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Abstract—This paper presents a new approach for
localizing mobile phone users using the promising
technique of stratospheric platform (SP) flying at
altitudes 17-22 km high and a suitable Direction-ofArrival technique (DOA). The proposed technique
provides information about accurate locations for mobile
stations - through high resolution DOA technique - which
is very important for traffic control and rescue operations
at emergency situations. The DOA estimation in this
technique defines the user location using MUSIC
algorithm which provides good accuracy comparable to
the Global Positioning System (GPS) techniques but
without the need for GPS receivers. Several scenarios for
users’ locations determination are tested and examined to
define the robustness of the proposed technique.
Index Terms—Cellular Communications, Stratospheric
platforms, DOA.

I. INTRODUCTION
Mobile location determination has become an
important technology because of its commercial potential.
It opens the way for Location-Based Services (LBS)
where mobile positioning is applied in cellular networks.
In addition, it can be considered as a motivating factor in
home zone calls, traffic locating and network planning as
well as assistance in handover that the network operators
would get from this technology [1]. In terrestrial systems,
there are various means of mobile positioning, which can
be divided into two major categories – network based and
handset based positioning methods. The network based
technology is used to position the mobile device may be
by using multiple basestations measuring simultaneously
or the mobile station measures multiple basestations and
examples are the Angle of Arrival (AOA) and Time of
Arrival (TOA) / Time Difference of Arrival (TDOA)
approaches.
In the mobile terrestrial system, the propagation
environment for positioning and localizing mobile
stations is very difficult which affect the accuracy of
location information. This is due to the multipath
propagation and the absence of the direct line-of-sight
signal most of the time. The direct line-of-sight
component is characterized by its larger amplitude
relative to the reflected components and the error in the
Direction-of-Arrival (DOA) estimation is very sensitive
Copyright © 2014 MECS

to these multipath components. On the other hand,
satellite systems suffer from the very large distance
between the mobile station and satellite although the
better propagation scenario between them. This distance
may be in the order of hundreds of kilometers for the
low-earth orbit satellites. Recently, an innovated
communications system based on utilizing high altitude
stratospheric platforms has a great interest especially for
mobile and wireless data communications. The platforms
are known under different names as High-Altitude
Platforms (HAPs), High Altitude Aircraft and Airships
(HAAS), High Altitude Aeronautical Platforms (HAAPs),
High Altitude Long Endurance Platforms (HALE
Platforms), Stratospheric Platforms (SPs), etc [2-11].
They are located at 17–22 km above the earth surface and
ITU has allocated specifically for HAPs services the
spectrum of 600 MHz at 47/48 GHz (shared with
satellites) worldwide. HAPs are considered nowadays as
a substantial part of the future integrated
terrestrial/satellite networks for providing wireless
communication services. The quasi-stationary aerial
platforms operating in the stratosphere preserve many
advantages of both terrestrial and satellite systems but
also provide special advantages of their own. Mobility on
demand, large coverage, payload reconfigurability,
capability of frequent take-offs and landings for
maintenance and upgrading and very favorable path-loss
characteristics (with respect to terrestrial or satellite
systems) are the main features which make HAPs
attractive for a large class of applications and services.
Therefore in this paper, the SPs will be tested for
localizing the mobile users which is very important in
traffic control and for rescue operations in emergency
situations. A proposed technique for location
determination will be discussed based on high resolution
DOA technique such as MUSIC algorithm [12] which
will provide good accuracy comparable to Global
Positioning System (GPS) for mobile users without GPS
receivers. In addition, the DOAs of the mobile stations
form a location data bank that can be useful for system
adaptation and reconfiguration for proper cellular design.
The paper is organized as follows: section II displays
the geometry of the SP system while section III
introduces the DOA estimation technique used for
positioning the mobile users. In section IV, the DOA SP
system is examined and evaluated for several scenarios
and finally, section V concludes the paper.
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II. STRATOSPHERIC CELLULAR SYSTEM
As shown in Fig. 1, the 3 dB contour of a beam
) from SP station. The direction
directed towards(
of the beam and its beamwidths form the basic
parameters that affect its footprint. Relating the cell
location with the elevation angle is practically very
important, therefore, it is advantageous to express the
coverage area in terms of the beam pointing directions or
elevation angles. Assuming that the elevation angle at the
cell center is denoted by , it can be related by the beam
pointing direction,
, by the following approximate
relation as shown in Fig.1:
(1)
In most SPs communications applications, the
minimum elevation angle of 15 degrees is acceptable to
avoid excessive scattering at lower elevation angles. The
radius of coverage at this angle will be approximately 75
km.
The cell can be described by its dimensions i.e. in
terms of its major and minor axes given by:
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Where R is the earth’s radius which is about 6375 km,
h is the platform altitude in km and
and
are the
beamwidths in and directions respectively.

