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Abstract: After analyzing the power control mechanisms in wireless sensor networks, the design principles and
the classification standards are presented in this paper. Then the fundamental mechanism of the existing
representative power control protocols are analyzed in detail, and their classifications, characteristics and
performance are compared adequately. Finally, by including the status of current development, the restrictions to the
practical applications of wireless sensor networks are summarized, and the importance of establishing an adaptive
power control model based on the empirical studies and data analysis method are proposed.
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MAC(media access control)/Z 2% JZ W3 i3 T D04k (9 48 1 g, 2R 40 45 i & (quaality of service, R X QoS)IT)
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LIy 237 11 XF 100 245 136 B AT 280 1 PR 5 W) 355 PRI B S ARG AT i 2 X 2% B A B T AR AE YT R AR S
R e, Dy A2 o) T DU A T8 A v 2B U5 1R 6 7 DR UE AR T X 0 A0 25 1 SRS PR b R AOR S Th R B R
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AT WS RS U AR AN DR A R RE L R AR B T el ) 4 AR RE SR AR I H .
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TR 2 0 % 10 4 41 P, 2 o 3O T 3SR S U 10 A 328 Ty 30 R A F 2 0 S s A O I 9% 38 15 33 11 [
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I i B e B KA N T 1 3 (end-to-end) A 43 £ 22 I 8L 3K, (2) 7
Tena=(Tproc+ Tprop* Tqueu)xN 1)

T W 285 T A AT 1) R 55 ) 26 T A 2 U i e b B B A B Ik T R T A v I R S T 2R )T LA ek IR
TG R s TR A A T R R 20 2L B A BT HE I TE BG T  i A B 2, BA B HE IR 2 EL T R 2% ) B 4 ik
JE£ T A 435 S0 B 52 19 4% DR A 19 5% W 8 /0N . e b mf DL, v R S T 28 2 5 BUAE K 1R A 2710 A s T K A 5 o 5 ) 5 4
3 2H VR Ak B G IRE . SCHR (718 AN /) D 2 4T 1) 0 28 SN PR SR BAE T S8 23 A, S0 30 45 SR B OR TE i Sk R g o,
ZH (1 Ak B BT o 3 A7 ARG R SRS Ty 24 I 4% 5L A TR TR I I AT S 2 D % o BA B S Ny S T 6, B
T St T 2R 01 ) 68 ) o EOA A e () S AT BT B A3 T, T B T AR R 19 R A SR T S T R R
SRR B, AT AT 19 26 AT AL BeF (1 SIE I P .

Dy Z B 3 T 2 M i 45 1 4 (Lnig s 72 30 38 15 M 4% . WLAN(wireless local area network).
MANET(mobile ad-hoc network). 1% E#s 4% %) (5 T RGN H B A R, 2380 i g (194 - B A A
[F.Ad Hoc 2% {97 AR S A X8R BT T D R 4175 Ad Hoc Mgt i H Ca R T KEH)
WFFC AR FEIAT T B B I 0F 90 BOR . Ad Hoc 199 28 & — i i) il 55 1) 19 286, BT b, T A8 42 3 E Ad Hoc b 2% H 1)
M EZLR SRR T H 7 SR A 25 28 4% 4 1) IR 45 & ORIk H IR AT ot i ).

A 2% R0 2% 0 LR R I BT LRk — R R (69 Ad Hoc 945, 3y 4 41 [ RE 1T AR 51N B4 I 88 M 4% v
LTS3 190 248 (10 Pk B AR T, 1 25 2 1) B AR A A A — S MR Ak 1 [ 41 A 5 R K R 2 o U A e ) 08 S B P T
WS A o) DA B T 4 T84 1) % U5 52 B 2R D 28 R 4 AL AR T LA I RE . AbFRABE T AR AR D R AE B ) &F
1A PR, BE VR 1) v S R R B v I B 2 HAR. RS2 PR R L 19 4% B s ek o 6 A 5 Y 4% i
HA W RGREPERA IS L 3R AE 15— 22 Ad Hoc 944 B 11 (0 5 S 45 B B ORI VR F R RE LB 3E F B, th T )
I oLk AL N 45 £ 07 11K BE 35T 15 25 5 i, DR Ut B P A AN D HE 5T UK D ER AR BN 3 A S s I 4%
PP T 3R 1 B2 T IR AE SR Ad Hoe 19 25 1 Jak 2 19 45 v s Sy 28 (149358 43 Ty e 4 il Bl

Table 1 Power control protocols for wireless ad hoc/sensor networks
F 1 TGk ad hoc/f& 25 N 4% Th 28 2 il Wil

MAC-Layer protocols Network-Layer protocols Cross-Layer
protocols
PARO (2001) | PCMA (2001) | DCA-PC (2001) LEACH (2001) PCR (2001)
PCM (2002) Adaptive-PC (2002) COMPOW (2002) CPC/IPC (2002)
PCDC APC DPCS SmartNode | LMA/LMN | CLUSTERPOW | SBPMR | APC-Clustering | PBOA/PRUA
(2003) (2003) | (2003) (2003) (2003) (2003) (2003) (2003) (2003)
POWMAC DPC van Howitt PCBL PSP DRC DCe’S TICER
(2004) 2004) 't al. (2004) (2004) (2004) (2004) (2004) (2004)
DEMAC ALCA | SHUSH PCF MCPR | CRPC
l(\jggise} (2005)_ (2005) (2005) LAPC | Aark Perillo, | ESDSR MPCP (2005) | (2005)
Zawodniok, g; :In El;ggg) P%ZSOI\SSC (2005) 't al. (2005) (2005) (2005) 1PDA (2005)
et al. (2005) '
ATPC OPCM RDPC DEER RPAR | CL USTERPOW- | N asaki Bandai,
(2006) (2006) (2006) (2006) (2006) | L SDV (2006) >t al. (2006)

[] For ad hoc networks [] For sensor networks

Al SR W A BIE AU B EK TR MR T i A5 A DA S BB X ) 4% AT R I B 9 T AT AR R
R Jay R, B 2R A6 A 190 6% 1) BEAE 75 K, T AN RE DRI 2R STIE AT (1 L A P B, B A W0 48 WA B AT A Ao 5 AN
FEBLBT B A FUI R W AR 8 (1) S5 A SR e, 0 A S DX 6 42 N7 FETEA T 0 288, R B X AN [ 1 P 030 (0
SV A 1 2 552 BURL A )0 ik 537 T DA ) K o 1 408 g 58 42 B AR 1 8 0 0 T 0, B ¢ L
AN 288, 30 T SR 7 s 5 R e ) R S B A A DR UE R T M R SR IR B TR )L T b o A1 o0 9% 11 UL i
FE, T o B AR ST R G I A A7 I TR
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(1) FFERFEN . PHERA SRR T A P B TR 5 428 o R Tl SR s ) 2 i Y 4% b (91 s R BE T e 38 1~ 34 1y
ZE KT 1) 2 500 R R S T ZR AR P A T B s o 2 g R T AR R B AT A s g A R Bl A B O R O
LI, 1 A P ER TR A5 T 23 47 o DU 4 P b 2 B ML &5 45 v T P g v

(2) B b A0 o3 A 245 ) A7 4R b D e 5 LR v A7 e AN A I v B v 1R A 0 28 v ST IR R A T
TP T AE 3 A1 QT R ) o MUANAEAE B A AR sl i 0 000 B e A5 AT SRR = 345 R 22 B & 16 R 0
ThEAH.

