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Research development of range—resolved laser radar technology
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Abstract: Laser radar is an important technical way for high—accuracy detection, tracking and monitoring
space—based target in the distance. Compared to the traditional imaging system, the range—resolved laser
radar system has the advantages of simple structure and small atmospheric effect. At home and abroad
the relative research institutes have done much work about this technology. The status and trend of two
kinds of laser radar, which were called high resolution echoes detecting laser radar and reflective
tomography imaging laser radar respectively, was introduced. The developments of the theoretical
algorithms, modeling simulation, experimental verification and actual application were summarized and
compared with each other. The technical characteristics of these two kinds of laser radar were analyzed,
and the prospect of developments was expected.
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Fig.3 Schematic diagram of TCSPC system!"!

Z AL Steinvall 55 if K = 43 BF 5 B EOHOG T ik
R M FE W AR50 E A N AR b TR
T B KGR i U 90 B N A4 0 i W 7 X R R
R, SR K S A 3 ns B OE Bk, #5417 T H bR R
ST, 7E 10 km AT &0 RSP KT 3 m
18 T TR AE B AT R . Dy 1 0 s B iR
SR AEEE PR TAMG S8 R T 1.5 pm
k98 6 ns FEOLTIR, MR GER I XGE E R, H
W — N3 3 A Ol 3.3 mrad, B2 56 10 MHz,
HTHEEER, S — P #EENS AN 1 mrad, 108
W79k 300 MHz, F1F XF H b5 17 &5 43 B 2 [l ) 458
W, 28 3 Wk, 32 3 G0 7 0 00 B2 Oy T oK Ik 3k 3 1
FRES Ay HEAR T 0.7 m, X =R MAR B AR 17 X0
T 80% T K 4 BT 7R 5 % BHRR T (Y S 5% 45
HEF W] i o3 HER R RE 08 A — i R B H AR Y
SME AR B A 5 TR .

(a)

040 (® ’(\

0.35
0.30 1 \
0.35

0.20f (\
0.15F ‘ | \
0.10} } /

0.05F f

Relative amplitude

14 16 18 20 22 24 26

Deconvolved boat data

50
15}
o
£ 100
=1
a
E 150
2
o
% 200
=
250
180 200 220 240 260 280
Range bin
b
(2]
o
g
=1
a
g
-
i<t
o
>
<
=

180 200 220 240
Range bin
6 4 H br SR K 2 M R WO i B 3 Qo] 0o
Fig.4 Target model and multi—angles laser high

resolution echoes!'”

No. of dectections

0 1000 2000 3000 4000
Range bin

2500 Front -
Wings -
(=}
2
21500}
(53
< Gaudal fin
S 1000} Cone
s
z
500

300 400 500 600 700
Range bin(64 ps or 9.6 mm per count)
P 5 5 R O i B R ] et

Fig.5 Laser high resolution echoes of missile model"”

PE— 25 TF B T &1 Xt iz 3l H bR 10 06 w5 23 B 5 Jul
P, K A bk oh 2B O 4 ps VHE A MR O 40 MHz
Jk v EOE IR, RS M D 5 mrad, & FLOE T
R B 8] 24 8/ T 50 ps, 5256 o B 4 1 H br i

08050074



bk T2

% 84

www.irla.cn

HLSHLL0.1~0/36 m/s Z [ FiE5, RHE
AR OG B IL XF I8 2 5 bR 09 5 43 HE O B AT AL
PSP TAs 3 H AR B9 o3 B Il A SR T
Xf iz 2y H AR #EAT = 43 98 3 B P ER I A w] AT RN
R A A T R X v 2 Bl H AR R AT ] R Y
W o

