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New range-Doppler decoupling method for FMCW ladar
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Abstract: FMCW ( frequency modulation continues wave ) ladar could detect moving target. It often uses

2-dimension FFT method to decouple range and doppler frequency. When detecting high speed target, differ-

ent chirp period spectrum peaks are not in the same range bin, and using 2-dimension FFT method would ac-

quire a fuzzy speed. In the new decoupling method, one fitting line was acquired from serial period’s spectrum

peaks at first, and an estimated speed was achieved. Then a Doppler compensation signal based on the esti-

mated speed was given and plus with the original IF signal. It makes the spectrum peaks of serial periods com-

pensated IF signal are in the same range bin. By using 2-dimension FFT method on compensated IF signal, a

compensated speed was achieved. And the target speed could be the sum of compensated speed and estimated

speed. Simulation results indicate that the new range-Doppler decoupling method could effectively extend no

fuzzy velocity of FMCW ladar, and achieve high precision of target range and velocity at the same time.

Key words: frequency modulation continues wave (FMCW ) ; ladar; range-Doppler decoupling

VA % 22 )% ( FMCW , Frequency Modulation
Continues Wave ) #0675 15 & — Fh B B0 H ik
He Ao S E B 425256 % ( ARL, Army Research La-
boratory ) #2115, B SR B 3 27 ) 28 0 9 o 4
GRS F bR, 1 e e A9 5 Fi 4400 45 A 41
SRS O R I AE S sl S T AR ORI o
JIT A FH B DG i) s P DGR A A 1 55 5 4016

KimBH. 2011-09-20; M4 HARETIE]. 2012-03-09 10.38

welF, AL RGO R G R L, R
GerTAEVEAS ARG SR 0 AR SO TR R
FHIRAT SE B PRARA 55 S ) 2 e, I AT & 545
S R 55 B4 22 WPOR il B30 H bR I 8, HA B
OrHER ORI R R, Al S A bR o A A
AR AR X 32 B H AR PRI S PO
ISR -2 R A 8 R L — A B0

2% AR 3E . www. enki. net/kems/detail/11.2625. V. 20120309. 1038. 022. html
EERA. T 451983 - ), B AL A 44 w200q@ 163. com.



698 G AT IS M NI S

2012 4F

B FRBLY R AE S A 25 T DL S B -2
L RE S BOR A 2 AR ek A B 2
A~ VA B S8 G (el AE S S BLER RS- 3 ) iR
RBY 0 AR —Rh 7 12 BROR BE 52 BR T T U E S 4
SR BT AR R, ANIE 5 R FARERI 5 J — oy
TR AN 5 T J3E 0 AR S L, TG i R N
AR U ol 14 B 25 A e P SR ) T Ak
ED] .

AR SCAEMTE PRI S O 38 1 55
PEROFERS b 4R T ok A B - 22 R S T
VR O ELAS R AR Uk i R R -2 3 AR 5 O
TEAEAR AR o 8 T 70 B R (G [, m] DU 08 v
TR 5 PO B A A O

1 ESTE GLR B B A BRI R 1

PR SLHBOC T IS R G R AN 1 R,
R S O T Ik 1Y & S v E R AR S R A
i RO R B KSR | SR OGRS R A
ARG Horb PR RIE S A A f A 408 1A i
PGS MG 5 5 EOLE R & B IR TE oS
JA T 5 IR SR & I T OO AR IR Sl LI 5 %
S OGRS RO R BE 32 RARAE 5 R 5 5
OGRS R G By A B SR H AR
DI, o B HOG S R G0 RSP T S (FPA,
Focal Plane Array) | {555 I BB H A5 5 Ak A5
Pl Horr Hlotas R G0 B ARG R 2
FEF RS - BRSO OGS R E 5 7 47
T 5 B AT G HLIR AR it 220005 5 5 5 5 R B
B 22045 5 HEA T TR UE 0 ik 205 5 Ab
PEBLH ; )5 A5 5 A0 A B b RS-0 35 H AR
D5 B AR ) A

L  RATROEIRE
B || WOGMEE | | sk *Uﬂ’
RS Sk [ #06E

’ > RIDEE RS

e < | R | [ %_E_U*_

AbRE ]
T FPA O REE
T B R

P R S I O R R PR i

PGS & A A B RS 5 e — IR
JABIN IR A

s, = Agcos(2mfot + wkt® + 6,) (1)

