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Abstract:  This paper proposes an array receiving scheme for ultra-wideband (UWB) OFDM signals in WSN networks. The major
feature of the proposed scheme is recovering the UWB OFDM signal by frequency stitching. Firstly, the UWB OFDM signal is divided
into multiple sub-bands. Every two adjacent sub-bands share at least one overlapped subcarrier(s), which is used for time alignment later.
A sub-signal of the UWB OFDM signal is received on each sub-band by a narrow-band receiver. The received data sets of narrow-band
receivers are time aligned by performing peak value alignment retrieval (PVAR) on the shared subcarriers. Then the UWB OFDM signal
is recovered by fusing the received data sets according to the result of PVAR. As the implementation of narrow-band receivers only needs
low-speed ADCs, the challenge of high-speed ADC in traditional UWB OFDM receiver is addressed. Extensive simulations are performed
to demonstrate the validity of the proposed scheme and further look into three performance metrics: (1) synchronization error-tolerance, (2)
extensibility, (3) performance under different SNR values.
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T4 A% B ™ (wireless sensor network, f&j#7 WSN) 245 2 i T 26 38 45 A 11— AT 98 4k, L )2 1 3

« FEETH: EHR AREFE KR 4(61070203, 61202484); [F 5% i & # 1# 1 54 3 4 (20124307120033)
WA N [A]: 2014-05-10; € Fa ) 7] 2014-08-26

© PERREERSMROT  httpy/ www. jos. org. cn



ABEH FAKRRTTEENF OFDM 12 5 49 4 5] 1L 3 AU 31

RIS, 0 AR BE WA 4, H AR BR B 4 B 98 OFDM 2 S B w3 JC 4k A% I W 0 — T T AT R B R 7 2 LA 3 FCC
(federal communications commission) il & )b, 88 5 4 R 38 45 4B A 3.1GHZ~10.6GHz, i i 4iF B & T AE IS
T %5 55/ g 500MHz, B3 K by 7.5GHZ, p 4% 2 M SRR 5 BT 4018 5 415 A K 0 102 01 45 ADC IR 0
TR TAE 570 510 2 %, A Be W Bt R R 15 . TR, e JUA% e A OB LS o 6 B i A T D 2 (A il 7 R P Ol
#2/b0 1Gsps~15Gsps (1] ADC.SEFr W ] 7, ADC FRAF M AL A5 5417 58 1) 6 £%~10 £ B ifi i) ADC K Af
K LT Gsps 24 417 A R ADC 5 ADC12J4000 SEEH 234X 4Gsps, TG k1 A 1 5 117 4%
T PR AR BT R SR

OFDM Jit H i 5t A 15 1 B JC 2638 45 I S H R I 0 OFDM B2 MCHL K 22 2T il 52 Y 3 WO 28 M T VR AT A
T DR 8 K 10 75 SR BB A SO 3o T M BE A AR S [ OFDM {5 5, B3 R JT) 4 58 B 422 10 JEL i 4 1 — R Ak
AR AT R R BE B AL P L B 2 K 8 55 1Y OFDM 15 5 [ A1 U0 40 B 22 1 i AR N b, OFDM 1% 5 5 43+ Ay
ENTRES M2 INES S DA BRI S 75 S5 H 007 1 Bl % A8 e 51 A
AR A AN T LSS A B B U S R R S B B S A T B A A 15 2B %A OFDM
S B R S G AT A RPARIRI D . FRT . 30 WS A% B AT AR A5 H 54 5 41 OFDM AR AL 45 1 15
SRS IS AR T R B OFDM 15 5 I & R 7R, 5 B2 15 T8 A T S5 4 VR 2 42 BT

F BT LL N AN 5 T )

I (8] %6 55 (time - alignment): B 21 A (1 42205 4% 23 Jall SRAE AR 26 N 74l B EUE 5 i T X L8 3 U5 5 4
W2 TR TR SR I [R) o) 2 G 28 AN WA, TG v T HE 0 AT R, 5 B S b AT IST 1) %o 5% 70 0bb, 1) FH 0 1 %) 5% UG L ¥% (peak
value alignment retrieval, fij #% PVAR), HS 85 A5 458 15 #5541 B - B0k 1 SRAE AR, 4 A [F) 8 215 21 1) B U5 5 b AT i
)0} 5% ot S5 e FRORT 5 1) 45 SR 1K 28 B (5 5 AT il & 75 21 98 7 OFDM 15 5 (1 I LR R,

