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Abstract: After an analysis and comparison of three most commonly used link-measuring standards in wireless
sensor networks at present, it is concluded that there exists the lowest threshold of received signal strength (RSS) to
satisfy a certain packet reception rate (PRR). Before taking RSS as the condition to construct topology, all nodes
need to use the uniform transmitting power. Thus, the path-loss is determined as the condition of topology
construction, and a path-loss based distributed topology control algorithm (PLBD) is designed. This algorithm does
not only guarantee PRR, but also maintain the least loss links for correspondence between nodes. The simulation
results have indicates that the topology constructed by PLBD algorithm keeps the network connective, and it has
more advantages like low correspondence time-delay, good robustness and relatively balanced energy consumption.
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32 0 AR 25 agh e B D R AN I A B IE 2 HL A B0 A0 S8 1T SR AT IR A AT PR I A 4 SR I 4% T 1 4 T BRI
T R AL i Th 2R AT RO K ) 4% A i YD 5 A B B R 1 ek D AR BB AT L 2 B R LT S B s A, I AR
K H B T MACZ 1 b 58 3 4 231 S AT L (0 3 40 42 1, 0 24 v BT AT 39 s 0 4 LS K AR S o R kAT T
A AN Hb AR B 71 s 1A PR B R, 4 Y 59 190 4% 2 ) T FH RE 7, 398 K ity 280 0 11 FE AR, A IR I 8% 1 Aot 4 R 2
T,

P il 1 57 PR 249 AR 9 28 24 i ) B0 e o BRI DR 2R, 40K 22 B E 0 o) dn AT T R b 9N T RUR S Th R
BEAT TWFSUIEAR I T — R B A0 Fh F UL AL AR, L3k 3074 45 i 5 6 H ¥, Rodoplu e A PR 47 [X 5 A ]
A B 43 A 2K R 3 40 42 7 R&M 3 ot 7 o e 4 A, AER Sh R S 8L T W 4% 3% 3. Narayanaswamy 25 A !
g D 2 5 B P SO T AT AR T AR ) A T e T AR IE R 4% 0% 8 1 R R T R T 2R R A )
. KubischZi A8V 7 kT 5 B HEAT T 2 5 0 (R LMAVRIT LMIN L 355 48 5 1 0 B 1 b BRI L, & s AN 45
B2 A [ O S 6 Sh 2 AT S BB AE BRI B 1) LT Hou VB Y 10 AR i 5% /I8 2 B 5730 e )
9 25 1 0 T LLARIE P 28 3% 30, LA 28088 9 T MAC 2 (1 7 58 55 4

VIR, 22 I P 30K A B g S T 0 8 10 B 0 A i bl R OB . YT U2 R R G B S R AF R H
AT S AE AN AT RORS AL AR R B R 5 1, ELIA A 355 55 20 A £ [R] —Euclidean 1 Ifil 9. % 7" WSN2K
W, F A AR AL R i AR B/ A AR 10, R 57T i YA TC 5 K A 1 7 A7 206 0 A7 16 TR M FLAS B8 2835 1 H BT )
R A TR R AN T AN VR IR 2 6 SR T I P AR R SRR S AR IS A B R 2 T S ) g 56 I 5%
P25 3P YT 8 2 PR AR B 5 24 0 67 PR KS 0 R 2 50 oo T, B 5 % 8 085 K, T Y A1 Bt 2z 3 0. % 1 314 a5 47
HE R T S T N 9T 5% (¥ Wattenhofer Fl Zollinger VR 4 1 5 573X — 44 1] 5 |\ TG 25 8 1 190 4% (114
F BB b R T A LS A3 IR R S XTC AN 75 71 o A el LA = o 255 1) (1 9 4% s i 3E
XTCHBAT & B e Ui (V0 D7) i 3k, AN DABE 8 Ok AR IEAT T 7 1 0 7, 8 R R A0 30 1 R IR (R i e it A T
R B A Y ) P B et T B 38 9 AN BE A ) M T 40 i K 5 e, Dyer s A\ T2V IS 5 % 9 0 0 12 0 £ 5 o
AT T Ak TE . 92 56 45 A W 0 bm v O 22 55 K IR R 001 0 B8 O o 5 8 8 ) PR AH DG PR AR /s

