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Abstract The simulation model of Galileo ionospheric parameters based on IGRF is proposed

to solve the problem that ionospheric parameters estimation is related to geomagnetic coordinates.

Using IGRF, the geomagnetic elements of the geomagnetic field and the Electron Density can be

computed at a given location and time, sequentially, the ionospheric parameters of Galileo can

be calculated. The simulation results show that the ionospheric delay calculated by this model is

consistent with the value observed by IGS, and the precision is higher than those by other models,

which proves that the high precision simulation of the Galileo ionospheric parameters is realized.
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NeQuick (1�3A Epstein -,.-#01
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801,-,"-56(:; [2], % Galileo ���
7�3A53(,"-)4(1 [3]. (1�B62
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LM�A> [5]:⎧⎪⎪⎪⎪⎪⎨
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F10.7 = 67.0 + 0.572R12 + (0.00089R12)2−
(0.0209R12)3,

R12 = 1.61(F10.7 − 67.0)− [0.0733(F10.7−
67.0)]2 + [−0.0240(F10.7 − 67.0)]3.

(1)

E -2 F1 -7D�8/?=

f0E
2 =

√
F10.7[(1.12 − 0.019ε) cosXeff ]2 + 0.49;

(2)

f0F1 =

{
1.4f0E (@?),

0 (@A).
(3)

A F2 -7D�8 f0F2 2 M(3000) F2 �,.-#
BC5B6(?<, B� IRI (NO6D,"-(1
C'( CCIR �*9.B3).

CCIR /?C'3ADP2EP(QFER*
DG/H8. M(3000) F2 27D�8 f0F2 (IE
S2TUES, $*F(1J'A>V* Ω(ϕ, λ, t)

DG [6]:

Ω(ϕ, λ, t) =a0(ϕ, λ) +
h∑

j=1

[aj(ϕ, λ) cos jt+

bj(ϕ, λ) sin jt]. (4)

$0, −90◦ � ϕ � 90◦ DG*KG#, 0◦ � λ � 360◦

DG*KW#, t DGF33X.

QFE�* aj , bj >C1>L9. [6]:⎧⎪⎪⎨
⎪⎪⎩

aj(ϕ, λ) =
n∑

k=0

U2j,kGk(ϕ, λ);

bj(ϕ, λ) =
n∑

k=0

U2,j−1,kGk(ϕ, λ).

(5)

L0, G(ϕ, λ)= HÆMGV*, U2j,k 2 U2,j−1,k =
01 M(3000) F2 2 f0F2 (*:?;�*, Y CCIR

�*. H9.2? F2 - f0F2 2 M(3000) F2 (*:
?;�*3, C'IJNIB:, 0K9.116D
+L [6].

H'# h < hmF2 3, $,.-#( [3]

n(h) =
∑

i=F2,F1,E

ni(h). (6)

$0,

ni(h) =
4Ai

[1 + exp(zi)]2
exp(zi),

@F ni(h) �'#= h 3J i -(,.-#, zi, Ai

"/Z+L [3].

H h > hmF2 3, F2 -KL(,.-#=
ntop(h) =

4nmax,F2

[1 + exp(z)]2
exp(z). (7)

L0,

z =
h − hmF2

H0

[
1 +

rg(h − hmF2)
rH + g(h − hmF2)

] ,

H =
Btop,F2

v
,

v = (0.041163x− 0.183981)x + 1.424472,

x =
Btop,F2

− 150
100

,

nmax,X = 1.24 × 1010X2,

$0, X J= f0E, f0F1, f0F2.
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Fig. 1 Calculation flow of the NeQuick model
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k sin mϕ)Pm
k (θ).

(9)
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k (θ) =c`ÆMGV*, k =(1(PdW?, θ

=W#, ϕ =KG (ϕ = 90◦ − φ, φ DGG#).

