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ABSTRACT                                                               
The position solutions provided by the Global Navigation 

Satellite Systems (GNSS) for the possible Geodetic-grade 

applications can sometimes be severely corrupted by 

multipath. Thus it becomes necessary to estimate and/or 

mitigate the possible causes of the multipath. However less 

attention has been given to the detection of multipath. The 

multipath detection method proposed in this paper, targeted at 

multiple antenna GNSS receivers, is based on the relation 

between the arithmetic and the geometric means of the 

covariance matrix eigenvalues. This relation is used to build a 

metric, whose theoretical distribution is known in the absence 

of multipath. Comparison between the empirical and 

theoretical distributions is done by the Kolmogorov-Smirnov 

test, which is the basis of the proposed algorithm. It operates 

directly on the digitized signal, in parallel to tracking loops, 

and has no need of inferring the number of multipath 

components or computing their delays. The resulting detector 

is CFAR (i.e., Constant False Alarm Rate), meaning that it 

allows to set detection thresholds independently of the 

incoming noise power by adjusting the false alarm 

probability. 
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1. INTRODUCTION 
The performance of the Global Navigation Satellite Systems 

(GNSS) is known to be severely corrupted in multipath 

scenarios, providing a biased position solution which could 

jeopardize the possible geodetic-grade applications. Indeed, 

multipath estimation and/or mitigation have attracted the 

attention of many researchers in the recent years. But, less 

attention has been given to the detection of multipath. The 

problem of multipath mitigation has been extensively 

researched in both single and multiple antenna configurations. 

In the case of single-antenna receivers several DLL-based 

methods have been proposed, such as the Narrow 

Correlator[1]; the Pulse Aperture Correlator (PAC) [2]; Strobe 

Correlator[3]; the Double Delta Correlator[4] and its 

variants[5] [6], and the Multipath Elimination Technology[7]. 

More sophisticated techniques include the Multipath 

Estimating Delay Lock Loop (MEDLL)[8] ,the Multipath 

Mitigation Technique (MMT)[9] also the use of particle 

filtering for multipath mitigation[10]. However, multipath 

Mitigation in single-antenna receivers has inherent drawbacks 

 

such as the difficulty to resolve close reflectionsMeaning, 

acknowledging that a given scenario is corrupted by multiple 

propagation paths[11], and thus using adequate techniques to 

combat its effect[12],[13]. Specifically, the detector resorts to 

the estimated noise covariance matrix to calculate a statistic 

that measures the dispersion of its eigen values. The 

theoretical distribution of such statistic is known. This 

theoretical distribution is used by the proposed method to 

perform a Kolmogorov-Smirnov one sample test to assess 

departures from the theoretical distribution, with the resulting 

detector being the Constant False Alarm Rate. This allows the 

threshold value of the detector to be changed continuously 

until desired value is obtained.                                             

This provided an estimation regarding its behavior under 

synchronization errors. A statistical-based test for close 

multipath detection using antenna-array based GNSS 

receivers is proposed. The atmospheric-dependant sources 
(i.e., delays that depend on the ionosphere and troposphere 

conditions) can to a great extent be mitigated by differential 

systems external to the receiver’s operation. However the 

multipath effect that is location-dependant remains as the 

most important cause of accuracy degradation in time-delay 

estimation, and consequently in position estimation, thus 

becoming a signal processing challenge. 

For multiple-antenna receivers, spatial diversity has been 

evaluated as an effective tool in the design of adaptive 

multipath mitigation techniques for GNSS receivers [14],[15] 

[16]. The application of such methods in scenarios where 

multipath is actually not present implies a waste of 

computational load, and thus power consumption, at no 

benefit. Thus, there is a need of multipath detectors operating 

as close as possible to the antennas, that is, just at the output 

of the ADC converters. 