A 25 i Z (synchronization error): B 371 w1 [ 28 5 15 8 LA 43 A XX FHAT (7 2 A, B b 620 R AT A — A 43 A
FGEAS T G 1) () L 3K A 1 4 1 — S SN B B AT R0 A Eh T B R R (K M T S B
P ATFA B IR I 1) ZE 3R AN — 30, 12% S8 31 AU AN e i 23 (clock skew). I 4 i 4t S5 042 Wi 9 1) v 454 4% TR SR RE
TEOR I R A — 2

1 tHXIE

A 98 R ) S B e L BT 20 2D 90 ARARLGER IR U AT 7. e T 2 A 5R UAE 5 R P ] R, — SBOR
JEIYIPE ) 2 AT 5% A5 5 (multisine signals) £ U5 5 0 PO 20 IE SR 5 40 o A 8% T/ 10 M 0 P oK
PP (S0 (0 P E A 58 DURAS 5 A0 98 , 1T LAAE BE K PR 2 31 ] P L0043 25 B P . D 7 1 B KA i R W 2% 4
FRI0 PR B,V 20 0 TR TR Z T 9 A JiE (bandwidth extension) i S i, LUE /2 AN 4 045 5 & A= B 4% 52 4% B I i
P B R MR 5415 5 S AT 5 42 Joe AT P 7 8, B S B A SE B, 23 750 LA Remley Al Wisell ) T4
AR Remley H10S A7 HE B O AH QRN 2 — l Ik T AR AL AR 5< 10 Ak 2 G330k 38 ek AR 7 A S 2 00 55 AH 4T Al
o {0 b PR 20 T A &0 40 R M 7 (stitching together), B fis s 3 I AR 5 Al 9 12 7 2 FT LA
YA S 1 LA 2 T E 5% 345 5 (multisine signals)il i 7 o 942, 414 pe— AN 5, KM@ 38 ik A5 55
atf S8 UL 7 5 b Wisell 25 00 P £ A 6 A 4108 22 AN A WU A5 5 JEAT 4 5 D2 SR 8 R D 30 JBOR 38 AAA
S . 5 Remley [ B J7 I AR [, 12 7 T2 008 3ok 03k 45 8 ok S B, S SR 2 A AR A 5 A A T

A 3 A 2 A S DL S R AT R U ) S B 68T SR A R 110 S8 i s DL T 2 9 AT A% S R
OFDM 15 5 (K FEZ AL W A5 Remley T $2 MR A5 5 7 96 Hf 57 S8 0 ANRE BRI S5 13X — H A, DX A s Pk e
AR FH 102 DA 5 (1 W SR T 0 AN [ 0 A5 5 P BRF ) 6] 55 00 3R BE SRS P A T4 5 e ACI, 7 BE A DR A
I TRDAS 5 22 S, A RE LA D 12 AN A . EAT I (8] 50 55 2 A SC BT $ B O L Al v f) — A B BEF 5T N 75

© PERREERSMROT  httpy/ www. jos. org. cn



32 Journal of Software 3373 Vol.25, Supplement (1), October 2014

2 RFIRE

21 HHERES

e 18— G L T 1 1 0 [ OFDM A5 5,30 24 .8 44 N AN -3, S0 96 Pl Dy f~Fuy. T 200 %
S9SN TR £i=( SIS K F ARSI k=012, N-1.

AR5kt 4 1 2 21 OFDM ‘5246 2% o OFDM ¥ i KO8R Ui 7 0 N A IEHE SR Ve B2 o N A
B2l s, AR5 125 5 5 2 X 001 BPSK QPSK 46X, Xa0 1 X1 X M0 BRI N A
R LR,

RRL A R

X(t) = Ni& ),
k=0
X, (1) = X, 827,
Hhk=012,..,N-1.

{4 I 07 1 74 (additive white gaussian noise, 7k AWGN)fiJth. IR {55 5 £ AWGN i e

125 0 Rl A 5 .S It as X

s(t) = Z[Xk () +n ()],

A k=012, N =1, 0 (6) 85 kA T4k L 075 43 5.
22 EEHR
TEATIKE S SM R P A T15 5, Sy, Spvvn Spg, Sp AT S STATEIH N £, ~ o AFRE N (£ = F,0) 360 =1,
2, PSR S A1 S HUBUEAT— NS TS B £, < £, ARHRSUBRRN N A TR BT NI P AN
WLFRLZE T, ~ £, BT 2 B0 00 T BRI R S 11 T T, S BN Sy 13 %/0— A T TAL.
AT B8, 5,5, 5 4, S, U 9818 11D, DALt 02 AT R 109 002, B S 1 Sy A T AR MM FT O 1,
w%$¥ﬁwm%ﬁﬁm4¢ﬁg¥ﬁ&mmwﬁﬁwﬂﬁN,m ..... Np_p, Noy (575 SRS 00 P 1 7.

