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Abstract— Actual trends in current passive geolocation system 
development includes cooperation of flying segment based on 
receiver stations aboard Unmanned Aerial Vehicles (UAVs) with 
terrestrial segment including stationary ground receiver stations. 
Existing accuracy results achieves the order of tens and hundreds 
of meters in optimistic Line of Sight (LOS) conditions, however 
the problem of radio emission sources positioning with UAVs is 
especially relevant for search and rescue operations in 
heterogeneous terrain, when separate primary measurements 
obtained, for example, after reflections, could lead to a 
significant error. One possible way to improve the accuracy of 
positioning in such conditions is to use aerial passive geolocation 
based on UAVs with joint processing of Time Difference of 
Arrival (TDOA) and Angle of Arrival (AOA) primary 
measurements. The contribution of the current investigation is 
the development of mathematical model for positioning of radio 
emission sources with UAVs using TDOA-AOA measurement 
processing and performance evaluation of hybrid measurement 
processing with handling AOA noise. 

 
Keywords— Passive Geolocation, TDOA, AOA, RMSE, UAV, 
Measurement Processing 

I. INTRODUCTION 

Actual trends in current wireless networks development 
includes joint cooperation of flying segment based on 
transceiver stations aboard Unmanned Aerial Vehicles (UAVs) 
with terrestrial segment including stationary ground 
transceiver stations [1]. Location-based services in such 
networks could include both military applications, for 
example, in tactical wireless networks [2] or battlefield 
environments [3] and civil applications, for example, in 
ground-aerial surveillance [4], cognitive radio 
communications [5] or supporting search and rescue 
operations [6]. 

Passive geolocation is treated as position estimation of a 
stationary or mobile transmitter or radiating emitter from 
passive primary measurements of the arrival times, directions 
of arrival, or Doppler shifts of electromagnetic waves received 
at various sites [7]. In the context under consideration various 
sites are represented by ground and uav based receiver stations. 

UAV based passive geolocation techniques had already got 
considerable attention in the past years and can be subdivided 
by primary measurements into Time Difference of Arrival 
(TDOA) [8]–[10], Frequency Difference of Arrival (FDOA) 

[11], Angle of Arrival (AOA) [12]–[14] and Received Signal 
Strength Indication (RSSI) [15]–[17] positioning. 

Every measurement processing technique based on TDOA, 
FDOA, AOA or RSSI has its advantages and shortcomings for 
a specific UAV based geolocation application scenario. While 
TDOA and FDOA measurement processing technique could 
achieve high location accuracy in optimistic Line of Sight 
(LOS) conditions, it requires precise sensors synchronization. 
If positioning is carried out by TDOA in three-dimensional 
space, at least four stationary receiving sensors are required. 
On the other hand, DOA measurement processing technique 
requires less number of receiving sensors and neither 
synchronization among them, however it needs an antenna 
array for each sensor and resulting location accuracy is highly 
dependent on the distance between the object of location and 
sensors. RSSI based localization is preferred in many 
applications including UAV based localization because of the 
simplicity in hardware and implementation, however its 
location accuracy degrades in large scale environments due to 
inherent variation of characteristics of the received signal 
strength (RSS).  

To reduce the number of sensors required by TDOA 
processing technique, [8] proposed the use of UAVs as 
moving sensor platforms in conjunction with ship/land-based 
platforms to obtain multiple time difference of arrival 
measurements. Recursive location estimation of a stationary 
and moving emitter from a pair of unmanned aerial vehicles, 
using time difference of arrival measurements, formed by the 
correlation of signals received by two UAVs, is investigated 
for Kalman [9] and Gaussian [10] filtering techniques. Mobile 
emitter geolocation and tracking using TDOA and FDOA 
measurement fusion is considered in [11].  

Hierarchical DOA estimation and the fusion of DOAs and 
the terrain map is proposed in [12] to reduce computational 
complexity of the near-real-time detection in unmanned 
airborne emitter monitoring system. A novel application of a 
common RF direction-finding technique called pseudo-
Doppler using small, unmanned system is investigated in [13]. 
In [14] a series of both real-world flight testing and computer 
simulated scenarios were conducted to study the feasibility of 
a low-cost UAV DOA geolocation platform. 

