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Development status of airborne 3D imaging lidar systems
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Abstract ; Airborne 3D imaging lidar is a new technique to produce a angle-angle-distance, angle-angle-veloc-
ity 3D image by laser imaging. This article emphasizes the mechanism, functions and configurations of the air-
borne 3D imaging lidar systems as well as their applications which includes both the military and civil fields.
Then, it states the current situation and developing directions of the airborne 3D imaging lidar system in de-
tail. It summarizes that the airborne 3D imaging lidar in foreign couritries will make advances on long dis-
tance, high resolution, low power consume, real time and laser safety, However, the current domestic re-
search is still at the laboratory stage, and there is still a gap compared with other foreign countries. Some of
the key technologies need to be solved. Finally, by taking a 3D image lidar system from a user for an exam-
ple, it analysizes the requrirements of the system for the range measurement, scanning structures, detectors
and dada processing and display.
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Fig.1 Mechanism chart of airborne 3D imaging lidar system
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TR EL e AP SRR —iE 32 x 32 4551,
BT 100 pm S0 2% R 5 DG e
Wz Botis: 0.2 ~2 mrad 14 0413% :250 wrad M3%:10.3 mrad x 10. 3 mrad
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Bl Q JFRAEHE A Nd: YAG SOt o6 ss , 15
TAETF A 0.25 W; 56 A 32 x 32 LTIt
Bhik APD M1, B TR AR > 20% , B 55
H CMOS 32 4R Wl B AT B i 4 P B R A B A
BB FR(E EAY 30 em (12 in) Y RS (EMA
GPS/INS) 5 H sk A& 25 AN g 45 i T I &
FRRA s L FIBLERAL BRAS | T $2 (b3 St (8 Bl
LER 3D SAREIE AL B K AT RE JT 5 =i Y8 RF 4K
Pl A5 T B T /A5 R 4 ] Y b T
R sl 3 RS W 3D S BT R R G
HBHZ B2 OCRWE 11 iR, JIGSAW
IR SR 3 s, JIGSAW REL A HE N
45 kg ABIRERINF R 13. 6 kg, f&—MEHAL T
ARG, LZATEH AWML L, ZRG 4%
WAEZR N UH-1 T AT 7RI e, X £
oo 28 Al I B i R A 202 1) 22 B bR S R A T T
15, BT I R b ax 26 H BRI BR R 45 5 i B R
12 A R 5 JIGSAW &R 48 X iR
B 150 m A 1) 45 Fh A R HE B AR BT 3 D

145 13 SR RAT RIS A X6 — AN R 4 B L
3D &R,

K12 JIGSAW FREEXTHIES 150 m Ab A 45 i A A2
#E FARITAL 3D 1R

Fig. 12 3D images from JIGSAW system for several

kinds of static adjustment targets at distance of

150 m

R3 JIGSAW ERBRRGXRBSH
Tab.3 Critical parameters of JIGSAW sensor system

ZH Bl #
4 L 150 m
RN NS 750 EIREE(ED
RELIL 10. 8° i FH A AT A (A HERE 1Y Risley e 8%)
BOLEK 532 nm
Gy IR b o 32 x 32 A SR R S R 37 B A v
oo QUITNES 300 ps P RAH A5 (FWHM)

SO o RO B 1

16 000 Hz( K {H)

iy ROL kb BE 4 wWI(EKRMH)
LI EAE 7.5 cm
HAERE 300 mm
AN LA /4.0
£V T FEF 15 T B 32 %32
5 100pm 1R E A 333 wrad
W ] A 1] B SR A £ 150 m JEFE M 5 em

HESETE A (32 x32)

10. 1 mrad x 10. 1 mrad

BR800 52} 2 40 cm
AT R B R A R HHUE 2 GHez
I RE A Jak 10. 1 mrad x 10. 1 mrad

HUTE 32 x32 (551 Falifg
Al LA

<7.5 ecm H¥R
(<7.5 cm goal)

>7.5 em HFR
(500 GHz plus vernier bits)
FE 150 m JEFE 1.51 m (1E DB
(32 x32 [551)
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13 RATIREG D JIGSAW R GE RS — A7 K 7 i
B 3D EG
Fig. 13 3D image from JIGSAW for a military truck in
flight test
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THEGROEHRIN BN5 2R Go xR B B S I
AT IE HE B HRI A RSAR 1 SRR A AR, MR
FHEI R T — A1 830 3 3 UG O g
Z Bt ( Mobile Active Imaging LIDAR system,
MAIL) , ZRG M FOCH Bl Q TF A5 I &
A Nd: YAG St i Bots , bk b d 524k 14 ~
16 kHz, F-H5%i D3R T 64 mW; B # 0 TAE
TR B Y 32 x 32 APD A HR I % 4 4]
T HOCFIHECRIIEE, % RGO 2
5 JIGSAW S8 HH[F], i3 3 Fin, fRIRaE 5
B, e K LS R DR AL AR B A 7 2Rk
TEZ2F—MHER, MAIL REWME 14 FiR,
MAIL &8 2R T N — MR WL & X Al
H bR EA T R AL R SR, BRI TEXT
S IR T 15 3 B 23 ) -] [i] A 4G s A
RAEF 4, TR T BRI AR 5/ A S 1)
(=72 R

