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Fig. 1 Distributions of pierce points over GPS stations of China vicinity (left), SH vicinity (middle) and
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9i
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u���m~ 5 d u�I�' 15kS�' 1 56Sh�y/ 284 ∼ 289 6 d, IGS � JPL Y5F 3 2 GPS %~�?Hu
DCB %�y CODE u�z��Y RMS (k�
 ns).a 1 JPL � IGS } 3 v?x GPS �9$��k'. DCB 8 CODE k^�
Table 1 Comparison of satellite DCBs computed from JPL, IGS and three Chinese

GPS regional networks with that of CODE

D284 D285 D286 D287 D288 D289

COMPOBJ RMS BIAS RMS BIAS RMS BIAS RMS BIAS RMS BIAS RMS BIAS

JPL 0.1372 0.0024 0.1524 0.0013 0.1521 0.0026 0.1370 0.0024 0.1407 0.0015 0.1497 0.0022

IGS 0.0860 -0.1167 0.0730 -0.1160 0.0689 -0.1158 0.0561 -0.1155 0.0682 -0.1158 0.0827 -0.1159

China vic 0.3029 -0.1166 0.3410 -0.1160 0.2269 -0.1158 0.2139 -0.1155 0.2283 -0.1157 0.2029 -0.1159

SH vic 0.9765 -0.0157 0.9339 -0.0153 0.8838 -0.0111 0.8698 0.0030 0.8674 -0.0045 0.9050 -0.0004

SH city 1.0789 -0.1166 1.0392 -0.1159 0.9808 -0.1158 0.9833 -0.1155 0.9633 -0.1157 0.9983 -0.1159' 1 } 1 kK7{��u�+�E��f~k���squ5r7{��u(Æ-& (RMS Y BIAS).a| 2Y' 1G?S�JPL�IGS Y CODE�bu DCB%��/K^f�CODE { IGS
t^2 0.1 nse}u�z���)T!2�z��b�� RMS #� 0.06 ∼ 0.07 ns; CODE { JPL
�}!u�z���� RMS �f�d 0.13 ∼ 0.14 ns.



4 � J=℄y�'� GPS �E:�V=$l[�;k�SPwICAP2 315

} 2 JPL � IGS [ CODE �
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Fig. 2 Comparisons of satellite DCBs computed from JPL, IGS and CODE\o5F,�u 3 2%~�u GPS C8Jj (�y/ 284 ∼ 289 6 d) %>�_�b
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(11)s℄G��!2�z��&Ks CODE �bu 32 W GPS 
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9! 6 d CODE u DCB ,�)� -3.498 ns � -3.479 ns � -3.471 ns � -3.464 ns �
-3.470 ns � -3.477 ns, �gyT
 30 (eou
9Z), &V3K' 1 5kSu! 6 d u�z��
 -0.1166 ns � -0.1160 ns � -0.1157 ns � -0.1155 ns � -0.1157 ns � -0.1159 ns. !2�z��RN (9) H�	Yt
 (9) Hd
H�;etC8qu GPS 
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Fig. 3 Satellite DCB comparison between the results of three Chinese GPS networks and that of CODE�%2�bLL4e�Go)T�z��bu RMS RA��l RMS �/K^2�4%℄�X&F��h%>~4�X�%^3�?�y%~��)H�T;��uGA?Y(Æ��?Hu5F%~u VTEC �I{ CODEu%g�I%>h���\o CODEo<u GIM �<��<�
=H� CODwwww.ION �
��Æ
G 6 d uZ6��)%>kr�����b5Th�" SH vicinity �u zjhz �uC8b�^2�p~� 32
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VTEC { CODE A�ukr���I (
 285 d �^��g 5 d u�IS_). '5u}
2 k�{ CODE �I*���u RMS, } 3 k�)T�z��bu RMS, } 4 k�d 
u�z�� BIAS; '5uWb^>� 3 2%~�u RMS Y BIAS u�<,�' 5 6Sh 3 2%~�58�Y%2� 6 d �<u%�y CODE �Iu RMS Y BIAS.a' 2∼5, �yGsq�|^2�I
 (1) 3 2�_%~�?Hu VTEC �rKkr�mK 6 d u�<,{ CODE ���J"^1?u RMS Y BIAS, 58�
u�)\/f�!'}��C8A���y%~��)H�T;��?Hu VTEC K��YGAu� (2) � 3 2%~�u ORG RMS (�Gu�� RMS ,)/ CRT RMS ()T�z��u*& RMS ,)/ ORG BIAS (�Gu�� BIAS ,) �I����rKkr�mK
6 d u�<,�<K China vicinity �Wq� SH vicinity �`)� SH city ����gy�)T�z��bu%�y CODE �Iu RMS 6 d �<,�)� 1.9250 TECu �
2.0891 TECu � 2.4994 TECu. !Xu(Æb�uU.(ÆoT��5�T;QN*&uCY� (3) 3 2�_u%~��bu VTEC { CODE u�IJ"^1?u�z��
(SH city �� SH vicinity �� China vicinity ��)� -4.3733 TECu � -4.1226 TECu �
-3.6338 TECu). !2�z��ue}�fy DCB u�z�� (	� -0.1 ns), g��T;QNuh(07Y� DCB f^2e}�e℄!2�z��!,/KRN DCB, �K�lh5F GPS �{ CODE �bu VTEC )
u+b��fu�z���*F�1u
China vicinity �{4N('ud2-� (SH vicinity �Y SH city �) )
vt=o��d )
�bu VTEC u�I%e�*�_�d )
S"u^1?�z���&^}h5F GPS%~��bu VTEC�4N{%sqhGAu~4�X�e℄�3 2��b
VTEC { CODE u�IJ"S^1?u�z��d
H CODE �5F{%u VTEC �1+Cb�^�u�z���A?!2�z��u�e�̂ 4�G�K CODE?H TEC*!�A��ou5F,�u IGS ��7e1
m^4��G�K%~���<��e1�m,�
4u�I<K����?uA��squ�:M$u�rC"b�b:�uA�Rr'�m~����?uA�V�T;q�u�+��A���T;q���8u�IY�2�a 2 SH city $�jk VTEC 8 CODE �zk^p

