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A Traflic-Balanced Energy-Aware
Routing Method for Mobile Ad Hoc Networks

Yu Xu-tao Bi1 Guang-guo Zhang Zai-chen
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Abstract Ad hoc network is an energy-limited network. How to improve energy efficiency
in an Ad hoc network is an important open problem. This paper proposes a new routing
metric, which integrates congestion status at the link layer and remaining energy of a node.
By adopting this new metric, energy dissipation and traffic load are distributed more evenly
in the network, leading to higher network connectivity and network throughput. Simulation
results show that the new metric improves network throughput for networks with different
scales.

Key words Mobile Ad hoc networks, Energy, Routing, Metric, Media access control

15|18
Moblile Ad

FhESH,

2% e, BB RS

AR H E

P2, Hr

AR EIERE, WO, BEZRMSHITLME U

hoc W45 B #83h 5 40 2R W 4%, %—WTWE“miﬁﬁﬁm ﬁﬁwi@ﬁ%

, AT HEANHER. & Ad hoc

FEMRERMIEMRER, B Ad hoc K I_Jﬁ%—‘ﬁ'ﬁ'é BRI LG, SEER
U559 AR, BahvW R R B OLS B A B3 F A B R,
Y R

SCHR (2]

A X Ad hoc MZE T S BEERLEK

LA TSR T4 4 25, ARIRHER, BLRMM,. TEMFM Ad hoc
1 Ad hoc [ —Fi Tt i 454 L2 BhRO S RIA0 TR M 4. % 48 B HERE 5 B IR TI#E

UM%, Ad hoc MBEMNE T HFHEASEI I TLEMEFRIGER ﬁ[%lﬁ]@ Al LA 5T o 26 N
2RI RER AR LALL Ad hoc W HE A, XEEIHRE

hoc ¥ %% &

2% SCHY 5

HE TR |

R ITIE;

WHEH L, ETERA T SRR RS M ER (Metric) , {#3M45

REEVHFA B AR Ny S, e T MBI EILE.
22 PR HATE T Ad hoc ML HRIFEREEE; £ 3 WIRIBIHMT THHERER

% 4 37E Ad hoc IHEET LB

1 9003-07-23 WcF,
FEREEES (60372054) REIRE

2003-12-22 1|

T —Fr e sER EM i E R Ad

1 (Ad hoc On-demand Distance




1966

g ¥ 5 F B % #

% 26 ¥

MY

Vector AODV)3] &

I GHELT

Tt &a, *#

2P

SEE D P E

2 Ad hoc WFZ P HIBEE [a)H

Ad hoc MZ& &
M

I EIK,

¥
(ER=g5

BNV RER, #Exd
S

i

b

] =

EANRE A

SCHR [5) 7,
KP2 & e
(Power-save mode) Z J&
Al DA 808 240 R AL
FEAEH K.
Signaling) #) MAC

BT,
HE

'_i_-
o

17

1

¥

e

PR B Y B [H],

¥

151912

F

o]

X 2%

il

=, "lPldad
ST AFRSGERE. W]
PR A 5T T A R/,
RIBAT A BB R G m, Wk

=, AHE

7] B HE &
%,

1%, XF

SCHER (7] F

R, FA

—
et

-—

HTE]

EREMNT, ThER

PR R R R e D RT R

e (2]
,ﬁﬁwﬁTUi
TR BB BT DK
al# ¥Ry IEEE 802.11 MAC

LR T YT
B, njRAdxt

KFTRAS A 3 T, oAl R RE RS
FPIEETHE (Transmission power) YE A% g

FIRIE R

P BB B R (R BUT £

PEE A

. HAHNAT

/Y

1:1

2

EANA]

'QAL

ERZ L RE
= ) £ 1 HE BB W] A ) B
LM, K,

LIAR R = AF VL Z [ R BE H,
= REE R A,

A AR I8 AR,
HKAETU#A MAC(Multimedia Access Control)

ERUTE LT (Active mode) FIZhEAYTH
E i 6] sy 45 6k
ST EATE R, R AL

1 TR LT

i BT T RSB, St

sk

7

T

:|

NG

n‘!

T AR E
2. BERE,

1R BERS,

&t

- 5

)

TORHR, 7

.

