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Abstract: Energy-Aware geographic routing in wireless ad hoc networks (hereinafter referred to as ad hoc networks) has a significant
effect on network performance. It is of great importance for reducing energy consumption, prolonging network lifetime, among other
things, thus receiving more and more attentions. This paper provides a comprehensive introduction to the research development on

energy-aware geographic routing protocols in ad hoc networks. First, the geographic routing in ad hoc networks is introduced. Next, the
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formation background, the metrics, the rule of node selection, the research significance and the classifications of energy-aware geographic
routing protocols are discussed in detail. Then, some classical energy-aware geographic routing protocols are presented along with
multi-angle comparisons and summaries. After that, existing problems are analyzed and open research issues are highlighted. Finally, a
summary of this paper is given.
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Jo%k Ad Hoe M 2% (LA {87 F8 A4 ad hoc 19 45 )& B B A7 J0 42 38 15 D R 1715 s 20 A Il 5 itk 160 it = 45 PR A7 100
T, EALIE S — R R M s, iz N TR BT . BPAMRE: . BEyT AR FE AT AR IR A 3 A
A B — I I 1 3 KIS B P LY Ad Hoe 4503585 3)) Ad Hoce %% (mobile ad hoc network, i # MANET)
5 TC St [ 4% W 4% (wireless sensor network, [ 78 WSN)ZE.

Ltk Ge M 45 A1 i, Ad Hoe P45 s R A1 A B, RN, 7E V5 22 B H 39 & 2 I 4R 78 BB A2 S IS 11 . Ad
Hoc 1% 25 1) fie 45 52 B n) 780 2 s oA 0 24 R 8 55 I T PR — AN OR300, 2 i AL 1 P BB e T 55 S K I 245 1) 22 47
B TE), ELR A M AT I — AN S o8 T A BRI H Ad Hoe W45 5 I 1 HE = Rk /Nl {5 1 72 1 e 2 #E,
AR AR 2 B AT L 1R T A 2 ek b R 2% el ) 080, DU R U 47O 27 B 42 3 1S (University of llinois at
Urbana-Champaign). 2 K% K2%(University of Ottawa). YFF| & JH 37K %% (Arizona State University). M
K% (University of Southern California). Fi {5 {8 K 2% (University of Adelaide)~ 1M K 243& A2 L4 12 (University
of California, Los Angeles). JfE il VK 2%(Concordia University) } 13 [ [ 21 K22 RUBMIF B2 BT O 28 78 1% 4048 i
T T — RS AT T W0 R AH 2 T, 3 B 75 B8 e 00 1 23 % by A 5 40tal el T ke A0 e, T AR
T Bt R

ARG T IRk Ad Hoce 19 45 B8 ft Jk S0 b 23 2% b 0 0 IR At Je, B A) 0 T B0 407 S AR 2 6 8 ol 1)
U AR B ) 3 % e P — D WS I S5 AR S 1 1T AR Ad Hoc 2% 56 ot J8% 0 i 3 1% by ) 080 28 2 Y fe
BT B 704 6 R M R B e P IS B 3 XS AR R R b B B e P ST R T R AN 1R U 2SR 2 A R LAy
BT 555 4 71 R i % 0 b PR B2 o ) DUAE 0 T A T Il R R R R 2R S (R N 28 5 19 R 4 3.

1 Ad Hoc M 4& &t = B F0 1th T8 3% /R 10 4E IR

1.1 BB N B

B M 3% [ #G ik K 2% (Harvard University) ] Karp %5 A7E 2000 5 ACM MobiCom 43 U4 H T Hi# #% i GPSR
(greedy perimeter stateless routing)!' L3k, 1 Bl i ph F 57 52 £ 1 [6 Py &b 2 AR FLRT T 5 1 55 14 5 9L IEEE Al
ACM &Rl G TN IR SR T R I SC 1 2 M T % bt W a3 44 1B ke b 2286 ey 2 — P (SR 19 i 7 A S
SR S I B 4 1) P T D TR R R B b B B P AN B N R A I B AR R A N s AR T R
PLEAT B A B I EAE e A,

LE HH % e A AR AN Y 50 ) GPS(global position system). b2 52 A R G AT E M F AR RIS B & 47
) b A AT R [R] B A 300 P B8 1 3 8 b 1) 4B S8 1 s R 1% Beacon 434188 Hello 4321, 5 H A WCAR J& Y sk i i
>k i) Beacon 43 1 58 Hello 43 #41.3X B! Beacon 73 ZH Al Hello 43 20 AN A0 2 45 f 7 B A5 B8 i X Fh 7 2, A 4 s v
DA AT J 15 s A7 A5 L TR 4 rh AR A5 s M ORAE A — TR HH A I e Q00 A A S I AR 2 R 1Y AT ik
B o 21 2y, R 7 SR RS B Y S AL E AR B IR XA BN EHX B o Sk AR S,
BR A bR s B A SR I B A — S A0 ORI B B 4 A A A B e o B e R B T R L R AN
T8 B O A7 A RRA e gk D A0 i 4 PR AR SR T LA 58 S R, T A 5 BEAEAN I 45 () 9 M R N T 3 A
TE B O 53 T R L AU B B IR R S H i A T DL Sk P AN S R B e e
H 0 s B A7 AR R B — Bk e s 43 21 I A T — AN B el A B IRk 5 L SR — AN B i
V)1 R 0 ¥ SR S

AR 4 ) b B A7 A S 12 7 5 R A% B 000 A (), M 3 % ey ] AR 49 2 B8 8 el s o kv i h Al 4y )2
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5 5y 5% e v 25 ) T 2R A0 A 5 1) R B e R, — A ASCRE B ( BE a ALEE ) RR R R 2 AN AR R T
MLIXZ AR A R B b L ST U SRR H B S AR WA SN B R SR s B AR
Wk R TR R KRS I T 2% I 4% 1) R T T B ST B T 40 TR R B0 TR I R I T A I i e b PR R e
TGS A, 0 T 42 R B R AR, 23 2 5 ER A ) S LR S T 3 BBl P 23 0 SR P 3 T 1 10 B8 b R R % PR I EL TR
i BE % A WE T LA DA B AT DU R )k B

B TR Bt ST S, DO BRI R UR 2 PR Ad Hoe P 4% R = 185 11— Fh A 2%
77 AR TR T AR 2 i B R M B i ph
1.2 AE 2 BN Hh T8 3% F #E iR

e 2 A0 B B P R B PR R R T — BRI B R R B R T W s A e VYRR IR 25 Bt kAR HE N
BRECSEAT OCIFa R 56 A2 2 5 Re R FEAT OGS 8 b, DU 5 70 15 1 B2 v BT i RE 1Y) R fe /.
1.2.1  FEEERR

TR B, A o e b B0 5 P () 3 RS AR AR AT W0 R L

(1) e/ MEAEAS R 43 4110 A =i RS

D (u,v)ZE 75 T 15 a0 A5 50 5005 40 20 B 3 6 7 26 90 B A AT R v BT AR I B, LA . R ANUETY
ny B H 5 5 g AR 5B 43 A BT 43 (i 42, W) 260 2% B A2 A S B 0E 2 AL T TS FE I BE 1R e W LA R Ny

k-1
e:ZC(”n”m) M

HponQ<i<sk-1)3R 75 487 50 TR R — N0 20 41, B i 3R AR (D) ARk B b e 50K
min e 2)

MR 3 20 28 3 K 1 B RE XA A I S R AR (1) bR Sl e A % e Bk A A I 4% 6
BB IR, 4K T o 5 ki o T 34 496 10 865 5 AR 40 5z /0 BB 0T 36 %) B b R T 1T 44 I 4% 67 28 I N eR - HH R
THAF 1 5 (M KR 0 A A A B b 38 PE R 4R A 5 3T BT S B 1 % P AN ).

(2) B KA 25 F iy 19-26)

TES5 78 IR Y 45 Fh i BB R B — S8 A0 15 a5, — ELIX 61T p v 468 56 L R 1 3t 400 5 |2 I 4% 4 80 AT A6 95 ) 4%
T A A W K] AL 3 R L B8 P 0 2B 34 A ) 4 R £ 2, R AT R L s e T AT 34 4 M I 4% i R A, AT
TE B FE K W 2% 5 1 H .

