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ABSTRACT

This thesis presents the error reduction of GPS receiver due to ionosphere irregularities by
neural network technique. In the research, the method used include correlation analysis between
sunspot number, TEC irregularities, amplitude scintillation and receiver position error. We found
that these parameters have statistical correlation, when the sunspot number has maximum value, it
will effect the TEC irregularities to have maximun value too. And when the GPS signal passed
through the irregularities, the amplitude scintillation will occur. It causes GPS receiver error of
reference position by more than 10 meters. With the reduction of position error by neural network

technique, the position error can be reduced to less than 1 meter.
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net, = iw;’jopj +6y; (2.30)
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o 0 k
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w, (t+1) =w (1) + Aw, (2.37)

W31EN Awy =15,,0, (2.38)

¥
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1D w, () unuanbhmin@uneuliy
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2.5.5 lanFunszdu
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F(net) =

(2.44)

1+e™

ARz 2.25

31/ 2.25 Handunedadn

2) Hanvulanles Tuanunuous

@ @ oa
TaslinnuduNusasaums

1 _e(—ner)
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(2.45)
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pro gps_ext

line="

gpsfile=dialog_pickfile(title='Please select scintillation file',filter="*.dat')

for i=1,32 do begin

pos=strpos(gpsfile, V', /reverse_search)
fnam=strmid(gpsfile,pos(0)+1,strlen(gpsfile)-pos(0))
spawn, 'c:\gsv4000\bin2asci /F '+fnam+' /O test.out /S '+strtrim(i,2)
openr, unitl, /get_lun, 'test.out’
fnam=strmid(fnam,0,strlen(fnam)-4)
if (i It 10) then begin

fnam=fnam+'.S0"+strtrim(i,2)
endif else begin

fnam=fnam+'.S'+strtrim(i,2)
endelse
openw, unit2, /get lun, fnam
pos=0
offset=0 & start=0
while not eof(unit1) do begin

readf,unitl, line

if (strmid(line,0,5) eq '$POSA' and pos eq 0) then begin

pos=1
goto, labell
endif
if (strmid(line,0,5) eq '$POSA'" and pos eq 1) then begin

pos_split=strsplit(line,',' /extract)

printf,unit2, LOCATION =" strmid(pos_split(3),0,10)," *,strmid(pos_split(4),0,10),

",strmid(pos_split(5),0,7)

point_lun, unit1,0
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pos=2
endif

if (pos eq 2) then begin
if (strmid(line,0,5) eq 'SISMA') then begin
ism_split=strsplit(line,',' /extract)
if (float(ism_split(11)) gt 10) then begin
start=fix(ism_split(2))
offset=fix(ism_split(24))
endif else begin
printf,unit2,§
format="(i4,",",9.2,","i2,",",i8,"," . f5.1,",",2(f4.1,","),7(f8.4,","),18.2," " £7.2," " ,6(f8.4,","))",$
fix(ism_split(1)),float(ism_split(2)),fix(ism_split(5)),$
fix(ism_split(2))-start+offset,float(ism_split(6)),float(ism_split(7)),float(ism_split(8)),$
float(ism_split(9)),float(ism_split(10)),float(ism_split(11)),float(ism_split(12)),$
float(ism_split(13)),float(ism_split(14)),float(ism_split(15)),float(ism_split(16)),$
float(ism_split(17)),float(ism_split(18)),float(ism_split(19)),float(ism_split(20)),$
float(ism_split(21)),float(ism_split(22)),float(ism_split(23))
endelse
endif
endif
label1:
endwhile

free_lun, unitl

free_lun, unit2

spawn, 'del test.out'
endfor

end

97



MANUIN V.

