B 1 a1 1 BRI JE 2 1R Ik A%
W 4% 15 AL 2 SRS B 50

EAM,

Jho e REA

(db AT K2l T B TR B, LAt 100044)

[HE]

R PRAUETE 25 AR 38 TR A% S 190 267 it P S SRR T R 5 4 8 S 4 A X, 7E 2. 4 GHz Y ISM 43t

B Mt X BB B A | St 1 IR R v AN [ 75 R 1 A A0 i T ALY A2 A TR A, 18 T ol 5 2 42
SARUERAARRISEZR . TEAGGERF- T 79 5 508 7 iE i ERE b Je th T —Fh 5 IR B IR T N R =
N TCER AL IS I 2715 DR AR 8 J7 58, 7 SCT P8 B ALDUI AT D SE AL IU] | T i 6 17 DR R v A A i 5 1 G
RS A D ARG A SRR W07 5T LA BRI R A2 X 58 e o, B R HE.

1009 —1742(2008)09 — 0064 —06

ORI DX 3 5 4 7 B4 OO0 S YYD £ B B )

[ R ]  TCRALIRARMNES W E A2 AR A 2 55
[HESZES] TP393.02 [ XEAHRIREE] A [XEHS]
1 B

A TG A TR I 4% 14 ST R 7 BT
T R BB S T AR, 55 N, LR A2 SRS 190 4% 3
WL TR RE R HE AR A | B 5022 4 A X B4y
S BB A T 3o 2 7 149 o Y R X ke
PN A TR 56 Bk L B i S R
AT R BERLECAT . (ER ROy 5 R S B AR
5] 455 7 R4 IX B A e T, 4 X B T
B, DRI, 3 0N R IO 2% A A 5 R
FH R B p 2, I P A 4 T — R B
(ORISR

T2 I 0 TELRAL I 5 0 26 A — b TG
LR (5 U4 , FLOm 15 ME AE X 28 Py PR H 22 5 Jn AUk
T A0 A b e 4 ) R S 28 T 4G R
FHOHG RN R A VR LE R I T 5 A
N R B AR AE T3 N B A AE 1 A
TR S REE Y M A SO A
EASVERE IS, 7655 N 5 Z PR HE T ol {4 ik 2

[WFmEE] 2007 -03 -05;&F HI 2007 -09 -22
[E€mE] HEAKRF¥EESEHTHE(60573001)

T SR — A E B A A Y R,

H A, % N JC 2 A% I 48 I 26 22k F ISM. i Bt
R. Hekmat $2& H T JCZ & B I 45 Hh A58 15 AL 4%
FEvE S5 SR 0y B2 R S HR = AT
X B 3 AR 0 A4 R B T 4575 K. Gianno-
poulou ZFZ5 T = NI ISM i B2 A% A5 AR 18— ikt
51" Bahrin Fl Jaime 25 %F WLAN 7€ 2.4 GHz [y
BRI T T2, A I 2 = N T AR AR
WL R AT A 250 7" Marina 45 %) H 7T J6 2%
P2 28 W 25 FR AT Y Y IEEE 802. 15. 4 Y1 AE 7F
11 7R G BT, 52 T = N BT N 05 5
R JE7 4 7 (8 (RSSD) B B 9454k

SEETE 2.4 GHz (1) ISM A BE | 40 3 o 0 s A
S HUREA R G 28 1 B RS I 4% 14 2 DN A R A 0 ok £ 7
TR IEAHT TN A R R B A R X AN TR
EHEER S, 7E SRS b DRI R X 5E 4
BHEENRIEG LT —MEEAERENEN
TCLR A% SR X 241 5 Dl 350 28 Jr 48, Il o 1143 An

[EEEAN] B2 (1982 -) B Sl el i A b at 380 K2 1 - 0F 50 A, 2SR5 0 1] Ay JC 2 A% I8 2% 100 265 1 IR 55 % B4 AR

64 HETIERZE



D5 FAK I X% T5 6 B A R BEAT T BIE
2 EEESENEEXNEREERZNT

W 25 AR ALY 5 09 FE T 000 AR o
R KEMES 0%, RS LLB ik —HF, =
W ICEAT 5 1% 1 [ e HL AT B 8 5 VLS AL
KELEEE TTHTF & L N B9 AT 8 #0852 i 5 5 i A%
., AHR,F G5 XTI e R A 52 i B 0 fE
BT " | 28 N JCL o B A% 4% T LA FH X 5 g
PUFEARE AR HEA T R