]TTTTTTTIITTTTTT TTTTTTTTTTTTTT TTTTTTT[TTTTTTT[

// 1 Pl\\
\

TTTTTTTT‘ ‘TTTTTTT B TTTTTTT‘ ‘TTTTTTT

K1 5w
1S P B 0 PR S (N, =N, +0) 36 p=12,.., P H551H 4 Ny =1, Np =N Np £ S;
BT A T4 ML S, 935 1A F 4RI S,,Sp0nmr Spy, S I BRI 505

s)= 3 D40 +n 0],

K=Ng

0= XO+0 O],

K=N,
Npy

Sa®= 2 [xO+n (0],

k=Np_,

© PERREERSMROT  httpy/ www. jos. org. cn



ABRA] FIREAME T AR ¥ OFDM 12 5 89 1 71| Ao 4 AU

ssM= Y DO+ O]

k=Np_y

23 FlESEK

33

AP AR Ry Ry, Roy, Re AL B, 73 35T Sy, S,y Spy, Sp BEATKAE N 1 3RATAH I 1)
RIFIE A, R, Ry, Ro g, R B NSNS IR B AT 1) 25 SR 2 B0 Ay I Bl 3. A 6 A 4% 2 Mk SR 7 B (1) 22

SRORFEHR D0 2% (-

fo) GCRAEIB KA T. Re X Sp AT RAE, W Rp % 25 k A7 8P 2EAT K

B HALY

N,y S KNG N R B Rp AT Rpyy RAE, L P p=12,..., P =158 k7 308 1R R [a(0),a(T), -
a(NT)]RFE R EC (n+1) S 1 X 53 Re 38 Ny IRFFRA [ay (0),ay, (T, ay, (NT)], R, A5 8
Np FRAER R [ay (0).ay (T)...., &y (NT)]. N 5 N Z TP EBEHE Ny RAF HORFEAE T e — A AR B
Mp, M BIAT 3 BT Sy H 01 BGBARIRAT, My I8 3 75 1 3B IR SRR

R.,Ry,..., Ro_y, Ro SRAEAF B P A AFERE My, M,,..,
a,(0)

M =fem -

aNl(O)

a, (0) ...

M= i -
aNZ(O)

ay,,0) ...

M,,=| © -

aNp,l(O)

ay,, 0 ...
My=| ¢
ay (0)

2.4 BE)¥5F

Mp_lyMp v;H\:I:Fll

&,(nT)

a, (nT) |
ay, (nT)

W F A5 5 HERAE L L — A A5 SO AT 5 50T B9, B8R R Ry, Ro gy Rp B — AN I A 3B 47 [ 20 {BL15 31
(R IT BB B My, M, My, M S22 B SC IR I E50 0 B 6 145 5 SR A4S 21 14 52 B 0, T 2 08 AN [R) e 48 SR A i
PRI IR TE 0T I 5% 28 DR b, 7 5080 Rl 7 2 i, 7 S R My R0 M R 500 R SR I 200500 1 5K R

RSO F e A 0) 5% G IC 25 (peak value alignment retrieval, i #k PVAR)XT M il My ZE47 I [H] 4 5. PVAR i
XM BB — A7 R My (55 147 (BF R,y Rl Ry ot 528 1 3008 M) SR )R ATV 20 4 DG 3¢ 38 IC I e .

PVAR ) LAE s B 1] 2 i 18] 2(a) K7 AE My IR S — AT CE — AN 5 A 15 B 2(b) 2R AE My 5 1
ATTRCE —AN 55 8] 5 o VKNSR T 3 8 DB 1 20 o O A5 HUB 300, PR A i 11 BCME %) T AF DGR AS 07 i 4 7
SR 2(c) xR sl E ALY R A T L A8 EL AR SCAR A OGRS BRI, M, AT M,

1) 46 5%

HIT M AL M & S, TS BRI A B EALE My D M BRI TRDGS R 50 2R 55 Sy AT Sy YIS TRDRE I 5% 2R A2

—E.