Hrp fy RG5O k= AF/T R

R AF SRS S 58 T VR UE = 5 5 6,
h R SHE S BRI LR AR
RGRITHOCTIR P (1) N
P(t) = P[1 + a,cos(2mfyt + wkt* + 6,) ]
(2)
XP PN BRI o HHOGTHHIEREE.
WIUGREES N R, AR 10 N o (DL IR &%
(975 18] R 1) 19 BRI SUFHEOC R P, (1)
P(t) =P,[1 + a,cos(2mfy(t —7) +
mh(t = 7)" + 60, + dy) ] (3)
K, PO OO EOCI 3 o, HAF S I
WIE 50 R HBR NG IRMHINAE ;7 =2(R, -
vt) /e A HARIIEAR S HEIR ¢ L.
RSO HL R 5 R HE S IR A 3
sp(t) = Mexp[j(2mkrt + 2mf,m — wkt) — jb, |
(4)
A, MR AL, 5 E bR U R A% i
DR K B 7 =2(R, —vt) /e fRAFK
(5), 2B ZECR 1/ I, 15 55 Rk ik
(755]

sip(t) = Mexp {j27r [(2kR° - 2f_°”jt -

c c

2k 2f R .
Zhop D] g, | (5)
c c
S5 n AVASURI 0, 205 F 5 S n] 2R
sp(n,t,) =
2f,R
Mexp {j21T [ (ZkR” - 2]‘_01))% - zﬂti + _fo . ] -
c ¢ c c

] < e (2220,

c c c

2f, R, 2fyvTn i
2y o ST g ) (o)
A1, =t —nT,R, =R, —vTn N5 n ASTEIE I
1 HARPT AR E . t=C(6) rTA, 7258 n A5 E
I, 32 8l BAR PR S ATS e AR5 5,
RN

fw(tn,) =

Cc

2kR,  2fov 2k0T  4kv
c ¢ ¢ 7 Tt'
Je + o St (7)

X fy =2kR,/c BFRIEE SR IR I 5, =
—2fyv/c NS s R, =ovTn N n AR E

W B IIEES i f, = - 2koTn/c BARFEBNXT 1Y

WA s = = 4o/ c OIS JRARURERR.

OB S IR 58 .




%5 0] T A T SO B IR -2 R )y 7 699
AR, = T _dvyp () HOEMERRBURIIIER A, = 1/NTRIEST B
c c

T 4u/c < <1, RIS S ) B 58 7 AR
AN VB n TR B O S AT U — A

W5

sw(nat,) = Mexp { 2w [ (fy + 4y + 00, +

2f,R

o jymn] - o | (9)
A

Suw(n) =fx +ho 1 (10)
1T 0 RS O T 55 5 4 e

PRIE RS & A T RS , BRI i HAREE B, T Xt
TR S AT - 2 AR
Xt sy (ny, ) ABCRE HL 72 3 0] 45 v 3 {5 5 0

TR
sp(n,f) = MeXp(j 4TU2)R° —jﬁo)exp(jzﬂfnTn) .
TS“["TT(f_fR _f[) _fm):l (11>
Ml (11) ARV Y HosifE 5 4 ik 06 {8 52
exp (j2f, Tn) ST, A543 04 A (%) S35 Fifi 2 18 ol
JEIH A n AR AL AR %A LS. R, XHE S sy
PR SR T8 o AlCfe R AR T DLRAS: H AR Y
FEAE .

2 “HEEEMTHRERS

P - 22 B g R 5 1 R P A TR
Ak BT 08

O, LORAER f RIEES: N A IR0
S A= DOR S LRV EE SO E S R gl
VE FFT, A5 IR0 R 0 0 i 3, ARG 2o
PE—EERG I HEEATT. SRJE R R0 0 A
B TEAL Y HEA KR 1) 45— 17, D I 14 5 — 1)
W lE BB BT FELE N AR T (e X 4R
W B — S FFT 45 21— B 5 - 223 ) — 4k 0
FEWE 12 0 AR5 N — A BE B BT, B AT RS I —

A2 WA AT, IR B - 20 ) T AR 1 3R
XA
SRD(fx 7ﬁ> =
i [1 - e_quT(fﬁfH‘fD)'T:l . e[j2"<fx_fﬂ_fj)+fy_fﬂ_fj)>'"'T]
n=0 j.qu. (f; _fR _fD)
(12)
K, f, AEEE AR R A 5 f, Ry 225 2 ) At

U A 5 - 2 3 ) £k R 5k 1 B A R
AR = c/2AF ; TR R R, = TF.AR/2; %

Av = ¢/2NTf, ; AR E N v, = c/4Tf,.

T A 220 i A R s i L
RS H s 2385 8015 5, R AT DL ) ZFFT
Chirp-Z 3R A5 7 1 88 8 22385 8 4 0 55 4

Y AR AR T AR L R

1) 3207 1 B HEE 43 BER Av TGS M 18 RE
0, Z BVFF B 24, T3 ) A S 30 1 0 38 3 R
R TCABEM S 2.