(3) %T RSSl(received signal strength indicator)f&45. %:7T SIR(signal to interference ratio)fi b FildE T
BER(bit error rate) 45 k. Iy 45 i o] 43 1 DAL 5 3% RSSI. {54 LG SIR BLARAD % BER S48 br, 47 il 1 2 4
25T s R Th Al

(4) 58 AR B PP K A5 8 K Dy B 45 A a0 o SR 2 b AR 5 1 TR A 0 K B s i A T 2
BT 15 R 25 Ty 3 47 o DU 481 RO R £ 2 7 A T i T 5 1 0 S e P Y AR R S T

(5) 34 L4t R P28 s 1. oy SR 4 ) ok T DA 3 i, th AT DA W, DR, T 3 DAy o 48 ol R s 4 N B
e SAE

() SR T8 s ) R0 22 435 08 s S0 20455 308 S SR s LA 4 I 4 A ) B — FR SRR T, 2215 3 o SR s ol 2 4 SR
ZAME T8 52 R 28 45 R AL 3

(7) Ge— 45 IR ST 28 5. 48— Th 28 35 2 iy W9 245 b5 st 1R R S T S mT R AH T A 1 s SR R — R 4
Thy 28 AH J ST Ty B R PR — A1 U8 AT S R 1 B )R S T SR, % Y 2 TR IR R S B KA R
AHIA].

(8) ML L%l A1 JE T A G BRI ST Y A g . e 4 280 VR X RIR T () R — b Ak, e SR T4y
LW 705, NI 48 1 Bt 4 HH R T 2 42 o BV AT 4 208 0 28 4 T SR s ) 2 i 0 40 T A 4 s 38 M T 45—
) Ty 28 47 S 026 43 215 408 i 15 R 0 D B 4 s e FR R A S 6 3 A8 P R 2 5 T AT T S I D AR Rk Sy
Y1, RN 00 R B SR AR AN AR IR 71 R 0 ol S 45 R U 48 R 00 sk vl DA W AN S — [ B A A B
N b 8 R S ) Fe K

L K25 258 IR KB 3 T W N B2 1 i B S 2 (R FH MEMS(micro electromechanical systems)
FEAR BT /N TR T 188 450 T W0 48 A 5 i) 3L 1) S RRIE 5 DDA g A s W IS I 55 2 ANF B, FL T
O 8 g TG 2 X 0 T 5 A0 P9 Ay s B30 R b AR S B R 4% i) A0 J2 T £ 4 88 1 2 AR 5925 (8) ek oy 5 42 i I 0 4% o
PP SCRT S HEAT 73 AN S 25, TE A A 28— 6 e 9 1) Ty 30 28 s W SUSREVE BT 90 SR, I 0) 88 P b SCBREVE IR AR Bk s 3
TTRNHT.

2.1 MRRTHEF IS

(1) CPC (common power control)!*®!

76 CPC WSt B A1 AU 3 A% Hh A7 JE A 8 5 408 S 1 i 1 e 0 R 559 Ty 28, el 3o b 2 ML AR T 1 ek
[ e 0 R S Dy S AT 7 S A W e — R X T 3E.CPC P03 A% /Lo JEVARLRE TR CR IE ) 26 326 T 19 Jje /> R S T B AR
AW 1 2 G DR LAt Ik B BEAR I 45 fEAE . 7 K 4 25 B 140 H K AE2, SCRR (14130 3 B8 4 17 43 DR T 4 9 3
W09 5 /I B ) e ERCAR A v 2 ) 4% o R 8 A 250 A 1 2 B SR I AR H AN L A S R P ) 24 e O A B Th 2R A 1
SR s w2 BRI = A A G

(2) COMPOW (COMmon POWer)!*®!

SCHR[AS]HR [ COMPOW . BIMSCHE 9 28 vh A F 48— W 5 D 46, 15 70 DRUIE 2 A I 28 70 BOE T RIS T
LB I 1Y) R ST T 28 56 B JE ) A% 38 A N 75 b DL 22 AN A8 T A TR) S 1y 26 4% 1) 5 el £ B (Agent) S B 28 E AT 45
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TR AR AE BN 8 R A 2R 0 A PRI S, LR 25 A e e A S0 5 13 81 11 38 F 2 T 0, B v i i
Ly g/ LT BRI 194 285 5%t 2 STUESOMT LA S K8 S 20 30 BT 45 1) i o 2 TR — SRR IS A B S Bl 3 A Dy 4 P 48—
(R1 5 5% Ty #2 COMPOW . 1T LAFAAR 109 2% e K6, 3 KA Ik o, FLASAR 75 AN R R S S5 2 2% e S50 01 BEa il ] 8™ S )
LG AR1M,COMPOW 1 4 9 N AT SR A8 I 48— RO SR SR Dl 246, T AN S 1 6P AN [ H AR 1 st 1 3 It o 30 g DG A 2
Ti A8, R WG 38 o AN PTG 1 5 LN T AN o0 S PR 6 Y R R A5 0 M 75, 22 A 5 e A LA R o) 9% 5 e I 2 3 SRR
RS ITAS.
2.2 BET RRINFTH

(1) CLUSTERPOW/(CLUSTER POWer)fl CLUSTERPOW-DSDV/(destination sequenced distance vector-
based CLUSTERPOW)!"!

