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Abstract: Single photon lidar (also known as photon counting lidar) has detection sensitivity of single photon
magnitude. Compared with traditional linear detection lidar, it can obtain longer detection distance, and it has
become the frontier and development trend of lidar technology. However, the extremely high detection sensitivity
also makes the single photon lidar highly susceptible to the interference of background noise photons in detection,
which greatly reduces its performance in daytime and greatly limits its application scope. Based on the detection
principle of single photon lidar, this paper briefly reviews its technical development, analyzes the requirements of
all-time work for single photon lidar detection system, and a new spectral filtering technique is adopted to greatly
improve the detection performance of single photon lidar in daylight. At the same time, this paper also proposed a
general evaluation model, which can be very intuitive to evaluate the detection performance of various lidar
systems.

Key words: single photon lidar;  all-time detection;  background noise suppression;

lidar performance evaluation
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Tab.1 Typical parameters of single-photon detectors (Based on mainstream commercial detector parameters,

source vendors include Hamamatsu, Excelitas, PicoQuant, Laser Components, ID Quantique, Aurea,

Scontel, Becker & Hickl, etc.)
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Spectrum of solar radiation/Earth
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Tab.2 Lidar parameters for comparative analysis
Wavelength & Detector 532 nm Si APD 1064 nm Si APD 1064 nm InGaAs APD 1550 nm InGaAs APD
Receiving aperture/mm 100
Transmitting efficiency 0.8
Pulse energy/uJ 10
Receiving efficiency 0.6
Receiving FOV/mrad 1
Time bin width/ns 1
Target reflectivity 0.3
Atmospheric visibility/km 12
Target distance/km 10
Solar zenith angle/(°) 30
Detector quantum efficiency 60% 15% 25%
Detector dark count/s ™' 200 2 000 2 000
Detector dead time/ns 40 200 200
Solar constant/W-m?-pum™! 1880 642 274
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Fig.2 Detection probability of different wavelengths and detectors under

different spectral filtering bandwidths of 10 km target
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AR THEOEE AR TAERE B 68, H AT
WOETE B RGOk FH G IS IR B H R B
TW U R A B2 (F-P) AR LB S
P a0 R AR T ik . O T IR A
PR S AT ) ARACER I U IR RS ) D IR Y R A
-, A7 S B A T BE AT, [RIB  TOR SR (R S
FER B, O K 3 1 R AT . AT
IR R R H AT Ik o R I G U
i, 288 T IR G R BB I 584 0.5~10 nm,
7 3 FE N 70%~90%, A 95 B A% 10 T P 8O A il 45 A
e, ELi% ot R 4 28 F B F-P bnifi B R AERS A B
B K = G R O B, E T AR B Y PR
i, S SO I AR AL AN S R Bl SR R,
SRR Em R, OF B A B ERN, AS T
WG A5 A, S LEARPR I T F-P AR B SEBR
o7 5 AR B 28 A E AT S 03 B By v EAF e
J&, BHARSMIRI R AR . SRt — i AR
X R T I AR 7 A R A T 3, [) B 7 2241
T R A ] LA SR, A B A 1 2 AN

T SIS G IR, 2B R R A
R A A A O BRI 7, $E T — AR A
JEUEI A48 (Ultra-narrowband Spectral Filtering System,
UNSFS) , % & Gt I8 I 4 58 2924 50 pm, 35 2 25
85%, HLLE N 1029 nm. [RIE, SRR 1029 nm
4 Yb:YAG 7 £ 5 ik th 806 #5806 B iR O6 R
1029 nm 5 1064 nm [F] &b T 1 pm ¥ B, K05 0k Al
H G SR S K AR Y, (EFREFE O F B2, 78
1029 nm 4b () 5 FRCR 294 1064 nm Ab 1 =45 (8%).
UNSFS 508 GG VLR R K 5 fios .