H, HREEED

—a
ﬁ
-

= M ESEILITH

H] -~

1%,

:‘E

SRS, 1E

JHst43 22 hk 3 A F1 R
Zhi, ST SR HERRES, W

2 RAL
AT,

K B A Y

VFEW S B T 4%
e (24
i [ R C% / EE T,

-—n = "’TJP 'Fil_zjﬁr)ﬁﬂj 5E

u&
18

13351 22 it

=301 30

- BT
R

i
...\

B #r A PAMAS(Power-Aware Multiple Access protocol with

X,

BB

NEH

—
—

KR

THY B

AR
Hias

Hix,

Vi

F

f—

il
—il

]

I‘-'l‘

l._l

B

FE /DR RE

EEEE

Hik, TRy d R L ERERmIIERY P(rd) =

P(rd)

tEL, EEH
Baj#, 1B
Battery Capacity Routing) B 4G
REEXFERD T MY
b, EF—ERES
EIHREEERERE S MAC
SCHER [10]

et

Wb 40%—70% .

N B REEH], A5 ThERB IR 5 AR SR Th RN, [
-Bk (Hop by hop) {411

—

N =

N

h R EEE
JE B AT ]

/DRI, RER
FIRBEEMIIT A, ﬁF—TUﬁﬁﬂ»ﬁﬂ’JL
Battery Cost Routing)!®! &p:#

=

T Y 1Y 55T T ZRAE i

ﬁ,ﬁﬂmﬁu

XTF

ﬁﬁﬂﬁ?%i
Xk 2
BIFEE S, X HE,

H

e
b il

—-ﬁ?xt
i

=

HI% S

-1 R
B KW R

=5 I

HIBE R

=3

it

JRIR Z5 10 RE

ERIRSETT, B X Ad hoc MR KE

w%‘é’ﬂﬂf"]%'ﬁ
1 MTTPR &&=/ MMBCR #H&,

T R AIFIREER.
Ad hoc MZERERBCRAI TR L,

E#) PAMAS thilAi45 &,
1) DPC(Distributed Power Control) 77 {&4E

i 7E

, "

G TR M 45
EEEE, BRI A
IR & SR AT R BE AR

FRIEER. RS

BT EANMUES
*Tiﬁﬂﬁ?ﬁﬂﬁﬁﬂﬁﬁ‘éﬁ?ﬁﬁ

E&

fﬁ%}‘%%?Uﬁ%#ﬂ%
Bk, mscER (9]

=ik (MTTPR, Minimum Total Transmission Power Routing) 3k J&—

BE
,

HIEH
i BE B

g5

FiEE

T RIFEAKIRRE.
R, HISBEBERAMWEER
ﬁ?‘k (8,9]
ﬁ%ﬁﬁﬂTﬁ%é

oL, ¥

R %
LAY

Zi:l T(nz + ni+1) >

A R REE B

I H IR RS

s
TR BB, PR
FEEF1E, I MMBCR (Min-Max
O A B R AT

T RS TIEEMPE REE
LgERY s2 ], i CMMBCR (Conditional Max-Min

g nE T INESN: ok

RWEREHIE. UMK (6] F

l—n/\.

AT LA 3%

&=

S: Eﬁ

F A7

X HAEAT T A HAar AT

Ly
L

i

IR LR

T Ad hoc & ﬂxﬁmﬁﬁﬁlﬁ]ﬁﬁ WEELGE

B R Y TS R 48 1 45
%

FEHZERSHES G

KRR &R
EB&
FEHY, 3F

YIE

B
T

2R

RTS/CTS(Request To Sent/Clear To Send) 1§ E3R#HE T =

B R AR B R E
TR R BEE
¥

v:l

. TIERE

E R ST
e T2

RITh R
196 PR IR HR
s} 3k 5 {6

/]

T3 HORE
S RER
TH

A=
KR BERTHE

F

= Z [8|RJ3CH.,

wm
T

/l-fTIZI

=[]




5 12 3

RIB

— R ER Mobile Ad Hoc M e BB B H:

1967

3 B ENREESIEBR A

Ad hoc MBI AR
2, YEifEEY
* iX E

]

%

(z,y) &

oK

T—5, o

1 d(z,y)

