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Abstract The BeiDou Navigation Satellite System (BDS-3) officially began providing global services

on 31 July 2020. As the core component of satellite navigation systems, the space segment’s service capa-
bility determines the overall system performance. This paper first introduces calculation and analysis
methods for broadcast orbit errors, broadcast clock errors, Signal-in-space range error and broadcast
ionospheric errors. Then, based on the final products of German Geosciences Research Centre (GFZ) and
International Global Navigation Satellite System Monitoring and Assessment System (iGMAS), it con-
ducts an evaluation of the changes in broadcast ephemeris accuracy and ionospheric model precision
throughout a complete cycle from 2020 to 2025. Research shows that the BDS-3 broadcast orbit error
shows a clear dependence on satellite type, with MEO satellites outperforming IGSO satellites. Com-
pared with GFZ products, the 95% RMS of the radial, along-track and cross-track error falls from 0.104,
0.482, 0.589 m respectively in 2020 to 0.080, 0.351, 0.364 m respectively in 2025; and compared with iG-
MAS products, these data fall from 0.086, 0.386, 0.461 m respectively in 2020 to 0.073 m, 0.341 m,
0.350 m in 2025. Regarding broadcast clock error, based on GFZ products, the 95% RMS improves from
0.705 m in 2020 to 0.540 m in 2025; and based on iGMAS products, the 95% RMS in 2020 is 0.811 m
and 0.640 m in 2025. The SISRE of MEO satellites is generally smaller than that of IGSO satellites, and
the statistical accuracies of 95% RMS of SISRE in 2020 based on GFZ and iGMAS products reaches
0.705 m and 0.817 m, and in 2025 reaches 0.549 m and 0.645 m, respectively. In terms of ionospheric
model errors, throughout the evaluation period, the Klobuchar model exhibited a relatively broad distri-
bution range of VTEC values. The BDGIM model demonstrated a more concentrated frequency distribu-
tion in the low VTEC intervals, while the Klobuchar model showed a relatively dispersed distribution in
the high VTEC intervals. Compared with CODE and IGMAS ionospheric products, during the solar
minimum period (2020), the BDGIM model achieved average VIEC RMS values of 3.193, 6.240, 1.570
TECU and 3.176, 6.790, 1.480 TECU, respectively, while the Klobuchar model yielded 7.359, 35.440,
4.350 TECU and 7.367, 35.930, 4.140 TECU, respectively. During the solar maximum period (2025), the
average VIEC RMS values increased to 11.481 TECU and 10.493 TECU, 22.211 TECU and 21.802
TECU, respectively. Based on CODE products as reference, the maximum and minimum VTEC RMS
values for the Klobuchar model and BDGIM model were 34.500, 10.400 TECU and 35.330, 6.640 TECU,
respectively. The corresponding data referenced against IGMAS products reached 33.810, 10.000 TECU
and 35.950, 5.890 TECU, respectively. And the assessment results can provide support for BDS perfor-

mance optimization.
Key words Beidou-3 satellite navigation system, Space segment, Broadcast orbit error,

Broadcast clock error, Broadcast ionospheric error, Capability evaluation
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based on GFZ products in 2020
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RGBSR BN RO B4 (B C35 TLAL), HLAAJR
N5 5 itk — 43 #T.

TEVEAG N, MEO L& /Y SISRE %3 i /)N
F IGSO /2, 18 SISRE %2 3| 22 5% 25 1 5 i &5
AP SEIR S MEO TLE (] C42) SISRE Xk
F IGSO TA. 2020— 2025 4F SISRE 19725 {k, 5 2% 7
JEAKGL, 95% RMS Seit B FEATE 0.55~0.8 m, LA
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Statistical plot of BDS-3 radial, along-track and cross-track orbit errors, clock errors
and SISRE based on GFZ products in 2020
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GFZ F1 iGMAS 7 it 2 7% 1) RMS {8 53 %1 i 2020
A 0.705 m Al 0.817 m, 3% E 2025 4FAY 0.549 m
F10.645 m.
22 HEREIEE
Ll CODE Fil iGMAS #2 it ) IONEX #% 5 4= Bk
HL, % JZ2 #% M (Global Ionosphere Map, GIM) = fif
%%, 453t T BDS-2 Klobuchar £ %! 5 BDS-
3 BDGIM #7475 g At 25 87.5°([H] b 2.5°), &R P &
180° ([ 5°) =ZIal, #+ X E N PEAG I 21, T A %
K 5 5 CODE 7= fh 5 iGMAS 7= i i 2248, I 403t
H RMS{H, 5K 24 VP4 2109 RMS (55U E,
FRAFE] 14 RMSE. 888 0R T #2215
A1 5 CODE & iGMAS 1y GIM ™ it i) LB SR SE IR 11
* 2 LIGFZ=RAEHE, BDS-3 7£ 2020—2025 FH)
HIEIRE . fHEIRE SISRE RMS 95% StitiEE
Table 2 BDS-3 orbit error, clock error and SISRE

