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ABSTRACT

The delay in the dual frequency radio signals of the Global Positioning System (GPS)
at an altitude of 20,200 kilometers has different results depending on the signal frequency.
Analysis of the ionospheric delay of GPS can help predict the effects of ionosphere on other
satellite systems such as high accuracy ¢lock (HAC). This thesis compairs the study between
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frequencies near the GPS frequencies. This study includes the ionosphetic delay and calculation

of unknown bias between both systems to furhher improve signal accuracy.
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2 OBSERVATION DATA G (GFE) RINEX VERSION f TYFE
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1 1 7 G G% GIo GI1 G13 Gl4 GIsWAVELENGTH FACT L1/Z
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in INTERV AL
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GPS Range from Receiver {m)
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gﬂﬁ 4.4 Laser Retro-Reflector Array
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AuanyMza199 lasagilves LRRA Wuueaas lddanisg

M9 4.3 AUANHUA1Y) lasagUues LRRA

Type Reflector Array
Wavelength optimized for 532 nm
FOV (half angle) 10 deg

Optional Cross Section | 1.63 x 10°m?
Shape flat array

Size of Array 26 x 30 x 5.5 cm
Mass < 3.1 kg
Reflector Number 36 corner cubes
Cube diameter 4.06 cm
Reflectivity 2175 %

Beam divergence 20 prad
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Parameter Koganei Moblas 5
(Yaragadee)
Latitudeldeg] 36,710 N 29.0464 S
Longitudeldegl 139.489 E 115.3467 E
Elevation[m] 121.82 244
Laser energy[mdJ] 50 100
Pulse width[ps] 150 200
Beam divergence["] 10 21
Rcvr telescope dia.[m] 1.5 0.76
Detector gquantum 15 15.5
efficiency[%]
Optical efficiency 30% / 10% ~95% / ~T76%
Transmit / Receive[%)]
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Tanegazhima Koganesi M. Stromle Kunming
Elevarion[deg] 50252 47834 48.833 32056
Range[km] 37062 37218 37153 38420
Incident Angle[deg] 5.55 5.83 571 7137
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DIFFERENTIAL (P1-C1) CODE BIASES FOR SATELLITES AND RECEIVERS:

FRM [ STATION MAME

VALUE (NS RMS (S )

ook ko ok ok ok kR R ok R K R ok

GF01
GO2
GO3
G04
GF0S
G065
=07
GOs
Go9
G510
G11
G12
G132
G14
G515
G16
G17
318
519
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G21
G22
G232
G24
525
G26
G27
528
G29
530
G31
G532

U7 4.13 /1 Differential Code Bias N9 20A 190
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T T T i
/lTono_Delay

//Modified for experiment HAC data at KMITL
I

T

#include"iono delay.h"

int main(void){

char box[70];

int i = 0,j,k,l,m,n,0,p=0.q,r,s;
char **data_name;

int data_number:

gps data rinex,sp3;

gps data nrinexn;

double *x,*blh;//station position

FILE *frinex,*foutl *fout2,*fout3,*fn,*fhac, *fdcb;

double bias[1] = {0.0};

int count[1] = {0}

int check = 0;

double gps_time;

double eta = SIH*S1H/L1D/L1D;
hacrhac kmi:

double iono_delay_hac.iono delay hac2;

char filename1[100]. filename2[100],filename3[100],filename4[100]:

matrix DCB;

new matrix(&DCB,33,1);



printf("Enter RINEXO file name and press ENTER\n");
scanf("%s", filenamel);
if(!(frinex = fopen(filenamel,"r"))){

printf("RINEXO File Open Error!\n");

exit(0);

printf("Enter RINEXN file name and press ENTER\n"):
scanf("%s", filename2);
if(!(fn = fopen(filename2,"r"))){

printf("RINEXN File Open Error!!\n"):

exit(0);

—

printf("Enter HACRHAC file name and press ENTER\n"):
scanf("%s", filename3);
if(!(thac = fopen(filename3,"r"))){

printf("HACRHAC File Open Error!\n"):

exit(0);

printf{("Enter DCB file name and press ENTER\n");
scanf("%s", filename4):
if(!(fdeb = fopen(filenamed,"r"))){

printf("DCB File Open Error!\n");

exit(0);

