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Abstract: This paper considers the time hopping impulse radio ultra wide band (TH-IR UWB) sensor networks,
with n sensor nodes uniformly and independently located on a square and a Sink. The upper bounds on the lifetime
of ordinary clustering dense and extended TH-IR UWB sensor networks are derived respectively. For ordinary
clustering networks, the cluster head aggregates data from the nodes within its own cluster, and relays data to other
cluster heads. The results indicate that the upper bounds on the lifetime of ordinary clustering dense TH-IR UWB
are in proportion with the node density (or the number of nodes), while the upper bounds on the lifetime of extended
networks are inversely proportional to the size of the deployment area (or the number of nodes). The results also
reveal that the upper bound on the lifetime of dense network in the ideal case are longer than those of the static

2 "and the upper bound on the lifetime of extended network in the ideal case are

network by a factor of (n/log n)
longer than those of the static network by a factor of (An/log(An))". Therefore, sensor nodes, or the Sink moving
randomly in the square, can improve the lifetime of ordinary clustering TH-IR UWB sensor network.

Key words: sensor network; ultra wide band; clustering; energy dissipation; lifetime
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Y RW B A G EREHE RIRKD (R B REIC AR R AL 3T HENL RAEE TA 48
Rre e 5 M4 5 T (n/logn)'? £ st T4 R M % 3280 T A G416 LR #HARN LIRS T (In/log(in)'? 42
B b, &3 Sink fE1E 75 T A REAUAS 30 48 45 4% S48 B R A - 2.

KER: AR ET KR HAELN

HEASZES: TP393 XHRFRIRAD: A

FH T J0 Ze A B 1o 11 ) B 2 P I S5 R0 X A 2B 3 T e = A 9 B K% 30 4 ok [ 9 A ST LAG #8 56 AH T J
X7 THT AT 5. T e A 1o 9 i P A1 ol (RO « il 152 B I A% 1865 500 7 R 8 13 B 81 5040 1AV 2R 19 R (sink)
YR AL BT S BT IR AR BRI G L 5 AR S 5 VI SR T R 0 S A 1B Y ) 4K 22 B S S SR A R R A A
IR BN H L RO AR R AR BT s A EE AT R R, T el rRT A v DRI, 10 % A A 30 1l A e T e 52 R
A BRI R — AN DA 1) R AT 20 S8 K AR I AR A I EAT T T2 IR, R 2 R & s s B Vil . 15 )2
bl GRS R g A A5 LAy TR SR )

I3 REM AR 2 R A% S D A A S PR A R0 5 v A G 10 P 2 i SR AN A E — A 0 Sk R 22 A i 3 2 1l A I
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HET7EAE 3 P85 W (ultra wide band &R UWB)IZE fA: Bk i bk b 52k B UWB,DS-CDMA UWB FlI
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e RS T R T RV SR (R B 22 45 T R S5 TR R L BT LA TH-IR. UWB 2 TG 26 A 5 1 2 (1) 1
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PP R A, D BT BB R A 20 1 i e B R A i 3, TR I, B E ERIFST ) 1% TH-IR UWB A% 3% (14 4 17 4
EARAAEREN.

F AT, A PR B D78 s n T TE55 7 VR A 0 4% 1) 308 38 DX 3O /N P A 3 0 T A1 85 A
T T0 55 (R R %5 B R 28 ), 5y — b T VR AT 1T pe 8 JSE A DR335SR /N T TG 95 (R A 3 e I
28). H AT AT EE AN [F) 2 G 6 A R 9 A A7 G B AT T RO 0 LA SR 4 TH-IR UWB &8
AAEI LR B T A Y SRS ST T A R S TH-IR UWB. AR 1 2R 47 0 3L (H 2 STk
(15T HP B T i Sk AT 70 F AT 380 AR 75 P 1D 735 s 0 Al 58 Sk 3% 1 500 I A R o 2 WAT 380 1 B8040 AT R 65 (B 1 56
A3 1) S AR AKX o3 1R T 2K 23 50 s A i 3 J AR DR PR A I, R 0tk I3 FH 30 B30 11 S8 T AR A S50 1) Y H 3
G0 LRl 5 1B 23 20 A B W] BEAR AT AR SCHEATE T o) — Fi B 2 10 3 7% 19 44 R Sk ASO0g >k B AR e P A 5
FORIE TR AT BOHE Rl TR TR 8T A A% Sk 1 BOHE AN BRAT % R 1) Tl B, AN R AT AT AR Ak B (R A H R A3
J). 8L b X A - 55 O 8% (R 0 98 )36 P T 0 B S B0 1) I FH AR SR I 9 40 AR 1Y) TH-IR UWB. AR I R 1)
AEW B FL 9T 03 AR 2% AR T 48 RO i T 4% 1) AR A7 0 b FkL ol T AU R S L AR A A B, SBR[ 16]BF 51
T ARG R ) = YA S TH-IR UWB ALK M (1 BB FE L F Ft A0 SO FSE IR 9 a RE G AL BRI 2 B8 s h gk — AN 8
Pt 7 AT R I B8 5 T AR S B AR AR B SRR BOBE TR 4 n AN RO R S MR BB o A
TE T, 9 45 v s L9 FE 58 R S (R I8 /N 09 i 19 A A7 9.
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1 RipiEE

