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Abstract 1 Introduction

In the past, the implementation of a complete GPny GPS receiver that deals with the Standard Rasity
receiver was divided into two parts. The 'first P&t service (SPS) transmitted on the L1 carrier of
implemented on ASIC or FPGA. This part includes the| 57542GHz using the Coarse Acquisition (C/A) chee
acquisition and tracking phases, where the algostif  foyr phases to extract the position and time frdra t
the both are written by the HDL programming lang¥iag received signal. These phases are: the front-eel, t

The second part is the navigation solution part fka acquisition phase, the tracking phase, and thegativh
implemented on DSP by writing its algorithm by CAC+  gqjution (calculations) phase.

FORTRAN, or assembly. This means that we have &b de ) ) ] ]
with three environments to implement a complete GP&reviously, and disregarding the front-end, to enpént
receiver. The three environments are the Simulatiorsuch receiver according to the SDR technology,sit i
FPGA, and DSP environments. Moreover, using a texiequired to deal with three environments; A simofat
programming languages in writing such long andenvironment such as MATLAB or .S|mul|nk to .S|mulate
complicated algorithms makes the process exhauatide and verify each phase, FPGA environment to implemen
difficult to debug, modify, and learn. This article and verify both the acquisition and tracking phabgs
introduces the simulation and implementation of ariting the algorithm in the HDL language, and afDS
complete GPS receiver on a DSP through a graphic&nvironment to implement and verify the navigation
programming language, which is SIMULINK. This makesSolution (calculations) phase by writing its algom in
every part in the receiver architecture very chaat easier C/C++ programming language. This process, for sisre,
to understand, follow, modify and debug. This can b exhaustive and takes a long time. In this article w
considered a Step added on the route of an Opmsouintroduce the simulation and implementation of thié
GPS receiver. Using the same environment in both thPhases of a GPS receiver that deals with the SR&ese
simulation and implementation stages makes théwrough Simulink, which is a graphical programming
designer's mind dedicated most of the time in depielg  language. Utilizing the same environment in the
and enhancing the algorithm through rapid protatgpi sir_nulation_and implementation stages makes tha_gdesi
and experimentation and less time on the coding. Ifind dedicated most of the time in developing and
general, this article can be considered as intiogua €nhancing the algorithm and less time on the coding

new look for designing, simulating, and implemegtthe
most complicated parts of a typical GPS receivémgia
graphical programming language, which is SIMULINK.

In fact, this article is a continuation to the effothat have
been exerted by Kai Borre, Dennis Akos, and otliers
facilitate the simulation of the GPS receiver. Thefforts

) o fruited a book called “A Software-Defined GPS and
Keywords: GPS receiver, MATLAB, SDR, Simulink, GALILEO Receiver: A Single-Frequency Approach” in
System design, RTW, and RTDX. which they introduced the simulation of a compleitegle
frequency GPS receiver using the C/A code on the L1
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carrier utilizing MATLAB as the coding and simulati
environment. They introduced the receiver’s aldwnitin

FPGA. Because as the sampling frequency incre&ses t
number of samples to be processed increases. Stavee

39 m-files. The GPS signal that they used in vargjthe to either make another front-end that belongs ¢daiv-1F
algorithm was a real signal received by an ASICelbas type or change these parameters as a step prithweto
front-end fabricated especially for Borre—Akos book acquisition phase. We chose the second solution.

In this article the Borre-Akos algorithm was porttal
Simulink for the purpose of both the simulation and
implementation on the C6713 DSP starter kit through
Simulink. We added some modifications, which wié b
stated in the following sections, to make the Sinul
models implementable on a DSP.

The implementation process is done through utijzine
Real Time Workshop (RTW) and the Target Support
Package (TC6) softwares introduced by Matlab. Each
phase was built as a separate Simulink model arifiece
on the Code Composer Studio (CCS3.3) C6713 Devicq
Functional Simulator from Texas Instruments. The
tracking phase was emulated on the C6713DSP skitter
All the simulated and verified phases are combiimed
single Simulink model to represent a complete GPS
receiver, which is ready to be downloaded on a DgP
just one click. The GPS signal that was used iifyirg

XTALT

XTAL2

Fig. 1: The functional block diagram of the SE4110
ASIC-based front-end

Changing the IF to a value equals to double theecod

our Simulink models was the same real signal thas w fréauency, which amounts to 1.023MHz, and it iseloy
used in verifying the Borre-Akos algorithm. Thigysal ~ Multiplying the input signal by a frequency valuguel to
was accompanying the Borre-Akos book on a DVD. wdhe difference between the original IF and doubkdode
used the CCS Functional simulator instead of th#367 frequency (i.e., 9.548MHz 2*1.023MHz).  After
DSP starter kit for the acquisition and the navigat acquisition, the detected carrier frequencies fiervisible
solution phases because the generated C-code fragatellites are referenced again to the origindbyFadding
Simulink requires a RAM size more than the 16MBtthato them the same difference.

was available on the DSP Kkit.

