
Chapter 15
Multipath Delay Weaken
in Complex Situation

Xiang Lin, Zhiyun Han, Feng Zhou and Siyuan Guo

Abstract In order to decrease code and carrier phase error influence on distance
measurement efficiently, it is used to applied multipath reduction techniques such
as narrow correlator to eliminate estimation error when signal propagation in
indoor space. However, these techniques depends heavily on the delayed value of
autocorrelation peak. In this paper, an improved Projection Onto Convex
Set algorithm (POCS) is discussed that estimate the effect the elimination of
spurious noise peaks by using adaptive threshold in the Channel Impulse Response
(CIR). Finally, a test was taken for pseudo-range estimation reduction in urban
environment.

Keywords Projection Onto Convex Set algorithm � Adaptive threshold � Channel
Impulse Response

15.1 Introduction

Accurately estimation between the locally PRN codes and the signals arriving
from different satellites is much important for distance computation in global
navigation satellite system. However, various signals superimposed in waveforms
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because of the multipath effect, produce a variety of different code delay and
random phase. Although much relative error of the global navigation satellite
system can be calculated using the differential correction technology, the multipath
phenomenon depends on the local environmental factors, not through the differ-
ential treatment. Therefore multipath effect is a much important element for
pseudo-range calculation error [1].

In this paper, a improved POCS algorithm is introduced which evaluated the
channel impulse using the method of adaptive threshold to remove spurious peaks
in each iteration time. After calculating the channel impulse response, the arrival
time of multipath signal is starting from the first signal passing threshold, when-
ever the signal is blocked, the first road of multipath signal arrived can be used to
calculate the pseudo-range delay. Similarly, the phase shift can be calculated by
correlation phase discrimination function.

15.2 Mathematical Model

The channel impulse response model in a specular multipath situation can be
expressed as [2]

h tð Þ ¼
XN

k¼1

akdðt � tkÞ: ð15:1Þ

where h tð Þ is the function of CIR, N is the number of signal paths, ak ðak\1Þ is the
complex attenuation factor of the k-th path. Because the received signal is the
output of the multipath channel in response to the transmitted signal sðtÞ, it can be
expressed as:

rðtÞ ¼ h tð Þ � sðtÞ þ n tð Þ ¼
XN

k¼1

aksðt � tkÞ þ n tð Þ: ð15:2Þ

rðtÞ is the multipath error affected signal function, n tð Þ is the channel additive
white Gaussian noise and � denotes the convolution operation.

15.3 Error Estimation

Prior to dispreading, received GPS signal power is smaller than the noise. Com-
positing the received baseband signal into Eq. (15.2), the output signal CðsÞ can be
represented as followed (bðsÞ means the channel impulse response):
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CðsÞ ¼ bðsÞ � hðsÞ ¼
XN

k�1

bðs� tkÞhk þ uðsÞ ð15:3Þ

bðsÞ ¼ 1
T

Z

T
sðtÞsðt � sÞdt ð15:4Þ

T means the code period, and uðsÞ means the noise element in the output of the
integration process. Equation (15.3) can be written as:

C ¼ Bhþ u ð15:5Þ

where C ¼ C C1. . .CM½ �T is the vector of samples of the matched filter output and
B is

B ¼

bðs1 � t1Þ � � �

..

. . .
.

b sM � t1ð Þ � � �

2
664

bðs1 � tNÞ

..

.

b sM � tNð Þ

3
775 ð15:6Þ

where h ¼ h1; . . .hN½ � is the true channel vector while t1 means the true path
delays. The vector u contains the samples of the complex noise in harsh
environment.

15.4 Multipath Analyze

The least square method (L) is the most common method of channel vector cal-

culation now, minimizing the square error C � Bhk k2
� �

as

h
^

L ¼ BT B
� ��1

BT C: ð15:7Þ

where the superscript T means a matrix transpose. h
^

min means the minimized

squared error as (r̂
2

denotes the estimated noise variance):

ĥmin ¼ r̂
2
I þ BT B

� ��1
BT C ð15:8Þ

The POCS approach is an iterative constraint-based deconvolution approach
which evaluated the CIR by iterating Eq. (15.8) as [3]

ĥ
ðiÞ

P ¼ ĥ
ði�1Þ

P þ r̂
2

I þ BT B
� ��1

BT C C � Bĥ
ði�1Þ

P

� �
ð15:9Þ

Here, ĥ
ðiÞ
P is the i-th estimated CIR. Equation (15.8) is used for initialization.