In this paper, we present methods of detecting cycle slips and 

multipath in GNSS (global navigation satellite system) for 

RTK-PPP (real time kinematic - precise point 

positioning)[17]. After detecting the received signals with 

cycle slips and multipath from the GNSS satellites, we 

remove these measurement data of psuedoranges and L1 and 

L2 carrier phases, for maintaining the accuracy of GNSS 

RTK-PPP. We have already developed PPP algorithms based 

on GR (GNSS Regression) models. Our derived RTK precise 

point positioning algorithm achieved the positioning accuracy 

in decimeter level. The algorithm does not require the real-

time transmitted information such as from WAAS etc [18]- 

[22]. Therefore our derived PPP algorithm may be easily 

implemented without any external online received data.  

2. PROPOSED METHODOLOGY 
The proposed method operates at the output of the correlators, 

It operates in parallel to the tracking loops[23],[24].  

According to the detector results, the GNSS receiver can 
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adapt its correlation strategies. This is possible since the 

Software Defined Radio[25]-[27] approach allows the 

coexistence of different algorithms for synchronization that 

can be stored in memory and applied as required. In this work, 

we considered coherent multipath as the worst case for 

multipath detection/estimation. 

The idea of using the estimated spatial covariance matrix to 

construct a metric was introduced. The same idea was 

proposed in some previous works [28], and applied to the 

covariance matrix of a temporally averaged block of data, 

which implies the use of much larger matrices [29]. In this 

paper, we provide a more comprehensive statistical analysis. 

The remainder of the paper presents the signal model at the 

bourns of the antenna elements and discusses the relation 

between the Maximum Likelihood Estimator (MLE) of 

synchronization parameters and the estimated covariance 

matrix. 

INPUT :- We use two types of GNSS signals, one GPS signal, 

one  carrier frequency and BPSK modulation technique. 

OUTPUT:- In the output we get a graph of probability of 

multipath detection versus relative delay separation. 

2.1 Project Methodology 
The proposed statistical metric was tested in realistic 

scenarios by computer simulation, considering two types of 

GNSS signals. On one hand, we considered the civilian GPS 

navigation signal, referred to as L1 C/A code and transmitted 

at a carrier frequency of 1540⋅   MHz, where    = 1.023 

MHz,    = 1/  , and is BPSK-modulated. On the other hand, 

we considered a BOC (1,1) modulated signal, which is 

compatible to the E1 band Galileo signal. The modulation 

technique used is BPSK modulation. After BPSK modulation 

we transmit this signal with carrier frequency. The GNSS 

signal model is quite liberal. Thus it can encompass for 

instance, both GPS [30], [31] and Galileo [32] signal 

structures. 

The detector’s significance level was set to 0.05 and 0.001, 

allowing thus 5% and 0.1% Type I errors, respectively. It 

operated with   = 1 sample to construct the EDF, thus making 

it suitable in applications where multipath appears and 

disappears quickly. 

The receiver consisted of a half-wavelength 8-element circular 

antenna array, with a pre-correlation bandwidth of 4 MHz and 

a sampling frequency of    = 10 MHz. 

2.2 Synchronisation of GNSS signals using 

antenna arrays. 
A GNSS antenna receives measurements which are 

considered to be a superposition of plane waves corrupted by 

noise and, possibly, interferences and multipath. An antenna 

receives   scaled, time-delayed, and Doppler-shifted signals 

with known waveform structure. These signals correspond to 

the LOSSs of   visible satellites. The received complex 

baseband signal is shown below:- 

Y (t)                         
 

    

where s(t) is the transmitted complex baseband low-rate 

navigation signal spread by the pseudorandom code of the  -th 

satellite, considered known. Signal parameters are a(t), its 

complex amplitude; (T), the time-delay; and   ( ), the 

Doppler deviation. Finally, V(t) is a zero-mean, temporally 

white, additive Gaussian process that gathers thermal noise 

and all other non-modeled terms. In the sequel, we focus on a 

single satellite’s signal, thus neglecting the contribution of the 

rest of satellites. This assumption we made is realistic, 

considering that GNSS systems use pseudorandom noise 

(PRN) codes with a high processing gain and relatively small 

cross-correlation among satellite codes. Therefore, the 

influence of other satellites can be considered as Gaussian 

noise and included in the thermal noise term.[33]-[37] The 

receiver architecture proposed in this paper is as shown 

below. (Fig 1). In this paper, we operate at the output of a 

bank of correlators. After integration-and-dump, the receiver 

operates with a set of accumulated signals. The accumulation 

interval   typically set to the duration of the code period. 

