EEE R ey

EEFRIK

FEHH R P T e R s Epe T8
36 7 SR

9 EEVT, AL KER, BEA, 2EE°
L 2 I E R A T R TR R, BEVE P42 7101215
PTG A HL R 2 T R B, BRTE PEEE 7101215
SV L TR KR SR A S MBS KO R E R S, BEVE PE 9 710071

WE S EMRSEQPS)E—F S B H 22020 R %, 6 F 8009 28 b2 X @ 0 13 25 T 4 M AR K%
W, AT BEAREE R R AT R E MR IR S RAE N E AR I T YR A & T % 81 4 e 0 BS0RT 5 A0 F 2406 7
B H A B (PNA)Y S B2 0 T HEHIRE T T4 10 QPS I In A 135 b i B SR g . 7 T FE TN iR G PE = 5 I 1
6T BR[O B E 2 L A R A AR RS B0 R 22 N e AR R UEAT TR b, D SRR S W
SREEN 10 mm/h AEHIEEE S 10 km B R PNA B 5. RGE MR 25 H 13,81 cm W/NF 1. 13 om; 24 [ F 5
B 147 mm/h EHIBEE S 25 km B}, R PNA B G, RE MWL B A A BER 5.5X10 " #58 6.3X
107", H ] ULl 8 3 A R R G kb BT S BOG T R AT LR S QPS TERERT R AU R AT SR

KER HIOUY BYEMRL; B FEOLFH: BEN

FESES G301 XHirERL A doi: 10.3788/A0S202242.0327019

Adaptive Strategy for Optimal Average Photon Number in Quantum
Positioning System under Rainfall Background

Nie Min', Gao Ting"”, Yang Guang', Zhang Meiling', Sun Aijing', Pei Changxing’
' School of Communications and Information Engineering, Xi’an University of Posts and Telecommunications,
Xi’an, Shaanxi 710121, China;
* School of Electronic Engineering, Xi’an University of Posts and Telecommunications, Xi’an, Shaanxi 710121, China;

* State Key Laboratory of Integrated Services Networks, Xidian University, Xi’an, Shaanxi 710071, China

Abstract Quantum positioning system (QPS) is a high precision and safe positioning system. The change of photon
number has a great impact on the positioning error and security. In order to reduce the positioning error and improve
the safety performance of the system in rainy weather, based on the decoy state quantum key distribution protocol
and the optimal average photon number adaptive (PNA) algorithm, an adaptive adjustment strategy of QPS decoy
state against rainfall interference is proposed. The adaptive relationship among rainfall intensity, transmission
distance and the optimal average photon number is established, and the positioning error and the security key
generation rate before and after adaptive adjustment are compared. The simulation results show that when the
rainfall intensity is 10 mm/h and the transmission distance is 10 km, the system positioning error decreases from
13.81 cm to 1.13 c¢m by using PNA algorithm. When the rainfall intensity is 1.47 mm/h and the transmission
distance is 25 km, the security key generation rate of the system is improved from 5.5X10 " to 6.3X10 ' by using

PNA algorithm. It can be seen that the reliability of QPS in rainy weather can be improved by adaptively adjusting
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the average number of photons per pulse of the system.

Key words quantum optics; quantum positioning system; rainfall; mean photon number; self-adaption
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Table 1 Dividing criteria for rainfall intensity

Rainfall level

Rainfall intensity /(mm « h™")

Light rain 0. 41
Moderate rain 0.41-1.04
Heavy rain 1. 04-2.08
Rainstorm 2.08-4.16
Heavy rainstorm 4.16-8. 32

Extraordinary rainstorm >8.32
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Fig. 1 Relationship among photon energy, rainfall

intensity and transmission distance
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Table 2 Values of parameters of positioning error

Parameter Definition Value
€ Time window of quantum detector 1
4 Number of detectors 6
0 /) Zenith Angle 0
L /km Transmission distance 10
7 Capture rate for single photon 0.5
72 Efficiency of single photon detector 0. 65

¢ Transmission rate of system installation 1

F Measuring factor 1
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