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Abstract: 3D imaging technology is widely used in autopilot, aviation mission and military field. Imaging
systems with different technical regimes have different advantages. Among them, three-dimensional imaging
technology based on multi-pixel photon counter (MPPC) has broad development potential because of its
advantages of fast imaging speed and sensitivity to extremely weak light. However, due to the immature
development of MPPC array, the detection level of weak light 3D imaging based on MPPC array is limited. In this
paper, a three-dimensional imaging system is developed by using the 32x32 scale MPPC array S15013 series two-
dimensional photon counting image sensor developed by Hamamatsu company of Japan. Each pixel of the sensor
is composed of 12 single photon avalanche diodes in parallel, and its total detection pixels are more than 1 K.
Based on the system, the effects of threshold voltage, lens aperture and other parameters on the three-dimensional
imaging detection results are analyzed, the detection sensitivity and accuracy of the system are tested, and the

three-dimensional imaging detection test is carried out for the simulated target 37 m away. The experimental
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results show that under the dark condition of echo photons of about 1.98 photons/pixel, the ranging accuracy of

the target area reaches 0.268 m, and the three-dimensional structure characteristics are obvious, which is close to

the detection level of single photon imaging.
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Fig.2 Schematic diagram of 3D imaging process
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Tab.1 Parameters of 3D imaging system based on

MPPC
System parameter Value
Laser wavelength/nm 905
Laser peak power/W 72.46
Laser pulse width/ns 5

MPPC array size 32x32 (100 um x 100 pm)

MPPC dark count/kcps 2
MPPC photo detection efficiency 7% @900 nm
Objective lens focal length/mm 35
Objective lens relative aperture f11.6-1116
Collimating lens focal length/mm 40
Collimating spot diameter/mm 11
Collimating spot divergence angle/mrad 0.2
Frame rate 10 kfps(max)
TDC measurement window/ns 320
Threshold voltage/V 0.8-1.25
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Fig.5 Schematic diagram of imaging
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(L PR DR T RS BRI, 28 T B A R
R T8 R, AR SR, HY 1.2 P AT, SR
JGFHOIL KT 2-Pe KPS HEOM T8 Y 52 i £
B, L o P P R 3, HE S 1 O 7K 1 fih &
¥ 2, A 8UE S e B S b e 2, A
B RLAG R B R RS0, TR ' AR e D,
JGFRAE T4 B K- A 55 G, 3 i 1 B (L
H R DU A AT BER A U055 HEBRTE S, 1He A 58] {0 H, e )
TFEPHHE] 1-Pe 2 0.5-Pe /KF, A REMHIEM H AR
G5 T A BIERR o

3) WAL A FEFR T 18 150

Bl AL AR BB e R KON, AR (3) R
PRI DR, DR A F R Z, G355
MR, TERAER AR . SO I F Y B4 Be Sk LAAR XS

20210989-5



i E ok A2

% 10 4

www.irla.cn

FLAR MERBEAZALAR) SRR e b 8 DG RE 1, AR X L

TR AL6. 112, f3. f14 53 AR E I WALE R 0.021 875,

0.0175, 0.0117. 0.00875 m, 7E 25 il 1 18 35 6 A
PN S5 iy 8

3 ZRERSITE

FEI B #5166, 30.6 em 1Y 2 31K 40,
K7 B e Sesarh, HARFIRE R G el sk 2 [l
BS2 5 m, PLI EREREARER W48 o F bx, H A%
FLURCHE B RE AR, TR AT Bdi Ak B, BEAS BT
FE A L T A AL AR XS TAERYSEE o O bR AR X L
1 3, T EARRIRNDOE T 8Ly 46, ILIHETDE

FHOR T 2-Pe B 1E, 43l 76 B {E 2 4 0.8, 0.87,

0.9 V R, MR IE N Bmis & . AR AN 8 Bx,

X o AR RO PEAN 8 FR T B9BUE 4> 5 M 27.51., 30.55.

37.44, B Hp B 6a SRARRIR R B, BN em. SEIG 4
R, FEE R 0.9 VI T{ER K,

66 cm

K7 Hisiseyie
Fig.7 Target image

5 B R 0.9 V, He A X LA N f11.6.
2. /13 14 WA BT, USRI d8 br T8 53
Wk 8.01, 17.42, 27.51, 32.36, AR W& 9 w] %1, St b
1.6 B 2 B OG22, TS ARG A4 R
160.8-Pe F1 102.9-Pe, EIZ It BRI G2, 20 T HAL
AN SEBRIEINE 3R T 46-Pe) PR T 235 W
W, 7B A0 2 W1 O, AT LA S5 v R Y 5 3 Y HE
ORISR E TR S —

W& USRS R 35K, AT 8n 8. Y
W FLAR D, B K, A LR R 0.8 VB, SR A1 1]
ZA A MR A AR, I BEAT Z i b B

% 51 %
0 2500
5
2000
10
s 1500
20 1000
25
500
30
0 5 10 15 20 25 30
(2)0.8V
0 2500
5
2000
10
1
s 500
20 1 000
25
500
30
0 5 10 15 20 25 30
(b) 0.87 V
2500
2250
2000
1750
1500
1250
1000
750
500