These correlators are matched to the satellite of interest 

through the known spreading sequence. We consider K 

correlator outputs per arm. This is referred to as multi-

corrrelator architecture. 

In compact form, the K snapshot signal model can be 

represented as :- 

X = a g(θ, φ) d(τ, fd) + N 

Where d(τ, fd) is known as the basis function matrix and N is 

the matrix containing all undesired contributions of X. The 

above signal model is referred to as the structured signal 

model as it imposes a structure on the signal due to steering 

vector form. The unstructured signal model approach 

considers that spatial signatures and complex amplitudes can 

be rearranged into an equivalent channel vector h which is 

assumed arbitrary and unknown. 

X = hd (τ , fd) + N 

Where h takes into account the possible modeling errors, the 

structure of which being arbitrary. The unstructured signal 

model is more preferable than the structured signal model 

because in many GNSS applications it becomes reasonable to 

consider the direction of the impinging signals as a priory 

known. However this knowledge implies somewhat complex 

DOA estimation algorithm must be used and that a nearly 

perfect calibration is required [38]. The latter represents a 

technological challenge and many of errors can jeopardize the 

operation of the algorithm possible sources. The above 

calibrations are gathered in h which is treated as a channel 

vector and it is estimated accordingly. This is possible 

because DOAs and amplitudes do not force h to have a certain 

structure. However the drawback is its inability to estimate 

carrier phases since the spatial reference is lost in the case of 

unstructured model 
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Fig  1 :- Reciever implementation considered in this paper. 

Here we consider Multiple antenna receiver, consisting of N 

Radiating elements (1…N) as shown in the above figure. Each 

of the antenna element receives a replica of the complex 

baseband signal. However, the phase of each signal will be 

different depending on the array geometry and the Direction 

Of Arrival (DOA) of the signal [39] – [42]. 

Thus focusing on a single satellite, we get the following signal  

y(t) = g(θ(t),Ǿ(t)) a(t)s(t-T); fd(t)) + V(t) 

Where y(t) is observed signal vector g(θ(t),Ǿ(t)) is known as 

the steering vector [43], and θ(t),Ǿ(t) are the time varying 

azimuth and elevation of the desired signal respectively. 

Lastly, v(t) are samples of process V(t). 

2.3 Maximum likelihood synchronization 

and the covariance matrix 
Parameter estimation has been thoroughly covered in 

literature [48], [49]. The Maximum Likelihood (ML) principle 

presents an optimal paradigm to obtain a parameter estimator 

that asymptotically  

The algorithm operates as follows 

First the statistic is initialized to zero, since L>1, the 

algorithm needs previous values of the statistic which are not 

yet available. Then each time, a record of K samples is 

provided by Xk, the covariance matrix is computed and so are 

its eigen values, thus obtaining the instantaneous value Sk.The 

KS test is used to assess whether the sample Sk-L+1:K  

follows the X2(N2 – 1) distribution or not. 

ALGORITHM 1: STATISTICAL 

MULTIPATH DETECTOR 

The Maximum Likelihood Principle (MLE) atains its lower 

variance bound, i.e., the Cramér-Rao Bound CRB), as the 

number of samples goes to infinity. The ML solution is based 

on the maximization of the distribution of measurements 

conditional on the value of the parameter.  as an 

implementation of the estimator based on the Accelerated 

Random Search (ARS) algorithm proposed in[44], [45] [46]. 

