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A coherent tonal detector using phase compensation
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Abstract: This paper analyzes the detection performance of the coherent line-spectrum detector when the input data is
real and windowed. Starting with spectral leakage, the method proposed in this paper effectively reduces the sidelobe
level of leakage and hence improves the detection performance of weak real signals through windowing. Phase differ-
ence between segments of data at the same frequency is correspondingly compensated, which results in the coherent
integration of data. Considering the situation of windowing and real-data, theoretical analysis and simulation show that
the Window Phase-Compensated Processor (WPCPR) of this paper can gain 101g L (L is the number of segments)
more signal-to-noise ratio (SNR) when compared with the Average Power Processor (AVGPR), thus widening the scope
of coherent line-spectrum detection. Furthermore, this paper gives a physical interpretation of the new method from the
perspective of frequency domain beamforming and points out the reason why the SNR improvement is not good as
predicted.

Key words: spectrum leakage; Average Power Processor (AVGPR); Window Phase-Compensated Processor (WPCPR);
Signal Noise Ratio (SNR) gain

Processor, AVGPR )i i X 2 USCE 3 1 oh i (5 B
T3, KT BAME 5030, $em VML,
S PR N IS R 5

TE 5 270 (g PR PR SR e s Hp R U H AR S

5 AR A I RRE ) — N R AR, IR SURIHTE TL
BT E N AMEF LR 2 R MK K
AR, FOUBRR 20 SRR e 2 T e 7 A 1) Ve 75 FE AT
R BRI L7 OIRIIE L, XL AL T
PEESGE, T HRAE g wiiE . iR s —
AUV EHFRRHIE, 2430 B Anter I Sts i) — 4> 8 %
(63 . 7 2 T A% G I ¥ (Average Power

iE HEA: 2016-03-23; 1&[E HEA: 2016-07-08

EZEN: KUA1990—), B, WTaEHA, B FA, BN
KPS T AR,

BifES: ¥/KZ, E-mail: pengchengyan@nudt.edu.cn

FHF1ZJH L) LOFAR(Low Frequency Analysis
and Recording) /b EEH A, S4B A NG T b B Y
TR A PR [ 8 BL AR 4 T B 2 ] S AT
IR, A A 0 R DN (1) U 2 Al 0 (1 i 1 4
., BRTHNEHREER.

N T fRPGZR R, RS T AT
SAS SHAHT RIS, 2 28t FA L, A
[P A B 1 2 A S A2 RT3, 1R TR S
(PRSI 4 B o

AR AR T G DU T AR AT, R
JEINE BRE R . BRAR A AT R, IR ok
PR, AHT AU 2% SRS M REAR SR BT i o



%5 W TRSCAEE: — iR AR M R 2R R T A0 28 459
S, (k)=S, (k)+S; (k) (5)
1 Hp A o,
A jzmﬁm)w
S'(k)=2% %" "V W (k—k,—AN)
1.1 {E51E38 ! 2 . 0
o TR VI AL, M L vy L — _A _ig —2n(52+A)
5 R I 1) RS A IR R — A e R S;k=5 e VW (k+k +AN)

36 )

H,: x(n)=g(n) )

H,: x(n)=s(n)+g(n)
H: s(n)y=Acos(an+), o, &fWE, ¢ EWiG
FHBL, @ IR (0,2m) E3525)50 40 g(n) ZIMENO
JiZ AN o, KPRk & Am, Bl g(n)~N(0,07) -

XF x(n) BEAT 0 B EE, R AR 0L, R
WHEBZWAES, A x(n) 7l LRRN

x,(m)=x(I*N+n) (2)
Hep, 1=0,-,L-1, n=0,---,N-1, LA»EH,
N NFBEIEKEY . N FBUE— BN 2 %
e, IXAEARE) B R AE T AT B AR e IR,
N B EUE R T S br TARESR B4y HE e . i
EHAR DK O, W L=Q/N .