RSSI localization and tracking architecture, where a data 
driven neural network model is used for estimating the 
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unknown signal strength and extended Kalman filters are 
utilized for eliminating the RSS noise is presented in [15]. 
Work [16] investigates the impact of UAVs, equipped with 
RSSI sensors, formation and trajectory on the aerial RF source 
localization performance for Differential Received Signal 
Strength Indication (DRSSI) based approach in None LOS 
(NLOS) propagation conditions. Localization of a radio 
frequency (RF) transmitter with intermittent transmissions as 
quickly as possible via a group of UAVs equipped with 
omnidirectional RSS sensors is considered in [17].  

Existing accuracy results achieves the order of tens and 
hundreds of meters in optimistic LOS conditions. However, 
the problem of radio emission sources positioning with UAVs 
is especially relevant for search and rescue operations in 
heterogeneous terrain, when separate primary measurements 
obtained, for example, after reflections, could lead to a 
significant error with RMSE>103 m [16], [26]. One possible 
way to improve the accuracy in such conditions is to use joint 
processing of TDOA and AOA primary measurements.  

The problem of hybrid TDOA/AOA measurement 
processing to locate mobile station with stationary ground 
base stations on the plane was considered in [18] and 
demonstrated higher location accuracy than TDOA only 
location, when the number of base stations is small and/or 
when the TDOA measurements have a relatively poor 
accuracy. Localization of radar emitters from a single sensor 
using multipath and TDOA-AOA measurements in a naval 
context was investigated in [19]. Results of [18] and [19] are 
valid for the 2D scenario, however localization in 3D is much 
more challenging than in 2D.  Especially for AOA technique 
we are not able to apply the 2D AOA method to the azimuth 
and the elevation angle separately to obtain the source location, 
because two angles have to be used jointly in their respective 
non-linear measurement equations in order to determine the 
position of the source [20].  

Problem of passive geolocation radiating emitter source in 
the three-dimensional (3D) space, using hybrid TDOA-AOA 
measurements was investigated in [21], however it considered 
the case of two stationary ground stations. Case of UAV based 
passive geolocation, using a hybrid TDOA-AOA was 
simulated in [22], however no performance evaluation due to 
inherent TDOA and AOA noise variation was done. Thus, the 
aim of current research is to investigate the performance of 
hybrid measurement processing in handling TDOA and AOA 
noise for the case of UAV based passive geolocation.  

The material in the paper is organized in the following 
order. Developed mathematical model for passive geolocation 
of radio emission sources with UAVs using TDOA-AOA 
measurement processing including UAV based passive 
geolocation system model, TDOA-AOA error-free model, 
Cramer-Rao Lower Bound (CRLB) for TDOA-AOA 
measurement processing model and TDOA-AOA noisy 
measurement processing model are presented in Section II. 
Developed simulation model, scenario of geolocation and 
numerical results for performance of hybrid measurement 
processing in handling TDOA and AOA noise are given in 
Section III. Finally, we draw the conclusions in Section IV. 

II. TDOA-AOA MEASUREMENT  
PROCESSING IN UAV BASED PASSIVE GEOLOCATION 

In this section we present UAV based passive geolocation 
system model, TDOA-AOA error-free model, Cramer-Rao 
Lower Bound (CRLB) for TDOA-AOA measurement 
processing model and TDOA-AOA noisy measurement 
processing model. 

A. UAV Based Passive Geolocation System Model 

UAV based passive geolocation system under consideration, 
including flying segment based on transceiver stations aboard 
Unmanned Aerial Vehicles (UAVs) with terrestrial segment 
including stationary ground transceiver is shown in Figure 1. 
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Figure 1.  UAV based passive geolocation system 

Ground and UAV based passive receive sensors whose 
positions are available with Global Navigation Satellite 
Systems (GNSS) carry out the task of receiving primary Time 
of Arrival (TOA) and AOA measurements from packets 
transmitted by radiating emitter source. Single passive sensor 
can record the time stamp and direction of the received packet. 
Accurate time stamping is possible since each sensors has a 
GNSS receiver for time synchronization. Then, TOAs 
(timestamps) and AOAs of each sensor are forwarded to the 
measurement processing unit, which in turn using known 
sensor locations and hybrid TDOA-AOA measurement 
processing, estimate radiating emitter coordinates x ̂=(x̂,ŷ,z ̂)T. 

