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1

Abstract
Accurate tracking of the GPS signal in a base band correlator is critical for the positioning accuracy. However, the performance
of the received signal is degraded by the presence of a multipath signal. This paper proposes the tracking of the GPS signal
in the presence of the multipath using a RAKE receiver with multiple fingers. Each finger in the RAKE receiver is modelled
to track the direct and respective multipath signals using the Least Mean Square (LMS) algorithm. The LMS algorithm
provides an estimate of the multipath signal, and the RAKE combiner suitably combines the navigation data from the individual finger with the estimated multipath value and provides the final navigation data. A discussion on the use of the LMS
for the carrier and code tracking is also presented.
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1. Introduction
Multipath in a GPS receiver is the result of reflections or
diffractions of the satellite signals from objects such as
ground, water surfaces, vehicles, hills, trees and nearby
buildings. The reflected signal takes more time to reach
the receiver than that of the direct signal (line-of-sight
signal). The GPS receiver cannot distinguish between
the direct and the reflected signals. Hence, the receiver’s tracking loops can align the locally generated code
and carrier to the composite signal of the direct and the
reflected signals instead of the direct signal alone causing the multipath error1. The multipath signals which
are coming far behind can easily be eliminated using
the auto correlation and cross correlation properties of
the GPS signal. However, the multipath signal following
the direct signal at close proximity are serious in nature,
as they cannot be completely eliminated by the correlation properties and some suitable form of multipath
*Author for correspondence

mitigation has to implemented in the receiver. When the
multipath signal arrives with one chip gap, the correlation
function of the signal can differentiate it from the direct
signal. When the multipath delay is different from the
correlator design value (early - late spacing value) then
some form of mitigating the multipath is needed for the
proper tracking of the GPS signal. In GPS applications,
the desired signal is only the direct path signal; all other
signals distort the C/A code and L2C code modulations
and carrier phase observations of the desired signal2.
The reflected signals shift the correlation peak and corrupt the theoretically symmetric receiver correlation
envelope3. These phenomena cause the ranging measurements error in both the stationary and mobile GPS
receivers. The multipath performance is affected by the
strength, delay and phase of the reflected signals. Since,
the characteristics of the direct and reflected paths are
not known, it makes the modelling of the multipath
error more difficult. The multipath error is difficult to
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remove4, since the pseudo range measurement is derived
from the code tracking DLL and pseudo range errors
due to multipath are nonlinear functions of multipath
amplitude delay, phase and phase error. Further the multipath is not spatially correlated and the multipath error
is not zero-mean.
The multipath tracking error can be reduced by the
following methods5:
1. Minimising the multipath power by selecting the
optimum radiation pattern of the receiving antenna.
2. Changing the polarisation and location for the receiver
antenna.
3. Optimise the estimation techniques of the receiver
with respect to the multipath fading channel.
Specular multipath arise due to smooth surface like
standing water and are discrete in nature and the diffuse
multipath arise due to scatterers that are diffuse in nature
and form source of diffraction6. To get accurate positioning results, it is necessary to minimise the magnitude
of multipath disturbances that are available in the GPS
observations. The LMS algorithm7 is a popular algorithm
for estimation of multipath in such a scenario.
One of the methods to mitigate the multipath effects
in GPS receivers is the use of the RAKE receivers. RAKE
receiver employs some form of estimation algorithms to
estimate the presence of the signal. RAKE receiver has
two or more number of fingers depending on the number of multipath signals that are expected for estimation
in the specific application. In each of the fingers of the
RAKE receiver, the estimation algorithm is designed to
estimate presence of the respective multipath. Hence,
the RAKE receivers designed with multiple fingers are
capable of mitigating the multipath effects. The RAKE
receiver in spread spectrum applications is nothing but
a bank of correlators. Each correlator has two inputs,
which are the received GPS input signal and the spreading sequence with the required offset. In each of the
correlators, the multipath can be estimated using the
LMS algorithm. The use of RAKE structure for the frequency tracking using FLL (Frequency Locked Loop)
is discussed in8. The multipath mitigation using adaptive filters for a static receiver like a reference receiver
of a DGPS (Differential GPS) is presented in9,10 proposes a multipath mitigation technique for tracking
GPS signal in a typical indoor application based on
Deconvolution.
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2. GPS Multipath and its
Mitigation
2.1 Multipath
The input signal at the receiver in a multipath scenario
can be represented as sum of the direct and reflected
signals:
s(t ) = sd (t ) + sm (t ) 