FERCR AL P 5 W 7R O TH MOl 2 % O AT
KT —FPRERE SEI A R AT HLEGEOE 3D
PRI R R G B As I EUR A BRI R 58, R T
— ZR G A W AEURE 0 B0 B 40 B WA Y 3D
BUR . X SERTE AR MR AT H T H00) R 2%
i 1 Sz A5 BRI B AR R —fk X R RIREfE
U AE R RS H AR NS B AR h IX 4k
h TR EIME B A ST AR B A AT N BRI B
FE—A~ Linux £ HE IR A7 A0 B 30 0E T8 B8 A
PR | 2 A PR 8 AR A AR BT R R 2

K14 A2l T3l ORI US4 AR R S

Fig. 14 Mobile positive imaging lidar sensor system

FE— R 77 2 B 7 A TR Y SE R 3D RS RE
F1o BEAMIBTHE T AR TAEM K&, A dE H
SRS SN AEALECE & 1 0 SE BRI DL K
HLEHOE 3D PRI AR 3R e FIA A iUAG i 45 6 &
E

2 22 R 9T 920 % ( AFRL) Z27 i il iF o
R AL 3D HRI L E R GifL s M H &
ST 25 AR A, Bl Y SE L T 3D-1Z
(Landing Zone ) ELFHHLALEOE 3D #R I W5 &
B KATIRIBIE . 3D-LZ 15 % i LA 7w
RG] LR BT LR 2 B A S TT B A S )
S RAT AR R R R W ER . 3D-LZ HLE DL
3D BRI AL AR 1 1.5 wm ZF 406 20
EAIi%8 .\ InGaAs APD Y2420 # R (O 57 18
FHAURIE B T4 B S AR L, MG IR e A
T A b AR T 0] 5248 1 2 A G AT B MR AR
HHIG, 3D-1Z &I B BE Pk ok 7 £ )y 1)
60° IR J5Ia] 30°, Jr L2444 FE A 150 line/s,
FEHE 150 000/s & i A v 215 2R A
iR A 150 mrad/s, 72 A2 78 5 5F AR J5 1)
¥R 1 mrad WAEMRERETRE, B, —A4 o8k
) 60° x 30° A FIHE AT 1.5 x 10° pixel, ZAbH
AR BT B T R G — RO
Jokc AT B[R] BE 2 A | 22 3 T 4 1 4 AT )
WA R G K B AT R 3D-1LZ R
SLESFRE RN 15 i, 3D-LZ R Gk TAE
B2k 61 m BEERS N 1 em, 3D-LZ ARG 4
M43 EH-60 SRE AL L, T 2009 4F 6 H ik
T TE—w AT, i 16 Fras, s H e L
F- 100% JRAXPHAS A8 By b AE 51 28 3 A 25 fili
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Fig. 15 Frame of 3D-LZ airborne 3D imaging lidar sys-

tem
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Fig. 16

3D-LZ imaging lidar system on Black Hawk

helicopter

FA 1996 4 Lok, S [ 5 BA T A Ui 72 4]
(USACE) JFJ& 1 — FR 1 5 T 1t 17 LR BR300 A 330G
TSR R GERIETE , I R i ar 1 Ik & LG
AR AP T PRI i Ml B2 AR G (JALBTCX)
T 7 000 22 R BRGSO CHR I AR 3R 4t ( Coastal Hap-
ping and Imaging Lidar, CZMIL) J& T JLAF % 1]
 USACE 1[5 it 2 42 P 0 B Bir e i i —
VLR R GE 1% F G T A A 18 e e K

JES 1 43 R 3D G B4 [R) st 5 1V JES 3 2R K A
IR, CZMIL £ 58 1Y B0 R IR 58 th HLEBOE
3D M G A R | RS FH LGOI AS RN R T
IS 3 Fr 4, T CZMIL R4S M4
RN HRIR E (53K 70 kHz) | T EIT R —D %
%R RE D bk e R N R IR O
ZEOCHOLA RN A Nd: YVO, , bk b2t
]330 2 ns, EEMHN 10 kHz, RGHHHOE
BN 1 064 nm 1532 nm, 532 nm EOGH K4
Wbk AE N 3.0 mJ, CZMIL 7 B AEME 45 S5 HL
FIOE 3D I AR R G M ERAL BREs, FE =
JE A 24k 1 I AE B A, CZMIL 4 2k
PR AR (R A | DA gk BE TR K A R 48
14 Jmy B, 12 v 500 1 BR 58 1, 78431 FH SE k1
WOt RO R A5 5 A BRI LA
Bk R R R MER BRI BB . CZMIL &R
Gif— L ST SR AN 4 T, CZMIL f) il i 78
2010 4E5E R, 2011 4ETT R T 3k 2 )

x4 CZMIL HEEEXK
Tab.4 Critical demands of CZMIL

Bln b B R REASSE R A B S A

wn A TCEAR Y A SRR B F . K
7€ COTS fiff LizqT,

KB AAE (KDMax) :3.75( AX) ,
4.0(8iE) (p=0.15)