2) HppEXZ 3R 5 AT -0, ,
0,0 ] T FBI PR —— X D6 &R, T 24 H bR AR X 2
S v, BRI G BRI 1% T e
A% BRI EL S . s Bl B R A
R RS -2 ) — ek e v a8l 2 fr s, B H AR
#2547 300 m, AHXTHEE A 100 m/s.

2.0 Jrd
+ 15 fo

1.0 4o

8 /10”

0.5 7

0 10 s

B2 bz sl g r iR e -2 i i A% 5 i 5

3) X T EaE sl HAR, 24 HARTE N AR5
WINRZ SR R, KT — R HEF AR I,
ITIERR T A 2B A7 A B S 1
T2 A b ¥ 230 A Al R R ST, 5 B0
R 2EBEFE FARAH Xz B B A8 i K. H AR
AR iz B o I B e 22 SR B RZ MR AN & 3 f
R, E R EHAREEES R 300 m. ML 3 ] LI i
PR ZE B2 By B 3G N &2 TS e B AR X

B 1000 m/s B AR 223K 34, 5 m.
50

10! 10? 10°
v(m-s™1)

B3 HBRAHA Iz Sl B 15 22 Y 50



700 b 5 i 2 it KR 2 2 il

2012 4F

3 ETEEMEBBETIE

AR SON B B - 2 R AT T e
TR FH 78 8 a2 v 5 DA B 98 A i 0 1 57 8 O
s EEAMEE S T M m s sl B bR
2R FAME S 0 S VRN GE B iR {5 5
PEAT R B 2235 0 53 BT, DA T $8 v B ) R
LRI IR =R SUy T I

5T, PR R AR 0 RS S A8 FET, 9F:
W45 B UCHE A B 1) B — 1), ] 3R A% — A~ 4k
T, FCONAR AR Ay B L, i AL A Sy ] 031 ) 30 1140 It
F. AR A VA0 4000 %) B i D 7, T LA
—RHE R T R HL. T EES HEREE
T AIRZEA KT I B BER AR, BRI, 1R 4k
THME 7 BIRZEGAKRT AR/T, Bl v — 7 | <AR/
T.

2R R P P i 0 R G B
& nE 4 FiR.

500

O FEEM
498 1 Qe — EEBAHA

496 1

494 |

Rim

492 r

490 1

488

0 10 20 30 40
4 BREESIEIEE A E M IE B
WA= (6) IEAMEE ST

S(.'Ulll( n7t71) = eXp {jzﬂ [ (2k 5 Tn + vao—v)t” +
C

Cc

2k55i+2f05Tn]} (13)

c c
M (13) TR AR S 5 R B 5 AT
RIIEDP AL IR ARG HME IS BI5 5
Scumied ( n ,t”) =

exp {j21‘r [ (ZkRO - 2kvTn ~ 2f70v)tn B

c c

zﬂli . 2f,R, — 2f,vTn ] iy }
C C
A HEEE o= - 7, B BT 0 < AR/
T.
e, R R AR T s () 3F

FTHERS -2 A B AR RS R R (i o, W H

(14)

PRI IR IE R v = T +o.

AT o B A AR TR G A I
W% T o IR S0 < Av, IIZ T 5 B
LI AR Sv = do< Aw.

4 BEGESERST

XoF B B B - 2 R O AT T L, R
S5 EB BN f, =1 GHz, AF =300 MHz, T =
I ms,k=3x10" Hz/s,N =32,f =4 MHz. 7EL) |
ST RGNS HERESH . TP 5
R,.. =1000m,FEE/pHEA AR = 0. 5 m, TOHBOR) 3
J v, =75 /s, HE R Av =4. 6875 m/s. 1
ELHCR ] 8 [ ANE Y FET 1158 £ h 4k | A e ik
JEHE PR Av,, = Av/8 =0. 5859 m/s.