(3) He/ M A5 e R e S T

2 B AR AR I A X 4% P I A P A 0 [ 5 o oA 206 3 1 I 2% L T L A A Y a5 ) T 4 i e 4 [
AT A ).

(4) Fe/MEs AR O3

Tpe /M LAY B A S5 KA 28 o BT AT 5 R 00 10 28 3y, 5 5 e HR b (1) AR [R) 8 T 212 188 2 1 73 40 1 B4 92
FESE e A B3 ST RE b o A R AN [ 1 L

(5) He/MEFR K AR 2]

A c(6)F /8 5 e 42 o 1 05 0 A ¢ I 204 5% — AN B 2 LT I RE AR LA c()FR AR BEA B AR T ci(e) I Bt KA,
W FE TR AR (S) IR H AR ek £ R

min ¢(f) 3)

Xof 40 5 RSB A PR, B A HR b (5) Sk 25 M K T MOBAE TR AR SIS 1 YR A1 55 R A1 199 486 I )

1.2.2 5 e

FE AT FEA R S BAS B ATEE T, 00 7 Se8l R A i H b, B AN S $R T — R A T g i
AR PR 3 B 256 1 a5 (R A DI O350 55t T 4 i A ¢, DA a R JLAR J 45 0k, v s 2L H (75 558 r=d(c,a),d=d(c,v),
s=d(a,v) R TAEEAHEE A &k POARAE T ml B R 1 LUARF B T FE M B B R R A o xkrer. B Ra)=1/g(a), X 1T,
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2(a)RRT A a IR F . UL f(a) Ros 15 8 a FTA S8R x (0 AP 328 B, g(a) RoR 15 i a BT H
B x 1) gOo) I E. BT, BB Re UL A1 R 3 22847 LR LR

(1) Power

TXET R IEFEE N 5 A5 N5 I R S Y 48 BE SV RE N TR AR R 0 o, MET T . ¢ Wl i /Mb
ple,a)ytp(a,v) ik Fe F—Bkax B,

o plc,a)y=cir+ey, R BNIEN 1 a e L AR BE R,

il o
qwﬂ”ﬂ{qwlq“%%ﬁaﬁﬁam%ﬁVM%%mﬁﬁﬁiﬁﬁ
C.

&)

-pmw=m{

2

(2) Cost
RRRAT R PEAENIM AT Cost LEFEF A2 RE B 8 22 1O 1Y 1 7824 N — BboR e KA W 26 75 i 6 124 B9 o e, 3L

FI AR JE Y 5 a AN Cost(a) W] AR 7R Hy Cost(a) = f(a)xé. XH, = f(a) Bt =35(a), R N H ¢ MAEHTEHE.
(3) PowerxCost
TR T SR BEAEN P Y {1 0 ¢ EEE—ADWF N affifF PowerxCost(a)=PowerxCost(c,a)+Powerx
Cost(a,v)FE T 4B JE /N X I,

o PowerxCost(c,a)=fla)x(c;r*tc,);

1 1-a

o Poweerast(a,v)=s[c{cl(a_l)}a +c{cl(a—l)} ‘ ]xf(a).

(553 53

(4) Power+Cost
FEIX T A PUE N P 2[5 5 ¢ B —AABJE Y A o, /18 Power+Cost(a)=[Power+Cost(c,a)|+[Power+

Cost(a,v)|1EIT A28 JE /b X B,

c{cl(i_])}a +cl{cl(a_l)} ‘ fo(a);

e Power+ Cost(a,v)=s
2 &)

e Power + Cost(c,a) = [f(s) x(er® +e)]+[f(a)x(er® +¢y)).
(5) PowerxProgress

S b M 4 e . p . d
FEIR R KL FEAEI P 2 {9 05 ¢ B — B o819 (¢ +cz)><d
)

/.

(6) Cost/Progress
@ﬁ%%ﬁﬁ%@mmém%acﬁ%~¢%ﬁamﬁ§@ﬁ¢.
—S

1.3 REERAMMIEERANARENX

AR e Ll ) e 2 b 4 B RO A P A R AR A s 20 2L, B B R 4 R A L AR
PEo RTEEME, fafprh . ARnbEL TR AR SR AR £ T Ad Hoc W% JT T (10 20558 BT 9 fE f2 e S b B i ol
R S AR LA

(1) AT FEARYT s BE R AE S S 9 28 A7 iy

FEZE5E Ad Hoc 19 2% F it 7R B -4 0 (0 36 phy 40 2 M) T i/ I 01T DA 32 496 i 422 110 G 40 3 it et 07 AR A
U FRATT I 6 1) B A58 A2 R AT AR O T 0 L B o 0, A A7 A SR ABL KD [ 0 FLAR AR L D A T b B Bt e 4
TP BE R H AT e A A0 4 RN TR Bk, £ e e B 1 R R AR A BEAT 5 18 R TR R T R R R,
JUHIE e 32 BRI Ad Hoc I 45 K 5,356 £ B8 DU A6 1O R A5 B — kol Ak Hiodha e 459 0 D0 T S R o a3t B it
P A T B 1o 0 o 5 N RE RV AR A 1 B ey e S AR B vy 1 K 20 4 e R A A B AR R e
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DEAC T — ke A RO AT A R B0 0 45 3 i B 8 VR T B A ) S o 45 T i

(2) AH T HEAR I 4 2% 25 T E BE AR

£ Ad Hoc [ 2% r7 3t o (i f JE 0 1t By 0 U Y0 e R G g B 1K 90 296 75 i, B AT RE 0 i K B 2t S K %Y
25 1 55 IS I, S I A 3 1 6, I 5035 I 4 £ 25 0K REFR A A9 Qi 18 5 e R 2 B A2 L oy oI A B 300, 3T
AE 1% K5 I 4% A0 A7 280U T e A 1 ML A 25 B A i, £ P AT 5 9 L S 9 208 A7 iy 14 [ I 20 1 0
I YA I SE B TP % A e DK T B 2 AL R B A A T
1.4 BEERANMIER A K

HI T Ad Hoc P4 4455 SR I e AR 5, 50— ) B o 8 ot B oy I3 SCAN REMG A 45 P N2 5 S AT i, AT
S T AR 2 E R B e B T R 2 X S U BURR AL FRATTAR G SR [2—-63 ] R U b P DOR
RV IE AR B e SN L I ol 45 ) R i T o 4% SR 3 T 28 23 ST o JEEAT T 2R T IR A A
BIFFUN B3 FH 25 Fof SRS O S Bt e AL, 8 [ — e 2 JE R e L e ey P 30T 2 Je AN ) 2531

(1) MR T UMY R 5 2 T A i 5 i P 28 3o R B A, T LA 2 DAy B B A0 B JE et B it o R 22 iR A E

S B K
(2)  ARAGEUET ROAN T FR T TR0 N 56 2R, T BA ) g SR B F RN M B el . 2 R B AR RN S B i ey AN
6 6 5 R e P R o

(3)  ARAE R —BkiEEeT R o 2 75 % 1 QoS(quality of service)ZI B, 1] 4> A {5 1E QoS £ T i 2 1ok 1 b T %
HHRIASERIE QoS £ 3R fit F2k /3% 4 Hh 21 i 1
(4) AR AT K% Beacon 441,71 43 A 35T A WP Beacon 4320 6 5B 8 i b B0 5 b R E LT A
4 Beacon 4321 B fa /R A1 M B i el
(5) AR 2 A5 25 R ph 2 I ) R, BT 4k £ B e e R A B i R R 4 R R R R T
(6)  MMSUIT 5 B 11 P 4% 2 75 R KA SR, 1T 40 4y [ ) e o J8 R L 08 g S ) e G ot 4 2
(7) MR ISCHT % e 1 X 4% BT Ak e BOK G, 1T 40 g 4 i o JoS A T B v 5 = 4 s o b B % ey
2 HE Ad Hoc W48 B8 = BE RN 0 IR 3% B 18U R4
AR, B Y AMIF I B 2 HE T i 22 A K R PR 80, 0 B U R A L S N S o AR A R A B
TERIN FH . T8 T AT A B, AT R 26 1.4 5 85 1 Rl st kT /0 28,3 1 512 T HArii &M T Ad
Hoc [ 45 1) fit 72 B0 b 0 6 bl B D30, AT AN HR J2E 0 77— 8 20 ) i 2 J8 6 b B 865 i 0 BSC (o AR I R A 190, 3 L 3
ASBARL SIS B R AR E S AT 2 05 T AR T