TRIEJER .0 ~30 m

TN .[0.3% +(0.013d)*]"* m 20
JKHREE £ (0.35 +0.05d) m,20
él‘fﬂ%@fﬂ m

FEHFEE: £0.15 m,20

IKFEHEE . £1.0 m, 20

ZS 2% 0.7 m

i 43 HE R .36 338,375 ~ 1 050 nm
§Iﬂﬁy¥$1 m

Sy EER.0.2 m

FENAEEE 2.0 m

it A

Hu e

eI

Sy RS ML
L5 EG

% [E Advanced Scientific Concepts, Inc.
(ASC) B T 553 58 LA AH B AR G A TR 4
ARWFFE, BB, 2% w2700 3D DGR
JCRI AR A AR AP, ASC I IRDEIHOEHRN
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WUR ARG LAZF it 4+ 55 s ERORRR B2
Ty AEAEAT IR NG B0 R T LAXTREES N 5 em ~
5 km BJSEYIHEAT IS A0 BT ASC LRIEOR
(4 3D FEAGALH T FA SO ok vl BV a4 2 22 it
(128 pixels x 128 pixels) 3D 1 = £ i, =15 60
frame/s, ASC A 3 B 3D RDGHOCHRN ME &
4t . DragonEye , TigerEye F1{##30, DragonEye %5
AR — g /D RST I R SE, TigerEye & —
ASINRSF AR I 3D TG HOEIR I B AR S AL,
‘B XA TE-2809-PC ., TE-2845-PC I TE-2445-PC
JL AR5, DragonEye Fil TigerEye [ — S8 FEA
SR TS il R 5 TR, ASC A Rl
PLEHOE 3D BRI AR R SRR 45K ] InGaAs
APD [531) SAE] T 128 pixel x 128 pixel, 060 1
R LWL, TR FE5H B BV
B

%5 DragonEye 7 TigerEye HE A S
Tab.5 Basic parameters of

DragonEye and TigerEye

SR DragonEye TigerEye
i Gl B RE RSN QUINTTEN =
2.5~7 m] 2.5~7 m]
PN 1570 nm, PR H 1570 nm,
| By i ol G el B - o1 B
R 2% 128 x 128 InGaAs 128 x 128 InGaAs
APD [551 APD [
B&R 128 x 128 128 x 128
128 x 64
M fa 45° x 45° 3°x3°;8.6° x8.6°;
45° x22°; 45° x45°
EFBEES 1.5 km(CEZERKREE 1 100 m(3° x3°) ;

T E%/ B 450 m(8.6° x8.6°) ;

R 150 m(45° x22°) ;
60 m(45° x45°)
HL U5 24V DC35W 24V DC

TE-2809-PC.2 kg

11 cm x 15 e¢m x

R EFER 11.2 emx11.9 em x

13.2 ¢m 10.7 ¢cm
23 kg TE-2845-PC.1.6 kg
11 em x11.3 em x
10.7 ¢cm
M FEAR B2 P A 22
< =10 em

4.2 ERMALERSE 3D HNR G EEHNERH
7N

R TR K BRSO £, BRI ALK JR) (ESA)
FFHOE 3D PRI AR EAAE Sy ml $50 004 1) B 22 4
RZ— B LT G S SRS R4
PEEEE G R . BOMAT K55 A Tl A1 A&
VI T & TR o3 591 & J A 25 i 1o FH AR 58 31 45 6 42
o O 3D I B AR R AR HOR |, H AT 4b
Thn TR B, 2 Bl A HLEROE 3D 4R
WS AG AL B AR M RE 2SR N 3% 6 BRI BOE
3D FRIM A S50 5 R TOF I 5 7, B ot
i G R G ARG BRI R ] e B A 2
B, HAEOCE E RN 12 kHz, BOBH KN
532 nm, ZEMEE RHA AL TOF 332 H 4 al L %
) 1 x256 fEEAOGT APD (551, 14 RS
B HAWIEZ ), — 8 ARSI R A S A
B A T g — A B LR R R 20 3R A%
%, 0T DLSE IR A B A A A i e A R

R 6 FHEN AR 3D &K
MR ERBRHEREE K
Tab.6 Performance requirements of detection
lidar in airborne laser 3D imaging system

for landing applications

R 5000 m
B/NEE 10 m
Wi >20° x20°
f11,/25 ] 4 e 1E300 m B} <0.25 m
A <5 m(5 km);

<0.1 m(300 m) ;
<0.02 m(10 m)

g7} >1 Hz

o it 2 50 m/s(5 000 m) ;

<5 m/s(5 m)
& K- 50 m/s(5 000 m) ;

<5 m/s(5 m)

