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Abstract

Th ,NAVSTAR/GPS is a satellite-based navigation system that will provide extremely accurate
three-dimensional position and velocity information to users anywhere on or near the earth,

This system has been studied primarly for military use and thus the results of studies are
seldom obtainable for civilian use up to date. Ixpecting this system to be opened to civilian
use in the future, this paper aims to the collection of basic data of the PN phase modulated
communication system adopted in the GPS system by computer simulation.

The results of studies are as follows;

1) The PN phase modulation of the speed of 10°b/s can be simulated by Fourier summation,
the spectrum region which can be restricted is in the region of 0.5—1.5MHz and spec-
trum number required is over than 270.

2) By computer simulation, it is verified that optimum r. f filter bandwidth is about 0.3 MHz
for the case of 10°b/s PN codes phase modulated in 1.575 GHz carrier.

3) In case that PN rate to data rate is between 10 and 100, the allowable minimum SNR to
demodulate data signal correctly by optimum LPF is about 0. 3.

It is also verified that the larger the frequency ratio of PN code to the data code, the [ower
the allowable minimum SNR require
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GPS

: Global Positioning System
NNSS : Navy Navigation Satellite System
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NAVSTAR : Navigation System with Time and Ranging
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: Pseudo Noise
: Pseudo Range to the i th Satellite

: Real Range to the ith Satellite

: The User’s clock offset fromn GPS time
: Velocity of Light

: The i th Satellite clock offsets
: i th Satellite Propagation Delay by Ion-layer
: The PN Modulation Waveform
: The Carrier Angular Frequency
: The Fourier Transform of m(f)
: Clear Acquisition

: Precision

: The Amplitude of p signal

: Data Signal (50 b/s)

: PN Signal(10. 23 Mb/s)

: The Amplitude of C/A Signal

: PN Signal(1.023 Mb/s)

: Signal to Noise Ratio

: Low Pass Filter

: PN Rate to Data Rate
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Fig.2:3 The Principle of Modulation and Demodulation of GPS Data Signal
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Table 3-1 The Spectrum Region and Numbers requxred for Computer Simulation

N/I?{z) 0.5 ]l 0.75 ( 1.0 1.25 1.5 | 1.75 2.0 2.5
A - ; l 1B

1600 O } O ‘ O O O ( O x %

1200 O | o 0 O o | O x X

1000 o | o | o O o x x x

700 o ; o } o o o I x x x

300 O | O | © O o | x x x

270 o | o f o O @) X X X

250 x \l X ﬁ X X x x % x

100 X l X ] X X x ‘ X x X
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Table 3-2 Possibility of Demodulation of the DATA Signal when Bandwidth of L.P. F. and

Noise Intensity varied.
(DA =10%b/s)

~ %%7°L£i

2_2;%&1 \ 0. 001 0.1 0.5 1.0 1.5 2.0 3.0 3.2
4.0 XxDA X x X X X X X | X
0.5 XDA X X X X X X X X
0.3 xDA O O o X X X X x
0.2 xDA O O O ‘ O O O X x
0.1 xDA O O O O O O O %
0.05xDA O O O O O O ‘ O X
0.01XxDA X X X l X X X X X

(PN freq. 10%b/s, DATA freq. (DA). 10%b/s PN code 100, DATA code 10)
() : The case where the filtered data signals are correct.
% : The case where the filterel data signals are incorrect.
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Table 3-3 Possibility of Demodulation of the DATA Signal when Bandwidth of L.P.F. and

Noise Intensity varied.
(D A =2X10%b/s)

\’:}%z}i

iifﬂ}—%i{ | 0.001 0.5 1.0 1.5 2.0 3.0 3.2 3.5
1.0 xDA O X % X X | X x X
0.5 xDA O O x X X X X X
0.4 XDA O O O X X X X
0.3 xXDA O O O X X x X e
0.2 xDA O O O O O X X X
6.1 xDA O O @) O O O O X
0.05 xDA o o O 0 O O O X
0.01 XDA O O O O O O O X
0.0001xDA X X X X X X X X

(PN freq. 10fb/s, DATA freq. (DA) 2x10‘b/s, PN code 500, DATA code 10)
(O : The case where the filtered data signals are correct.
X : The case where the filtered data signals are incorrect.