The required number of iterations relies on the SNR level. Lower SNRs needs
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larger number of iterations. Therefore, interference components of the signal is the
key to solve the problem. The interference components in each signal can be
applied to the related, POCS while find the relevant factors in each projection.
Supposed Q is a parameter in modeling equation, then the projection onto convex
sets with respect to the formula (15.10) can be expressed as:

ĥP ¼ Q ĥ
� 	

ð15:10Þ

If the interference factor can be effectively suppressed by computing the limited
error variance or narrow value interval, Fig. 15.1 shows a diagram of the receiver
implementing the POCS method. it should be noted that as the sampling rate is
limited, the estimated CIR may not be ideal as Eq. (15.10). In order to perform a
limited bandwidth, the estimated CIR can be expressed as follows [4]:

h
^
ðtÞ ¼

XN

k¼1

a
^ðkÞfs

sinðpðt � tk
^
ÞfsÞ

pðt � tk
^
Þfs

2

4

3

5 ð15:11Þ

ak is the complex attenuation factor of the k-th path. f is the sampling rate.
Figure 15.2 show the magnitude of the estimated CIR in POCS algorithm
respectively.

The LOS code delay can be used as a channel impulse response vector which
reflects the maximum amplitude value. It can be expressed as:

s
^

P ¼ arg max
s

h
^

P











 ð15:12Þ

Here, s
^

P means the amplitude of CIR. When the LOS delay has been deter-
mined, the LOS phase offset is computed from the corresponding complex channel
coefficient by applying a proper phase discriminator.

f ¼
Xk=2

i¼k=2

ĥ
i

P ĥ
i

P

� �k

þ rs
n

x
I

0
@

1
AĥP ð15:13Þ

where ĥ
i
P is ĥP shifted by i steps, K is the number of filter taps and s is a constant

(Fig. 15.3).

15.5 Improved POCS

The Improved POCS algorithms with the conventional differs in the following
aspects:

1. In the novel projection algorithm, author estimate the effect of CIR by adaptive
threshold to eliminate the false peaks of signal. Supposed the threshold was xz:
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z ¼ 1
N

XN

k¼1

h
^

P xð Þ
,

max h
^

P xð Þ
� �

ð15:14Þ

Here, the threshold is set as s ¼ min xzz; 1f g. In all the simulations presented in
this paper, xz was set to 2.5.

2. In preview, estimation accuracy of POCS depend on the rate of signal sam-
pling. However, the rates of signal sampling is limited in experiment. That is to
say, Some real channel impulse signal is not included. In case, the larger value

Fig. 15.1 POCS method computation diagram

15 Multipath Delay Weaken in Complex Situation 163



of both sides’ sampling-single can be indicated the true channel component.
Figure 15.4 depicts such a method.

In order to increase the accuracy of the new algorithms, we do the linear
combination of sample signal and LOS:

If raeðmi � 1Þj j[ raeðmi þ 1Þj j
e ¼ ðmi � 1Þ þ raeðmiÞj j

raeðmi�1Þj jþ raeðmiÞj j samp� signal
ð15:15Þ

If raeðmi � 1Þj j\ raeðmi þ 1Þj j
e ¼ ðmiÞ þ raeðmiÞj j

raeðmi�1Þj jþ raeðmiÞj j samp� signal
ð15:16Þ

Fig. 15.2 Estimated CIR
magnitude in multipath
environment

Fig. 15.3 Accuracy of TOA
estimation variation tendency
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Here, rae the channel impulse response average random time; mi show the
corresponds indicator with code signal.

15.6 Simulation Result

In this paper, author verify the performance of algorithms using the GSS7700
simulator for several simulations. The RF signal from simulator via Low-noise
Amplifier to Signal acquisition unit that sampling signal in 25 MHZ. The esti-
mated channel impulse response for the GSS7700 hardware simulator is depicted
in Fig. 15.4. In this figure, the path attenuation factors can be optional selected
from a range of 0–6 dB. It can be known that the estimated channel parameters by
the improved POCS is consistent with the reality.

Fig. 15.4 Hardware
simulator data CIR estimated
diagram

Fig. 15.5 Code phase
estimation errors in different
algorithms
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In Figs. 15.5 and 15.6, properties of some different estimation is showed in the
4-path channel allocation. The correlators space 0.07 chip triangle each other.

It is observed from these figures that at low values of C/N0 (\20 dB), the
improved POCS algorithm perform much better than the conventional POCS
estimator. In the case of this simulation, the maximum magnitude of the auto-
correlation function was close to the true LOS.

15.7 Conclusions

In this paper, author introduce a improved POCS algorithm for code and carrier
phase delay estimation. It can be known apparently that the improved POCS
algorithm outperforms the conventional POCS at low SNR from the figure. The
simulation results illustrate that compared to the conventional error-eliminate
techniques, the improved POCS algorithm can decreases the error in the position-
fixed obviously also.
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Fig. 15.6 Carrier phase
estimation errors in different
algorithms
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