The ARS algorithm is an stochastic optimization method that 

finds global optimum of non-convex functions ensuring 

.convergence. In this work, we use the classical Kolmogorov-

smirnov non  parametric test [48]-[50] which is based on the 

maximum likelihood difference between the EDF and the 

CDF of the reference distribution. The one sample KS statistic 

is 

DL  (FL(S),F(S)) = sup  FL(S) - F(S) 

Where FL(S) is the empirical estimate of  F(S) computed from 

the sa S1:L = { S1…….SL} under the null hypothesis. 

To sum up, the proposed algorithm is sketched in algorithm 1. 

The algorithm requires the setting of the threshold value, 

which is tabulated as a function of the desiered significance 

value or miss probability. Typical α values range from 0.1 to 

0.001. L must be chosen in accordance to the statistics of the 

multipath detection. Our metric can operate from L = 1. 

   Require dα , L , N. 

1. K  = 1 to ∞ do 

2. Initialize S1 – L:0 = 0 

3. For Store k samples in Xk 

4. Estimate Wk 

5. Estimate Sk from Wk 

6. Compose FL(S) from Sk-L+1:K   

7. Compute statistic DL 
8. if √LDL > = dα then, 

9. Reject the null hypothesis FL(S) ≠ F(S) 

10. Implies multipath corrupted scenario. 

11. Else if √LDL <  dα then, 

12. Accept the null hypothesis FL(S) = F(S) 

13. Implies multipath free scenario 

14. end if 

15. end for 

 

2.4 Statistical multipath detector algorithm 

based on Rxx 

 
        Require dα , L , N. 

1. Initialize S1 – L:0 = 0 

2. For K  = 1 to ∞ do 

3. Compute Rxx using Rxx = 1/K(XXH) 

4. Evaluate SK = 2L (Nd =1) 

5. Compose FL(S) from Sk-L+1:K  

6. Compute DL (FL(S),F(S)) where F(s) is the 

reference CDF corresponding to a X2((N-1)2-1) 

distribution. 
7. i√LDL > = dα then f, 

8. Reject the null hypothesis FL(S) ≠ F(S) 

Implies multipath corrupted scenario. 

end for 
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3. RESULTS 

 

 

Fig 2. Result of the acquisition of the covariance matrix 

estimate is shown in first three graphs and the modulus of the 

covariance matrix estimate is shown in the last graph. 

 

 

              Fig 5. Acquisition of GPS and BOC Signal 

 

 

 

               Fig 3. Distribution of the multipath replica 

 

 

                    Fig  4. Antenna array output. 

 

 

 

 

                  Fig  6. Multipath corrupted Scenario 
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The proposed algorithm can be used to design a device that 

could adapt its correlation stratergies according to the results 

of the scenario sensing. The software defined radio approach 

allows the co existence of different algorithms for the 

synchronization that can be stored in the memory and applied 

as required. The formulation of this new detector is generic 

and thus it can be used as a metric to assess the existence of 

the LOSS echoes in the scenario. 

The use of correlator comes at no additional cost to the 

receiver. The computational cost is more in the first 

algorithm. Thus this algorithm is only recommended in high 

precision GNSS receivers, being highly dependent on these 

errors. 

For the other applications, we have found out that the other 

algorithm proposed does not require synchronization, can be 

used.  

4. REFERNCES 
[1]  J. V. Dierendonck, P. Fenton, and T. Ford, “Theory and 

performanceof narrow correlator spacing in a GPS 

receiver," Navigation: J. Institute Navigation, vol. 39, no. 

3, pp. 265-283, Fall 1992.  

[2] J J. Jones, P. Fenton, and B. Smith, “Theory and 

performance of the pulse aperture correlator." Available 

online,http://webone.novatel.ca/assets/Documents/Papers

/PA  C.pdf. Retrieved: Nov. 2, 2010.  