24 ) % TR T A AN IR D T A R R DX Y R A X R AR S iR e B B K
S T AR KR DURE T SOV KU DUAE I e, 9 2% 7 i th 2 52 25 M. CLUSTERPOW i — M X AR 35 29 73 A1 14
2% 1) By AR 3 1 % e BIISC DI SRR 10 255 MR 0 AN 1] £ A% B D 20 R R AT — b B o 00 A8, 2% 1 P9 O AN AE A 1 s 51
RS A% B e DD R TS RS IR % 1A -l 7 45 ) ) AS [ 0 4 5 24 B, 19 i AN TR R B 32 900 ik HELLO i B4
W4 2% FEATHR DN, I 0 BEAS DA QA4 — A s e 513 A e R BB I, 5 A X B A1, LARE S BIIA H R
KRB ZR G B TR — B s A D W . CLUSTERPOW B U RE WS AT 6 B Y 0 1 33 I 1 i 36 31 B e &

W TR TN AN DB G AN — AN B th B3R X TCBE S BN AT A4 4T CLUSTERPOW H1 2 A i 1
ARERTERR 159 245 5] 265 9 8% At Sk K B 040 T4 N T 385 0 199 6% R 66 114 1) 22, SBR[ 171K DSDV (destination sequenced
distance vector) ¥ tH 5 CLUSTERPOW AH &5 &, #i t 1& FH 4% 244 M 2% 1) CLUSTERPOW-DSDV ¥ £H 133, AT
TH I 9 % vH T4 PR 199 45 1) e S E.

10mW cluster

Fig.1 Routing by CLUSTERPOW in a typical network
Kl 1 CLUSTERPOW 7™ it 74 Jod 265 o ) 8 e 6 412

(2) LAPC(load-aware power control)!*% il RPAR(real-time power-aware routing)™®

4 N7 PGS T 0 8% 1) S B i R A v, SR [LOT AT 3 K i (1 2 il SR B2 HH T LA ARG I 4% iy 341 ity SiE
B A F () () Th 2 458 1 Blp I ——LAPC./E B o A AN AL A [ 250 1) A i T 236 40, 955 T3 A D R g e
AP FIR LAPC GIN T “ 224 LA M8 22 A LAl A5 40 Ja 15 sl PR 0%, 2 5 36 4 045 1R 40 J 715
2 BB, B2 /IS 7 R mT AR I 4 1) S 3OTR S Al T S BIE, AR 40 AU R /I 8 B ) 74 s 1 4 R 5 Ty %6 K
7N R B AV A ity 1 s 1) SEE I ST I] 2 TR, 2471 s A V49 21 BIE /N T 33.33% 0, R WIS 2(a) b il 3 ARG
BIANH A LAPC T4 A0, 715 RUR AT ORAIE D04 265 322 T 11 g M1 R S Th 2 A i 7 JEL. 2 BUE R 33.33% I, 1 s 1 4 K
SFIhERYN Py I I K A IR L 37.5%F1 43.75%H, 1 3¢ WA & [ 19 4 PR 855 1) 5 4 S D0 20, 3363 s 180 K
I T2, 53 B LRI 2 Py, Py MEAT 1 JEL 1 A 38 )7 B 52 0 &5 TR S 7R T o Al 1 0 4% 3 RS T B R A T 3
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KA LAPC P, 15 AN [ % ) 58 7 55 5y 2 199 268 AR b 78 FAT B4 e B R0 I ) I, A7 8O AR T 38 4 1) 3 1 5
SR IS AZ P BB AFAE — LEAN L Z A0, QR T L&Y i 1AS B A4 1 S5 T B iU RE 10 3% i <5

RPAR 52 M e JE i I 206 B0t 1K) S5 I A G Dl 3 i el 0 030 22 - 5 o1 65 UK A5 280 (0 4l 2 #7159
HH R RS I K /IN B R R 90 5% S AR T 9 SR A 3 A R AT T S WA R AR 45 BT 23 BT 42 RPAR &5 f7
BASHEARE . SER A TE . BRI RN GRS S BEAE 4 Pl SR 75 ORAIE T L S A% 328 1 [ I, SRS M PRI
W0 24 BEFE. 199 2% J 80 i, I T A S A AR 00 PR A R SR A a3 R [ I T e R AR A AL S
I AE Gy LI RN B R A A0 T A AR T 2 T G A S T R U B A 3 T 3 Y e T R A i R
I L I AR A B G L S IS 85 15 1 ) % 325 S0E I 328 e 0 00 2 A s A LA A0 S 1 2
AU T AL A R, RN A VU 8 A R S SR B R I 4 A 2 P R A0 S Y RELAE Prowlert M BT £5 o
(10 SI 56 45 SRS 7, A S gt 19 208 A SIE I AT BE A R D TR AT R 4 I PR BE R DL B RPAR 0 AN 1Y i 1T
55 I ELAE A 5 AN P RS 20, ARG D3 N B AT BRI Jo R A

@ Sender node

© Busy node
..... Q Free node
. RS
, 7 O’_§ o'\,
Transmisson Interfering i 7 o x h
power nodes Free nodes Interfering (%) / , V; \ \
P 1 2 33.33 I A A
P, 3 5 375 TR A o) |
Py 7 9 43.15 | ol %0/ |oj
VN s o) /
L. o\0 79y
\ ~ - ’
‘« ~— s/
'\,\ o] ./~/
(a) Percentage of interfering neighbors at different power levels (b) Accessible neighbors at different power levels
(@) NRZYHRLGFHTR A (b) IR DGR 52 3 56 0 40 s 45 R

Fig.2 Basic operation of LAPC
K2 LAPC AR

(3) DAAR J 4 3 B A B 26 42 ) A 42021

PO 5% 0 I 2 ) 0o T TG 206 A TR 1) 45 (14 ) 45 1P S5 W R K, D0 8% v [ 3 N 19 e T IR I Ty S 4 L AR O T
RS Dy e, LIS i 00 SR m A 4 R 10 7 S Ak D 45 5 ), BSOEE R G A DG P BB SCHR[20048 T AR
T35 5035 LMA(local mean algorithm)Fl 4 45 Jai 7 34 892: LMN(local mean of neighbors algorithm)ix i i &
T R ) Th B R AZ SR DA O S AR R 45 0 T R PR R R, B A b U B RUR S T R A
{9 B B0 2% R A R0 B BROR B 2 TR0 o SV R D A S oA TR A A8 1 A (003 30 2, BT PR IE 1) 8%
T T 11 ] IS4 T AR PR R B 8 LR TR R J 5 S B X SR T ORI [P 45 34 3 119 ] N, 58
Tk /b B ) JR A SR I 5 Pk AR B T — o BB B AR X P R VA Z P R 1 B HE T SRR [21] 4 — 2
HARHUR BB AT B RM L T rUR A AR s R 5 Y PSP SRR e T A () ) R ol SR A
AN R YEFE— A B DGR A8 J 512, AT 04K 90 2 0 b S5 R 1 B IR SR B 25 R ORI S Ry R T E
ST 2 A M 2 25 1T 3 T 4Tt

(4) RDPC (relay deployment and power control)!??

