% 5245 5 9 ] HUIREAR Vol.52 No.9
201249 H Telecommunication Engineering Sep. 2012

XEHS:1001 - 893X (2012)09 - 1459 - 06

]

BT I B S R RV U7k
IR PSR T TP TS

(1.4 2B DRI AR AN, JE BT 10141632 3545240 Yer 4 &, ILET 101416)

E. 1T A B TR e AatE i ik WL T ik, E A kil i T AR

15 5 SRR 2 AT RAAZT T IR0 098 1 . AT T R 5 35 5 R e va PSR T
RGBT E R BUER . AR E RSB RX B T RAFAGIRIRAR M B4R AR, B R
TAAAE BAEHEG A, EAERIL A6 B RAE RN 02409 F LT A EME A TR ENL A
DFT 9 % 5 #5169 0.8% , a1 ARk i+ ¥ 5 AR 229 % 1.5°, Monte Carlo 45 A&, f£15 3] — & 132k 1L
RO K AT, T ik 69 R AR M T R Ak CR F R, 7 Aa4& 345 B AR KA 2] CR T IR,

KRR R FAE I AAEAE I R8T AR

RESEETN97TI TEIRER:A  doi:10.3969/].issn. 1001 — 893x.2012.09.009

A Novel Method for Frequency and Initial Phase
Estimation of Single-tone Signals

LU Wei-tao" , YANG Wen-ge*, HONG Jia-cai*, YU Jin-feng'

(1.Graduate Students’ Brigade, Academy of Equipment, Beijing 101416, China;
2. Department of Photoelectric Equipment, Academy of Equipment, Beijing 101416, China)

Abstract : A novel method for estimating the frequency and initial phase of single-tone signals is proposed, which

uses a series of ideal spectrum to traverse the spectrum of sampled single-tone signal. By analysing the effect

caused by noise on amplitude of signal spectrum, the rule of determining spectrum ranges for traversing is

raised. The frequency is estimated firstly by adopting frequency shift to obtain good frequency stability. And

then the initial phase is estimated, avoiding the problem of phase fuzzy. When SNR = 6dB and sampling num-
ber N =1 024, the RMS error of frequency estimation is about 0.8% of the frequency resolution of the DFT,
and the RMS error of the initial phase estimation is about 1.5°. Monte Carlo simulation results show that the

RMS error of frequency estimation is lower than Cramer-Rao bound and RMS error of initial phase estimation is

close to the bound under certain condition of SNR or sampled data length.
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Fig.1 The impact of noise on spectrum

& 1(a) Al LLAE 2], FRIEH 1 Monte Carlo /5 H
S5 RAEAIELAL YRR W) & 5 IRAE MR L (SVR <
5 dB) i BRI {EH Al Monte Carlo {5 H 45 R 75 = .14,
TGRS A 22 501 (S Bl (5 W LU 4 vy, P D 25
R FHEA, U LIRS BT = IER

% S B S800 25 A vh &S LR R R A
ARG, 5 SEARNI A2 25 & A 7] Bof W 75 % 5 i 2
2R, G 1(b) 7R, 6 < 0.25 B, B35 i e 1)
Tk LM ) SE A LB, R 0 BT 0 I A
AL ) R B2 AR A R A o S IR B Y 1 A5 LA b X2
fE 9 IER RE 1o BEE o RO, WP 14 52 ey
BTN, 2 6 >0.25 B, 0 MZmmE TP Fe . FESE
Prab s, Bl 5 B b — S AR R, PR AT

D38 1 (R M 1 i 2R A i L - IEA T3,
21 PR
®1 KREGER r BB HEL

Table 1 r changing with & without noise

0 r
0.0 0.00
0.1 0.11
0.2 0.25
0.3 0.43
0.4 0.67
0.5 1.00

Y r<0.25 B, PEFR AN OB 3 ARI5E
40.25< r < 0.8 I, B LA F W L 5 KT
A r=0.8 B, FIEFUIE IR (E IR F B, EHELIX
PRI L R L 1) 4 Z5i5 2k
3.2 DFT Z#RAI R SRR R X g b 38

O B oGk F] £ 0.5 S DFT A% 6 (14 e 75 sk s
DI, BCEIR AR Al T2 2 B R
& DFT B v 32 A A P e 1) i 8 LG 00, B R
LI E T REERRAR D2 o [R]IJE TIORIG(E AN AR =
W8 {5 4 AT 0 3R 2 A 4455t T ol e B e RS o
5 TR AOLAR TR B AT DA B W v
S IER A AT AR 1 IR A T, T R 5 m 6,
FOSR IR, M2 05 5 AR AL A Al 3t AT AR B~
A R IX — [