In the acquisition phase we are using the paraitele
phase search acquisition, which will be describedhie
next section, by performing Circular Correlatiomatingh
Fourier Transform. The data size selected for aitim

The real GPS signal that was used in verifying ioga WaS 1 ms (equivalent to one complete C/A code)s Thi
Borre-Akos algorithm and our Simulink models wasMeans that the number of samples per C/A code to be
received by the SE4110 ASIC-based front-end. Th@rocessed equals tgéms. So if the sampling frequency

functional block diagram of this front-end is shoimrFig. ~ had the lowest possible radix-2 value, (i.e., Fs#2is a
1. positive integer), the acquisition time will be deased

and the processor requirements will be relaxed.

2 The Front-End

The received GPS signal has the following pararseter 1,4 resampling process was executed by an unoydinar

manner. The number of samples in a complete C/A cod
which will be processed in acquisition and equals t
38192 samples, was first interpolated to be 65536ptes
and then each 8 or 16 consecutive samples weracezpl
with their mean. By this way we obtain a sampling
frequency of 8.192MHz, which means 8192 samples per
C/A code, or 4.096MHz, which means 4096 samples per
C/A code, respectively. The detected code phagseafo
isible satellite, after resampling by such a maroa be

Sampling frequency (Fs): 38.192MHz,
Intermediate Frequency (IF): 9.548MHz, and
Eight-bit samples.

These parameters are acceptable in the Simulataye s
and will not cause major problems. Because theveanel
resources required for the simulation will be withgn
from the computer (PC). When we intended to impletme
the simulated models we had to make another look t

these parameters specially the sampling frequesising referenced again tq th_e original number of samp@s
a high sampling rate has a direct impact on inéngas C/A code by multiplying the detected one by either

both the processing time and the number of operatio (38192/8192) or (38192/4096) then rounding theltesu

required by the processor platform whether it waPmpr ~ the nearest integer. Fig. 2 and Fig. 3 show theqe® of
stepping down both the IF and Fs.
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We have to notice here that resampling by a fraetio locally generated carrier frequencies cover a range
parameter using the “Resample” function in MATLAB determined according to the satellites rotatiomeiy and

gave worse simulation results as well as causellgms

during implementation.
[ NewFs_and IF_5192/Subsystem EE&

Fle Edt View Simuation Format Tools Help

DFEE sdB@B &+ [0 » inf Mamal BB REE®

I
Incoming GPS signal |

D
Fs=8192
IF=2*Fcode

cos{[0:38191]/7502000°2° pi*(1/38192000)
phasePoints

Fig. 2: Changing the IF to be double the code feegy and stepping
down Fs to be 8.192MHz

the receiver velocity. The minimum frequency ranigat
corresponds to a fixed GPS receiver equals to 15K
The maximum range occurs for a receiver that hesra
high velocity and this range equals to IF+10KHz. In
general, we use a 500Hz frequency bin. The numtidseo
locally generated PRN codes is 32, which correspdod
the number of all the working satellites in the cpa
segment. We have a correlation peak if and onlyoth

the generated carrier frequency and the phase @f th
generated PRN are perfect replicas for those of the

received signal. The search through all the possibl
frequency bins is parallelized with the code phsearch
such that the total number of searches per sateltials
the number of frequency bins. The number of freqyen
bins in our case was 29 frequency bins for £7 Kelreh
band. The parallel code phase search technique was
implemented in Simulink two times, as shown in FEgto
eliminate the effect of the data bit transition. time
Resampling here implies that we resample only th&jmulink model of acquisition the 29 frequency bare
incoming GPS signal but both the locally generate&earched at the same time where the incoming sigfiat
demodulating frequency and dispreading PRN codes aresampling, is multiplied by a matrix containing tie
sampled according to the new parameters from #. st possible IF frequencies. This means that the tutaiber

In other words, changing the IF and Fs in such veay of searches for the 32 satellites is 32. We ran the
equivalent to processing a signal received fromverlF  acquisition algorithm of Borre-Akos that was winittas
front-end that has the new Fs and IF. This mettood im-code for Fs=38.192MHz and IF=9.548MHz. Also we
superior to the Averaging Correlator method becatise ran our Simulink model of acquisition two times.eTtirst
decreases the simulation time significantly andsdde time for Fs=8.192MHz and IF=2.046MHz and the second
|mp|y Samp”ng and resamp”ng both the |oca”y gatm time for Fs=4.096MHz and IF=2.046MHz. In the

modulating frequency and dispreading codes. following segtion we will compare the acquisition
performance in the three cases.