2 LS I by A B B U St e s oA (R R0 b T AR H R R 3 AR AR HEREAT T R,
TR FEMAE 5 00 S5 W R 2 () DG R IR IE T R LA — o MR A M B AE A B AR A B N RIS 5 5
JE BB &5 18, 00 8 T iU 5 00 R A5 B R R AR R A D B I B bR v TR I R A BRI T — Rl T
PR AL 1RE 1 20 A1 20 #3585 492 PLBD(path-loss based distributed topology control algorithm), {41 — & Wi %
FIRTHE R A58 551 3 8 S Bk B A AR a1 R B/ N AR PR B . % e XTC SR R 1T ) 52, 23 3 WP
VAT s AN HE AT BR AR B AR HL R AR T REFEAN Y RUR S Dy 2 4 TR REAR AR b HEAT 0 2
Eb 48, 56iF PLBD S35 (03501,

1 #BRESHENRSHE

1.1 ERRERERE

A W 1 e AR, 1 SE TR E — A A B R AR, E T SR IR B T AR OB 3

(1) YtL#*PRR(packet reception rate)™: 5 S — B[] Py 45 I 2 1k D W21 1 B B A by kA Bk
TR LA LY 51

(2) % 5 & 5 7~ LQI(link quality indicator): 7E IEEE 802.15.4 1125 Sy 43 i 2% 111 g 5 #41l (energy
detection, fiIFRED)- {5 W b (K94t T4, B S P 25 (K £ 457 0 26 SR A J CC 242003158 i ot 42 Wi 381 () 4 AN T 8 4ir
{1715 A 26 SRA¥ 15 21 [50, 1000 (1] F AH DGR, 5 2 1 78 45 4y [0,255] i) (4 B, AN 1T 16 % B B S L QI oyl =

(3) HEW iz 5 T 7~ RSSI(received signal strength indicator): 5z W 15 4% i b (K045 e LL ol J2 P S 2k
55 R Ak T JCZRSHLE /- CC 1000,CC 2420 & RF 230 %53 fE EL #2145 RSSIH R ILIE 2 447 Al

B Bk R R 3 Piobr vt rp S5 WH A S L B T B () R b (L N T ek Y R A s
15 .Stanford A 2 (¥ Sprinivasanfl Levist L4 T CC 2420 % F [MPRR 4 5] B RSSUHILQI 148 Ak 175 e, 75 HE RSS I}
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PRR [P B 0 £ 08, HAE IR A B AR A AR 1 DL, — X 15 AU T3 2RSSR A R I 5T BRI ) 45 18
HET LA BT AT PRR G RSSIZ A (26 RukEAT T #ie LS J feanr:
5P A Bernoulli it 122 5, 4 40 ) D 2 LI Pi=1, Js 22 3 WO R TP =0, WIS 1 r 2 i 40 A% i ok 15, Wi (0
FEPRRA (/1)1 P U P 7 HL— 3050 A 1 B LA B, 42 HE 95 Ok B8 HEPRR, T e o i — A Mol 4
(R 22 E [Py 1EEAT A v 128 SR I R 1) AN UE 22 ML s 4t i, L Baud=1bit (145 4 1, i B e i — AN S0 o, I A % p
p=@1-R)*@-R)"V=@-R)* (1)
BeNECIR Pt €7 Y QR e N R SN & R U B2 TIPSR Y vl Y D NRAN s T S BT T NN T E DR e o
7. PRI LR 18 22 28, I SRIL I P 5 ok T A0 B 4 HL L, Pe=(1/2)exp (- 2), Ho 1, a=Ep/No . Ep R B W 15 5 4
FU AR 1 B 2, N A 7L 300 gt 75 Ty 28 1 28 1 e 1 T8 4 T A 45 1 L o o B UM 5 i B B rss 0 [ A 6 75 HLSP P 2 22,
H 7= (Eo/No)(R/By), R #i 4k 41 i 18 2 (bit/s), B Ay W 75 417 s, DX b T DA 72
p=(1—(/2)exp(=(rss—P,)- B, /2R)®' )
AR IS 2 5 FEAT 5 R B AR 2 ) — — 0 BV 1Y) B A rss R A 38 R A R p R 3 3 G 3, HoY R —4
WUAF 5 5 B R {EL rssy RT3 A2 4% 11 rssrssy I WO 26 R 45 58 1 T T 28 1) 2 3K p2Pegpect, 34 1, rssn AT LLR 7R 4y
rss, = P, — (2R/By)In2(1 - p&&! ©)

