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parameter to the comprehensive ranging errors induced by the orbit radial and clock errors, an
improved SISA parameter index conversion algorithm based on 395 days of historical data is
proposed. Methods: The algorithm consists of two parts: SISAqc, (SISA parameter associated with
orbit radial and clock accuracy) and SISAc1 (SISA parameter associated with satellite clock speed
accuracy) algorithm optimization. In SISA. value optimization, the RMS maximum of orbits radial
and clock comprehensive error of all satellites in history is taken as the minimum limit of SISAcb.
In the optimization of SISA.; algorithm, the maximum of first-order coefficient extracted through
clock error fitting is compared with SISA,c calculated by free value formula of independent
variable to determine the constant N in the SISA,c; parameter 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,. parameter for satellite radial and
clock errors (excluding significant anomalies in broadcast ephemeris for satellite abroad), and
reduced the leakage envelope event of BDS-3 integrity parameter caused by unreasonable SISA
broadcast values. Conclusions: The effective optimization algorithm and analysis results for BDS-
3 SISA, parameter in this paper can provide a valuable reference for the upgrading and construction

of BDS-3 system integrity service.

Keywords: BDS-3; SISAoc parameters; integrity; SISA parameters; leakage envelope
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Tab.1 Broadcast ephemeris accuracy parameters for GNSS satellite navigation systems
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Tab.2 Index Relationship Table for SISA,/SISAcb

SISALe/SISAlye SISAoe/SIS Ager (m) SISALeSISAlye, SISAoe/SIS Ager (m)

15 6144.00 <SISA,o/SISA e -1 1.20 <SISA,/SISAg< 1.70
14 3072.00 <SISA/SISA.p< 6144.00 2 0.85 <SISAe/SISAe,< 1.20
13 1536.00 <SISA,o/SISAcey< 3072.00 -3 0.60 <SISAe/SISAn,< 0.85
12 768.00 <SISA,e/SISA.p< 1536.00 4 0.43 <SISAe/SISAge,< 0.60
11 384.00 <SISAe/SISAwy< 768.00 5 0.30 <SISAe/SISA< 0.43
10 192.00 <SISA,/SISAcey< 384.00 -6 0.21 <SISAe/SISAg,< 0.30
9 96.00 <SISA,o/SISAg,< 192.00 7 0.15 <SISA,e/SISAp < 0.21
8 48.00 <SISA,e/SISA,< 96.00 8 0.11 <SISA./SISA < 0.15
7 24.00 <SISAe/SISAe, < 48.00 9 0.08 <SISA,e/SISAep< 0.11
6 13.65 <SISAe/SISAeer < 24.00 -10 0.06 <SISAe/SISA< 0.08
5 9.65 <SISA/SISAey< 13.65 -11 0.04 <SISA,/SISAer < 0.06
4 6.85 <SISA/SISA.y< 9.65 -12 0.03 <SISAe/SISA,< 0.04
3 4.85 <SISAo/SISAgw,< 6.85 -13 0.02 <SISA,e/SISA,< 0.03
2 3.40 <SISA,/SISAp< 4.85 -14 0.01 <SISA,e/SISA,< 0.02
1 2.40 <SISAe/SISAgey< 3.40 -15 SISA./SISA.s < 0.01

0 1.70 <SISA.e/SISA.r< 2.40 -16 ARG BE PO, A A RS
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HHl, GPS &4t SP SPS (Standard Positioning Service Performance Standard) C{4-["/HH #ff
BOR PR /RPN S SR AR ZR P 7 BT 4.42 5 URA I, REURLGH
(S BMERRNT 107, BT 4.42xURA [TRRATEL 99.999%5’94‘%% Bk DR R A
E 5 REERER P R . BDS £48 ICD 48 MG AL e i e bRk, =

How) E R RS GPS MR FE GRS Fe bR . DL B Sa i IR 55 Fabr 2 [ Fw
FATH LA LIFRAE 10 H%E 5 614 Al 55 ke e At 2 1) 22 5k 21,