Table 3-4 Possibility of Demodulation of the DATA Signal when Bandwidth of L.P.F. and

Noise Intensity varied.
(D A =10'b/s)

. HEAE

BESE 0. 001 0.1 0.5 1.0 1.5 2.0 3.0 3.5 4.0

£ 99
1.0 xDA l O X X P X % X % [ X
0.5 xDA O @) O X X X x X
0.4 xDA @) O O O X X x X x
0.3 xDA O O O @) O X x X X
0.2 XDA O O | O O O O X x| b
0.1 XxXDA O @) O O O O @) O X
0.05 XDA O O O O O O O O X
0.01 XDA O O O O @) ®) O O X
0.0001xDA X X X X X X X X X

(PN freq. 10°b/s, DATA freq. (DA) 10%b/s, PN code 1,000, DATA code 10)
(O : The case where the filtered data signals are correct.
% : The case where the filtered data signals are incorrect,
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C

100

20

%000
9001
40

101

$

COMPUTATION OF SIGNAL SPECTRUM(CTRANSMITTING)
DOUBLE PRECISION DCA,T1,T2,PAl,WPLT1,WPLT2,WMIT1

1.WM(T2

DIMENSION N(1000),A(€1201).,L(10),KMC1000)
PSEUDO NOISE READ TO N(1000)
KFC(I1,AD,AC)=FLOAT(I1)#AD/AC+0,991
DEFINE FILE 61(1201.,4,U,]0000)
1Y=0

IX=10

PA[=3,14159265359

PA=PA]

DO 100 I=1,.1000

CALL UNIRNSCIX,1Y,RN)

IFC(RN,GEJ 0,5} N(l)=1

lF(RN.LTQODS) N(l).-l

CONTINUE

DO 20 I=1,10

CALL UNIRNSCIX,IY,RN)
IF(RN.GE,0.,5) L(])=1

IF(RN.LT,0.5) L(l)==]

CONTINUE

CA=1,0E+06

DA=1,0E+04

DO 40 I=1,1000

JJ=KF (1,DA,CA)

KMCDY=NCD) #LCJD)

FORMAT (1H0,20(5012/))
FORMAT(1H0,10110)

CONT INUE

WRITE(8,9000) N

WRITE(8,9001) L

WRITE(8,9000) KM

CARRIER AND CA FREQUENCY DEFINITION
F=1,575 £ 09

DCA=CA

BA=1,25

CNUM=1200,0

DEL=CA#2,0/CNUM#BA

FOURJER COEFFICIEUNT CALCULATION
WRITE(8,101) F.,CA,DEL

FORMAT (1HO,*FOURIER COEFFICIENT CALCULATION®/'CARR

1ItR FREQ='E15.7.,' MOD FREQUENCY='E15,7
2 SPECTRUM SPACE='E13,7/)

NJ=CNUM+1,0
NJJ=CNUM/2,.,0+1.0
LO 200 J=1.,NJ
A(J)=0.0
FSPEC=F=CA#BA+DEL#FLOAT(J=1)
FPL=FSPEC+F
FM=FSPEC-F

DO 300 [=1,1000
T1=OFLOAT(1~1)/DCA
T2=T1+1.0D0+00/DCA
WPLT1=DBLE(FPL)*T1
WPLT2=DBLE(FPL)#TZ



400
300
200

88

100

9000
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WMITI=DBLECFMI)#T1
WMIT2=DBLE(FM])#T2
WPLT1= DMOD (WPLT1,1,0D+00)
WPLT2a= DMOD (WPLT2,1.0D+00)
WMIT1= DMOD (WMIT1,1,0D+00)
WMIT2= DMOD (WMIT2,1,0D+00)

WPT1=WPLT1#PA1#2,0D+00

WPT2=WPLT2#PA]#2,0D+00

WMT1leWM]T1#PA]#2,0D+00

WMT2=WMIT2#PA1#2,0D+00

AFM]=ABS (FM])

IF (AFMI,GT,100.0) GO TO 400
ACIImACII+(T2=-T1+(SIN(WPT2) =S IN(WPT1)) /FPL/6,28318
1)/2,0#FLOAT(KM(1))

GO TO 300

ACD =ACII+C(SINCWPTZ) =SIN(WPT1) ) /FPL+ (SIN(WMT2) -
1SINCWMT1))/FMI)/4.0/PAFLOAT(KM(1))

CONTINUE

ACJI=ACJ))#2,0/1000,#CA

CONT INUE

DO 88 1=1,1201

WRITEC61'1) ACD)

STOP

END

COMPUTATION OF NOISE SPEC TRUM
DOUBLE PRECISION DCA,T1,T2,PAI,WPLT1,WPLT2,WMIT1,WMIT2
DIMENSION A(1201),N(1000)

DEFINE FILE 62(1201,4,U,100)

jY=%

I X=5

PAI=3,14159265359

PA=PAL

DO 100 1=1,1000

CALL UNIRNSC(IX,I1Y,RN)
IF(RN.GE,0.5) N(])=1

IF(RN.LT.0.5) N(l)=m=]