RMS 95% statistical precision based on
GFZ products in 2020—2025

Chin. J. Space Sci. =AFFFIR 2026, 46(1)

IR

B 11~12 43 HI45 H T 2020—2025 4EME], 3+
CODE 7= & A1 iGMAS 7= i ) BDS Klobuchar 15 %
5 BDGIM #% VTEC RMS B 411+ E. Ngiitss
WATLLFE ), BDS Klobuchar £ %1 % VTEC {8 431
JE AR, PR ALAE LAAS ] 7 5o 2555 R UE )
VTEC{H 53 fi AR A — 5, H¥Y R A
VTEC {EH I, Sg sk s, 758 VTEC X
] (LA CODE = M 3EiE: /NTF 14.31 TECU; L iG-
MAS 72§ b FEE: 13.05 TECU), BDGIM £ 8 3
S R R IR 4 A, SRR R T BDS Klobuchar
FAY, P BDGIM BAUE H I H 25 200 sl B 5
THRHATF G SCR. MifEm VIEC X (KT

&3  LLiIGMAS 7= & A £, BDS-3 7 2020—2025 FH)
HIEIRE  $h#EiR%E SISRE B RMS 95% 4EitiEE
Table 3 BDS-3 orbit error, clock error and SISRE
RMS 95% statistical precision based on
iGMAS products in 2020—2025

Year R/m A/m C/m  CLK/m SISRE/m Year R/m A/m C/m  CLK/m SISRE/m
2020 0.104 0482  0.589 0.705 0.705 2020  0.086  0.386  0.461 0.811 0.817
2021 0.096  0.502  0.601 0.572 0.580 2021  0.086 0456  0.505 0.662 0.666
2022 0.094  0.614  0.657 0.623 0.636 2022 0.087 0592  0.649 0.716 0.738
2023 0.097  0.645  0.631 0.584 0.668 2023 0.086  0.635  0.647 0.846 0.883
2024 0.087 0354  0.337 0.530 0.542 2024  0.078  0.354  0.331 0.622 0.625
2025  0.080  0.351  0.364 0.540 0.549 2025  0.073  0.341  0.350 0.640 0.645
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Fig. 11

BDS Klobuchar model and BDGIM model VTEC RMS histogram based on CODE products from 2020 to 2025
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i EEMER) BDS Klobuchar B8 ) VTEC “F-1 ., %
K. /N RMS {353 22.211, 34.500, 10.400 TECU,
117 BDGIM H5 3 iof 4> Bk 52 i 8008 Rl Ak 5 =005
(B1 C/B2 a/B3l) fil & H A, sh & E )2 R
LR ST R I 2 B B0 B A X /N, H VTEC
L FR L B/ RMS {E 4 5 A 11.481, 35.330,
6.640 TECU. L1 iGMAS ™= i by o 1) 4 350 X6 17 4
P k3] 21.802, 33.810, 10.000 TECU #l 10.493,
35.950, 5.890 TECU.

WAL AT T BDS-3 1) fE A R 2 )RR 22
2=, SISRE. | kB Z IR ETE 2020—2025 4584
JAEN B AR O, 25 R AF

(1) J BB R 2E 71 : BDS-3 AR #EHE
RS R A S PE, MEO DA T 1IGSO 1!
. 2020—2025 4F, DL GFZ 7= b 3k, | #& 5
AR Yl SRR 95% RMS 1 (20, 95% B A5
FE) 409 Hr 2020 4F 4 0.104, 0.482, 0.589 m & 7+ &
2025 4E#Y 0.080, 0.351, 0.364 m; 5 iGMAS /= /it 4
Fe, HORH BRI H 2020 4E/ 0.086, 0.386, 0.461 m 2
THZ 0.073, 0.341, 0.350 m. ARG RE153) i 0l