2 SISA HiESLIG a5 B

ARFE M BOR S 1GS %@Eqm (ftp://igs.gnsswhu.cn) T #[1) BDS-3 RINEX 4.0 %
0 CNAVI/CNAV2 iR E i GFZ ¥5% 2 )7, BFM 2022 429 H 1 HZ 2023 429 H 30
H (3t 395 X), %4k BDS-3 %Zé}EEEIfoﬁ%ri SISA Z¥U6 T 3k B I 2 S 5 R 2 A
“He7). Rl SISA ZHTE M P H SO I RE RNLHIARIE], SO SCAL PP CNAVL HISC. R 3 4t
1+7 BDS-3 MEO/IGSO C19 ~ C46 3t 27 Jii TLE ) SISA S306t 25 (8145 5 I BE R 22 1) B4 15
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Tab.3 Error Envelopment Capability of SISA Parameters for CNAV1 Broadcast Messages
Sat P P P Sat P P P

oe oc SISA oe oc SISA

C19 100.00000 99.96466 100.00000 C34 100.00000 99.95246 99.96831
C20 100.00000 99.94185 99.98150 C35 100.00000 99.93088 99.96398
C21 100.00000 99.98677 99.99735 C36 100.00000 99.95568 99.96543
C22 100.00000 99.93921 99.98943 C37 100.00000 99.96465 99.98939
C23 100.00000 99.96822 99.98941 C38 100.00000 99.97874 100.00000
C24 100.00000 99.98471 99.97482 C39 100.00000 99.96011 100.00000
C25 100.00000 99.98502 99.99295 C40 100.00000 99.98937 100.00000
C26 100.00000 99.99648 100.00000 C41 100.00000 99.94888 99.97885
C27 100.00000 99.96041 99.99736 C42 100.00000 99.96385 99.99647
C28 100.00000 99.94985 99.97888 C43 100.00000 99.95945 99.98942
C29 100.00000 100.00000 100.00000 C44 100.00000 99.96913 99.99471
C30 100.00000 99.94892 99.96830 C45 100.00000 99.97613 100.00000
C32 100.00000 99.92611 99.96921 C46 100.00000 99.93623 99.98229

C33 100.00000 99.90299 99.97972




H2 3 AlA: 27 Wi TR 1) SISAce ZHUHI P, %18 100%. KT SISAq ZHATHIE R[5
BhEEG R ZE B EE ST, X C29 FERI P, N 100%, H4x 26 Fi TLEK P, 3/M T 99.999%,
B SISAoc SEIF S BAF G 1 5B ZE LR G iR ZE - M T254 SISA ZE00 P s = B
H AR ZE LR T, A 20 B E K Py, /8T 99.999%, BIZE4 SISA SHE A H
FRZEAE BT A B R 7E

NVEY BT SE i S Bk RE, BL €29, C45. C20 PR MBI, 45H SISAces SISAccs 4
& SISA ZHUM R ZE AL I A OL, W 1 Fios. C29 AR P, « P, 1P, ¥4 100%,
C45 TR P /NF 99.999%, C20 TLEM P, fl P, ¥9/NF 99.999%. 4543 3 FIE 1 AL
BE, 44 SISA ZEUR AL T E R TYIER R S8 2L AR E I SISAc S50 1R T80,

