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The photon detection mode and performance analysis of SiPM
photon counting Lidar under different discrimination thresholds

LIU Xin-Yuan', XIAOYi', MA Yue', XIANG Yu-Yan', GUO Gao-Feng’, WANG Jia-Wei’,
HUANG Wei-Yi', TAN Chong-Tao', LI Song""
(1. School of Electronic Information, Wuhan University, Wuhan 430072, China;
2. China Academy of Space Technology, Beijing 100098, China;
3. Wuhan Institute of Quantum Technology, Wuhan 430010, China)

Abstract: Silicon photomultiplier (SiPM )is a silicon array structure based on the Geiger mode avalanche photodiode.
It not only has extremely high photon counting sensitivity and response speed, but also has the characteristics of high dy-
namic range and linear response under the multi-photon condition, which makes it have unique advantages in the appli-
cation of photon counting LIDAR. However, due to the multi-pixel, single-time channel working mode of SiPM, its
output voltage has a greater probability of pulse pile up compared with other single-photon detectors. Therefore, the de-
tection process of SiPM under different discrimination thresholds is more complicated. To solve this problem, a SiPM
photon event response model is established in this paper. Based on this, the time-domain distributions of the shielding
effect and the triggering effect caused by pulse pile up are discussed. Finally, the semi-analytic detection probability
and false alarm probability models of SiPM are established. At the same time, a photon counting Lidar system based on
SiPM detector is built, and the theoretical model is verified by observing that the measured output voltage waveform and
point cloud distribution are consistent with the theoretical model (R>>0. 95). Furthermore, the distribution of SiPM pho-
ton point cloud with different discrimination thresholds is quantitatively evaluated by the recall and precision ratio, and
the optimal discrimination threshold interval is given, which has important guiding significance for the design and theo-
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retical analysis of photon counting Lidar system based on SiPM.
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tion thresholds



61 XRS5 AN RVEE S B A5 T SIPMOE T HBIBO L f ik AR AR B K M RE 23 A 871

1 range 8 &, BP T TFRFFZERSE] . €] 7 7R T 500 1K
W2 (& 531 500 % Bk b)) BO6F i = A a5 4R .
A LA 2, v a) DX O B AR RO T R B R SOt
-, MR R] 3 A5 3R B AR DG G+ s 2 o I
FOET o MWOLT R B iR k& 51 k1)
JFE 0N 5 i 25 RO o3 B IR o 7 S 5 I A A AT
B, 5 5 2385 B s B X 3 TR s 1,
T B 00 B A 42 T, 1% 2 17 XCSOZ i i /)
B i o B 5 | ) S5 WA AK I B T OB o B A )
{2 — 20 3G K A5 5 2R 5 1 Ry 8 IX 06 7 A
BTN, B I DK b S 5 | 22 1 ik 500
7 AR TR B MR 75 O A5 A T L, AL ok
2P BE T A SCHNS B B IE R

T'=48mV 7'=80mV T'=150mV

R=0.48 R=08 R=15

£ Relative time intervals

Detect times start Detect times start Detect times

I'=210mV T'=306mV
R=2.1 R=3.06
B B
g 2
g g
° s |,
E E
° °
2 2
= =
2] 5
& ]
start Detect times start Detect times

K7 N, =3.f=15 MHz R A 550 BE 2 AF T RDOL i s
Vgl

Fig. 7 Point cloud distribution under different discrimination
thresholds when N, =3 and /=15 MHz

3 GRiti

7 T AR 2, 24 500 B (AN, BARE S
b i R L E AR e s = TN AN S 4101
FOGTdi o S BRI, ARG T 55
TR TN ER =R e B R LIRS T/ NS s
B S SR 0 S LA . Sl TR [ 4 51 )
(B0 R 2= 50 A0 AT S BN, I A GE Tt 7 43 28 4l
BT BE R AE A 4R R, (Recall) FIE R P, (Pre-
cision) o A 4 B SRIR B G 9 (B X I 8 2 i s
GG R TR HRUE SO TRy e AR
7R ] BB XS S B AE sf G - A e, B R
BT RS E. WAEREEN I EA
A

TP

=7 v - ()
TP

T -3

A, TP 7R i % 51 AR i 28 1 5 5 0t 7 F
AR PN FR U5 5 T RGeS N 5561
FAFRAE, FP 27 1 2 42 5] 1 (L 077 08 H ) Mg s
ST IO T R BB, AR AUE
A, 2738 53 B (EL O e R DG T 2 R =1
I, 22718 S0 B (DA B — R 9 155 06 T 8 i )
i 10 A 5 A8 R P OBE O, 30 0001 B 1 5%
W7 6 1 PRI FL BN, 2 P =1 378 5 03]
{EL 28 DL T H AN SO T F . X TR —
ASN BEIT 5, A2 R, A ER PR A H. 24
AP TR R, PRl P A 38 R RIS R P AT
I ME F AR BOR 2 BV S0 R B0 25 ROR
F ZBOBR A2 50 B ED {55 61 5 A i 2k
SRS, AR

2 Prc : Rec
Fy=(1+p )7[32P,e+& . (24)
Hdr, g WALE N 7, Y B=1 i}, A R FI A i %
P, AR AR A, B
2P, R,
"“P.+R, (25)

Pl 8 73 il 20 T S 2 P AN [R] 501 1 0
MR A eRE F R HEIE SR ATIRA ., Al

0.9 0.8

08 orh]--

07 osh| *
06

05
05
0.4
04

03
03

5% 02

01 .—4—./\\5 01
N

0 50 100 150 200 250 300 350 400
Discrimination threshold T /mV
a)

0

0 50 100 150 200 250 300 350 400

Discrimination threshold T /mV
b)

09

08

07

06

05

04

03

02

01

0
0 50 100 150 200 250 300 350 400
Discrimination threshold T /mV/

d)

0 50 100 150 200 250 300 350 400
Discrimination threshold T /mV.
(©)

B8 AN M B {E Y A 4 AR S F) R R0 S 5
45BN, (a) N=0. 35.£=7 MHz, (b) N=1. 5 .f=7 MHz,
(¢)N, =3 .f=5MHz,(d)N,=3 /=15 MHz
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