/*
frinex = fopen("./kmitl/kmitl 1431 .080","t"):
fn = fopen(" /kmitl/kmitl143 1.08n","r");

thac = fopen("./kmit/HACRHAC .kmi","r");

25



fdeb = fopen("./kmitl/P1C10805.DCB","t");
*/

/%

frinex = fopen("./test/kmitl2551.080","r");
fn = fopen("./test/kmitl2551.08n","r");

fhac = fopen("./testt HACRHAC2.kmi","r");
fdeb = fopen("./test/PIC1.DCB","t");

®/

foutl = fopen("./outl.xIs","w");

fout2 = fopen("./out2 x1s","w");

fout3 = fopen("./out3.xIs","w");

/fread DCB
read DCB(&DCB,[dcb);
/lread HACRHAC

read hacrhac(thac,&kmi);

/fread RINEXN----- 2= P T e iy < O
NUM(rinexn) = get number rinexn(fh);
DATA(rinexn) = (double**)calloc(NUM (rinexn),sizeof( double*));
for(i = 0 ; i < NUM(rinexn); i++){

DATA(rinexn)[i] = (double*)calloc(36,sizeof(double)):

1
¢

fseek(fn,0,SEEK SET);

read rinexn(fn,&rinexn);

x = (double*)calloc(4,sizeotf(double));

blh = (double*)calloc(4,sizeof(double));

T T T T L
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/fread RINEXO--mmmmmmmm e start
i

//skip one line of rinxeo

read line(frinex);

//read data type and data number of in rinexo header
data_number = read_header(frinex,&data_name x);

IHEND OF HEADER/HITITHIHHTIHTHINIHTT g

//read epoch number and GPS satellites number

get_epoch gps(frinex,&rinex):

I L

/fkeep the memery for TIME tag

TIME(rinex) = (double**)calloc(NUM(rinex)[0],sizcof( double*)):
for(i = 0 ; i < NUM(rinex)[0]; i++){

TIME(rinex)[i] = (double*)calloc(6;sizeof{double)):

//keep the memery for RINEXO data
DATA(rinex) = (double***)calloc(NUM(rinex)[ 1 |.sizeaf(double**));
for(i =0 ; i < NUM(rinex)[1]; i++){

DATA(rinex)[i] = (double**)calloc(NUM(rinex)[0],sizeof{double*)):

for(i=0; i< NUM(rinex)[1]: i++)¢
for(j = 0 ; j < NUM(rinex)[0]; j++)1
DATA(rinex)[i][j] = (double*)calloc(data number,sizeof(double)):
h

¥7



/freturn back to the top of RINEXO FILE
fseek(frinex,0,SEEK SET);
//skip to "END OF HEADER"
while(1){
fgets(box,61,frinex);
fgets(box,30,frinex);
if{strnemp(box,"END OF HEADER",13) == 0) break:

/iread RINEXO data/////11HHT1HHHHTHTTTTTTITLITL LTI T

get_data(frinex.&rinex,data_number);

T T T T LU T

/lread RINEXO----msmmsmemmemeee e - end

e T L

for(p = 0 : p < NUM(rinex)[0]; p++){
gps_time = time' to_ GPStime(&rinex.p);
for(j = 0; ) < NUM(kmi); j++){
if( gps, time== TIME(kmi)[j]){
check = 1;
break;
i
Hii
if(check == 1) break:
Hip
if(check == 0){
printf{"HAC data time and RINEX data time are not matched\n");

exit(0);



//return back to the top of RINEXO FILE
fseek(frinex,0,SEEK SET);
{/skip to "END OF HEADER"
while(1){
fgets(box,61,frinex);
fgets(box,30.frinex);
if(strnemp(box,"END OF HEADER",13) == 0) break;

T T L LT L LT

fprintf(fout]."GPS TIME(sec)\t IONO DELAY (m){from HAC data,including bias]\n");

fprintf{fout2,"GPS_TIME(sec)it IONO DELAY (m)[from GPS data]\n");

tprintf(fout3,"GPS_ TIME(sec)\t [ONO DELAY(m) [from HAC data]\n");

Hitsolve for ION_DELAY /KT TR R

for(p =0 ; p < NUM(rinex)[0]; p++){
iono_delay(frinex.fout2,&rinex,&rincxn,x,p,&DCB,&kmi,bias,count);

/ printf("epoch = %din".p);

