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Abstract—Locating Radio Controlled (RC) devices using their 

unintended emissions has a great interest considering security 
concerns. Weak nature of these emissions requires near field 
localization approach since it is hard to detect these signals in far 
field region of array. Instead of only angle estimation, near field 
localization also requires range estimation of the source which makes 
this method more complicated than far field models. Challenges of 
locating such devices in a near field region and real time environment 
are analyzed in this paper. An ESPRIT like near field localization 
scheme is utilized for both angle and range estimation. 1-D search 
with symmetric subarrays is provided. Two 7 element uniform linear 
antenna arrays (ULA) are employed for locating RC source. 
Experiment results of location estimation for one unintended emitting 
walkie-talkie for different positions are given. 
 

Keywords—Localization, angle of arrival (AoA), range 
estimation, array signal processing, ESPRIT, uniform linear array 
(ULA). 

I. INTRODUCTION 

UPER-HETERODYNE or super-regenerative receivers 
are mostly used in Radio Controlled (RC) devices and they 

are sensitive to radio frequency (RF) stimulation [1], [2]. RC 
devices emit unintended radiations due to this stimulation and 
these emissions are used to detect the RC device [2], [3].  

In order to locate an RC device using stimulated emissions 
near field methods are required since these emissions are weak 
and affected by environmental effects like noise and fading. 
Various techniques have been developed in the past decades 
for source localization in far field region [4], [5] where 
impinging waves on the antenna array are considered as plane 
waves. On the other hand, if the sources are in the near field 
region of the antenna array, wave fronts of these sources are 
spherical instead of planer. Both angle and range should be 
estimated for localization in such situations which is 
challenging than only angle estimation. 

Bearing estimation techniques with plane wave 
approximation, where arrival angles to each element of array 
are assumed to be same, show unsatisfactory performances 
when waves have spherical wave fronts. Major challenge in 
near field angle of arrival (AoA) estimation is nonlinear wave 
front shape.A good approximation for this nonlinearity is 
second order Taylor expansion (Fresnel approximation) if 
sources are placed in Fresnel region for uniform linear array 
[6].  
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Recently some near field source localization methods are 
proposed in the literature such as 2-D MUSIC [7], which 
searches both angle and range, however it requires two 
dimensional search. Higher order statistics are used to develop 
ESPIRIT like methods in [8], [9] where rotation invariance 
property is applied with help of cumulants of received signal 
covariance matrix. Instead of these eigen decomposition 
methods, maximum likelihood estimation is presented in [10] 
where Expectation/Maximization iterative method used for 
estimating signal parameters. Polynomial rooting [11] is 
proposed as another technique in near field localization. 
Reference [12] minimizes the 2-D MUSIC cost function with 
path following method to eliminate two dimensional search. 

Research in localization area mostly study theoretic aspects 
and computer simulations or experiments are performed in a 
controlledand shielded medium [13], [14]. Furthermore 
majority of the work is objectedfor locating active devices and 
there is not enough work in the literature for locating a passive 
device with its unintended emissions. Thus the main 
contribution of proposed work is 1) real time application and 
2) performance analysis of near field location estimation of a 
passive, unintededly emitting device. 

The rest of this paper is organized as follows. Section II 
outlines the near field signal model and methodology of the 
technique that utilized in the experiment. Measurement results 
in a real time environment is given in Section III and finally 
Section IV concludes the paper with future directions.  

II. METHODOLOGY 

A. Near Field Signal Model  

Consider M near-field, narrowband passive radiating 
sources is observed by an (2 1)K  element uniform linear 

array with inter element spacing d and letarray center be the 

phase reference point. Received signal by thk sensor is written 
as  

 

1
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j m m
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(1) 

 

where ( )ms t is the received power of thm source , ( )kn t is the 

white Gaussian additive noise and ( , )k m mr  is phase shift due 

to propagation delay between reference sensor and sensor k for 

the thm passive source In near field, this phase shift is a 
nonlinear function of range mr , angle m and wavelength   of 

source signal, written as  
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If source m is in the Fresnel region [6], which is given by

 1 23 20.62 2mD r D   , where D  is the aperture of the 

array, ( )kx t can be approximated with Fresnel approximation 

[8] as 
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The received signals vector,  ( ) ( ),  ..... , ( )
T

K Kt x t x tX , T 

denoting transpose, can be expressed in matrix form, 
 

( ) ( ) ( )t t t X AS N                                   (4) 
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T