ML Sjoqvist &5 i K w43 HE [l B 2RI 14
il P TR A o A 0 o BT S 0 A B A U T R
FIC 5k WIAFTE Z 20 = 45 i a4
PR 2 G0 06 88 4 W R R W i, Ll 2 i 2
AW AR, 5 T 0 52 T8 06 2 2R 6 N 3 45 F 1 T RE
SLHS R G0 R R R G ke ORIE R 2SR
TAEAE 35 R BE T ER I AR, T A (]
54 ps, >R FCK [A] i B 5l R 0 7 =, 0]
TEBE R S8 750 m Qb1 20 M M ME 5% . B AR . A RO
Be RSB AR H AR, AT BA SR s A B, B
IR RN e NS R V= N R TR =
6 FTR o 1% 5 Gt i B ] 2 T A0 A 8 1 M L A5 A
A REE A R U A R G P B 4 A

| f.‘u‘ — Sniper scope S5

Normalised counts

Normalised counts

Time/ns

I 6 A i B2 0 % AR A4 23 FE 2 Il g gt
Fig.6 Comparison between sniper scope and road sign

high resolution echoes!?

o7 22 [ 58 00 FHBR 27 BE A OGN 51T e T B X i THT
TEAR B AR 0 TR0 D0 S 6 o SR K 1.57 m
Wk 5 15 ns B9 BOGTR, R A BORI B AL F 3.5~
9.3 km Z [B] A~ [F] B9 AL 19 DO AV T8I b R /D AT
B | 28 JT 80 0% Kk 98 X R 6 BR B 4 PR R
2.25 m, BRI A0 05 B A R XN H AR 8937 50 %
RAE AR, IS G T 3O RO R H AR,

2 [ 25 AW 57 L 5 % Peterson SR M [ E

AL ) A A O Bk e ) Sl A T R AR,
PRI 1) H AR A 5 28 i 1) 94 ) A Bk v O6 BR REK
i1 H AR EU B A5 S 5 e G 15 5 2E AT BOAR OC Ab
B[R] B 1 2R T R BCER R A MR L, B AT SR B bR
7 B DA S oy B e nl i . SCO R i IR (R
M HAIS T 0.1 B AR A5 (9 BE B 4y MR /N F 25 em,
B R0 A A T, BRI BT M AR ), HLAR
78 BE B H AR T 7 B O AR A

HARIHE K% Ren % #y & 7 1 550 nm i K
M BOGEF B R 4, AN & 7 R OB K TE
20 ps, U 1 GHz 47 58 /9 InGaAs/InP &
JEHLRI A, OG- IR A8 R 5 O IR [R5 i Y
i E] BE B 2 460 ps, [ J5 Bk 98 AT 35 3] 80 ps, X
R RGEE PN FERE, L8RP, R
AT RN S AR R AR R B Oy 32 m i AR
97 8 cm BE B 43 BER AR D BE B H AR R
PRt T S,

Beam

1550 nm laser expander
\M‘ Variable
separation
Newtonian R A
telescope 4‘"') \M e

MMF 5 Reflecti b
__I,__}/ eflective-object
4 B
QhRE TCSPC n ~
| Stop] 1
[
1 1\

7 1550 nm P 4 I ) A 5CO6 T 3 B & g s B R Y
Hg.7 Principle diagram of TCSPC system at 1 550 nm

wavelength®"

HET, KT aHeR mkE o s s n A, B
P AN 5 B AL TE AN ) 90 B8 2% 140 T 6 AN Ta] i) 480
il RESHEL AR RSFWERITFRET
FEEMELRAI, RSB T REREH
s 00 450 3 ) 1 P B (L, APt 2R 5 T LBk G B —
4kl P re R By Bhn (s BA R EEME, F—%
5L T o PR HOE TR S IR BE BT . R4
[ R WS e 2 e U ARSI USR8
18T B AH 45 5 1 54 00 A 1) A B A D% 19 B4 il
BT
14 HERNEIHARTHRE

Y& [ ] B B R K 2% Wallace 4524 T 42 B H A5

0805007-5

% 48 %



bk T2

% 84

www.irla.cn

% 48 %

0 ) B ) L R AR T3 I 4 4
VPR 9 2 B I R R B, T T 4 B
AR FL B R AE AR BT o %R S 75 0 T
O HULE £1 41 B SO U8 0560 T JRE I, 1o
AR A B i R RS I3 3 9 W4
B L S SR T HARRH L0130 — 2 R
RIMCMC 9 3 % 7 F 6 o1 77 4 30, 23 1
A DR I 10 4156 2 8020l 7 — 6 A
0 B 0 1 AT 25 5, 0 A 0 ) B
O 12 582 10 L% I