2 I 2% W 2% H Multipoint-to-Point (¥ 38 {5 AL 45 X 4 Hp 1 A2 88 1 R BRI Sink, B 2 3t v A Al e 3
R[22 XA Bl B G2 < k1T A (A A 5 | N AT SR I 4% 3 1 T JB6 & P 0k o e 4 ) 857 ——RDPC. H 4% 77 5
BB T A Be LLAME B8 s — D) e, 76 M 4% oI N o 461 ke 23 10 R 45 vh (1 8L A g

SCHR[220M8 1 W 45 24— B B X 38, Sk 9 547 - B8 TG 19 1 BA— 522 1R85 B 43 A 46 I 48 o 15 A0 43 A
TR TR 23 AT B S T AR R T 5 Sink 719 s AR S ) 0% AR A B HH P 4 R AR A B RO B g
AR (1 20 R HE e 4010 % 1 5 e R ROETE LI G R, LK (2):
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. Sy (t°(d))* +S,((t°(d))* ~ (t'(D))?)
d -1 2 - X 2
P (d) s, (' (D))" )

ARG AES I 5 BB O d R R AT R AR B Y RV L p L B KORIERTE I t (SR AR A3 B
AT R A R L (3):

POND*-dY) | ¢
t
pd)=1 ®3)
D

— Ps d<t
ttz

H R 2 (3) AT 4, B A2 7E Sink 7 5 ) — Bk Y A, 758 T B 75 B e i SR A AN I 29 747 s v k4 L A
U, BATT 5N Tl R 42 S W LA it e s i) AL DA 0 Sy rpoCoofg I P38 R0 D M2 A 2 v 4T A5 0 03 A S
P55 m 2T (K SR R E IR b, I A BRI poy (ER ty (. S50 25 R W ZE B vh 4k 2 2 4 1)
Bt RDPC w1, rpr 4k 47 a5 LAAF G A 0 25 B N 21 Y 4% o, 23 48 T A5 B3R 790 s AR Dy, B 2t v FE S 35 2 41 2]
WA 2% H T AT TR AT AR RS0 D 0 L 0 A e o R 5 RN T I A Y R R K T
2411751 RDPC Jf AN B2 P A Hb 35 2 P 4k )0 3R 28 B AR 1T, ' 280 T B Ibe s R A BRS040 1 e =V #E, O B
B R PR B3 T B AR AL
2.3 I ARG

(1) BASIC™®IH1 PARO (power-aware routing optimization)!?*!

SCHR[23] 7 A 3615 i BAdp R AR R h & ) H 197 k1% RTS, B 7Y MBIl B RTS J5 AR 4 B2 e 20 17 43 41 g

S

WS AT A B EE BL DATA {3 UF 89 45 40 S5 AMBELHEAT A% 326 ML LA B K T 3R K 1% RTS/CTS, 1@ &n46 &
AU T AR R YA A, DU D) e R ik DATA IS B BEAIG Y OB A5 e FE N H 103202 B 1) — F e 28
L R R NATR X P SVERR A BASIC HpilL.

AT R AR T 5 2 ARSI Dy 2R Pt L 12428 78 STk [24] 70 Gomez %5 A4 1 T PARO WY, i%
WA — 4% 6 o b — SRk ) R S Th 2R A g bt 70 — XA 1 e IR 5 — 45 T 5 S REFE A AR 1V B8 o B A28 R 1%
IRy I 3 Fros, o RI)F Kk RTSICTS, AT 545 21 1) 23k H B s 9T 7 e (IR D% A ik DATA/ACK.IX
Ry AR LR, 70T A R B A I ] LA AR AL e R B ] 4 PR, B o S B S T BR A i
MFIEBE T EIFS(extended InterFrame space)lr ie )&, T Wi A E| DATA/ACK [ 4L, NI 5 1E 1E K% 1)
DATA/ACK A= 38815 il 13X 45 i I 6% o B i ol 1) R34 L 28 ™ o, th 10 28 b 5% 5 3800 sl B0 % RV R 2
38 1001 9 2% (¥ 05 A e A BASIC 2R 180 B2 Gy 10 ik o 30 s ) B AR 1Y A T A 6, L Al I 44 1 B O 30 AT 153 31
Bt

(2) PCM (power control MAC)®?"fiI DPC (distributed power control)??]

T iR BASIC B H A7 4 14 B st ) 8, SCRR[2714¢ T PCM H33L.PCM 5 BASIC [ 77 AR, AR 22
AEAET-PCM I T e 0 W By w45 a5 A7 A8 1K) ENFS i 52 SR8 G 5 i iy i 0. 20 1) 5 s, T84 49 25 2 1) F RT'S
I CTS 5 LAS KB Ze 3282 1 A B A0 Wr B o (971 510 0000 % i b A P — T R 88 0T 208 15 IO A7 A, R 3%
W RUE R IEHE L DATA B LL/N T EIFS (14 B 0] (5] B, J& 350 1 o 555 o0y 20 18 00 280 e K33 o L ol A6 45 28 3k it W
R o 071 AR AR ENFS 1) 525 15 BE DUVT 21 DATA 5 IR A7 AR, AT I8 8 43 A YOl 15 45 I .PCM 11 B8 1 Rk
B[RS A5 2550 b 508 7 R Wty 1) A7 7 3 SR 11 1) R 4R 1T, PC M WS FE R s 5 T R 28 7 K 4 ik 7 T
HEA 1T 2 it

SCHR 2815 % o2k F ZH SR 4% P BT G DR 32 I e AR ke . shadowing 20N . F R FETE A R H T — Rl
Hi X h ZE 45 MAC Pp i ——DPC.iZ 410 0 3o He sk b Ay 53045 108 0 e 28 e e MR 0 3R 75 0 A T Hl i A2 E )
T BBUE L SIR ZER (S U0 A 5 T 2R T 3 S B (¥ ) L DPC R T 5 PCM AELEI AL S5 PCM
HIA ) 2 AL 7E T, DPC HUETE A 1) RTS/ICTS 8 T IR FH 5 $E 10 i D 26, 2 )i ) 42 il it 350 S AR il Sk b9 K
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Sk Dy T AR 20 B9/ 1 IR AR REAE.