© PEFRER AT

http:// Www. jos. org. cn



34 Journal of Software k3 3% Vol.25, Supplement (1), October 2014

The peak
M p Yy 1 ~—~
] ] 0.0
The fixed window—>
@) 06
The sliding windou\ 0.4
T TT T T i
e e e 02
M p+1 0
X
(b) (©)
Kl 2 PVAR

25 HIEmE
AR I TR0 5 (1 45 5,5 My, My, Mgy, M 5 S TR BRURE [ ML 8 1 2808 N, ISRAEE R M, 3%
JE AT A My 5 1 AT RS Yo i 18] 3 R,

Y PR v
S
.... g A A . M
S e o Y HH
A T
........ ; N 2
1
N 1
NP—z,v e A
g8
ST M o
M, - T
~ R H
Tt o[ o
M, [T -
| I
| -

3 —AMTHIRHL SR 4

—ANTAT IR T B 4 7%, S HASEIRL 23 AT 06 D B AL AR 49 I 145 5 S1, S0 Spt, Sp - S,y I Sp
H—EBFHI R, Ry, Ro g, Re 28 510 S,,S,,00,Sp . Sp HEAT T AE I HH A AT 0 1 4515 B M, M., Mp_y,
P 3 s ] 5 5 il 2 75 21 S BRI AR I ML 5 M 285 DT R 508 i s A e 25 3o ot B T A
R I (45 L d L e d N d, B AT 75 4587 2 (bit error rate, {# B BERY). T 4 Hu i i
e S R 5 B A 1 5 L S A 0 R v VA % 1 2 45 8. DR R e A A A T A, B A ) 2
SR R (L ) 3 R 5 A A I E 2 HE 2 4 0 A3 SRR o, 5 A T LU N I e

4 RESW

BB A B HECL Ry, Ryoey Ry, Rp LA A1 X IFAT H 5 2K A2 I 8] ) 25 S A AT — A 2315 228 S8 6 1 Wl £ 5%
S ) L A AL A P I ) ) 2 15 22 VAR T W L o 77 55 W 0 B ) 35 B AR A1 RE AT 2 0 T I o ) 22 438 2.

© PERREERSMROT  httpy/ www. jos. org. cn



ABEH I AKRRTTEEN T OFDM 12 5 49 5] 1L 3 AU 35

Sl
STTGR i
F{‘llnr]; |-L|-| , ;
y |
mOgn e ot
§ .

A
f
1,

Rt
! I
v I
- I
PVAR - |
: I
I

Analog 5
&

i
i
I
i
|

Data Fusion . [Filter Band I\

! s S
- . > S WW\A,/\W
L 1

K4 —AaArrgH ol gy % 5 MR

41 RER

R R, Ry, Roy, Ry H NS IR B R AT [ 25 S AR AE AT AH [ 1) SR A T 5 SR A ) B AEL B T IR e A5 5
LR K AN ) M AN ] I B A5 5 B5E R, Ry, Roy, Re MY SE IR AB AN AH [7], 13 35 MU AHCIS B i % (clock skew).
I i A% 180 AN B2 IR 8 3 2 () F) 22 St 01 AR IR o S 38 AT AH [ AN A7 A I Bt B . 52 b Ol N 3R T 2
W e # = S ECR GG NN Ry BIRFEIN ZI 5 Re (R A N 20 58 S00IE 72 . A6 I B i % 4 5 o
N.R1uR2,-..,Rp_1,Rp FIRAE T4 N 7] 8- AN AH 7). Rp I 48 SRAE FR IR 1] 2 5, 65> 0. IR i 2 2 A5 A S U {52 3 5200

Rp FII BIIEIR 1N £,p=1,2,....P, W1 5 FTI7R. 2 o =MaX{€1, 65,0 6p_1,Ep ), Emin = MIN{EL, 65,0 6p 1, Ep )
R, Ry, Ry, Rp HII B SE IR N (€0, S ] YO B N HSBEALAEL.  simin<émax /2 IS 81 10 2 7 ZE 1) st R B B 5 B ass.
STTGR 4 [F) 25 1% 22 1€ LR N B # A (&,ax — Emin) -

TG AR ZE (520N R FFLERFE I 18] 2R &, & >0. P AN S B 5 4

ale) ... alg+nT)
M, = : :
ay, (&) - ay, (&, +nT)
ay (&) ... ay (s +nT)
M, = : . : h
ay, (&) - ay, (&, +nT)

ay,, (&) ... ay,, (g +nT)
Mo,=| :
aNP,l(gp-l) aNM(EP-1+nT)
ay,, (&p) ... ay, (& +nT)
Mo =[N\ Y :
ay(e) - ay(e +nT)