[3] L. Garin and J. M. Rousseau, “Enhanced strobe correlator 

multipath mitigation for carrier code," in Proc. ION Int. 

Technical Meeting, vol. 1, Sep. 1997, pp. 559-56  

[4]  G. McGraw and M. Braash, “GNSS multipath mitigation 

using gated and high resolution correlator concepts," in 

Proc. ION Int. Technical Meeting, 1999, pp. 333 

[5]J V. Dierendonck and M. S. Braasch, “Evaluation of GNSS 

receiver correlation processing techniques for multipath 

and noise mitigation," in Proc. ION Nat. Technical 

Meeting, Santa Monica, CA, Jan. 1997.  

[6]  P. Fenton and J. Jones, “The theory and performance of 

NovAtel Inc.’s Vision Correlator," in Proc. ION Int. 

Technical Meeting, Palm Springs, CA, Sep. 2005.  

[7]  B. Townsend and P. Fenton, “A practical approach to the 

reduction of pseudorange multipath errors in a L1 GPS 

receiver," in Proc. ION Int. Technical Meeting, Salt Lake 

City, UT, Sep. 1994, pp. 143-148. 

[8] R. D. J. Van Nee, J. Siereveld, P. C. Fenton, and B. R. 

Townsend, “The multipath estimating delay lock loop: 

approaching theoretical accuracy limits," Position 

Location Navigation Symp., pp. 246-251, Apr. 1994 

[9] L. R. Weill, “Multipath mitigation using modernized GPS 

signals: how good can it get?" in Proc. ION Int. 

Technical Meeting, Portland, OR, Sep. 2002, pp. 24-27. 

 [10] P. Closas, C. Fernández-Prades, and J. A. Fernández-

Rubio, “A Bayesian approach to multipath mitigation in 

GNSS receivers," IEEE J. Sel. Topics Signal Process., 

vol. 3, no. 4, pp. 695-706, Aug. 2009. 

[10] P. Closas, C. Fernández-Prades, and J. A. Fernández-

Rubio, “A Bayesian approach to multipath mitigation in 

GNSS receivers," IEEE J. Sel. Topics Signal Process., 

vol. 3, no. 4, pp. 695-706, Aug. 2009. 

[12] G. Seco-Granados, “Antenna arrays for multipath and 

interference mitigation in GNSS receivers," Ph.D. 

dissertation, Dept. of Signal Theory and 

Communications, Universitat Politècnica de Catalunya 

(UPC), Barcelona, Spain, July 2000. 

[13] G. Seco-Granados, J. A. Fernández-Rubio, and C. 

Fernández-Prades, “ML estimator and hybrid 

beamformer for multipath and interference mitigation in 

GNSS receivers," IEEE Trans. Signal Process., vol. 53, 

no. 3, pp. 1194-1208, Mar. 2005. 

[13] G. Seco-Granados, J. A. Fernández-Rubio, and C. 

Fernández-Prades, “ML estimator and hybrid 

beamformer for multipath and interference mitigation in 

GNSS receivers," IEEE Trans. Signal Process., vol. 53, 

no. 3, pp. 1194-1208, Mar. 2005. 

[14] C. Fernández-Prades, “Advanced signal processing 

techniques for GNSS receivers," Ph.D. dissertation, 

Dept. of Signal Theory and Communications, Universitat 

Politècnica de Catalunya (UPC), Barcelona, Spain, May 

2006. 

[15] F. Antreich, J. A. Nossek, and W. Utschick, “Maximum 

likelihood delay estimation in a navigation receiver for 

aeronautical applications," Aerospace Science Technol., 

vol. 12, no. 3, pp. 256-267, 2008. 

[16] N. Kamarudin and Z. M. Amin, “Multipath error 

detection using different GPS receiver’s antenna," in 

Proc. 3rd FIG Regional Conf., Jakarta, Indonesia, Oct. 

2004. 