H AR IR
FHW SRR EIHE
#“aRN G =

E W) W 4% 25

REFHMEXLR, B— ﬁJT
AN R R R ST ER A ]
12, HEXKOBWEREAN R, ZEXFEMR T —1 Ad hoc WZT[LL,
HETMBFHUFETE, EANE, Er

Her

WV, E),

LB

FV ATER,

T

2

E B9 M 2570 1
P R ZIE] A

B ERER:, FEERIER
HirE Bl oh Z AR

A

H),

REE o5y ZEEE—FRWN &R, E afPIFERN

15 E A

[l %
KA tagE Al A
a4 . 3% Ad hoc WZgw]

R 5 11E
- — B2 Y (6]
TSR ELTR T,

E={(z,y) € (VxV)/dz,y)

FHRMT Az 3y 9Bk
1R IT R AN HEE 7 S AL BRI A T oA, (]

1

6—>7—> 2,

L

.

-

1A B 3 2
BRI, A ERTRERE N, AR
ERATHEESR, MW
A2, T RE—E B T2 L& S5, Bk 1

3|
B %5
4k SE R B 3

fk-,

)’ﬁil-

{3

(1) ¥E7
TH RE

F

ﬁl:

= Y41 H

E

il

FER,

T, REANEE
=X PR L.
(2) SMEEFH

i v

-

kg —— A~
H M 2g

\ﬁ[]

_
_

G =(V,E)
V ={1,2,3,4,5,6,7}

E={(1,2),(1,4),(1,7)(2,3),(2,7),(3,5),(4,7),(5,6)(5,7), (6

OE5AR 7AW AR Ad hoe Mg, RIRTEMER KA
1(a) 7R, EEFANTENELFTRELE T S Iﬁlﬁit—*%

LASRIR N

(a)

TH P A F TR O
TEFe K W 4% P Y BT A RHE,

FEME A 5 REEHE, WRRE
JRET R 6 MR 2 RERHE, HER/

) ] 26 40 F 1 RE A

—4
-ty

SO,
SRR BNUETRE, TR EAFASERY & 7T,

FAEMAET A T AEKE.

< R}

L FE R (Euclidean distance)

I i = o W 48 T

Ix=

1)}

(b)

1 —/8sy Ad hoc MEEHRREE

H B /DBER RS

\_I

“BEEE L,
A R R BT R T

N

{15 M 25 H

b—
p—rt

HHEEBTHFEX T M4+ H
1(b) pir7R, BURF, R 7 %F]“ 2

&3

oy

HY Az RS EBRSKRAEVMNIIE, A58 EniE
i
w G,

Frit

17C

MR

(1)

Hﬁéﬁéﬁaﬁeﬁ
CoeAr, B

(2)

ik, MPHEEFENBERN 1 -
H TR R4 A
vl B (=52
Tea, —B9 5
THE T AR
BARHARE

BEFRTFERBREEEET S 7 T

%%EﬁWﬁﬁ%E$ﬁ,ﬁ%ﬁE%%E%%WMWﬁ#M%ﬁ b & 5% v BA

AT

—HRFIZRE, FEEEENR
P E WY TE] A B BT B YT LA

H

B F PR R4 BN
BN E B,

R



1968

S

& B % #®

F 20 %

shat LAY
B 343 50 B

JJitE:

M

=1,
=@ N:ol:
R 1 R

MR BE (B EUHF) .

A

AR B K AR (B

——

— H R B R R REER B,

2.

RRZER, EH5E

a8, FKA1E

M 7375 RECy d WIBEIRRY B

d

=1

pr: 4

—

-

BEEENYVIREKAR (8

% E R

19 Adh

e T R 4 o 4 4 4 B
2157 —95,

RABE LT M 4%
REURT Y B
REFRYIHFE, [F]

] 28 1) A Ik B

4 (ARGERRESth

WATKRAH T =88
M ERIEERREN
HAix Ad hoc R Zgay4k
XA I
Hf Qmax = 256 kbit
MEEEL

/

AT,

BB IR TS

ﬂﬂi’ﬂ*iﬁ“ ek
, TR e AODV 2%
B AR T

= T B T N 28 785

i

¥

it it £ 1T AR E

| Mbit /s ,

BEFNHITTHE. FEF
H EEA Bk 20, 30 F1 40 . [EERH
ez oo E L
= /4y A& HE—

HF, HIGR

| T — IR -

FE, B
B, v 1 BATaRIREER (£
Qi i%ﬂ_;"p ol 1 4B EERS)