M5l aaszUUNARMIEHUIM NN MHUIATDITY

A Ellipsoid and projection constants

Shape and size of biaxial ellipsoids used in the UK
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Name Semi-major Semi-minor Associated datum
Axis a (m) Axis b (m) And projections
Airy 1830 6,377,563.396 6,356,256.910 OSGB36,National Grid

Airy 1830 modified 6,377,340.189 6,356,034.447 Ireland 65, Irish
National Grid
International 1924 6,378,388.000 6,356,911.946 ED50, UTM

Aka Hayford 1909
GRS80 aka WGS84 6,378,137.000 6,356,752.3141 WGS84, ITRS,
Ellipsoid ETRS89.

The ellipsoid squared eccentricity constant e’ is computed from a and b by equation(B1)

Transverse Mercator projections used in the UK

Projection Scale factor on True origin Map coordinates of Ellipsoid
Central @, and A, true origin (metres),
meridian £ e, and N,
National Grid | 0.9996012717 | Lat49° N E 400,000 Airy 1830
Long 2°w N -100,000
Irish National 1.000035 Lat 53°30’ E 200,000 Airy 1830
Grid NLong 8° W N 250,000 modified
UTM zone 29 0.9996 Lat 0° E 500,000 International
Long 9° W NO 1924
UTM zone 30 0.9996 Lat 0° E 500,000 International
Long 3° W NO 1924
UTM zone 31 0.9996 Lat 0° E 500,000 International
Long 3°E NO 1924
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B Converting between 3-D Cartesian and ellipsoidal latitude , longitude and height
coordinates

Converting latitude, longitude and ellipsoid height to 3-D Cartesian coordinates

Values are required for the following ellipsoid constants: the semi-major axis length a and

eccentricity squared e’ . The latter can be calculated from a and b or the flattening f* by

2 2
2 a —b

el = — = 2f-f° Bl
a

The Cartesian coordinates x y and z of a point are obtained from the latitude ¢, longitude A and

ellipsoid height H by

a
v = m B2
x = (v+H)cosgcos A B3
y = (v+H)cosgsin i B4
z = (1-€e*)v+ H)sing B5

Here’s a worked example using the Airy 1830 ellipsoid. Intermediate values are shown here to 10
decimal places. Compute all values using double-precision arithmetic.

é 52°39'27.2531"' N

Longitude 1°43'4.5177"" E

H 24.700 m

e’ 6.6705397616E-03

% 6.3910506260E+06

X 3,874,938.849 m

y 116,218.624 m

z 5,047,168.208 m

Converting 3-D Cartesian coordinates to latitude, longitude and ellipsoid height
Again, we need the defining constants of the ellipsoid. Longitude A is easily computed from

Cartesian coordinates, remembering to be careful about the quadrant of the resulting angle;

A = arctan(y/x) B6

The latitude is obtained by an interative procedure. The initial value of latitude is given by

¢ = arctan( B7

=
p(1-e’)



100

where p = \/.Jt:2+y2

¢ is iteratively improved by repeatedly computing v from equation (B2) (using the latest value
of ¢ ) and then a new value for ¢ by

T
¢::ammn(z+evmn¢J -
P

until the change between two successive values of ¢ is smaller than the precision to which you

want to calculate the latitude. Ellipsoid height H is then given by:

H — p -y B9
cos¢

Here’s a worked example using the Airy 1830 ellipsoid. Intermediate values are shown here to 10

decimal places. Compute all values using double-precision arithmetic.

X 3,874,938.849 m

y 116,218.624 m

z 5,047,168.208 m

e’ 6.6705397616E-03

Initial ¢  9.1904799045E-01 rad

v 6.39105062630E+06
2 ¢ 9.1904797796E-01 rad
v 6.3910506260E+06

3" ¢ 9.1904797793E-01 rad

¢  52°39'27.2531"" N
A 1°43'45177" E
H 24700 m

X 3,874,938.849 m
y 116,218.624 m
4 5,047,168.208 m
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o s =4
fmsurnaeu

s=in_nor;
u=out_nor;
pn=s';

tn=u'";

net=newff(minmax(pn),[8,8,3],{'logsig', logsig','logsig'},'trainlm’);
net.trainParam.show=10;

net.trainParam.lr=0.01;

net.trainParam.epochs=20000;

net.trainParam.goal=0.000000001;

net.trainParam.mc=0.1;

