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A single photon ranging method for high-speed moving targets
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Abstract: As a cutting-edge laser detection technology, single photon laser ranging technology has been successfully
applied in the fields of lunar ranging,satellite ranging,and ground measurement. However,single photon ranging still
needs to be solved when tracking and ranging high-speed moving targets on airborne air-to-air and ground-to-air plat-
forms , where the echo photons fall in different time windows,resulting in direct counting that cannot effectively extract
the signals. Aiming at the application requirements of single photon laser ranging under air-to-air conditions,a single
photon ranging method is designed based on time-dependent photon counting technology for high-speed moving targets
under full-time , wide-time domain,and multi-noise conditions. The laser echo photon signals are extracted using ar-
rayed single photon detectors and the adjacent time window correlation statistical multi frame processing algorithm , and
simulation experiments are carried out on the Matlab platform. The echo photon signals are exiracted under the condi-
tions that the maximum range is more than 100 km,the background noise count rate is about 5 MHz,and the average
value of the single pulse echo photon count is 1 using the multivariate array single-photon detector. This method can
overcome the limitations of traditional single-photon detection,which can only be aligned to static target ranging, and
can only be applied in weak background noise and predictable target trajectory conditions such as small receiving field
of view and wavelet gate range. The single photon detection can be extended from the range finding of static targets at

night on a fixed platform to the range finding of high-speed moving targets all day on a general platform.
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Fig. 1 Time dependent single photon counting results
TSR FHARHR RS BT L EA BRI AR 0128
S, FECERR A SO G K o AR B A [, I
HIOE 7By L AHAB Y bin N B3 HARIT
LS Bl YA [ N v, OB SR
S B bin BRI SERE Dy Ae , AR bin $EUAY (1]
POETH BRI n A -

_ Ay

2v

M BEHRTBE AR WBCE P LIS H AR LS K
A A BE SR BEE R 7.5 mo 24 Ar =50 ns [, X}
M AR =7.5m,f =1 kHz, v =1500m/s B}, n = 5,
n S HLA% RN I TR] AR SO 73 HE0E A 2R ik
B, n RN T 500 16k 2 1Y) bin FF 31550 H AR

(12)

iSRS

XEF v B0 n BORBIRE 12 3 H AR, 7] IR
Ty SR Ae sl n 3 A IR TR A5G B TR0
SIMREL . AR H iz sl B TR s LSS
i, A DU i E] R [ 06 145 3 2[Rl — 4 bin
FHE PR S O T RO I . HiZ05 A A
T8 FH T2 3 R R R a3 H AR o

E3AR TR A IR AL AR S RE R 2 [T ' 7 P AR AR T
4 bin, AN Rz 3l H AR, B An5 o ~ b i
IS AESS @ A bin, 5 b + 1 ~ ¢ WY [ P £
TE2 i+ 1 /> bin, 75 3 20009 I [A]AH G 56 511
BOTEAERE b A b + 1 WU [ 955-5 B i 18] A S A5
BEARBAA, FBCT _LRRRE,
3.2 wmmkma EAR LT M

38 Bl R BE R 38 3l H AR B8O, (EAH
[BWTAY 113 2 [ A7 AR R AR S o st H A A
XHRRIESE NV, WOCK IR, WIAEAR LB P
ATOLRK sp B IR 1/ P9 E AR 56
W AR AL e KA V., /I IR 22 Al d5e K fE
2V, (ef) o

USRS AR QBT P W S5 P4 I 7 s 18] 22 /)
T2V, /(ef) A Al e 12 3l H AR Y [ 35 i
JOL, e 1] 22 2 e A AR iz 35 I . bin 1 [1]
FEES BB T 2,/ (of) o BRT RO 1
IO, LAV 22 7 e e 7 W O A AR P R ) A S
A, PR B T 2 it B

[T R R O T AFR O RS
ST, AEAESR A b= A2 ma B R0 e 42
R IA] W RS D' A A8 JE IS ) ] 23 BHL AL 9] P00 7
FEEEMEIR , SEPR T RE I/ T [l BOE TR0
SRR TR, L B1O'G 60 Y bin 115 fE 1 R
KT M7 6 F 11400 bin 1 AR K B0E 1
283 Z2 W) TSR AL B AT LA D20 AR

LRA IR TR I MERR PR AN S, n] U T n
AR5 -

1) R SRR 000 SR 2 0T e RN 2 X 7 1
613 73 bin.,

2) K5 1 TR R AT NS 1 i S mk
B (bin TARFIRANTHEH)

3) P b Wik =2,3, N) BE—1> bin_i,
TERS k=1 Wi 2 i) S2IMES KRB i -1 +1



B¢ 5 40 4 No.3 2024

XA AF  — oS eidtiz gl F AR Y S5-I BE 7 vk 377

A~ bin IR R A8 2 IS E AHAB PSR
SIECAE KBTS 5 R WER @ A bin BT HEEAR N
FHOIECLEH b Wir RN 25 R ok Wiss @ A
bin {4 Z MM