(1)

The direct signal can be represented as
sd (t ) = Ac(t )sin w0t 

(2)

where A is the amplitude, c(t) is the modulated code, t is
the time delay and ω0 is the frequency of the direct (line
of sight) GPS signal.
The multipath can be represented as added signal of
all the reflected signals (1 to L)
sm (t ) =

L

∑ ∝ Ac(t − t )sin(w t + q ) 
l =1

l

l

0

l

(3)

The same can be modified and represented as a
consolidated multipath signal
sm (t ) = ∝m Ac(t − dm )sin(w0t + qm ) 

(4)

The received GPS signal at the receiver can be
represented as the direct and the multipath signals:
s(t ) = sd (t ) + sm (t ) 

(5)

s(t ) =Ac(t )sin w0t + ∝m Ac(t − dm )sin(w0t + qm ) + n(t )  (6)

where
∝m A, c(t − dm ) and qm - Amplitude, delay and phase
of the multipath signal
n(t)–zero-mean Gaussian noise 8b
The conventional methods do not provide the flexibility for implementation in SDR platform and mitigation
solution for dynamically updating the model. Hence, for
modelling the multipath, LMS algorithm is adopted here.
The LMS algorithm can provide the update of the error
signal which can be used for dynamic updates.

2.2 Multipath Adaptation using LMS
Algorithm
The LMS algorithm7 can be effectively utilized for the
adaptation of the tracking loop in the multipath environment. The LMS algorithm is capable of modeling the
presence of the multipath signal and provides the estimates
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that can be used by the multipath mitigating algorithm.
The inputs and outputs of the LMS algorithm for adapting
to the various situations are summarised below:
Input :

Tap-weight vector, W(n)
Input vector, x(n)
Desired output, d(n)

Output:

Filter output, y(n)
Tap-weight vector update, W(n +1)
The LMS filter output with N taps can be represented as
N −1

y(n) =

∑ w (n)x(n − i) 
i=0

and the number of fingers depends on the number of the
multipath signals expected due to reflection. All the fingers in the receiver get the reference input signal for the
proper tracking output estimation with the finite delay as
per the expected delay in the multipath signal.
The outputs from various fingers can be combined
using multiple algorithms to obtain improved results.
From the Figure 1, the RAKE receiver for GNSS applications is essentially a bank of correlators. Each correlator
has two input signals the received signal and a spreading
sequence with offset. Mathematically, the correlator can
be expressed as

(7)

i

Equation (7) can be modified to represent as
T

y(n) = W (n)x(n) 

(8)

The error estimation is given by

The error estimation is given by

e(n) = d(n) − y(n) 

(9)

The adapted tap weights’ update is given by

The adapted tap weights’ update is given by

W(n + 1) = W (n) + 2 me(n)x(n) 

(10)

y(nTs ) =

∫

nTs

(n − 1)Ts

r (t )c(t − ti )dt 

(11)

where Ts is the symbol duration, r(t) is the received signal,
c(t) is the spreading sequence and ti is the channel propagation delay. In a multipath channel, received signal r(t) is
a combination of multiple replicas of the transmitted signal whereas each has propagated through different path
(9)to arrive the receiver’s antenna. Each path introduces its
own path loss (gain) and delay. The received signal can be
written as
(10)

2.3 RAKE Receiver for Multipath
Mitigation

L −1

r (t ) =

∑ ∝ (t )x(t − t ) + n(t) 
l =0

l

l

(12)