[net,tr]=train(net,pn,tn);

save('C:\MATLABG6pS\work\train_neural(le-9).mat','net');

SesssesssssesrreRERRRRS R T LR R R R R L

dIMsunaaey

load('C:\MATLABG6p5\work\train_neural(1e-9).mat');
ss=test_in_nor;

ppn=ss'

an=sim(net,ppn);

a=an';

save test_output.xls a -ascii
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Scintillation effect to GPS Receiver Position
and Error Reduction
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ABSTRACT

This paper presents the study on the impact of
scintillation on GPS accuracy since January 2003 to
December 2005. From the results, the GPS receiver
shows more than 10 meters deviation firom corvect
position during the scintillation phenomena occur. This
paper introduces the method, which is a function of the 54
index, to decrease the error range due to the scintillation
by less than 10 meters.

Keywords: Ionosphere, amplitude scintillation,
satellite signal, Sy index, Regression analysis

1. INTRODUCTION

The ionosphere is a region of the atmosphere at an
altitude of several 100 kilometers whose defining feature
is the presence of free electrons stripped from atoms or
ionization by solar ultraviolet radiation. As a dispersive
medium that lies on the signal path GPS satellites and the
users. The ionosphere refracts the broadcast RF wave by
an amount proportional to the total electron content (TEC)
along its path and as a function of the signal frequency.
This error term is on the order of meters and affects to
GPS users worldwide.

Observed ionospheric behavior varies over the
earth and can be generalized into auroral, mid-latitude,
and equatorial areas. The geographic bands 10-15° north
or south of the magnetic equator are referred to as the
equatorial anomaly region, due to the occurrence of the
Appleton anomaly. This anomaly is a daily evening-time
peak in TEC that follows the local midday peak The
anomaly peak is both spatially and temporally highly
variable and may reach higher magnitude than the midday
peak. Small spatial irregularities in the ionosphere
typically develop during and after the Appleton anomaly.
These small-scale irregularities in electron density can
diffract the signal, leading to rapid fluctuations in signal
intensity, known as amplitude scintillation has effect to
GPS receiver position error.

2. EXPERIMENT METHODOLGY

2.1 Observation

This experiment measures the :ono:pheru: TEC data from
TEC meter (IAVAD) and receive signals from the GPS
satellites. The receiver installed at KMITL, Thailand
(longitude 100.8°E, latitude 13.7°N) by using GPS
Ionospheric  Scintillation Monitor (GSV4000) and

processing unit to determine Sy index. The system of
measurement TEC and scintillation are shown in Figure. 1

Figure. 1 Diagram of measurement TEC and Scintillation
system

2.2 Global Positioning System (GPS)

Four satellites (normal navigation) can be used to
determine three position dimensions and time. Position
dimensions shown in Figure2 are computed by
Least-Squares solution for the receiver in earth-centered,
earth-fixed XY .Z coordinates follow equations (1).(2),(3)
and (4) of GPS satellites. The pseudo range from each
satellite to receiver is calculated by equation (6).

Figure. 2 Satellite’s position and GPS receiver

-+, -9 +(z, - 2)* +error= p}
X, _x)z +(», _J')z +(z, —Z)’ +mr='Pzz

O
@
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(3 =2)" + (13 =)' +(2,-2)" +error = pj (€

(xy=X)" + (s =) + (2, - 2)* +@rror = p} @
or
x,-x) +(y, - ¥ +(z, - 2)* +error = p} (5)
When X;,¥;,Z; is satellite position
x,),Zz 1is GPS receiver position
P, is pseudo-range

error is other error (clock bias etc.)

