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Abstract: To systematically evaluate the accuracy of GPS LNAV and CNAV broadcast ephemerides and verify their perfor-
mance in real-time applications, this study conducted a year-long accuracy assessment for 2024 based on GNSS broadcast and pre-
cise ephemerides, complemented by validation through real-time orbit determination (RTOD) experiments using LEO satellites.
Broadcast and precise ephemerides from 2024 were used to perform statistical analyses of ephemeris accuracy across different satel-
lite blocks and navigation message types. In addition, reduced-dynamic RTOD experiments were carried out using onboard GPS ob-
servations from the GRACE-FO C satellite to assess the impact of different broadcast ephemerides on orbit accuracy. The results
show that the accuracy of broadcast ephemerides varies significantly among satellite blocks, with BLOCK IIIA performing the best
and BLOCK IIF performing the worst. After the clock source switch on GO8 and G10 in 2024, the constellation-averaged SISRE for
LNAYV and CNAV broadcast ephemerides reached 25.5 cm and 23.8 cm, respectively, representing a substantial improvement com-
pared to the LNAV SISRE of 37.0 cm in 2021. The LEO RTOD experiments further demonstrated that, compared to LNAV, CNAV

provides improved accuracy in the along-track, cross-track, radial, and 3D directions, with a maximum reduction in 3D orbit error of
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0.8 cm and an average improvement of about 3.2%, thereby confirming the advantage of CNAV in real-time applications. Overall,

both the ephemeris accuracy statistics and LEO RTOD results consistently indicate that CNAV broadcast ephemerides outperform
LNAV. With the gradual retirement of BLOCK IIR satellites and the continued deployment of BLOCK IIIA satellites, navigation, po-

sitioning, and timing services based on CNAV broadcast ephemerides are expected to achieve even higher accuracy, further enhanc-

ing their value for real-time positioning and scientific applications.
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Comparison of LNAV broadcast and precise ephemerides
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Table 2 RMS of accuracy indicators for LNAV broadcast ephemerides
BLOCK PRN AA/m AC/m AR/m AT/m SISRE(orb) /m SISRE/m

G02 1.202 (1.177) 0.560 (0.574) 0.145 (0.143) 0.161 (0.155) 0.237 (0.234) 0.277 (0.271)

G13 0.979 (1.000) 0.559 (0.562) 0.120 (0.119) 0.217 (0.203) 0.199 (0.201) 0.284 (0.276)

Gl16 0.937 (0.964) 0.568 (0.576) 0.139 (0.146) 0.173 (0.175) 0.208 (0.215) 0.235 (0.240)

IR G19 0.809 (0.783) 0.503 (0.523) 0.128 (0.125) 0.149 (0.150) 0.185 (0.182) 0.227 (0.225)
G20 0.798 (0.822) 0.554 (0.572) 0.115 (0.118) 0.172 (0.170) 0.179 (0.184) 0.245 (0.247)

G21 0.956 (0.974) 0.560 (0.548) 0.165 (0.168) 0.208 (0.211) 0.226 (0.229) 0.288 (0.292)

G22 0.776 (0.776) 0.548 (0.551) 0.109 (0.112) 0.146 (0.147) 0.173 (0.175) 0.224 (0.224)

mean 0.922 (0.928) 0.550 (0.558) 0.132 (0.133) 0.175 (0.173) 0.201 (0.203) 0.254 (0.254)

GO5 0.818 (0.827) 0.484 (0.489) 0.162 (0.162) 0.211 (0.203) 0.209 (0.21) 0.246 (0.238)

GO7 1.092 (1.143) 0.727 (0.716) 0.141 (0.139) 0.236 (0.225) 0.233 (0.236) 0.315 (0.309)

G12 1.073 (1.086) 0.545 (0.549) 0.146 (0.148) 0.163 (0.165) 0.224 (0.226) 0.241 (0.243)

R Gl15 0.884 (0.881) 0.571 (0.574) 0.123 (0.114) 0.144 (0.142) 0.193 (0.188) 0.223 (0.220)
G17 1.122 (1.106) 0.589 (0.566) 0.154 (0.151) 0.235 (0.214) 0.236 (0.232) 0.308 (0.289)