____________

‘‘‘‘‘‘
- - -, ~.
~~~~~~~~~~~

D=~
4 g .
s ran 0} TransmissiomN

Carriel;.éensip'é Garriersensing

4 Power zonegfor RT‘S/ // range for TS \z'o‘ne fohCTS
Prma NE\N’ c! D\(‘/I:
io i (0| ISl of
p.. |-{RTsLlCTs LI c [ 1§ i
DATA ACK| Time LU ey
0 > VoW NN\ ey
b K N N / / S
~ \\_a-/_:/ - ‘,"
Fig.3 PARO transmit power level Fig.4 BASIC power control scheme
K3 PARO At Dy /K1 Kl 4 BASIC Th#45h] 5ng
T<EIFS

Pmax _

RTS CTS | DATA | ACK

Fig.5 PCM transmit power level
KI5 PCM AN Ji#Kr

(3) PCDC (power controlled dual channel)?

SCHR[29,30]#8 52 K 2 15 38 L 25 4 30 Tl 3 3 il o 30 I 4 45 38 T 43 DA 8 M4 T8 RN BOHE 15 13X P 2845 3. 3
HR[29]42 H 1 56 T M 4% 2 F1 MAC J2 28 ELAF I 09 005 8 Th 22 4% I i PCDC & X 28 P L1 R AR R i LA 7l
I B E R TR (5 vy B A 1) Th 2 ), B SGE iE RTS-CTS 8 HELLO 4341 F9 A2 L, ] o155 H A
TIE D) 24 322 300 (0 RN 1 A 1R B N A0S J 4 A, I T Aff S ot A 800 T 0 st 14D i /S RGO S T R A B 45 1 LA v
TP 0 e/ RS DR AT B4 AL 1) 2 3o, LA s B BRI BERE L 388 ) 4% 2 B 1) H 140 SCAR[301M 2 17 2 4
B AT A, R AR I 5 40 S 8 W R IR A T A . 22 A5 8 B R T LA R Ty 4 1 iy Sk (1 A i e
AR S IX BT AR LU R T 1K) RTS/CTS Sl v il 1m) 8L, BT b2 5 SR AN 0 B2 1) i 8 JT 49 . 6 41 PCDC
PERM A T RS ST e o P OGSl FR A 2, AT G0 3 I 3 4 1 ) 44 2R AL

(4) PCMA (power-controlled multiple access)Y

SCHR[BLI3E H T A 35 A 5 8 G B 15 P S 0 B 4555 MAC Ppil——PCMALZEMSCR T 30U I AL,
— A T SR AT 51 S — 45 W L RPTS-APTS-DATA-ACK (142 F LA 58 i & 1 A5 3% . PCMA
PP G T RPTS(request-power-to-send) F APTS(acceptable-power-to-send) b3 Fhafs il i (1) 32 H. 3545 5 o) 4 336
T R T 0 B /N RS D 2, T LA B /N R S D ER AT B A 0 A% A T 3 G A P SRR, T e SRR
WSO AR AR I B IS P AT B AR T b RO AT AT SR B BB e S ) e i, A DO T W 0 A
5 T R I S A R B T I AN % 2 5 DL G 5 I AR R B AR T R A v g AT B
I £ 5t B SCHR [32] MU SR FH XUIC 2515 5 SR MGG, K306 71 s AR IS 051 30 BE 8 /6 1035 {7 8 9 R ST 5 15 5 T £
KRy S48 T 1 1) N 38 G AN B R S ) 6 T 34 0 e 58 Ak 1) X SR I S TSR T A S S E K
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B34, I L2 A0 10 45 11 2 T BBARR, W 280 0 7 R 4 /0N Ty 28 1 R 3 A, 7 25 K T 2R A B Bl A5 Tl 1
B4 T 52 B A5 5 1R BRI A A o LA S T e

(5) DEMAC (distributed energy-aware MAC)E!

1T SRR Bl N SR 0055 DA A 15 00 5% 1 4 45 0 23 Bl A b R AR AR 4K SCR[33] B 5% 19 8% 1) Bl s 1
B AL B T R AEES 10 Y 4 2% 40 $ AR 1k K D 3R P ) MAC Ppi——DEMAC. p i3 T Honey Grid #7473 H
T W4 BEFEAN TR B A 0 R N B R T SRl 1 RTS R 484K 2545 ), CTS, DATA, ACK I 1 11555 Y 5%
R IEME.DEMAC AN s # 4 RE 1 10 3% 41 % (recording table, [k RT)A #2413 (checking table, & Fx
CT). e AR L — MG BINR S T 0 5 f AR JE 15 SURASAE B A #0510 R W — AN Th R 13- o 4 HF
T 6 AN RS TRV 40 A TR I, R BT A B SR AR D SR 2R R R BT A A T R B A ki
AU L T I R R 1% RTS; 45 A A 4R BB R, R IE T RUNAR s Ay £85I 7 K RTS R IE TR K ¥ J5
TGS A 6, B 4 Bk 0 e R G DAl 0 1. DEMAC 76747 288 3 (¥ W 48 vh AT e AT B 4 1A M RE R B (B2 AN 471
RO BNAYEY 21 IS 2OV ERIAE it ¥ S 4.

(6) SHUSHE4

Th R ) v AN TR (0 e S L 28 2 A5 I 0% o SR i ol 5 12 19 1) R 7 L T — S W R 0 B K T R S
T B85 R AR WA 2% 25 P 2%t SR o 2 1K e B VH FE. R T A 6 ) AT B 0 3%, SCRR[34TER H T — R R X T
FPEH MAC P ——SHUSH. ¥ 55 25 55471 i 045 1 A2 P B 10 2 50 2 AL R0 S04 23 20 350 R S AR R 3 s 33t
AT A%, LA IR 5 K A b B2 AT T A B G 2471 500 A 32 BT PRI, SHUSH SR FH e op W7 ik 52 L 1) v 087 A% Yl 1
FH TR 2517 DATA BLACK AR 3R AF TP ACAIAH IG5 B2 TR 5 58 OB 5, 4 T 407 s S B e A (5.
WE 6 Fro, R A R RS ThER 177 20, LLBA T 400 AN BN @A T A T A GE
SERUAR N T AR 7 LI 45 0 B SHUSH TERE IR 48 REAE . SR M E &k &, A PP PEne Bk —u
H AN Ty BRI SO B R I AR T I A P 8 R (R B P BN T 4 ek A R R AR AR I R 2 3L A
SN E RE SALFA IKE H T SR AN R R S R I 5 S B W ) B e S AT SR AT A B A
28RN 1Y AR AR TS,

(7) POWMAC (POWer MAC)536!

SCHR[35,36]42 Hi Y] POWMAC & — &l 5 Bl AL B A 2R G 400 ¥ v 14, R FH 82 O\ B AL (access
window, A X AW KRG TE R . 48 5 45 ok 5= 11 3 %45 1 MAC Hh . POWMAC 7EfE %5 1) RTS/CTS 28