[ NewFs_and_IF_4096/Subsystem
Fle Edt View Smustion Fomet Took Heb

Ded& Bl e 42 » i Normal - B BhE REE®

Fig. 3: Changing the IF to be double the code feagy and stepping
down Fs to be 4.096MHz

Now we have two trials for making successful acitjois
after reducing IF and Fs. The first trial uses fibleowing
parameters:

Fs=8.192 MHz,

IF=2*Code Frequency,

No. of samples per C/A code=8192, and

No. of samples per chip=8.

The second trial uses the following parameters:

Fs=4.096 MHz,

IF=2*Code Frequency, vt

No. of samples per C/A code=4096, and

No. of samples per chip=4

Simulation stage

Acquisition results are represented by four outpths
detected PRNSs, the Signal to Noise Ratio (S/N),cthde
phase of the PRN, and the carrier frequency (lF)tlie
visible satellites. The S/N represents the ratiovben the
highest correlation peak to the next peak.

Fourier
transform

Local
oscillator

3 Acquisition

The main purpose of acquisition is to determine the
frequency, as a rough estimation, and the codeepbfs
the PRN for each visible satellite. Acquisition was
implemented by the parallel code phase search iggodin
that is shown in Fig.4. In this technique we ciesly
correlate (in the frequency domain) the incomingSGP
signal with both a number of the locally generatadier
frequencies and PRN codes of different code phades.

Fig. 4: The parallel code phase search algorithm
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GPS signal Max. % error 0% 0.12% 0.25%
in Code phase
Max. % error 0% 7.3% 5.3%
”‘““““‘“"‘“" in Detected IF
Data type used Double Single Single
Simulation M-files SIMULINK SIMULINK
o] environment
Acquisition 183 sec < 24 sec <17 sec
demodulation carrier tlme

Fig. 5: The implementation of the parallel codeggha
search algorithm to avoid data bit transition

Table 1 shows a comparison between the acquisition
results obtained from the Borre-Akos algorithm @mose
obtained from our Simulink model after modifyingetks

and IF. This comparison is made according to: & th
number of detected PRNs in each trial; 2- the marim

oyiginal Result- trial Result .
orgnairesut  70) in the detected

S/N, code phase, and IF for each trial. Our refezas the
results obtained from Borre-Akos algorithm; 3- tiata
type wused in the processing; 4- the simulation
environment; 5- the acquisition time for each tri&g. 6a,
6b, and 6¢ show the acquisition plot using theinaband
modified IF and Fs.

percentage error:

From Fig. 6 and Table 1 it is clear that the petzga
error in the results obtained at Fs=8.192MHz are
negligibly small and we can say that we obtainedrlye
typical results as those of Borre-Akos but with muc
reduced acquisition time.

Although the maximum error in the S/N for the PRNs
detected at Fs=4.096MHz exceeded 50%, the errtrein
detected code phase of the visible satellites g small.
This is because the code phase step in the pacaltid
phase search acquisition technique is one sampies. T
means that we can detect the code phase with ahginy
accuracy. In spite of missing three PRNs we coutjlae
more than four satellites with accurate code phese
carrier frequency. This means that a lower Fs @aoded
for stronger GPS signal reception.

Implementation stage

It was difficult to make the implementation stagdettze

original sampling frequency due to the huge numtfer
samples per C/A code to be processed. So, the
implementation was executed for the model that work
according to the modified IF and Fs.

Table 1: Comparison between the acquisition resiitained
before and after modifythg IF and Fs

I 1ot accuired sighals
| Acquired signals

5 10 0

15
PRN Na

Fig. 6a: Acquisition plot at IF= 9.548MHz and Fs=B®MHz

15
PRN Na

Fig. 6b: Acquisition plot at IF= 2.046MHz and Fst&MHz
15
[ acquired PRNs
I 10t =cquired PRNs

5

10 16

PRN Na

Fig. 6¢: Acquisition plot at IF= 2.046MHz and FS8946MHz

0 2% 30

The simulated Simulink model isn't necessarily Hzene

model that can use the Real Time Workshop (RTW)

technology that automatically generates a C/C++¥c&ou
code from it because:

1- Not all the Simulink blocks used in building the
model are permitted to use the RTW. These blocks

can be known by reviewing the help of each block.