(1)3R Hi DFT A3 e i) W (B 335 4 R (1 315 48
5 maxk; F maxkz,ﬁﬂﬁ‘égﬁif% maxk, < maxk,, Bf!
AR maxk, > maxk,, AP AWM EAI(E , XA
VeI RIS L FIATE maxk, I;

Q)BEZ HSUA MG E, #17 AKX (5
Al AUV fo AR 2 65

(3) AWM 2 & AFS, W 6 > 0, IBA L
PR B AR TS £ S AE maxk,, ¢, = arg( S (maxk,)) , 75 ]
WEAE SR AE maxk,, ¢, = arg( S (maxk,)) ;

(4) HsRIULY ) FIATAR A 22 1T & Fe IR
(6) 1R EIE T AROL A AT do0

4 fAEWIE

SR FH A3 52 1E 5% A5 5 3 0 o 9 W 7 0 A S
i 1 45 % 3 07 3 54T T Monte Carlo {75 E: (200
K)o BERFEH £, =256 MHz, kLS ECH N, DFT
HIHER Af = £,/ N, ko = 120, 53 311 25 52 G4 Al
25 8 WG o SEMELL SNR [5EM .
- 1461 -



www . teleonline . cn

RLIREAR

2012 4F

4.1 TEIINERE 6 BITS MR it

1 2 T AR Y, i D7 i AE AR R B0 0 488 R
TP RE L8 H, Horh SVR = 6 dB. 6 =0.16 B AHX)
WAL TF 2920 0.008Af, AL AR THIE ] 1.5° 4 475
SNR = 10 dB. & = 0.12 B A XF 4 fw 14 i1 29 K
0.005Af FHAL AL A B 1942475 SNR = 15 dB. 6 =
0.1 IFAH X550 £ 3249 R 0.002AF, AHAV A 135 3
0.5°Z5 470 T LA, R KR A1 23R Al 25 458 /0 (3 L B
{H 8 =0.2) WL EF TRk

£ 0.5 —
ﬁ 0.4
0.3 ottt e W .-
g 0.2 ’_,/i*" - ~ o
§ 0.1 = ; - SNR=15 dB
B O
Hy
?EK 0.06 — o
S \ — —SNR=10dB
% 0.04 A SNR=15 dB
& / A\ AT
B 0.02 (T TR S S S S ——
§ o.00 et \—\—“:W‘v—¥:’::f=:’b
= 70.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
AT 3R
() JTRAETERE(NV = 1 024)
0.30 —— 5
S J\ — —SNR=10dB
£ 02811k - SNR=15 dB
PN
0.26 |-
i SN ] Ranad
0.24 . L
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
o ——SNR=6dB
W10 — —SNR=10 dB|
,JK > +— SNR=15 dB|
AN
ﬂ 5t# TR
53 . \;..E\:’:T\:“’::_____,_\,h
E gl i iess P e e e e e
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

iibopiki]
(b)Y FAL b HERE(NV =1 024)
B 2 AR B0 R A 22 AS ] B 30035 3 D 25 B4 11 PE RE

Fig.2 Performance of traversing spectrum method vs. 0

AT BT AT 17 S B AE AR X B30 RN
JEF S AT AR B AR R £ = 0. 28/ CHEXHAR
MG = —0.200) , H1H 55 fROH X At s & €
(0.2,0..5)  FAli H AT 5 98 22 L 1) 6 A0 5k B
B SR A I, 7 B R A AR 22 7 A A1
AR, RIS 23 RE M AR A 1B, 25 B i 306
T 40145 3052 1 P IO 2 | VORI HL A 1 44T
AT RLSRFH YU R FE LA EAT T, B r <
0.25 I, 5 HE 47 6 4904 1 I 5% 99034 i I 2

- 1462 -

i FARIERE A RS TE AL T 5 75 0 B HER s 1)
LT, D5 AR MNP 3 B

E 05 —

§ 04 -

&= 0.3

g 0.2 e ——SNR-6dB

7 01 o — —SNR=10dB)

B oo e - SNR=15 dB

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

%0.010 —— =

4z 0.008 A P (| — —SNR=10 dB|
0.006 +~—SNR=15 dB

1 g4 |-STCartes et T e TR LNy

%0.0@ ML VA2 SaV AN [V S an s Ve Nor e o e

& 0.000 ,
= 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
A X SR 2=

(a) B FAG I TERE (N = 1 024)