Table 1 Energy-Aware geographic routing protocols in ad hoc networks

1 Ad Hoc [ 4% RE 8RN S P

Date(total) Protocols
Unipath energy-aware geographic routing Multipath energy-aware geographic routing
2001(4) LAPAR, Stojmenovic, et al., GEAR, GAFPY —
2002(2) SPANP”] SPINP® _
2003(1) RBOP™! _
2004(3) GPER, MGPSR™ K-MGPSR
2005(3) PPVRP!, GBR™” EM-GMR!™
2006(10) SARF, SAMIT MSAM™ CoFAM™, EPGR™, ODGRY,
GREES(-L,-M)?"?*] LEMA, GEBRES!® B
LPGR™ GMREE, OLEAR™, PDA, PAG, PAG:CFace(3),
2007(11) PAG:CFace(1):PAG, EEGR, GLB-DMECR"!, SE’PBM!**) OPDA
2008(6) PBGR™", GPEB, Tian, et all”’, LBIPY"®] MGPERy,0p, MGPER;,,
2009(6) LOSR, Dvir, et a/*), HERS"®, DRBOP"!, DLBOP"!, LED _
EBGR, PAGH, PAGO, PAGR, EBaGR, ELGR™, PAGRC,
2010012)  p A GR:CFace(1):PAGR, Park, ef al2! Tiwari, et al*%), BFPP! AGEM
2011(4) EQGRFY, LEARN, EIGR EMGR
2012(1) OFEB -
2013(2) ECGRP] EAGR —

© PERREERSMROT  httpy/ www. jos. org. cn



1066 Journal of Softiware #At 33k Vol.25, No.5, May 2014

2.1 HBRZEsEERAHIEER R
2.1.1 LAPARM

2001 4,36 E AR R F A S 1) Xue S5 NERH T 47 5 5l B 1Y D) 24 8 1% - LAPAR(location-aided
power-aware routing). LAPAR A% AR ) F % 597 s 2 48 R 15 rlill i GPS 3R13 147 B 15 B &1 S 3
S A A BRI B R IR B — A RE R AL 19 TP AR DX AN SR VA T I IR A IR S Y B R R IS B
IR R R, ELE B B A KSR H 2L T GPSR (1 S5 M £347 3% B v 4 I 35 (0 1 5 455 6 18 T R 05
FUE 071 AU BT B VT A5 A8 R Y R AR, T8 R 4k DXk P 1Y B D e e R 43 2L, e A A K M AR 1
L5 BT FE. EUAR LAPAR JH I 51N i 4k DX sl /N 1 8% E AR S0 35 14 52 0 ¥ FBL B AR 1 B2 5 8 R 5 e ) 8
FETRAE B AHLE T A I P 4 E i Jm) 3 e D0 1 e LA D T A B0 4 i A8 1 1) e e Vi R A e DR T
2.1.2  Stojmenovic, et al.l'”

g KR KA K51 Stojmenovie 55 A F& H 1 — i Ty 26 13 0 (1 2 i phy bip a8, LA JRARUR: X0 T 21 i R
TR aCELFR R B P IERE— AR E T b AR R a,b TG R B BT AR I T E pa,b) 571 A b e R B
FH I 2 FTIHFEIRIZIE p(b,v)Z g /N, B

min Y p(a,b)+ p(b,v) 4)

beN,

X p(b,v) A1 AL b e R E B B v BRARARZS TN TR IR D 2, R /0N b SR I e AR 2R R i ) B
YE N, R a WIARJE T s R AU A T 485 S35 40 A1 T B o 1 R, 0 — Bk e s 2
IR AP T 28 R 2 — P BRLAR 8 v T AT 5% 8 T 4% B8 pl 22 3 46 155 450 110 B, T2 W SO SE 100 i 2 1K
LYY 43 A 1) T 2%

2.1.3  GEARM™!

GEAR(geographical and energy aware routing)%k 2% AR JE 18 i 106 5 Jg /N BRATA AN I 1T ik i e s 43 44,
NI B AL S e = AR 1) B 1.5 0 1) 2 36 B P DO L GEAR A 5 A4S DR 8l 1 757 s 8 e T 2, T AS
AT T I AN I 28 DR B R, AT 1 48 B 22 11 X 4% B 1 9. GEAR %5 &7 536 LR BN Fh B

(1) 0 20 H bR Xk

7E ML FE T GEAR Al 714047 (estimated cost) FIZE1F A (learned cost)sR K /R B AR Al TH AN G2 55
FE T W R AR GE AN BN AL T H AR H Y s — AR RS T A VAR c(n,r) @ R

c(n,r)=ad(n,r)+(1-a)e(n) 5)
oA d(n,r)ZRon 1 s n 3 H R I 7 B — A0 BE 25 ,e(n) 715 25 n IV —Ab TR Ak B8 1, o 9 IS LA 0~1 /) B 431
K+

RAFARM A VAR B — B & 1E BRI B 1 55 TG v AR FE DT AR, UL R B B AR X 3R 194K
Wi d /IS (0808 i 1 AR D TR — Bk, LN, S RS AR AR S TG T A — L B0 B b I s A B H A AT AR,
PR SR B SR B ARAR BN BT — BRI R 5 N — kB ARAR I F.

(2) 75 H bR I H7EH S

FEIXAN AR A, 1 P 45 745 5 2% B KB, GEAR T8 sk AR S B K v B 9B 45 A 00 s 75 e vz =k
IRV EEITORENSY
2.1.4  GPERPYfI GPEB!'!

GPER(geographical power efficient routing) 15 A% JEARIE 117 5w 8 ST A6 AR S v B 9 2B BEBE 5 H 1979 A
BOE AR A v AE IR E BT SR TS TP AN A wwa,. SAEH BRI B BT v BIERAS u-wy,
Wa,. o=V B RE RO IR 5,0 R u B8 0 AR IR 257 AU w s 05,719 R wy 35 BV R (1) A R T7 R ke $ 8 4>
XA FE—EEE B H A RSB B 4 21 R 1k, — HLE 30 B b R, SR 2R LT GPSR 7 X g%
AT FEHEAJI0H (0 A% T 3 e vp B0 23 A3 W o [R) — B AR A 3 AR A5 R B SR BN B3 A 0 A T A W g

GPEB(geographic power efficient broadcast) &3 GPER [1) #&Th A3 Wb #E s b b 8L SCRR[11,55]
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ANV T T #5% i AL f e o, i . GPEB i 32D 75797 s 78 36 3 8 DX 0N IR 1 8 08, 7T DL 2 35 A0 Y 4% e
Y FEAE GPEB H BT 5 15 0 s, HoAB B T S 4R B 18 A n(s), LA )RR i s T M —RFIH R &) #9541
AR 81T AR AR Ss)en(s). H fuin($) 7R T 58 o)A B0 USRS, TS s B0 w15 n 8 2 YO A Re pl
B frin($)Us PR R 55 0 THE n(s)—fmin($) AR JE 15 2, B AT BEHE SR 38 40 4.8 T 98> A6 i o6
B XN B R IREL T A s TR B okl i X 8 (net beneficial area) [T SRR froin(s) FEFE R 2 3G 04l
TR, A s AT frin(s), R IGHE () T T A BT SR IR #0415, 9F L K AR i T 2
RIEALT o B ALT n(s)W R B — B B2 /% E e A SR AET) HBodhWEEaET
Sonin(S)): WTERTE U SZ RO N 1G4 A R B Bk B O, H 4 JR A s IR 120 A i i 2 16 43 4, 45 ) S B 25
)RR A AR TR — HPAT RN P S TR R BN iR AL

2.1.5 LEMAl'>"

e Bl K 32N B A Ad Hoe P45, 75 BIE 2 F8 2K 14 T2 K 2% (University of Murcia)f] Sanchez %
NS T —Fh £ B 2% 1 LEMA(localized energy-efficient multicast algorithm).LEMA T4 [ 3 4 - %} T H.
Hn DNHBT R dido,. ..o dyr,dy W ZARTH A s, 8 50 8L — AN RS B B 0 2% B8R i W s T B N B K8 75 T
[l 4% M Dijkstra HVEME — 4 BE T N2 BT AWM AWM E N T SBA L S k8
P, LEMA 75— 442 5| N T SRH(source routing header)# ic 5 4 /i W ATk 42 LB H O AR G4 — R
HIRE RS SRH & B W7 S B B 1IN, 1 ek B A AT R BN BR R 5 S e 4 k4 Bk, ik
HE R FE. — BT S B SRH 4 28 (RUAAG 15 FA 1R 59 s B 22 1), %709 U 4k SR VH 45 2% E A, Mo
K7 o VO [ Y, 3% B8 Dijkstra i 2 — 4% JR B 58 B0 B 40 A 6] 0 2 A% i 81 [ A 1140 1278 22 1110 3% W) i 2 Y04, SC k[ 13]
R TR TR O 2 (1 R S BT K PR AL LEMA I g B ALk