(©) 0.9V

Pl 8 AT BE LR T B A
Fig.8 Images of different threshold voltages

AL 9000 AN [E]— R B i) B AR 2EA T HCE R 4RO
G oA, M4 BAR IR S mo i, 45 8009 G831 & an
& 10 IroR o

Be it A AL 28 LI A3 A i 2, (a0

20210989-6



s Gk A2

% 1049 www.irla.cn % 51 %
0
2 500 2 500
5
2 000 2 000
10
1500 1500
15
20 1000 1000
25
500 500
30
0 5 10 15 20 25 30 0 5 10 15 20 25 30
(a) f71.6
2500 2 500
2250
2 000
2 000
1750
1500
1500
1 000 1250
1 000
500 750
500

0 5 10 15 20 25 30
()3

0 5 10 15 20 25 30
(d)/4

9 ARG/ NS K

Fig.9 Images of different aperture sizes

1000 F

800

600

Times

400

200 |

400 450 500 550 600 650
Values/cm

10 5m 4b (15,15) PAoCAEdESHHE

Fig.10 Data statistics of unit (15,15) at 5 m
Pt 2 3 A (5 58 506.87. 17.79 em. 78 SL 5 i 7%

T L 30 WIGE T A BRIz S R S R RS
i, 4R =37m, D, =0.017 5 mi, I AR 3) 7715

AR R RN T 408 1.88-Pe K. i 1 52 56 14,
HY T 1 B F 5 AR A 7E A 2K (6) 1 XTI 56
R, Y ARG B e A R B BB LA 0.95 V, 4
K 11(d) s, AT A RO T 2029 1.98-Pe, 5 B iR
ZER B, MR RIS H AR B R B SR
T e, BSOS A AE R T 0 AR 5 o 37 m SRR
K 11(b) fitzs, THEN-10.28, SCH @ 2 migsiab
P TE, W 11(c) Frniat 30 Wigds gt Boh ir
BLH T2 37 m B B AR =R, BRs S RZER
W, T RE] 1514, BRI AK @) IHERE 3T m
Ab R ) Fe /NAY WEIE B 249K 10.57 em, £54 H b R SF T
HH AR AT B0AE X Y J5 4y A 6.24 55 2.89 MR R
e, B BETT 3 B AR X R 207 4R R 25 8 26.77 em.,
T EET MPPC 5 1) = 2 115 2 Go e 45800 2 45 %
FIRGE BE BB BA 40 O F R KT

20210989-7



i E ok A2

%1044 www.irla.cn % 51 %
0 F
[ | 4000
3 " 3500
I u
10 k 3000
| =y |
2500
15 F
- 2000
= u
~ = 20 |
' i 1500
| Jill | .”s;_lr, i . u
L | | I
L ! | 25 L L 1000
500
30 F
0 5 10 15 20 25 30
(a) MBS IE] (b) PRI R
(a) Target image (b) Image with single frame
0 F 0 F -
4300 4300
5 F 5 ¢
4200
10 10 4200
4100
15 F 15
4000 4100
20 20
3 900 4000
25 25
3800
30 ¢ 30 3900
0 5 10 15 20 25 30 0 5 10 15 20 25 30
(c) 30 WURARIA (d) BIEAER 0.95 V iR IA
(c) Image with 30 frames (d) Image with threshold voltage of 0.95 V
P 11 37 m %A
Fig.11 Image at 37 m
4 & A FARBRER, $50CEREE UGS HAT TR AF A I A5

SCHUR T MPPC [ 51 1% 1 2% 5 G 2R WO 2 45 2
T BB RS, LR GEHT T B ERE
Br 5042, 38 ) 22 MPPC 1Y 1B 8 L, A% 48 3k 10
TR KN, TRIE T 1% R GEAE AR L 50 55 1 =41k
BAOCR o TFEF X1 FR GE A 0 R 5 B B AR MR 75 K 1Y
)R, JRAT T 2k M A B, TR E) T 30 MR IEES 37 m,
Y75 MR A% 2 9 0.268 m, THE N 15.14 B = 4 A% 54
S, A3 MPPC I #5 SCBL T 1.98-Pe $230T 5L T A
BGEGEINEE F7 . SO i Xt — 4 MPPC Y6 FIH 4l
QAL AR 1 = 4 UG SC BT, BB T R 32x32 K
P51 i) MPPC #4581 — 4k 18 & 5t B A7 #23 SPAD
MG IRINBE T o R G0 HA R AT PR Y i 1 Al
D6 B B B 18] 3 B 30 S 00 L, A A I IR 2 AR, 3

S 3k

[11 BuY M, Du X P, Zeng C Y, et al. Research progress and trend
analysis of non-scanning laser 3D imaging radar [J]. Chinese
Optics, 2018, 11(5): 23-39. (in Chinese)

[2] Cao J, Hao Q, Zhang F H, et al. Research progress of APD
three-dimensional imaging lidar [J]. Infrared and Laser
Engineering, 2020, 49(9): 20190549. (in Chinese)

[3] Hao Q, Tao Y, Cao J, et al. Development of pulsed-laser three-
dimensional imaging flash lidar using APD arrays [J]. Microw
Opt Technol Lett, 2021, 63(10): 2492-2509.