WAL I T — AR B 2 il DT S(decide-to-send). Bl i3 il i Hh () o 58 8 445 J&. CAl(collision avoidance
information) ] LA At 785 75 1% 401 0 SR AT B B PR AR 2 5 2 TP B IE AR AT AR 3 LA A 2 K R
SR A RS R IE A AT PSR A . A0 7 TR, R A A ME ) H T s B AR BT R AR T A A R IE )
RTS Wi BR T AL IETT A ID 5. H AT 5 1D 5y A UKIEAT T 75 I (] LAAR, 34 25 3 W2 N 1K /IN R P 1) st
RIS T ZR A5 A5 B 5 B R A A RIEI RTS Ji, 30 et 3 e 30 45 SR T 550 L 799 ) ok oy 8 A5 9 35 £ ik
PR St Th A, K %A A b S8 S5 B T FE CTS P Ml 45797 2 AT 1 A 78I E CTS Ja, K% DTS #5741
ITIER 5 408 3T T A5 5 A i T A8 P 10 2 Sk D 246 I T 38 s 7 A S A 4% SR CT'S R DTS 35 LLRE S 23K T A
TELE TR AU I T A A 36 S 0 A A KRR 38 N TR 11 DK /N PR ], 58 AR5 T At 75 A% 330 10 JG P01 A (49 1
RUEF) S8 Hli RTS/ICTS/DTS WAS 4 ), LA SR ATt ) % 56 Dy 2 4% 16 B4 49 B ACK 5. POWMAC 3 i 3 75 1 4%
B A 11 32 ) S A A B30 8 A2 PRI T AR RS O R AR Y B, LA THE 8 R R ORI 4

(8) PCSMAC (power controlled sensor-MAC)M!

SCHR[LL1Hs o e 4 ) 5 1 k2 0 48 (1 L MAC 13l SMAC 455 32 T PCSMAC P76 SMAC H1,
AT S SYNC VSl 5 5 5 1 B4R R, R I 4R 57— AN 8 51 %2 . PCSMAC F F SMAC [R3X AN HL i, &S5
SRR SYNC 11 2V 19 55018 B 21055 A A1 500 75 16 e/ i Th 28 0 i A A AR T s i R A R
(B0 B 5795 S BIAR BT 23 0 R 0 S T 28 1 B ) PR A7 AT 18 & 3 3 b i A& i {75 Kl RTS/ICTS/DATAJACK )
WA TG AR L) A5 AL 4 I BEAS 73 20 o 35 — > B ) A, 38 7= 70 4 T A S 2 T 7 22 ) e 0 T i) A . 40
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T R ATWT B 3 £H I, T 35 3K A s T ek A, 170 IsF 300 N B HERHR 2 28 AR VO A7 485 o0 A (W R S ol s s i 3 B 1 1)
RS TR RS RTSICTSIACK LA EI 1 f5 328 AH 4815 1 1 552 /N R S Th 23 A% 326, T LA g /0> 14 T RE A £ T A3 AH AT
U AE LA b E N IEHRR 25, Wi 8 7k . PCSMAC B0t T 44 (1 DATA i 444, an & 9 BroR. 1 ek i%
T JELIRE DL i AN ] P9 A S Ty 26 70 40 3 2 S i Sk L 1) 308 5 326 A 001 A 19 e /0N R St 0 6 R S T A o ) A )
35 H B R S RS D E R, LA R A LA s DR Ty 30 A a2 B4 110 ] B, R At W R A o SRR SRR I
B RN 43 % AR 7= A ph 52 . PCSMAC 1 UK By Z 451138 FI 21 7 SMAC Wil B AT 77 9 285 1) RERE, {H 1h T JL A

HI h 2 PRI BOR 5 PCMBRSUE R ARAL, DAL T 78 4 296 5 ik 55775 T O B0 75 21 50

Access window

i , Access slot
I o
4 Power RTS DTS DATA
A
h ]
Pmax | i
B
Prin CTS irTs DTS DATA ACK
. RTS| |CTs DATA ACK| Time E E
> ! ! P
i i -
» [«CTS iﬁ_ﬁACK
Backoff-Period &
Fig.6 SHUSH transmit power level Fig.7 Basic operation of POWMAC
K6 SHUSH R4t 1%k F Kl 7 POWMAC [t A L
4 Power
Pmax
Pneighbor
Head
Prin RTS| |CTS ACK
. DATA [ Time

Fig.8 PCSMAC transmit power level
Kl 8 PCSMAC K4 Ih# /KT

Octets: 2 2 4 6 6 2 2 0-2308 4
Frame Duration | Pcs Dest | Source BSSID Sequence Body FCS
control address | address control

<—>
SDSH (silence duration subheader)
g} -
MAC header

Fig.9 MAC data frame for DATA in PCSMAC
Kl 9 PCSMAC 1 #difl DATA ) MAC M4 4

3 INEITHIXTE B M EIRIMES . MKEF MAC ERI 4T

LA Ee F ALEAM 28 (KVF 2 D ORISR 5C, S8 m W LR (0 BE S i . MAC T2 )7 96 A1 (1]

TFHRE L 4 22 10 T3 i o R e . A 2 P4 T 2 L e e A I S A AR MR R KL 40 03 A 25
v MBI 52, JF HN BE R AR I SR A - 23 K IR T, D A R G A e ol 1 455 8 RE 10 D0 T B R A
P L H AN M2 2T MAC JZ23X 3 A5 .



726 Journal of Software 15 3% Vol.19, No.3, March 2008

0 A% T3 W 28 v 190 268 (36 0 5 R0 O A 5 140 T B A S, 2 AR BILAE LR LA J 1 M 5 i A X 4%
(183 A2 A7 B )5 9 /N1 A TR A5 00, 442 v o 0% 00455 20085 O i e B SO A R At 50 ) 800 Wl 5 5 1 A 2R 2801
WF Ly 25642 1) T £ 5 AL ) 4% 78 i FOE R 3 T R A0 B T e e N R R S T AR RN 3 8 e P PR A0 Y A O
TOHD I AN o S 10 A i, DA TS5 7 D S SR A T 6% 1 4 25 4. SCHIR[BTIAER S E A3t T PR EFHEAS I 45 3% i
(1) J52 /IS T 25 SCTR[20, 2012 6 -7 0 J3E 5001 42 0 02 300 3k R 40 S 0 3R 1) /N A 1 st o o — AN 4 B 3001
A0 a1 s A, TG0 199 6% £ 0 40 45 40 42 THA 18 52 1 256 B 5 4 ik . SCHR[21 158 A FE 8 1 &5 HH B pR 1D 46
ST EANBS T AT A5 IR 48 2R3  CLUSTERPOW U 5% 1 = 2% 1y & 42 1) 5% Wi Ak 47 40 J 31) 6 AR 5 X
ST AR PR 3N b R I I 2 A 2 AR () s R v v R T SR SR B I Y