P (Psendo-range) can be computed by following
equation
p=c*At ©

¢ islight velocity: 2.9979x10° ms
Ar is duration time from satellite to receiver (s)

When

2.3 Sun spot number

An observer computes a daily sunspot number by
multiplying the number of groups and then adding this
product to total count of individual spots, same way that
Johann Rudolph Wolf. Many refer to the sunspot number
as a Wolf number or count (or as a Zurich Suaspot
Number). The results, however, vary greatly, since the
measurement strongly depends on observer interpretation
and experience on the stability of the earth's atmosphere
above the observing site. Moreover. the use of earth as a
platform from which to record these numbers confributes
to their varnability, because the sun rotates and the
evolving spot groups are distributed unevenly across solar
longitudes. This cause fo the variation of free electron
ionized in Ionosphere.

Sunspot counts rise and fall approximately every
11.1 years. The cycle, though, is not symmetrical, for the
spot count takes on the average about 4.8 years to rise
from a minimum to a maximum and another 6.2 years fall
to a minimom once again The largest annual mean
numbers (123.3) occuired in 2000[4] show in Figure 3.

0] ol
!m_
gi!ﬂ-
gmu-

R T Al S gy

Years
Figure.3 Annual mean sunspot numbers 1996-2007 [4]

2.4 Scintillation

The scintillation occurs when the GPS satellite signal
travels through small-scale irregularities in electron
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2
density in the ionosphere, typically in the evening and
nighttime in equatorial regions. Frequent scintillation and
high rates are changing in Total Electron Content (TEC),
cause loss of lock to dual frequency and even single
frequency receiver shown in Figure. 4. At these time GPS
users in low latitude can experience decreased levels of
accuracy and confidence in stand-alone positioning.

Signal level (dBm)

-137

22,00 2215 22:30 22:45 23:00

Local Time (hours)

Figure. 4 Scintillation impact on GPS signal

The scintillation determine by Sy index can be computed
by following (7) [5]

S, = M - O]
(4

When A is signal level random 50 Hz
( )ispafameteramageﬁl one minute

2.5 TEC measurement

The delay time of satellite signal while pass through the
irregularity of ionosphere or Tig (ns) is depend on the
amount of free electron in the propagation path or N, (m™)
and counter frequency f;. The principle of calculation is
as follow (8)

T.(f,)=134-N,/ f} ®)

The difference of delay time from L1 and L2 frequency is
ATim

1 1
AT =134-N' —_— (9)
- [ff, ff.]

Then the total electron content is the correlation of P-code
of L1 and L2 signal. The parameters shown in TEC meter
are including vertical TEC and slant TEC. These papers
propose only vertical TEC.

Figure.5 is the diumal variation of vertical TEC
received from various satellites on 2003. It could be
observed clearly that in the night time during 20:00-
2:00hr. The violent fluctuation of the TEC occumred
comresponding to the nighftime scintillation. Because
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during nighttime electron density in the ionosphere is not
uniform and that may be a factor for scintillation.

o S| | ——Sep
B P PP PP S S P S| o
Looal Time(hourg Dec

Figure.5 TEC irregularity

3. RESULT

3.1 Result of scintillation effect to GPS receiver
position

This research used data S4 index and TEC on Apnil 2003
for scintillation and TEC analysis on daily and monthly
which effect to position error. The strong scintillation
occurred during this period.

B4 inclex o Agnil 200

Figure. 6 SyIndex

Figure.6 shown the diurnal variation on April 2003. The
nighttime scintillation usually appears around 20:00-
2:00hr. The strong scintillation generally occurs during
21:00-01:00hr.

100 e T &
| m—wm\Vertical TEC (TECU)
| e 54 indiex -04

Sun spat numbar / Vertical TEC

(=]
(-]

Years

Figure. 7 The relation between sun spot number, vertical
TEC and 54 index on 2003-2005

Figure.7 shown the relation between sun spot numbers,
vertical TEC and Sy index. The sun spot number is effect
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to the vertical TEC and effect to scintillation appeared.
The cycle of sun spot number is during decrease, vertical
TEC and scintillation appeared are decrease together.