[4] LiuB, YuY, Jiang S. Review of advances in LiDAR detection
and 3D imaging [J]. Opto-Electronic Engineering, 2019, 46(7):
21-33. (in Chinese)

20210989-8



% 10 47

s Gk A2

www.irla.cn

(5]

[10]

[11]

[12]

YinY K, YuK, YuC Z, et al. 3D imaging using geometric light
field: A review [J]. Chinese Journal of Lasers, 2021, 48(12):
1209001. (in Chinese)

Wu G, Masia B, Jarabo A, et al. Light field image processing:
An overview [J]. IEEE Journal of Selected Topics in Signal
Processing, 2017, 11(7): 926-954.

Li X, Liu F, Shao X P. Research progress on polarization 3D
imaging technology [J]. J Infrared Millim Waves, 2021, 40(2):
248-262. (in Chinese)

Liu F, Yan M Y, Li X, et al. Advances in diffused polarization-
based three-dimensional imaging technology [J]. Laser &
Optoelectronics Progress, 2021, 58(18): 1811015. (in Chinese)
Yang P B, Deng L J, Chen Y, et al. Three-dimensional shape
measurement of highly reflective objects based on structured
light [J]. Chinese Journal of Lasers, 2019, 46(2): 0204004. (in
Chinese)

ER Eiriksson, Wilm J, Pedersen D B, et al. Precision and
accuracy parameters in structured light 3-D scanning [J]. ZSPRS-
International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, 2016, 40-5(W8): 7-
15.

Chen N J. Review of 3D laser imaging technology [J]. Laser &
Infrared, 2015, 45(10): 1152-1156. (in Chinese)

He F T, Du Y, Zhang J L, et al. Research on the improved

[13]

[14]

[15]

[16]

[17]

(18]

20210989-9

synchronous communication method of photon counting based
on MPPC [J]. Laser & Optoelectronics Progress, 2021, 58(21):
2125001. (in Chinese)

Nie R J, Xu Z Y, Zhang Q H, et al. Model of electrical
characteristics of SiPM array and optimization of front-end
design for three-dimentional depth sounder [J]. Optics and
Precision Engineering, 2012, 20(8): 1661-1668. (in Chinese)
He L J, Xue L, Zhai D S, et al. Satellite laser ranging system
using MPPC array detector and its experiments [J]. Journal of
Optoelectronics Laser, 2016, 27(2): 132-138. (in Chinese)

Fu C K, Zheng H B, Wang G, et al. 3D imaging method based
on multi-pixel photon counter [J]. Transducer and Microsystem
Technologies, 2021, 40(8): 17-19. (in Chinese)

Mizuno T, Tkeda H, Nagano T, et al. Three-dimensional image
sensor with MPPC for flash LIDAR [J]. Transactions of the
Japan Society for Aeronautical and Space Sciences, 2020,
63(2): 42-49.

Mei X D, Gong W L, Han S S. Laser ghost imaging based on
time-over-threshold technology [J]. Chinese Journal of Lasers,
2020, 47(4): 0410003. (in Chinese)

Liu C. Quantitative analysis and assessment research on factors
influencing the visual comfort of stereoscopic images[D].

Tianjin: Tianjin University, 2014. (in Chinese)


https://doi.org/10.1109/JSTSP.2017.2747126
https://doi.org/10.1109/JSTSP.2017.2747126
https://doi.org/10.3788/OPE.20122008.1661
https://doi.org/10.3788/OPE.20122008.1661
https://doi.org/10.2322/tjsass.63.42
https://doi.org/10.2322/tjsass.63.42
https://doi.org/10.1109/JSTSP.2017.2747126
https://doi.org/10.1109/JSTSP.2017.2747126
https://doi.org/10.3788/OPE.20122008.1661
https://doi.org/10.3788/OPE.20122008.1661
https://doi.org/10.2322/tjsass.63.42
https://doi.org/10.2322/tjsass.63.42
https://doi.org/10.1109/JSTSP.2017.2747126
https://doi.org/10.1109/JSTSP.2017.2747126
https://doi.org/10.1109/JSTSP.2017.2747126
https://doi.org/10.1109/JSTSP.2017.2747126
https://doi.org/10.3788/OPE.20122008.1661
https://doi.org/10.3788/OPE.20122008.1661
https://doi.org/10.2322/tjsass.63.42
https://doi.org/10.2322/tjsass.63.42
https://doi.org/10.3788/OPE.20122008.1661
https://doi.org/10.3788/OPE.20122008.1661
https://doi.org/10.2322/tjsass.63.42
https://doi.org/10.2322/tjsass.63.42

	0 引　言
	1 实验原理
	1.1 MPPC基本工作原理
	1.2 MPPC实现三维成像原理

	2 基于MPPC的三维成像实验系统
	2.1 实验系统方案
	2.2 实验系统性能分析
	2.3 三维成像精度影响分析

	3 实验结果与讨论
	4 结　论