G29 0.845 (0.858) 0.426 (0.432) 0.134 (0.131) 0.224 (0.219) 0.189 (0.188) 0.273 (0.269)

G31 0.868 (0.885) 0.530 (0.523) 0.118 (0.119) 0.186 (0.181) 0.185 (0.187) 0.252 (0.249)

mean 0.957 (0.970) 0.553 (0.550) 0.140 (0.138) 0.200 (0.193) 0.210 (0.210) 0.265 (0.260)

G03 0.851 (0.867) 0.486 (0.489) 0.174 (0.169) 0.278 (0.266) 0.220 (0.218) 0.360 (0.347)

G06 0.853 (0.813) 0.455 (0.463) 0.186 (0.189) 0.126 (0.126) 0.229 (0.228) 0.269 (0.268)

GO8 0.912 (0.864) 0.629 (0.609) 0.182 (0.163) 0.300 (0.163) 0.238 (0.220) 0.385 (0.278)

G09 0.678 (0.666) 0.359 (0.348) 0.162 (0.146) 0.111 (0.111) 0.193 (0.179) 0.225(0.214)

G10 1.031 (0.991) 0.735 (0.734) 0.186 (0.178) 0.272 (0.170) 0.257 (0.248) 0.376 (0.302)

G24 0.847 (0.782) 0.400 (0.381) 0.163 (0.164) 0.110 (0.107) 0.208 (0.203) 0.244 (0.238)

i G25 0.853 (0.805) 0.467 (0.453) 0.156 (0.164) 0.110 (0.108) 0.207 (0.208) 0.246 (0.247)
G26 0.826 (0.821) 0.553 (0.552) 0.188 (0.189) 0.150 (0.157) 0.232 (0.233) 0.272 (0.277)

G27 1.049 (1.055) 0.703 (0.703) 0.173 (0.172) 0.127 (0.126) 0.247 (0.247) 0.284 (0.283)

G30 0.743 (0.743) 0.511 (0.489) 0.158 (0.160) 0.131 (0.125) 0.201 (0.202) 0.248 (0.246)

G32 0.834 (0.774) 0.501 (0.488) 0.166 (0.151) 0.103 (0.097) 0.214 (0.198) 0.237 (0.221)

mean 0.862 (0.835) 0.527 (0.519) 0.172 (0.168) 0.165 (0.142) 0.222 (0.217) 0.286 (0.266)

G04 0.918 (0.917) 0.540 (0.550) 0.130 (0.122) 0.101 (0.099) 0.199 (0.194) 0.211 (0.209)

Gll1 0.846 (0.875) 0.454 (0.472) 0.154 (0.151) 0.100 (0.098) 0.204 (0.205) 0.224 (0.225)

Gl4 1.034 (1.045) 0.603 (0.578) 0.136 (0.142) 0.094 (0.093) 0.217 (0.220) 0.231 (0.233)

A G18 1.049 (1.079) 0.748 (0.713) 0.164 (0.157) 0.098 (0.095) 0.244 (0.241) 0.258 (0.253)
G23 0.913 (0.943) 0.615 (0.638) 0.153 (0.145) 0.102 (0.099) 0.218 (0.216) 0.232 (0.230)

G28 0.985 (0.960) 0.512 (0.522) 0.130 (0.135) 0.112 (0.114) 0.204 (0.205) 0.226 (0.227)

mean 0.958 (0.970) 0.579 (0.579) 0.145 (0.142) 0.101 (0.100) 0.214 (0.214) 0.230 (0.230)

Total mean 0.918 (0.912) 0.549 (0.546) 0.151 (0.148) 0.163 (0.152) 0.213 (0.211) 0.263 (0.255)
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Table 3 RMS of accuracy indicators for CNAV broadcast ephemerides
BLOCK PRN AA/m AC/m AR/m AT/m SISRE(orb) /m SISRE/m

GO05 0.799 (0.811) 0.475 (0.486) 0.149 (0.150) 0.203 (0.195) 0.197 (0.199) 0.228 (0.222)

G07 1.025 (1.065) 0.710 (0.695) 0.122 (0.121) 0.218 (0.213) 0.214 (0.217) 0.289 (0.286)

G12 1.049 (1.067) 0.535 (0.543) 0.136 (0.137) 0.156 (0.159) 0.215 (0.217) 0.228 (0.231)