Table 2 Comparison of VTEC computed from SH city with that of CODE

STANAM ORG RMS(TECu) CRT RMS(TECu) ORG BIAS(TECu)

shjs 7.2431 3.1523 -6.6423

shnh 7.0904 3.1963 -6.4130

shph 7.3235 4.5030 -5.7902

shys 7.2682 3.4880 -6.4691

btdy 5.7575 2.2187 -5.3132

bthm 5.7270 2.2101 -5.2843

SH city 6.7350 3.1281 -5.9854
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Table 3 Comparison of VTEC computed from SH vicinity with that of CODE

STANAM ORG RMS(TECu) CRT RMS(TECu) ORG BIAS(TECu)

bthz 5.6075 2.2180 -5.1519

btdf 5.3800 2.0816 -4.9613

btdy 5.4303 2.1805 -4.9735

bthm 5.3892 2.1540 -4.9406

btgc 5.4957 2.1582 -5.0543

shys 6.8705 3.4882 -6.0004

shnh 6.6629 3.1722 -5.9302

ahma 5.8983 2.6898 -5.2548

zjhz 6.1442 4.7078 -4.0617

SH vicinity 5.8754 2.7611 -5.1496a 4 China vicinity $�jk VTEC 8 CODE �zk^p
Table 4 Comparison of VTEC computed from China vicinity with that of CODE

STANAM ORG RMS(TECu) CRT RMS(TECu) ORG BIAS(TECu)

dxin 4.1781 1.6170 -3.8577

dlha 4.0078 1.5223 -3.7078

xnin 3.9519 1.6636 -3.5855

lhas 4.3881 2.2523 -3.7676

xiag 4.9862 2.8665 -4.1043

guan 4.6815 2.5958 -3.9037

xiam 4.4823 2.6255 -3.6330

luzh 4.3834 2.2834 -3.7426

wuhn 4.4815 2.6930 -3.5829

shao 4.1323 2.2442 -3.4747

zhnz 3.9411 1.7102 -3.5522

xiaa 4.4198 2.7387 -3.4739

yanc 4.0799 1.8600 -3.6313

tain 3.8961 1.6140 -3.5477

bjfs 3.9636 1.5207 -3.6603

jixn 4.0011 1.7625 -3.5925

China vicinity 4.2484 2.0981 -3.6761
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Table 5 6-d mean values of the comparison of VTEC computed from three Chinese