If positioning is carried out by TDOA in three-dimensional 
space, at least four stationary receiving sensors are required to 
define three TDOA measurements from three pairs of sensors. 
Using of UAV as moving sensor cooperatively with ground 
based sensor as a reference node, as shown in Figure 2, allows 
to get multiple TDOA measurements along UAV flight path 
and hence reduce the number of required sensors to a pair. 
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Figure 2.  Using of UAV as moving sensor with ground based sensor 

B. TDOA-AOA Error-Free Measurement Processing Model 

Let denote ground based receive sensor RxGR with available 
coordinates x0=(x0,y0,z0)T as reference sensor and UAV based 
receive sensor RxUAV with available coordinates xi=(xi,yi,zi)T,  
where time intervals i=1…k correspond to synchronized 
timestamps, k – the number of primary measurements along 
UAV flight path.  Let TOAi be transmitted packet time of 
arrival for the signal radiating from the emitter, then TDOA 
between RxUAV and reference RxGR is defined by ti,0 as 

 i,0 i 0 i,0t TOA TOA d c= − = , (1) 

where c is speed of light and di,0 is range difference.  
Actual error-free range difference is defined by    

 i,0 i 0d d d= − , (2) 

where di is actual range between emitter with unknown 
coordinates x=(x,y,z)T and sensor with available coordinates 
xi=(xi,yi,zi)T defined as 

 ( ) ( ) ( )2 2 2
i i i i i2

d x x y y z z= − = − + − + −x x , (3) 

where 2
⋅ – norm operator over a vector in  3-D space [23]. 

Figure 3 shows TDOA-AOA geolocation geometry in the 
Cartesian coordinate system for the example time interval i. 
Emitter observation by two sensors results in one TDOA ti,0 
and two AOA pairs (θ0,ϕ0) and (θi,ϕi) of measurements. 
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Figure 3.  Geolocation geometry  

As depicted in Figure 3, projection of the range di between 
emitter and sensor on x-y plane is denoted by dixy and defined 
by 

 ( ) ( )2 2
ixy i id x x y y= − + − , (4) 

In matrix form error-free range difference measurement 
model ( ) k 1

0
×∈d x   for i=1…k primary measurements along 

UAV flight path with reference sensor RxGR is defined by 

 ( )
1 0

2 0
0

k 0

d d
d d

d d

− 
 − =
 
 − 

d x


, (5) 

Actual error-free bearing pair bi including azimuth θi and 
elevation ϕi AOAs from emitter with coordinates x=(x,y,z)T  to 
receiver sensor with coordinates xi=(xi,yi,zi)T, i=1…k can be 
expressed as 

 ( ) i
i

i

b
θ 

=  φ 
x , (6) 

 

( ) ( )

i
i

i

i
i 2 2

i i

y yarctg ,
x x

z zarctg
x x y y

 −
θ =  − 

 − φ =
 − + − 

. (7) 

For the sake of consistency in TDOAs and AOAs 
measurements, assume that emitter is stationary and bearing 
pair bi is collected by UAV based receive sensor RxUAV for 
i=1…k time intervals along UAV flight path. Then in matrix 
form error-free bearing AOA measurement model 

( ) 2k 1×∈b x   is  

 ( )

( )
( )

( )

1

2

k

b

b
   
b

 
 
 =  
 
  

x

x
b x

x


. (8) 

Actual error-free range difference (TDOA) and bearing 
(AOA) joint measurement model ( )if x for ith time interval is 
defined by 

 ( )
( )

( )
i,0

i
i

d
f

b

 
=  
  

x
x

x
. (9) 

In matrix form range difference (TDOA) and bearing (AOA) 
joint measurement model ( ) 3k 1×∈f x   for i=1…k primary 
measurements along UAV flight path is defined by 

 ( ) ( )
( )
0 

=  
  

d x
f x

b x
. (10) 
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C. Cramer-Rao Lower Bound for TDOA-AOA Model 

