il RES #T

9 T VEHY TBPR % th UM HE A 46 M BLF JLA 7 T4E TBPR 8 th By stk 7K 56
Bt 11 1S T B o B0 T e V£ B 50 0 20 o B0 T 3 M1 2
Y IR
B 1 e x
e A2
MAC 2 it 38 634 L4 5 507 MAC J2HEAT 46, 1 MAC J52 e SO 6 5 FE f 1 10—/ 2, s 1
e I PR 041 Rl R L. 507 50
> AN AL AR I
Hdi
PRI % Lot 110 50 REi% 2550 WIS I 00 47 0 LA, 807 5O MAC T2 B3 2 I/ 9
2 0 MR 24 T B 0 O 1 P00, B 2 o P B0 0 e A s A 4
T S48 4 B 4 2 M D 245 4 1 R 00 50 28
3 R4

EESIPEY §s

15 L3 55155 160 AN A BEHL A A E 1500m X 1500m ({5 DX 38 45 s 4T 46 Bk 0.0150, Al B2 0 ] BR
“h—88.62dbmw, 15 1 T L AL 2= 475 k) 600m; {5 1 7% 5 k) LMbps, 99 8% 7 ft 4 A 4 a5 448 2 Hdh i 45 5 M 5543 4 1
K8l 1024bits, 73 417 A= I 18] 18] B IR A8l 1/0.25s JAFA 23 A 415 FLIRFE] 4y 600s; 35 32 8 4 Bl by
BL:AODV,MBCR,MCPR Fll TBPR.TBPR #l MCPR 1 [ f5: K% J I 4E 1 52 by 72us, TG 26 4% i 4 G A5 73 v g P 2
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