K Kt n t n tN is 

the noise vector and 1 1[ ( , ), , ( , )]M Mr r A a a is the array 

matrix where the steering vector ( , )m mr a for thm  source being 

represented as 
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B. Localization of Passive Sources 

It is obvious from (5) that, the elements in ( , )m mr a are 

symmetric with respect to second term. Using this property, if 
the ULA is divided into two subarrays, these subarrays will be 
symmetric respecting second terms. First subarray is built with 
first L sensors in ascending order and second subarray is built 
with the last L sensors in descending order [15]. Received 
signal from these two subarrays is written as 

 

1 1 1 2 2 2( ) ( ) ( ),        ( ) ( ) ( )t t t t t t   X S N X AS NA          (6) 
 

with 2 1M L K   , 1N and 2N are noise vectors of first and 

second subarray respectively. 1A is constructed with first L

rows of A and 2A is built with last L  rows of A in reverse 

order. Affiliation between subarray manifolds andA is 
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with J is the anti-identity matrix satisfying 2J I . 
 

1 1 1 1 1( , ), , ( , )M Mr r    A a a
                          

(8) 

 

Using the symmetric property 2A is represented as  
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which is a function of angle m only, not mr . Covariance 

matrix of received signal is ( )( ( ))HE t t   R X X and eigen 

decomposition of it can be written as 
 

( ) ( )H H
s s s n n n R U Λ U U Λ U   (11) 

 

with sU stands for M  eigenvectors in signal subspace, and nU

denotes 2 1K M  eigenvectors of noise subspace. sΛ

contains signal eigen values and nΛ denotes the noise eigen 

values. H symbolizes complex-conjugate transpose.   
Generalized ESPRIT method is applied to covariance matrix 
for angle estimation. There exists a M M full rank matrixD

with s U AD , i.e. 
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where 

1 1 2 2,            s s U A D U JA D                      (13) 
 

Moreover 
2

2 2 2s  JU J A D A D                                (14) 
 

Introducing a diagonal matrix as in generalized ESPRIT [5] 
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According to (12) and (14), 

 

   1
2 ,1 1 1 1 1 1( ) [ ( ) ( ) ( , ),..., ( ) ( ) ( , )]S

s s M M Mr r         JU Δ U C Δ a C Δ a D
(16) 

 

Note that thk column of matrix 2 1( )s sJU Δ U will become 

zero when k  . Therefore, with an arbitrary K M full rank 

F matrix, 2 1( )H H
s sF JU F Δ U becomes singular  

Next, the spectrum function below can be utilized to find 
the angles for multiple passive devices as 
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After bearing estimation, estimated m is substituted in 
steering vectors and 1-D MUSIC is established for range 
estimation. 

 

 

Fig. 1 Measurement setup for the experiment 

III. EXPERIMENT RESULTS AND DISCUSSION 

Channel 8 (FRS) of a walkie-talkie is utilized for the 
experiment. A continuous, -40 dB stimulating signal at 
467.5625 MHz is provided with Agilent MXG-N5182A signal 
generator. Walkie-talkie is standby mode and cycles on-off. It 
is placed on ground and RF stimulating signal keeps walkie-
talkie on [1].  

Measurement hardware setup for this experiment has two 7-
element uniform antenna array which built with broadband, 
omnidirectional (UHF BW 350-450MHz, (Pharad lightweight 
wearable)) antennas. Antenna elements are connected to 40 dB 
low noise amplifiers (LNA) to amplify weak signal from the 
source and also to decrease the effect of noise, then connected 
to 4-channel Agilent MSO6104A and Agilent MSO7104B 
oscilloscopes for data collection. Measurement setup is 
depicted in Fig. 1. Fresnel region for 7 element ULA is 
6 36kft r ft  . Accuracy of localization is increased by 

engaging two antenna arrays in both x and y directions.  
Fig. 2 illustrates effectiveness of locating one walkie-talkie 

with information from near field bearing and range estimation. 
Antenna centers are placed at (12,0) and (0,12) positions from 
the origin where each point represent 1 ft. Experiment is 
performed in a 25x25 ft2 area. Walkie-talkie is placed different 
positions, root mean square (RMS) localization error is 
calculated for each position and represented in each bar of Fig. 
2. RMS localization error less than 0.5 ft. when device is at 
(6,6) position and it goes up to 3.7 ft. if the device is placed at 
(18,12). Inaccurate number of multipath estimation and 
hardware imperfections cause error in localization. 