1.0 34 index

o.e

— X € FOF(M)

-30
Local Time(Hours

(@)

Pontion Ermor on 14-Agnik 2003

e ]

¥ Enot range (w)

Figure. 8 @) Sy index ,vertical TEC, errorrangeand (b)
position scatter on 14 April 2003

this cause the position on X, y, z axis are deviated from
the reference position. This error depends on the strength
of S4 index.

Figure.8 (a)at time 21.00-01.00hr. is strong
Scintillation and irregularity TEC appeared and then peak
again at 22.00-24.00hr. This cause to x emor 18 m, y
error 22 m. and z error 5 m. Figure 8 (b) has shown the
three dimensions of position scatter of GPS receiver in
one day.
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®)

Figure. 9 (a) S, index, Vertical TEC, evror range and (b)
Position scatter on 1 February 2003

Figure. 9(a) and (b) the soft scintillation and irregularity
TEC effect to less position error, then position scatter is
narrow.

3.2 Reduction error of GPS signal from Scintillation
The research used Regression Analysisfor analyze the

relation between scintillation Sy Index and psendo-range
error by equation (10), (11) and (12) [2]
(10)

(an

idr_pil *S4)— Zs4r ZI"‘PFI

b= (12)

n- 2(54,) _[Z%T

I=1
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when R is comrected pseudo-range
£ is pseudo-range
54 1s scintillation index
¥ is real destination from satellite to receiver
b is coefficient for Sy [2]

R, p,S, are data average of R,p,Sy respectively
a is other error such Thermal error [2]
n  is data number

From the reduction method the error position on latitude
and longitude reduce from corrected pseudo range. From
the computed position, the corrected pseudo range close
to reference position as shown in Figure. 10.

Latitude emor range (m)

I I I R
Looal TimagHours)

Figure.10 The corrected ermor by Regression
Analysis (14 April 2003)

4. CONCLUSION

The GPS scintillation S; index analysis appears
scintillation The most of scintillation occur
around 21.00-01.00 hr. and the peak at 22.00-24.00 hr.
From this function, it effect to error position on receiver
which refer to latitude and longitude from reference
position or pseudo-range error. And then, pseudo-range
mormma!ymdandcormctedbykegrusmt\ml}ms
method. The result is the position average close to comect
position than the position average incorrect.
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Abstract : This paper presents the error reduction of GPS receiver due to ionospheric irregularities by neural network
technique. Normally, when GPS signal passed through the irregularities of ionosphere the scintillation will be appeared.
It causes to latitude and longitude error from reference position or pseudo-range error more than 10 meters. GPS
position error depends on the strength of scintillation index or S4 which due to total electron content in the jonosphere
(TEC).We used the measurement data which include the S4 index to analyze and correct the position error by neural
network technique. The result of this research we found the position error can reduce to less than 1 meter. The positions

average close to correct position.
Keywords: ionosphere, scintillation, neural network
1. INTRODUCTION

GPS (Global Positioning System) is the only system
today able to show you where your exactly position on
the earth at anytime and any weather condition. Twenty
four satellites are all orbit around the earth at 11,000
nautical miles or approximately 20,200 kms. above the
earth. The satellites are placed into six different orbital
planes and 55 degree inclination. The GPS signal use
frequency in L-band (L1 1575.45 MHz and L2 1227.72
MHz). Normally, when GPS signal passed through the
ionosphere which is a region of the atmosphere at an
altitude of several 100 kilometers whose defining
feature is the presence of free electrons stripped from
atoms or ionization by solar ultraviolet radiation. As a
dispersive medium that lies on the signal path GPS
satellites and the users. The ionosphere refracts the
broadcast RF wave by an amount proportional to the
total electron content (TEC) along its propagation path
as a function of the signal frequency. This error term is
on the order of meters and affects to GPS users
worldwide. We had experienced on reduce these error
by using Regression analysis and this paper we propose
the neural network technique which is the progress of
our research.