}ip

bias[0] = bias[0]/count[0];

printf("normal end\nbias = %If\n" bias[0]):

for(j =0 ; j < NUM(kmi); j++){

iono_delay_hac2 = -(DATA(kmi)[j][3] - DATA(kmi)[j][1])/(1.0-cta);

iono_delay_hac = iono delay hac2 - bias[0];

if(fabs(DATA(kmi)[j][3] - DATA(kmi)[j][1]) > 1000.0)4
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iono_delay_hac = 0.0;

iono_delay hac2 =0.0;

fprintf(fout1,"%If\t%If\n", TIME(kmi)[j],iono_delay hac2);

fprintf(fout3,"%I1At%If\n", TIME(kmi)[j],iono delay hac);

return(0);

}

dy I dl Y o U 14 dl = 1 gj 1 Y o ¥ € Y ¥
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Study of the Ionospheric Effect on GPS Signal for Satellite-Based
Augmentation System Development for Civil Aviation in Thailand

Manus Pengnoo, Suthichai Noppanakeepong

Faculty of Engineering and Research Center of Communication and Information Technology (ReCCIT), King Mongkut’s

Institute of Technology Ladkrabang, Bangkok, Thailand.

ABSTRACT

The GPS signal propagation’s major  error
source is the ionospheric delay. The delay in the
dual frequency radio signals of GPS at an
altitude of 20,200 km enable the measurement
of the total number of free electrons, so called
the total electron content (TEC).This paper
present the measurement of TEC —above the
area of Suvarnabhumi International  Airport
(Thailand)  for = develop = the  lonosphere
correction method for the fiture Satellite-Based
Augmentation System in Thailand.

1. INTRODUCTION

Satellite-Based Augmentation System (SBAS)
is a system that supports wide-area or regional
augmentation through the use of additional
satellite-broadcast messages. Such systems are
commonly composed  of - multiple  ground
stations, located at accurately-surveyed points.
The ground stations take measurements of one
or more of the GNSS satellites, the satellite
signals, or other environmental factors which
may impact the signal received by the users.

The next generation of satellite navigation
systems will provides a full civilian satellite
navigation system. These systems will provide
the accuracy and integrity monitoring necessary
for civil navigation. This system consists of L1
and L2 frequencies for civil use and L5 for
system integrity [1]. This paper present the
measurement of TEC  above the area of
Suvarnabhumi International Airport (Thailand’s
new international airport) for develop the
lonosphere correction method

2. IONOSPHERIC DELAY

The Tonesphere’s free electrons influence the
propagation of microwave signals (speed,
direction and polarisation) as they pass through
the layer.” The lonospheric Delay on GPS
signals is - frequency-dependent and hence
impacts on the L1 and L2 signals by a different
amount. A linear combination of pseudo-range
or carrier phase observations on the L1 and L2
carrier waves can be created to almost entirely
eliminate the Ionospheric Delay. The resulting
observable is known as the lonosphere-Free
carrier phase (or pseudo-range).

For single-frequency receivers it is not possible
to account for this signal bias in this way. A
broadcast model is contained within the
transmitted Navigation Message, however, it is
a relatively poor-model as the Delay is very
difficult to predict. The magnitude of the
fonospheric Delay is a function of the latitude
of the receiver, the season, the time of day, and
the level of solar activity. The Delay in the
Zenith direction can be several tens of metres.
increasing as the elevation angle of the satellite
signal reduces. The Delay is largely eliminated
in Relative or Differential Positioning, however,
the residual Ionospheric Delay increases as the
baseline length increases and may be a
significant source of error (especially in the
height component) for very high precision GPS

Dual frequency GPS receiver treats 2 bands ,
such as f; = 157542 [MHz] and f, = 1227.6
[MHz]. Distances determined by GPS carrier.
whose frequencies are f} and f>, are denoted by
Ry and Ry,, respectively. These distances



consist of true distance p and other error[2].

If ' we neglect other error , we can express as
fg-ﬁl =p+ Amn (‘[’1 ) (1)
and

]QL’.’E = p+'{§c\;ﬂz (LZ) ("))

For calculate the true distance p we can use the
uscful method as following equation

When we replace/ the value~of: f} < 157542
[MHz] and f; = 1227.6 [MHz] to (3) ~we can
write

o =2546R; —1.546 R, 4)

This method can say as ionosphere delay
correction.