2.3 RAKE Receiver for Multipath Mitigation

where L is the number of paths, ∝l(t) is the lth path gain, tl
A simplified block diagram of the RAKE receiver with
A simplified block diagram of the RAKE receiver with elements to detect the Lis the delay and n(t) is the channel background noise.
elements to detect the L strongest multipath components
strongest multipath components is shown in Figure 1. The input signal R(t) is multiplied by
Ideally the system will be using L correlators to process
is shown in Figure 1. The input signal R(t) is multiplied
the sine and cosine components of the local oscillator to get the I (
) and Q (
)the received signal to fully exploit the multipath gain. This
by the sine and cosine components of the local oscillator
components to process as a Costas PLL loop. The I and Q components are filtered using abank of correlators is otherwise called as L-finger RAKE
to get the I(XI(t)) and Q(XQ(t)) components to process as
low pass filter and fed to the RAKE fingers for further processing. Each of the RAKE fingersreceiver whose output can be written as
a Costas PLL loop. The I and Q components are filtered
represented
diagram
a correlator
the the
conventional
applications.
L =1
using ina the
low
passis filter
andused
fedin to
RAKEtracking
fingers
for The
RAKE
fingers
are
used
to
detect
the
multipath
components
in
the
received
signal
and
the
z (nTs ) =
g l yl (nTs ) 
(13)
further processing. Each of the RAKE fingers represented
number
of fingers
depends is
on athecorrelator
number of theused
multipath
expected due to reflection.
l =0
in the
diagram
insignals
the conventional
All tracking
the fingers inapplications.
the receiver get the
reference
input fingers
signal for the
tracking
The
RAKE
areproper
used
to output
^
The delay estimates t˘i of the RAKE receiver should be
estimation
the multipath
finite delay as per
the expected delay
the received
multipath signal.
detectwiththe
components
in inthe
signal
as close to the path delays tl as possible. Autocorrelation
of the spreading sequence is practically zero if the offset
Y
LPF

parameter is larger than one chip duration, which means
X
X (t) 

that if any channel delay estimate is equal or larger than
L parallel
cos(2p f (t))
l
one chip duration, the associated correlator output conRAKE
Y
LO
Y
R(t)
∑
tains only noise. Each correlator output is weighed by
fingers
k =1 
ʌ/2
coefficient gl. these weighted outputs are summed together
(Correlators)
Y
by the combining process. There are basically two choices
X (t)
sin(2p f (t))

for the coefficients: equal gain combining (all gl equal to
LPF
X
.
1) and maximum ratio combining (gl equal to complex
Figure 1. Basic RAKE
receiver.
Figure 1. Basic RAKE receiver.

∑
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k
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The outputs from various fingers can be combined using multiple algorithms to obtain
improved results. From the Figure 1, the RAKE receiver for GNSS applications is essentially
158 Vol 7 (S7) | November 2014 | www.indjst.org
a bank of correlators. Each correlator has two input signals the received signal and a
spreading sequence with offset. Mathematically, the correlator can be expressed as
5
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conjugate of ∝l). The lth finger discrete-time correlator can
be expressed as
N −1

y[n] =

∑ r[n − (N − m )]c[n − N ] 

(14)

l

l =0

where N is the spreading ratio, ml an integer that has
discreteised lth path delay (assuming path delays are multiple integer of chip duration).
The basic configuration of the kth (k = 1, 2 ... L) finger
for detecting the kth delayed version of the transmitted
signal is given in Figure 2.
The remaining fingers configuration looks the same as
given Figure 2, except that the appropriate time delay is
given for the PRN code.

The first method of combining the finger outputs is equal
gain combining. Here the gains of all the finger paths are
set to 1. Irrespective of the dominance of the reflection
parameter level in the finger, the gain is uniformly set to
all the fingers and their estimates.
m(t ) = m1 (t ) + m2 (t ) +  + mL (t ) 

(15)

where
m1 (t ), m2 (t ),  mL (t ) - Navigation message from
fingers 1, 2 ... L
The next method is the maximum ratio combining.
Here the weight age is assigned to the individual fingers
path as per the dominance of the reflection parameter
in the overall signal. The gain in the individual path of
the finger is set to be in accordance with the complex
conjugate of the amplitude of the reflected signal for the
The basic configuration of the
(k=1, 2...L) finger for detecting the
corresponding finger.

version of the transmitted signal is given in Figure 2.
Searching
c (t – tk) 
and tracking I
loop control

XI(t) 

1
T

∫

T

0

dt


XQ(t)

where
m1 (t ), m2 (t ),  mL (t ) - Navigation message from
fingers 1, 2 ... L
w1 , w2 ,  w L - Weights from the fingers 1, 2 ... L
The value of the weights from the fingers depends on
the presence of the multipath components available in the
input signal. This means that some form compensation
has been done for the received signals depending on the
level of multipath and the time delay of the reflected signal with respect to the direct signal. The final data m(t)
will be multipath mitigated message, which is free from
the influence of multipath signals.