[E1PE 1 m %HAEXTEE B 7E 100 ~ 1000 m X [H] Y
1) H A A5 = #4705 5o, 4 5 50 my/s,
300 m/sH1 900 m/s =i BE T A0 P 150 2 A
B2 ANF HARE B I SR 22 45 R an &l 5 B
7, AR B AR RS Ak iR 22 45 R A 6 .
LS B 6 ] LU Y el il i - 22 3 4 i
FROTIRAEAS ) E AR 2 A0 158 2 ) 152 2
HEHPREREA K, I AR B R E BB P A
A A T SR

05 —5— v=50m/s
—&— v=300m/s
04 1 —— v=900m/s
T,ﬂ 03 r 4 & A H— B H o H b &
£
2 02
- —8—8——a—F—&—&8——F8—=8
011
[N o a8 n
0 200 400 600 800 1000
Rim
E5  AS[A EFREE BT Byl iR 22
1.4 —8— v=50m/s
12 —&— v=300m/s
. —— v=900m/s
1.0 —% G—tb————0—0
E 0.8
s
w 0.6
C o—o0—o—e—=6 £
0.4
0.2
o L = = e e |
0 200 400 600 800 1000

Rim
Bl 6 NG B bR E T PR 2

1% H #7 B 25 500 m, XF AH % 3 B 7E 10 ~



55 1

T AR PR SR RO TR Ik B - 2 AR T 1 701

1000 m/sIX A1 N Y H br 5 5 31705 B3 Ar, AT
AR AE X 308 AN 5 2 AR ek 45 2 - S R
7 FKl 8 Fras.

XFECIE 7 AE 3 AT LA et - 2
AR P O B 5 2 i B R X 1 184 AT
3G TE 1000 m/s A FRIB(E R 1 m K
EE R 22 BB/ N R 7 Pk I R 25

2071

1.5

1.0

|8R|/m

057

10! 10? 10°
vi(m-s™1)

B 7 ASTR] B AR AR 3 B N R R 22

0.5 ¢

04 |

0.3

[&vl(m-s1)

P8 R[] E AR Rk i3 2
P 8 ikt il 22 e R vk BE S AR A K B
AL P N ARAS RG22 | e I i 25
dv=0.2898 m/s, /N T AR Av,, =
0.5859.

5 & &

PRI ) 220 SRR D T BEAE BRI B N R A
BUARAII RIS A RO T 88 73 B R IO
R Z (8] AP &, 2 GE I SR AR ST kA7 W
SR, AT LATE BRI PN S A A X B A

HE PRt K 05/ S 3

B # K (References)

[1] Stann B L,Ruff W C, Sztankay Z G. Intensity-modulated diode
laser radar using frequency-modulation/continuous-wave ranging
techniques[ J ]. Optical Engineering, 1996, 35 (11 ) ;3270 -
3278

[2] LiuJ J,Von Der Lippe C M. Advanced high-bandwidth optical
fuzing technology[ J]. Nanophotonics for Communication ; Materi-
als and Devices 11,2005 ,6017 (1) :60170F

[3] Von Der Lippe C M, Liu J J. Optical fuzing technology[ J]. Laser
Radar Technology and Applications XI,2006,6214 (1) :62140D

[4] Stan B L, Abou-Auf A, Aliberti K, et al. Research progress on fo-
cal plane array ladar system using chirped amplitude modulation
[J]. Laser Radar Technology and Applications VII,2003,5086
(1) .47 -57

[5] %55, 8, sk &, 5. LFMCW & 3ki2 3h H bR Bl 5
HGHHHITT]. (55402 ,2010,26(4) :626 - 630
Yang Yong, Tan Yuan, Zhang Xiaofa, et al. Super-resolution
range and velocity estimation of moving target in LFMCW radar
[J]. Signal Processing,2010,26(4) :626 —630(in Chinese )

[6] Hk, K30, % 2% LEMCW 7635 % i2 5 F A B 38 5t
(1] AL S 1FRSE,2011,30(6) :26 29
Bi Xin, Du Jinsong. Study of LFMCW radar multi moving target
detection algorithm for automotive application [ J |. Transducer
and Microsystem Technology, 2011,30 (6):26 — 29 (in Chi-
nese )

(7] B8, 2R, TGk, 45, AR # 5T K9 LEMCW 5 ik )

FIAR 4R 7 vk [J]. 74 2 L 7 BB 2 %4 31, 2011, 38

(4):167 -172

Hou Zhi,Miao Chen,Zhang Jindong, et al. Moving target detec-

tion and processing method of LFMCW radar under complex

background[ J ]. Journal of Xidian University, 2011, 38 (4) .

167 = 172 (in Chinese)

Brian C Redman, William C Ruff, Keith Aliberti. Direct detection

—
fee)
[

laser vibrometry with an amplitude modulated ladar[ C]//Proc
SPIE. Orlando, FL,USA ;[ s. n. ],2004,5412.218 —228
Wei Yufei, Fei Jindong,Mi Qiang, et al. High resolution ladar for

—
e}
[

multi-dimension detection; design, modeling and simulation

[ C]//Proc SPIE. Beijing: [ s. n. ],2009,7382.73825D

(% #E:% #=)