(a) C29 /£ SISA ZHREMLKHEN  (b) C45 P A SISA ZHIREBLEEN  (c) C20 P& SISA ZHERE WK
1 C29/C45/C20 TL/2 SISA.. %1, SISA. 4. LA SISA ZHRNIRZEM QLG UL, H—17 TEN SISA. ZHHE V) 1
IRFEMELEER, BUNEETIIR 4.42xSISA., L4009 1R TG PR 38247 F BN SISAc S HUE R A g
ZLREIREALE LR, BUANE LR 4.42xSISA.., LLLN IR ENHERFMAMZETIRIRE: =17 7RIS SISA S
B P i N BT AR E R A R, BN 4.42xSISA, L8N R R IITE M P i 22 0 B D7 MRS A [l S
51542 SISEwur.
Fig.1 The error envelopment situation for C29/C45/C20 satellite SISA . parameters, SISA,, parameters, and comprehensive SISA
parameters. In the first, second and third row, the black represents alarm threshold of 4.42 x SISA,, 4.42 x SISA,cand 4.42 x SISA,
respectively, and the red represents broadcast ephemeris orbital tangent plane error, and radial orbit and clock comprehensive errors, and

spatial signal error SISEwyr projected in user's worst position direction



2 C45 TR 2023/02/25 SISAqe /SISA, /4515 SISA ST IRE M B EIR KR IIRELS R . THE(a))9 SISAoe ZHUHHIE
VIR ZOKER, BENEEIR 4.42XSISAce, LL404) kR TIHUEYIFHRERZE: TE(b))y SISAoc ZHUHUIELE )
R ELR G REN KR, BARNEEIIR 4.42XSISAoc, LN HBEHUER M ZTHRIREZE: T E(c)hLE SISA
SHX T BREMETT MR ERN QKSR BEONEEITIR 4.42XSISA, LA HEETEH P A B 7 13RI 25 )
{551%% SISEWUL: TEI(d)N) HfRETRESER, A&k, 4. BRI NVPUERR . Ylla., ERRE, BAL N RRE
Fig.2 The error envelopment of SISA,./SISA,./Comprehensive SISA Parameter and Broadcast Ephemeris Error for C45 Satellite on
February 25th, 2023. In subplots (a), (b) and (c), the black represents alarm threshold of 4.42 x SISA, 4.42 x SISA, and 4.42 x SISA,
respectively, and the red represents broadcast ephemeris orbital tangent plane error, and radial orbit and clock comprehensive errors, and
spatial signal error SISEwyy projected in user's worst position direction. In subplot (d), the red, green and blue represent radial, tangential,

and normal errors of broadcast ephemeris orbit, and the pink denotes broadcast ephemeris clock errors

3.C20 U7 2023/08/22 SISA,. /SISA, /45 # SISA ZHTRZ M B ALK R EPIRZELSR, T E(a)9 SISAoe ZHXIHIE
VPR Z B LR, BN HE IR 4.42XSISAoe, LN R EHPUEYITIIRZE; T El(b)N SISAoc ZHX LG 7
R ELEERENBSKE R, BENEER 4.42XSISAoc, LN RENHGER I FIEZ TR RZE: TE(c)A%EA SISA
ZHOH PR EM B R MR RENQKER, BERNEEIIR 4.42XSISA, L4804 % B JI7EFH F i 220 B 7 3 1 2 1)
{55 2% SISEWUL; T El(d) ) FRETIRZLS R, 48, G4, WA HIAPERN. VIR, EiRE, BALAERE.
Fig.3 The error envelopment of SISA,./SISA,./Comprehensive SISA Parameter and Broadcast Ephemeris Error for C20 Satellite on
August 22, 2023. In subplots (a), (b) and (c), the black represents alarm threshold of 4.42 x SISA,. 4.42 x SISA,.and 4.42 x SISA,
respectively, and the red represents broadcast ephemeris orbital tangent plane error, and radial orbit and clock comprehensive errors, and
spatial signal error SISEwyL projected in user's worst position direction; In subplot (d), the red, green and blue represent radial, tangential,

and normal errors of broadcast ephemeris orbit, and the pink denotes broadcast ephemeris clock errors