Zk 

ak 

3.1 LMS Implementation
The LMS algorithm is used initially to analyse the
performance of the code tracking loop and the carrier
- Weights from the fingers 1, 2 ... L
tracking loop separately before using into the combined
tracking
After
thefingers
observations
the perforThe valuefunction.
of the weights
from the
depends on theofpresence
of the multipath
mance of the individual code and carrier tracking loops,
components available in the input signal. This means that some form compensation has been
to the LMS algorithm, the full tracking architecture with
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for LMS
the received
signals depending
the level of multipath
the perfortime delay of the
the
algorithm
will beon developed.
Firstandthe
mance
study
carried
forsignal.
the code
tracking
The
reflected
signal
with isrespect
to theout
direct
The final
data loop.
will be
multipath
implementation architecture of the LMS algorithm for
mitigated message, which is free from the influence of multipath signals.
code loop tracking is represented in Figure 3.
The code
correction analysis for multipath mitigation
3. Simulation
and Results
is implemented using Matlab. The PRN code was gen3.1 LMS Implementation
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function. After the observations of the performance of the individual codealso
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fed to the LMS algorithm as the desired signal d(n). The
tracking loops, to the LMS algorithm, the full tracking architecture with the LMS algorithm
LMS adapted error signal e(n) which provides an estimate
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out forsignal
the codefrom
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loop. The
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Figure 3.
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d(n)



X

Searching
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c (t – tk) 
loop control Q

1
T

∫

T

0

(16)

3. Simulation and Results

2.4 RAKE Finger Combiner

X

m(t ) = m1 (t )w1 + m2 (t )w2 +  + mL (t )w L 

dt
PRN
code

Multipath
Channel

x(n)
PRN code with
multi-path signal

LMS algorithm

Code discriminator
Early late prompt Code
generator

e(n)
Discriminator
Discriminator
output e0(n)

output

+
e0(n) *e(n)

Figure 2. Finger configuration of RAKE receiver.
Figure 2. Finger configuration of RAKE receiver.

Figure 3. Architecture of code tracking with LMS
Figure 3. Architecture of code tracking with LMS
The remaining fingers configuration looks the same as given Figure 2, except that the
The code correction analysis forIndian
multipath
mitigation
is implemented
using Matlab.
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2.4 RAKE Finger Combiner

The PRN code was generated and fed to the multipath channel. The multipath affected signal
from the channel is fed to the LMS algorithm as the input signal x(n) and also fed to the code