2 2L

-y e

3

S 4 SR T

R AVA

k) |

R

oc W28 ) & 1 FEm) A,
EEIEREE (BRI F

iz, HITES
BABWM RS~ AR M, KT
HETRNEREER.
RERE, %5 M7 > M5+ M3, MEEEER 65322, XK
FILTHAE, T MR BE R HARTIGL &,

AR BN T IR R ’ﬁ{ﬁ H.
BN ARA

FLARE K A

# RTS/CTS #l Yy IEEE 802.11

¥R TR B E
b I EMBRITE R

25

J

E: Hﬁ‘ﬁﬂ

et

L B —
TEHMWAE, itk E.

A] DA BACAR W) 26 /Y A fiT i
H gyihal, BadsrxE IP
T4 L BE1T G
T Random way-point Z3h#En] 12]
?W,%Mﬂﬁ%~¢5%ﬁ,%5%
FlHEMB R BWANE. FlRiZE)E, ﬁf?—‘%ﬁﬂﬂ‘rﬁl

—

"~ I_Jr‘ﬁ' H ,”:r
22t —

XA

EﬂiﬁTﬂJ$ ]

IEEE 802.11 Wil {E M EERs
M 6, R R

i AODV , 435Xt R

i

o]

'I._I

7€ HLFFRAE IR

ki

I.H.

J%: IP /

<y

K.

. HE B Y LR OL [F]

8T T R R AER LT R
R, MR M f{ERHMRR, AT

TR EE R

524 1200 800 m?
, B Ak
XX 28 B A 5 A TP ki
ZWCEIR H MK

Z(Ez max/Ei) X [Qz max/(Qi max ~ Q%)]

R R

IR — W, W TR AR RE
97 gy
BeBtlE ), WA 6 MR 2 AREE, i%
R IR T AR T
H -

iy 35

e, X fEA

I T 4

(3)

~

HE/PH R, Eimax BATW
22N VAR Qi max
= RTFEAS
LS A

T AP

T

TR 1T R 5 R EE,

RT3 SR 228 P I

L

R, R

RPN, XE

, J’E%Eﬁﬁﬂi
LR KT E

KA

d FR A1 X 4 s

R TERABIHI /N R 256 kbit

1R ERGER)
, WETE

N r]ﬁ .
2048 bit .

BT R

/

A

%

F R R
R LA
i bul
3 N EEAIL
= AR T4

'T'I% %ﬁHTIETJ( Tpause) )5,
1A (0 ~ Vinax) B8
HITHET—

BBy #E#LA (Energy consumption model)®) Y- s RE B AIEFES N 4 PR, A FREEK

2%, B, ZRMBE
T HTFRERAN Ere

(Overhearing) .,

W EHEE— N RS HATEREREN By,
HE—NEBIETHRFEERN B,

By =P, xT, =1 xV X1,
Erx = Pre XTp = Ie X V X1,

Efw —

(Ptr+Pre)XTp:

(Itr‘ -} Ire) X V X

Hit B/ AT

T,

W 1%L



=+ 12 HIE%E: —FERERN Mobile Ad Hoc W% REE % th 64 7 1 1969

A, Pu BREAHIE, P BZBrRBWIIE, T, BARREXBW—1TmAdrRmelE, EE55m
HEE K 1 Mbit/s BB FTHAEN Tp = Prize X 107°% . Pyjpe AAKE, KEWBR I FERH
I Ire BUMELSRA T 3CHR [4] FRIEERIAEHE. TR [4) $4 8 71 Ad hoc MEZHRIET, £%
YR SEER BTl 4389 Lucent WaveLAN IEEE 802.11 &M -RAYGEEIHAREIE. UK (4] FrLinss