% Wl AR T b IR

25 61 Iy o ff /i <27 /<0.05%5

A S Bl R T >5mx5m
2L A RERE <10° /<0.5m

H g, R GE H AT N 8 kg, RARRAS B
h6kg o, F G DI REHE R AN 18117 B 7, e HE
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Fig. 17  Function frame of 3D imaging lidar system for landing

oA R R RS,
O R G0 R R Je — AR ek, B S5
IEE] 1 m BB SR AR AT, AR RSk A5
Bg 5 RN 28 R B ARG AR R O A A —
B, FERR G DR GILE 50 mm, X6 TR0
HHES A S 000 m A B0 EL 4 58 48 ], 70 A8 R
SKHTCAE — 5 1 nm BT I8N 8, T8
R T B SR M G . RS S X HE R
FHOE 3D #RI AR50 & i PEREAN T an 3k 7
FiR . ZRE G BT TOF M5k, kAT
ALFE LT Y O A 0 BRI T O R AN, BRI 2R
JH InGaAs APD, Iehl A S/ #2065 R 5, Hil &
Gl R FHEA T SRR A8 T 1o 08 SR 2 2
MR EE . FEARR R 4 18] A% B T it 1T A
KTF 7 kg, VIRBFENLT45 W/,

Fii+ Leica Geosystems /A H] Leica ALS ZR 51
ot 3D BRI UG AL A 2 1T bR TR B R0
3D R AR AL A%, ALS R A ALS40,
ALS50 , ALS6 0 Fil ALS i % Il 2 {¥ %% | Leica

£7 ICEXHER AR 3D R
FLfR S B BB

Tab.7 Performance estimation of imaging

lidar system for rendezvous applications

S PERE FU
Wiz 20° x20°
RS (14 A5 1 Hz
B SR ] <1 min
BN T AR <lm
K TAERE R =5 000 m

W BT 30

FAREMRASE 30
2 1a UL RTIES
HOEK R

5000 m >R=2000 m:
AR <0.000 15R +0.25 m
2000 m >R=150 m:
AR=<0.0002 43R +0.064 m
150 m >R=10 m:
AR=<0.000 425R +0.035 8 m
10m>R=1m:

AR <0.002 22R +0.017 8 m
0.2°
200 W
30 kHz
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ALS50- 1 &G/ ALSS50 R G EE — A= i, Hit
17 W et koo G A% R 150 kHz, RG0H
BERIAF] 11 em(£235 GPS 12 2) ; KAT = E IR
AL ST LA E 200 ~ 6 000 m, £ 4 R 5= ik
90 Hz;ZE i T IPAS GPS/ML 1IN & T H ; (A FH sk
IN54% TRV 33 kg, AT SEVESR L BB b
ALS60 J&— ] LU FHILECE 5 F R BUHLIE A1
ik 15 = 5 B2 5080 P O 3D BRI R R 4,
RIBCE AN R . S O AR ;28 V B WL
BER R VB | E s A B AR vE A R
HEEHLTE 5 000 m =S BB, B A
75° ;4 ANFE B TR R B AR R AR S R B/ F Bl
ta A (AGS) BEE 2 1 5 B il e IR [ 51 43
R (1 280 pixel x 1 024 pixel ) U7 FBAHVL, iEA
ST RERTE R, ALS60 Ji Ab 2 I 7= A= i B
BEF EAGE N 7 ~64 cm, T H A EAGE N 8 ~
24 em, RGSHE T (FAMH) N 103.7 kg, 2010
410 A, Leica Geosystems N = X ks
AR RATIIS BT T S % A 3 R S
FAANFOCAR R HLA AR TS LLAT R 5 2 f5 2 14K
PR AR 1, X H R RLE] ALS RHIHL
WO 3D MG R

B Riegl 23 7] X OG5 LR 15 4% 14 1%
T R A % 30 AR5, KL 3D
PRI AR R G0 T S50 & R B e e i B0 E s
FE S BB AR  JEw Bk HER AN,
POl A A s D P e B R B oK L IR AT
PLEHOE 3D #0 ifR RS LMS-Q240i, LMS-
0560, LMS-Q680i, LMS-VQ480 I LMS-VQ580 %
RIS 3 B 32 A 49 A 0 9 T K™ i LMS-
0680i 1 LMS-VQ580, LMS-Q680i & — s #L#k K
FEBSHOE 3D FRIM AR R G, v LI ToBR %k B 1Y
H bR I R4 T 4 R 40 B, S VFAE = B 78 A A AR
O ERAE R TS BT R e e s I, %
WG] DAL AE J R s pL s SR SHL AL 5T
BLFITEAML [, LMS-VQ580 & V-Z S HLE Ot
3D BRI AR R G, FIH— 7B W LD MO G A RN
P2 4 AL A B A v | A 4 B s R
LMS-VQ580 J&— %% e b4, ol KLU
PR T Il AR 2S (A 32 BRI 45 1F T e 5T
MLEE AL B, H R — 1, LMS-Q680i F
LMS-VQS580 Ay A FEAE 51 T 8, i #8 1T LU

A i, Riegl 28 ml A7 BIHLEGHOL 3D HRI SR &
G4 R A RIVEOE i Tk e B S0 g, IR
S TN SR 22, T LR B B R R
TR 3D B

%8 LMS-Q680i F1 LMS-VQ580 HIH R4FE
Tab.8 Technique parameters for
LMS-Q680 and LMS-VQ580

FEME LMS-Q680i LMS-VQ580
HOtAE MIEE AR Mk W% 8o, Ik
T BN TE B IR IR
400 kHz 300 kHz
(80 ~400 kHz) (50 ~300 kHz)
B ZWERERHS, ZHES0EhEE