trackingthe
loop. A sample of the generated PRN code is also fed to the LMS algorithm as the
The first method of combining the finger outputs is equal gain combining. Here
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The plots representing various stages of the code
In the LMS algorithm, the user has control over two
t racking loop that is capable of multipath adaptation using
variables, the filter order (M) and the step size μ. The step
the LMS algorithm are given in Figure 4. Various plots
size is determined as the trade-off between the time to
that are shown in Figure 4 are: 1) the PRN code as the
converge and the range of allowable error value of the
desired signal, 2) the multipath signal, 3) the PRN code
LMS filter. The filter order is determined by how quickly
with the multipath signal, 4) the LMS output and 5) the
the weights need to converge to the zero. To investigate
LMS error signal. From the Figure 4, it is observed that the
the performance of the LMS filter in the multipath enviLMS algorithm is capable of following the variations in the
ronment, the simulation of the GPS signal was carried
multipath input signal by comparing the desired signal.
with a sample size of 50000 samples. Here, the filter order
This indicates that the multipath variation in the code can
is selected at an optimum value of 7 (M = 7). The step size
be modeled by the use of LMS algorithm. A threshold can
is selected based on the performance of the LMS filter in
be
set
to
limit
the
LMS
output
amplitude,
as
the
timing
of
The plots representing various stages of the code tracking loop that is capable ofcapturing the variation in the input signal with respect to
the
crossover of the signal which determines the pseudo
the desired input signal. The LMS filter performance with
multipath adaptation using the LMS algorithm are given in Figure 4. Various plots that are
range calculation is more important than the amplitude.
M = 7 and μ = 0.004 is shown in Figure 6 and Figure 7
shown in Figure 4 are: 1) the PRN code as the desired signal, 2) the multipath signal, 3) the
The carrier tracking architecture of the LMS adaptaPRN code with the multipath signal, 4) the LMS output and 5) the LMS error signal. From
tion is given in Figure 5. The input signal to the LMS is the
the Figure
it is observed
that the that
LMS is
algorithm
is capable
following theand
variations inA
GPS4, base
band signal
affected
by theofmultipath
A
M
the multipath
signal
by comparing
the desiredsignal
signal. is
This
indicates
thatgenthe multipath
M
noise input
in the
channel.
The desired
the
locally
P
P
erated
base
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with
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prompt Acode
added
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in the GPS
code can
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of LMS
threshold
can be set toL
L
I
toLMS
the output
carrier.
The output
from
thecrossover
LMS filter
thewhich
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amplitude,
as the timing
of the
of the is
signal
I
T
gation
data
error
signal
and
the
weights
of
the
filter.
T
the pseudo range calculation is more important than the amplitude.
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Figure 6. LMS plot for the first 500 samples M=7, ȝ=0.004.
μ = 0.004.
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The carrier tracking architecture of the LMS adaptation is given in Figure 5. The inputD
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the range of allowable error value of the LMS filter. The filter order is determined by how
quickly the weights need to converge to the zero. To investigate the performance of the LMS
filter in the multipath environment, the simulation of the GPS signal was carried with a
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respectively. Figure 6 shows the performance for the first
From the Figure 6 to Figure 9, it observed that as
500 samples and Figure 7 shows for the last 500 samples
expected during the discussion on the effect of μ, the error
respectively. Various plots that are shown in Figure 6 and
is less when the lower value of μ (0.0005) is used and LMS
7 are: 1) the multipath affected input signal having the
output is closer to the desired signal and it takes longer for
carrier and code, 2) the PRN prompt code, 3) the locally
the LMS output to settle. The error amplitude of the LMS
generated carrier and code signal as desired signal, 4) the
filter is observed to be less both in the beginning and at the
LMS output and 5) the LMS error signal.
end of the samples when μ value is 0.0005. From the LMS
On analyzing the plots LMS output and the LMS error
output of the two plots, it is observed that the capability of
in Figure 6, it is observed that the LMS error signal settles
the LMS filter in following the desired signal is better in
within an amplitude of 1 after processing nearly 100 samthe case where the μ value is 0.0005. This indicates that the
ples, consequently the LMS output is capable of following
LMS is able to estimate the presence of multipath when
the desired signal after the 100 samples. Similarly, the
the step size is smaller and is capable of modeling the mulLMS output and LMS error plot of Figure 7, indicates few
tipath. The convergence of the weights and the error signal
On analyzing the plots LMS output and the LMS error in Figure 6, it is observed that
ripples in the error signal reaching an amplitude closer
are shown in Figure 10 and Figure 11 respectively.
the LMS
signal settles
within
an amplitude in
of 1the
afterLMS
processing
nearlyTo100 samples,
to 1,error
leading
to the
fluctuations
output.
consequently
the LMS
is capable
of following theindesired
signal after the 100 samples.
investigate
theoutput
possible
improvement
the performance
of the
filter and
with
low
value
ofFigure
μ, the7,same
simulation
Similarly,
theLMS
LMS output
LMS
error
plot of
indicates
few ripples in the error
A
exercise was carried out with μ = 0.0005 and the perforsignal reaching an amplitude closer to 1, leading to the fluctuations in the LMS output. MTo
mance plots are given in Figure 8 for the first 500 samples
investigate
the possible
improvement
in thesamples.
performance
of thethe
LMS
filtererror
with low valueP of
and Figure
9 for
the last 500
From
LMS
L
ȝ, theand
sameLMS
simulation
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out 8,
withitȝcould
= 0.0005
the performance plots
output
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Figure
beand
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I
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error
amplitude
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within
1,
after
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400
are given in Figure 8 for the first 500 samples and Figure 9 for the last 500 samples. From Tthe
U
samples. The LMS error and output plots of Figure 9 shows
LMS error and LMS output plots of Figure 8, it could be visualized that the error amplitude
D
that the error amplitude is restricted within an amplitude
E
settlesofwithin
after nearly 400 samples.
The LMS error in
and the
outputamplitude
plots of Figure 9 shows
0.2,1,consequently
the fluctuations
that the
is restricted
an amplitude of reduced.
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of error
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is significantly
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in the future
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amplitude
of theofLMS
outputisplot
is significantly
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this paper utilizing the improvement in the LMS output
0.0005 is used in the future analysis of this paper utilizing the improvement in the LMS
plot fluctuations, even though, this takes slightly longer
Figure 9.
LMS
plot
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Figure
9. LMS
plotfor
for the
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outputtime
plot fluctuations,
even
though,
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slightly
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time
to
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as
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due
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to settle as expected due to the reduction in the step
to thesize
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in the step size value.
value.
From the Figure 6 to Figure 9, it observed that as expected during the discussion on
the effect of ȝ, the error is less when the lower value of ȝ (0.0005) is used and LMS output is
closer to the desired signal and it takes longer for the LMS output to settle. The error