[17] R. G. Brown and G. Y. Chin, “GPS RAIM: calculation of 

threshold and protection radius using chi-square 

methods–a geometric approach," Red Book Series of the 

Institute of Navigation on Global Positioning System, 

vol. V, pp. 155-179, 1998. 

[17] R. G. Brown and G. Y. Chin, “GPS RAIM: calculation of 

threshold and protection radius using chi-square 

methods–a geometric approach," Red Book Series of the 

Institute of Navigation on Global Positioning System, 

vol. V, pp. 155-179, 1998. 

[19] C. J. Comp and P. Axelrad, “Adaptive SNR-based carrier 

phase multipath mitigation technique," IEEE Trans. 

Aerosp. Electron. Syst., vol. 34, no. 1, pp. 264-276, Jan. 

1998. 

[20] M. S. Braasch, “Isolation of GPS multipath and receiver 

tracking errors," J. Institute Navigation, vol. 41, no. 4, 

pp. 415-434, 1994.  

[21] S. B. Bisnath and R. B. Langley, “Pseudorange multipath 

mitigation by means of multipath monitoring and 

deweighting," in Proc. IEEE Int. Symp. Kinematic Syst. 

Geodesy, Geomatics, Navigation, Banff, Canada, June 

2001, pp. 392-400. 

[22] H. K. Lee, J. G. Lee, and G.-I. Jee, “GPS multipath 

detection based on sequence of successive-time double-

differences," IEEE Signal Process. Lett., vol. 11, no. 3, 

pp. 316-319, Mar. 2004. 

[23] M. El-Tarhuni, K. Assaleh, G. Al-Habian, and S. Al-

Ahdab, “An ICA-based multipath detection algorithm for 

DS-SS communication systems," in Proc. Int. Symp. 

Signal Process. Applicat., ISSPA, Sharjah, United Arab 

Emirate, Feb. 2007. 



International Journal of Computer Applications (0975 – 8887)  

International Conference on Communication Technology 2013 

12 

[24] M. T. Brenneman, Y. T. Morton, and Q. Zhou, “An 

ANOVA-based GPS multipath detection algorithm using 

multi-channel software receivers," in Proc. Joint IEEE 

PLANS ION Annual Meeting, Monterey, CA, May 2008. 

[25] L. Dumont, M. Fattouche, and G. Morrison, “Super-

resolution of multipath channels in a spread spectrum 

location system," Electron. Lett., vol. 30, no. 9, pp. 1583-

1584, Sep. 1994. 

[26]L. R. Weill, “C/A code pseudo ranging accuracy–how 

good can it get in Proc. ION Int. Technical Meeting, Salt 

Lake City, UT, Sep. 1994, pp. 133-141 

[27] H. Akaike, “A new look at the statistical model 

identification," IEEE Trans. Autom. Control, vol. 19, no. 

6, pp. 716-723, June 1974 

[28] M. P. Clarizia, M. di Bisceglie, C. Galdi, C. 

Gommenginger, and L. Landi, “Delay super resolution 

for GNSS-R," in Proc. IGARSS, vol. V, Cape Town, 

South Africa, July 2009, pp. 134-137. 

[29]M. Sahmoudi and M. G. Amin, “Robust tracking of weak 

GPS signals in multipath and jamming environments," 

Signal Process., vol. 89, no. 7, pp. 1320-1333, July 2009. 

[30]Science Applications International Corporation, Interface 

Specification IS-GPS-200 Revision E. Navstar GPS 

Space Segment/Navigation User Interfaces, El Segundo, 

CA, June 8, 2010. 

[31]Interface Specification IS-GPS-705 Revision A. Navstar 

GPS Space Segment/User Segment L5 Interfaces, El 

Segundo, CA, June 8, 2010. 

[32]European GNSS (Galileo) Open Service. Signal in Space 

Interface Control Document. Ref: OS SIS ICD, Issue 1, 

European Union, Feb. 2010 

[33]W. H. Press, S. A. Teukolsky, W. T. Vetterling, and B. P. 