1.1 MERE

P 265 A5 AR B b AN TS 5L SCIRTRR T 1) R — N7 Il 25 DX 3 o RV 3R 95 1 (sink) 4 B I — A B AL
TH-IR UWB 1% 3% 5 6} T~ 26 48 W 28 n AN 5 s 7 W] o3 A0 H3y S iy T — AN A SIIEJE O b s it —
A5 TR B E B0 T R 48 0 AN T 7] 23 AR HAI A U T TR R S(n)=An IIETT T Q b, Hoh A —
A5 0 TGO H B R 17 B L, 3L R e A Sk s R AR IR B 3 21 LA A R AR R B M LE R

A X AR R E AL R, A H AR SR RILAE AL B A Pi=0 21 8 X5k H)R S Th 2,
P,=0 79 8 X%k H) #3570 s X%k H) IRIG6 e &2 0.4 T3] B e W, 1B 1500 2 — AN R BT MY
2% B BT AR I R N A BB L RIS P=P P, =P e=&Vije {1,2,...,n}.

SCHR[15]HF C2EUE B, 5 i m AN s 2H ) TH-IR UWB Ml {5 W 2%, 45 % H BPSK(binary phase shift key) i,
0 3 4 M 75 (additive white Gaussian noise, {6 /R AWGN)E T8, 4 75 [ XU Th 2R 435 55 B g /2, W15 0 X K3
KR M LGSR 0 oy 1 35 30N — 65 8 X I RERTHFE R

E,=MPNPT, =M&n|| X, — X | )]
Hor By, 71 mUIRIN BERE: P, T IR I T3, NS R R Xy IORELLRE R ST IR K B T S8 R il
5[0 (Py), Py /2 LA M 36| X=X || 017 £ X 55 EABAR IR R — B 1Y A0 Xy 2 180 (0 R L HL A8 PR 295 o0k 452
BUEIRH, a >2.
R X BROR A TR — 6T X B S AL e R RE A

E,=MPN{"T, =PMén|| X, - X, |" /P )
o E, T BB RERE, P, 27T B o 2.
1.2 EARZEHEERE

AR SCRFH 55 SCRILSTAR R 0E 7 T8 28 MR AT B TS TR i 230K 1IN/NETT TG g 48 Fk
—ANNEFTE g I—ABI0,FHFAAE Sink KI5 788 T 0B T8, 30 H DL TGN S B RO, W B 1 BT S B
LML IGI KA Ln)Rom T RSB L) ER.
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e EEF
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Fig.1 Square tessellation
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Q) M u>>1 5820 5 0E 5 T O B i iE 5 5w =S /21).

SI3E 1. WA S(n)=An [K1EJ5 & O K IEJ7 28 ML A 1 TR 3 36, 3L rh AN E T TR T g 1)
MAUA s(n)=nlog(An), WAEEA BTG HTE S W AL N(@) UL BRI L Ng)=1, H Mg)=&(ylog(An)/ ), n
R—AN5 n BRI B >84

IE W AN RO H) 43 A, B AT S AR TR R S(n)BIIE T O b R S F— AN s 11 0 X(1<
i<n), LN —NEEE LT R R N

_ s(n) _ y,log(An)
(n)= S an 3
Sy, — AN E TS T SR N (l—p(n) T TE T O WIS A TEEN Nen)=
Anl(pilog(Anm) MRIEHE A F AT 15, 42045 1 AT A& SR

An 7, log(An)Y'
=0)< _
Pr(3¢,N(¢q) = 0) Tog( ln)(l r ) “)
o ,g IR IC,N(q) R /RAE R TT g TP RUEL
T 1—x<exp(y), (1—M]n < ()" T %4 ool > A, — 20 [1— 7 1°g(/1”)]" 0.
An 7, log(An) An
[,
An 7 log(An)Y'
=D)=1- -
Pr(Vg,N(g)=1) =1 ” log(ﬂ.n)[l i j %)