Kl 1454 LEMA B— TAEREELE MY S s G 3 ANHM S ddy 5 dy, 358 LEMA TAE B s B 02 1
P A B 1) W s.dida 5 dy EZ TR 1, B rh B 9 0B 5 1R 28 4 B R S 1% B el B AN AT ()4 58 B ER
B LLJG, 1 AU s R Dijkstra 8k F $R5 K 8 35 0 [ W B H 7T SRR R L s 2 K 10,2 didy 5
ds AR N s-i-j.s-a-b-c,s-a-g-h MINIK) SRH % A [ij],[a.b,c].[a,g,h].3 2842 LI 8L ia,ba,g — B
s, g e A SRH R HER B O, 88 )5 70 il B 55 R 205 8 j,e 5 1 W i je 5 b BB EE LS, 3 R
Dijkstra 55T i KE SN B H T A didy 5 ds KRR RE D040 B 42 B 06 AT BB 31 1) %t 230, & Py
BUR LT GPSR 17 EEAT.

dl N e 7T TS
.
N
CATCYV ST LN
\7:
SN \\‘ \ dz
id NS __;_,_‘._-—»0
I @--= H H
g a\ A
e ® ' .
b \.b Col® X
N
. '°. kS

;
\ ot @ Source node
\ @ Destination node
@ Relay node

(a) (b)
Fig.1 Illustration of forwarding procedure of LEMA
K1 LEMA TAER&KE
2.1.6  GMREE!"!
Bt %o} 5 £ A% S v 4K I 4% (sensor and actuator network, 5 #% SANET) Y — X £ 1@ 15 75 3K ,Sanchez 25 A\ 7E ik
[14]H$EH T e B A 20 2 376 Hh B i 10 i GMREE(energy-efficient geographic multicast routing). GMREE £,
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FE DA B R N GRAT e R PR A o UM 0 S B s AR A B R B R A B R B AR (S
AR B AT T A o H R A A AT I REII RE N e(e,d)=d“Fe Hn(e,d)xe | Hore, ROR T T ¢ 5
WA a WEHEAE S TR AR e, AT A o B AR O YT SRR I RS (e, d) i T AL o AR RS
d(c,a)=d B 5 1 Y IR0 J 1 5 8 d R 1 e BIAT A a I R AR BURE, ook 1 10 3 984 250, BUA Ve LB Ry 2~5.
FER AR BN AN BT AT R e 120K FAR T AU s MRS (MRS WA X E A H AR AL
ST RN AR, RGBSR A ) A, S T AN BT B S N T A S B T
FI 7 e B B9 10707 R SR8 S0 ok 12 0 15 U R B 2% B, R A SO D i B T R 2 R 1 i R
WAL o WA CHNZEES T Ak R BT H AR AU R R R AT R PR 85, 0T VR 0 T B AR AR
W B85, AT 2 ¢ AT B8 Hh i B AT S /N ST T E B AR AR I B2 5 K1 40 R H IR AR 5 10 2 R A )l X
HI% 2 AT AE TR B e A B A BT R AR A R v 4R AR D0, T A o 7 RIDRE O 4 Sk B R
B 4 BeAT B, D T YA AL AR SR, 2k SR U A I 1 Sk DA% T 2 R s A T A 1 Y
W B HHs LA B S B O ) E AR T AT 2 Sk e SR MU A A R B — L B AR AU B b
I AT DU 45 3] S AR S R O

Kl 2 25t GMREE — A LA S BLE Y didads,dads 79 5 A BARTE RUTH S — NS AR 0 2
AN FEEA{d),dy,ds} 5 {dyds) AT R e B S ANEART SR 1=|cd, [+|cdy|H|cds |+ edy|+|cds), Ho T 1 5 K1Y 5 5
& frefana} B 5 ANB BT RIS n=lad [t aidytaids|axds| Flaxds|, T 2 BB R 61—, T FE IR BE BN
e(c,d)Hfxco, BT T HE R B REFEARMN K [e(e,d)Hf xcol/(ta—t1). & 2 F 5715 55 ¢ B SE T AT 1% 5 A H AR5 s kil 4r b
1 MEGEAESQET TG BAa 2085 F R ZES FEMWIER RN a5 a8 AT 1 AME
BRI Gy JIT LABA U S AL R E REFEARAN ), I 4% B AR S B R B U R 2 1 s

@ d
-------- L )
=l d>
P
.
// ay -
/// d3
L
o~ __
c ‘*\\\ .
a ~
2 el ®
~
<
@

Fig.2 Illustration of forwarding procedure of GMREE
2 GMREE TAEREE

2.1.7 EEGR!"! EBGR!'*fiI LEARN!""

Zhang %5 N$EH T — ARG R % fH P01 EEGR(energy efficient geographic routing). EEGR Fi| FH 715
AL EAR B BE BV AR R 0B B T R A w i R I H Y R v B R d R d<d. B
A H(d gy R R FHELr 77 s SR R AR 1 A7), D) H: B o i o AL 3 e 380 R TS v 15 U R A B — A
ST B AR A RN AU AR ST A D R kT ke B e O L EATU R N S SO BE R YT ABE RN d,(d, M RE

BT B Ay b AR AN B A i R b, — ELIE B B R 2R ) BLEEGR 1 BE B A 80T A T AL R U
EBGR(energy-efficient beaconelss geographic routing)¥} F#k4T T 040, 2 %% 1 &8 21 257 I EBGR F) 15
FR I £ JE 4k (beaconless angular relaying) /7 £ 485 .

LEARN(localized energy-aware restricted neighborhood) 3 A FEAR & - 7E Hp 4k X 3 Tk FF i
mileage) 5 i 1715 s AE g T 4R s S T AT e A o(x), B8 x 4 24879 s B — Bk KR R
R x/e(x) AT s AT LA A IR L T LEARN B AT R 47 9 B8 15 A FH R 205 s i 40 A B,

%% (energy
RS

Hiz
PA=R
He B
P =N
HE &
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JE T B
2.1.8 LEDP*"

B S A B 2R b B R P BT AT R 25 1T SRR AT AP BRI ) R, Peng 45 N A SCAR
[56,57]H $& Y 7 — Pl ) 7 5 1% 22 R F A R B B fH P i LED(least expected distance). g 7 7 &b PP Ak 15
A5 22 2N LED $ H T AN B R E AL LED R BT AT i 5 e B A 4B T IR P(XGLY) S PXLY) DL
L RO R ZE RN ST 0 A, LA P! (i) 5 P () 0 R SL DN 57 B TR X A W, Y =y A W X =x W,
Yyt W3 B W, ~ N(0,67),W, ~ N(0,07). WIS i 55 j LA AR5 mt, M BLSE R B Z; IR 18 93 A1 f(Z) 5 2

—(Z2+n3) /207
Zi € v ! Zi '771' j
.f(Zij): . 2 [0[ jzjj (6)

Ty g

. 1em oo
ﬁ\‘qj, ,U; = (xi _x‘/)z + (y,- _yj)z’o-; = (7;2 + 0-12'510()‘) = ;J.o e“"”d&.