The CRLB gives a lower bound on variance attainable by 
any unbiased estimator using the same data, and thus it can be 
served as an important benchmark to compare with the root 
mean square error (RMSE) of positioning algorithms [23]. 
The key in producing the CRLB is to construct the 
corresponding Fisher information matrix (FIM) I(x), 
computed at emitter location with coordinates x=(x,y,z)T. The 
diagonal elements of the FIM inverse are the minimum 
achievable variance values: 

 ( ) ( )( )1CRLB trace −=x I x . (11) 

When the primary measurement errors are zero-mean 
Gaussian distributed, I(x) can be computed as [24] 

 ( ) ( ) ( )T
1−∂ ∂   

=    ∂ ∂   

f x f x
I x C

x x
.    (12) 

where C  denotes TDOA and AOA noise covariance matrix, 

and 
( )∂

∂
f x

x
 is Jacobian matrix for joint measurement model 

( )f x . Jacobian matrix 
( )0 k 3×∂

∈
∂

d x

x
  for ( )0d x  is defined  

  

( )0

0 0 01 1 1

1 0 1 0 1 0

0 0 02 2 2

2 0 2 0 2 0

0 0 0k k k

k 0 k 0 k 0

x x y y z zx x y y z z
d d d d d d

x x y y z zx x y y z z
d d d d d d

x x y y z zx x y y z z
d d d d d d

∂
=

∂
− − −− − − − − − 

 
 − − −− − −

− − − =  
 
 

− − −− − − − − −  

d x

x

  

. (13) 

where di is computed according to (3). Jacobian matrix 
( ) 2k 3×∂

∈
∂

b x

x
  for ( )0d x  is defined by 

 ( )

( ) ( )

( )( ) ( )( )

( ) ( )

( )( ) ( )( )

1 1
2 2
1xy 1xy

1xy1 1 i i
2 2 2
1 1xy 1 1xy 1

k k
2 2
kxy kxy

kxyk k k k
2 2 2
k kxy k kxy k

y y x x
0

d d

dx x z z y y z z
d d d d d

y y x x
0

d d

dx x z z y y z z
d d d d d

− − 
− 

 
 − − − − − −
 

∂  
=  ∂  − − −
 
 

− − − − − − 
 

b x

x
   . (14) 

where di and dixy defined according to (3) and (4) respectively.  
Jacobian matrix for joint measurement model ( )f x  is 

defined from (13) and (14) by  

 ( )
( )

( )

0∂ 
 ∂ ∂ =

∂  ∂
 ∂ 

d x
f x x

x b x

x

.  (15) 

D. TDOA-AOA Noisy Measurement Processing Model 

Expressions (2) and (6) represent error-free values of 
TDOA and AOA, however in practice noise is always present 
in measurements. Noisy TDOA can be rewritten from (2) as 

 i,0 i 0 did d d n= − + .  (16) 

where din is measurement noise for i,0d with TDOA standard 
deviation σTDOA. Employing technique, proposed in [24], 
under the assumption that ground based receive sensor RxGR is 
in the Cartesian coordinate system origin, we can represent 
TDOA measurement processing model in matrix form as [22] 

  TDOA TDOA TDOA= +m g X n .  (17) 

where 

[ ]

2
1 1 1 1,01,0 1

2
2 2 2 2,02,0 2

TDOA TDOA

2
k k k k,0k,0 k

T 2 2 2
TDOA d1 d2 dk i i i i

x y z dd K
x y z dd K1 ,

2
x y z dd K

n , n , , n , K x y z .

− − − − −  
   − − − −−   = =   
   − − − −−      

= = + +

m g

n

   



  (18) 

and [ ]T
0x, y,z,d=X is the vector of unknown variables.  

Noisy AOA was also considered in [22], however only 
ground based sensor measured AOA. Consider the case of 
stationary emitter, illustrated in figure 3, where RxGR measures 
single AOA pair (θ0,ϕ0) and RxUAV measures k AOA pairs 
(θi,ϕi), i=1…k along UAV flight path. Then we can represent 
AOA measurement processing model in matrix form as [22] 

 AOA AOA AOA ,= +m g X n .  (19) 

where 

0 0 k k

0 0

0 0 0

AOA AOA

k k

k k k

T

AOA 0xy 0 kxy k

sin cos 0 00
sin cos 0 cos 00

,
sin cos 0 00

sin cos 0 cos 00

d n ,d n , ,d n , d n .