A
M

amplitude of the LMS filter is observed to be less both in the beginning and at the end of the

P

samples when ȝ value is 0.0005. From the LMS output of the two plots, it is observed that the

L

A of the LMS filter in following the desired signal is better in the case where the ȝ
capability

I

value is 0.0005. This indicates that the LMS is able to estimate the presence of multipath

M
P

T

when the step size is smaller and is capable of modeling the multipath. The convergence of
L

U
D

the weights
and the error signal are shown in Figure 10 and Figure 11 respectively.
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Figure
8. LMS
plotfor
for the
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Figure 8.
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Figure 10. Weights plot of the LMS M = 7, μ = 0.0005.
Figure 10. Weights plot of the LMS M=7, ȝ=0.0005.
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From Figure 10 and Figure 11, it is observed that the
weights in the taps of the LMS and LMS error signal are
converging to zero, indicating that the LMS algorithm
with the selected filter order and μ value can be used in
the estimation of the multipath.

the desired signals to the LMS filter. This local signal in the
individual finger has the base band RF with the required
PRN code (prompt code of the carrier tracking loop). The
LMS performs the adapting function and provides the
error signal, which contains the estimate information of
the level of multipath suffered by the input signal. The lowA
M 3.2 RAKE Receiver Implementation
est value of the error signal indicates that the severity of
P
multipath is less. The error signal from the LMS algorithm
L The architecture for implementing the RAKE receiver for
is fed to the carrier discriminator function in the trackI
tracking the GPS signal with the multipath mitigation
ing loop for error correction. The navigation data from
T
capability is shown in Figure 12. The tracking loop archiU
the tracking loop of the corresponding finger is fed to the
tecture represented in Figure 12 has three fingers for the
D
RAKE finger combiner. The operation in the remaining
E estimation and mitigation of the multipath. As discussed
finger remains the same except that the local signal fed to
earlier, the number of fingers is decided by the number of
the LMS algorithm as the desired signal has different delay
multipath signals to be estimated in the algorithm.
to estimate the multipath. The local signal is time shifted
In the RAKE fingers the GPS base band signal which
in the respective finger to the required sample time durais fed to the tracking loop for the tracking the GPS signal
tion up to which the multipath signal are expected. In the
is also fed as the input signal for the LMS algorithm. The
Figure 10. Weights plot of the LMS M=7, ȝ=0.0005.
present implementation the local signal in the subsequent
local signals generated from the tracking loop are fed as
fingers (2 and 3) are shifted by one and two additional
sample duration respectively to estimate the multipath.
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is affected due to multipath signal is used to verify the performance. The signal was u
the dataset mentioned above is presented in Figure 13.
by a conventional tracking algorithm to identify the performance of the conventional track
From the Figure 13, it can be observed that the peak
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for Figure 13, it can be observed that the peak of the amplitude is vary
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 ultipath influence the tracking with the conventional
m
tracking will be further worse. Sometimes the multipath
signal influence will be so severe that the zero crossing
of the data will be degraded leading to the pseudo range
errors.
The same data set used by RAKE receiver using the
LMS for mitigating the multipath signals. The outputs at
various stages of the tracking loop with the RAKE receiver
configuration is given in Figure 14 and Figure 15. Figure
14 shows the tracking output of the first and second fingers in the RAKE receiver. The difference in amplitude
in the two figures indicates that the mode l in the individual fingers of the RAKE receiver is responding to the
multipath estimate of the respective fingers.
Figure 15 shows the RAKE combiner output of the
receiver that combines the outputs from the individual
fingers. Since, the equal gain combiner in used in this
implementation, the RAKE combiner output is the resultant addition of the output from the individual fingers.
From the Figure 13 and Figure 15, it can be observed that
the RAKE receiver configuration could adapt to multipath
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In this paper,
the multipathduring
mitigationthe
technique
by using
the RAKE
receiver concept
was investigated and implemented for tracking the GPS signal. The RAKE receiver uses the
LMS algorithm for the estimation of the multipath in the individual fingers. The results