Borre-Akos 1% trial 2" trial
IF=9.548MHz IF= IF=2.046MH
Fs=38.192MHz | 2.046MHz z
(Reference Fs=8.192M |Fs=4.096MH
Hz z
Detected PRNs 8 8 5
Max. % error 0% 14.5% 50.4%
in SIN

In this case we have to rebuild the functions doye
such block by using another blocks that have a
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permission to use the RTW. in GPS receivers are the Costas Phase Lock Loop)(PL
R . and the Delay Lock Loop (DLL). Fig. 7a, and 7b shbwe
2 -Srrn?LTian?Og; ;afog?]',r:aggnur?;e?sl?;gg tl)n mgblock diagram of both Costas PLL and the DLL. Ubual
RTW. The problem here is that when we tr toyBuiIdthe two loops are combined in one loop to incretase
: P y control on the generated carrier frequency andctide

(use the RTW and TC6) the model gives e|th§r hase and to reduce the number of multipliers. Thips
pseudo errors or no errors and stop Building. Thé)

combination can be identified by partitioning the h reducing the tracking time.
model into small sections. If the first section
succeeded in using the RTW then we add to it th
next section and try to use the RTW and so omvéll

fail after adding certain section. At this momer¢ w
have to write the function of that section as M-&od s
using the Embedded MATLAB Function block.

The two bottlenecks in the acquisition model thatrev
modified to enable it to use the RTW successfuléyav a
combination of two Selector blocks used at the frjpu
make acquisition for two consecutive C/A codes and
combination of blocks used in searching for the_. )
correlation peak, frequency bin, and code phase.thlo ~ Simulation stage
combinations are reconstructed by writing theirctions

as m-code using the Embedded MATLAB Function. A complete tracking channel was built in Simulink
according to the functional block diagram of thentined

Inserting m-code in the Simulink model makes itnsdoin  Costas PLL and DLL that is shown in Fig.8. Fig.hows
the simulation stage, but enables it to use the @6 the Simulink model of a complete tracking chanmgiich
integrates Simulink with Texas Instruments Exp@S$  corresponds to the functional block diagram showFig.
Development tools. 8. Now, to demonstrate how using a graphical

. . programming language in simulation makes the sitadla
To v_er_lf_y that the ge_nerated C-code from the S'"_k"' system very clear we will describe each block ig. Bi.
acquisition model gives the same results as in the

simulation stage, Real Time Data Exchange (RTDX)
blocks are inserted at the model's outputs before
generating the C code to enable it from transfgrtime
results from the C6000 target to the PC. We founad &ll

the DSP results are the same as the simulatedtgesul
shown in Fig.6.

Q

Fig. 7a: Costas phase locked loop

The implementation of the acquisition phase is dbpe
using the C6713 Device Functional Simulator existed
the Code Composer Studio (CCS 3.3) because the RAM
size required by the generated code exceeded thiB 16
that was available on the C6713 starter kit.

Fig. 7b: Delay Lock Loop has 6 correlators

4 Tracking The Carrier Loop Discriminator block was built as a
arctan discriminator according to the following atjan:

The main purpose of tracking is to refine the asitjon Q

results, track any changes that occur to thesdtsesith f =tan'}(—)

time, and demodulate and dispread the incomingasign I

obtain the 50 bits/s navigation data. The data #ia¢ is f .

being processed in each tracking cycle is a coml#a where ’ is the phase error. | and Q are the in-phase and

code plus or minus the delay or lag that is beigudated ~ quadrature signals of Costas loop. The implemeartadf

during tracking. Tracking starts if the number oiet this discriminator is shown in Fig. 10.

detected PRN codes at the acquisition phage The Carrier Loop Filter was implemented as a second

In general, tracking is implemented as a carriacking order_filter in the garrier tracking loop that hdse
loop that works in consistency with a code trackiogp. ~ following parameters:
The carrier and code tracking loops that are useglly . Damping Ratio () =0.7,

80
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Noise Bandwidth (Bn) =25Hz, late codes respectively.c@nd Q are the outputs of the

Natural frequency (W = 8 B,/ (4 2+1), guadrature early and late codes respectively. E#.