R n—oofll p>1 B, AT RS 1 A AR ET 1
HRHE A BT 401, — AN B0 N B E T BN 1= pmlog(An)/ AN i Chernoff B0 5t 809G ¢ 48 B AU

_ 1 log(4n)
Pr(N(q) = 3y,log(An)/(2A)) <e % ©
71 log(An)
Pr(N(q) < y,log(An)/2A) <e ¥ o
Al A
Pr(| N(q) -y, log(An)/ A |Z y,log(An)/(2A)) < ( ,1,,)‘3% ®
NHBES R
Pr(3q,| N(q)— 7, log(An)/ A [= 3, log(Am) [(24)) < (An) /(71 log(An)) ©)
Kk, 4 71>8ﬂﬁ¢,ﬁ4\$f5@é\ HI1 35 ECh @(yllog(,ln)/l)ﬂg*%%%a: 1. -

5138 2. WERTAN SWIETTTE O KM IEJ5 T 2= MM A AT & 7 k4 35, 5 b AN IE T TR BT g AR A
s(n)=(p2Slogn)/n, W11 n—oofit, AN FRLIT I RUEL N(g) LR HEZR 2 N(q) =1, B. N(@)=X plogn), I, 5, S —A
5 n LRI Hp>8.

SIEE 2 A I AR T 1.

1.3 £EHNEXRERES

F T TG 2 A5 B IR [0 R 32 6] T2 [ 1% I8 R 155 45, ) e S ] 1R A A 3 e SCR SOV AR A e Sk 45
TR T SR e B e, BB G P 0 AT s 377 A S K R IR B0 23 21, T P 4% b 1K T A 1 s 5ok —
AMNEAR Y AR Sink g — AT S5 W AR A7 0 22 0 45 P9 B 7 FE 58 R 1 11 R 7E L RE 50 B B 2 BT AT 55 1) e
KIKHL.

ASCKe 5y BIATE T A A BRI AR ARS B R () 48 AR A . R T 4 AR A I B g Rk =X

TH-IR UWB # &AL W AEAE 1] LT(n) e Sk
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A SO ST A BE ML 2 A0 7E IR 45 X 3 P ) TH-IR UWB A2 M A7 3 LT(n) i 5 LT(n) /2 n W0 26 50, X
T 5 BEHL R, BT LAY 2 A2 A7 0] LT(n) AR J2 BB A0 HE S 45 21 00 2 A7 0 b 57 o0 AT i 2 1) A R B B2
n—ooltf FLMEZE T 1 BAKT 5, WURAFAERE 05 n TSR3 >0, 2.
31&10 Pr(LT (n) = cf'(n) is feasible) < 1 (12)
WFRAEAE I LT(n) I 154K O(fin)).
P 7 301 S i ST A, 52 9 28 3025 10 2 A 301K R T R A (0Ll B Rl R 10
AR T 7 .

2 EMDFERY R TH-IR UWB £ M4 FHA LR

T S AR P AN T SRR B B YRR, AN T ST A v SRR 2R b B — AN SR T AR SN A i —
FE T T A A TR ) A A P ) At A% ST R D 4 ] Py Ak T MR HIRCHR A, S E 75 S B A B B B R
S B U EHE 2 21 I A R A Sk B B 9 2K 18 AR BT A A Y SRR B AT R RO R S BT B it
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7 P 0 T A5 LA B A [ 2 T P T 5 T LA SR P Bk 22 Bk oF T B o £, 0 10 it R0 B 00 i 3
L BT B0 2 WA, 9 A R 2 I B T i A Tk, T D B B 2 H T S AR AR S SR P TR R
FH PR, R 2 799 m 5 A S 1A B 8 Bl e T LR DA SR FH A A 17 LT R M. B T TH-IR UWB G5 R P A
149 % S5F B R RN H2 AT REFE 5 080 K 70 a5 ) P B 85 1) @d 7 A B R 0E 2R P 6 90 43 5 199 4% () A TR i Sk 2 i R 2
BT  R h Sefgsk P B Sink Az, ) 22 BT A5 R % BRI BE B i

o T B 43 A I A R L AE AE 5 B A, IS 578 I A Sk BRI 2 ook B JTAHAR I E— 2 IE 5B 4,4 7R
Sk R IE A B, K 12 s S BN HAR GBI T — N IE T35 A,y B Sk HLRL IE T BR A, N IR AR S AN X 3K L8 4
BEAT Rl A 35 S AR 75 BRSO [ A 50 0 P At AS0UR 32 (R 00 AR T R Sk i I S B T il IR il R
[ A 30 30N — Bk g k.