H T HE— B B L XEOE T RS B
7 O/ TSI LR, O 2 A £ B £ T R
Al RIMCMC 3% 41 #5 T TCSPC 3 4 ) i 5 4
LW IR G ST YR B K T 300 m B T 3K 79
(B K 1.7 om {1 SR T 00 O A
B2 20 YR SR T AR BB TR 37 o B 5
B,

Mou 45 A3 T T 2 37 ) DU 4 0K B B % 7 42
T, A A B O RSO 5 4
138 o 7 10 R O £ 8, I PRI A0 953 T
0 L 5 W AR A JROR
0 L 4 2555 S MO 30, EL %6 0 A PG
R X T S A B AR A S
F FBR U AT — 5 0 (2, 10030 136 o X1 52 4
FARIEAT 0 LS E PR L M 0 0450 I 7%
i

T 0 RO 6 3 9OR 69 f H—
AT f5 % 0 5 B A IS 4 T 3 —
S5 IR 5 T B A R RO 55 6L, PR DL A 0
B, PR 5 R A A S R AR
AT 19 50 B 1 — 2 I SR F AR A, ST
X FIRR IR 25 807 52 3 36 25 U B A s R 2 A
AE SRS R 65 A8 I F — 5 10 T AR AT
i M B 55 B3 A S0 0 5 T 50 5 4 B
5 10 6 5 4 % 0 A SRR 2 KT B B 06
JE— A5 WO 5 S PE B

2 WEAGHEES

2.1 EARFEE
WO S W2 R B X R B2 RS

(Computed tomography, CT)# R &k Bk, 1
A Y i o3 PR ] O TR ke H bR H g B )
HERYREPE  SI AW 2 BB 07 S R H bR AR
i) £ 2 Y s o BE R A 5, WoR T R S B i
X H ARSI R B R AT B OGRS T2 R
N B4 A R o 0 an & 8.9 fran, H AR
BL7ikJ2 Radon 28 e 0 A8 46 DL K vpo U0 i B

Ladar
y
\
\
\
3
\
‘\
N
\
\

[6 8 SIS W2 A% it B

Fig.8 Principle diagram of reflective tomography imaging

}

Detected
wave

REﬂeC’tlonH Pulsel HProjectionH Actual
delay convolution contour

Wave Back Image
registrition | | projection | |reconstruction

PO S 55 2 AR AR A B A AR T
Fig.9 Flow chart of signal processing for reflective
tomography imaging

WniE 8 frs ,x—y B AT R Z 0 e 15 5]
u=v ABRF, (o, y) Rl (u, v) B 5 A T LL3E 2 S 17 e e
0K gy o OB S W RN O 1) i A E
PRATE, 5 H AR B R 50 A 28 BUS 73 2105 B 07 1)
b A B — 4w e BRI S S5 R

%

pu.b)=| g, yydv=

®©

!_ g(ucosH-vsin6, usinf+vcosh)dv (3)

A :g(x, ) HARFEBE;8(x, y) o g(x, y) Y Radon
AR g, B F AR SE R AE 6 U5 1) B — D

WnE 9 Fron R, IR S8 S8 H As 2R AT R
U R AL Z A A BE R H b 18138, 28 0 e 7 i O 1ol
e 2 B B, AR Jim >R P P AR TR 505 s B A 3 R

0805007-6



bk T2

% 84

www.irla.cn

% 48 %

% [ e H AR AP RS B R AE I 4R R, B A bR R Al
TN

g'(x, y)= J: !# IfIP(Hexplj2mfixcosO+ysin0)]dfdO (4)

o

Kb POy pu,O)fg— 400 05 pany= | If

P(fHexplj2mfixcosO+ysinO)]df Fr F g P 5 58" (x, y)
)G H AR ER . %R g R R 2 Y R Dk
i ACE iRy

W J2 AR WO B 8 HOR 1Y R A SR B s R
A W 5 B )R OG0 B AR — 4k B E S AT B AR
Pl 5 il OB 2 4 o 5 R O ik o o B R 2
O HRL MR 7 P LA B B B MR RS AR R A G, A 32 R
TG FREN OE, HRGEIREH AL
I AR Y- B