This research compare to other possible methods for
error reduction by using “the regression analysis”,
position error can reduce approximate 5 meters. Our
research use “the neural network technigue”can reduce
the x, y and z coordinate range error of GPS receiver by
using the experiment data of scintillation (S4) during the
peak of solar activity. The result of this error can reduce
to less than 1 meter.

2. EXPERIMENT METHODOLGY

2.1 Observation

This experiment measures the ionospheric TEC data
from TEC meter (JAVAD) and receive signals from the
GPS satellites. The receiver installed at KMITL,
Thailand (longitude 100.8°E, latitude 13.7°N) by using
GPS ionospheric scintillation monitor (GSV4000) and
processing unit to determine Sy index.

The system of measurement TEC and scintillation are
shown in figure.1

/{PS signal

S4
L, monitor
4
4
. TEC
" ‘monitor
La

Fig. 1 Diagram of measurement TEC and Scintillation

2.2 Global Positioning System (GPS)

Four satellites (normal navigation) used to determine
three position dimensions and time. Position dimensions
are computed by equation (1). The pseudo range from
each satellite to receiver are computed by equation
@)1

-0+, -9 +(z,-2) +emor=p} (1)

when X;,¥;,Z; is satellite position
X,),2z is GPS receiver position
P; ispseudo-range
error is other error (clock bias etc.)
i is number of satellite
P (Pseudo-range) can be computed by following
equation

p=cxAt )

when ¢ is light velocity : 2.9979 x10* ms
At is duration time from satellite to receiver



2.3 Sun spot number

An observer computes a daily sunspot number by
multiplying the number of groups and then adding this
product to total count of individual spots, same way that
Johann Rudolph Wolf. Many refer to the suaspot
number as a Wolf number or count (or as a Zurich
Sunspot Number). The results, however, vary greatly,
since the measurement strongly depends on observer
interpretation and experience on the stability of the
earth's atmosphere above the observing site. Moreover,
the use of earth as a platform to record these numbers
contributes to their variability. Because the sun rotates
and the evolving spot groups are distributed unevenly
across solar longitudes. This cause to the variation of
free electron ionized in ionosphere.

Sunspot counts rise and fall approximately every 11.1
years. The cycle, though, is not symmetrical, for the
spot count takes on the average about 4.8 years to rise
from a minimum to a maximum and another 6.2 years
fall to a minimum once again. The largest annual mean
numbers (123.3) occurred in 2000[2] show in figure 2.
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Fig.2 Annual mean sunspot mimbers1996-2007[2]
2.4 Scintillation

The scintillation appears when the GPS satellite
signal travels through small-scale itregularities in
electron density in the iomosphere, typically in the
evening and nighttime in equatorial regions. Frequent
scintillation and high rates are changing in Total
Electron Content (TEC), cause loss of lock to dual
frequency and even single frequency receiver shown in
figure. 3. At these time GPS users in low latitude can

experience decreased levels of accuracy and confidence
in stand-alone positioning.

a3 31 level (dBm)

-137

2130 2145 2200 2215 2230 2245 2300 2315 23:30 2345
Local Time (hours)

Fig 3 Scintillation occurred on GPS signal
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The scintillation determine by S; index can be
computed by following (3) [3]

s, {M}m ®
{4)

when A is signal level random 50 Hz
( ) 15 parameter average in one minute

2.5 TEC measurement

The delay time of satellite signal while pass through
the irregularity of ionosphere or Ty (ns) is depend on
the amount of free electron in the propagation path or
N, (m”) and counter frequency f;[4]. The principle of
calculation is as follow (4)

Tw(f.)=134.N,/ 1} s (4)

The difference of delay time from L1 and 12
frequency is ATion

11
AT, =134-N|———| =
[f;.’: fﬁ]

Then the total electron content is the correlation of
P-code of L1 and L2 signal. The parameters shown in
TEC meter are include vertical TEC and slant TEC.
This paper propose only vertical TEC.