REH, MTARREHERN LM F, EHFRESTUEERAZIRELP. B, AT
BV =474V, KEPRET Ly = 280mA , BUCRET Le =204mA , ZEWRETHERIA

Lig = 178mA , T HE AT BEFIRTHT, ﬂﬁ‘éimﬁﬁ'ﬁdﬁﬁﬁxﬁlﬁiﬁxﬁﬁu 4, FERATHY
mﬁcjf’gfﬁTﬁ ﬁ%ﬁ B iz M 45 =q::) fﬁﬂﬁlﬁk“ﬁ%*ﬁ A HAH N Eimax = 100J {H*ﬂﬁﬁ
REEAH. (FHAMEEFEM Y EANGEER, SRKHFEEZNBERENF, FIT45R.
K 2 iR ARFA RS ERENERE R MRS XA R/DEVEERITER
FIF M FEHEA L, MEFTEERNEMZ PRI IR AT E. NEFTLE
H, HEHEENEEEFEFEUEGIESHMNEEFLE, WHTERIWMEFTEEE—E
BTIEIIUFT e, XEFEANERMNIGET, FRT W 'EEI’JHE.;.. BT A3 R4 R BE R R R
, MSEFRAERRER, MEFTEANEEMN. NEHFETLIEL, X ﬁfl\ﬂﬁﬁﬁ R, M
fﬁﬁﬂi AEK S T0s BTEPARESE I, MRABNERENEREREERE, MEFWET 110s 04734
i, XEEARAHEGREMNEREE, MBTVTSAWEERENS, SEBNH, #&T1b
¥ A ARE R RAERMEN, EK T Ad hoc KL EIRFFTERIHTH],
A3 EE S W T AESAREERASE T AN FLER, X B R E Y TEAHF]
4T, RAVGRENEEE R RS R R/DNEERITETEEIN 2 M F LT
{H.

l_l

& 3 F 3 SR iERS B L& T R O 20, 30, 40 B R RIS R, WEFRTEUEH, 20 4

T RREXEF R ERECK, RIS HE E’Jhﬁiﬁiﬁ%‘ﬁr/\ﬂh&%i?‘i%h“ﬁﬁ’ﬁ%’%?%ﬁ
& BRI, AR R, XTEERHTHRENAE, ME NS REEY
W, HENSVTAERAEER, EHARTE *F’ﬂ#{%ﬁﬁz BB E TR, e E
o TV A EEN R SEBECREHNE, FHIELRRE LT R UEHARNENEER.

130 t
900 r
| —8— 20 MW A
800 125 I - 304 &
[ == 40T
= 700 1.20 F 3K .-/l
% | ' —
g7 w115 /
= _éj | * /*
5 00 RN . Tk
Ka 400 f < oK
R - 2 1.05 * _—
K 300 r \ Y- I
w b ] B/ NBR B B 1.O0
' — B R R fe e B
100 F 0.95 I
0 - | A ] i i A | A | 090 ] P | — H i {
0 50 100 150 200 0.5 1.0 1.5 2.0
{5 KL 8] (s) 4340 R I Ta]BE (s)
2 PR ENREELERMES Xl 3 AW AR TRHENFLRE

4 FIE 5 545 A%y 20 Fi1 40 B, RE Y R 2 S BT AR T I R . W
BECh 20 B, E3hE N 20m/s BTRIYEREMR T Sm/s BYRYYERE, HIRES AT, S

LB, BN AGZSEE N 0 8, HEGAWANESERMAR, RAFHERRIINEERFIT




1970 B 5 & B % # % 26 &

BREMRAEI. EREMBHHRIMGHAEREN, REFLE RS Ad) RN RS 4T
HFERIREEA X, MV REERENHRDTFEA XA, ﬁﬁ%*ﬂ»%%#ﬁ?l‘ At s AR, W%
TR R, UEBAEMRE, SNETHATHT AR, KHNERENERER, B%E
THrW R R aERE, BTV AKTFENE, T AR, WkKEFrIMeRE,

SUBE T REAFAE LB R, REERTHARLE/DEERR, WA E SR FHarH. HI, R
WIS BORET, EREAIUCRHAMEREWREEENNNEE. MERE S 7, AREET
RITEREMHZE AR, XEEFERE S SBEZH (40 M) , W 3 gL, KAWME

BERIHERHEZEA K.