#9% LEACH(low energy adaptive clustering hierarchy)81rh i H 1% & 5 0l ik 47 K & 3 SR 4% 5 Sink
B AT T SCHR[S9]H H 1K AR SR MR I R /N G A S T 28 EAT 8 TR R A% P 1) 0455 3 4

W 48 52 T 1) T 2R 4 1 5 40 45 IR R AT A R, O LK 19 SR 0 2 e B R ) e ) A e
R Iy 38 /N FEARAE 0 268 300 114 T B2 T DA D0 6% 4 445 0 8 6 e DA T B A2 39 15 40, AN T 7 3 A2 PE i SR 17
(7 BF R T il b 75 199 4% (1) R 208 .COMPOW £ f UE J5z K By 50 3 41 45 440 (1 [7] IF s A B 0 256 o 310 16K, AN T ik
DA W 45 (1) A TF A4S . LAPC FH RPAR T A T - e 562 W9 26 1) S5 1) P 8. D) 8 42 6 2% b 90 80P s 1 5% T (2
VEZATE AR 0 3 19 4% S22 e () Dy S 42 B AR 508 £ 85 10 45 1) I AT DG .

WX 8% 2 T 23 4 I — TRl 4 JR R (PR SIS T MAC 2 o 10 T 256 42 S D) 2 MR 90 = 3 455 JE 0 A 19 2% 1 g ),
MAC JZZh 2 #%H7E TDMA M 4% CDMA W 4% HR i) B 14 32 TS AR B 28 45 8., S AT BE b sk b 1 a0 ) 79 15 3 B8 FE
MEHE T 341 CSMA W& b 3= B H 0 )2 BRI 9 2 36 G B 7 K5 38 52 26,3 2 D04k 190 4% 1 1 e 22
>R.PCM,DPC &5 5 i ek ] 311 bt 47 K S5 o 3 ok i S AN K Bk 2 I 2 25 (¥ il i ) 5, PCDC 5 BLENIBIN T 2
RIEHE AR SHUSH 2 d5 At 2h 6 A i 1 M B LR AF SR AL T fi# v 77 5, PCSMAC WK Dy 345 i 55 SMAC A 464 1
BL IR A M2 b BT MAC JZ WD 0 SO AR 22, B 48 v ik D 32 42 ) vh 3 EAE AR 0 R B Pt s T
—LER B 1 1 AL A B X 6% T URRH S P SR g R, R ab T DG TR T T 45 11 e e Ak R

Iy 4 42— AN LR 1 2 A 1 400 oy e g s 0 1 2 A T DA S 42 22 4R A R
A AN A R G010 N H bR 280 TR 4% A R ) 208 0 59 S 1 8 B R S D 38 /IS B T 9 08 AR G i, AN i
T2 F 6 AN ) IR 2% H PR R0 Y 8% 0T 1) B SR A% SRR IR 8% v (%) D 22 47 1 % 2 LA T B LA T — L6 9] 280
P i1y i S 4420,

4 BT SCPRAY IR AR Rk 2R I 45 T TR AT K

It 5 0T 9 U A 10 T R AR N 0 1) BE VR T 5 AR A A A [t 190 206 i 10 7 22, Tl o A R IE ST 04
WA A 1) J T S8 B PR G 1K) 1 W S0 A2 AT 1) K98 23 T 24 428 o S0 2 6 T 0 B0 S 301 15 B AT PR B B
GO IR ECSE Y BAT S AR SR R A5 el T AT (R TG 2 W 2% 05 01 65 F AR B R 25 R8I SEE BRI TP I
2 35 DR 3RORT 14T R TG e A TR AR S, DAL, Y B R PR N A R 0K S AR S I R R B IR L
ANFHAT £ A 45 2 T PR PR IE B v 11 B80S0 A2 115 300 B A S Bk A 35 v I A 301 B2 1 1P 3 200 SR 1k W 5 Ak
AZBUIHL X F i) AL

AN 20T T 2 A S I 255 i 07 IR T 5 S o I FH P 5 A 5 A A (10 22 5 [ 8K R OT T K
S AR SCHR[43-4612E TSI G 20 My WIFST 7 A R S B PR 58 P A B D 30 R 40 A BE IR I 45 SR AR
I AE T RS h AR e L AR B AR (R A AF TR RO AR P AL B £ S 5 R R B B R — B A AR
PR, I HLBE A I 18] AR RS R PR 85 10 o5 2 AR AT 0 2 e R BRI AR By 3K 45 017 BL1 6 o 0 B I PR 58 77 4 5 ARK
ZE 5, T AL A3 DUAT (R — L PR (10 P BSOSV A SI B N PR 58 o AN REIA 0 B2 1) P e e DL AR T, 3K 2 i SR 4
FEAE T 5 AT D AR TR HEAT 1A 06 T RS B AR AR S A A A B SIS R N Tl AR i BOR 0  J
v W 248 [T 52 B Ik 20 8 52 W0 )RR R 20 #

SCHR[ATYRC 0T T 1 e Je i 190 268 D 23 4 Al R AE U SE PR B o 1 BT 9. Son 558 A ZE T35 T Mica2 1%
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KA ) PCL04 WART 65, B ST 20 AT TR TR A ) A S I % 2R G T ) 56 1, A T L S PR ASE v AR 1)
THLA55 B B 50 I B 3 2 6 IR 4% P T R P A S T K AR R AR 2 B AR TR, e T TN R Dh 3R AR gl e
T 2 B I TR R S AL R T T A B ST £500 BR TR TR S B A B LRI AR 4, DB R I T S
0 RAR AR A7 A 45 0 H 1Y% PCBL(transmission power control with BlackListing scheme)f5iZ:. 1% 50y i 5w vk
iy TSR R Sy e /N SR AR A SR B I T SR SRR R R AN W IR B B A R AN B B, AT AE Y 45 LA
25BN T S 0 B . S0 45 SR U SR R (R AIE T B A 8 N s A I DT AR T I 5K
FEFT R AR T & A AR BE R 45 i BRI, R, 5 T AR b 11 8 I 4% 08 SR A7 AE 34 22 7 JE T I
SCHR[481R Tt 78 A~ REVR AT BR 111 Mica2 5 £ T 2H A (19 4% JE 2 19 48 A D AT & FREE ) 22 19 4 it AR X 1
T UL R A o PR BERE A Ik R IR AT T s LA D B AR R AR AR T RSSI FR AR I Dy e
SEHLAE U A 1B B 408 T 5 25 A IE 190 2% 45 R 5 8. SC IR [A7, 4813 T~ S Bk I 45 - 5 WIE 9T 20 b7 17 2L SEFRIE I v (4%
TR 25 Th AR A AL, R 3R T o0 U7 vk AR, X L ATF I A SR A ST T (R A O T, A 4 X 4% R i T, 6F
T Ty ey ) 0 3 T 4 S s U et R ek e ) VR R U AR IR N R

SCHR[L2DR AT T B 25 S R 3 0] A5 B ) 48 Th 3R il K S i Lin S5 N 40 AE St . 5. TSR