Flannery, Numerical Recipes in C: The Art of Scientific 

Computing, 2nd edition. New York: Cambridge 

University Press, 1992. 

[34]A. Lehner and A. Steingass, “A novel channel model for 

land mobile satellite navigation," in Proc. ION Int. 

Technical Meeting, Long Beach, CA, Sep. 2005 

[35]A. Steingass and A. Lehner, “Measuring the navigation 

multipath channel–a statistical analysis," in Proc. ION 

Int. Technical Meeting, Long Beach, CA, Sep. 2004. 

[36]M. A. Stephens, “EDF statistics for goodness of fit and 

some comparisons, "J. Amer. Statistical Assoc., vol. 69, 

no. 347, pp. 730-737, Sep. 1974 

[37] W. H. Press, S. A. Teukolsky, W. T. Vetterling, and B. P. 

Flannery, Numerical Recipes in C: The Art of Scientific 

Computing, 2nd edition. New York: Cambridge 

University Press, 1992 

[38] P. Closas, “Bayesian signal processing techniques for 

GNSS receivers: from multipath mitigation to 

positioning," Ph.D. dissertation, Dept. of Signal Theory 

and Communications, Universitat Politècnica de 

Catalunya (UPC), Barcelona, Spain, June 2009 

[39] A. Dogand˘zi´c and A. Nehorai, “Cramér-Rao bounds 

for estimating range, velocity, and direction with an 

active array," IEEE Trans. Signal Process., vol. 49, no. 6, 

pp. 1122-1137, June 2001 

[40]C. Fernández-Prades, J. Arribas, and P. Closas, “The 

decoupling of DOA/synchronization parameters in 

colored noise environments," in NEWCOM++ - ACoRN 

Joint Workshop, Barcelona, Spain, Mar. 2009. 

[41] M. J. Appel, R. LaBarre, and D. Radulovic, “On 

accelerated random search," SIAM J. Optimization, vol. 

14, no. 3, pp. 708-731, 2004 

[42] L. H. Miller, “Table of percentage points of Kolmogorov 

statistics," J. Amer. Statistical Assoc., vol. 51, no. 273, 

pp. 111-121, 1956. 

[43] A. Doucet and X. Wang, “Monte Carlo methods for 

signal processing: a review in the statistical signal 

processing context," IEEE Signal Process. Mag., vol. 22, 

no. 6, pp. 152-170, 2005 

[44]A. Papoulis and S. U. Pillai, Probability, Random 

Variables and Stochastic Processes, 4th edition. New 

Delhi, India: McGraw-Hill, 2001 

[45] P. Bickel and K. Doksum, Mathematical Statistics: Basic 

Ideas and Selected Topics, 2nd edition. Upper Saddle 

River, NJ: Prentice Hall, 2001, vol. 1. 

[46] S. S. Wilks, “Certain generalizations in the analysis of 

variance," Biometrika, vol. 24, no. 3/4, pp. 471-494, 

1932. 

[48] F. J. Massey, “The Kolmogorov-Smirnov test for 

goodness of fit," J. Amer. Statistical Assoc., vol. 46, no. 

253, pp. 68-78, Mar. 1951. 

[49] R. D. J. Van Nee, “Spread-spectrum code and carrier 

synchronization errors caused by multipath and 

interference," IEEE Trans. Aerosp. Electron. Syst., vol. 

29, no. 4, pp. 1359-1365, Oct. 1993. 

[50] S. B. Bisnath and R. B. Langley, “Pseudorange multipath 

mitigation by means of multipath monitoring and 

deweighting," in Proc. IEEE Int. Symp. Kinematic Syst. 

Geodesy, Geomatics, Navigation, Banff, Canada, June 

2001, pp. 392-400. 

 

 

IJCATM : www.ijcaonline.org 