EEEipryE B
200 line/s( 10 ~
200 line/s) 3l

HHlBE, B KA
Ly elllE e )
150 000 point/s

AT £ R
266 000 point/s
LR 60° 60° (AT i)
iy i 0.001° 0.001°
MIEER 950 20 mm 25 mm
s/ MEFEE B 30 m 10 m
ARF 480 x212 x230 mm @222 x360.5 mm
Jigcis 17.5 kg 12 kg

&I TopoSys 23 FIBOLIRI MR R F 2 A
IR JLA 5 . Falcon 1, Falcon 1T, Falcon I,
Harrier 56 fl Harrier 24, Falcon II f& TopoSys %
JRIHLEL R GE A8 12 b & A W sh 2L gk ik /i 2L
Ap (RGB/NIR) LA NG L LS, Falcon IMJ2&
BT Y e U DL B0 3D RN AR RS, s
e PR T g T R P e R AR 4 I T BT, T R
FHT 3D Sl A AL R T R AR KR
H UK i R 2 . HARRIER 56 A1 HAR-
RIER 24 J2 43 B 4E B T Riegl 28 7] 42 77 Y LMS-
Q560 , LMS-Q240 O HR M AR 14 12 A1 — A%k
FHADLII %, R 9 451 T Falcon 1Ll Falcon
M ZGEH)—25 5 RS0, TopoSys #E Falcon Il 5
Gl ] — DB CLT A L A s
WO It — LM HES 1Y 3 B DG £F SR A ) b T
Hemlip o BATAH RIS 53 A — S 2t RS 1Y 3
LT, 18] 18 G A i Y A )
K,
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Fig. 9 Contrast of technique paremeters for
Falcon II and Falcon III

S8 Falcon Il Falcon I
B Wt .1 560 nm;
Jok L A AR
83 kHz
AR 0.5m WA IEE .,
>0.27 m
P R%E  FARYEE.14.3° JERERUA 0.7 mrad
iR 653 Hz R
165 ~415 Hz
M [ 22 28°
T AR 1 600 m 30 ~2 500 m
) A % 83 kHz(H#L) 50 ~ 125 kHz
iER= 0.0195 m 0.010 m
FEH K MEH.
TG B <0.1 m(4a%])
K <0.2 m(4ad)
KR 39 ¢m x47.5 cm 40 cm x40 em
x45 c¢cm x45 cm
Jo 41 kg 40 kg
e e e R

K18 JEEF I T AR

Fig. 18  Operating principle of a fiber scanner

2008 4FE-Hij it Folke Isaksson %5 A FH 7 /A& $5%
SEHOR 2R ot [ P 32 D8 P50 35575 A7 AL 00T
3D W&, 0 ps A LA B R 3D ORI & 19 B
o BHLEL 100 m/s B EETE 500 m YR 23 4k

1 AR 3D EHR A 25 ] 20 R0 0.1 m,
g’rﬁ#ﬂz—jﬁ 0.2 m?,

PLESSESMNE 10 FEPLEH0E 3D SR B
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P19 LA ST A B B PRI B 2 A5 S bR X 3D
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Fig. 19  Detecting path for airborne stereo and 3D effect

figure
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FEHRRAEJHOR G, T B HLE LAY 3D-LZ HLzEk
WOt 3D B AR R S B OR E Cis #
1.0 em, FEBRITHLERBOL 3D 40 AR R G,
TEZ RN EIRZ AR SO RGBT BT L
HAT T 0T,

MH P R %5 &, — 7 TH 22K R G R
W BE 2L 5 3 — 7 T 2 R 3 g L AR
() 73 HE R 2L i Hok P A S R SRR S 45 1
B TR N RS R A bR AT 43
Br, FEANEREFRAR AR 10 FR
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F 10 FEHZHOE ID KRB RE T E B igR
Tab.10 Key indicators of an airborne 3D

imaging lidar system

BHRA R TR
ot PSR E YAG BOLRS,
W 1064 nm
TE K 3m
= A 1 m
AT 240 m
TAEm 500 m
EEEi DY XIRRHLT s A 15
W e 25 2mx2m
TAFMLH 100 m/s
A Ab B 5 R i [ 5 E] R 101

I BEAA T S 23, 306 3D BRI AR & G Al
A3 R BRI 7 ORAR 4800 75 M e # -+
PRI HOL & BOAR T PEEOR B e , AR SO 41
FURHT BRI 7 U e 2 . % T BRI Y
DN A, B 458 K b O I B R 3 2 RO
DNBE WGP, K b OGN B A O bk AT
IR TA) T35 E s B OB A9 B 8 i 2 IR O I R
e 5= Y00 B 42 B 18 9 RO SRR A ) ) 1 30
5 Z B AR 22 KR4S H bR G BE R, 1B SOt
0B R AR50 e ) B L7 00 ]
PR FHRE B S R DR, MLEROE 3D 4R
WG FRGE 2 R KO I R ]