[ P9 A0 B RF 58 LA 32 R g AR L s Ak
PRI DA S B AR 52 3 55 5 1 R T H AR B 5 )2
BHAR MBI
22 HEMBEFIHARER

I AR S0 g LT R TR TR RS B L
G T I8 ST IR 2 AR B AR B BT P A 4T O
QAR B FEAS S, AT T RO R S R RGE RY
Xf LK 2R, 4 T Bz S 45 R B 4 Dy o I 805 K
M SR FH 35 559 0B J2 iR i S R R, IR T
FL A ) B 4 0 AP dn o TR B Y 0 B R 2 B A
283 e S T B B I 2 A A R

% [ 25 A 5L K %8 Matson A8 2» #7453 1R B
a E bR S B TR 04 B AR A DL R A
P IT i R A B S AR RS A8 RN OE R O R
NI PR B R R R T 2, N Tk R )
W J2 WO AR B R 6 TR H AR 0 B0 B AR R
AT DA S A5 B0 72 90 T8 B AR #F 47 5000 0 #f B2 3
Rl K U8 BT 5 B i) 1223

Fiv 4 1] By BF 5 Be 1 U ARGE T R J TPSPC 5 J
AT B4 B 5 B J2 RO TR IR R GE, AR GCR B
B % SOG 2R Ot & WO K O 1.5 wm, ik of 58
JE Ry 4 ps, BWOGTN A 7 mW, E 4 A 40 MHz,
KRG Ny 6.2 mrad, FOG 00 45 I ] £
3l 50 ps, 7R EE 250 53 m BE X /)N i A B Y
BRCRIE 10 Fros , d1 T HO6 IR K SE R 2, HoR A
O PRI, BE 48 3RS B 1 2 B R, B ER

52 0 1 O AEL T A o R A A R B B SR E R
A REAR b 3t T A

Distance from rotation centre/mm
|
wn
=)

100 200

Distance from rotation centre/mm

-200 -100 O

P10 /Y H B A R Tt P R

Fig.10 A boat target model and its reconstructed image

% [ Longmont J% 2% B 5% # 0> Murray %5 3% F
XoF RS VO K b i AT g i % ] A A Yy 5K 4
THOGTE IR R G PRI FE B R a3 AE MR L . BB S
Brfr, BRIIBESS H 224km, RGREHETE 304.8m
EAL . EARN 1 m 25 RS O aR ) 2 4
[l , B AT 19 H b 8 g R 4 B GR 3] 15 em, S5
Y5 e Bbn A4S R i 11,12 firos (& 11
L1 in=2.54 cm) , IZ S IRAE TR IR 2 AR A4 I
Xof G B B A e 5% B bR AR B AT AT MR

H, TR A e R A B AR Dy TR R T2 IR O
TR RGN BE B, 4R TSR WA Bk ol fE S
BCAR PRI AR, JHAZ O 3 0 2 A Al 3 R
ik R 48 B AR Sk AR A% KB FE A SRR AE S, DT A i
T2 B R A B R Ay A, (HIO i A 1 i B
T e, B b 46 8 TR T ER AR, B T R S
52 F e, 0T BORS B BRSO IR X S YA TR S B
N FH o RS B . RR AR ISR LR X B OG TA )2
AR S 0 55, R P 2 Sk W WK 9 1 O ok e g 4R
I ] e S R 2 ) O BE g H AR SR A A BRI AR
LM% B AR B HE AT W72 AR B 4 BRI A A

0805007-7



bk TR

% 84

www.irla.cn

% 48 %

22.42 km

Receiver FOV

Transmitter FOV

CALi sensor

Test target
8 x 1incubes

11 B e 5 B bR i &

Fig.11 Scene of reconstructing of a rotating target at long distance

Radon transform(measured)
Gain

y  Cylinders

Transmitting waveform BW=1 GHz

Angle

(b)
9 —@ 03m(lft)

g 7Y

s

Cylinders

P 12 T B R A% H b T R

Fig.12 Reconstructed image of a rotating target at long distance

ST DL S R L0 A AT 0 ELS B o % A
960 2 GHz VWK (3 X851 100 km 9 102
SEAT PRI, AL AR K TR ST 0.1 m By
MRS B SN UG T 635.4 s, MG | 3