expect
1.2 ERESRENHE
T HEHT SC A3 BT, RSSI AE A% 55 - Hh e Wi 0 % (1 A8 4K Dyer 28 A4 B4 58 1K) RSSI 2 7 i 4% 0 £ th 184 55" 1)
W A LA rss AE Ak B BE AR HEST 0 A R STVE XTC @047 T st (B & 8o 5 p8 B B R % o 10 M s 5 R
TR, rss [ K AL,
PAP 05 R 78 15 5 AEAR i R A% L O BURE, — B B0 N R D Z P rss 2 1] ) 56 2 vl LA & h
rss=K- P — Py 4
AN RIS AH0L P g T B0 5 5 rss 1R R IR 20 ANAH 7], e =0 (4) P AR AE R B K TR 7Rk
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SKH Crossbow 2T RIS 5 5k & FATTIEAT T 715 A ) (1% T 2l A 5 500 8] 5 199 795 st [ 110 B B A
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3.2dBm, % BE R DI 03 i e v 2 AR 5w BE AR A9 B O R B 1 s el L 5 g0 R s S
oFR JEE o R I Ty 2 B A0 AR TG 38K 11 A Al s A 0 T S ) AR 2 IR 1) A% S Y 4%, 1 R T BE R R 2%, 4515
(R A HHE T DR AU R, 38 W] B AH 22 Bk RIVATE X T 759 s 1 2 ple e 4 B0 R A Al 2 R I 2%, e 25 TRl 4%
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(1) BRAZIUREAN SR 20U AT HH R A 5 D 23, be e W £ 5 2 45 I T 1 ) 8 Y B B
(2) 7 DI s HANZE SRS RS ST 3 T B AR UG ORFRAE — AR Aff 2 1070 B A, B33 LA K
(3) — XY AT AR, (T IR ANAR X B AR 10 RE 2 HAT B AR RRE
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Fig.1 Relationship between received signal strength Fig.2 Relationship between path loss
and transmitting power and transmitting power
K1 s 5 am S R AT R I R A K2 BARAURE S R S Th IR &R

2 PLBD #RIMEHIE X

21 WM&EIE

3ATE PLBD 1 4h 42l 5500 M52 FH AR B2 HH R JEAT 25 18, AN B2 I 44 v A 1 R — B s R RN T,
AN LR 2 T i Y0 R A ) 630k, 0 A A S TR R = 2 2 100 11 D) 48 340 i 3 . B9 1) s DAL R B LA T
FAF (L) IS [ 55 A AR AR T SRS AT — 2 MBI A7 R B RE D, B E B B R G Th 26 (2) 1 AU BRI
B4 A5 BT DL E A 5 8 E rss;(3) 11 A KR ) HIREE A KA SURIIAE LR, AU [
TAE BRI X k. T 518 S 11 D0 2% A RT3 LB AT 4 H — 24 XL

EX L(4BEFILBBES). WSN U1 F AT ru LR K T 3P oy () R IE AT KL RE S B v IE A H 0, I FRv ol u
1 — AN 40 Y AUl TG 20 2H AT AR A N(U), BEN(U)={v [Py (v) <P max(u)}.