4)IEI R k IEFNBCE 1Y e KW N,
4 KBWEERSW
4.1 ZRE5HRE

WOGI R AL B3O A AR A8 B 8 1 kHz, ¥
DG I TR] 18] B 1 ms, fiz R T A5 I B B B
150 km,

23 %0f % I N S 1 i DL 100 A T AR R R R
17, CHLIHL AL AR AR 2 RHEOE, S 3018l
kAR 58 . DUFEORS B R 3508 225 HAR LS KR K&
T FERS BE BOR I E N 7.5 my, AR I #E 7 #4453 6t
) bin B (A B2 2R 50 ns,

BB N5 LS B AR A X iz 3l
1500 m/s, BF[E]IE]PE 1 ms P& KAVFS 1.5 m, Xt
0.2 4~ bin Ay EORS

FASG TR A5 SIS ] 55 D 200 ns, SGT 314k
FNnTECR E Ry 50 i,

4.2 ZERpER

it FHREATLECR 5~ FIIFRA 7015 BEATL A BRI 50 i M
PR LE 0.5 ms ZEIMAARXT ®ATi2 3 BRI S
TR, I (R AL B, VR RE I P 23 A 75 57 M A
By R S B i SR A RO . N S Rk
B, 755 50 WU H FR RATH] 0. 4995 ms 4b

BCE A bin R R N,y 0.25, (5 5 H
N, N1 AR IT BRI A5 1 S0 LA
RANE 2 FroR o

RS P M S T RCR S 5 MHz, b3S
) bin -2 P 10 7 AR rms_n 2 19. 2087, 45
W2 std_n 2 1.3733, H KW FS T 40E max_n N
25. 4039 , fx KAZ 53 % max_s {H N 32. 7602, Xf hf
bin 3 0. 4995 ms, 50 K RMEESH W B & T
W P 18, T RS0 R Iz 2l H AR Y BRI R
fE 58RI, ALBRE A5 LU AR Ly -

SNR = max_s/rms_n = 1.7055

C = (max_s —rms_n)/std_n = 9. 8678

BCE AR bin PR A N, O 0.5, {5 5 3R
N A U Af AR TT BG40 s Y S 56 ) T2
e 3 s,

0 0.2 0.4 0.6 0.8 1.0
Time/ms
(a)N=12

0 0.2 0.4 0.6 0.8 1.0

Time/ms
(b)N=25
40 ‘ ‘
=30
2
S 20
104 0.2 04 0.6 0.8 10
Time/ms
(©N=50

K2 iz a3 H AR R IC G T PRI a0 BRI B6 0 FLA 2R

Fig. 2 Simulation results of single pixel single photon detector

ranging experiment for the moving target

Count
>

0 0.2 0.4 0.6 0.8 1.0
Time/ms
(@N=12

0 0.2 0.4 0.6 0.8 1.0

Time/ms
(b)N=25
80 T :
2 60
j=}
Q 40
200 0.2 0.4 0.6 0.8 1.0
Time/ms
(c)N=50

B3 szl F AR Bl 7RI D B S 7 LA 2R
Fig. 3 Simulation results of array single photon detector

ranging experiment for the moving target

PRI PR R Ty 10 MHz, b BS
f) bin -2 FE 10 7 HAEL rms_n Oy 46. 1181, 45
HEFZ std_n 4 2.3743, x KW 350 max_n N
57. 0611, Fx KAE 53T %L max_s {H R 62. 9594, X5} Jj
bin 2y 0.4995 ms, 50 K RfNfE1E T iU BT
W 7S 1R, T RSN v 02 Bl H AR AY O T
G, ALTRE P AE R LA R -

SNR =max_s/rms_n =1. 3652

C = (max_s-rms_n)/std_n =7. 0930



378 ot 5 e s

F54 5

REFLISBONE, [ 4 2 ELHE I R AR 5 50l
THRER AR 2. 10T, 855 bin A
RCEIMUBCRA S UK, Jaik i i 5 m 2t 54 B
BT 7 o

0 0.2 0.4 0.6 0.8 1.0
Time/ms
(@)N=12
20 T T
=
210
&}

0 0.2 0.4 0.6 0.8 1.0
Time/ms

(b)N=25

0 0.2 0.4 0.6 0.8 1.0
Time/ms
(c)N=50

P4 BRI TEAR SR SO 580z 3 H RIS
FAG TR 25 I B S 0 0 B

Fig. 4 Simulation results of single photon detector ranging

experiment for the moving target array with direct time

dependent single photon counting
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