P.= P.(dy) —10nlg (d/dy) +x, (1)
P.(r) = P -P, (2)

KD HAERNBEBFEAKX, Hrh P i
BHFE(dB) ,d RS 5FE5EHSEE, d
RRSHESESRMEEE, P.(r) NZRGS
SEFE (dBe m) ,r WARFRHZERCR L 2= A SR (T -
R)MMEE P RWAEGHEZHE (dBs m), n HEEKRE
FAFEFE K0, W T B B N AT KR IR A
Xo TANPREMZE R o B IESBENLAS &

ST I E Y A TR A B R R 2 S X
SSSEE M RE M B2 R TI CC2420 EM AN B
€C2420 DBK " 7£ 2.4 GHz () ISM $i B F 47 T 52
ok, 1 gyl TSR o R, o R
BEEE N AIREE L5, EAK &SR
7.35m, 6.50 m, 3.20 m, FEENEE 13 ST
SEHI 1000 YR/ I SE 56 45 2R H MMSE
(/N5 248 ) T i 0 B A5 A [R) K 28 s B R
W nfHS o i, EMECTE L m HSHHEE LG
MBS NFA T mW (0 dB« m), 47 s $2 W0 R B2
-95 dBe m, £ 1 47 TSR,

B1 JNXEREE T E
Fig.1 Ichnography of the testing room

F1 WKER
Table 1 Test results

T &% /m R % /m Dy/m n o
0.05 0.06 1 1.971 3 4.589 5
0.70 0.06 1 2.818 0 4.2153
0.70 0.70 1 2.1337 2.708 2
1.40 0.70 1 2.250 6 7.643 9
1.40 0.06 1 2.2617 3.901 7

MG 1B AR, R (1) 25 5 15 2 A 4%
R (R) AR (T) B BT 4 WA 0
B B 5 1 AR AR O, AN 8] 2 P, ik BRI il
O30T T B R R R R B (R A
IR, T R A DR A B0 Ml T A% AT L
T AR A 56 , BT LA A5 1) 50{EL WS /N 7 HC At v 2 0

519 n fH,
0
T1.40-R0.06
20 T0.05-R0.06
& T0.70- R0.06
8 40 T0.70- R0.70
Q T1.40- R0.70
60
o
(I T, -
£ 80 - -
® It e
R . 1 T T
#2100 L N e cag
-120
o 10 20 30 40 50 60 70

B2 AEXR&BETEHESEEMESRHETL
Fig.2 Variance of received signal strength with
T - R distance in different antenna height

FEL L R ER A AL B R B T RO R
ot T RENLBA R R0 A7 A 8 56 X (R AR R
ARV T 20 DX SR PR T3 Y B, 5T
PR IR AR E BT B — A7 A5 5 X S
PE R TR —BEy WAL, iEN
B(y)o WIERE L roh T - RBEE, W2 mA N
WSS r A BE R BER D PLP, (r) > ]
(B B i B se ) o AR SCRR[ 11 ] /93t
BT, 155

B(Y) = 1/(mk) [ [ PLP.(r) > y]rdrdo (3)

T4 WA PR — B (A A MR 7T DAl 2R
THE R E(Q pRE) TR

PLP.(r)>y] = Q((y-P.(r))/0) (4)
R4
a = (y=-P +P.(d) -10nlg dy)/(2"c ),

2008 EE 10 5E9H 65



1/2

b = (10nlge)/(27a ),

1/2

¢ = (10nlgr)/ (270 ) (5)
Bl (2) A (5)MAK(4) BBAT
o R (erf(=1)12P[P (r) >y] =1} -a)/10n
r =10 (6)

XL e T FE IR 25 SR exf 1935 R B, T Q

PREICRN erf PRELZ BIAFTEUD R R AR .
erf () =20Q(27"2) (7)

Hrp 2 (0, +0),

L (6) AT RIS S 6 i iy o A iR
B PR Z AR &R . W8 K 2 59 52 B, i =X
(6) MBI FT AN AR h FE SRS r Z A
KERME 3 PR,

P 3 AT L Rk R 2 1 v B S — 3K, iR 3
A SR MR T - R AR K2R, #i
n, 7E FaR KRR T L iR 2] 95 % B i v B 55 AR
B M R, T(0.70 m) — R(0.70 m) FEES 2 T
(0.70 m) —R(0.06 m) BEEH 2.92 fi5, Ht, 75
AR TSR J7 10 ¥ 51 5828 | W 2025 JEAS [R] 45 1
V] P v BE 2 5