TEN 2(AEARE). #  w R BT S weN(U)FT weN(V), JIFR w15 5 u F1 v 1A FE4R R,

EX 3(E®B). S TAEREAT muRiv, W BAFAE B AR B AR P=(Vo=U,V1,...,Vo_1,Vo=V), W R U RV 3 18 1. 45 ™
£8G(V,E)HR (VBT AT 1Y 25 #0 BE ARAIE P 1 22 7] 2 30, 8 4 G b 2 14 T 11,

—CE LT WSN A58 m] U 5o 8] G(V,E).FL i,V o 4 (1971 iR A BB A A E={(u,v)lveN(u) . 1l SR K
HEAT #4500, 705 20 DL A B 0 B K R I 5 B TR A u 5HAEES NP R a7 S E s,
PLBD S5 v JELAR g 2 B B 45 3 1919 AU 2 R AT 55, LA RIE 5 4% 008 15 B A2 I B FE e /.70 s I R B T 8
AR LA RF BB A% 355 et 1) B A8 S T A BT T 4 T R B FE I e L B R R AR KK .

2.2 PLBDHE XM

HeT HARBURE 40 S 2 505% PLBD F: 22/ 3 MK BU S, 73 5 4 4B Ja A 8L A B I 2 A4 41 e 57

BB 1. S8R B

90 208 AN AR L S 18 850 K RIS TN R P o BN — 25 55 P (ELAIHY s 1 i AT Hellodi 5 A1
RS R A Hellody U 7 — A F CRIAR S5 AR InL g UL 1L penid 24 &8 15 U7 5 dioss 87 48
o Vi) EL B A P A% B2 R, H 420 1T Hello 7 B HH 1R P 557 S5 I 00 45 P8 B2 A5 5 58 38 s AT URAH 2805 o i I {EL
BN 55 dioso M 55 AL SV i B2 [ BE A 26 TR B 230 S P T A R (1) e /D R AR URE I B c_stylefUFRAE AR 7
3, AT SR BE) FIM(Z k) P AT AR bR 10 35 A S, IR A 408 Js 22 1) K Y L 75 A IR A 2 A I 2 M B R A T
T AU B AR R Y Rvif Hellodl KR 2k B 8 O A5 5 91 3 A8 00 vl AR B 55 10 400 o A LA T S T R e
B3 o A v A8 Ja 1 s g S P2 W 3 He o JEk A IS 1) 56 J A S I B AT, A0 004 AT T8 3R R e A0 B, RO B
& T SHE S IRE.

BB 2. {5 KR B
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Table 1 Information list of node u’s neighbors
F1 WA UM EEESIER

nid, Dlossu mlossu C_Styl €y

B AR BB K R D2 k)T R — 4% Adjust T EL BL S T ST AR SR AR BB Il X FECRIE T4 2
i) 380 3 22 S4B A T 1) Adjuist Y8 5L BE B IR AT AT 40 49 s 1 4R A5 8L R u BRI BN LA v M4 B F1R Inl(v),
G Inl(u) AT Inl(v) 2 A7 AE A IEARJE 1Y 5L WA AT AR, u 050 B myg (V) 55 My, (W) + My (W) B
Mg, (W) 15 Mygee (V) + Mgy (W) IR, BT 55 408 i 208 A7 38 A5 119 A it B/ 8 A2 50 OF HLA BZAZ 250 Il (u)
mloss 1 ¢_style W 41 {5 JSL3XFE, 75 ml u e 2 AR (5 AR il sk 7 5 A 40 1 M i Rl IR A S i
NGEA B AR BURE, R W 1] 4 TR,

Adjust_information_list():
1: for (each node u) do
2:  while (receive Adjust from v;) do

3 if (there exists wenid, and w e nid, ) do
build_information_list(): 4 if '
1: for (each node u) do (mloss, (W) + My, (W) <My (v))
2:  while (receive Hello from v;) do 5_ update Inl(u) as follows:
3 if v is not in nidy() do & Mhoss, (Vi) = Mg, (W) + Mg, (W)
4: insert a new line into Inl(u) 6 c_styley(vi)=M
5: nidU:Vi 7 elseif ( mlossu (Vi) + mloss‘,‘ (W) < mlossu (W) )
6: Mgss, (Vi)=Pmax(U)-rssu(vi) 8 update Inl(u) as follows:
I8 Miggs, (vi)= dmssu (vi) 9: Migss, (w)= Miss, (vi)+ m|ossVi (w)
8: c_styley(vi)=S 10: c_styley(w)=M
9 end if 11:' end_ elseif
10:  end while 13 ef}gdif'f
11: end for 14: end while
15: end for
Fig.3 Procedure about the building of Fig.4 Procedure about the adjusting of
neighbors’ information list neighbors’ information list
3 ABfEfE RANRE R K4 AR5 B AR

