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New method to detect high-repetition laser return signal

ZHENG Yong-hui,SUN Hua-yan
(Academy of Equipment Command and Technology,Beijing 101416, China)

Abstract: A weak periodic pulse signal detection method based on coherent accumulation and least-mean-square
(LMS) adaptive process with a large tap-input vector is proposed. The fact that a large amplitude will arise to the Esti-
mation Error under the adaptive processing of a pulse signal with an appropriate large tap — input vector is pointed
out, which can be used to detect weak pulse signal after a further processing. Together with the coherent accumulation,
this method can be adopted to detect the weak periodic pulse signals,which is of great significance in the return signal
detection of high-repetition laser active detection system. The results of the simulation suggest that the method has a
nice performance. The influence of the waveforms of the pulse signal and the tap-input vector to the detection perform-
ance is also analyzed,which revealed the importance of the selection of the tap-input vector.

Key words: large tap-input vector;adaptive process ;signal accumulation ;periodic pulse signal detection ; high-repeti-

tion-rate ; signal detection

1 51 &

1+ B0 R BE ST 48 oz Bl i) H b, T
HAERIG 200 HAR(E B, R AR HOL IR ) K
e AT G K e [ A5 5 ARG I AR ]
T BAT FEL BT TE T SCRIS AN (L

B 5 M O T I T R S kb R
R CLRIS , DT E 8 % 7 5 RE A5 A 280 52 A 5 A
MU R A S TN A= W MIE= 7 21153 .l
HSEFR A OE K o B1 A5 5 BB 48 HAREU AR S
ek Jm 2 e A WA, DG T 208 904 11 G 00 41 R 0 2 K i
BT W 5 e WY 1 07 3 T AR G M 0 o
R o 5 5 B BB AR Hs B it i
AR R, X B A S5 vy, LA ST B S I A

A T —F I F Z kb (55 BRI B LMS
3 I 3 A ) R ) S0 Jok b S AR B i, I
R DU BEAR 105 B S 40 HT .
2 B
2.1 F5HZA

Z ik 55 R 5 2 W AR B X 2 A ik i
SRAE W L AR ok Py AR T 37 o AR 0
WM T (= I M SR TRl o 5 S
SRR A Kb R N k55 SUEME

YEE R RFEME (1987 - ), 3, Wi AR, FEBEWF5T J7 Il Aot
{5 BALH 5 %0, E-mail ; yonghuil987 @ 163. com
W s HHEA:2011-01-15 ;4817 HHEA:2011-02-19



592 WOt 5 ¢ sb %641 %
SR 5 VA 5 M 7R S AR AL ) AR y(k) =W'(k)X(k) (8)
B Vg () AL TR
SNR=10log (1) e(k) =2 (k) ~y(h) 9)
PR A N B IIAE S A (d) Tk + 1) B 2 B 38D A AL ]
x(t) =s(t) +n(t),0<t <N (2) W(k+1) =W(k) +2ue(k)X(k) (10)

o 5 M Jik w39 (M /N TF— s () T A
fESHATRRE .

y(1) = 35,00 + Tn (D) =5/ (1) +0'(0) (3)
XET B (5 5 (1), 2 B0 0 W
O M55 B B VA, TR D
Eln'(1)*] =E|[ 3n, (1) )*]
=B In (07425 X a(0n ()]
=B (0] 4260 S n(0m (1)

=Mo? +2EL S, 3 (D (D] (@)

F R PR,y (0) 5 ny (1) SEAARSGHY, 5C
(4) 25 “ WU FFRE 1 LI 15 (5 SCf5 M U3 45
Shy i AR LU BR LU AR TR LE )

SNR, _ MAA/ Mo

SNR, ~ 4 /07 v

FS BRI M R SR T M

TESEPRA A5 HARXT TR0 ez s, 1ol

5 I 284, 55 RBUS 11514 L P T 2
REAR , B¢ HARAHIRS FROGE 142 sh g B2 v (AX 18
gl v AIE, R s s ) Otk T, 0
TR SN T - (e =v)/(c+v)o H el
JCHE, T v BUN, AR S 1 A AN, A2
XS R U R

2.2 BELMS B3 B

BEEE LMS [ 38 R 25 A FH PR
WA I RE 0 B 2 8 T vk a4 Ty KT
KAL) Y A R -

Wk +1) = W(k) +2e(k) X(K) (6)
oo e (k) AR ZE s W (k) AL &, UL AR
B0 X (k) 2 S A o) o R B8 4 I 8] 9 3 9 155 51 1)
o KB, B KB, % 0 < <2

ma;

FAE, FOrR A, A S HOHI S R, 5
KHFEL
T 1 HA T
(a) BEE T WAL A F TR
W(0) =0,0 </J,<)‘2
(b) T I e 22 52 et £ (8

(5)

(7)

(e)Br k32 k+ 1, HIZLHED),(c),(d),

A [ 38 AR PR R R ) SR e ] LA
— o) i AR R T e YRR E LMS Bk
IR, 2w BN (AR, R E PR,
B 52 " i R 5 Y UK B, U8 P i o
A7 R B ARG AR PR 2E . T IS DAk
HH e — AU/ N L PRI R ST AR E L
2.3 RRGBEFTTERMHETHEENTE