1.10
130 - e TS/
—f— U= —
125 F "‘*"‘U=20msfs =%~ V=20m/s
1.20 —%
*
3 115 . B /
- - .
&= /u/ & *
K1 1.10 F / K2 1.05
= = E
E1.05 - a
1.00 | | /
095 F
090 ) N i R L L t 100 i " i M | 3 ]
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
5341 RAL NI BG (s) 4341 K% 0] BE (s)

4 %5 &2 B BT F KA (20 ) & 5 7 A2 B BEN AR ek R e (40 4 )

5 &R

ASCRY T —MYEREMEERDER, (TEHARFYVXN T REEZRA Ad hoc ¥
BN ZEEVTLUEERMEFTVT SRR ES., SEMNA, | HTLﬂJf.ﬁT* M LEHITLE, &
BHENFTREAIRS. B ‘Eriﬁﬁﬂ]&i’:%ﬂf*ﬁﬂﬂ@“ﬁk/ VLB, BHTE E"J#ﬁ:,
FEE T R, FHENESRAR TR, #XX—HAR, ?ﬁﬁ]}kjﬁﬁnmﬁilﬁﬁﬂﬁ e =
Mg FILE, HEMMEERSER, EXABERNERERNFN, #EEFEXRHTLME
187 AT IRERAR S B 553 X

2 £ X MW

[1] Corson S, Macker J. RFC 2501: Mobile Ad hoc Networking (MANET): Routing Protocol Perfor-
mance Issues and Evaluation Considerations. January 1999.

[2] Ephremides A. Energy concerns in wireless networks. IEEE Wireless Communications, 2002,
9(4): 48-59.

(3] Perkins C, Royer E, Das S. Ad-hoc on-demand distance vector (AODYV) routing.
http://www.ietf.org /internet-dtafts/dtaft-ietf-manet-aodv-08.txt, March 2001, IETF Internet

Draft.
[4] Feeny L, Nilsson M. Investlgatmg the energy consumption of a wireless network interface in an Ad
hoc networking environment. Proc. 20th IEEE INFOCOM, Anchorage, AK, 2001: 1548-1557.

[5] Zheng Rong, Kravets R. On-demand power management for Ad hoc networks. Twenty-Second
Annual Joint Conference of the IEEE Computer and Communications Societies. IEEE, San
Francisco, April 2003: 481-491.



=12 # S TEHE, —Fs R ER Mobile Ad Hoc M4 Es k&5 1971

[6]
[7]
8]
9]

[10]

11] -

12]

IEEE, Wireless LAN Medium Access Control (MAC) and Physical layer (PHY) specification,
IEEE standard, 802.11-1997, 1997.

Singh S, Woo M, Raghavendra C. Power-aware routing in mobile Ad hoc networks. Proc. Conf.
Mobile Computing, MobiCom, Dallas, TX, 1998: 181-190.

Stojmenovic I, Lin Xu. Power-aware localized routing in wireless networks. IEEE Trans. on
Parallel and Distributed Systems, 12(11): 1122-1133.

Juan-Carlos Cano, Donkyun Kim. Investigating performance of power-aware routing protocols
for mobile Ad hoc networks. Proc. of IEEE/ACM MASCOTS Workshop (Mobility and Wireless
Access Workshop) 2002, Fort Worth, Texas, October 11-16, 2002: 80-86.

Bergamo P, Giovanardi A, Travasoni A, et al.. Distributed Power Control for Energy Efficient
Routing in Ad Hoc Networks. Accepted by ACM /Kluwer WINET, 10(1), 2004.

Yu Xutao, Zhang Zaichen, Bi Guangguo. An improvement for Ad hoc on-demand routing proto-
col. The 14Th IEEE International Symposium on Personal, Indoor and Mobile Radio Communi-
cations, Beijing, September 2003: 1360-1364.

Broch J, Maltz D. Johnson D, Hu Y, Jetcheva J. A performance comparison of multi-hop wireless
Ad hoc network routing protocols. Proc. of MOBICOM ’98, Dallas, TX, October 1998: 85-97.

B3

RIBH: &, 1975 &, BLE, WRTNIEERBER.

5B, 1939 4, ¥&E, HLERNW, HEFWANTFER. THGEE. BalEEMHTESLEMTEE
{55 AL B 15 R AY LA 45 0 T

sRAER: %, 1975 4, L, HRTAANERTREABEFERAR. BHBERERGE. THRMEA.