4. Conclusion

obtained through the implementation of the same using Matlab shows the capability of the
RAKE receiver with two fingers in mitigating multipath signals. More fingers can be added

Multipath effects play a major role in the tracking of GPS
signals. The multipath signals result in reduction in the
during the analysis and investigation of the LMS algorithm implementation proves the
amplitude of the detected navigation data from the GPS
suitability of the LMS algorithm in the estimation of the multipath effects. The selection of
tracking loop. In some cases the timing of the detected
the step size and the filter order in the LMS algorithm is critical in the estimation capability
signal is severely degraded which result in errors in the
Figure 14. Tracking plot from finger No 1 and 2 of the RAKE receiver.
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 calculation of the pseudo ranges. This problem is more
Figure Figure
14. 14.Tracking
plot from finger No 1 and 2 of the
Tracking plot from finger No 1 and 2 of the RAKE receiver.
pronounced in the urban environment as the high rise
RAKE receiver.
buildings can cause the reflection of the signal close to
the receiver leading to the multipath signals adding to the
direct signal.
The mitigation of multipath signal is essential for the
proper tracking of the GPS signal. In this paper, the multipath mitigation technique by using the RAKE receiver
concept was investigated and implemented for tracking
the GPS signal. The RAKE receiver uses the LMS algorithm for the estimation of the multipath in the individual
fingers. The results obtained through the implementation of the same using Matlab shows the capability of the
RAKE receiver with two fingers in mitigating multipath
signals. More fingers can be added to the RAKE receiver,
Figure 15. Tracking plot of the RAKE combiner.
Figure 15. Tracking plot of the RAKE combiner.
if the number of reflected signals is higher. The results

to the RAKE receiver, if the number of reflected signals is higher. The results presented

Figure 15. Tracking plot of the RAKE combiner.

Figure 15 shows the RAKE combiner output of the receiver that combines the outputs
the individual
fingers. Since,
the equaloutput
gain combiner
used in thisthat
implementation,
Figure from
15 shows
the RAKE
combiner
of theinreceiver
combines the outputs
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the RAKEfingers.
combiner Since,
output is the
the output from
the individual
from the individual
theresultant
equaladdition
gain of
combiner
in used
in thisfingers.
implementation,
From the Figure 13 and Figure 15, it can be observed that the RAKE receiver configuration

the RAKE combiner output is the resultant addition of the output from the individual fingers.
could adapt to multipath and sufficient level of multipath mitigation is provided by the

From the Figure 13 and Figure 15, it can be observed that the RAKE receiver configuration
implemented architecture. The LMS error estimate a measure of the multipath estimation of

Indian Journal of Science and Technology

163

Enhancing GPS Receiver Tracking Loop Performance in Multipath Environment using an Adaptive Filter Algorithm

presented during the analysis and investigation of the
LMS algorithm implementation proves the suitability of
the LMS algorithm in the estimation of the multipath
effects. The selection of the step size and the filter order in
the LMS algorithm is critical in the estimation capability
of the LMS algorithm. In this paper the step size of 0.005
(= 0.005) and filter order 7 (M = 7)was selected based on
analysis and iterative methods to have optimum settling
time, peak error value and the capability to track continuously by the LMS algorithm. Here the low value of step size
selected for reducing the LMS error rather even though it
increases the settling time in the beginning. Similarly, the
selection of the number of fingers for the RAKE receiver
is also important in managing the multipath mitigation.
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