R R2), ()P eE s~

H,: x,(n)=g,(n)

H,: x,(n)=s,(n)+g,(n)

Xt x () 1E &5 B B i A% 3 (Discrete Fourier
Transform, DFT)AJ 15

X,(0=3x, (mywton) exp(—ik ) ()

Hrh, k=0,---, N-1, wn) NEHEH.
1.2 SRigits

BAUE S A IRKEN S HUE Bt G, 5
FIAE A REAS R B — RS 2R, T RY BE — A
B, XGRS IR T
] 5L I 4 (1) B i K R AN B T B U 5 1
JAEA . QRSG5 P ARAE 3 — AN SR EEAR /N B ER A
G5, I HAZRIE S AR e MR A B A, )
ZIHME TS, DAECR AR R 2.

0 S g AT R 1 — R 5 vk, eI PR
AR MR () 55 M2, LASR S 5545 5 IR AR 7T 6

SR A oy =2n(k,/N+A4) (k, NESREL, 43
INME S RINE S FFT R IR 2 A 2E, H
A< 12155 s,(n)» BHRRFLA AT 1S

A j2n(®+A)(n+lN)+j¢ —j2n(®+A)(n+lN)—j¢
s,(n)=§ e N +e N =

5, (n)+s; (n) 4)
XA OIEME DFT, Al {5:

I3 5N s} () AL s} () B8 ERLI AR 4, W7 () 2 wi) (R
B AR
X} g ,(n) {E DFT 7] 15

G-, (v exp(-ik 3 ) ©)
51 E[G,(k)]=0, H
VailG ()]=02S wi(n) )

X, FIH T Egmg m)l=c.0(m—n) . H
B[ REWHEIZE, Val|\EHEBH.
% o=y w(n), MR (e6). R7)H-

G(k)~N(0,5%) (8)
KT FRHES, BATAT LT
ELX, (k).X, (k)]=ELX,, (k) JELX, (k)] )

Hh, m. n=0,---,L-1 Hm=n"",

EH T 0 AR B R Ze M AU TS 2 v W A
RO F X, (k) 5 X, (k) FIAMEKEREEAIHE
FHE ALY

PSS TE k=k, K1 2% S (k,) /2

S} (k)= e T (AN e (10)

SIZ(kO)zg e’j¢e_j2“%’-W(2k0+ AN)- o I2RAN (11

MIZ 00, AR S (k) Al S (k) =2 FSR 5N o, F1
—a, W IS 575 B HUIRE k, /g™ Xk,
AR, B WQk+AN) < [W(-AN)|
BRIk, ATAH S (k) =S) (k) » T =215

H,: X (ky)=S, (k))+G,(k,) (12)

H,: X,(k)=G,(k)

KA2)WL R e e ™, JEIHESMLES
i Y (k) B Al R

Y[(k)~{ N(,Up‘j;), k=k,

N@O,c)),  k#k,

Hrh, g =§ e’e”™N . W(=AN) -
1.3 SEETAEAAME

3T LLE W, BT A1, AEHEE
BF— R MG S5 EIN T ARG R, XL
FAOLAS B (s SR v Re, DRt 75 0 Lk
T o AR SCHR (4]0 45 A vk, B

(13)



