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Abstract: Slant total electron content (STEC) on satellite signals is a GNSS computerized iono-
spheric tomography(CIT) modeling source. However, ionization chromatography usually ignores
the electron content at the top above 1 000 km. In order to clarify the influence of electron content
on the chromatographic results, the NeQuick2 model is used to calculate the ratio of STEC at the
star line of the station to STEC in the ionosphere region, and the STEC before and after correction
is used for ionization chromatography. The results show that the electron content at the top of the
ionosphere is about 10% , which is slightly larger in the day than in the night, and compared with

the lonosonde station’s data, the root mean square error(RMSE) increases by more than 20% after
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correction. Compared with the electronic profile data provided by Swarm satellite, the accuracy of

the corrected chromatographic results is improved by about 19. 6 %, and the method is significantly

affected by geomagnetic disturbance. In general, when CIT is used for small-scale ionospheric de-

tection, it can be seen intuitively that the top electron content has a great influence on the chroma-

tographic results, so it is necessary to take corresponding measures to eliminate it.
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el; Global navigation satellite system
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Fig. 1 Geometric distribution of rays in pixel-based

ionospheric tomography
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Fig. 2 Relation between satellite rays and ionospheric position
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Fig. 3 Overview of the study area
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Tab. 1 Ray correction coefficients calculated by NeQuick2 model of some satellites of AJAC ground
receiving station at UT0:00(left) and UT12:00(right) on September 7, 2017 TECu
TR Sis Sii ;i TEE Sis Si ;i
G5 19. 630 16. 705 0. 851 Gl 60. 898 56. 835 0.933
G13 9.130 8.120 0. 890 G10 28. 808 26. 164 0.908
G15 10. 886 9. 840 0. 904 G16 57.562 52.010 0.904
G24 19. 756 17.768 0. 899 G27 27. 387 24.471 0. 894
G30 15. 542 14. 437 0.929 G32 64. 426 58. 186 0.903

£2 201749 A7 HUT0:00(Z&)5 UT12:00(F) OSLS i m =i E4 T E NeQuick2 B+ HH LS ERHE

Tab. 2 Ray correction coefficients calculated by NeQuick2 model of some satellites of OSLS

ground receiving station at UT0:00(left) and UT12.:00(right) on September 7, 2017 TECu
S:. o S
LR Sis Si.i - LES Si.s Sii —
Si.s Si.s
G13 5. 450 4.747 0. 871 G1 43.633 40. 400 0. 926
G15 5. 784 5. 054 0. 874 G8 18. 540 16. 624 0. 897
G20 9.494 8.175 0. 861 G15 38. 290 36.572 0.955
G24 11. 993 10. 483 0. 874 G18 25.917 23.638 0.912
G28 5. 706 5.121 0. 897 G28 32.551 31. 148 0. 957
%3 2017 £9 A7 H UT1:00-UT10:00 B B2 B0 IE 6 J5 /R & 45 R %3 LL il = 4L 4 RMSE &
Tab.3 RMSE of ionosonde comparison of inversion results before and after
correction in UT1:00-UT10:00 on Sep. 7 2017 10" el/m?
pips VE S UT1 uT2 uT3 UT4 uUT5 uTé6 uT7 uTs uT9 UuT10
STEC-CIT 0.176 0.198 0. 447 0. 250 0. 296 0.130 0. 445 0.551 0.617 0.271
DB049
CSTEC-CIT 0. 144 0. 146 0. 366 0.191 0. 240 0.038 0. 305 0.434 0. 468 0.105
STEC-CIT zs 0. 185 0.583 0. 324 0.178 0.091 0. 328 0.129 0.414 75 fi
RO041
CSTEC-CIT 75 i 0.135 0.491 0. 257 0.117 0.011 0.196 0.033 0.258 25 i
R4 2019 4F 5 A8—15 HEEAM K (UT11:00) B E R/ /5 &84 R 33 Ll = L8 RMSE &
Tab. 4 RMSE of ionosonde comparison of inversion results before and after
correction of fixed period(UT11:00) from May 8-15, 2019 10" el/m?
il VES 8 H 9 H 10 H 11 H 12 H 13 H 14 H 15 H
STEC-CIT 0.576 0. 441 0.532 0. 339 0.139 0. 489 1. 738 0.526
DB049
CSTEC-CIT 0.451 0.298 0.411 0. 200 0. 057 0.379 1. 529 0. 340
STEC-CIT 0.247 0. 505 0. 450 0.614 23k 1.853 23 ik 0.319
PQO52
CSTEC-CIT 0. 141 0. 363 0.331 0.476 23 ik 1. 628 %5 Gk 0.168