−  
   −  
  = =
   −  
   −   

 =  

m g

n

   

θ φ θ φ

θ θ
φ θ φ

θ θ
φ θ φ

 (20) 

where ( )i in ,nθ φ is measurement noise for (θi,ϕi), i=0…k, with 
AOA standard deviation σAOA. Joint processing of TDOA and 
AOA primary measurements by combining (17) and (19) 
gives a set of overdetermined location equations 

 TDOA TDOA TDOA

AOA AOA AOA

     
= +     

     

m g n
X

m g n
.  (21) 
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III.  SIMULATION SCENARIO AND RESULTS 

Simulation scenario described further is based on the 
assumption of ideal synchronization between sensors of the 
terrestrial and flying segments aboard UAV. Simulation 
model included arrangement, estimation and visualization 
subsystems [25]–[29]. The positioning of the emitter was 
performed for scenario when it is located in three-dimensional 
space at the point (5, 4.0, 1.0) km in an area with a size of (10 
km × 10 km × 5 km) as depicted in Figure 4 [26]. 

 
Figure 4.  Simulation scenario 

UAV flies circumferentially over the working area at a 
constant altitude z = 4 km [26]. A set of overdetermined 
location equations (21) was solved with Levenberg-Marquardt 
(LM) positioning algorithm [30] and compared with CRLB 
(11). The root-mean-square error (RMSE) of coordinates 
estimate of the emitter source is [31] 

 ( ) ( ) ( ){ }2 2 2ˆ ˆ ˆRMSE= E x x + y y z z− − + − .  (22) 

where   = x, y,z 
 x   is emitter LM location estimate. Figure 5 

shows performance of hybrid TDOA-AOA measurement 
processing location estimation in terms of RMSE versus the 
AOA standard deviation σAOA computed during simulation 
when TDOA standard deviation σTDOA is fixed at 10 m. 

 
Figure 5.  Emitter location RMSE versus AOA standard deviation σAOA 

Previous simulation results in [25]–[29] with TDOA only 
measurement processing achieved RMSE of approximately 10 
m in LOS conditions, that’s why σTDOA=10m was chosen as a 
reference for hybrid TDOA-AOA measurement processing 
with handling AOA noise. 

It can be seen from Figure 5, that positioning accuracy 
performance with only two sensors quickly degrades with the 
increase of AOA noise and looks rather coarse comparing to 
the cases in [25]–[29] with five ground based receive sensors 
RxGR and one UAV based receive sensor RxUAV. To prove 
practicability of hybrid TDOA-AOA measurement processing 
let's observe existing accuracy results for passive geolocation 
with TDOA, FDOA, AOA or RSSI measurement processing, 
including UAV based passive geolocation, shown in Table 1. 

TABLE 1. ACCURACY RESULTS FOR PASSIVE GEOLOCATION WITH UAVS 

Ref. 
Accuracy 
bounds, m 

Assumptions 
Primary 
Measurements 

[2] 21 – 100 3D, 1 UAV, LOS 

TDOA 

[3] 16 - 99 3D, 1 UAV, LOS 

[8] 500 – 2000 3D, 1 UAV, LOS 

[9] 10 – 1000 2D, 2 UAVs, LOS, 
Kalman filtering 

[10] 100 – 1000 2D, 2 UAVs, LOS, 
Kalman filtering 

[25]
[28] 9 – 16 3D, 1 UAV, 5 RxGR, 

LOS 

[26] 20 – 3000 3D, 1 UAV, 5 RxGR, 
NLOS 

[11] 10-2000 2D, 2 UAVs, LOS, 
Kalman filtering TDOA–FDOA 

[12] 15 – 65  3D, 2 UAVs, LOS, 
AOA 

[14] 20 – 200 2D, 1 UAV, LOS 

[15] 28 - 57 3D, 3 UAVs, LOS, 
Kalman filtering RSSI 

[17] 30 – 200  2D, 2 UAVs, LOS 

[18] 22 – 180  2D, 4 RxGR 
TDOA-AOA 

[19] ~102 2D, 1RxGR, 
σAOA=0.2°, TDOA=25ns 

 
Results in Table 1 are simulation based and depend on a 

plenty of factors, including model setup and parameters.  
However, for the case of passive geolocation in 3D space in 
NLOS conditions with only one ground and one UAV based 
sensor hybrid TDOA-AOA measurement processing appears 
to be practicable because even coarse AOA with σAOA up to 
20° can straightforwardly contribute to NLOS measurements 
excluding [26] which in 3D space lead to RMSE>103.   

