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Abstract Aiming at the ionospheric delay correction of single-frequency receiver, this paper pro-

poses an optimized low-order spherical harmonic function model. Firstly, the description method of

optimized ionospheric delay correction model is discussed and the objective and restraint condition

of optimizing coefficients are defined. Then, according the characteristics that coefficients can be

encoded, method and steps of using genetic algorithms to optimize coefficients are presented. Lastly,

the accuracy analysis and comparison are made with Klobuchar based on the the ionosphere VTEC

produced by CODE. The results show that accuracy of the optimized model is improved. It has an

improvement about 1∼2TECU than the low-order spherical harmonic function model with the same
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number of coefficients and can better reflect the daily change of VTEC and the characteristics which

vary with latitude.

Key words Ionospheric delay correction model, Spherical harmonic function model,

Optimized coefficient, Accuracy analysis
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min
T

δVTEC =
n∑

i=1

|CVTEC(λi, ϕi)−

RVTEC(λi, ϕi)|,
s.t.

λmin < λi < λmax,

ϕmin < ϕi < ϕmax.

(1)

(0, T =@4:$"6.�)�H, VTEC = 
�!A( ;<I% (Vertical Total Electron Con-

tent, VTEC); λ, ϕ F2= �!BCD (Ionosphere

Pierce Point, IPP) $3E=7*; RVTEC(λi, ϕi)

= �!!9 VTEC, CVTEC(λi, ϕi) =!,1.
$ VTEC, F1("!,1.FG, (0H�=

CVTEC =
N∑

n=0

n∑
m=0

[Anm cos(mλ)+

Bnm sin(mλ)]Pnm(cosϕ). (2)

�0, N ="6.�$(�, Pnm(cos φ) =G7E=
0$>8I.�, Anm G Bnm ="6.�"�. )
�H T ;09=

T = {A00, A10, A11, A20, · · · , Ann,

B11, B21, B22, B31, · · · , Bnn}. (3)

J T 04)KF)�>LH$)�H, ?3I
)�M:!,;>1.<H$ VTEC,;H$1.6
5)@6<�A, J0'!,)�FG7:0.
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CLR=@MNL

;>+(5-:0AC>D� (1)∼(3) >L$
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�B 1 09;4, �B 0 095;4, =)?)�N
F T , ;�&F 0 G 1 >L$O�CBPSG09
)�$;4, J4))��*O�CTH.
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H T , 3I+(7OOUC�*)�J:FG. )
?!9 VTEC NF, KL?E19A;:

Y = HX. (4)

(0,

R =

⎡
⎢⎢⎢⎢⎢⎣

RVTEC1

RVTEC2

...

RVTECl

⎤
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H =

⎡
⎢⎢⎢⎢⎢⎣

P00(cosϕ1) · · ·Pnm(cosϕ1) sin(mλ1)

P00(cosϕ2) · · ·Pnm(cosϕ2) sin(mλ2)
...

...
...

P00(cosϕl) · · ·Pnm(cosϕl) sin(mλl)

⎤
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A10

...

Bnn

⎤
⎥⎥⎥⎥⎥⎦ .
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� (4) $7OOUD=
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\ 1 ���	�� (OP)�̀ �	
�� (SH) � Klobuchar �� (Kl) RMS ���
Fig. 1 RMS comparison between Optimized Parameter (OP), Spherical Harmonic function (SH)

and Klobuchar (Kl) models
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\ 2 ���	�� (OP)�̀ �	
�� (SH)�Klobuchar �� (Kl) � CODE j�kl���[� VTEC \j
Fig. 2 VTEC curves of Optimized Parameter(OP), Spherical Harmonic function(SH), Klobuchar(Kl) models and

CODE observation respectively at different IPPs in the same day

f 1 gHIJhKLijk
Table 1 Comparison of corrections between the models

kl� VTEC/TECU 
�m��/(%)

��/(◦)N e�/(◦)E CODE ��l `�	
�� ���	�� `�	
�� ���	��
17.5 95 64.3 55.2 58.0 85.84 90.27

25 95 55.3 43.6 46.8 78.89 84.64

32.5 85 33 37.2 34.2 87.34 96.22

42.5 100 13.6 10.9 14.7 80.39 91.89

52.5 85 14.6 11.6 13.0 79.75 89.38

57.5 105 6.6 8.1 5.6 77.01 85.04
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�<930+ �!$,014.
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.65)@6�*)-, > 2012 ^d 218 S 06:00

UTC G 18:00UTC =Vh<722)- (g^ 3 G
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\ 3 e�Æ 70◦E _ VTEC `�����
Fig. 3 VTEC variation with latitude at 70◦E

\ 4 e�Æ 110◦E _ VTEC `�����
Fig. 4 VTEC variation with latitude at 110◦E
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