Figure 4 1s the diurnal variation of vertical TEC
received from various satellites on 2003. It could be
observed clearly that in the night time during 20:00-
2:00hr.The violent fluctuation of the TEC appeared
corresponding to the nighttime scintillation. Because
during mighttime electron density in the ionosphere is
not uniform and that may be a factor for scintillation.

Vertical TEC

WY o o e e e s i i

L e 5

R g P R X P I
Local time (hours) Dec

Fig 4 TEC irregularity

2.6 Neural netwok

Neural networkis a mathematical model or
computational model based on biological neural
networks. It conmsists of an interconnected group of



artificial nenrons and processes information using a
connection approach to computation. In most cases a
newnral network is an adaptive system that changes its
structure based on external or internal information that
flows through the network during the learning phase. In
more practical terms neural networks are non-linear
statistical data modeling tools. They can be used to
model complex relationships between inputs and
outputs or to find patterns in data shown in figure.5 [5].
This research we use 6 hidden layers and 100 hidden
node per layer.

Fig. 5 Neural network
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Fig. 6 Diagram of neural network unit

The neural equation for train is as follow:
O =fTw)Ss+ wiXer + Wi¥er + WiZes) (6)

when O 1s output
f is activation function
w is weight
Sigmoid activation function can be compute by
equation 7.

- 1
J =1+e'o @

when Y™™ 5 sigmoid fanction
3. RESULT

The research used neural network technique to
analyze the relation between Scintillation Sy index and
position error for reduce error position. This research
used data on year 2003 because S; index are strength
due fo solar activity which solar flux is maximum in
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After training newral network by customize the
performance gold is 10® and 0.05 for value of leaming
rate the train result is shown in figure 7.

Fig. 7 graph of the train result
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Fig. 8 position scatter and (b) Sy index, and
coordinate errorrange on 3April 2003



Figure 8 are shown before reduction error position on
3 April 2003, (a) shown large position scatter of GPS
receiver in three dimensions and (b) while the electron
ephancement at time 21.00 pm -01.00 hr.  the
scinfillation appeared and caused to the position on x
error 8 m, y error 22 m and z error S m.
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Fig. 9 (a) position scatter and (b) reduced error range
on 3 April 2003

Figure 9 are shown after reduction position error by
using neural network technique, (a) position scatter is
small and (b) position error are reduce to nearly
reference positions while x ;yandz are 0.57m, 032 m

and 0.53 m_expectively.
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(b) position scatter on 14 April 2003

Figure 10 are shown before reduction error position
on 14 Aprl 2003, (a)shown large position scatter of
GPS receiver in three dimensions and (b) at time 21.00-
01.00 hr is strong Scintillation and irregularity TEC
appeared. This cause to x error 20 m, yerror 30 m and z
error 5 m.
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Fig 11 (a) position scatter and(b) reduced error range
on 14 April 2003



Figure 11 are shown after reduction position error by
using neural network technique, (a) position scatter is
small and (b) position error are reduce to nearly
reference positions while x 0.25 m, y 0.13 m and z 0.15
m

4. CONCLUSION

The position of GPS satellite is an importance term
for the user worldwide. Many control systems use the
GPS receivers in the system .The correct data is most
important for users This paper we introduce the error
due to the ionospheric irregularities and reduce by the
neural network computation technique. We selected the
data in worse case to study and the results are closed to
correct data. In the analysis, we found that while the
electron enhancement the scintillation occurred this
cause the position on x, y, z axis are deviated from the
reference positions. This error depend on the strength of
S A index, the scintillation occurred effect to GPS
position error more than 10 meters. From the results, the
position error can reduce to less than 1 meter.
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