CESEIER b, SCHRLS6,57150 200 T SCHR[15—17]0RE GBI J0B7 7 45 4 A 04 0 P 0 5 11 i AR AL B
B d, T BT A0 H7 SCRRB S 20 ¢ BT AR S R AT (d,0). I SEAAL B 1 m S%AE T (do,0) L,
B 3 . b T ¢ R R 0T 4 A U R m IR N(0,02) R 42 T AN BB RE, 19 4 7 B
SEIAT AT — AN 15705 58 m OB Z, HOSIERAEL B(Z,) 6 ML B2, 5 2

2
T 77 jm
E(Z,)=0,, \ga (— o J ©)
2 jm

W I P .2 Y . -
/\EP,I%(X) € |:(1 x)lo( 2) 11( 2j:|’o-m o

Lo LU A, B R i i MR BAT S /N U ERAE 1A A0 9 iR A B 73 4. 3€ 4 1 LED 52 B AR 1Y s
BRIZE G| N B H R ST D R R R R P o P U AE SRR i W I RE S B M DA 10 4% E LI A — ELE
) % e 2 R

(d.0)

Fig.3 Expected distance of node j to the circle of node i which achieves the minimum power
consumption in LED protocol

Bl 3 LED WpsCb =10 s j 8 FE e dug /I 10 J00 S O JE B LY R d DAy 000 X3P PR 25

2.1.9 PAG,PAG:CFace(3),PAG:CFace(1):PAGP* ,PAGH,PAGO,PAGR,PAGRC HI PAGR:CFace(1):PAGRP*

% 1& 3 Ad Hoc I 2477 55 ) SE PR 43 A7 1 0, Bdallah 85 AN 7E SCHR[33,34] 1 52 H T 22 A = 4 G 0 18 201 b 33 2% £
PR

PAG(power adjusted greedy) ] T AF I B I 15 s LA =40 2 — (R dpe R A% i D) 26 25 R ILATR J& 49 R 7R B0A
TEULR, Y R o AR A B R AL Y AT DA — Ih R (W i KA Sh R = 2 —) e RS, — B8
FI) % 7 2, D)3 A R A A T 28 B 25 e B4R 7 S R A e B AR B LT, s S A B A0 T A
Tyt 2z LA B 2 T 2 400 s 75 T T8 e R s

T TR 38 AL i Dy 2 g S BL T, PAG {15 SR S RS B AR JE 1 AU 1 B, PAG:CFace(3)(PAG:Coordinate

© PERREERSMROT  httpy/ www. jos. org. cn



1070 Journal of Software #At 33k Vol.25, No.5, May 2014

Face(3))Xf HREAT T O040. 30 TAE JoU 8 2 e BT S Ll PAG Jy UG S e, 238 21 8% 1 225 T I R AL B el 2%
B (5 2 5K 3 YOF 3 A4 il ey “Fifi xz il pyz il B —ANF 78 =4SP i sk R A 2%
T % PR 5 VR AT B i . a0 SRAE A T 1 2 i D e st A 1 2 e i

PAG:CFace(1):PAG 72X PAG 1) 53 4 — R, 3L TR U AL SR AR B 49 0 44 1 PAG 7 U R s,
— ELaB 31 B b 2, 54 B b A TR B B R — A 4P 1 CRRE S — ) 78 =4SP b 3 SR 2 1 B
B 1 5 4R TR AT B0 2 0 SR I PR U e VA R A B B 2 H T S0 ENAE T B E AR A, D) 2 AR T R
RS AE = Y (4R R PAG 18 B A5 R e i B0 s 75 T A 1 e

PAGH(power adjusted greedy algorithm with half transmission range)ff] L/ 5 PAG 284Ul K& p=1.
PAGO(power adjusted greedy algorithm with optimal transmission range) i) T 1F Jit Bl 5 PAGH 28400, H & T 5 &
AT LA 00 22— P A i ) 26 2 S B A i 1w R A S 20040 ST A 2 P A e D A i T 2 3 B e U0 A% i o 26 At ik
T PR AL S A5 B ).

PAGR(power adjusted greedy algorithm with optimal transmission range and threshold)(?) T.1E JR # 5 PAGH
AL, HAS[R] SR T B A1 R AR A A% B T 28 25 AT AT J 474 R 1 8 55 B AR ARG B — A BB, 24 71 st DA
BRI LR IAR Ja FLER 5% R 5 PAGH 584 4H [F].

PAGRC(power-aware greedy-cost)[f] L/E i 5 PAGR FEBLH A A i /e T 78 0 28 07 U T % R s A A, B
PR E TR BN 7 PAGRC W BT i & 1 253k % B S K ATk i s P 5 508 — Ik, ifi #E PAGR o, i
B R RRRE R H Y SR AT T RO T — Bk

PAGR:CFace(1):PAGR 2L+ PAG:CFace(1):PAG, H /& f=1.

SCIRR[33,3417E — B FERE BRI T =4k Ad Hoc I 2% 1) % FR 225 i 800, T4 4% 1102, ZE SR BB AE 4 “F 1l 1
T AR A BE L35 A0 53 A SOOI 2 A5 T AE I SE N R Ad Hoe 94535028 IR 5% 52 2%, 2% ) 52 31 40 1 B0 55 1) 7™ 4%+l
29,8 1 P4k J5 B GRAT 2R 8 T 7R 2D HOT B 5 L2 B 5 BCHCH R RN YT R e BV RE, AT AT R B
2.

2.1.10 LOSR!"®

7, b 2R 0 P T 3o B 2 (T BT (W B A AT T A g 4R T T A e ORIE Y 2 T A e T
FEds /D ECE AT /D XSS B 7 R AL T IE M5 N S8 TR 1 1) gk X3 T A5 8 BRI R 4% Ak RV G
18 SO0 T S s A IE ) P 4R X SO AN LG H B 5 SRR F IR AU AR T AT 2 R AR A R SCIBR[18]
o R PE P K221 Juan 58 A$E T — B0 R A4 9 e 2 ek 0 e 2R % B B LOSR(locally optimal source
routing). LOSR 5| N T ANAE42 AL 1 ) 7 328 #5251 4% S8 35 &, 45 & HL AT 1F In) 328 B 8 i 4% J8 5 45l Dijkstra 5
R4 E Y AR B R S 11 B A3 DM BRI 19 45 e T FE.

Kl 4 45H 7 LOSR T4 R H R .

T o« °
ws @ ™.
w3
./.\"‘- o
U @Sz £ ]
1 ST w v
v o [
> /
W Wy, [ ]

Fig.4 Illustration of forwarding procedure of LOSR
Kl 4 LOSR T-fF 5 Ho &

AT A8 3 R S T A e R, G BRI R A v BT A B Y LR d(u,w)<min {d(w,,v),
AW, ), d(w3,v),d(wa,v)}, I BETT 2w VB IR B I AL AR )5 1% Dijkstra 595 5463 — 4 2R H 195 & w fig
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Fel /N EEAR I 4 S T 3 2R AT REAVERAR, 70 0 A u—nw,u—wi—owr—ow,u—wi—w K I AN [F] 99 2% A58 A5
B, LOSR IE LR B AR A AL 7EIX 3 4B A0, A i wy BT 50 v BIIRES d(wy,v)>d(u,v), 2 1E 7 T 2R 59 24 £
MIEPEITERAE R u—wi—wy—w N UG5 AR PTEE B AR AR LE, Y A 4% BRER AR u—sw > wo—w A HEE 2175 5w
THFE IR R B dae /. 7 NI BE 25 0 A7 79 78 2 e AT A, IX 2 LOSR 1 4 HE 1189, 500 ik /) 100 5% i i 4G L AT
R

2.1.11 EIGRP?

SCHR[22] 45 G 615 40 T MR iR e B AT R 5 BRI R 2 TP TA) K DG 2R 935 - e A A% e B B oy 15 %
IR I 44 TP A W6 AR 1 9 28 G 2 B2 T DR A T, 3% o SR A RS 961 R 52 V1 6 g il /0 199 28 T8 IR I A S Al 4k H b
RIEFE T — Bk Bl 5 R AT A w KU AL T AR IR () BRI AR oy, wa, s wg T ws BB ILBE B AR R
el R AT R e 1 AR E AT RE TR AU O RE BE AN 58 A R), 31X 55 AT BT AL O ) B AT AR SR R o T e T 2 BRI
A TP SR 3, B B — > A R D0 ) P 45 RIS 8 O T A AT O R A b PR e A A I R R A
12575 8 A2 B AT T o TR FRAH TP 2 S b A W 2% v A A4S = s 8 4 AT B 7S 2 Al A R e A
e R A AT BE AL, 1Y 8] PR AR EL T AL B G T P 3 BRYY R 9l i 22 A A RE R I B X B R R 1%
HREE T T AL B8 B A Hb B % () EIGR (energy-aware interference-sensitive geographic routing).EIGR LA
PN A 2% BT TR B8 B U FE O B AT S5, L AR SR B R S, B IS N R ST Rk 5 T B A A
R R IG AR T AR B AR TR B R LA gk DXk i LR R B A 2 BB 2 RN IS RUOREE R
B B e W EE AL R D R B R B S AR 5 L EIGR K A RE SR AL B H 4K IO r(uv) L TE T A
Wi, wa,w3,wa Al ws Z TAIIEHFE T 32 T4 B /N BT R A0 2 8 R0 AL