CONTINUE

WRITE(8,9000) N

FORMAT (1HO'NOISE CODE'/,20(5012/))
CARRIER AND CA FREQUENCY DEFINITION
F=1.575 € 09

CA=1,0 E 06

DCA=CA

BA=1,25

CNUM=1200,

DEL=CA#2,0/CNUM#BA

NJ=CNUM+1,0

NJJ=CNUM/2,0+1.0

D0 200 J=1,NJ

A(J)=0.0
FSPEC=F=CA#BA+DEL*FLOAT(J=1)
FPL=FSPEC+F

FM]=FSPEC=F

17
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DO 300 1=1,1000
T1=DFLOAT(I=1)/DCA
T2=T1+41,.0D+00/DCA
WPLT1=DBLEKFPL)#T1
WPLT2=DBLE(FPL)#T2
WMIT1=DBLE(FM]) #T1
WM T2=DBLE(FM])#T2
WPLT1=DMOD(WPLT1,1.0D+00)
WPLT2=DMOD (WPLT2,1,00400)
WM T1=DMOD(WM1T1,1,0D0+00)
WMIT2=xDMOD(WM]T2+1,0D0+00)
WPT1luWPLT1*PAl#2,0D+00
WPTZ=WPLT2#PA[%#2,0D+00
WMTL1=WMIT1#PA[#2,00+00
WMT2=WM[ T2#PA[#2,0D+00
AFMI=ABS(FM13 ) 60 TO 400
AFM!.6T,100.
;tj)=A(J)+(TZ-Tl*(SlN(WPTZ)-SIN(WPTl))/?PL/6.28318
1)/2.0#FLOAT(NCID))
60 TO 300

400 A(J)-A(J)*((SIN(WPTZ)-SIN(WPTI))/FPL*(SIN(WMTZ)-

ISIN(WMTl))/FMI)/4-O/PA*FLOAT(N(l))

300 CONTINUE

ACJ)=A(J)#2,0/1000.#CA

200 CONTINUE

LO 88 1=1,1201

88 WRITE(62']) ACD)

100

STOP
END

COMPUTATION OF NOISE MIXING SPEETRUM
COMPUTATION OF THE RECIVED SPECTRUM
COMPUTATION OF THE DEMOD DATA SIGNAL
DIMENSION B8(100Y),FA(1201),L(10),KMC1000),NC(1000),M(130),
1O0THER(1201)

DOUBLE PRECISION DCA,T1,T2,PAl,WPLT1,WPLT2,WMIT1,WMIT2
DATA M/130%' t/,MX/*'X "/,MN/Y '/
KFCI1,AD,AC)=FLOAT (1) #AD/AC+0.991
DEFINE FILE 62(1201.,4,U,100)

DEFINE FILE 61(1201-,4,U,10000)
DEFINE FILE 64(1000,.2,U,100)

1Y=0

[X=10

PAI=3.14159265359

PA=PA]

RA=1,.0

LO 100 I=1,1000

CALL UNIRNS(IX,]Y,RN)

IF(KN,GE.0.5) N(I)=1

IFCRN,LT.0e5) N(l)==1

CONTINUE

bo 20 I=1,10

CALL UNIRNSCIX,1Y,RN)

IF(KN,GE.0.5) L(I)=]

IF(KN,LT.0.,5) L(l)==]
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20 CONTINUE
DO 30 I=1,1201

30 READC(61']1) FACID)
DO 31 I=1,1201
READ(62'1) OTHER(D)
FACI)=FA(])+RA®OTHER(])

31 CONTINUE
CA=1,0E+06
DA=1,0E+04
F=l , 57509
BA=1 25
CNUM=1200,
NJ=CNUM+1,0
NJJ=CNUM/2,0+1,0
DEL=CA®#2,0/CNUM#BA
DCA=CA
BB=0,3#1000000,0
Q=F#(F+BB/2.0)/ (F*BB+BB#%2/4,0)
DO 1000 J=1,NJ
FFuF=CA#BA+DELWFLOAT (JU~1)
Col 0+ (Quu2/Fu¥2/FFaa2a((FFan2=Faul)nn2))
C=SART(C)
C=1.0/C
FACJ)=FA(J) #C

1000 CONTINUE

WRITE(8,888)