X KOG AR ] B LG0T 3D R
IR ZR G, DN A 5 S AR I ] i R 2 A0
AR EADL - RGEAENRA S, BAE 1
HURZE G PRI A% E A THIN fL A 0, B AE
PS5 1T, B0 RS 2 2 0 5 22 R ] (] B i 22, H
BT, IF 220 45 % 22 T LAGK 2 s DUF ARG HE , I 18]
[F B ) k5 2 T LAGK B ps 2100 X BT AR
o, — AR BCA S5 2t e i, o nl LA AT 80T,
e e 1 24 A0 7 BTN L B T LIS B 23K
PR JEA L ARG L X T 1 M AN 2K % APD #8300
ARSI P HE 1A BOA 1A L (H
FARZRHY APD B 51 [ S ) v [ A5 12, DRI AS &
o L2 0 B R, AL R R A e ) 52 P
A D AR SRR B D, 2R TR 10
DU EPREEE 1 m S AT LA 2 09

J T ASFNRIEE  m= 5 PER A 3D BUR  HLE
HWOG 3D FRM R R G LA IOt A . H
HIEOCHRE A R 2A 4 B O O
HOCHR AR EAMOHLEBOE 3D #
M EUR R G 48 r X2k HDEHLEH =, —
JER G A T A48 B0 8 Bl ok SO R
M & Szl 2 10 BoR, IS 2N 2 m x
2 m(BI7E 2 m x2 m (5 Rl 2 — N ) AR
PE 4 T8 B 240 m AT 100 m/s, 7] LATHEAS I
R 6 kHz, RIVEOG# Ik vp 5 2 W0R e/
6 kHz( — R ZOR BB B 5 % FXREOEA
ke G R AT R AR RS ) . R BOLAR
PEREA— AT B AR, BLAMA B 8 B Pk vh i
WA, X 5RENNFRE R, XMT
PRBELEAE 5 M T 0% A A 2SR 3 5, — R
PR IR BE A1) , DAAMEE CHL RA TR BE A 52
TEAZRGEH IR MR R BRI & , 15T
R R BIARAEK m , 32 B8 i 1 BR A A 3
T v B BEBER DR I 7 B T 4k I B T B A R
WIS o ANRR G B/ ool i T % 2 iE
S AAEAEAE B R PR 45 () &8, AT DL 25 PR LT £
P X R 2 T EAR BRI i 45 TR AL
FHHOE 3D U R G B 5 ok
IO AT EER R AL, FELA G RGN
PUBAS ) FOG2- BT 2R G %5 18 . O TR 81 PR
1R 3D G, Y s 1 a5 ) % R — R AF
(I o AR R 5 00 AN ) JEL T RE R fry b )
VB RE B K A EBOR 225

HLERIHOE 3D R B AR 32 GE 48 D 2 1 3 5 22
SO VERD , DLRUEXT A5 5 i sk
BRI 25— % A APD, APD 4 BT APD £k 4 APD
FIHIRGE APD, 2R 800 APD % ik H g4I — 4
BE  BEt Rt ZF RG] DA R
YT AT . TR B R AR R AN R
PR 25 B b TR e )% R A TRIME , B R
R FHRRAR ®AT BB 45 7 1, TR FHZERE APD 5§,
T APD #3025 [ 51 | B AT D00 BT 22 1) i
S, T DL o s ) R R AR B HER Y
3D EM& ., (BRHZBESE APD, —J7 TH LR
D B 3 22 | RO AR A T 3 G BRI



230 DA

4t

I B BRS B  1i E A L RS [0 3 A 5
TR LSRR 04K A5 T AR I, 362 153
PEih T EOR 5 — T, TR EE R APD 4
TCEH 2, iR ME T AL WA H B X T Y
KHERR HATE Nk R E R, EEW 7, 4
MR R APD [ SR 2L L ¥ T APD = T 1R
%, HETES M APD B 453 T 128 x 128 [
B K 2 B BTG TR A 128 x 128 ZHHR M 1 ff 1%
SO LA 5 5 DR 0 B MR T X R
PRI ES MR BB B2t i R 458
Al LABEHLARIOE 3D HEI AR 2 e A5 51 8 v o
PIEIME RIS, 76 TE BE APD #8300 25 B 51 B
B — i EIAG =2 ) 2 25 T 5 SR8 1 ) R, L g
Z A —E W EE S, DT PR TE BRI e N 25 H B
MER,

FERHRAL B 5 7R 7 T, T EE X INS/GPS &
GEI B FE IR | G A AT e AR 2 ) B
PEATALIE A5 2000 A5 0 A - -BE A S T80 B
EURTE R4 b R ok, B b 25 7R B ()4
30 530005k i ] U 4Gy e 1 Ko R A SR AR
o % IEENZ RS EE K, AT LS B
PEAT ST AEA P 2k 5 Ak 30K A - A -1 3D B
ARAEA L st T SR SR 2R

FER ML BOE 3D B AL R G nt, R 75

SE 3k

LS 3-E 0k 2NN e gAS - 4 ELE S N
TRl 30 B2 R FA T A A, LIRS
PLEITERE . FALE A P> T2 07 1 EEOG AR AR
RS | IR R A 45 R T A A A R A A S e
FIEHp,