Fig 1: Footprint of a HAP cell

If the SP has localized in a point of ( , ) which is
considered as the origin point of the SP system, then the
location of any MS, (
,
), relative to this origin can
be determined from the DOA angles of this MS
(
) as follows:
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and
(

)

where D is the slant distance between SP and MS given
by:
(

)

(6)

For each SP in the system, the set of (
,
) for
MSs forms a bank of location information that can be
useful in many location-dependent services and many
applications. The following section introduces the DOA
estimation technique based on MUSIC algorithm which
will define the set of (
) of the served MSs.

III. THE PROPOSED DIRECTIONAL-OF-ARRIVAL TECHNIQUE
FOR SP MOBILE STATIONS

The estimation of the source angular components (i.e.
azimuth and elevation) requires a planar array including
the two-orthogonal uniform linear array (the L-shaped
array) [12], the rectangular array [13], and the uniform
circular array (UCA) [14-18]. Among these array
structures, the UCA has gained attention due to its
symmetry in detecting angles over 360 degrees in the
azimuth plane [19]. The problem of estimating twodimensional direction-of-arrival (2D-DOA), namely
azimuth and elevation angles of multiple sources have
received considerable attention in the field of array
processing [20-30]. Compared with the one-dimensional
DOA, the 2D-DOA requires extensive calculations and
the complexity depends on both the algorithm used and
the array configuration. The maximum likelihood
estimator [31] provides optimum parameter estimation;
however, its computational complexity is extremely high.
On the other hand, suboptimal solutions can be achieved
by the subspace-based approach, which relies on the
decomposition of the observation space into signal
subspace and noise subspace. However, conventional
subspace techniques for 2-D DOA estimation such as
MUSIC [32] necessitate eigen decomposition of the
sample covariance matrix or the singular value
decomposition of the data matrix to estimate the signal
and noise subspaces, and huge computation will be
involved particularly when the dimensions of the
underlying matrices are large. The use of circular arrays
for MUSIC 2D-DOA has been addressed [33] but the
search process for the impinging signals is performed in
all available values of the elevation and azimuth angles
which indicate a huge computational burden to
accomplish the process and can be considered as blind
2D-DOA estimation technique. Therefore, in this paper
we propose a novel search for fast and computationally
efficient 2D-DOA estimation using MUSIC algorithm.
This array is composed of uniform circular array (UCA)
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Therefore, the 2D-DOA is performed sequentially and
this will reduce greatly the required huge computations
compared to the case when utilizing only the UCA
especially for large array sizes and large number of
sources.
The DOAs in the proposed algorithm will be searched
with large angular separation which means less search
points. If the DOA spectrum has some peaks, the
algorithm will search again but over a zoomed area
containing these peaks to resolve the sources with high
accuracy. The process will continue until no new sources
are detected with the highest number of the search angles.
The structure of the DOA beamformer is displayed in
Fig. 2 where the array is UCA of N elements equally
separated by half of wavelength distance.
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where
steering vectors of the circular array corresponding to the
received signals, each of size
,
is the array
steering
matrix
and
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)] with a size of
[ (
. The circular array steering vector at any direction
is given by [24]:
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where the interelement separation is taken as half of the
wavelength.
The arriving signals are time-varying and calculations
are based upon time snapshots of the incoming signal.
Then, for any of the two arrays, the correlation matrix
is given by:

Location Information

Location
Processor and
Memory

[

]
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or
(12)
DOA
Estimation

UCA of N
elements

Fig 2: 2D-DOA SP System

For the circular array, the output signal is given by:
()

()

(7)

where
is the transpose of the circular array weights
vector and ( ) is the array received signal vector given
by:
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where
is
source correlation matrix,
is
noise matrix, I is
identity matrix and
A is
array steering matrix.
The array steering matrix is basic in the following
calculations needed for MUSIC 2D-DOA.
MUSIC is an acronym which stands for MUltiple
Signal Classification which is an Eigen structure method.
It depends on the properties of correlation matrix
where the space spanned by its Eigen vectors may be
partitioned into two subspaces, namely the signal
subspace and the noise subspace and the steering vectors
corresponding to the directional sources are orthogonal to
the noise subspace. This MUSIC approach is a simple,
popular high resolution and efficient Eigen structure
method. From array correlation matrix
we find M
Eigen vectors associated with the signals and N-M Eigen
vectors associated with the noise. Then choose the Eigen
vectors associated with the smallest Eigen values. Noise
(
) is
Eigen vectors subspace of order
constructed which is orthogonal to the array steering
vectors at the angles of arrivals of the M sources.
For the UCA, the DOAs can be obtained from the
peaks in the angular spectrum given by the MUSIC
angular spectrum given by:
(

)

|

(

)

(
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or
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(
where
[
] is
Eigen vectors subspace from the circular array.