RNERDHT SISAc ZEUR AL TIRE, K 2 fl 3 45T €45, C20 TLE BARMIARE
AR Z B . C45 T 2023 £ 2 A 25 H 15:00 £ 17:00 1 C20 T2 2023 4 8 H 22
H 14:00 % 16:00 B} Btop Z TRIR ZRK, 1M SISAc ZEU TR IFHAE R/, SEEER M
PG R ZERIT SISAc. ZHT MR . —BIEILT, BDS RS0 #2110 58 A 54 1 /Nt
(3600s <93600s). Kk, A AZQ)F SISA. MITHE AR 1S H: £ TEFE KN SISAcy 2
BB/ N BT SISAcet ZEUFE VA G B, 345 180 22 R KB AZNT, SISAo S50
IR N 58 Z AR ZE RS RE T/ T 99.999%, HEMflifF C20 T2 L4 SISA S35 H
J R ZEAT BT B AR ZE A BE T/ T 99.999%. (G —RIME, RFET C20 &2, H
T C45 TR 2R Z BT 8N, HiiA SISA SH06 P 207 B 7 SR Z 1
25 HE 1N 100%.

WIS HARE, HAh TR KA SISA ZHIREENTENYE C45. C20 PAEKEPL: fEEiRE
BRAKRBHAE, 2 SISAc. ZH TR EAA /DN, FESISAq ZHR BHE LS 17 550 %
iR, TR T ELES SISA S EURAL P AN BT IR 2. FIk, Jenr
W FEISI25 H P A e R 5 A

3SISA SHR TR

BT TLERE R SISAcw ZEUEMR/NE ARG SISAce ZEEIMFIEASE (=
BUEHH N (H) T3 SISAce ZEUTIRIFEAER /DN, BZAE SISAc ZHLLIIBTENI A
SISA ZHUR B [F) /L, AATEXTHE SISAc ZEUIFZ I K F~ SISAc, F1 SISAoel ZHUHEAT
k.

3.1 SISA.r IR TT R

XFAG2FFE U1 SISAcey ZEUHIA B THRFE W] 4 From. TR 15 5 I 5k % 2 1
Hudph 2= 2 RS UOEEPR, RIS R DR BRI R ZE 5 ERE, BRI
# DEACIE 5 M R ZE AN BN 2 1R 7 RMS (B, fJa B A PR B R ) 5 e 72 5 A
7¢ RMS 8 Z A KEAE )y SIS Agen 155/ FRAA

K 4 SEUfYE SISAc ZHRIMAL TS %

Fig.4 Optimization scheme for integrity SISA, parameters
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Fig.5 RMS statistics of orbit radial and clock errors for BDS-3 satellite broadcast ephemeris
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Fig.7 The magnitude of the maximum first-order coefficient for BDS-3 satellite clock fitting within 3600s
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Tab.4 Variation Statistics of SISA, parameter calculated by formula (5) within 3600s

SISAlocl
N
0 1 2 3 4 5 6 7

1 1800.000 900.000 450.000 225.000 112.500 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
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Tab.5 Error Envelopment Capability of SISA Parameters for CNAV1 Broadcast Messages

e SISA Hik Ak G SISA ik
P Fusa P Pusa

C19 99.99713 99.99856 100.00000 100.00000
€20 99.93533 99.93677 99.99425 99.99713
c21 100.00000 100.00000 100.00000 100.00000
22 99.99570 100.00000 100.00000 100.00000
C23 99.99711 100.00000 100.00000 100.00000
24 99.99856 100.00000 100.00000 100.00000
C25 99.94400 99.97990 100.00000 100.00000
26 100.00000 100.00000 100.00000 100.00000
27 100.00000 100.00000 100.00000 100.00000
C28 100.00000 100.00000 100.00000 100.00000
29 100.00000 100.00000 100.00000 100.00000
C30 100.00000 100.00000 100.00000 100.00000
C32 99.99570 100.00000 100.00000 100.00000
C33 99.98847 100.00000 100.00000 100.00000
C34 99.99713 100.00000 100.00000 100.00000
C35 99.99346 100.00000 100.00000 100.00000
C36 99.99566 100.00000 100.00000 100.00000
C37 99.97830 100.00000 100.00000 100.00000
C38 99.97115 100.00000 100.00000 100.00000
C39 99.76122 99.89291 99.99132 99.99276
C40 100.00000 100.00000 100.00000 100.00000
ca1 100.00000 100.00000 100.00000 100.00000
c42 99.99856 100.00000 100.00000 100.00000
C43 100.00000 100.00000 100.00000 100.00000
C44 100.00000 100.00000 100.00000 100.00000
C45 99.99856 100.00000 100.00000 100.00000
C46 99.96552 100.00000 100.00000 100.00000