HR-M GI15 0.840 (0.836) 0.560 (0.562) 0.101 (0.094) 0.137 (0.135) 0.175 (0.171) 0.202 (0.200)
G17 1.042 (1.026) 0.559 (0.536) 0.136 (0.133) 0.225 (0.204) 0.215(0.211) 0.285 (0.265)

G29 0.798 (0.802) 0.412 (0.415) 0.120 (0.117) 0.212 (0.206) 0.174 (0.173) 0.253 (0.247)

G31 0.826 (0.844) 0.513 (0.506) 0.099 (0.100) 0.175 (0.170) 0.170 (0.171) 0.233 (0.230)

mean 0.911 (0.922) 0.538 (0.535) 0.123 (0.122) 0.189 (0.183) 0.194 (0.194) 0.245 (0.240)

G03 0.809 (0.819) 0.481 (0.476) 0.161 (0.155) 0.259 (0.245) 0.207 (0.204) 0.335 (0.321)

G06 0.815 (0.786) 0.447 (0.456) 0.168 (0.171) 0.113 (0.112) 0.212 (0.212) 0.248 (0.248)

GOS8 0.855 (0.804) 0.606 (0.586) 0.167 (0.146) 0.291 (0.154) 0.222 (0.202) 0.366 (0.257)

G09 0.652 (0.632) 0.354 (0.341) 0.152 (0.135) 0.101 (0.101) 0.183 (0.167) 0.212 (0.200)

G10 0.996 (0.959) 0.723 (0.724) 0.173 (0.164) 0.266 (0.163) 0.244 (0.235) 0.362 (0.287)

- G24 0.833 (0.751) 0.382 (0.358) 0.148 (0.148) 0.101 (0.098) 0.195 (0.187) 0.228 (0.220)
G25 0.829 (0.782) 0.461 (0.448) 0.140 (0.148) 0.095 (0.095) 0.193 (0.194) 0.226 (0.228)

G26 0.788 (0.772) 0.543 (0.537) 0.177 (0.179) 0.139 (0.146) 0.221 (0.221) 0.254 (0.259)

G27 1.001 (1.010) 0.679 (0.679) 0.156 (0.154) 0.117 (0.115) 0.230 (0.230) 0.266 (0.264)

G30 0.704 (0.704) 0.503 (0.481) 0.146 (0.147) 0.124 (0.120) 0.189 (0.189) 0.234 (0.232)

G32 0.799 (0.739) 0.489 (0.473) 0.154 (0.137) 0.087 (0.079) 0.202 (0.184) 0.220 (0.201)

mean 0.826 (0.796) 0.515 (0.505) 0.158 (0.153) 0.154 (0.130) 0.209 (0.202) 0.268 (0.247)

G04 0.885 (0.884) 0.530 (0.540) 0.120 (0.110) 0.090 (0.088) 0.188 (0.183) 0.196 (0.194)

Gll 0.807 (0.834) 0.444 (0.461) 0.134 (0.131) 0.088 (0.086) 0.186 (0.187) 0.202 (0.203)

Gl14 1.001 (1.011) 0.593 (0.569) 0.125 (0.131) 0.080 (0.080) 0.207 (0.210) 0.215 (0.217)

HIA G18 1.006 (1.035) 0.741 (0.706) 0.145 (0.137) 0.086 (0.082) 0.228 (0.224) 0.238 (0.232)
G23 0.875 (0.904) 0.605 (0.627) 0.138 (0.129) 0.090 (0.087) 0.204 (0.202) 0.214 (0.211)

G238 0.952 (0.925) 0.501 (0.509) 0.119 (0.125) 0.101 (0.104) 0.193 (0.194) 0.212 (0.212)

mean 0.921 (0.932) 0.569 (0.569) 0.130 (0.127) 0.089 (0.088) 0.201 (0.200) 0.213 (0.212)

Total mean 0.874 (0.867) 0.535 (0.530) 0.141 (0.138) 0.148 (0.135) 0.203 (0.199) 0.248 (0.236)
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Table 4 Orbit determination model configuration
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Table 5 Ephemeris determination accuracy statistics
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Table 6 Orbit determination accuracy statistics CNAV " # 2 I ST . EN 5 IR 5155455
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