UE T BN AL B AR B 2 G W] AT PR

Hh [ B 2 e b O AR MU 5T BT (R I £
Fr b SGHL AT )Tin S5 B 58 T S T2 LR AR
HY T 8058 B N 58 43 B A B A7 PR AR R IR B0
BAR 43 HE S AR () 3, 38 i T SOk R IR R R
R IR YRR B, SR EG R IR T RER
S AR 3 HER IR U 4 BE R Bk o 58 EE A
PR % 2 8O 0 5 19 BE B9 40 BER AL 10 NG R
S TSI 45 R W M BOY M 2 IRE
INT A0, R o3 AR 2R B I I A 3 i 4%
A0 BE R A 6] B, JC V5 32 i LR 9 20 B 3 BT

HT, OQ T 30O B IR J2 A5 44 1 i F 92 A0 466
T AR B S AR 5 3 S AR X O R AR
7 R K 5 B B 5 % Ay BER A R L A AR A TR
W75 3k DA KRG BRI 5 05 SE O T N A . KR R
T A R A L U B R A R, kRN
Jo T AR (H A M R R 5 2 R R I Y
FMF HEEMCRAE, H U, B TP R R
1E BB TE B B AR B AR A X AR B R R
ST — B B E A
23 BEHELBEELIARHRE

% B =25 % 90 45 % Ford %5 K #H A ¥k & (Phase
retrieve) 51 F T H AR B 8086 0 B S B, £ 22
T Y B T AR SRR R AR Y H AR AR R R AR

0805007-8



bk T2

% 84

www.irla.cn

% 48 %

Z AT AE AL A 1 ) o e A H bR PR Z R, 5 2R
AT REHS BT A BB G T H AR A B B e R P oD AT
X5, 2E T RE A% 4 vy T AR R o AT 48 TR
HH AL PR R B s R AT A0 R T M Y B D B K 2 B
B ECT R H AR AT TR AL R, 45 2R R
D7 REAE — 5 TR b AR i A AR o R
{HAZ 7 1 0 28 AR U LA B 3 AW I R, o ik — 20
et .

G ML Jin A5 R AR ik R BRI X A R A
JE 6 B AR S B BCHE 18 S I AT S 2 B AR
R THAFTE S 8 26 00 W S B R AIE A5, T8 i B B 5k
R AE B R S BUAR AR B R p B i, kT B s H
b E A PR I S ER R WD SR AT IR G 15 e
4 52 B SR I AN BARL, R 8 X 5 52 Rl R AT R
ME, 1T 2R HARAS B 77 A5 Al B R 9 5 AR A5t BR 4
TN B STk — 2D e A R
Jin 85 SR JFH A ALK 52 580 15 0 F bR Sz S 86 52 5 Al X e
PRI 9 B A i B B 0 R & %
Sk AR A A TP SURIIINES 2 & S DO E|
bR A B0 R B o A AT A T, BOAS TR B 0 R
W, BB 5 18 Y s [ S8R0 0 Sk A 2 SR L b AT IR
Mk AE T, BT H bR R R s . 45 R
WY, 32 030 1 1 S b B 0 R BEAF T AR AR R BRBR BT
HAER A bR A B A7 15 W] 2 B0 RRAE S P Rl B3
X (e — [ S A% 1Y T TR an P 13 BT

P13 [ 4k b R e (R o)

Fig.13 Reconstructed image of cone""
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Fig.14 Reconstructed images of satellite target model

before and after projections deconvolution!*!
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Fig.15 Reconstructed images of rectangular parallelepiped

model before and after projections deconvolution!"
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Fig.16 Reconstructed image of cone with different

resolutions™’-?!
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Fig.17 A satellite target model and its reconstructed image'*’
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Fig.18 Reconstructed image of corner cube targets

mounted on the satellite!®
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