°
°
i e v
°
°
°

Fig.5 Comparison of node interference in relay region r(u,v)
K5 AP gRX Ik r(u,v) 07 ST A

2.1.12 EAGRP

EAGR(energy-aware geographic routing) ) T4 J5 IS 7 e 16 508 2 117, 5 @ Sr 81 sk 51 3 30d &
i A B 2 2L UGS R U0 RS R AR TR s I BT SR AR ) 5 DA PR v Y RO
K AERE KA RE T EAGR 458 W25 BE BV ABRFIEEL . 09 m0Rn B B A RE M AR AR R R A7 R, B0 %
T R D AR R RN G R R 1) 6 et Y R 0T T BB 8 3 1 % th I EAGR. 8 g ST R R
Ze47 18 6 43 T EAGR TAR/R & B, 328 4 Ao Fg ki

(1) ABJE 1Y mifs AR 5 AT #Ht

(2) BT AR

(3) N BRIk,

4 AEDIAR R AR Y o AL A .

T S T S AR B VR G e LG B AR5 R BHE EAGR A7 R0 BRI 17 99 2% 8 12 1 68, [ B gl /S 1 199 45 1%
i PN ST A B AT A PR 2 T A 0 A SR e SRR Y e AR ST U8 20 20 A U EAGR . RE A 280 B A1 ) 5% 3
W AE T A, 77 WU, AT PR 2 25 BRI
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<.
~.

® Sensor node ® Ideal relay node ® Anchor node

— EAGR routing — GPSR routing

Fig.6 Illustration of forwarding procedure of EAGR
Kl 6 EAGR TAf7r &k

2.1.13 OFEBP*!

S TRAT i S e 3 B ey ALY TR A A e T A L I 24 5 i (1 IR YO0, SR ([58,59 14 Hh T — M e A W R

)15 1 Mo B 3 51 #1301 OFEB(optimal forward with energy balance).OFEB 3& T fT K 1 fig AR TY 2 1 T M 4% fig

FIHABFFE IR T R RIS EE B R, 75 A B AR S i R v 22 005 s e B R AR B e TR N i A ()
R TR AE, o, AT BUER R —Bk:

Ad E.

f(E Ad)=«a R —(l—a)ﬁ

opt cap

®)

=

Horb Ad D A0 J T s B AR 7 S R X B AR T RS EEGR,EBGR JE MURALE, . 5 Epp 5300 24T
T 1 A5 T 4% i R) 46 e e, ook BV T 2 0~1 1 B A9 PR 7+ .OFEB [T 25 18 T 715 s B R AS A 15 A0 L8 3 4%
R Z W RUS T RE S 5 3% e Bt i) aod R v, DATIT 480K R b S K 7 199 % 7 iy, — L IO 2 v A 7 5 pR i
LA A0 T K BRALK.

2.1.14 EBaGR!""

0 B AR I e RNV R e 7 S8 TP AR AR IR U B T FE AN S 1 0] R, SCR (60142 th T — R B A e BRI
JoA7 br B % 1 P i EBaGR(energy-aware and beaconless geographic routing).EBaGR 3§ 77 2% 7% 4+ SR & Fl 2=
TR 1 S P A A58 2 7 D 2 S 4 SR b U B R 4R (R R RO R R T R IR s - A A T R
W B BN A R 4EIR DFD(dynamic forwarding delay)ff) =15 s (BT T 95 15 ) — HOSCRI Bl 2 23t LT %
B 2 e LA G B 15 ST B 38 5 B 33T 4% R X B DFD B 215 e R AR H T SR A
15 B BA U HT Y s i Re s R OUVH AR 2 T BLR R A

DFD:Am&ﬁd@{ar’p+afa)E;e} )
r

\

A

= OE

Hr, a(0<a<<1):2 vl 5 R EGr 1 R IEAE FA2p SS90 101 RN T LT sl H S R O87 2t 1) 2E 2 e
FOR T T AR AR RE S E ST S VIR BE i Max delay 71T SRR IS B R],— B B4 50ms.

WERE T Max_delay V1554 I T], b 3015 SUATY ARAGTWT IR U39 s 000 43 201, BV b e 38 P T A i 40
s, B B 2 N 0 AR TR e R BN I, B R ORE AR B R RE RS SR IDN 2 DFD v S4B
NBZS I R AR IR BT R, T AR 0 23 20 7 S aod 8 rh A 2k i 98 2 VR R S48 1 151 1) ) g £ .
2.1.15 PDAPY

o b B i PR SR P O AR A A R e el R v A A 3 B M A T e AR B AN H 0
B 5Lk [ 5 B H T T S ST T SRS T, i b B B P A R D A AR A 5 B 2B — HUEE N A
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3, b B I P gl 2 I A B ARG B I T R A RE S T R U ) R, SCHIR[24 182 1 T — R RS T AT A
5 B B %t B i PDA(projection distance-based anchor). PDA T 4f Ji 3 & 78 I 4 A 26 4 2 v, AT LA 1)
iy PR 2% BH (41 GPSR)EE L 5 s R R 5| B0 1) A% i, N Bk 20 2H AR TS Ak o0 IR 5 70 B 9 s ) LA D A

TREAT I R 20 R e R A 7 — e R b A L T AR A i B AT, N TR A sk /N T I 4% RE BV FE. 5 EAGR 26
LL,PDA fERAT R0 IE 59T w0 )45 25359 50 0 A A A S
2.2 ZEGIREEE B AN IR EE
2.2.1 OPDAP**!

X PDA BT A B e A AL A i 2 H 1 A 2 BN 4% 5 i 152 k)N OPDA (optimal PDA)& H T —
R Al )5 € OPDA T8I X Jr R4 IR B 795 i 5 | N v 0 20 A 10 A8 8 3R AR — A Bl aS AR A IR B 39 s 3R X R, A ]
(B 43 2HF5 3RAT — R B AS [R (R0 B85 A, AT 7 35 AN T 1D 8 A0 i 80 (4 0. B A AS R F 35030 v 8 AN [ i 42
fE%,0PDA J 0] BEHEIIHT T 19 2% il 52 1 #6, AT A5 A M A4 T 19 4 5

Bl 7 451 T OPDA T AE R — N 7R s B AE B 7 v AN B 43 A0 a2 w3t 1) AR A (o, ) FRD R 1 A
FINTE B (3,00 RIRAF AT by (xrboc, ) B R DL 45 00, AT a2 38 20 A SR IR 09 3 00 I 1) A A 3504 4 & L —
FRHN LR T R Ok H TR T R TE A AT 4TS A IR, e MR DA P B e S R T Bk AR AL B ety T
ANAEAE FLZTY pI YR 175 0500 R — AN R L Y ek H 7Y 5. OPDA T B A S N AR SR IR AT 2
MR R R B o 4H VR 2 B AR AR B H BT s B A T P4 R BV RS TR — e R LI T Mg A&
i H 2 TR 8 25 4% I A7 YD i Y R Il 8, A T S BB A T 4 ) e RV RESBR, L R IR T M 48 R it
HFE.

Fig.7 Illustration of forwarding procedure of OPDA
K7 OPDA T{FJ5H/RzE K

2.2.2  K-MGPSR,MGPERy,, 5 MGPER,,*"!

GPSR J&: [E SMIF S 5 H R K 55— A Hb BRI ey DA 380, 7 A% i B I, FUR R PR EE 2 F 0795 A B A FR) 40 5
RUAE D T R R TS A I 8% A B R e RE R K NS G, SOk (61748 T R R R I 2 K A b 2 I el P 3L
K-MGPSR.E K-MGPSR H, 9 5 i 1 S 7 B K78 o YO [ A M 0 e A T 38 e 9 3 L ke AN T I e 19 38
B 22 7 B b e T, L A S R AR T 9N R R, 2 SR RS OB R A
PRBOESE ko AN TTIEHE R KR AT R — A5 R A S Bt M A5 A [ 500 v 6 AN () B A A% i 28 AT
B A0 T 4% i R . R P LA T 3 A1 R B0 R AT A B T SRR G IR R R 3 A1 R 5, A
I A5 T 2 e R R BORE A 1 ke SRR I 20 A1 o B, DU SR T 3 T 78 2 B R R R s e, T
M k=3 1,3 AN T8 e R AR N 0.55,0.31,0. 1401 5, k AR K K S48 T 21 05 2 B i R Kl if
— BATHE 2 S 5 B e R 2 8 2 A A B A Ml 2 YT R Y TR Y B R AR, AT TR B 2
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ffie

i

EFXE GPER  H T~ SR P B0 428 A 8 008 49 441, o s o I 8% 3 o B 280 1 40 P S 3 4 I 4 4 a5 i 114 1) R
SCHERI6 VT4 H T A B Sl 22 i 12 Hh B2 % P 10 i MGPER,p(multipath GPERg,,)-5 MGPERy,,(multipath GPERpopb),
ST ALY .