3138 3. AEHE M EIY B TH-IR UWB §aSA% M i 1E J7 38 4, 03— RSk TP 8k 10T 38 e B #E
KR Efe,, ., (n)} A MR 2

_ P A
E@,,0(n)} %(Hé]m%aogw»“ (13)

Hy A5 n TRIWFE, 2.
R4 L RISk H ISR 1R X Z A1 (W Bk EE A B 2 R0 L, w32 7R oh

Y-1
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Horp Yy SRR Sk H RS i Xy Z A% Ry AR SR AN D, AR IR Sk H R 2R AT 8 X 2 (R BR L B A
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0T 7k R RE RS I HS IR A e 52 B LB IR, 7 TR R R Y AU I R B e 4k SRR e AR HYE
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GB)E X THSRIC R A HE B M EEX S5 HLE B AT BuB eSS mizE s X
PR 2 #9571 ). 7 o 7 i DX A 1 B e Bt KA A
N,y (m) =27+ 232D, [1,(n) (16)
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R, Y8 R 3k H ROEATE R MR R 85 7 v 5 5 bl R, BIATE SR 5 X T FEM R &2 4
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e (n):2{1+’]M577||Hi—Hi+ ||“2[1+’JM577 d —
I i=0 B ! R (2n+ 2\/§D‘./,/}/] log(}m)) !
H, o2 H YN, y(n),L; RoRVIEMESL H W5 R IBREE K & 2 AL A st I, A R P& TICER A A
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Fig.2 Coverage region of source sink pair route R;
Kl 2 YRV ERAT R, HFE G X
TEEE R, AT — Sk H T gk M B VAR W R h
mmn>q””22[+R)M&7 L -
Ncell(n) 1)! (27T+2\/EDI/\/W)
XF T H RS % ) TH-IR UWB B 25 A2 I8 0, AR TEE T30 A, AR5 Sk T T v 8 10 e v FE B K, R 31 4,
PR TR B T AR B T Ay~A, I8 T AR IS 23 2 AE T ER Ay iR SR R T b 4k 1R B R T R L
e A R

(18)

_ 1S, u’ _ 1(, P An
e n)=—>» 8je (n)=—e (n)==|1+-—L |MJ L. 19
zat-re[( ) 8; j rel( ) 2 rel( ) 8( 1)[] 77}/1 IOg(ZJ’l) f( z) ( )

Hrh, f(L) = Lf’/(27r+ 242D, /[y log(m) ).
BRI, IE T B Ay T — N5k FH T rh 4k (0 RE e v R I 2R A

_ 21 5 An 21 5 An > >
E{e,.q (1)} g 1+Pz Mﬁniyllog(/ln)E{f(L")} n 1+P, M5T7yllog(/ln)Pr(D,- OHED)ID, =& (20)

ST R ML, Y5 H IR RO EE B D, KT A AT E{D}=a((An)"?).
{43 21, £{2V2D, /[y, Tog(in) | >> 2 WARGRESE ML BB TE 556 Ay o069 — ANk P o 48 10 B L
IS LA

_ ', A 2
Ea(m} =1 (1 * ;:]M on log (Zn) (log(Am))*’ (1)
Horfn M5 n TRHH AL O
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2 BB FI0 N AR AR BRSO R RO R 78 3,2 n—soollf 88575 A0HT T T AR R 2 e
THAEN
- erx-h (n) +etx-n (n) 1)r a
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A QST L FEF FH 12,24 n—ollf log(An)>>1.
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E{Er_npdg(n)} 2 E{emt-re] (I’l)} 2 Pt lOg(ln) (26)
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ot e mlog(An)/ AN B 50 LA il 2 5 22 A5 11T s 40
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B, T A X0 FIA KX Q7) T4, 5 A R Y i TH-IR UWB #2544 B AR A7 310 -5k
sta _ & _ (4-a)/2
LI =gy O((log(An))*"2 [(An)) (28)
M n—ooflf H i o>2. O

EIR 6. (EHUALNE B, M SRR i TH-IR UWB AL M (14 77 3] _E A O((log(An) S /(An)"%), %4
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IR A SR IOYT E TH-IR UWB A% K9 Py I A7 15 552 (K1 045 REFE 10 30128 4

Ele,,(m)} = E{Z 8 () + 3.8 (e, () + ew(n))}
Fl Fl 29)
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Ferb eimlog(An)/ A2 R G LA 22 A0 35 1 9 4
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AR REAE ) I 2B W] TR0

Ele, (n)} =4 + u)(l + I;JM Snits(An)"? (log(Am)“ ™" + (¢, log(Am)(t, log(Am)™'*}
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