In order to make a comparison with far field assumption, 
localization result using multiple signal classification 
(MUSIC) is given in Fig. 3. As illustrated in figure, minimum 
localization error is 1ft and it reaches to 7ft. in the same 
localization area with near field method. In far field 

assumption, AoA for each sensor assumed to be same and 
range effect is discarded. On the other hand, performance of 
near field localization technique overcomes far field 
approximation when the source is placed in near field region 
of the ULA.  

 

 

Fig. 2 Localization results of one unintended emitting RC device with 
near field DOA estimation technique 

 

 

Fig. 3 Localization results of one unintended emitting RC device with 
far field bearing estimation technique 

 
Similar to other eigen value decomposition methods, near 

field AoA and range estimation requires number of sources 
impinging the sensor array. There is one emitting source in 
this experiment; however there exist multiple paths due to 
obstacles in the environment. Determining number of 
multipath affects the accuracy of AoA and range estimation.  

 
TABLE I 

PERFORMANCE TABLE OF NEAR FIELD LOCALIZATION METHOD 

x(ft.) y(ft.) 
Measured  

x (ft.) 
Measured 

y (ft.) 
Error in  
x (ft.) 

Error in  
y (ft.) 

6 6 5.8 5.8 0.2 0.2 

6 18 8 17.7 2 0.3 

12 18 10.5 22 1.5 4 

18 6 18.2 7.9 0.2 1.9 

 
 
 
 
 



International Journal of Information, Control and Computer Sciences

ISSN: 2517-9942

Vol:9, No:2, 2015

377

or
ax
lo
fie
de
tw
M
m

an
re
re
sy
ro
sy
1-
an
ef
lo
ra
es
w
kn

PERFORMAN

x(ft.) y(ft.) 

6 6 

6 18 

12 18 

18 6 

 
Table I provi

rigin point in d
xes is given
ocalization pro
eld source 
emonstrated in
wo methods. F

Missouri S&T 
method in order

 

Fig. 4 Perfo
localization

Near field b
ngle of arrival
eal life enviro
eceived signa
ymmetric sub
otational inva
ymmetric suba
-D estimation.
nd needs only
fficient. Near
ocalization res
ange effect 
stimation and 

when number 
nown is consid

 

T
NCE TABLE FOR F

Measured  
x (ft.) 

5 

13 

10.5 

16.9 

ides real coor
directions, me
n for better
ocess with rea
with a far 

n Table II con
Furthermore, 
campus and 

r to compare t

ormances comp
n methods when

IV. CO

earing estima
l from one pa
onment. Base
l covariance 
barrays is p
ariance prope
arrays, 2-D pa
. Since it does

y 1-D search, 
r field tech
sults than far
on phase s
localization o
of sources a
dered as futur

ABLE II 
FAR FIELD LOCAL

Measured 
y (ft.) 

11 

18 

16.2 

7.1 

rdinates with r
easured distan
r understandi
al time data. L

field local
ncerning the 
Fig. 4 depicts
shows locali

their effective

parison of near 
n sources are in

ONCLUSION 

ation scheme 
ssively emitti
ed on second
matrix, a 1-

performed. W
rty in signal

arameter estim
s not require h
this method i

hnique provid
r field method
shift between
of unintended 
and number o
re work. 

LIZATION METHO

Error in  
x (ft.) 

Err
y 

1 

7 

1.5 1

1.1 1

respect to a re
nces and error 
ing for nea

Localization of
lization proc
comparison b
s experiment 
zation area fo

eness.  

field and far fie
n near field regi

is used to det
ing walkie-talk
d order statis
-D search wi

With far fiel
l subspace o

mation is conv
higher order st
s computation
des more a
d, since it co
n sensors. B
emitting RC

of multipath 

OD 
ror in  
(ft.) 
5 

0 

1.8 

1.1 

eference 
in both 
r field 
f a near 
cess is 
between 

area in 
for each 

 

eld 
on 

termine 
kie in a 
stics of 
ith two 
ld like 
f these 
erted to 
tatistics 
nal cost 
accurate 
onsiders 
Bearing 
sources 
are not 