TE MGPERGy, ", 291105 5w TSGR HE £ AN BRBS H 1 fUsE 17 s/ 0 & I B 1705 R85 i e —
AN AUy AE N IE I H W s NS AR S T s R AN T w AT A w & ow BESIRK H T A
v R RE R B 8 45 11 T GPER 5 MGPERg,, .47 i Fist b 1K) 76 14 8(a)H ,GPER ¥ & 642 u-b-f-g-j-v
B N A e B H B A v BB 4L AE I 8(b) L A=3, SR A w B 3 ADREHIK BB A fie 5 e, 4
SRR 3 AN H B AP R R A be 5 d B 8(c) A T A w SRR I H B9 £ E R H B
SRR LT A w SRR BN A b M T — A B A RE IR I B AR A e R AR 4 1 BT A b
— BT b BB A 4 20,00 4 SR 50 A w ALK B T S i e TR H T 5L 8(o) PN T A g 5T
ROURES S 745 550 b SR ASTEAESE 3 AN IR E 1711 55046 B 8(c) R, 1 A1 b L FE 747 55 g A IEIR H 77 44,
JEF BT AL 8(d)gh T A w BT AR o MEN IR E I s s L I BA Y A e BN — B R

) i
"""" ¢} . o]
a0 ¥ & é a 5 7 % P
L 587035 >0 8. " 0;

u Cﬁo?. o J Y U GhgC ;0 C:
oo ih O A R
(a) (b)
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Fig.8 [Illustration of forwarding procedure of GPER and MGPERy,,
K18 GPER 5 MGPER,,, T./E/R &K

55 MGPERg, ANl £ MGPERyop, 1,210 50w G FE— AR H Ym0 5 v N OH 971 A,
SRJE A e AR LLRAST 1 v 10 R TR A1 e, o Ja ASSE R MO &A1Y sl Ak 86— A i A b BIE Y i v 19
Fe kA5 mi I 9 4t T MGPERGop /N BB A=2 A5 B 9(a) 711 A0 w1 5652 SLOCH 191 1 AR5 3K REDS 2
BRI Kb 5 e B DLAFMER A 51 b Y e TPk — M R — Bk AL 9(b) Y i w B
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Fig.9 Illustration of forwarding procedure of MGPERy,,
Kl 9 MGPER,,, L{EREE

Bt T B 3 1) 1 B 25T ) B MGPER ,, 5 MGPERy,, K H 2881 GPSR 13 844 & Jy 2k LA 3 IR &
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X MGPERy, 5 MGPERy,, BE M 55 I b 24 iy P 4% 47 28, AH2 B T 3 A Re AR UE DT IE £ 1k H 075 U2 se LAk
(180, I7i) BT A, 8 A % 1 Ak 1 3 2 1] i V1 Il i, AT A A5 4 A 90 8¢ 1) e A 20 P Y 35 PRI
223 AGEM®

10 e 2k 22 SR A K W WMSNs(wireless multimedia sensors networks), SCHR[62]42 H T H 3&E Y 1) i 1 Jsk 4
% B2 F B B0 AGEM(adaptive greedy-compass energy-aware multipath). AGEM T {EA% 20 4 g S A8 4 200
GATHI PR AEBRIA TS D0 BN 5 R R DD s R B, — ELRS B R 15 s (R R 1 31 % H 7T
T D) 0 3 S AT R U R B O T M A IR AR, AU T A 1 SE DL wd(d S BT ) R LR, 20 ) LI I AR I
BY T o f BE AR RN TR XIS TR R A i . W PR BT L R O 1B B v 41 RO R Bt i) 10
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Fig.10 AGEM adaptive compass policy
Kl 10 AGEM Hi&E R compass S

2.2.4 EMGRP
EMGR (energy-aware multipath geographic routing) ] T 1F JR B & B A b A H 2 8575 sk k5| S #e &,
J T i B YRR R A 4R A a0 1) TV SR 2 i Bt I T A A [) i s U W e v R R S 0 AL 10) 2 BRA e R B
H 715 2. EMGR =2l AN 58 50 44
o PSRN AT AR N I, EMGR SR T H B A RS AR Y AU AR R R Y A X3 T B AL
FRAFAN BT 5 DA R Y SRR B A Y SR A B SR I Z B AR I H 1.
o RJEIEFRRE RN T — Bk R o 1 AT ISR R I RR b A AN B 43 20 4 AR U BARE TS A
PR RO E T LB BT SO0, 2 T R S T FE AR AT S0 B Rk B R i LA Y
0T KGR GE oF 4% B B T8, EMGR $2 H T —Floli i) g s A, BB VS A c(u,v) T LAR R A
c(u,v)=c-d(u,v)*+cy+es-d(u,v)? (10)
Horf e d(uv) LR 1 u 5 v 2 R AR o) R MR 05w ST A v B BE B RE cad(u,v)? R i TS
v 78 55 YOI T RUDTT I e VR X B, oo 1R TE S el B B Y R H R 2~55¢, = mpl, p NS I 4
D5 AT 5 TV FE I e G T A (0 W 15 R, 3K ¥ 43 R 0 Y FEAH [)). 15 B0 AH DGR 50 AH LL EMGR e it T
D &4 Hp A Tt W RS YRR T8, A R T B AR AR/ B ARk A R st T EMGR B4 Y AT
RS 3 7 D9 245 45 R A3 A 3 S 3450 L B e LA R AR X B pl 231 43 A0 T 0 5 DX 3 B I 1) A T X AT K
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3 H78) Ad Hoc M 4% AE = B A IE B% B 38 L AR

Ad Hoc 2% fE 80 3t BE % e BSOS 0 2% 22 A5 T A Pk RE 24 2 7 2 0k 35 S iy i1 AR ) 1 AR S5 A0 8
bR J R 1R SR DL A 2R 495 o 10 A AR AN JRAH () 3 A 15 R 0 8 i e B0 B8 oy W iU AT 22 FF A2 R R e o LA
T ] 5P B SR IR A P CSE IS A T RE A AT B ) B, FRAT R T A R i 7 SO AT 2 1 iR
AT AR 25 Al S 25 SR R ot B % e DI AT S LA M 3R 2 5 T B 25 Bl b LR BREAS SR 1.4 5 T 4
(11 7 Foy SRIVERAT 7RG MIAZK L 3 R HAR A 2 AR5 R SCH 1.4 A5 1 Fhoy 3805000 %)
I B (25 B PR RE L R AT T B S5 L PR LA Y R AL 58 B DU U4 L RERAT e W R BL
FERIEH T A S R T ARAE S WA B OB 00, R A SO T A B . & T T R R R 4
R R 4 4L R AR 22 AR 2 SO0 BT R P R N NG R EAT T A 45 5 U a8, (B AN SR xR B L
BN AR R st M RIBE, TRV A T ALERE . ISR (YRR R =)
W25 i O B R A sink YA H & QoS AF AL BRI P, BATN MRS Ad Hoc 445 1 1]
S LI PR A T D A R B B PR P D00 T A SRR . N PR SRR L B AR A R
[F] At 3T R .