X TREGL AR hs TR R (3) B
T B(y) A2 S8, ek = (2) 2 (4) FRAK
(3) # P 3,
B(y) = [1/72-(1/2)erf(c+a) +exp ((1 =(c+

a)b)/b) [ 1 =ref((1 =(c+a)b)/b)]

(8)
160
a T0.70-R0.70
140f b T1.40-R0.06
¢ T1.40-R0.70
120 d T0.70-R0.06

¢ T0.05-R0.06

E 100
lLZEuE
g 80 .
& 60
40 \b
a
20 S

01 02 03 04 05 06 07 08 09 1.0
LR
B3 hRBEMEST-RERr ZHEKXER
Fig.3 Relation between boundary coverage

probability and T - R distance

A (8) FEbr b AT LUAE O TR vh X B o6 4 5
(A1 B DXl P R A 5 58 B R T — B fE
vy BE ) BIHR A, X KRER e S o
EA ) AT, AT LA 20 SOk [ 11 ] rp &5
A DI SR S G MR BRI HAh,

66 HEIERZE

T LA 4 M 15 5 06 O S AR A (r, y)
RASCER R JFE
Auw(r, y) = @' B(y) = @R (9)
WAt (9) WL A Bk R MR TR
A SOR S AR

3 ERNLLERFMEMETRE

T, 37 5 B R B 23545 01 AL A
5 B R G 4 A R R A L R, S O B 4
BT, 58 SC—AS19 A5 B SR DX 3k Sk DAY 8 s i —
AER LIRS R AR IC R R, 0/1 B
TR AR Y B 2 AR 3 R PN R A ) S R BE 108
YR AR SR AR N AP I AR AN
BB BB 3 A5 BB 7R I 5 5 X 7 a5 Xy
BB F AR RNRE R R e Hodh & R T R
UG B, d e F 40 A SR B Y R AR
B RE — AR AR R po , (5 A5 5 HE 5 A
BAAG e ™ = poo MAEIR =R = (In (1/py))/
S, BLHIFR R, A RUBRHAI A2

Y YA 7w X A — AR, A RGE
G4 H R, TESHATERE 7 R AR, % & LR
2 MNHEE.

1) AT HESE B4 R N ) 58 7

2) FEDRUETY A5 A5 AT T S AT RE ek D
EECH | AR RAS | DDA 6 0 B R A

FESEPRHES B I T E XX 2 AN FE AT,
TE DR IEE A5 P FE Al A 2 AN 0 A A OB FR Y
FEMMSRATREH /N, WA 4 Fros, Hop sn gk R 3£
TN BT L (R FR K552 ) |, i 26 IR 38R A7 240
{5 3 10 AR (R AR ) o A8 DR IE X ¢ e X
B e AR R E S RTIR T, 7E R, = 3R, W
R TE ",

JUETE— L T TR T AL B A5 I 2 v ) oA Jk

- -———

L~

<, -,

E4 ARREEREBRINERHXR
Fig.4 Relation between effective communication

area and sensing area



[EPARSKi ITDAIVAZS o N N UMW (ER W 7878
FROR BEAE SR PR IE 2 58 BUAT R0 35 R {5 BT A 251
R.=3"R. XF, YEU K HEEREER <3'7R,
B, RS TE R X O X F R e Em e, 0 T
2 DX ) A5 L N R AR OO A 1 () At Y
5B R T AR B R A, W 5 (a) K
AT . UL, FE T T i B A 2R 2R B R 1
PR 3R (A5 ), ZE 7K T 350 28 0 U] g SR Ak L, 28 57 1)
BRI AR S R

JEAE PRI E N B AR 2 2 (B2 ] DL
UL {75 25 S A UH Ol R i 1) 25 S AN () SR 4k e B
TAEREIFEARE n 19 22 55, IFAE 22 5 FL 00 Ay ek
sty igx e R BT LiR% & &l T —F
B R N TCR AL IRER LT B &