) noise

IV. SIMULATION RESULTS AND DISCUSSION
The location determination through DOA-MUSIC
algorithm will be examined in this section. The array is
composed of 30 omnidirectional antennas forming UCA.
Assuming five MSs located at the following directions
relative to the SP location point: (10o,0o), (15o,30o),
(20o,60o), (16o,90o) and (20o,160o). Assuming line-ofsight propagation scenario between SP and MSs,
therefore, the received signal from any MS will be
constructed of one major strong line-of-sight component
and other smaller amplitude scattered multipath signals.
The effect of multipath components in the DOA
calculations is supposed to be limited and may appear in
the DOA spectrum as small amplitude peaks that can be
neglected relative to a suitable threshold. The locations of
the MSs are determined at different distance resolution
which defines the complexity and time consumption in
calculations. Starting with 200m resolution as shown in
Fig. 3a, where the signal-to-noise ratio is assumed to be
30dB, the mobile stations give some peaks in the
normalized DOA spectrum and due to the larger distance
separation not all the MSs are detected. In Fig. 3b, the
normalized DOA spectrum is filtered so that the points
less than -20dB were cut to be -20dB. This chosen
threshold will clarify the mobile locations and display it
as points in the DOA spectrum with a clear black
background. In Fig. 4a, the resolution is raised so that the
distance separation is 100m. Other MSs peaks will appear
after applying the threshold as in Fig. 4b but still with
smaller peaks. If the resolution is increased as in Fig. 5a
and 6a, the peaks in the DOA spectrum will appear
clearly and Fig. 5b and 6b have clear points showing the
location of the five MSs. The accuracy in detection is
therefore dependent on the resolution of the DOA
estimation and the price paid here is the increased time
consumption in calculations due to the increased number
of checked locations. To reduce the time consumption,
one may start with lower resolution, and then increase
this resolution until no new detected sources or MSs are
obtained.

23

technique provides locations of mobiles stations with
high accuracy without the need for GPS receiver at each
mobile station. T he DOAs can be mapped to an
equivalent GPS coordinates or just locations relative to
the SP location. The location information available in this
system can be used for location dependent services and
for rescue operations in emergency situations.

Fig 3a: Normalized DOA location spectrum for five MSs
at 200m resolution

V. CONCLUSION
This paper has proposed a new technique for location
determination of mobile stations using stratospheric
platforms and directional-of-arrival estimation. The

Copyright © 2014 MECS

Fig 3b: Normalized DOA location spectrum for five MSs at 200m
resolution at -20 dB floor

I.J. Computer Network and Information Security, 2014, 9, 20-26

24

Direction-of-Arrival Estimation for Stratospheric Platforms Mobile Stations

Fig 4a: Normalized DOA location spectrum for five MSs at 100m
resolution

Fig 5b: Normalized DOA location spectrum for five MSs at 50m
resolution at -20 dB floor

Fig 4b: Normalized DOA location spectrum for five MSs at 100m
resolution at -20 dB floor

Fig 6a: Normalized DOA location spectrum for five MSs at 20m
resolution

Fig 5a: Normalized DOA location spectrum for five MSs at 50m
resolution

Fig 6b: Normalized DOA location spectrum for five MSs at 20m
resolution at -20 dB floor