TS BIE ST B () B N AR A B B PR E AT A R S
s SRR, A 2 P X LU 6 L e B2 )2 W B
DL E B 28 3 43 i Chapman #8282 #1412k L 76
SR B9 T B CSTEC-CIT 244t 4 o, 725 )& B
215 D s SRR R B 2 0 A S E MY £,
Ik — 300 T CSTEC-CIT J5 ¥ 1y al SE 1k,

SRy it — 20 B Ik T HL - B & CIE TS A 45 SR
B 5 W 22 57 . ok A Swarm T2 5200 50 18 Sk 5 B 56
JE. Swarm 1A Z BRI 25 8] i) (European Space A-
gency, ESA) T 2013 4F &k 5§, A K & 5% it .
4000 by B G R T 3 R s B T i GPS #ElK
BB R A TG BT A 25 B 4815 A 1 3 /N Y
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Fig. 4 Electron density comparison between STEC-CIT, CSTEC-CIT, IRI2016 and ionosonde
DB049(a, b) and RO041(c) on September 7-9, 2017
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Fig. 5 Electron density comparison between STEC-CIT, CSTEC-CIT, IRI2016 and ionosonde
DB049(a) ,PQ052(b) and RO041(c) on May 8,11,14, 2019
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K, Nipp 8% Swarm A TR 75 Hy 55 )2 vk
AR Ne (9 B0IE R AL, Vi, K BH 48 5 38 & 15 K
P10. 7,85 LK P10. 7= (F10. 7+F10. 7 A) /2, H
F10.7 A J& F10. 7 7€ 81 RN F¥{H. I H Swarm
TR AR BT B gk 2T X8R, Ho g4 e T
BHGERK D, R S5 NBRT Swarm A T EH T
B RE I EOE RECHIP AN Z AT AR B R R

Swarm U (19 °F-3) RMSE % L% i, 2019 4E 5 H 10
H UT14:00 55 H 15 H UT14.00 BBy, CSTEC-
CITHI# T STECCIT i m e FA. 2 74 74
26 %, i 3k 4= 30 B BE ) CSTEC-CIT “F ¥ 48 7+ 1T
19.62% ., 8id Swarm T2 E0HE 6945 B 56U, 2 AR
WI7E GNSS WL g 220t # i Bl DR AR 54 k
THHS - I 2

JIT BE B 5T B B P R R R A F 2017 4F 9 H 8
HL520194E5 A 11,14 H, L2017 4F 9 H 8 H WL
F A, W 6 BT R BCIE A S A5 RS I A
RMSE % Fb 1A, H b i 22 5 3500 Bt Bl s 430 0 Sk
I Bl 7 1) /0 B3] BE A0 IE S 1) R 25 SR A 25
T 265 R 22 B B o A 5 Y s T 245 SR [ R b A 1
PCIERT, T LLE H NeQuick? 8 #1815 5] (9 2 1F &
BOAEAE— 2 Jmy PR, L0 E R 3 32 31 1 i 406 3 1 52 T
BN R I BN HOERCR A B,

x5 2007 9H8HE 201955 AS—1S HAAHBEMEGERELE RS Svarm A T E#H 3L 9 RMSE &

Tab. 5 RMSE of the inversion results compared with Swarm A satellite data before and

after correction of partial time periods of September 8, 2017 and May 8-15, 2019 X10" el/m?
T 9H 8H 9H 8H 5H8H 5H9H 5H9H 5H 10H 5H11H 5H 14 H 5H 15 H
- UT9.00 UT21:00 UT14.00 UT2.00 UT13.00 UT14.00 UT2.00 UT13.00 UT14.00
STEC-CIT 0. 301 0.371 0. 327 0. 367 0.323 0. 377 0. 377 0.405 0. 245
CSTEC-CIT 0.253 0. 322 0. 247 0.292 0. 285 0.277 0. 286 0. 350 0. 180
P10.7 94. 688 94. 688 73.569 74.056 74.146 74.146 75.044 73.449 73.319
HIE R % 1. 067 1. 067 1.187 1.185 1.185 1.184 1.179 1.188 1.189
10 DB049| — STEC-CIT x 100 RO041T —————
12240 —— CSTEC-CIT 15 — STEC-CIT
— CSTEC-CIT
10 —
£ 3 £ 10
< =
5 6 =
7 Z 5l
5 N =
2

10 20 30 40

Bt /h

50 60 70 80

0O 10 20 30 40 50 60 70 80

A Bt /h

B6 2017598 7—9 BYERMRFERELSE RS DB049 5550 RO041 i) RMSE Xt Lt &
Fig. 6 Comparison between two scheme and the RMSE of DB049 station and RO041 station at September 7-9, 2017
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