[ 3 55 (W B 10 FiR)(E FH MICAZ 5 S HEAT 77 K5 ) S 50 DR, 2 I AT 2 3 D] 32 ) A4 s 19X 4 ol 2R s ol ) 1.
PEBE W0 2 2 ARYE LI T 13 10 45 L B B AN A AT T R S Ty 5 A A It A [ 2% 1) 4 i 114 e kRN A A R A I AT
TSN T S PR A 1) A i AR A B TR b B T — BRI T R AR ), BB 11 I R B A B A [
T AR ) 4% ) 59 ——ATPC(adaptive transmission power control). 75 1 43 4~ MICAZ ¥ & 41 i ) M 48 - &
b gt 720 NI IR B 7 B 2 AR A I B S R o A BRI 2 A A Y T R B S A 1) 1 B R =
FBE AR AR, ATPC 2K T T AR T 43 0 45 (R 88 5 B L, 3F B S AU £ 6 TDMA XA
TEAE T4 M B IR T, oMk HAZIE FH T CSMA W48, IR Ib, ST A7 A8V 2218 A it 1K 7 SCRiR (49176 T+ 4%
T W 28 R AR AR IR DR R TS B I 48 58 4 )L BE T Mica2 5 s AL IR 6 BT T RIS AT
P HH T I R (capture effect) P01 g AR T 7E 52 B PR BT v A7 2k 2403 X 4% 3 4 ) B, AR IR SRR AT SO TR
SCHR[L2]75 AR (W gt CAE P48 R Tl 3R HoR

Fig.10 Experimental sites in ATPC
10 ATPC sz b7 5t

FLRIT, S PP 0 e e s 190 24 B0y 2 42 ) SR WIE T v Ak T 20 B B AT (19— S8 Bl SR 5% P A 50385 o 296 B i
(1 JZ T b 6T A I % SRS 2R T SO AR e B, JE LR A SR B AT 5 O R A B AT B Bk A T
T R BIE 5 T A T JRE A AT AR A 8 A F) S5 PP D 24 4 1 50k o T SR P R0 2 i AR 1 0 2 7 o B 0 A 4 5
P BRG] T 58 41K TDMA R 265, 515 8 H T~ CSMA I 6, AT 78 S5 B i A R AR 1R 1 D Jd B, 5 552 B o 3K
TRATAR 4K () . S A 17 R L0 R5 BIE 0RE 2 TR SR A S I 246 )y 2R 2 o U PR O 0 A, DR 8, 7 2200 T AT
BEBOGTE L TFREARA.

5 BEIAILRSSH

28 LTI A B T VF 2 [ 56 0 26k BE D0 P T £ 1 Dl g o S0k oy T A S 0 46 AT N AT SR )
s, I LDy A 42 R0 T 4 255 22 A D7 18I 01 24 2 7 2 8 25 6 ), DR 0he, R 1 AN T B P BRI R ¥ o H b, SR 1
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T DL K FE R G0 10 R DU AR AN AR [R] 328t A8 15 2 28 4 ) Bl 130 HL A 22 A 0 T R o, X DL oo 1R . 4 L A 15 T A
AN AR T RE 0 AT LB AT U0, FRATT SR T AR (W 7 3O L3R A 55 (1) 2% il i ) 3 R 4 ) RV L
TG4y B BT 4 2 T AL I S D SO AT 7 40 LU 3 T DML ME Bl M 2 /MR REVT A 28 -
AT T G5t
Table 2 Comparison of classifications of power control protocols
Fz 2 UEEEHI LR
Protocol A B C E F
CPC
COMPOW J
CLUSTERPOW
LAPC
RPAR
LMA/LMN
PSP
RDPC
BASIC
PARO
PCM
PCDC
PCMA
DEMAC
SHUSH
POWMAC
PCSMAC
PCBL
ATPC

<
L |@

L2« |0
S
LN

A N N
N R N N .
L NN

LR N N

v
v v v
v v v

N R N N O O N
R N N N NN

<

A: Network-Level control; B: Neighbor-Node-Level control; C: Single-Node-Level control; D: Network-Layer design;
E: MAC-Layer design; F: Based on topology control and connectivity; G: Based on energy-efficient;
H: Based on network throughput; I: Based on latency-sensitive; J: Empirical design.

Table 3 Comparison of performance of power control protocols
=3 DL B LA

Protocol A B C D E F G
CPC Low Low Not need v Moderate  Good  Moderate
COMPOW Not need Rather high Maintains multi-routing tables v Moderate  Good  Moderate
CLUSTERPOW Not need Rather high Maintains three routing tables v Moderate Poor Moderate
LAPC Not need High Transmission power table X Moderate Moderate Poor
RPAR High High Forward table, neighbor table X Moderate Moderate Poor
LMA/LMN Low High Neighbor table N Good  Moderate  Good
PSP Low High Neighbor table N Good  Moderate  Good
RDPC High Moderate Forward table v Moderate Moderate Poor
BASIC Low Low Not need N Good  Moderate  Good
PARO Moderate Low Routing table v Moderate Moderate Moderate
PCM Low Low Not need N Good Good Good
PCDC Low Moderate Not need v Good  Moderate  Good
PCMA Low Moderate Not need N Good Poor Good
DEMAC High Moderate Recording table, checking table v Good  Moderate  Good
SHUSH Low High Interference node table v Moderate  Good Good
POWMAC Low Moderate Not need N Good  Moderate Moderate
PCSMAC Low High Schedule table, neighbor table v Good Good Good
PCBL Moderate Moderate Neighbor table v Good Poor Good
ATPC Moderate Moderate Not need v Good Poor Good

A: Computation overhead; B: Control overhead; C: Storage overhead; D: Node mobility;
E: Robustness; F: Fairness; G: Adaptivity to changes.
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