IV. CONCLUSIONS 

In this paper we developed mathematical model for 
positioning of radio emission sources with UAVs using hybrid 
TDOA-AOA measurement processing and verified its 
practicability in NLOS conditions with only two sensors. 

364

International Conference on Advanced Communications Technology(ICACT)

 
ISBN 979-11-88428-03-8

 
ICACT2019 February 17 ~ 20, 2019



ACKNOWLEDGMENT 

This work was supported by the Ministry of Science and 
Education of the Russian Federation with Grant of the 
President of the Russian Federation for the state support of 
young Russian scientists № MK-3468.2018.9. 

REFERENCES 
[1] S. Hayat, E. Yanmaz and R. Muzaffar, “Survey on Unmanned Aerial 

Vehicle Networks for Civil Applications: A Communications 
Viewpoint,” in IEEE Communications Surveys & Tutorials, vol. 18, no. 
4, pp. 2624-2661, Fourthquarter 2016. 

[2] O. D. Saputra, M. Irfan, N. N. Putri and S. Y. Shin, “UAV-based 
localization for distributed tactical wireless networks using 
archimedean spiral,” 2015 International Symposium on Intelligent 
Signal Processing and Communication Systems (ISPACS), Nusa Dua, 
2015, pp. 392-396. 

[3] D. Kim, K. Lee, M. Park and J. Lim, “UAV-Based Localization 
Scheme for Battlefield Environments,” MILCOM 2013 - 2013 IEEE 
Military Communications Conference, San Diego, CA, 2013, pp. 562-
567. 

[4] G. Stamatescu, D. Popescu and R. Dobrescu, “Cognitive radio as 
solution for ground-aerial surveillance through WSN and UAV 
infrastructure,” Proceedings of the 2014 6th International Conference 
on Electronics, Computers and Artificial Intelligence (ECAI), 
Bucharest, 2014, pp. 51-56. 

[5] G. M. D. Santana, R. S. Cristo, C. Dezan, J. Diguet, D. P. M. Osorio 
and K. R. L. J. C. Branco, “Cognitive Radio for UAV communications: 
Opportunities and future challenges,” 2018 International Conference 
on Unmanned Aircraft Systems (ICUAS), Dallas, TX, 2018, pp. 760-
768. 

[6] S. Waharte and N. Trigoni, “Supporting Search and Rescue Operations 
with UAVs,” 2010 International Conference on Emerging Security 
Technologies, Canterbury, 2010, pp. 142-147. 

[7] D. J. Torrieri, “Statistical Theory of Passive Location Systems,” in 
IEEE Transactions on Aerospace and Electronic Systems, vol. AES-20, 
no. 2, pp. 183-198, March 1984. 

[8] H.-J. Du and P. Y. Lee, “Passive Geolocation Using TDOA Method 
from UAVs and Ship/Land-Based Platforms for Maritime and Littoral 
Area Surveillance,” Defense R and D, Ottawa, Canada, Technical 
Memorandum 2004-033, Feb. 2004. 

[9] F. Fletcher, Branko Ristic and Darko Musicki, “Recursive estimation 
of emitter location using TDOA measurements from two UAVs,” 2007 
10th International Conference on Information Fusion, Quebec, Que., 
2007, pp. 1-8. 

[10] N. Okello, F. Fletcher, D. Musicki and B. Ristic, “Comparison of 
Recursive Algorithms for Emitter Localisation using TDOA 
Measurements from a Pair of UAVs,” in IEEE Transactions on 
Aerospace and Electronic Systems, vol. 47, no. 3, pp. 1723-1732, July 
2011. 

[11] D. Musicki, R. Kaune and W. Koch, “Mobile Emitter Geolocation and 
Tracking Using TDOA and FDOA Measurements,” in IEEE 
Transactions on Signal Processing, vol. 58, no. 3, pp. 1863-1874, 
March 2010. 