6 % RiE

PLEHOL 3D HRI AR R e 22N H AT
AW IR 2T 5T BRI T2, AT
TEANHA 20 T HLEGHOL 3D R iR 2 58 10 Jt 3
R OO 38 5 0 A Al JLAT [ A 2R G R A T
A, AR E SN HLEROE 3D SHRIRIR RS IE
WIH LR | Fo PR iR RUIFRE = S
MR 2 22 T5 R . A58 — P FeR BB
FIHOL 3D R R R GEHR PR XX R G AT T
ARG VAT HIE  VHE TIZRGAEM AL e
SHAILFA A i 20 2 AN KA Ak 5 4 R T ) —
SeRp AL, H AT E AR S S A A T SR E B
B, 5 EAMEEE —E 220 i 5 Z U — 2%
FEROR . ATLUE 2 R AR K, HLEGEOE 3D
PRI LG R GEAE AR B R AR 2 A 45 T
REFERIFIEE

(1] EARE, 23, S8R RIGLINIOCREE REAR RO TERERE[T]. #85 £051,2001,31(3) :133-135.
WANG CH H,WANG Q,SHANG T L. State of the art of long wave infrared laser imaging radar[ J]. Laser Infrared 2001,

31(3) :133-135. (in Chinese)

[2] VAIDYANATHAN M,BLASK S,HIGGINS T, et al.. Jigsaw phase Il ;a miniaturized airborne 3-D imaging laser radar
with photo-counting sensitivity for foliage penetration[ J]. SPIE,2007 ,6550 :65500N-1-65500N-12.

[3] s#oakr. gt Fk R M]. dbnt. Ep7 Tk 4 i ,2002.
DALY J. The Principle of Lidar[ M]. Beijing:National Defence Industry Press,2002. (in Chinese)

[4] #FXF 2B, XEF VBBOCTHFRRGIFESIELI]. X5 5% T42,2009,17(11) :2806-2813.
ZHANG D Y,WU W Qi, WU M P. Calibration technology of airborne lidar[ J]. Opt. Precision Eng. ,2009,17 (11):

2806-2813. (in Chinese)

[5] FhEE RF R, EAMh. EIMEOL UGN RS0 K IR By HOCHEF AR [ J]. AHEF-4R,2008 ,26(3) :74-79.
SUN ZH H,DENG J H,YAN X W. Progress and current state of the development of laser imaging detection system and its
key techniques[J]. Sci. Technol. Rev. ,2008,26(3) :74-79. (in Chinese)

(6]  #AA& . IknpAEOLR & =40 RO TR RN D], KV BB A EH A K F 2005,
HU CH SH. Investigation into the high-speed pulsed laser diode 3D-imaging ladar[ D]. Changsha : National University of

Defense Technology,2005. (in Chinese)



553 sRAE 25 ALEHOE 3D HREIN R R GER) K e IR 231

(7]
(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

(23]

[24]

[25]

[26]

