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Photon-counting 3D imaging based on Geiger-mode APD array
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Abstract: Laser detection and ranging system based on Geiger-mode APD (GM-APD) array can achieve very
high sensitivity, spatial resolution and ranging precision, which has wide applications in remote sensing, target
recognition and so on. Limited by the factors of detection mode and noises, GM-APD usually requires large
number of photon detections to carry out high imaging precise. For this problem, firstly a ladar system based on
national state-of-the-art InGaAs GM-APD array was set up at a wavelength of 1 064 nm. The system was then
used for imaging of a building about 600 m away. The photon detection process on GM-APD was analyzed for
the reflection and ranging information extractions with maximum likelihood estimation method. For the condition
that only a few photons were detected on a pixel, the prior of natural scene’s spare property was used to improve
the imaging precise based on regularized image reconstruction method. Through comparison, it was verified that
the regularized method can reduce the estimation error due to photon detection fluctuation, and improve the
imaging quality.

Key words: 3D laser imaging; GM-APD array;  maximum likelihood estimation;  regularized method

WS A#A:2019-11-01;  &1T A#A:2019-12-20
ESWB: HE HARRAR S RNA ST AIH (U1433202)
YEZ I E5 MG (1986-), 55, i TR0, T, FEMF T =i iS5 HfY Y TAE . Email: gepeng_cas@qq.com

0305007-1



s E gk A2

%34 www.irla.cn % 49 A
0 51 B SR AR B FHH . BOG RN 45 52 R 75 S e K

WO T BRI R GE Y &SR, RS S 40
PR RS B EARERIN . SR T B R O B 3
1 G AR AT A S O X ' S i O (5
FEL RN T BEXE LA A 200k U st 55 O I A5 51, I 4R
oK, 1o 7R ORI B AR R T R B ORI Y
W TR, BTl R PRI RS, 4560t
RS IERI 5 AR T P BP0 % 1) 3 1
W2, ZY RS — O e [ i R A3 19
SRR EYHE R, P T . SR AR AR, S
H AR ARG B 00 . SRR 5 UM A H Y, R — B S R
PRI, o BT EPR R pFs st

FET 2R SIRB R M35 4 APD M5 B A 5 A
JE, S5 FH A HRE B FHR0M 48, SR 35 9 APD FE
GO = 4 R R GARBUIN . DIFEAR, 75 = 4k P
Wiz . HARTEE S WA 06 32 3h BUEORS i i) 5 550
BRI TR R R R . 96 [EURR A B T2 B Ak
AR H 2001 4R T I T 3 APD MRS 3%
= HE AR TR IS, IR E IR T Gen R =LK ST
Jigsaw™ | ALIRT"!, HALOE, MACHETE, AOSTB!""
FEREDL, SCEL T LB o B = e D s | o Y
WS B AR SR, W1 GO T 3R AR X B o
RELE T 1050 L, BUE T 2 KA s fR B8 J1 . Harris
2N I TE AR S0 & B BOR BL Al |, BE T 12832 AR
InGaAs i /2 APD F§ %1 % Ji T IntelliEarth & 4t , #R
FRES KT 6 km, 25 [A] 73 BER AT 25 em, SEF T R
Gtk =B 2zt AR R [ N 7E 35 55 APD [
FIJT AT 1500, et B0 =4 garss >,
NGV NFET 32%32 M4 55K APD, #5417 1570 nm
HWOLENR RS, B 3845 T 5% 3.9 km 4/ B iR
FOERM, AR A8 Nl 32%32 35 4 APD R #5 X)
AN 1 km B AT TR, TR S (R 3 BE R e T
4 A5,

TEBOCHRIN ZR G, T 5O 1 2RI 245 FLR o
ik oA G EGE N T 1 AR o) LR S
HEAT RS PR R, 3 Sk B OG- B 5% 4t
{14 1] 38 R 2 ) o 7 R A Ry 22 5 0710 S0 gk
T E AT AR R A T ORI &%, #5422 1064 nm
WOt SR 25625 B, Xt 2 A0 B AR IR AT AL,

AFAESEIEE] | AR i 13 25 ) 2, e 28 i SRR ]
JK bR B i A S PRI, (HAE T8 Z . ik, B T
KR MERE A BOL TR A0, LTI HEURM A (5 S Ak
BT R X T 92 B e e AR L B R AR T,
SO BBUG T BB BT IEORS BE AR Y ],
AT HOE T R R, G I WA T IR R R T
R

1 XNEHE

SCrP LT P RO T RN SR T OB IR S
0ok Y, T A Dk e I R S B — AR o 5K
0 ARSI 1 R, OE R S R ICR
T OB RDEAALAR, EOL: R GOR [l RS B A
TE I R0 45 L, AN TR e 0 4 AN (] D 1 [ 9 3] 38 ik
[B], S5 f - BB A5

Beam High repetition rate
Pulsed laser expander Beam short-pulse
reeege SEP A
AN NN Q
O : Target
GM-APD { g

array
B 1 T TR 25 SO ok e = 24 i A

Fig.1 Schematic diagram of 3D imaging using laser pulses and array

detector
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Fig.2 (a) Spatial intensity distribution of original laser beam, (b) spatial

intensity distribution of laser beam after reshaping
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Fig.3 Single-photon APD detector array and integrated camera
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Fig.4 Temporal distribution of a laser pulse
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Fig.5 Photon-counting result of 20 000 laser pulses with Monte Carlo

simulation
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Fig.6 (a) Object photograph with 600 m away, (b) Intensity image with 1 000 frame data, (c) Intensity image with 20 000 frame data, (d) Range image

with 1 000 frame data, (¢) Range image with 20 000 frame data
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