S, 2k IR I 2% 193 1 R I 4K, FWHM 2
A 50 pm, HRUiE RIS 85%, HOUE KA 1029.07 nmy;
LLLNWOLER RIS DA, H FWHM 2970 25 pm, 7
HA LA RS
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A TIZ UNSFS #5 a7 — M OL FHOLTE L, &
GEERMIEL 6 Fin . WOLEE RN 1.6 kHz, Hfkh
RE TR 20 W, Bk b 98 R 2 ns, & S A ELAZ N 1 mm,
KA R 1.08 mrad, Y 2F IR A 25 mm, FEYC
b 1.3 mrad. % BE M 9 % k0l o £ AL S F A
UNSFS, 8% 5 & 5 M F A 205720 100 pm £
BGEFh, SR i A BT BRI 28 . WOy & 5
WG IR B A AT PO AL U BE R T 28 R 3R, ARG
FLEFHCE PIN BRINERAE A K 5 ok i [R) 25 A5 1

Optical fiber

UNSFS

SEILER IR RS S, e AT T S B S
S H AR BE R Sk S50 2 T R LI B B e 1 B AR ——
JSCAR T 2 00 P SR L, A P 5 R L ok P g i
I M Y ELRHE BS 24 25 km. SEEG I RS B, BE
L) 22 kme M EZF 10 5 500 10 A5, A/ E
AT —UERI, R IR B E] R 1s (1600 k), B E] 1] 98
JEH 16 ns, G5 R AN 7 s .

Bl 7 (a) k3% F 38 103 7 1 H B0 2 1 7 &
Pl 7(b) oA B AR I Y 5 5 R R 30 (Background
Noise Count Rate, BNCR) &t i1, "] i, BHHrsi
PSR 24.35 km, H A5 FEAE 5 2ROEFIHECH 16,
BB 5 SOG4 1 T 897 218 75 1141 (Average Noise
Count, ANC) # 3.06, M A bR IE2E A 0.54

BNCR i N5

ANC
BNCR= ————
NCR= oRF-T-AT ®

N PRE D9 306 AR 1 B B0 T o0 B0 8231 it
[, Wl LA B, AR 2N SO T, BOLHRB RS
WA AEH FRIE MR I, Z RS2 KR T 5%
FHECRACA 119 kHz, IR T HAl 86 I E0H0L
TRIBRG (— ML MHz B R EH B L), %
B REHSIE IR B2 UNSFS HOLH B RGH0A R 47
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Fig.6 Single photon lidar system structure
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XF—PNHOLTIR RGN 5, Hot# U AR Al
WO A 3 D) 2R TCBEH 8 T A% 55>, 10 H AR s [ 40, 2
;2% R — B ] B0 X RO IR B A < [m]
7, 38 >0 LR RKERI B B A P, I 2B R
PR B WA HOG T IR B g LE B S i,
WG, 4 B ERN R 15 1) ~F- J7 A A O I8 &R ge [l
2o BT LR SEAE, WO A I s ORI R B i1

5 i A AR ) S DR s ) A I AT A G, HE
TR T AR A 2R, Tk LGOI R GEAR
LY HEATPRAG, 1R REPPAS B rp A B 1A T 5 8

P, T L A S P B L L K S 2 R
PRI ELASE SR IN0 FRF [ 155 0 28 8 B4 e KR I L 5 - 5 ok
HENHOE TR IA M ROLAE &L, LI I 4

ZZ
ARPT

X Z RO R BRI R . % TROEH X
FA G OIG i X B I AR T FE R 2R LY B D) SRR A
Y, I PO A S B TR  0 T bk
Jeas, A

ROI = )

P=E; PRF (10)

XTI EHOLH I, BAMRER B ke RBIK
B N=TxPRF; i % TLAEARIMBOL H 1k, HER R
MBS ] T=1/PRF, kil AFRIREL N=1.
IXHE, ROL R AT LA
ARErN
2 BT A B B A SR I B A v R
RO 5B 5Lz 2 17, wT LU RS2 WOE R I8 R
PR MR, AR, ROTHEHOM &, WOt T ik 1 4
AR S ey, B O PR AR T <
AR R, T NxM T RO Rk, K

ROI =

(11)

20220748-10



s Gk A2

%14

www.irla.cn

% 52 %

BRI )2 T/ (N> M), TT T o2 Bt i £ 00 i
(B o AT U, X T T PRI O 3, R — AR R
AT (A B AR A NxM AMER R SR BE, AT 4R 8 T 45
DUEFIE] . BRTT, A T ARAIE NxM MG B R HED, &
WK DL iR 1 S T 2 A A A i AR AR
o FFE, X TS BOLE IR, B TR &S5
ot e YT AR T SR, (RIS S 0 R T L N
AN I BB 5 B = 4 AR s IR A o