LN S R (L 1 g 30T R X e P AR
SN T RYBREE LMS [ AR B, WA B G5k
PREFAE , 220d — Bemf Rl (9 2 ) 7 i 7, UE 445 g
AE AN B ER” MBS {55 BRAR , (A TR 2E e (h)
TEAE—MEIETEREE N, B koo i, e (k) >0,
s, fs(10) J1, W(k +1) > W (k) B2 (8)
(9) TR

e(k) =x(k) =W'(k)X(k) (11)
S e(k)—0 51 W (k)X (k)—x(k) B
W(k)—(1,0,0,---,0) (12)

JI LA A —7E ISR 1 0 I P 55 1y Ak B
P AR DS e (h) F W(E) 435S T 0 R (L,
0,0’...’0) 5

25 A5 ok o HH B, ok b oo R AH X e A
0 A1 B A RAZARFIE e (B) AL W (k) 2337 25 O
FI(1,0,0,--,0) , R — N2, X (k) AR A4S 4
I, i(10) , W(k + 1) 2 dE—2 e (1,0,0,
,0) X AT e (h + 1) A BE— PR, th T
RSP T 1515, W(k +2) 2 35 A5 05—
AR EERE , #7(10) 1 2ue (k) >2,W(k +1) U]
S BERIA, SR B E R e (k +1) At ™
LoyeCh) W (k) 23 2R, A2 U o 4 2K
fHo BkohZEAUS AR 5 G R IEIR A, X (k)
HIBERL A3 I 2 TH BR 2K (10) ot W (k) B4R 15
FL (675 WCk) Fl e (k) BTk

AR, o] RUE S WS e (k) (B W(k))
A IR AT AENK 55 o ST e S ARG
AbBR, AT AR e (k) {55 PRt — 2 A0 B THBR IR 5
A B AL BT A

E(k) =le(k) —e(k-1)1 (13)

H1 LA (BRSO 55 A I Y SC
p A /NG AR RESE R E R G, A RERL
AR s (B IR R, 2R S8R AGE PR RREARG, DRI 8 12 1



e 5 4 4 No.5 2011

KRB o O [0 -5 T 5 3k 593

MR, T w (ARS8 S MRS R oA R
PEBEYIAIE , BRI AT LKE 28 Ge e {5 55 K60 0 iy of e 7
{5 51240 ARG 75 B 43 A R e B T A
PRI RE S, WA 0 (ELLE DRUIE R G0 X 8 S e s
PREFRE M RTHE TR ATRERI K.
3 BEHFESHF

HRAE LA L A BrCERL A AT, o A58 Ik o A5 5 A Ak 2
PiEUT
3.1 BBk RS WA E G T

XHEWE LG R 2. 45 dB A e B Bk P A5 5l 1 A
D5 B, LR Sy 2 H A v 17 R XS n (1)
FE WSS () 43 AT RICEUE T F R LMS H

1 3 i
» 0.8 f\ g 2 w ‘
=} S 1 |
206 = {
- == 0
2 0.4 : w
g 8.1

0.2 )
U5 TR o0 0 50 100 150 200
t/ns

(a) pulse signal (b) signal + noise

A AR P, FErp = 0. 8, A i iR IR 4, 7 HAE R
ATT I REAS SCBUK A5 5 O A, T EL RE S 15 2 H)
e IR o SEERARANE 1 PR

B 1 (a) Jylik B, B 1 (b)) i e i 5=
BB (e) 1) 23 52xt n(e) 2 (0) A BER
Ml IR2E e (k) BYAEAE, AT WLBK sh -5 518 T =i ik
ERR G, X EL T (d) F A5 5 aX (13) Ak 34 2
E(Ck) Qe 1(e) Bron Bk G (55 Fe A0 T 1Bk f
Xt oo (e) ,n(e) AL BRAAS 1] o8 ST AR Sl AN P 1 ()
FIEN 1 (g) Fras, Fer g n (o) AR B W Ck) YO8 T
(1,0,0,-++,0) , UESE T Hi A 7047 o

7

. ; 1><10
s os o 0.5 1“
s 3 0
2 04 b
= 0.2 =05
5 0 | PO — 5 -1

-0.2] -15

04— -2

0 50 100 150 200 0 50 100 150 200
t/ns t/ns

(c)e(k) of prosessl (d)d(k) of prosess2

[ T T

&8 1 i;’,g; L5 %

. | y=10 . N ..
o t ‘ ’ ' 0.5

| -1 ! 0 ‘

7 X 7
g X107 9 10
L] |
E 2
= 1.5 0
2
g 1
0.5/
0 -2
0 50 100 150 200 0 50
t/ns

(e)e(k)

(£)W(k) of process2

100 150 200 70 50 100 150 200

(g)W(k) of processl

RN QUL =g oAl

Fig. 1 single pulse signal detection
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Fig.2 periodic pulse signal detection
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