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

[11

[12

[13

[14

[15

C. Stagner, A
practical super
IEEE Transact
April 2011. 
J. Hertenstei
electromagnet
SPIE 8017, 80
V. Thotla,M.T
"Detection an
array detecto
Conference , 2
R. Schmidt, "M
Antennas and
276- 280, Mar
F. Gao, A.B. G
of-arrival esti
pp.254,257, M
B. D. Steinbe
Including Ra
Wiley,1976, p
Y. D. Huang,
passive sensor
vol.39, no.7, p
R.N. Challa, S
passive localiz
Twenty-Ninth 
1995. vol.2, pp
N. Yuen, B. 
ESPRIT for 
onSignal Proc

0] E, Cekli, H. A
for near-field 
onElectronics,

1] A.J. Weiss, 
polynomial ro
pp.130,137, A

2] D. Starer, A. N
following," IE
pp.677,680, M

3] U. Sarac, F.K
detection an
environments,
no.5, pp.61-70

4] J.A. Cadzow,
narrow-band 
onAcoustics, S
Jul 1988 

5] W. Zhi, M. Y 
Subarrays," IE
June 2007 

REFE

A. Conrad, C. Ost
rheterodyne-recei
tions on Instrume

in and S. J
ic emissions fro

0170F (2011). 
T.A. Ghasr, M. Z
nd localization o
ors," Instrument
2012 IEEE Intern
Multiple emitter l

d Propagation, IE
r 1986 
Gershman, "A ge
imation, "IEEES

March 2005 
erg, Principles o
ndom and Adap
p. 9–10. 
 M , Barkat, "N
r array," IEEE Tr
pp.968,975, Jul 19
S. Shamsunder, "H
zation of near-fi
Asilomar Confer

p.777,781 vol.2, O
Friedlander, , 

localization of 
cessing, vol.46, no
A. Cirpan, "Unco
source localizati

, Circuits and Sys
B. Friedlander, 
oting,"IEEE Jour

Apr 1993 
Nehorai, "Passive
IEEE Transactio

Mar 1994 
K. Harmanci an
nd localization 

” IEEE Antenn
0, Oct. 2008 
, “A high resol
coherent and in

Speech and Sign

–W Chia, "Near-
EEESignal Proce

ERENCES 
terwise, D. G. B
iver detector usin
entation and Mea

agannathan,,”Det
om super regene

Zawodniok, S. J
f multiple R/C 
tation and Me

national, pp.1687-
location and sign
EEE Transaction

eneralized ESPRI
Signal Processing

of Aperture and
aptive Arrays. N

Near-field multipl
ransactions onAn
991 
High-order subsp
ield sources," Co
rence onSignals, 
Oct. 30 1995-Nov
"Performance a
near-field sourc
o.3, pp.709,719, M
onditional maxim
ion," 8th IEEE I
stems, vol.2, pp.7

"Range and b
rnal ofOceanic E

e localization of n
ons onSignal Pr

nd T. Akgul, “E
of multiple 

nas and Propaga

lution direction-
ncoherent source
nal Processing, v

-Field Source Lo
essing Letters, , v

Beetner and S. G
ng stimulated em
surement, Vol. 60

tection of un
erative receivers

Jagannathan, S. A
electronic device
easurement Tec
-1691, May 2012
nal parameter esti
ns on , vol.34, n

IT approach to d
g Letters, vol.1

d Array System 
New York, NY

le source localiz
ntennas and Prop

pace-based algori
onference Recor
Systems and Com
v. 1 1995 

analysis of highe
ces," IEEE Tran
Mar 1998. 

mum likelihood a
International Co
753,756 2001 
earing estimatio

Engineering, vol.

near-field sources
rocessing, vol.4

Experimental ana
emitters in m
ation Magazine,

-of-arrival algori
es,” IEEE Tran
vol.36, no.7, pp.9

ocalization via Sy
vol.14, no.6, pp.4

Grant, “A 
missions,“ 

0, No. 4, 

intended 
s,” Proc. 

Agarwal, 
es using 
chnology 
. 
mation," 

no.3, pp. 

direction-
2, no.3, 

Design: 
Y, USA: 

ation by 
pagation, 

ithms for 
rd of the 
mputers, 

er order 
nsactions 

approach 
nference 

on using 
18, no.2, 

s by path 
2, no.3, 

alysis of 
multipath 
, vol.50, 

ithm for 
nsactions 
965,979, 

ymmetric 
409,412, 