FH WRENY eI, ek &
ELH, HEEEYNEE e H;HTENY MW
HRRM, N ES H ZHRM,

B2 ALY ZIEEEEES AH,ITHC
Ahy = h. —h;,h., h,e H,Ah, € AH; ¥ AH (T E %
STE I 2 S LR R R A

T3 ARE AH ICER Ah, KR & R
AR 2 A B () A v B 22 R XL Y m fH RN
o {H,idH n, Moy,

T4 ENRERMRE PLP.(R.) >y]Hl
X HE 25 R B, (y) , IR IR 3 Bis i 30 A7
SRS T-RIEFEXRA,

RS MR SRS IR PR SRR
R v R, fr%;%lﬂmr“w AN ) A A0 {7
% Ry 4 RAAFEIE, 2 R; = 0,

TH6 4 RUBAIEAR N R ITEIF I
R;M 3R, B KN, B R, =3 R, 16 AH Hh %%
Ah, .,

TIT KBS mLE Y <i, > MBREXRR,
WIAHRE , Ah PR AE AH b A0 7 AH HhABR Ahy,
BB R R D T I

B R A5 B, 4 A 8 B0 0 Fn 3 A 4b 7
FL

BRERN ARYESCHR[15] 45 B9 ORD Bk,
T JCE S 2 T v A R B DX B AL R T
SCEEAS KB XYZ AR bR &R N AE R 2P X - Y
HEARERAE R B X I Z AR ARARAE . WIOR by ¢ AH,
FEXF IR X 5% P4, X pi LR R 3 R, Y L TR R 1
SR, A X [ BEk R, Y a1 3 R./2,

AN 1 R Ab, =R, WAE Z 15 8] FE K
R, | HBE T AL,

AN 2 XA (S X AL Bk
BECH by ¢ AH ) E I T B AT 40 15 5 I B A ) 1 R
B A RRR Y 5 S T R AR
LSRRI 78 B Bt 49 B0 b 78— A5 a5, (A BE
XF hy e AH, 27 [ g %) 5 6 I 79 5 38 1 0E 25
3 R/2ARNE Ry, IR L T 7E B 15 T b 7R —
AT

ANEAN 3 X F R Y B BE L X by ¢ AH,
S W 3 B e 7 A B R A S G SRR AR 5
I T 45 KRR B B ik R (HOR R 37 R, Bk T 7E
A B A T — T A IR X Ry ¢ AR AR
B fig ) 5 3 Y SOKCE R B R R BN 2 2R, IR
N7 A0 3T A B e B S e — S

MG 3R 5, Al AKX B 5 (a) P99 03 15 R S
YR/ IN T 7 A AR AT B R A T A D, A RN S R IX S8k 4
Bl Sb R EAER N .

min {R

S5 BRI (a)Fxd K RFHEIE(D)
Fig.5 Sensing collapsar (a) & Modification of
Sensing Collapsar (b)

4 HTESXHER

it — LU 3 TR Oy 58, S PR LI 1,
XoF S P S A5t 1 AT 5 B D AR R AL
Fe 2, MK 5 0 FLa AR 58 A K HE T R O 58 0 5 BR R
1o REEHEESFE 1.4 m, 0.7 m, 0.06 m Fl
0.03 m, MSARCGEGHE RAEWEK 3,
*x2 HERESH

Table 2 Parameter of simulation

i HER ZH
KH IR /dBe m -25
W RHE/dBe m -95
WA/ ke s 7! 125
AR /m 0.42
s IEEE 802.15.4 -2006/2.4 GHz

2008 EE 10 5FE9H 67



x3 ANEFEES
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A deployment strategy for wireless sensor networks
using indoor radio propagation model

Huo Hongwei, Gao Shuai, Niu Yanchao, Zhang Sidong

(School of Electronics and Information Engineering ,Beijing Jiaotong University , Beijing 100044 China )

[ Abstract] Deployment strategy for Wireless Sensor Networks is an important issue. Most research works
are based on the horizontal Scheme. However, many factors including the height of node’ s antenna, one of the ver—
tical factors, can also affect the indoor communication performance of sensor nodes, which is a main consideration
to design an appropriate deployment scheme. In this paper, the variance of coverage caused by the different anten—
na’s height is analyzed, using log — distance indoor radio propagation model at 2. 4GHz ISM band. The relationship
between effective communication range and effective sensing range is also discussed. Based on traditional plane de—
ployment strategies, a novel method is proposed to avoid the sensing collapsars. It first calculates the effective com—
munication ranges, and eliminates the useless antenna’s height parameter which can not affect the full coverage of
sensing area and communication area. Then, it projects the residual height parameter to the plane and uses classi—
cal Deploy Rules to place the sensor nodes. Experiments and simulations indicate that this deployment strategy is
useful and effective.

[ Key words| wireless sensor network ; effective communication range ; effective sensing range ; sensing col-

lapsar; coverage
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