&L(*Z/=JG>L [8] `3:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
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Fig. 4 Ionospheric delay error between observed value and NeQuick model. (a) Simulation value of ionospheric delay

based on GIM, (b) simulation value of ionospheric delay based on NeQuick,

(c) ionospheric delay error between observed value and NeQuick model

M 5 ���wv�	���� GIM ������. (a) �� Galileo �	�	���������	�tvu��,
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Fig. 5 Ionospheric delay error between GIM and simulation value. (a) Simulation value of ionospheric delay based on

Galileo ionospheric correction, (b) ionospheric delay error of Galileo between GIM and NeQuick model

^ 1 NeQuick _345 GIM `a46 (20−50◦E, 0−22.5◦N) bc78d9e
Table 1 Error between NeQuick model and GIM

��/(◦)
w�/(◦)

20 25 30 35 40 45 50

0 0.010 888 968 0.007 627 86 0.001 512 7 0.009 814 36 0.009 464 7 0.002 811 1 0.000 704 289

2.5 0.007 476 682 −0.009 478 32 −0.003 002 −0.007 921 3 −0.009 807 −0.006 92 0.000 222 514

5 −0.008 568 22 −0.003 820 56 1.457 320 2 1.854 185 22 0.780 963 7 0.002 550 4 0.002 872 028

7.5 −0.008 951 199 0.852 808 364 2.394 665 2 2.422 901 2 0.876 172 7 0.006 562 2 0.001 049 233

10 −0.000 512 784 0.007 890 428 0.689 730 1 0.556 980 17 0.000 221 6 0.002 731 −0.002 307 481

12.5 0.006 623 532 0.008 562 505 0.006 154 −0.009 561 −0.010 553 0.002 428 4 0.006 928 704

15 −0.005 803 712 0.007 050 491 −0.009 704 0.010 061 63 −0.008 189 −0.005 635 0.007 667 197

17.5 0.000 634 389 0.001 551 005 0.906 650 8 0.922 645 75 −0.007 231 −0.003 141 0.007 588 792

20 0.600 124 152 2.221 2007 26 3.092 214 6 2.639 172 22 0.938 736 9 0.004 825 7 0.007 169 307

22.5 2.047 497 049 3.439 573 718 3.853 717 8 2.964 796 37 1.090 063 5 −0.004 001 0.001 199 665
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^ 2 f:;ghij<b=>?k@c7lmn8dop9eqpre
Table 2 Average error and mean square deviation of ionospheric delay of different time

m–s–n 
v� (LT) ��/km op�� (Ē)/m pv� (RMS)/m ���q ��t�r
2009-01-22 11:00:00 450 2.0617 2.4943 31 379

2009-04-15 22:00:00 450 1.2101 2.7841 32 377

2009-07-04 16:00:00 450 0.8897 2.8579 30 210

2009-10-26 08:00:00 450 1.0792 2.2941 32 179

G5 5(b) J"k3, )@(Y ?KX,"
-(42rG#*:$)3+, AY ?&$)
= 0.83m, &:)= 3.33m, )@%#su#`. D 2

^3O7f,;+Ob3(.;(12l9TUl9
;<G=UV>, &Pxy3w()@%#.

6 pt

v9O1J"k3, ?Æ IGRF ( NeQuick ,
"-Vn(4F GIM bX:xy3w, &$CqC
'(]r,"-(1tu, %#b'+ 1 Æk.

%$5 5(a) F5 4(a) JH, ?Æ IGRF )@
( Galileo >0 NeQuick ,"-(4tu:F5O
bX:2rG*:($)F3+, /N,#x8�,

rG#*:,"-ESxu,93'3AijkeL
�%'01Y ?K(,"-yyES;v0(3
+w#, 2"z{*0JYWG#/:E)@, ^3
Ob'%#.ND 27f+|(1(Y )@%#3
'x0(&H(x"J,%Æ3s(!$"�u"s
u%##`.

% Galileo��!$,+6*()@`}.;^
y+z{,5C1 IGSb8(%5bX*=^y+*
%/N, ~tDf, |.;P(n() Galileo!$!
)/0110(,"-(4,$$)&%Æ$q]r
(1b'+ 1 Æ, J'Æ Galileo !)*%0(,"
-$)tu, eA%'()'7y7( Galileo !$
"�!).
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