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Figure S1. Means and standard deviations (STDs) for orbital scale (upper plane), translational offsets (middle
plane) and rotational offsets (lower plane) of Helmert parameters for GPS. Results for reduced Empirical
Center for Orbit Determination in Europe Orbit Model (ECOM-5) are shown in the left and for nine-parameter
(ECOM-9) in the right plane.
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Figure S2. Means and standard deviations (STDs) for orbital scale (upper plane), translational offsets (middle
plane) and rotational offsets (lower plane) of Helmert parameters for GLONASS. Results for reduced
Empirical Center for Orbit Determination in Europe Orbit Model (ECOM-5) are shown in the left and for nine-
parameter (ECOM-9) in the right plane.
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Figure S3. Means and standard deviations (STDs) for orbital scale (upper plane), translational offsets (middle
plane) and rotational offsets (lower plane) of Helmert parameters for Galileo. Results for reduced Empirical
Center for Orbit Determination in Europe Orbit Model (ECOM-5) are shown in the left and for nine-parameter
(ECOM-9) in the right plane.
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Figure S4. Means and standard deviations (STDs) for orbital scale (upper plane), translational offsets (middle
plane) and rotational offsets (lower plane) of Helmert parameters for BeiDou-IGSO. Results for reduced
Empirical Center for Orbit Determination in Europe Orbit Model (ECOM-5) are shown in the left and for nine-
parameter (ECOM-9) in the right plane.
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Figure S5. Means and standard deviations (STDs) for orbital scale (upper plane), translational offsets (middle
plane) and rotational offsets (lower plane) of Helmert parameters for BeiDou-MEO. Results for reduced
Empirical Center for Orbit Determination in Europe Orbit Model (ECOM-5) are shown in the left and for nine-
parameter (ECOM-9) in the right plane.

Table S1. The effects of Helmert transformation parameters on orbits at the nominal altitude of GPS in the
selected fitted arc length intervals (40—45 h; Unit: mm; ECOM: Empirical Center for Orbit Determination in
Europe Orbit Model).

ECOM-5 ECOM-9
24 h 06 h 24 h 06 h

Mean STD Mean STD Mean STD Mean STD

sC 7.0 2.8 7.9 2.8 3.9 2.6 3.6 2.6

> -1.8 2.8 -6.3 5.2 -1.8 3.0 -5.7 5.0

TY -0.1 2.2 2.8 4.2 -0.4 2.4 2.2 4.1

GPS TZ 0.9 3.5 0.8 4.1 1.0 3.3 0.5 4.2
RX 0.3 8.2 2.3 11.5 0.6 8.6 1.0 11.8

RY -24 8.1 -3.6 115 2.0 8.5 =56 115
Rz -38 234 -21 9.9 179  30.1 7.3 10.7

Table S2. The effects of Helmert transformation parameters on orbits at the nominal altitude of GLONASS in
the selected fitted arc length intervals (36—45 h; Unit: mm; ECOM: Empirical Center for Orbit Determination in
Europe Orbit Model).

ECOM-5 ECOM-9
24 h 06 h 24 h 06 h

Mean STD Mean STD Mean STD Mean STD

sC -3.0 3.6 -3.4 34 0.3 3.1 0.0 2.8

> -1.7 3.8 -4.8 7.5 -1.9 3.8 -5.5 7.2

TY -0.8 3.2 -1.2 7.1 -0.5 3.0 -0.8 6.7

GLONASS TZ 1.0 16.9 0.9 10.4 0.9 16.7 0.8 10.4
RX -14 128 -08 18.1 0.3 114 -02 139

RY 1.6 9.4 1.1 19.9 1.7 9.2 0.5 16.7

Rz 147 340 162 203 174 334 194 128




Table S3. The effects of Helmert transformation parameters on orbits at the nominal altitude of Galileo in the
selected fitted arc length intervals (42-48 h; Unit: mm; ECOM: Empirical Center for Orbit Determination in
Europe Orbit Model).

ECOM-5 ECOM-9
24 h 06 h 24 h 06 h

Mean STD Mean STD Mean STD Mean STD

SC 133 8.8 146 220 35 8.5 3.0 19.8

™X -0.0 203 187 36.,5 1.9 21.0 19.0 307

Y 93 184 24 371 7.2 20.7 -8.1 287

Galileo TZ 24 39.5 2.8 41.8 0.7 330 -0.8 274
RX -03 235 229 434 29 274 110 363

RY 20 243 275 534 7.0 26.9 6.4 45.7

Rz -595 812 -643 695 -29 816 -39.9 503

Table S4. The effects of Helmert transformation parameters on orbits at the nominal altitude of BeiDou-IGSO
in the selected fitted arc length intervals (4248 h; Unit: mm; ECOM: Empirical Center for Orbit Determination
in Europe Orbit Model).

ECOM-5 ECOM-9
24 h 06 h 24 h 06 h

Mean STD Mean STD Mean STD Mean STD

SC -143 642 -65 626 248 819 -134 732

™X -414 1662 -314 1394 -64 1325 -21.8 123.6

TY -124 924 00 87.1 34 81.3 -4.1 85.6

BeiDou-IGSO TZ 3.3 708 -6.6 849 0.6 60.8 -7.7 629
RX -28 499 56 875 -73 507 -7.1 75.3

RY 87 96.2 -19.0 1227 5.3 83.7 -13.1 119.3

RZ 202 1466 11.3 1695 127 169.2 202 204.8

Table S5. The effects of Helmert transformation parameters on orbits at the nominal altitude of BeiDou-MEO
in the selected fitted arc length intervals (39-54 h; Unit: mm; ECOM: Empirical Center for Orbit Determination
in Europe Orbit Model).

ECOM-5 ECOM-9
24 h 06 h 24h 06 h

Mean STD Mean STD Mean STD Mean STD

sC 32 157 22 373 -1.3 156 -06 36.1

X 4.1 394 92 592 438 36.7 9.1 54.6

TY 7.9 31.7 17.0 548 7.8 327 189 52.7

BeiDou-MEO TZ 0.3 41.0 4.0 41.0 -0.4 37.6 0.3 38.0
RX 27 386 -127 725 -3.7 359 -138 709

RY 5.6 37.3 2.5 71.7 5.4 35.7 0.2 67.3

Rz -247 1574 -178 101.3 -244 170.7 -123 102.0




