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Abstract: Objectives: To improve the leakage envelope phenomenon of BeiDou navigation satellite sys-
tem-3 (BDS-3) signal in space accuracy (SISA) integrity parameter to the comprehensive ranging errors in-
duced by the orbit radial and clock errors, an improved SISA parameter index conversion algorithm based
on 395 d of historical data is proposed. Methods: The algorithm consists of two parts: SISA,, (SISA pa-
rameter associated with orbit radial and clock accuracy) and SISA,., (SISA parameter associated with satel-
lite clock speed accuracy) algorithm optimization. In SISA,,, value optimization, the root mean square maxi-
mum of orbit radial and clock comprehensive error of all satellites in history is taken as the minimum limit of
SISA,u. In the optimization of SISA,.; algorithm, the maximum of first-order coefficient extracted through

clock error fitting is compared with SISA,,, calculated by free value formula of independent variable to deter-
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mine the constant N in the SISA,,, parameters calculation formula. Results: By analyzing measured data of

8 months, the advantages of the proposed algorithm are verified. The new algorithm can achieve the zero

leakage envelope of SISA,, parameters for satellite radial and clock errors (excluding significant anomalies

in broadcast ephemeris for satellite abroad), and reduce the leakage envelope event of BDS-3 integrity pa-

rameter caused by unreasonable SISA broadcast values. Conclusions: The effective optimization algorithm

and analysis results for BDS-3 SISA,, parameters can provide a valuable reference for the upgrading and

construction of BDS-3 system integrity service.
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Table 3 Error Envelopment Capability of SISA Parameters for CNAV 1 Broadcast Messages( 2022-09-01—2023-09-30) /%
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Fig. 1 Sequences of Envelopment of SISA,., SISA,. and Comprehensive SISA Parameters for Satellites C29, C45 and C20
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Fig. 3 Sequencesof Envelopment of SISA,., SISA,. and Comprehensive SISA Parameters of Broadcast Ephemeris Errors for
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Table 4 Variation Statistics of SISA,,, Parameter Calculated by Formula (5) Within 3 600 s

R
N
0 1 2 3 4 5 6 7

1 1 800.000 900.000 450.000 225.000 112.500 56.250 28.125 14.063
2 900.000 450.000 225.000 112.500 56.250 28.125 14.063 7.031
3 450.000 225.000 112.500 56.250 28.125 14.063 7.031 3.516
4 225.000 112.500 56.250 28.125 14.063 7.031 3.516 1.758
5 112.500 56.250 28.125 14.063 7.031 3.516 1.758 0.879
6 56.250 28.125 14.063 7.031 3.516 1.758 0.879 0.439
7 28.125 14.063 7.031 3.516 1.758 0.879 0.439 0.220
8 14.063 7.031 3.516 1.758 0.879 0.439 0.220 0.110
9 7.031 3.516 1.758 0.879 0.439 0.220 0.110 0.055
10 3.516 1.758 0.879 0.439 0.220 0.110 0.055 0.027
11 1.758 0.879 0.439 0.220 0.110 0.055 0.027 0.014
12 0.879 0.439 0.220 0.110 0.055 0.027 0.014 0.007
13 0.439 0.220 0.110 0.055 0.027 0.014 0.007 0.003
14 0.220 0.110 0.055 0.027 0.014 0.007 0.003 0.002

DI, 4 77 BDS-3 2 45 3 AR 52t H SRS B
SR SISA, K A SISA, 5 SISAL,, 19 55 9 5 46 .
SISAOrl — 27(SISALK‘1+ 10) (7)

A, SISAL,€[0,7], H 5%k,

4 SISASHMHEEZNRIES 5

FI FH 2023-10-01—2024-05-31 (8 4~ A ) ]~
& 2L 5 ARG 2 5L D EE | 1E 4 BDS-3 MEO/IG-

SO C19~C30,C32~C46 3 27 i LA 1y SISA &
BN 23 (a7 5 0 R R 25 B 4818 DL Po. Fl Pasa s
W5 PR . ACKMAL SISA S B, A JE R
HARZ KN