In consideration of delayed time, we obtain

)
where speed of light . ¢ = 299792458 m/s

We can calculate TEC with different value
between delayed time with

AT, = f;'u,) - Tm:u)

ns (6)

Finally

_ g 16
TEC = 2863x10" AT, 7

3. Satellite-Based Augmentation System

Satellite-Based Augmentation System (SBAS)
refers to having GEO satellite-based GPS
compatible navigation payloads over a region
supported by the necessary ground segment and
uplink earth stations. The User Differential
Range Errors (UDREs), improved iono-tropo
grid models and improved GPS ephemeris are
transmitted to the GEO-based navigation
payload which retransmits these to modified
GPS user receiver also called GNSS receivers

[31-
The objectives of SBAS [4] are

e Improve accuracy of GPS or GLONASS
by providing corrections for Satellite
errors( clock and ephemeris) and
Ionospheric errors( model over a
geographic area)

e Provide integrity information

o [Lateral and vertical guidance

e Improve availability

The SBAS architecture is shown in Figure 1.

%Refarenceg @M\
)
/

. Stations i
k ¢4
/ J’z‘f Uplink
- \;a\ ‘ff} Pos --"’-Staiion
g

Master Station Message

Figure 1. Satellite-Based Augmentation System
Architecture
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Civil aviation requirements for satellite-based
navigation are specified in the ICAO SARPs
which specifies the signal-in-space performance
requirements for civil aviation in terms of
accuracy, integrity, time to alert, continuity and
availability as shown below:

Accuracy (horizontal) => |6m
Accuracy (vertical) => 4-6m
Integrity => 2x107
Time to alert == 6s
Continuity => 8 x 106/155s
Availability =>  0.99-0.99999

Accuracy : Characterize typical behavior of the
system in  presence of nominal  error
components

Integrity : Limit risk of abnormal behaviour of
the system due to errors resulting from system
failures

Continuity : Limit risk of lesing the service

unexpectedly

Availability : Characterized by the portion of
time the system is to be used for navigation
during which reliable navigation information is
presented to the crew, auto pilot or other system
managing the flight of the aircraft.

4. Experimental Result

For the raw data ,we receive GPS data as
RINEX format (The Receiver Independent
Exchange Format) . RINEX was developed by
the Astronomical Institute of the University of
Berne for the easy exchange of the GPS data
collected during the large European GPS
campaign EUREF 89, which involved more
than 60 GPS receivers of 4 different
manufacturers.

RINEX defines three different file types:
Observation  file, navigation file, and
meteorological data file. Each file consists of a
header section containing station / receiver /
antenna related information and a main body
with the actual data written in ASCII to
guarantee an easy exchange between different

computer systems.

Under the collaboration of Japan Aerospace
Exploration Agency (JAXA) . Communications
Research Laboratory (CRL) and satellite
communication laboratory of ReCCIT, King
Mongkut's Institute of Technology Ladkrabang
(KMITL) Thailand, We use a monitor station
based in KMITL (close to airport) to collect
GPS RINEX data.

The GPS monitor station at KMITL is shown in
figure 2.

Figure 2. GPS monitor station server (KMITL)

This experiment use GPS Tool Kit (GPSTK)
program to calculate data. We consider RINEX
data in the period of August 2007 to study the
lonospheric delay over the airport area.

- Computed interval 30.00 seconds.
- Observation types(6): C1 L1 D1 P2 L2 D2

The computation result of pseudo range diff
value is shown in figure 3.

64



Pseudo Range L1 - L2 Diff Values

PR different {meter)

August 2007
Figure 3. Pseudo Range diff value
Then we use the theory of ionosphere
characteristic to calculate the value of total

electron content ~above the airport.  The
calculation result is shown in figure 4.

TEC values over the airport
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Figure 4. Simulated TEC values over the airport.

5. CONCLUSION

The Study of the lonospheric Effect on GPS
Signal  for  Satellite-Based  Augmentation
System is important because the lonospheric
delay is a major error source of GPS
propagation  signal. This paper present
simulation results of TEC by using dual
frequency L1,.L2 to study the frequency
dependant effect of ionsphere. Although next
generation of GPS navigation system will
utilize three frequency L1,1.2 and L5 ( 1176.45
MHz) but the developed correction methods

will useful.
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