B BE 3. HhAh R B
I O B (A8 S A5 B AR, &9 i 5 c_style B2ARIC 0 S [ BTA &I a0 R Nl A B B AR T S U
HAE B 5 RS DR b BERAIE AR A7 L RERY c_style=S HAMA 5K myys, () fEL 715 500 IE A 322 e 21, 1D

RS (mlossLI () + rssth)/k (%)
ﬁ‘; EP ’ mlmssu (V) = c Smea(‘\)l_():S{mlos:su (Vi)} WVie Inl(u);rssm EI TQ Eﬁ it (3) * ?%I‘ . ipk «'f_?\ @{
YO 485 5 BB 1 or (sach ot o do -
Hubh b e 44 JR) ) 4 0 A 2 T kR BT I RE G B 5 TR, 2. ifc_styley(vi)=S

build link u—v;
end if
find node v satisfying

mlossu W)= C755?(3‘)/'():S{mlossu (vi )

AT SN B A b R PLBD ALV, R LA 6(a) 4 {51 2L 4 W 9 4 f
(163 5 B 55 2 1) K e s A I 1) BORE A A0 SR R BB B, 4 s u g
W5k 1140 v, Vo, v Bl v, [ Hellodi Jh, 42 R JEL AR K2R IR 0] 58 Ji5 4 ks 3L
5 RIS I A 1 5 W45 B 8028 Inl(u) 38 15 77 Ke_style, — R4 414k 4 R IN A
gk 3RS, A B AW A A R B SR B AR AR R IR B &
58 A e AdjustE BT B A B AR I U R, LA GRIE L N A
A BFE IR/ 24 W v, I Adjustfs 5L IR 42 [ G000 0047 40 0,
T Mg, (V) + Mg, (V) < Mg, (V) (B 3+4<10), m] AE A Av R B
LhuFlv 2 (8] H B0 15 M3 #E 55 /S it _style (V) FHSE6 AR A M, 15 iuRilv, 2 [0 A 2 77 76 PR Bk B %, an 1 6(b)

o ahw

7 Py = (Mygss, (V) +1584) /K

8: end for

Fig.5 Determination of nodes’
transmitting power

KI5 0 U DA E
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JI 7 AU B SK v, (1 Adjusti B T TRDRE B0 77 0047 0 1T o T B0 AT 19 mUAF 1 4R AR v Z RV R AT 55 1 4%
P A5 AR InI(u) AN 23 S A U 83 v A W o v 2 0 v P A SR B AT T 8, T R v B vis 1) L 922 0L 15 B B
LoV ) 2 R B U, G 1] 6(C) BT oas A ) PR R AT 26 e 24 4 oy I 286 4 Mt A2 ST K

(a) Before adjustment (b) First adjustment (c) Second adjustment
(a) R (b) 25 1 Wi (c) 2 ki

Fig.6 Topology establishment by PLBD algorithm
Kl 6 PLBD $ikdfi4h 4t

3 [HEESITEIEM

3.1 IEiIERR

BB BT A UL B 5 s K D) A 04T AT I A @R KA R R A G(V,E), BAT 2 A U b P I Sk
PLBD @i it 4 K7~ A G'(V,E).

EIE 1 WS G(V.E)EEE I, 4 G (V,E") A [FIAF LR AIE % 3.