GPS regional networks with that of CODE

STANAM ORG RMS(TECu) CRT RMS(TECu) ORG BIAS(TECu)

shjs 5.2007 2.4784 -4.5420

shnh 5.1334 2.4311 -4.4883

shph 5.3244 3.3577 -4.0784

shys 5.2488 2.6563 -4.4887

btdy 4.8210 2.0858 -4.3173

bthm 4.7753 1.9872 -4.3185

SH city 5.0839 2.4994 -4.3733

bthz 4.6849 2.0718 -4.1705

btdf 4.5333 1.8325 -4.1288

btdy 4.5655 2.0799 -4.0283

bthm 4.5161 1.9737 -4.0314

btgc 4.5810 2.0645 -4.0529

shys 5.0266 2.7155 -4.1834

shnh 4.9005 2.4825 -4.1854

ahma 4.9688 2.5516 -4.2001

zjhz 5.8902 4.9361 -3.0994

SH vicinity 4.7221 2.0891 -4.1226

dxin 4.5652 1.7795 -4.2577

dlha 4.3103 1.6011 -4.0122

xnin 4.1372 1.6355 -3.7917

lhas 4.1305 2.1183 -3.5425

xiag 4.3620 2.2562 -3.7258

guan 4.1420 2.0994 -3.5650

xiam 4.1514 2.2312 -3.5010

luzh 4.0704 1.9424 -3.5492

wuhn 4.3244 2.6961 -3.3060

shao 3.8510 2.0481 -3.2426

zhnz 3.8497 1.5643 -3.4832

xiaa 4.3257 2.5935 -3.4118

yanc 4.1899 1.7240 -3.8072

tain 3.8432 1.5219 -3.5069

bjfs 4.0198 1.4277 -3.7537

jixn 4.0068 1.5619 -3.6836

China vicinity 4.1480 1.9250 -3.6338

5 ����\o5F,�u 3 2/xMÆ�%e
�*�_u%~ GPS � 2007 � 10 

11 /0 10 
 16 / 6 d u GPS C8Z6�6o�)H�T;�<��?h%~��_?H GNSS u�T; TEC A� — %~�4Ku VTEC Y GNSS 
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QN DCBuG>?Ye�dqu��(Æ�uL{F� GPS ��56 CODE Jb(zu�T;
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(1) 3 2%~��_?Hu VTEC Y
9u DCB { CODE u%gA�����/xur�/xu�J"^1?u RMS Y BIAS. !'}\o�)H�T;��?Hu%~� VTEC Y DCB K��YGAu���6ou��K&+u�� 3 2%~� VTECu ORG RMS / CRT RMS / ORG BIAS �I���<K China vicinity �Wq�)T�z��bu RMS %�y CODE u VTEC 6 d �<,� 1.925 TECu. !'}\o5F"tu*F GPS ���_?H5F4Ku VTEC Y
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A Research on the Reliability of Ionospheric VTEC and
Satellite DCB from Regional GPS Network

XUE Jun-chen1,2 SONG Shu-li1 ZHU Wen-yao1 LU Xiu-shan2

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)

(2 Geomatics College, Shandong University of Science and Technology, Qingdao 266510)

ABSTRACT According to the requirement of high-precision satellite navigation, the method

and result of quasi-real-time monitoring the variation of the regional ionospheric TEC (total

electron content) and GPS satellite differential code bias (DCB) are introduced. The pseudo-

range data smoothed by dual-frequency carrier phase are used from the GPS networks in

China. Especially, the feasibility of retrieving DCB independently from the regional GPS

networks with different sizes is studied. Three networks based on the GPS stations in China

are constructed. The comparison of the computed DCB and VTEC (vertical total electron

content) with those of CODE (Center for Orbit Determination in Europe) shows that it is

necessary to consider the size of regional network in order to obtain the reliable result of

local quasi-real-time measured DCB; the compared precisions of the regional quasi-real-time

measured VTEC and DCB are about 2.0 TECu and 0.25 ns, respectively.

Key words astrometry, earth: atmosphere, methods: analytical