0.252 =g
e 0251 '\Q 7 |——m:ig
T 0250 hehyibs: \/\4 y R TN
0.249 \VW SRR 2 WA
= 0248 AR S A A
0.247
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
~ 20 —
ﬁ 15/\/\ \ /| — —SNR=10
: < SNR=15
?'f 1.0 "'\/*'\/ S oo oD gt e e ;'?"\'%/"‘*""'\'f\'
g 0.5} o A A
Z

0.0 i I i
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
X R A 2=

(W) MPL A THERE(NV = 1 024)
Bl 3 et Je A X A3 Xof A 2k T 92 At B 1 R T

Fig.3 Performance of improved traversing spectrum method vs. &

B & 3 AT LAt ST R R R s S, A
PIVE ] IAESR ARG [ ko, ko + 0.5 ]AF PIE BN BT
BT RE 3 BP AT LA S B 4 00 35 P ([ ko -
0.5, ko + 0. SIAL) WBR AT
4.2 NIRHELL oy BRI

X B EERIURAANT o AN RIS, A5 3k [ 42 1% 4t
2 AMOAGTHERE, X o€ (0,2n), Z5HNE 4
Jimme BB 4 a7 LIEH X 60 € (0,200) 19T B
(B, A3 7 0 PR AR A TP RE Y L 3 4F, 76 SVR
516 dB.10 dB. 15 dBH], AHX AR (A4t 1115 2 43 3]
9 0.008Af.0.005Af H1 0.002Af 2244 5 M Al 1 7E
o FITIUE D[]S s INF, B 600 or 2 I, Al 144
RERIZNAR 22 | DR FE I — NG, 2 AR Al 1
14— 388 ) A5 7E b ) SHL At I B, AR Ay 3
AERUT , 7E SNR %5F6 dB.10 dB .15 dBH, A7 A Al
THRZE K 1.5°. 181 0.5 4



5525

B 45— POBT IR R AR S R ARG 0T 4

9 4

+ 03015

ﬁ 03010 i i T Sk
~—+—SNR=15 dB|
IE 03005 & : /
5 0.300 0 /\/\//\ '&\/’\\/ \ /: /kj/z/ o \'/,/ Y‘J
!ﬁ .. \ Y \, v v \/~; \\// T
> 02995 it by
Wi i i
R 02 04 06 08 1.0 12 14 16 1.8
% 0.010 ——
’ﬂ 0.008 [~ -zosfezssacsy RS — —SNR=10 dB|
Y 0.006 - e e L L
CRET T e e e
% 0,002 [ o-rscspoadtgsmemscomponcbanseness bt N
® 0.000 i
= 00 02 04 06 08 10 12 14 1.6 18 20

H#aAE B/
(a) HEAL T 1ERE (6 =0.3, N =1 024)

2-0 T T
= 1.5
E .
——SNR=6dB
& 1.0 — —SNR=10
z —SNR=15 dB| |
0.0l="__i g &
00 02 04 06 08 10 12 14 16 18 20
~20
o ——SNR6dB
= — —SNR=10
M1 -~ SNR=15
S - ol
= < = =
@ 1.0
z 0.0 i i
00 02 04 06 08 10 12 14 16 18 20

VIt H AL/
(b)MBifE i ERE(8 =0.3, N =1 024)
B4 R AR X A5 i B Ak - B 4 5 )

Fig.4 Impact of initial phase on performance of
traversing spectrum method

4.3 FRIEHRIm

HI 4.1 99 4.2 1R 05 HIEAR TR 133 i 1)
LA PE R AR RE . X B R L
IS, IO 22355 o R - B (CR) AR
He, Ho s - B Rt (12) pros

oy = S—N,asp:; (rad)
N 272( N> = 1) SNR V' 2N+ SNR

(12)

DiECTIR 6 =0.2, 80 = REEAHL N =1 024,
HABS B . JF BE5 R AE 5 Frs (Z 5 RiE 5
H.200 1K) o

& 5 ATLAE L, 7E SNR < 10 dB I, #5338 [
SRS ERE A —2 7E SVR > 10 dB
B, A3 Al 1 v A 1 RE BB UL AR 259, FF AL
TE SNR > 14 BB 3513 3 JJ7 7 09 90038 Ak 11K B8 4 F
CR T FR, AHOAG TRE S CR FRRILTFE A, M