EBA 2% AT R SuveV, T G(V,E)E Il 4% R X 3,G(V,E) SR 2 D AFIE — 4k B AR P=(Vo=U,Vy, ...,
Vi1,V =V), He v T, (i=0,1,2, ... n=1) B9 48 8 15 0 IR I G (V,EN) e u v Al R AE 758, 75 IE AT & o 4R
B4 ARV Rl 2 TR AE B 15 1% 3 B PLBD SLVE BT G/ (VB &A1 i3 8 vl 7 A S4B JE {5 B 513,
R P 05 v v R A1 D) — 58 A7 A T4 1 1945 5 270 3 o DR A B 62 W17 2 A 0 a2 T R0 A55 R ¥l 2 0 1)
£, BT LASGIE BV, BV £ B A AR RT3 L8 ving € Inl(vi), 73 AT T2 13

(1) c_style, (vi,y) =S IX KRV Blvia £7 L ELH K BRI 5 #4%;

(2) c_style, (Vi,)) =M ERA VIRV Z TIAF £ A 23 FEAT Jo 15 s wi, AL Vi 2w AT e i Bl v bE LA
15 BBV R B AR B RE T /N T 4 8200185 5L T Ve v R w2 ) LA B wi R v 17 A6 T84 i 42 B m]

B LRSI R4 nT LG BT v Ml T 0 8508 . T2 u MV AR TIE TR . T S u R v IR AT R T A
G'(V,E") Iy i 6] 45 252 ) 30 42 D A7 AF — 4508 15 6 42, BRE GY (VB )38 . FEARIE. O

EIE 2. PLBD #i4h G/(V,E")H AT 5 P 1 fZ [ FA7 AE BORE e /N VAR B 12

IE WA PLBD# 4G/ (V,E" ) AE B 9 suBIVZ AR 7E B A2 P=(Vo=U,Vy, ... Vn_1,Vn=V), H P vi vy, (i=0,1,
2,0 N=1) 9 P B A0 ERIE B P A SR /N RE B A, BT IR B B AR PR AT R TR AR 1Y AN Ay ) B AR B
RN R BRI ABBEAT RV RV g 19 20 3L 4015 SWAH A Mgy, (W) + Mgy, (W) < Mgy (Vi) , W 3% SIS IR
PLBDIIET BL 2,1 I 4% ¢ _style, (vi.,) = M B 2VioVi NS AFAE TR 40 3K S viflivi ELEIEAS AR T & BT LA P
AT R E AT BT R RV TR AR AR SR /)N, WP A2 u v DA 53R e/ Y I AR BRARHIE. O
3.2 %EEIFM

L HAS T CEUEW] T PLBD A A (1) 30 M BE 8 (R AL 7 T8 R0 B A2 B FE S/ 1K) R s 1 X — T A
Matlab V- & [T {7 ELSE 46, LUK TE PLBD Sk A 2 Itk 25 18 XTC &9k 5 PLBD —#%, &5 2 ML H # B2 R 15
AR 0 28 S AN T S A T Y 5 R M A A R, LRI AL A R e . s N A o AR A
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HEVE, D oK SR FH XTC O LR i 42, % PLBD S92 45 T RE AT VRN

SRR 100 AME RS S BEFL 2 A 7E 1000mx1000m R 1X 15 P4, &1 A5 1R B K A e 25 ok 250m, 23 il
1T XTC S5 A PLBD 559543 21 1A X 4% 40 41 45 44 40 il a0 B 7() 1 7(0) T 7. WS #0423 1l S0 i b B 381 1)
Refebrn AR 2 Ak it THRANSE A I 4% 25 iy 145 (HLIK S8 g FR o 15 I 4% 7 SR T 140 % e B SORT MAC P 13055
00, AN BE B A b A F 0 428 11 1) A R AT A o ORI, R R PP Y S . AR B AT B . A R
SERIBREAERI T SR W I E T 253X 4 TRLEREFebRXS PLBD ELVEFN XTC S (1 I 2% 46 4 B AT 1E B L 3% 55
N

1000, 1000;
90014 F 9004
800 ¥ 800
7000 R 700}
600}, L% 600}
500} \/ 500]
400} % 400}
300!, 300t
2000 | 2001
100} 100

0 L E 2 Nl L :: ' P - H & L ! L ——
0 200 400 600 800 1000 0 200 400 600 800 1000
(a) Topology constructed by PLBD algorithm (b) Topology constructed by XTC algorithm

(a) PLBD 7 &t (14 11 (b) XTC SEIEA R )3 41

Fig.7 Comparison of topologies’ structures

K7 gkt

3.2.1 SEI AR
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