460 R S N 2016 4F
~ k 11 2
= (14) WPCPR:%; (k) (22)
He, ARF AWM, £ R E—HEAR
max :H: , — . R
SPBHAT ST C E0 AEBOB BT O S Al
S M ORI B AR K o - i
A5 (1) PRI T Bl & 7 (AR RS, 15 72 ~NGW (AN cos 4. 7)  (23)
#: IL:—(i 2
" N@O,6%), k#k, 13 a0~ NG W(AN) sin ¢, ) (24)
y,(k)~ A . 15 =0
NG W (AN), %), K=k, (15) Lt
& F L, 8 ) o
=5 30| ~ A (AN, 25
- L;y() X (2| (-AN)| 27 (25)
EEBNT y,(k) FE AR A6 5 , {51 B ERd, %2|W(-m|2 B 20 AR LS
o TR IR ALK . N T VTR B A S
P, AR BEEG AVGPRY R &, E[ZZy,(k) }:%+7|W(—AN)|2
AVGPR il 28k s gs B i SO B
& AL A B8 B %‘ 5 > .
AWP&%ZWMW 16) ﬁuw\wamﬁwﬁm1%w%¢ﬁﬁ
1=0 Ale(_AN)l
_ SNR =
Hodt, X,(k)= X, (k)+3X,,(k) « FIbs R RT3 weerR 0 (26)
X, (k) (RS2 5 e 3 L
N5 SAPAEN, BUCR DFT (0555 F i 3 gRer@D. a@26), mIA:
%%Uiﬁj/@iﬂ‘]%/ﬁﬁﬁﬁ 101 SNRWPCPRZIOI L 27
XD AW AN cosg) o - & SMRwer  © @7)
JL 2L 2L FHUEE AT DAAS 2, AH TR 25 4501 35 Dy 2l A )
&waﬁwpmwmwyi (18) PRSI E MR LL 3R T 101g L o 38 H L —ECA 32
JL 2L 2L B3 64,
Tl A2 5 U
L X (k 2 5 2 , oF 2 ﬁ —J 7]
S G weany 5 (19)

St 2,0 3R H BN 2L AE R R T,
ATIW(—AN)IZ BHAEOMES R,

H =0 (19) ] 41,
QXm0 L, 4L >
E[;T l=o +7|W(—AN)| (20)
FirLL, AVGPR o il % 45 e b oy
SNR o :M Q1)
20

FHEE T AVGPR, AHFHar I 258 52 K 25 B [F] — it
AL TS LR AT M 5 B RT3, AR N
I AR A A M (A T4 0 2% (Window Phase-Comp-
ensated Processor, WPCPR). A&+ AVGPR KH]
MR AEM T2, WPCPR K HIEE KT 2
., EEE T L MAE R, B B S
AR TERE

WPCPR £ I 2% B4 36 45 1B SR

R HWE S BKE RN 0=32768 , #HIWES
FEWANH AR HR1/3 . 1/6 FIETRE IEZ
BEoEmaEiaeEs, FRiE ek HEEE.

B 15H T N=512. L=64. BIUE S50
—14 dB B, 35 ) 2 A D 2% FHAE Ao U 24 1R S
MEER . w] WL, PARR U248 35 mT DA HA B 1 H A
ik, B 1EM 28 6 dB, E 1(b){E ML
Z14 16 dB, (5 ME L 2520 10 dB, SHGH
FHZ 8 dB.

G TARSBKE. ARG
PR PRSI 2% A I RE . 15 T BB K AR,
AN IEZAE S HEH— AR N1/7. 1/8, 55
g P A 22 50 %

B2 45T N=512. L=64, & RE0AT NI
% (Rectangle) Y3 BH B (Hamming) i AH 46 I 5 R4S
MeE . nr WL, HIRE %M T, WPCPR K A&
IR N1/ 7 RIS E S UHE % T,



%5

FROCASEE: — PR AR L AME2 R 26 VAR A D0 2% 461

WPCPR #EfL I T 25 H MR F 26185 5 . i
LRI RN, AFTEAE MR IS OL S, InNEEENE T
) 5 X R AT A28 T 2 A I P RE o

Th#E /B

{_ ..‘;,\Ill} ;!J‘; \‘ | " AL I:\'.‘
e ‘ L
&

0 0.1 02 03 04 05

V=3 — LA

(a) AVGPR

28 :
23() fes } | :
e ) [ S S— [ e S —
Y R !

236 fo
38)
40 e
A2 [
A4t
46 [
48

ThEE/dB

0 01 02 03 04
H— L%

(b) WPCPR
1 N=512, L=64, {58kl y—14 dB i AVGPR Hl WPCPR [f) 221
Fig.1 Power spectrums of AVGPR and WPCPR for SNR=—14 dB,
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