Table 2 Comparison of classifications of energy-aware geographic routing protocols in ad hoc networks

T2 L Ad Hoc 4% BE w8 s s BRI i Wbl i) 4 28 Le s

Protocols (classification) A2) | B2) | C(2) | D(3) | E3) | F4) | GM@) | H(5) 1(5) J(6) K(7) L(7)
EAGR N N N Possible | Possible N
EBGR N N N Possible | Possible N
EBaGR N N Vv Possible | Possible J
EEGR N N N, N, Possible N
EIGR N N N Possible | Possible N
GPER N N N Possible | Possible N
GPEB J v v Vv v Possible
GEAR N N N Possible | Possible N
GMREE N N N Possible N N
Stojmenovic, et al. J J J N Possible N
LOSR N N N Possible | Possible N
Unipath LEMA v v v Possible | Possible v
energy- LED N N N v Possible N
aware LAPAR J J J Possible | Possible |
geographic LEARN J v |V J J J
routing(1)
OFEB N N N N Possible N
PAG N v v Vv Possible v
PAG:CFace(3) N N N Possible | Possible N
PAG:I():}:?}W(]): N N v Possible | Possible N
PAGH N N N N Possible N
PAGO v v v Vv Possible v
PAGR N N N N, Possible N
PAGRC N N N N Possible N
PAGREEace(l): J v Possible | Possible J
PDA N N N Possible | Possible Vv
AGEM N N N Possible | Possible N
Multipath EMGR v J J Nearly | Possible | +
e:;;grz K-MGPSR N v v Possible | Possible |
geographic MGPER#, N N N Nearly N N
ruting(1) MGPER;, v v v Nearly v v
OPDA N N N Nearly | Possible N

A: Broadcast; B: Muicast; C: Unicast; D: QoS supported; E: No QoS supported; F: Periodic beacon;
G: Aperiodic beacon; H: Greedy; I: Global; J: Heterogeneous networks; K: 2D; L: 3D.
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Table 3 Comparison of characteristics of energy-aware geographic routing protocols in ad hoc networks

HAY Ad Hoc 19 25 e et Ja% 61 1y 250 2% Fh 0 080 PO A 1 EL R

=3

- 0 0 - ey
Protocals domsity | mode | "ty | overhend | cfient | genetty | T | Mobility
EAGR Anchor Good High Good v Low Possible
EBGR X High Low Good Possible Low N
EBaGR X Good Low Good Possible Low v
EEGR X Low Low Low Possible Low Possible
EIGR Anchor High Low Good Possible | Heavy | Possible
GPER X General High General | Possible Low Possible
GPEB X Good General Good N Heavy N
GEAR X Good High General | Possible Low Possible
GMREE X General General General N Heavy v
Stmz:e;lovw, Dense X Low High General | Possible Low N
LOSR X Good High Good Possible Low Possible
Unipath LEMA X General High Good Possible | Heavy v
energy- LED Dense X General High Good Possible Low Possible
aware LAPAR X General High General | Possible | Low J
geographic p
routing LEARN Dense X General H?gh Low J‘ Low v
OFEB Dense X General High General | Possible Low v
PAG Dense X General High Low Possible Low v
CEi:S(:S) Dense X General High General | Possible Low N
PAG:ISI;E}CC(U: X General High General | Possible Low v
PAGH Dense X General High Low Possible Low Possible
PAGO Dense X General High Low Possible Low Possible
PAGR Dense X General High Low Possible Low Possible
PAGRC Dense X General High Low Possible Low Possible
PAG:RPfgi;Ce(l) X General High Low Possible Low Possible
PDA Virtual anchor | General High General | Possible Low Possible
AGEM X General High General | Possible | Heavy | Possible
Multipath EMGR Anchor area High High Good Possible | Heavy | Possible
e;;ﬁz' K-MGPSR X General High General | Possible | Heavy | Possible
geographic MGPER,, X Good High Good v Heavy | Possible
routing MGPER X Good High Good v Heavy | Possible
OPDA Anchor Good High Good Possible | Heavy | Possible

Table 4 Comparison of application areas of energy-aware geographic routing protocols in ad hoc networks

S Ad Hoc 19 2% R 525 it i BELE el i35 F6) B T S 1) B

Fz4

Protocols

Applications areas

Unipath
energy-
aware
geographic
routing

EAGR

Location aware; dense nodes with some routing holes;
good scalability; improvement over GPSR in energy consumption;
low unicast traffic; middle-scale WSNs

EBGR

Location aware; dense nodes with some routing holes;
high scalability; general network survivability; low unicast traffic;
QoS aware; large-scale WSNs

EBaGR

Location aware; dense nodes with some routing holes; good scalability;
general network survivability; low unicast traffic; middle-scale MANETSs

EEGR

Location aware; dense nodes; high network survivability; low scalability;
low unicast traffic; small-scale WSNs

EIGR

Location aware; dense nodes with some routing holes; heavy unicast traffic;
high interference; high scalability; QoS aware; large-scale WSNs

GPER

Location aware; dense nodes with some routing holes; low unicast traffic;
middle-scale WSNs

GPEB

Location aware; dense nodes with some routing holes; multiple sinks;
general scalability; heavy broadcast traffic; large-scale WSNs

GEAR

Location aware; dense nodes with some routing holes; low unicast traffic;
good scalability; middle-scale WSNs
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Table 4 Comparison of application areas of energy-aware geographic routing protocols

x4

in ad hoc networks (Continued)

JULAY Ad Hoc P45 fit [ i1t 250 2% 1R Wb 080 1) 2 FH 9 1) B A (48

Applications areas

Protocols

G

MREE

Location aware; dense nodes with some routing holes; multiple sinks;
general scalability; heavy multicast traffic; middle-scale SANETs

Stojmenovic,

Location aware; dense nodes; low scalability; low unicast traffic;
node moving frequently; small-scale wireless networks

et al.

LOSR

Location aware; dense nodes with some routing holes; high scalability;
low unicast traffic; large-scale WSNs

LEMA

Location aware; dense nodes with some routing holes; multiple sinks;
general scalability; heavy multicast traffic; middle-scale Ad Hoc networks

LED

Location aware; dense nodes with location errors; general scalability;
low unicast traffic; QoS aware; middle-scale WSNs

LAPAR

location aware; node moving frequently; dense nodes with some routing holes;
general scalability; small-scale MANETSs

LEARN

Location aware; dense nodes; general scalability;
node knowing neighbor’s transmission cost; low unicast traffic;
node moving frequently; large-scale 3D networks

Unipath

OFEB

Location aware; dense nodes; general scalability; node moving occasionally;
low unicast traffic; small-scale ad hoc networks

energy-
aware

PAG

Location aware; dense nodes; data loss tolerance; general scalability;
improvement over GPSR in energy consumption; 3D ad hoc networks

geographic
routing

PAG:CFace(3)

Location aware; dense nodes with some routing holes; general scalability;
data loss tolerance; improvement over PAG in energy consumption; 3D ad hoc networks

PAG:CFace(1):

Location aware; dense nodes with some routing holes; general scalability;
data loss tolerance; improvement over PAG in energy consumption; 3D ad hoc networks

PAG
PAGH

Location aware; dense nodes; data loss tolerance; general scalability;
small-scale 3D ad hoc networks

PAGO

Location aware; dense nodes; data loss tolerance; general scalability;
small-scale 3D ad hoc networks

PAGR

Location aware; dense nodes; data loss tolerance; general scalability;
small-scale 3D ad hoc networks

PAGRC

Location aware; dense nodes; data loss tolerance; low scalability;
improvement over PAGR in energy consumption; small-scale 3D ad hoc networks

PAGR:CFace(1):

PAGR

Location aware; dense nodes with some routing holes; general scalability;
improvement over PAG in energy consumption; small-scale 3D ad hoc networks

PDA

Location aware; dense nodes with some routing holes; nodes with high power;
general scalability; low unicast traffic; middle-scale WSNs

AGEM

Location aware; dense nodes with some routing holes; multiple sinks;
general scalability; heavy unicast traffic; middle-scale WMSNs

EMGR

Location aware; dense nodes with some routing holes; heavy unicast traffic;
multiple sinks; high scalability; improvement over GPSR in energy consumption;
high network survivability; QoS aware; middle-scale WSNs

Multipath

K-MGPSR

Location aware; dense nodes with some routing holes; heavy unicast traffic;
multiple sinks; improvement over GPSR in energy consumption;
general scalability; middle-scale WSNs

energy-
aware
geographic

MGPER}p

Location aware; dense nodes with some routing holes;
heavy unicast traffic; multiple sinks; good scalability;
general network survivability; QoS aware; middle-scale WSNs

routing

MGPERgy;,

Location aware; dense nodes with some routing holes;
heavy unicast traffic; multiple sinks; good scalability;
general network survivability; QoS aware ; middle-scale WSNs

OPDA

Location aware; dense nodes with some routing holes; heavy unicast traffic;
multiple sinks; good scalability; improvement over PDA in energy consumption;
high network survivability; QoS aware; middle-scale WSNs

4 FEMEMSRFHRMAS
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) 45 fie i
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