3 5wl A 5 SISA HIEVHl SISA ZH R ZE WL RE I, A 17 Bl LA SISAq &
OB ) S8 E LR ZE B EE 1N T 99.999%, F 4 B RLEE SISA SR P
AL B T A BAR Z I BE 1/ T 99.999% (i, €20, C39 T # /i Beab T5341,
FHLRE SISA 24 C39 DEATENN, £i4 SISA ZHBAFAERML). M



AR SISA LR SISA ZHURZE LR IR, SISAc ZHALEA SISA S H A 2
WD R RZEBLEEJ1/NT 99.999% (XM RN C20 F1 C39 T2, #R4rH Bl FI1%4b,
SH LA SISA Z2HIRBEY%). A XMAHIEEZ RS T SISA SEHRZE K4 R

C25 Max SISAoc %7 fl4% 99.94400% 16 C25 Max SISAoc it % f1.4% 100.00000%

: : *+ R&Clk + R&Clk
oL i * SisAoc | 30 * SISAoc—
IEJ 4 24
5
Cf
K3 18
Q
%2 12
n

1 6
1]
it tn bbb Ml al bkinisiliidl
0 0
o C25 SISA Xi SISEwul 77014 99.97990% ,  C25 SISA AT SISEwul i1 % 1% 100.00000%
* SISE ° SISE_

] « SISA o SISAT]
w6 30
o 4 20
<
2
) 10

0 0 mnssnntbesdiabidodaid il dunilen
23/10 23/11 23/12 24/01 24/0224/03 24/0424/0524/06 23/10 23/11 23/12 24/01 24/0224/03 24/04 24/05 24/06
1) [4F/H) B 1] [/ 1]
(a) SISA #i% (b) ATk
C45 Max SISAoc 1= Z {14 99.99856% Mo C45 Max SISAoc ixZ 4% 100.00000%
« R&Clk « R&Ck
- 5 e SISAoc | 30 o SISA0C—]
EJ 4 24
i
Cl
K3 18
Q
&2 12
n
1 6

o Ebs . ] 0

0 0
8 C45 SISA %I SISEwul % % {144 100.00000% 20 C45 SISA X} SISEwul %% 144 100.00000%

* SISE ° SISE_|
* SISA * sisA]

6 30

E

ok 4 20

<

@

D5 10

0 o A S R I T R
23/10 23/11 23/12 24/01 24/0224/03 24/04 24/0524/06 23/10 23/11 23/12 24/01 24/02 24/03 24/04 24/05 24/06

fif 1] [45/H] 1] [ H]
(c) SISA HiZ: (d) A7
B8 BT R SISA Bk (£2) Sk SISA 5k ) 1Pl C25/C45 T2 SISA. 4. £5G SISA SHRREM B
B H TS AT N SISA ZHR PR A KB 245 G IR E NS LIR, BB E BT 4.42xSISA., LA #R2 iH0E
R TR IRZE ;& T B AT NS SISA SHO A P M BT MBS R ZE AL AR, RANEE IR
4.42xSISA, LLLNT 3% B IGTER P i 22 B 7 MBS 22 05 5% 7% SISEwur.
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Fig.9 The error envelopment situation for C20 satellite SISAoc parameters and comprehensive SISA parameters on October 28, 2023
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