Loop gain (K) = 0.25, and shows the implementation of that discriminator in
’ Simulink.

Filter coefficients (1, » ), where ;=K/(w,)*> and
=2 W, The Code Loop Filter is the same as the Carrier Loop
Filter except that the noise bandwidth (Bn) wastako
Fig. 11 shows the implementation of this filter inpe 2Hz and the loop gain (K) was 1. The Integraté a
Simulink. Dump operation shown in Fig.8 is implemented as a

The NCO Carrier Generator block, which represents theUmming block that sums all the samples valuesGpér

numerically controlled oscillator, is implementeah i ©CYe-
Simulink as a center frequency, which was deteirteéte
acquisition phase, its value is decreased or isecka
according to the filtered output of the discrimomat
Sampling the locally generated carrier frequencies
according to the original Fs, which amounts to 319z,

was implemented in Simulink as shown in Fig. 12.

The PRN Code Generator block generates three code
replicas that have a spacing of £ chip. The tlvede
replicas are correlated with the incoming signal.
According to the correlation result we decide tg lar

lead the P-code to follow the changes on the pbasdee
received code. The PRN Code Generator block was
implemented as a look up table that retain all32¢°RNs
without sampling. According to the detected PRN from
acquisition and the anticipated number of sampdesJsA
code that is detected from the previous trackingesywe

sample this PRN. Fig. 13 shows the implementatioh®f  1q real GPS signal that was used in verifyingraadels
PRN code generator in Simulink. was saved in a binary file. The IncomingSignal kltitat

The Code Loop Discriminator was implemented as 4 shown in Fig. 9 is responsible for feeding tracking
normalized noncoherent discriminator according he t channel with the C/A codes. The number of sampuidset

Fig. 8: A combined carrier and code tracking loop
(complete trackingaohel)

following equation: fed each cycle from the file is calculated from the
2 2 2. previous cycle and we start by 38192 samples. Rgadi
codeError= UE+FQE) - (1L +Qp) data from that file was implemented by using thedle
(1E+QE)+(12+QD) M-file S-Function block as shown in Fig. 15.

where E and | are the in-phase outputs of the early and
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Fig. 9: The implementation of a complete tracking harmmnel in Simulink

Fig. 10: The implementation of the carrier loop
discriminator&imulink

Fig. 12: Sampling the NCO output

Fig. 11: The implementation of the carrier loopefilin Simulink

Fig. 13: The implementation of the PRN code gemeiiatSimulink
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data size to be processed in each cycle was
modified. The Level-2 M-file S-Function block
that is shown in Fig. 13 and the Level-2 M-file
S-Function block that feeds the first one by the
File Identifier (fid) were reconstructed as a C-
file S-function. Because the “fopen”, “fseek”,
“fread”, and “ftell” m-functions are not
permitted to use the RTW software.

2- The two multipliers that are used in wiping off
the carrier in the | and Q branches are replaced
by an Embedded MATLAB Function that do the

Fig. 14: The implementation of the code loop disénator in Simulink same job.

The tracking phase isn't heavy as the acquisitibasp,
which is the heaviest and most time consuming piase
the GPS receiver. Tracking needed only less thakiB.

of SDRAM. So, it could be implemented on the
C6713DSP starter kit that has a maximum SDRAM size
of 16MB.

The verification of the tracking algorithm that ran the
DSP starter kit was done through transferring gsilts
through the RTDX channels from the target RAM to
Fig. 15: Feeding the tracking channel with the €8les in Simulink MATLAB. The results received from the DSP kit were
the same as those obtained in simulation.

Tracking is done according to the original frondenain

parameters, which are IF=9.548MHz and

Fs=38.192MHz. Making tracking according to thes Navigation solution
modified IF and Fs will imply either resampling tbata

file that contains the incoming navigation mesdagf@re |n this phase the 50 Hz navigation bits are decoded
starting tracking or resampling it step by stepimfyr according to ICD-GPS-200 (1991) to obtain the
tracking. In either of the two cases this will repent a pseudorange, the receiver position, and the receloek
time overhead added to the tracking given that tmffset. The navigation solution phase is simulated
complete the tracking of only one page from theaccording to the block diagram shown in Fig. 17.

navigation message we need to process more thm?’GoThe first step in the navigation solution phas¢his Bit

CIA codes. Synchronization. In this step we find the time vehéit
Fig. 16a, 16b, and 16¢ show a part of the navigadimta ~transitions occur and then each 20ms are replageal
extracted from the tracking model for PRN number ingle value that represent a navigation data Tie

after making acquisition using the original and ified ~ S€cond step is determining the beginning of each
parameters. subframe that is consisting of an 8-bit long prekenamd

that is performed by correlating the tracking otitpith a
The data inversion for the same PRN that is show#ign |ocally generated preamble.