AR TR N 19 R0 [y (2,),8y (2 +T) sy (6, + V)], Ry A FARBE N, R BE (22
TR By, (2o, (Epo+ Ty (s + TV HI T 5, g 2 02 53 KT 2 W A X 255,
42 BHEERE

R 1 B 10 [0 255 £ 5 A RS B ARl o P B i 5 2 3 % 30 % A 10 B L 52 S5O 1 1k 00, 5 1 o 452
AT ML 3 T 900 0 PR 0. DR 25343 W2 91 B OHL G 25 G Bl — B, 24358 B 25
KT 1x 107" AN A B2 32 10 0 i S 50 B0-0F, 70 52 R eI 2R PR A by 0.3 T Lot T by SRR IRF ) i) o

© PERREERSMROT  httpy/ www. jos. org. cn



36 Journal of Software k3 3% Vol.25, Supplement (1), October 2014

5 MEEIFM

fF Matlab 5 5747 2L T B4 UF AL H A Pk G P00 00 M BE AR AR G S (L) AT (2) AR PERE;(3) PR
:(4) SNR 1 521
5.1 AIAMAMEENE

% 18 B OFDM {55 S (1945 %% 5GHz, % 10 240 1%, — > OFDM #75 A1 5 102 400 AN ELAR Ay .
MILRIET 30 MF45,BPSK i il ,SNR=17

W5 S W% BRSO 1 RE A b BUARE, S bl A6 G B AN 2R — 1, 2% I B A P L b 42
BB IR S B 58 8 2y 320Msps, 160Msps,80Msps,40Msps X 4 Fi i 1t 418 2 25 7R SR A% o 300 R Y 1180 B 371 o
WL Rl 64,128,256,512. 1 [Hi ] STTGR64 i 64 A7 iy B2 OHL LR Jli il 32 s B 31, DA I 24

() "TAPE I 6 FToR, BESIAL BN S AR GE B L EAT T LR i, 1505 30 AE 1< 107 4 R W T 47 S Pf 42
CREFAG R WOHLIR T F

(b) ZRAEVE. I 6 T L, 24 [R5 4% 2 420 0.3x T 1, B 33 UL 0 358 Ly R 32007 1< 107 IR 40 i 26 5%
JERCERTERE N 0.3xT .

() PLFAxT b B B8 BGHZ [ B iy e AL 1Y) SE L5 R AL I 2 5/ ) 10Gsps 1) ADC, H i1 T. 2
I T S BT B B AL BRSO L I S8 AR5 SR FF S % JLE Msps (1 ADC,JL A4 — 5K i 7 284 24 =] 5 ) LA
2t

x 10
]
2k--- -\ - - | R
' STTGR64 :
|| —STTGR128 |
, STTGR256
I ——srrors1z| i ___io__oaoaoooo il
o
w
| e e e e e e
0.5 - e A e
X 1 1 1
Traditior:lal OFdM receilver
] ] ] ]
(¢}

L L L L L L L L
0.02 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32
Synchronization error (t/T)

K6 Al PR E R 2 A

52 HH R4

PRI T8 T R 1% B A A B O L W R € 2 — T AR B AR 5 1A TR SR 8 B S A B P LI T i
PEARE A OFDM {55 %% % & 10GHz,20GHz,50GHz,100GHzZ,200GHz, %= % B W ML (0 SR A R 45— Ay
500Msps. it 5 # % %t H %> % & 40,80,200,400,800, Hll 43 5 ] STTGR40,STTGR80,STTGR200,STTGR400,
STTGR800 kB £ OFDM {555 .SNR=17. 2% [E[F] 25 1% 2 K 0.1xT,0.2xT,0.3xT iX 3 Firfi5 it

B 7 nl 0L, AR 2 T R W M A A 2 O HL )35 LR 3 2 R 25 22 0.1xT, B S AL B OH LIV 5 LL s R
16 4.5x107° 40 24 [R5 22 4 0.2xT, 1% ELEF 7 6.0x107° 247 24 [R5 % 22 4 0.3xT, iR LR % 75 9.0x107° &£ 4

&) s AN s R B, ZE 4% 52 1Y TRl 2P % 25 . STTGR40,STTGR80,STTGR200,STTGR400,STTGR800 1% LL 4 1t
REIF A I BT BT B, R RN BE AL 20 DA, B 2 v 4 5oL i) 5 B vt B ) 4 e oL £ 5% Bl
R MK,

