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Laser ranging signal processing based on array Geiger detector

WANG Hao-min,BAI Yi-bo, GENG Lin,HAN Long
(North China Research Institute of Electro-Optics, Beijing 100015, China)

Abstract ; The most common used method in traditional laser ranging is photon detection by a unit APD working in lin-
ear mode. As the detection distance increases, the linear gain does not meet the needs, and the Geiger mode APD
comes into being. Array detection Geiger mode APD is a new type of detection device with the ability to detect single-
photon energy level signals. With an internal gain of 1 x 10° to 1 x 107 ,it has a high response degree,but it is greatly
affected by the background light,so the signal processing of this device is extremely difficult. In this paper,three meth-
ods of array signal processing based on the photon counting method are proposed,all of which can greatly improve the
signal contrast. Among them, the multi-channel accumulation algorithm is convenient and highly implementable ; the
spatial convolutional pooling algorithm has high signal dispersion sensitivity ; and the array expansion algorithm has
high signal recognition.

Keywords : laser ranging; array signal processing; photon counting; Geiger mode

3

A

Vol. 52 ,No. 4
April ,2022

CHOE R A B -

P I B A TR B B T
20 VAT A2 U L B A, A 45 Pl i
DB BEAR R PERE SR e A TS foe i B R OB BE
PR HOLHT B E RS RARBURR /DN KRR, A
Lo 7 P PRSI B2 I T B R
U W O = A R R ORI R S
it %

%5 H #7:2021-07-14

O ol FE N T e AR R 183 AR S Y
[\l A SRS R A9-F-J7 (R EHAR) 80 R A P9UCTT (/)
HbR) U o TERE LR G B0 T, O [l RE i
2/NEDG TR, A RORTS B S  REOE T
RN GE S FI{E 5 AL P GE

HE T8 (Single Photon Avalanche Diodes,
SPAD) J&t—Ff A 2 () B F LGB R 02 S
HOROFSE IR EE SRR — A RET



538 5 RS AN

w52 %

PRI AR 2 D A 1 R AR b T
PRI S BT 4 (SAPD) (2R F L1114k
H(MPPC) 14,

OGO E A R R AR, EE T T T
BAAERIF T . 20 20 90 4REAX, 36 [E R 1 T2
B (MIT) AR5 5250 % B ekl T [ 51 APD 4580
R, A ) N T 3 A X APD [R5 1)
M=, HAURIEA Gen RANBOLT LR
g5t e[ APOLLO 3t 45 3t A i s i
IR B

2017 4F, PG R 52 38 K =7 1A 4 1 5 [E) NIST 4]
BAAAE, SCEE T BB 54 Bk 220 meV, 7 1550 nm
W BRI 43 B T A 6T 0k 2 25 H BB R 25
(MKID) ', Btk 2% F 2008 4F fF il i 7 [H i 4
YRR BT 25 (SNSPD ) |, H i & WF il
1) Z %51 SNSPD £ 4F7E 1550 nm {5 BRI 44 % 8 1ot
90 %", WE R RICE T 2015 AEJFE T HRT
R4 4300 A P 3 ) B 565, 2017 48 B e 4 1)
A TGN LR PG TN 8 0 2230 38 S 1 A e A
G F2 A B 3806 0 B R 56 R g8, 43 51T
2017 43 F 12018 43 A, sYIRAERE S BOGIN R
Bt o 2021 4E3 H sREKIE AR e A A
HAF G TR T 201.5 km BT = 4E %,
G RBEE LB HAMME R 0.4 MEZ0ET

68T FH B T R 45 2 LT I ) ) A B A
Lot KA T VORI T S R 7 A5 R M), 18 AR Il il
FHEA D, D E R B W T R M
[ sl R0 25 8 0 45 ] AT, 1)k % 0 4% iy 114) '
FAHHA R AR S, P bR iR
B3 TR X, 75 2 X 22 A 31 1) 1 £ e L {5 5 R AT
AL B,

AR FAHE T TS 35 BT R A
PR 5 AL BT v R IEAT T Rk
Eo B ACEEMFRE S TEAUT =
Fir: (1) Z3i 38 25wk (2) 25 (8] 46 B A 53 ik
(3) BB RS
2 ARG

AR APD [ RE s R BE RS R N T A G,
ANREMR LT3 55, R[] — B 28 B S 7 A R0
BATTHE I ] B 25 72 A — A 1 A5 S, 2T R
BT Rt 4= A — A4 1 {55, Bk, X

BT AN SIS 55 , R T 75 RE A8 e | 3]
5, AEUE S B R BERERG S WA 55 AN T S e A
AIBFRTEIE o

AR O I 30 S R AT I R R A S e A
A, FATT AT LA DL A Jz Ak A B A e T 1
TR, R UT T Ps i) — R 5Bk SE 7 o
RS R N, 2o AE Ak s (8] v 22 BES  r o0A, BD
SR ST HR L G A AR SRGBROR 5 i A B S AR
X b A R A A R g i 2 AR, TR Y
SrAE o RN R TS ) G A i £ 3 v AR A A
T, FO(E 5O TR A BN 2%, R e e e
SRR AT H 2 AR AR AN [7] 175 DL 128 4% B 45 B
T AR

E1 6T PR m B

Fig. 1 Illustration of photon ‘throwing experiment’
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Fig. 2 Mllustration of signal light distribution
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Fig. 3 Mlustration of signal light distribution
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Fig. 4 Illustration of noise distribution
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Fig. 5 Mlustration of receiving signal
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Fig. 6 Results of multi-channel accumulation algorithm
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Fig. 7 Mlustration of the spatial convolutional pooling algorithm
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Fig. 8 Simulation results of pooling the signals in Fig. 4
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Fig. 9 The influence of different dimensional

convolution kernels on signal recognition
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Fig. 10 Pooling after convolution using 5 x5 convolution kernel
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Fig. 11 Mlustration of the array expansion algorithm
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Fig. 12 Simulation results of the array expansion algorithm
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