FAGTIHRG LT CR T B — 2l 003 ol [ 12 7 0%
WA 7 13 BB P AR 85 1 3 B (Am = 0.01 £ %
TEAR) 2 3 Py 48 2R B ILE e, R W] T — e i A 5
Pes ZRTE SNR > 14 B N = 1 0240}, FWFHI Y 5
SRR S MRS S A 5 /)N (VR 7 5| S ) s 85 28 Ak )
W5 1 2 5 i W BE B KON 0.035, B /NoR 0.005)
FEARBE U T RAR B pR A, S5 T DA R s R
T i VAT AR M L 5 v TSR AE T 9 R I, A 238
TETHPEREAEF 4 o WAL AU TS BE % 5] DFT
TG AF S K IBORS B (52, B 7o o 23 5A 3 CR
TR

0402 B
g 0.401 " | — —H L

& 0400 /\V/ o A
& 0399
= v

03— 8 10 12 14 16 18 20
a8 0.010f ——mREnE
i“% 0.008 1= :?Eﬁg
& 0.006 &
% 0.004} e
£ 0.002f i Y
T — % 70 12 14 16 18 20

fEBRt/dB

() BURAGTHLERE(N = 1 024, FHXH = 0.4, BIRHIAL = n/4)

0252 BB
E 0.251 2 |— —HREY

£ 0250p PN

2 o a0\ AL i

= 0. N

Elooagfe 5 8 W b
0% % 10 12 14 16 18 20

20 —

& = —— R

B =

?E 1.0 KQ\\E\‘:\\

g g5l R

53[ - o R L e el

¥ 075 12 1 16 18 20

5% Hb/dB

(D) ABLATHHERE (N = 1 024, AHXS SR = 0.4, WIIRAH (L = n/4)
P 5 fRM b X A3 i vk A T RE 2 )

Fig.5 Impact of SNR on performanceof traversing spectrum method

5 & #®

=A

ARSCHR T — o B IE 52 A5 S IR I AR Al T
Jr— W Ik o %07 ik L —E AR
A7 AR I 3% A5 5 B (L SE B SRR 5 A3 0
f149388 177 , AT 52 BRSER RAR AL Al 3t SCEAE 0 Hr
NP T {55 LTI i B R M) (9 St 25 e 3 ol Iy
T BN 7R RSB, Sl s A
THOIAR . R 5 TR S T AR XSRS A

- 1463 -




www . teleonline . cn

RLIREAR

2012 4F

FHRZE R KA IR0 5 P 1 DFT W AR A2 AR 4G 11
(EAG TR R A AT, 36 S T FH AL AR AR ) 1) R, FEA
WELE K6 dB . CRAEE S BN 1 0248915 BL T, AR A T
B iR 22 29 0 DFT #5553 BE AR 11 0.8 % , W AH AL
T ARIRZE 20 150, MERERS L T3k [ 3] P i
3% Monte Carlo 17 .32 W AE K 21| — %2 (5 M L 5ok
B B RHZ 7 15 IR AG RS B2 P28 % CR T RR,
WIAAAL TR B A TR B CR R BR

S 30k :

[1] Tretter S A. Estimating the Frequency of a Noisy Sinusoid by
Linear Regression [J]. TEEE Transactions on Information
Theory, 1985, 31(6):832 - 835.

(2] W, Bke &, TR S 204 b AR BL AR AL E 1Y
FAREZERETL )] IR TR, 1999, 12(4) :454 - 459.
XIE Ming, ZHANG Xiao-fei, DING Kang. A Phase Differ-
ence Correction Method for Phase and Frequency Correction in
Spectral Analysis[] 1. Journal of Vibration Engineering, 1999,
12(4) :454 — 459 . (in Chinese)

(3] SFEWE, BRA. FET DFT ML IE XA AIAR A
REREAtTTI7 (0] HL 240, 2001,29(9) : 1164 — 1167
QI Guo-ging, JIA Xin-le. High-Accuracy Frequency and Phase
Estimation of Single-Tone Based on Phase of DFT[J]. Acta Elec-
tronica Sinica,2001,29(9) : 1164 — 1167. (in Chinese)

(4] SFEW,BKR. HfE FFT 4G IESZ 05 SR 16 &
ST AR, 2004, 32(4):625 - 629.