AT DLAS HH A5 00 AS SCEE R R R AL B WML A AR L 1R T 7 JR ek R R R e A5 5 1A o R R A A
WAL A R W B 2133 AT B A1 A U

© PERREERSMROT  httpy/ www. jos. org. cn



ABEH I AKRRTTEEN T OFDM 12 5 64 5] 1L 3 AU 37

0.1=T 02T ]
Synchronization error

K7 wry Rk
5.3 SNRAEJE M

TEAFI SNR H T ML5% BE 21 4k B2 ML ) 3% LR B8 .OFDM {55 S WAF % 4 7.5GHz. /Tl STTGR64,
STTGR128, STTGR256, STTGR512 Flfk Gt bl 73 sl i S. 161 8 vh AL Ze izl Mlic b R.IA 5= 7 20 0.3xT.

P 1 8 W] L, B 51 Ak B ML 1 B B O WLAT AR . 5 A SE 2 OHLAR LE, 24 SNIR B I, B 7 AL B2 O WL LE £
SRR RER 22 G SNR $ 150, B 2 A B2 OH L 6 32 T e T A% Ge B UL BB M A5 e L KT 19 B B 51 Ak 2
WOHL 5 1% Gz ol L e B AT 2 S

L x10~
1 R
6% —e— STTGR64
! STTGR128
STTGR256
é 4 STTGR512

13 14 15 16 17 18 19 20 21
SNR

8 SNR 52N
6 ZHRiE

551 55 A7 OFDM A& A5 5 AN SCHEHH T — i 5 B2 2 BEF AL B2 IBCATL I AT 508 e T 4% 45 5 v e L
FISETLER Rl ADC Bk R AZ R OH LB A AR, mT 7 R R 4 5 7 A R 1) v T 4 08 1 AT L R AT ()
FHTT 5 AE N — 50 TAF B B IT R USRP N210 20 322 e B 371, Sz B RE 14k OFDM 15 S 43 WL I T % .

References:

[1] Akyildiz IF, Su W, Sankarasubramaniam Y, Cayirci E. Wireless sensor networks: A survey. Computer Networks, 2002,38(4):
393-422.

[2] Breed G. A summary of FCC rules for ultra wideband communications. High Frequency Electronics, 2005,4(1):42-44.

[3] Chiueh TD, Tsai PY. OFDM baseband receiver design for wireless communications. John Wiley & Sons, 2008.

[4] Zhang BL, Kiasaleh K. Broadband receiver design on FPGA. Int’l Journal of Managment, IT and Engineering, 2013, 3(8):65-79.

[5] LiuH, Li G. OFDM-Based broadband wireless networks: Design and optimization. John Wiley & Sons, 2005.

[6] Speth M, Fechtel S, Fock G, Meyr H. Optimum receiver design for ofdm-based broadband transmission-Part 11: A case study. IEEE
Trans. on Communications, 2001,49(4):571-578.

[71 Remley KA, Williams DF, Schreurs D, Myslinski M. Measurement bandwidth extension using multisine signals: Propagation of
error. IEEE Trans. on Microwave Theory and Techniques, 2010,58(2):458-467.

[8] Wisell D, Ronnow D, Handel P. A technique to extend the bandwidth of an RF power amplifier test bed. IEEE Trans. on
Instrumentation and Measurement, 2007,56(4):1488-1494.

[9] Elson J, Girod L, Estrin D. Fine-Grained network time synchronization using reference broadcasts. ACM SIGOPS Operating
Systems Review, 2002,36(S1):147-163.

© PERREERSMROT  httpy/ www. jos. org. cn



Journal of Software k3 3% Vol.25, Supplement (1), October 2014

FEBRFT (1989 —), &, i b A1 K LN, I LEHT
FUAIE g TC 2k I 46 15 T A, T e Al Sk

E-mail: xiaolidu@nudt.edu.cn

B8 (1982 —), 5 i L Wy MWt o =, &
SIS A 0 2k N 4% U B, % HT 15 MAC
BB

E-mail: shaohelv@nudt.edu.cn

EBEEK (1973 ), T, 1 L WF 5 AL, CCF =
Y45 By, F BT AU R T LSRR T )
TAE BB SRR

E-mail: xdwang@nudt.edu.cn

B¢ %4(1938—), 93, BU4% L T i,
[ b 2 5t e+ CCF w4 4x B, L BERF 5040
Job Ay A G M A T AL A R G A E
G A1 B B B B R, B S R B
TAE.

E-mail: xmzhou@nudt.edu.cn

© PEPEESESUT  httpy/www, jos. org. cn