SHEN C N,WAEBER B,GIRATA L,et al.. Project radiant outlaw[ J]. SPIE,1994,2272.63-74.
AR KT, F HOCTHIBER KRR [T]. 4 9h 5 ok T42,2006,35 (3 T1)) :240-246.
ZHENG Y C,ZHAO M J,ZHANG W P,et al.. Trend of laser radar technology development[J]. Infrared and Laser
Eng. ,2006,35(s) :240-246. (in Chinese)
R REF NS, TAE R RO IR BOR KN HI[ )], 4osh 5ok £42,2001,30(1) :47-50.
ZHAO Y,CAI X P,LIU J B,et al. . Diode-pumped solid state laser radar technology and its applications| J]. Infrared and
Laser Eng. ,2001,30(1) :47-50. (in Chinese)
B AR, B N TIZ MBEOGERIRL T ] AR 5 A5, 2004(2) :15-20.
QU P,YANG P G,MENG M, et al.. Broad applications of lidar[ J]. Detection and Localization,2004 (2) :15-20. (in
Chinese)
I, FF T R RIREOE R R R R FHBUIR[T]. b5 455 £42,2001,9(3) :279-283.
WANG D,LI X Q. New progress in semiconductor lasers and their applications[ J]. Opt. Precision Eng. ,2001,9(3) :
279-283. (in Chinese)
EAER. HOLH FRAR IR SR SR ET]. ook 5 #ot 242 ,2007,36(5) :651-655.
WANG K B. Status quo,key technology and development of laser guided weapon[J]. Infrared and Laser Eng. ,2007 ,36
(5) :651-655. (in Chinese)
TRECR MR A, 2R, . BARMOLE R FIRA [ M. JERT: ER5 Tk H Rttt 2002.
XU Q Y,YANG K T,WANG X B, et al. . Blue-Green Lidar Ocean Survey[ M]. Beijing; National Defence Industry Press,
2002. (in Chinese)
GSCHWENDTNERA B,KEICHER W E. Development of coherent laser radar at Lincoln Laboratory[ J]. Lincoln Lab.
J.,2000,12(2) :383-396.
HEINRICHS R M,AULL B F,MARINO R M, et al.. Three-dimensional laser radar with APD arrays[J]. SPIE,2001,
4337.106-117.
ALBOTA M A,AULL B F,FOUCHE D G,et al.. Three-dimensional imaging laser radars with geiger-mode avalanche
photodiode arrays[ J]. Lincoln Lab. J. ,2002,13(2) :351-370.
ALBOTA M A,HEINRICHS R M,KOCHER D G,et al. Three-dimensional imaging laser radar with a photon — counting
avalanche photodiode array and microchip laser[ J]. Appl. Opt. ,2002,41(35) :7671-7678.
MARINO R M,STEPHENS T,HATCH R E,et al. A compact 3D imaging laser radar system using Ceiger-mode APD ar-
rays :system and measurements| J]. SPIE,2003,5086:1-15.
MARINO R M, DAVIS W R,RICH G C,et al.. High-resolution 3D imaging laser radar flight test experiments| J ].
SPIE ,2005,5791 :138-151.
MARINO R M,RICHARDSON J, GANIER R, et al. . Photon-counting lidar for aerosol detection and 3-D imaging[ J].
SPIE ,2009,7323 .73230H-1-73230H-10.
CHO P,ANDERSON H,HATCH R,et al.. Real-time 3D ladar imaging[ J]. SPIE,2006,6235 :62350G-1-62350G-12.
SAVAGE J,HARRINGTON W ,MCKINLEY R M, et al.. 3D-LZ helicopter lidar imaging system[ J]. SPIE,2010,7684 .
768407-1-768407-9.
SZOBOSZLAY Z P,MCKINLEY Dr R A,BRADDOM LTC S R, et al.. Landing an H-60 helicopter in brownout condi-
tions using 3D-LZ displays[ C]. American Helicopter Society 66™ Annual Forum,Phoenix,AZ,May 11-13,2010.
TUELL G, BARBOR K, WOZENCRAFT J. Overview of the coastal zone mapping and imaging lidar (CZMIL) ; a new
multi-sensor airborne mapping system for the U.S. ArmyCorps of Engineers[ J]. SPIE,2010,7695:76950R-1-76950R-
8.
PIERCE J W,FUCHS E,NELSON S, et al.. Development of a novel laser system for the CZMIL lidar[ J]. SPIE,2010,
7695 :76950V-1-76950V-6.
CAMO J P do, MOEVIUS B, PFENNIGBAUER M, et al.. Tmaging LIDARs for space applications[ J]. SPIE,2008,
7061:70610J-1-70610]-12.



232 D R

[27] ISAKSSON F,BORG J,Hanlund L. 3D rapid mapping[ J]. SPIE,2008 6946 .6946D-1-6946D-9.

EEEN K E(1986—) , T INARTFRIN WHFESE ) 5, 2N R 2 e il I & 45 AT 5 T A5
E-mail ; zjian000@ 163. com

(KL% ®)

El ¥ & % X # v 8 #

(BN S E R A B KRG S M-S B BEAE 52 BT 45 b [ ) B2 25 K 5l 4y 25 S ) 2 I
o E R 2 KA S 2 EAR S, PR DR | BER AW b A A i AR R L 5 ) Y 45
BYEEAR T,

(R T 1980 AEA1H], BT 1992 4, 1996 4F, 2000 41 2004 4F 3% S2 VU U Sk e 3 )
BUH BN Y PR M ER A O R, IR 2000 AR TR PR N < CLR B HL T . LR R RO
FI7, 2000 4EFR P ERERIE TS T A5 BLE P E 2 AR OB Y b E 0y Fe 7
T BHEGIR ARG S50 IR T, S (B30 ) (SA) A 1999 4F 5 36 B (A2 3 ) (CA) RIS iy
(AR ZEY (AT) B 2000 455 52 EH SN BRF ST AL M) B 2002 455 H AR Sk ) (CBST,
JICST) H 2003 4 2 WR K 3% T8 352008 4F- 4 fif 2 “ Elsevier Bibliographic Databases” F1“ EI” i
FERTRIT], 2001 478 E R AL FRA LU o BT BE” BIPEE B, (R IEA IR ) B A < BT
2002 4F3R H ERLEBE 2001 ~2002 4F BB 1 RFE 4« SR BT B, 2004 AF e A CCHP RIS IR R
- P ERHER Y o

RPN LR A5 BT, T E A FE R AT BT FI AR SR, e R 38 [ P A0 127 R 5l
A, TFR2EARTHE S, e IR Z A B A AR K IS

(I WA T, Ad TFA 144 BT, FNAMA T RAT . ENEN 40 JT, 47 240 JT, 4 FE 45 Hb
WRJRIETIIT R (RIC2AARY WG | RAEE & T AR, BRI RS
FAE A P E R B
FINAL P ERRE B K E R AU S PR S BT b E R S R Ay e
Moo Hb KB ARBIREE 3888 5 (RIEFIR) g
M 4%.130033
B 3% (0431)86176862, 84613407
E-mail ; fgxbt@ 126. com
ENgG—T5 . CN 22-1116/04
FE BrAndE TS . ISSN 1000-7032
B & ACY . 122312
E4b &7 . 4863BM
http : //www. fgxb. org