888 FORMAT(1H1)
DO 650 [=1,1000
#85(1)=0,0
T1=DFLLOAT(I+~1)/DCA
T2=T71+1,0D+00/DCA
DO 660 J=1,NJ

FSPEC=FmCA#BA+DEL#FLOAT (J=1)
FPL=FSPEC+F
FMI=FSPEC~F
WPLT1=DBLE (FPL)#T1
WPLT2=DBLE (FPL)#T2
WMIT1=0BLE(FMI)#T1
WMIT2=DBLE(FMI)#T2
WPLT1=DMOD (WPLT1+1.0D+00)
WMIT2=DMOD (WMIT2,1.00+00)
WMIT1=DMOD(WMIT1,1.0D+00)
WPLT2=DMOD (WPLT2,1.0D0+00)
WPT1=WPLT1#PAI#2,00+00
WPT2=WPLT2#PA#2,0D+00
WMT1=WMIT1#PA]#2,.0D+00
WMT2=WM]T2#PAI#2,0D+00
AFMI=ABS (FMI)
IF (AFMI ,GT,100.0) GO TO 800
BCI =B CI)+(T2=-T1+(SIN(WPT2) =SIN(WPT1))/FPL/6,28318)/2,0%FA(J)
GO TO 900
BOO BUI)=BCI)+C((SINIWPT2)=SINC(WPT1))/FPL+(SIN(WMT2)=SIN(WMT1))/FMI)
1/4,0/PA*FACJ)
900 CONTINUE
660 CONTINUE
BCII=B(1)#2,0%CA
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650

990

111

112

9000
9001

88

30

555
10

123

CONTINUE

WRITE(8,990) B

FORMAT (1H0»10(10E12.4/))
DEMODULATION OF DATA SIGNAL
LO 111 [=1.1000

IF(B(]) .GE.0,0) KM([)=1
IF(B(])LE.Q.0) KM([)==1
CONTINUE

VO 112 1=1,1000
KMC1)=NCT) *KMCD)
BCL)=NCI)#BCI)

CONTINUE

WRITE(B8,9000) N
WRITE(8,9001) L
WRITE(8,9000) KM

FORMAT (1H0,20(5012/))
FORMAT (1H0,10110)

DO 88 [=1,1000
WRITE(64'1IBCD)

STOP

END

DEFINE FILE 61 1S COIF OF MODSIGNAL SPECTRUM
OEFINE FILE 62 IS COIF OF NOISECODE SPECTRUM
DIMENSION AC1201).,L€10),B(1000)

DOUBLE PRECISION WT1,WT2,W1,FF,Wl,F,W2
LEFINE FILE 64C1000,2,U,100)

DEFINE FILE 63(1201,4,U,1000)

DO 30 [=1,1000

READ (64 [IBC])

CA=1,0E+06

DA=1,0E+04

Wi=0,6283185307D+01

w=w]|

LDL=100.

DEL=DA/DD

LO 10 1=1,1201

AC1)=0,0

F=DEL#DFLOATCI)

DO 555 J=1.1000

WT1=F#DFLOAT(J=1)/CA
WT2=F#DFLOAT(J)/CA
WT1=DMOD(WT1,1.0D0+00)
WT2=DMOD(WT2,1.0D+00)

W1l=WTL#W]

WZ=WT2%W]
ACI)=ACI)+(DSIN(WZ) =DSIN(W1) ) #DBLE(B(J))
CONTINUE

ACI)=AC])#DA/DD/W/F

CONT INUE

DO 123 [=1,1201

WRITEC63*']) ACID)

CONTINUE

STOP

END



134

1000

65

111

200
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DIMENSION A(1201).,LC€10)

DOUBLE PRECISION WT1,WT2,W1,FF,Wl,F,W2
DEFINE FILE 63(1201,4,U,1000)
DA=1,0E+04

wWi=0,6283185307D+01

waw|

DD=100,

F=DA/100.

DEL=DA/DD

DO 134 [=1,1201

READ(63'][) A(D)

READ(7.1) BBB

FORMAT(F10,0)

BB=BBB#DA

U=F#(F+BB/2,0)/ (F*BB+BB##2/4,0)
DO 1000 J=1,1201
FF=F+FLOAT(U=1)#DEL

Cml 0+ (Qnu2/Fan2/FFou2u((FFua2=-Faa2)an2))
CaSQRT(C)

C=1,0/C

ACJ)=A () »C

CONTINUE

00 771 U=1,10

AMP=(,0

DO 65 1=1,1201

FF=DEL®#FLOAT(I)
WT1l=FF#DFLOAT(J=1)/DA
WT1=DMOD(WT1,1,00+00)
WYZsFF#DFLOAT(J) /DA
WT2=DMOD(WT2,1.00+00)

Wl=WTlaw]

W2mWT24W]

AMP=AMP+ (DSIN(W2)=DSINC(W1))#AC])
CONTINUE

AMP=AMP#DA/FF/W/DD
IFC(AMP,GE,0.0E+00) L(J)=]
IF(AMP . T,040E+00) L(J)w=1
CONTINUE

WRITE(8,2) BBB

FORMAT(1H »///,10X,'BBB=',£E15,T)
WRITE(8,200) L
FORMAT(1H0,10110)

STOP

END