(2) I &b 22 1R 22051 : BDS-3 Bh 22 1R Z(H ALV
£ JEL 91 9 2 2 BTG . 2020 4F L GFZ 72 5 o 36 i 1Y
BDS-3 () #& 4 285 F 95% RMS {H 1 0.705 m 42
T+ 2 2025 4F (4 0.540 m; 5 iGMAS 7= fh A4 b, HAH
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%4 LI CODE F=RAEER 2020—2025 ££ BDS Klobuchar #1 BDGIM ##%! VTEC ., & K. &/ RMS

Table 4 Mean, max and min RMS of VTEC for BDS Klobuchar and BDGIM models
based on CODE products from 2020 to 2025
BDS Klobuchar/TECU BDGIM/TECU
Year mean max min mean max min
2020 7.359 35.440 4.350 3.193 6.240 1.570
2021 7.420 34.940 3.690 3.545 16.900 1.660
2022 11.096 36.140 4.350 5.923 32.870 2.290
2023 16.626 40.150 6.420 9.337 33.740 3.520
2024 21.039 41.630 7.940 12.025 41.560 6.050
2025 22.211 34.500 10.400 11.481 35.330 6.640

#£5 LLIGMAS F=&AE AR 2020—2025 £ BDS Klobuchar 1 BDGIM %! VTEC E£#. &KX, &/ RMS

Table 5

Mean, max and min RMS of VTEC for BDS Klobuchar and

BDGIM models based on iGMAS products from 2020 to 2025

BDS Klobuchar/TECU BDGIM/TECU
Year mean max min mean max min
2020 7.367 35.930 4.140 3.176 6.790 1.480
2021 7.615 35.180 4.050 3.734 16.400 1.730
2022 10.951 35.590 4.640 5.956 32.030 2.490
2023 15.962 40.010 5.950 8.549 32.140 3.550
2024 20.759 41.550 8.120 11.257 41.210 5.090
2025 21.802 33.810 10.000 10.493 35.950 5.890

MBI 2020 4F09 0.811 m i5F] 2025 4£19 0.640 m.
For R4 2 R B 0 TR Bl 22 A e, R4 LA (1
W C35) e R EE FREIS, nTReS L2 %
AL

(3) SISRE Jrifi: MEO T A 1Y SISRE %38 /)y
T IGSO T A, PFAG RN B SISRE 72 ft it 44 75 Ji
KL, 95%RMS Gk B FEAFE 0.55~0.8 m, U
GFZ 1 iGMAS 7= il by 54 19 2020 47 SISRE 95%
RMS 4t 145 B 43 514 0.705 m F1 0.817 m, 2025 4F
SISRE 95% RMS %t 184 B W 43 il 48 7+ & 0.549 m
H10.645 m.

(4) ) H B 2R 22 5 1 2020— 2025 4 3 1]
eIk VTEC X 8] BDGIM #6880 5 o0 4 vh H i
F BDS Klobuchar £5 %I ) 45 Y% 43 #i ; #¢ 7% VTEC
X [i], BDS Klobuchar %% (1) 4347 3k 43 HL. 2020
R PR B b T /N, Foo 7 368 80E T BAROKF
HLE 2 BRI 22 8/, LA CODE #l iGMAS 7= iy

Jy K AE, 2020 4F Klobuchar £ % VIEC V-1 | #i%
K. /N RMS 853518 7.359, 35.440, 4.350 TECU
M1 7.367, 35.930, 4.140 TECU; BDGIM # %143 51|
3.193, 6.240, 1.570 TECU I 3.176, 6.790, 1.480
TECU. Ffi#E K FHTE ZhZ Wi ik, 2R 28l
— R B3N, 2025 4F K PHIE 2hik 2R, &
Forp B 2 MR IR 15 25 W FE B OR, VTEC -1 RMS %L
P4 B4 2 22.211 TECU F1 21.802 TECU, 11.481
TECU Al 10.493 TECU, LI CODE 7= & N % i)
Klobuchar £ # 5 BDGIM # % 1) VTEC % K .
B/ RMS {H 4 % 35 #| 34.500, 10.400 TECU £l
35.330, 6.640 TECU; LA iGMAS 7= i by 35t 1 i) %if
7 K 48 ) 43 5] &y 33.810, 10.000 TECU F1 35.950,
5.890 TECU. Z& & 4r#r 4% i, BDGIM £ %4 [t BDS
Klobuchar A& 81 F 80 H 4 (3EHTAE
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