Copyright © 2014 MECS

I.J. Computer Network and Information Security, 2014, 9, 20-26

Direction-of-Arrival Estimation for Stratospheric Platforms Mobile Stations

REFERENCES
[1] S.F. Shaukat, M.I. Ansari, R. Farooq, U. Ibrahim and
1Muhammad
Faisal,
―Mobile
Phone
Location
Determination in Urban and Rural Areas Using Enhanced
Observed Time Difference Technique‖, World Applied
Sciences Journal Vol. 6 No. 7, pp. 902-907, 2009.
[2] F. N. Pavlidou, M. Ruggieri, M. Gerla, R. Miura,
―Communications via High Altitude Platforms:
Technologies and Trials‖, International Journal of Wireless
Information Networks, Vol. 13, No. 1, pp 1-4, January
2006.
[3] M. Dessouky, H. Sharshar and Y. Albagory, ―Design of
high altitude platforms cellular communications‖, Progress
In Electromagnetics Research, Vol 67, pp. 251-261, 2007.
[4] S. Karapantazis and F. N. Pavlidou, ―The role of high
altitude platforms in beyond 3G networks‖, IEEE Wireless
Communications Magazine, Vol. 12, No. 6, pp. 33-41,
2005.
[5] A. Mohammed, A. Mehmood, F. N. Pavlidou and M.
Mohorcic, ―The Role of High-Altitude Platforms (HAPs)
in the Wireless Global Connectivity‖, Proceedings of the
IEEE, Vol. 99, No. 11, pp. 1939 – 1953, Nov. 2011.
[6] J. Kim, D. Lee, J. Ahn, D. S. Ahn and B. J. Ku, ―Is HAPS
Viable for the Next-Generation Telecommunication
Platforms in Koria‖, EURASIP Journal on Wireless
Communications and Networking, Vol. 2008, doi:
1155/2008/596383, 2008.
[7] Y. Albagory, ―A novel design of arbitrary shaped cells for
efficient coverage from high altitude platforms‖, Progress
In Electromagnetics Research Letters, Vol. 1, pp. 245 –254,
2008.
[8] S. Aljahdali, M. Nofal and Y. Albagory, ―Geometrical
Correction for Cell Deployment in Stratospheric Cellular
Systems‖, Progress In Electromagnetics Research C, Vol.
29, pp. 83-96, 2012.
[9] M. Nofal, S. Aljahdali and Y. Albagory, ―Tapered
Beamforming for Concentric Ring Arrays‖, AEU
International Journal of Electronics and Communications,
Vol. 67, No. 1, pp. 58-63, 2013.
[10] Y. Albagory, M. Dessouky, H. Sharshar, ―An Approach for
Low Sidelobe Beamforming in Uniform Concentric
Circular Arrays‖, International Journal of Wireless
Personal Communications, Vol. 43, No. 4, pp. 1363-1368,
2007.
[11] P. Pace and G. Aloi, ―Disaster Monitoring and Mitigation
using
Aerospace
Technologies
and
Integrated
Telecommunication Networks‖, IEEE Aerospace and
Electronic Systems Magazine, Vol. 23, No. 4, pp. 3-9,
April 2008.
[12] N.J. Li, J.F. Gu, P. Wei, ―2-D DOA estimation via matrix
partition and stacking technique‖, EURASIP J Adv Signal
Process 2009(53), 1–8 (2009).
[13] C.P. Mathews, M.D. Zoltowski, ―Eigenstructure
techniques for 2-D angle estimation with uniform circular
arrays‖, IEEE Trans Signal Process 42(9), 2395–2407
(1994). Publisher Full Text.
[14] M. Pesavento, J.F. Böhme, ―Direction of arrival estimation
in uniform circular arrays composed of directional
elements‖, Proc Sensor Array and Multichannel Signal
Processing Workshop, 503–507 (2002).
[15] R. Goossens, H. Rogier, ―A hybrid UCA-RARE/RootMUSIC approach for 2-D direction of arrival estimation in
uniform circular arrays in the presence of mutual coupling‖,
IEEE Trans Antennas Propag 55(3), 841–849 (2007).