16c returns to the ability of the carrier trackitapp

. . : The third step is to determine the transmissior tihthe
(C‘?S“’?S Ioop) to track ,the signal with ia&_iljase Sh'ft.' first detected subframe by the aid of decoded TO&kw
This inversion doesn’'t affect the position solution

o . ... . The TOW corresponds to the transmission time of the
because the navigation solution phase can disshgui . S .
between the data and its inverted version next subframe. To obtain the transmission time hef t

' first subframe we multiply the TOW by 6 and subtrés
from the result. All the navigation bits are reatyw to
be decoded. The ephemeris parameters are decoded
To transform the Simulink model to a DSP according to Table 2 and Table 3. Pseudorange

implementable model that can use the RTW and TC6 tficulations are accomplished on two steps: tis¢ $iep
target a DSP we modified the following parts: is to find initial pseudoranges. The second stdp iseep
track of the initially calculated pseudoranges. Tiigal

feeding the tracking algorithm with the required (X Y 2) and the receiver clock offset (dt). The kea

Implementation stage
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Squares method is usually used in calculatingébeiver

position for 4 visible satellites.

84

Correlation result

Fig. 16a: Part of the navigation data bits for PRIX8acted after
making acquisition by IF=9.548MHz and Fs=38.192MHz

Fig. 16b: Part of the navigation data bits for PRM8acted after
making acquisition by IF=2.046MHz and Fs=8.192MHz

Correlation result

Fig. 16c¢: Part of the navigation data bits for PR&acted after
making acquisition by IF=2.046MHz and Fs=4.096MHz

Table 2: The ephemeris parameters

Journal of Global Positioning Systems

Simulation stage

Although the navigation solution phase is the kgt
phase in the GPS receiver; it is the most comp@itat
phase. Building this phase using Simulink makes the
compound and complicated calculations very cleat an
easy to follow. The Find Preamble and Pseudorange
algorithms were built in Simulink as shown in Fit8

and Fig.19 respectively. Fig. 20 shows the results
obtained for the receiver position and receivercklo
offset.

Table 3: The decoding scheme for the ephemerisneeas

Fig. 17: Navigation solution block diagram

Fig. 18: The algorithm for finding the preambleSimulink
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Functional Simulator or any DSP kit that support
Simulink and has enough RAM size.

Fig. 19: The pseudorange calculations for onelgatel Simulink
Implementation stage

The navigation solution model could use the RTW and
TC6 easily. But due to the large amount of the tragk
results to be fed to the navigation solution aldpon, we Fig. 20: The results obtained from the Navigatiotugon model
couldn’t run it on the C6713DSP starter kit anddated

its performance on the kit by using the C6713 Devic

Functional Simulator. The same results that arainetl 7 Summary and Conclusion

from the Simulink model are obtained, through the

RTDX channels, from the target Functional Simulatorin this article we introduced the simulation and
We have to mention that the error in the navigationmplementation of a complete GPS receiver on a DSP
solution (with respect to that obtained from BoAlees  through a graphical programming language, which is
algorithm) after making acquisition according to Simulink. Also we introduced the idea of modifyibgth

Fs=8.192MHz and IF=2.046MHz was as follows: the IF and Fs in the Simulink GPS receiver and the

- The error in the x direction was less than 7.Z3e- corresponding results can be easily analyzed. Using

- The error in the y direction was less than 2.13e- graphical environment in both the simulation and

- The error in the z direction was less than 2.53e- implementation stages makes the designer mind

- The error in the receiver clock error (dt) wassléhan dedicated most of the time in developing and enimanc
1.34e-12. the algorithm and less time on the coding. Moreover

using a graphical programming language makes the
algorithm very clear and can be easily modified and
debugged. In general, the simulation and implentiemta

of a complete GPS receiver through a graphical

- The error in the x direction was less than 1.83e- environment represent a new approach for the SDR
- The error in the y direction was less than 2.68e- technology.

- The error in the z direction was less than 4.0Ge-
- The error in the receiver clock error (dt) wassl¢han
4.12e-05.

The error in the navigation solution after making
acquisition  according  to Fs=4.096MHz  and
IF=2.046MHz was as follows:
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