AN, AEBEIBOGTE I8 7T LA — A bk i BI85
Wi, 16T EOROE B R B A R — e B i ik o A
RETFUN H AR AR A A, 35 A0 mT DU AR 2 6 30 B 7]
EARFE R,

1 7R ROLAR B PPARBOR, ik HLER T 1 SC 4
BT B RO T ROB TR IR AR, IR T A B R
PRGOS IR RAEME NS H HATITAL . &3
W, RS0 1 R R - U AR R 2 Y I R B

S R 552, ABIEE 800 m~10.5 km (%2 [H] TAF) AYTE
FEINREL 3D B . R %0 2 /& NASA ATLAS R4, i
FH 1 ICESat-2 TR I, B3l & B 500 km, %k b
e e VR TAE. R4 3 R EREHE AR KE
MG F 3D BUSHOL IR RS, % R GAEK MRS
T 202 km HEE (9436 3D AR, 3FAE 21.6 km Ab it
77 HK 3D RS (REE 4). ARG 572 FICHR
T RO F RO RIS R 4L

B H R, X B SCHR T R OE O
TRIBRG, e LA VAl A A A 400 B 8 (A2 —
AN SE BRERIN S 56 v (04 B B, I A R R HOL Ik
s R TR B . sk, 26 3 il FH A Bl #0k B
AT R R SCHE, IR X EBHOLTE K RGN bR
R PTHRMBE 2 . P, 26 3 Hhit 5 i) RO 48 B fit
S, AR RIX R G T gk B 1 L PR AL

R 3 AREHAFIERS RO IEHXTLL
Tab.3 Comparison of ROI index of different lidar systems

System Institute Receiving aperture/m Pulse energy/J Single pixel detection time/s Distance/km ROI index
1 HWU (Night) 0.21 8x107"° 0.3 10.5 1.06x10"
2 NASA (Day) 0.8 4.8x107° 1x10™* 500 1.18x10"
3 CSTU (Night) 0.279 1x107* 0.19 201 5.89%10"
4 CSTU (Day) 0.279 1.2x10°° 2.2x107? 21.6 2.9x10"
5 I0OE (Day) 0.025 2x107° 6x107 7.7 6.03x10"

I3O0, X T =R RO T I, M T A AR
1] IR A ) 25 A 532 R LA AT 80020 P05 3K 1) SRR
], M4 = R SE A RO E. X T 141 9 i) 3D K
B, T EARRROENER L 2 2B, Bf
IS AT A A G IR 3k

6 & &

SCH G T OL T IR BRI B K, A T
AR AR OE THOE TR BRI R SR 75K, JUH
e A AR B TG ek 14 75 S MR P 7K, X L T LR
2 9T R0 52 4 AR R g P O TR S A I 1 RE
AT FRVFIN, S OK L O TR B 2 A BRI
e, BRILZ A, £33 7% 58 HATAY S 0FACE AL H AR
b RACHUN AERZR, R 1 pum S BEAT 0 BRI A
T 0BG T R DN A, 22 A S (0 2 R IR DI P R

P FEA b, SCrboR B S A h ks SR %
OURPE R, WHE T — A HOG T A Ob Rk i I R
4t (50 pm iy 98), Be A 28 458 1029 nm ik oot
5 (25 pm 4 98) VB WG, 58 T — B ARG 4 K i
HOLTFHOLER IR RS . FIHZBOLE IR ER T &2 44
KA TSR T 24.35 km B FE 5 4 K B I 7 7k
SRR SE g . BEJE 52 T 3.2~7.7 km 1 R B AR
= USRI . SR AR R, R R GRS TE
SR AT SO T A 58 R IAT 55, BERE AR K b
PETF R F RO TR IR A 2 KT ERIEE 1, K TAE
MFOETR ISR T —F 2B S e £

UEAh, R T X SEBR IO TR I8 RGP AR AT T
#r, FEH 2 T 2 P < B R, B2 T — b
OGRS ITEM LR, B ROT 48 %L, %8 5Lhe s 14> &
b X 45 R OG TR I8 R G DIERESEA T VRN, W AE N
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