2 5 ] S, fff R SISA B35 PF Al SISA &
HOR 2L BE S A 17 1 1R SISA, S 30 8
i Ee o ALERE /N T 99.999 %, 47 4 i 12 45
A SISA ZHO WUL J5 0] #8532 152 25 (1 A 25 BE 1 /1y
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%5 CNAV1HE X SISA S#1R £ & 4% 88 71 (2023-10-01—2024-05-31) / %
Table 5 Error Envelopment Capability of SISA Parameters for CNAV 1 Broadcast Messages(2023-10-01—2024-05-31)/%

e SISA $1 ik ARk
P, P P, Pgisa

C19 99.997 13 99.998 56 100.000 00 100.000 00
C20 99.935 33 99.936 77 99.994 25 99.997 13
C21 100.000 00 100.000 00 100.000 00 100.000 00
C22 99.995 70 100.000 00 100.000 00 100.000 00
C23 99.997 11 100.000 00 100.000 00 100.000 00
C24 99.998 56 100.000 00 100.000 00 100.000 00
C25 99.944 00 99.979 90 100.000 00 100.000 00
C26 100.000 00 100.000 00 100.000 00 100.000 00
c27 100.000 00 100.000 00 100.000 00 100.000 00
C28 100.000 00 100.000 00 100.000 00 100.000 00
C29 100.000 00 100.000 00 100.000 00 100.000 00
C30 100.000 00 100.000 00 100.000 00 100.000 00
C32 99.995 70 100.000 00 100.000 00 100.000 00
C33 99.988 47 100.000 00 100.000 00 100.000 00
C34 99.997 13 100.000 00 100.000 00 100.000 00
C35 99.993 46 100.000 00 100.000 00 100.000 00
C36 99.995 66 100.000 00 100.000 00 100.000 00
C37 99.978 30 100.000 00 100.000 00 100.000 00
C38 99.971 15 100.000 00 100.000 00 100.000 00
C39 99.761 22 99.892 91 99.991 32 99.992 76
C40 100.000 00 100.000 00 100.000 00 100.000 00
C41 100.000 00 100.000 00 100.000 00 100.000 00
C42 99.998 56 100.000 00 100.000 00 100.000 00
C43 100.000 00 100.000 00 100.000 00 100.000 00
C44 100.000 00 100.000 00 100.000 00 100.000 00
C45 99.998 56 100.000 00 100.000 00 100.000 00
C46 99.965 52 100.000 00 100.000 00 100.000 00

F99.999 % (H:r,C20.,C39 T & &4 it Be ik T 55
A, R LR G SISA S HUR 4%, C39 DAL T 5
W, 28 G SISA S8 AFFE T %) o Tl A
SCHEB AL SISA ZHOR Z WA e JI i), SISA, S
O ZR A SISA S50 R 2 0 TR iR 2%
fiE 717NF 99.999 % (C20 A1 C39 T AL H 4 fisf BEAb F
o, F LA SISA S UML) . A CHIE
EHE S T SISA S EOM R 22 1) L 45 BE

Sk 20 U B AR S I f B BE RO T RO
1 SISA,. 2 B 44 SISA 280 ¥ 17 16 T 4. 4%
12 SISA,. 2 BUAF 75 T £ 4% B Rp I 50, L C25 il
C45 TR M), H SISA, 25 A SISA S50k %5 1]
155 M BE 15 22 Y B 26 15 0 an &1 8 s . SISA 5%
2 PEAE 1Y 58 4 PE SISA S 8 4 BE A T
99.999% , NV /& BDS F Gt K ift 1) 58 4f M 48 b 2L
SR A SO Y VEAR 45 R 1 R 10096 .

FA ,BDS R G A 4Bk WG, 2 PR T

e NI R A T TR S N
SERFPE S EOR LW TERRAR , 256 5 2 SISA 24N
B A, LLC20 DR N El, OBl T
2023-10-28 C20 T 12 SISA,. . %4 SISA Z 40141
S5 A R . OB 2 4 B3 A) 9% T AL T8 AL,
TR T B R SISAL BB LR SISA 24
FAER 22, R ESISA S B LR G SISA 28
T AL (&110) . Bpfdf FOEAR 330, 8 A H i AL 26 37
i 45 AR IH /N T 99.999% o (HAH L T R AL 4L &
B AR SCARAL B B VPG 9 SISA L S EU 254 SISA
SO R ZE A4 R 1A T BT, 43 i AL 99.935 %
99.936 % 4827+ % 99.994 % .99.997 %,

5 & &

HHT,BDS-3 24u%F H P A FF 1 ICD SO
KI5 SISA SEUR) FH P B3 R R 558 1 IR
S HE) N . BT EUA RS A BDS-3 SISAT %
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Sequences of Envelopment of SISA,.and Comprehensive SISA Parameters for C20 Satellite, Based on

SISA Algorithm and the Proposed Algorithm
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