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Abstract: To address the reduction in effective coincidence counts and the deterioration of imaging quality in entangled photon quantum
imaging under rainfall scattering conditions, caused by raindrop extinction attenuation, multiple scattering deflection, and photon arrival-
time mismatch, this article proposes a coincidence count optimization method for entangled optical quantum imaging in rainfall scattering
channels. First, considering the complexity of signal photon propagation in rainfall environments and the limitation of conventional
macroscopic attenuation models in accurately characterizing the contributions of multiple scattering paths, a quantum optical scattering
and transmission attenuation model for rainfall channels is established by combining the raindrop size distribution spectrum with Mie
scattering theory. On this basis, a multiple scattering photon tracing model based on weighted survival and path integral is formulated to
calculate the spatial reception probability of signal photons under the constraints of field of the view and receiver aperture. Secondly, to

account for the additional optical path induced by refraction when signal photons propagate through raindrops, the Cauchy-Crofton
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theorem is introduced to statistically correct the average propagation path inside raindrops. Based on this correction, the second-order
correlation function is modified, and a joint detection probability model incorporating both spatial geometric constraints and temporal
synchronization constraints is established. Finally, by further incorporating coincidence time window constraints as well as the statistical
characteristics of detector dark counts and background noise, a pixel-level expected coincidence count expression is derived to realize
target image reconstruction under rainfall conditions. Simulation and experimental results show that the proposed method can effectively
suppress background noise under heavy rainfall conditions, enhance target structural preservation, and improve the quality of
reconstructed images. Compared with traditional quantum imaging ( QI) methods, the proposed method increases the peak signal-to-
noise (PSNR) ratio by approximately 4. 4 dB and reduces the root mean square error (RMSE) by about 40% , showing its effectiveness
and robustness in complex rainfall scattering environments.
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theorem

0 5l

i3

Wi i R R, i B R (quantum
information technology, QIT) 4K 4% & F & i R T
R | A S 2 LY ERR BR O T R B KT T
YER QIT A E 43 37, i F A% ( quantum imaging, QI)
TR T A G005 BB A G 5 BRI A Y5 =X, % il )
FHEN GG X6F 22 10 (g st 25 ST ok 3R ECH AR A B
IZHARAALGER, 1 2 MO AT SRR BR -5 O R 75
F A R 5 AR R R A R AR B A R R bk
TR B IR B T IR B S R SR T A
GRS

QI A FH & 15 5XF BT U , i & 115 57
I F 72 18] A A s AS A 3kt 6 b A7 1 R W L 25 3 K O
SEHNRIEE T ST 0 A T i, Eso 45 @1 0 B
IR T 55 B SR RS el A ) B Y R
Bt FEAE T 850~2 133 nm AR BEAIE tERE  187R T
RAHU I T S AL, Sekga 251" MBS 1
98 1T $ 5 KA = ARG PERE Y 2, BAK By
T R A R A B4 ek AL , Ay B HIC B
Sl e RN i LR TRyt E Y S e
A B I S S T T Mie BUR IO T B S
PEREIFARISORY , B 1 3 I o R A% R R B 5 7 R R
TEORE 22 ) 5 1 O 2R, i I T ) 8 BB S A 7 R DU 2ok
FErh g R 4 iR AL AN T 20 . Song S5 HEN7 T —Fh H
T A% B P RS il Ge T4 A BUN A B L
BT, BESRTE T AR RN T A R 7 BE3, Lin
S AR BEFOT T S5 EAEE R IO AR K 55K
R i Vi -5 B PR G VE T, 98 R A R IR i U e
SRR R 1R FE 1S 2 35 ) PRI v Joit s )R A
HEFA T RO SR L T 5%

JAE FIRAITSE NEE I 0 5 R GEMERE 2 TR 7R 1 FE
W AE R 2R 5 R A A o et B AL IR 5 (EL A X g R X 28 L

A E AT BhARIE B SRR AR R AR B S R O 3
S5, T 1) A ' 1A TS I e T A e A
SRR Z RAWTSE . PR, DA A3 2 T P [ 400 o 2
G PR S SR B9 M 400, R 4R T 25 K
SURLE PATERIA R HIUPS:

BN B IR RERT O A0 T O T AL RR LI S 2% Ak
{5 SRR AN S, A SCHR H — il T 1 5 9 A5 15 1
T AR TR S IR TTE  ZInEE
RBUAEAT 5 A AR 2 B HUIDE TIB BRI LR UE 5O T
TERL 3 20 T B 25 ) 21 3k B 4% B S, R T Cauchy-
Crofton 7 BRXF G 328 5 25 1 W T IR 550 5 R A B P Dl e
BTGB IE , 25 6 g ) 25 249 5 5 M i R 00 S 3 4
P SEBOE R TR DL IE AR 5155 1T
KA DT 5 B R IO BRI AR B0 5 5 e L 55 5
PRECEERUR

1 BRGER

BT PR T A D 1 UG A SO 4 O 12
B RGAEE AN 1 R,

ARSCH St 7 RTINS AR AR 0 2 B
SPGTBEERL Y SR DR AR T B RES
JEFY 23 (] AT 4 OBE 5 B S , 51 A Cauchy-Crofton 7 3!
X F T B MG R BT GBI, IR AR S
TR B FRAE T I 5 S5 G AT G T 1 TE 20 5 M 1
BOSRV A AT A THEUE IR | A4 T B3 R U A
TR AT SRS R A B
1.1 YNEXEFHERGFIEIT

AXHETET U RALSE PSR
('spontaneous parametric down-conversion, SPDC) Iy 2y 2
Jeitr TR RS, B TEAR T T U PR 45 X0 2] i & 1
AR BT RS20, R GOLRANTE 2 s,

RGER PN 405 nm BFHEOCEAE BRI .
FCL B 1 MBS 2 4B B A 48 R R A2, It



222 %8 I F£ ¥ M $ 47186
- - - - - - - - - - - = |
| — B R AL PR 47 I |
| 1405 nmZETHEOLEE (=P B ] =) | 4RI R 4 %t |
| —_—__—_—__= . - - _—__—_—__—__—_—_—_— i
- ¥
M- |
|| HImRERI (5 Mielld 5 - PATHTFRBEE (FH - HEANBAZ AT ||
| il o= b R SHUR AR R 2L D BREIEMR |
| = _—_— = . - _~— - —_————T— 1
- ¥
- |
|| FIH Cauchy -Crofton EEi - SNBSS E B IERF - ERFETIENITRE |
|| BIEBE RN AT T |
| —__—__—__—___ . - —_ —_ —_  _ —_ _—_ - _—__—_—__—__—_—_—_= i
.
- |
| S - T 3 0 £ W L S 3 T R |
|l = —_"—_——- _~—_ _—_ _~_ _—_ __~_~—_~—_~—~—=—=—=—_——=— ]
El1 REHEE
Fig. 1 System block diagram
BT R .
i w2 TATRR
B 1y = '
BB %g/ ) 4R
3 %) A

HEE AR '-.

brig:A) ’a/' BT

s of BRI

HWP Y
. : % bt R
A S ‘ M R
QWP pBS1 St i
EE A
Rt
B2 QLA

Fig.2 QI optical path diagram
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Table 1 Rainfall intensity standards adopted by China’s

meteorological departments
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Fig. 3 Photon propagation model under rainfall conditions
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