Copyright © 2014 MECS

25

[16] T.T. Zhang, Y.L. Lu, H.T. Hui, ―Compensation for the
mutual coupling effect in uniform circular arrays for 2D
DOA estimations employing the maximum likelihood
technique‖, IEEE Trans Aerosp Electron Syst 44(3), 1215–
1221 (2008).
[17] W. Buhong, H. Hontat, L. Mookseng, ―Decoupled 2D
direction of arrival estimation using compact uniform
circular arrays in the presence of elevation-dependent
mutual coupling‖, IEEE Trans Antennas Propag 58(3),
747–755 (2010).
[18] J. Xie, Z. He, H. Li and J. Li, ―2D DOA estimation with
sparse uniform circular arrays in the presence of mutual
coupling‖, EURASIP Journal on Advances in Signal
Processing 2011, 2011:127.
[19] F. L. Liu, ―Study on parameter estimation algorithms for
mulitpath signals in wireless networks‖, Doctoral
Dissertation, Northeastern University, Shenyang, China,
2005.
[20] Y. T. Wu, G. S. Liao and H. C. So, ―A fast algorithm for 2D direction-of-arrival estimation‖, Signal Processing,
vol.83, pp.1827-1831, 2003.
[21] T. Kuroda, N. Kikuma and N. Inagaki, ―DOA estimation
and pairing method in 2D-ESPRIT using triangular
antenna array‖, Electronics and Communications, vol.86,
no.6, pp.59-68, 2003.
[22] L. Wei, and Y. Hua, A further remark on the shifted cross
array for estimating 2-D directions of wave arrival, IEEE
Transactions on Signal Processing, vol.40, no.1, pp.493497, 1993.
[23] Y. M. Chen, J. H. Lee and C. C. Yeh, ―Two-dimensional
angle-of-arrival estimation for uniform plannar arrays with
sensor position errors‖, IEE Proceedings, vol.140, no.2,
pp.37-42, 1993.
[24] C. P. Mathews, and M. D. Zoltowski, ―Eigenstructure
techniques for 2-D angle estimation with uniform circular
arrays‖, IEEE Transactions on Signal Processing, vol.42,
no.9, pp.2395-2407, 1994.
[25] T. H. Liu, and J. M. Mendel, ―Azimuth and elevation
direction finding using arbitrary array geometries‖, IEEE
Transactions on Signal Process, vol.46, no.7, pp.2061-2065,
1998.
[26] Y. Dong, Y. T. Wu and G. S. Liao, ―A novel method for
estimating 2-D DOA‖, Journal of Xidian University, vol.30,
no.5, pp.569-573, 2003.
[27] T. Kuroda, N. Kikuma and N. Inagaki, ―DOA estimation
and pairing method in 2D-ESPRIT using triangular
antenna array‖, Electrons and Communications, vol.86,
no.6, pp.1505-1513, 2003.
[28] A. J. Van der Veen, P. B. Ober and E. F. Deprettere,
―Azimuth and elevation computation in high resolution
DOA estimation‖, IEEE Transactions on Signal Processing,
vol.40, no.7, pp.1828-1832, 1992.
[29] T. Filik and T. Engin Tuncer, ―2-D Paired Direction-OfArrival Angle Estimation With Two Parallel Uniform
Linear Arrays‖, International Journal of Innovative
Computing, Information and Control Volume 7, Number 6,
pp. 3269-3279, June 2011.
[30] Y. Hua, T.K. Sarkar, D.D. Weiner, ―An L-shaped array for
estimating 2-D directions of wave arrival‖, IEEE Trans.
Antennas Propagation 39 (2) (1991) 143–146.
[31] Q. Cheng, Y. Hua, ―Further study of the pencil-MUSIC
algorithm‖, IEEE Trans. Aerospace Electronic Systems 32
(1) (1996) 284–299.
[32] Ping TAN, ―Study of 2D DOA Estimation for Uniform
Circular Array in Wireless Location System‖, International
Journal of Computer Network and Information Security,
2010, 2, 54-60.

I.J. Computer Network and Information Security, 2014, 9, 20-26

26

Direction-of-Arrival Estimation for Stratospheric Platforms Mobile Stations

[33] Y. Albagory, A. Ashour,‖MUSIC 2D-DOA Estimation
using Split Vertical Linear and Circular Arrays‖ I. J.
Computer Network and Information Security, 2013, Vol. 5,
No. 8, pp. 12-18.

Yasser Albagory: Member of IEEE, B.Sc in
Electronic Engineering in 1998 and M.Sc in
adaptive
arrays
for
mobile
radio
communications in 2002 from the Faculty of
Electronic Eng., Egypt. He also has been
awarded the Ph.D degree in Communications
Engineering in the field of High-Altitude
Platform Wireless Communications System
in 2008. Now, he is an assistant professor at the Information
Technology Department, College of Computers and Information

Technology, Taif University, Saudi Arabia. The research
interests
include
adaptive
antenna
arrays,
mobile
communications, and high altitude platforms, satellite
communications, digital communications. He is a reviewer of
many international conferences and journals in the field of
wireless communications and has many journal papers in the
area of smart antennas and high-altitude platforms. He is one of
the editorial board of the Asian Journal of Technology &
Management Research and International Journal of Technology
& Management Research. He judges many technical issues
regarding the installation of mobile base stations and their
effects on the surrounding environment in Egypt. In addition, he
is an author of two books in the field of high-altitude platforms
and their role in cellular communications issued in 2013 and
coauthor of the book "Internet of Things" published 2014. Dr.
Yasser is also a member of IEEE Communications Society.

How to cite this paper: Yasser Albagory,"Direction-of-Arrival Estimation for Stratospheric Platforms Mobile Stations
", IJCNIS, vol.6, no.9, pp.20-26, 2014. DOI: 10.5815/ijcnis.2014.09.03

Copyright © 2014 MECS

I.J. Computer Network and Information Security, 2014, 9, 20-26