QI Guo-ging, JIA Xin-le. Accuracy Analysis of Frequency Es-
timation of Sinsoid Based on Interpolated FFT[J]. Acta Elec-
tronica Sinica,2004,32(4) :625 - 629. (in Chinese)

(5] Z=MW, T K. DFT AHALAN T3 7k B W 7 st 32 )

AAMHTLI] . T 515 B4, 2009, 3(9) :2099 - 2103.
LI Jiong, WANG Yan-fei. DFT Phase Estimation Algorithm
and Noise Sensitive Frequency Region[J]. Journal of Elec-
tronics & Information Technology, 2009,3(9) :2099 - 2103.
(in Chinese)

[6] Rife D C, Vincent G A. Use of discrete Fourier transform in
the measurement of frequencies and levels of tones[ J]. Bell
System Technique Journal,1970,49(2) : 197 — 228.

[7] Agrez D. Improving Phase Estimation with Leakage Minimization
[cly Proceedings of 2004 Instrumentation and Measurement
Technology Conference . Como, Italy : IEEE, 2004 : 162 — 167.

(8] Xy . PR = E X PR e 1] T
2¢4%,1999,27(6) : 126 — 128.

LIU Yu. A Fast and Accurate Single Frequency Estimator
Synthetic Approach[J]. Acta Electronica Sinica, 1999, 27
(6):126 - 128. (in Chinese)

(9] SFENE. FMCW AL & 5k RGBT M ok 12 DU B
JFERIRSE (D] . K% : KR K%, 2001
QI Guo-qing. High Precision FMCW Level Radar System De-

- 1464 -

sign and Principle[ D]. Dalian: Dalian Maritime University,
2001. (in Chinese)
[10]  EHELL, XIS AR AR L BRSSP ARDT T
(V] AR B 741, 2005, 16(4) :95 - 98.
MA Zhao-hong, LIU Mao-guo. Study on the Technology of
the Continuous Frequency Shift Using Digital Phase Shifter
[J]. Journal of the Academy of Equipment Command &
Technology, 2005, 16(4):95-98. (in Chinese)
[11] Rife D C, Boorstyn R R. Single-Tone Parameter Estimation
from Discerete-Time Observations| J]. IEEE Transactions on

Information Theory, 1974,20(5):591 - 598.

fEE T

B A% (1985—) , U TR PEAE N, 2008 4F T bt R4k
2 e =3 /SR B R ) R S s X 0 ) 7 P NS L O 7
IMEHA

LU Wei-tao was born in Xihua, Henan Province, in 1985. He
received the B.S. degree from Peking University in 2008. He is cur-
rently working toward the Ph.D. degree. His research interests in-
clude TT&C, interfermetry technology .

Email ; Iwteecspku @ 1261. com

3L E(1966—) , 55 TLP G, 1994 4 F [ i Rk
SFERPE AL, 1997 AR T U U AS R R A AR A o i
2000 4F FHE RUH TR AR b2 s, BN B 1 2R R0
R 0 AR b 4 ] AR S A HE

YANG Wen-ge was born in Jinxi, Jiangxi Province, in 1966.
He received the B.S. degree from National University of Defense
Technology, the M.S. degree from Beijing University of Aeronautics
and Astronautics and the Ph. D. degree from Beijing Institute of
Technology in 1994,1997 and 2000, respectively. He is now a pro-
fessor and also the Ph.D. supervisor. His research concerns TT&C
and radar signal processing.

BERW(1967—) , 3, LRI, 1989 45T 8 P BHEE R £ 3k
2L, 53 BT 1996 4F 2002 AR AL HUAT S TR KA L
S AL e o AR /ST € a1/ W s 1 s 3 0 S D
AURIMAEBA T B

HONG Jia-cai was born in Anhui Province, in 1967. He re-
ceived the B.S. degree from National University of Defense Tech-
nology, the M. S. degree and the Ph.D. degree from Beijing Uni-
versity of Aeronautics and Astronautics in 1989, 1996 and 2002, re-
spectively. He is now an associate professor and also the instructor
of graduate students. His research concerns TT&C and interfermetry
technology .

REUE(1969—), T, W FETTA, 2001 4FF [ B BH
REFAR TR L2, B T R0 A, 2SR5 05 1] o
KA a5 1 o

YU Jin-feng was born in Tanghe, Henan Province,in 1969. He
received the M.S. degree from National University of Defense Tech-
nology in 2001 . He is currently working toward the Ph.D. degree.

His research concerns spacecraft TT&C.