[12] Z. Wang, E. Blasch, G. Chen, D. Shen, X. Lin and K. Pham, “A low-
cost, near-real-time two-UAS-based UWB emitter monitoring system,” 
in IEEE Aerospace and Electronic Systems Magazine, vol. 30, no. 11, 
pp. 4-11, November 2015. 

[13] R. J. Bamberger, J. G. Moore, R. P. Goonasekeram, D. H. Scheidt, 
“Autonomous geolocation of rf emitters using small, unmanned 
platforms,” Johns Hopkins APL Technical Digest, vol. 32, no. 3, pp. 
636-646, 2013. 

[14] M. A. Magers, “Geolocation of RF Emitters Using a Low-Cost UAV-
Based Approach,” M. Sci. thesis, Air Force Institute of Technology, 
Write-Patterson Air Force Base, Ohio, United States, 2016. 

[15] M. Hasanzade, O. Herekoglu, N. K. Ure, E. Koyuncu, R. Yeniceri and 
G. Inalhan, “Localization and tracking of RF emitting targets with 
multiple unmanned aerial vehicles in large scale environments with 
uncertain transmitter power,” 2017 International Conference on 
Unmanned Aircraft Systems (ICUAS), Miami, FL, USA, 2017, pp. 
1058-1065. 

[16] S. M. M. Dehghan, H. Moradi and S. A. A. Shahidian, “Optimal path 
planning for DRSSI based localization of an RF source by multiple 
UAVs,” 2014 Second RSI/ISM International Conference on Robotics 
and Mechatronics (ICRoM), Tehran, 2014, pp. 558-563. 

[17] F. Koohifar, I. Guvenc and M. L. Sichitiu, “Autonomous Tracking of 
Intermittent RF Source Using a UAV Swarm,” in IEEE Access, vol. 6, 
pp. 15884-15897, 2018. 

[18] L. Cong and W. Zhuang, “Hybrid TDOA/AOA mobile user location 
for wideband CDMA cellular systems,” in IEEE Transactions on 
Wireless Communications, vol. 1, no. 3, pp. 439-447, July 2002. 

[19] R. Giacometti, A. Baussard, D. Jahan, C. Cornu, A. Khenchaf and J. 
Quellec, “Localization of radar emitters from a single sensor using 
multipath and TDOA-AOA measurements in a naval context,” 2016 
24th European Signal Processing Conference (EUSIPCO), Budapest, 
2016, pp. 692-696. 

[20] Y. Wang and K. C. Ho, “An Asymptotically Efficient Estimator in 
Closed-Form for 3-D AOA Localization Using a Sensor Network,” in 
IEEE Transactions on Wireless Communications, vol. 14, no. 12, pp. 
6524-6535, Dec. 2015. 

[21] J. Yin, Q. Wan, S. Yang and K. C. Ho, “A Simple and Accurate 
TDOA-AOA Localization Method Using Two Stations,” in IEEE 
Signal Processing Letters, vol. 23, no. 1, pp. 144-148, Jan. 2016. 

[22] H.-J. Du and P. Y. Lee, “Simulation of multi-platform geolocation 
using a hybrid TDOA-AOA method,” Defense R and D Ottawa, 
Canada, Technical Memorandum 2004-256, Dec. 2004. 

[23] R. Zekavat, R. M. Buehrer, Handbook of position location: Theory 
practice and advances, Wiley-IEEE Press, 2011. 

[24] Y. T. Chan and K. C. Ho, “A simple and efficient estimator for 
hyperbolic location,” in IEEE Transactions on Signal Processing, vol. 
42, no. 8, pp. 1905-1915, Aug. 1994. 

[25] A. H. A. Al-odhari, G. Fokin and A. Kireev, “Positioning of the radio 
source based on time difference of arrival method using unmanned 
aerial vehicles,” 2018 Systems of Signals Generating and Processing in 
the Field of on Board Communications, Moscow, 2018, pp. 1-5. 

[26] Fokin G., Ali A.A.H., “Algorithm for Positioning in Non-line-of-Sight 
Conditions Using Unmanned Aerial Vehicles,” Lecture Notes in 
Computer Science, vol. 11118, pp. 496-508, 2018. 

[27] Fokin, G. A., Alodhari, A. H., “Positioning of the moving radiation 
source using Time Difference of Arrival method,” T-Comm (Media 
Publisher), vol. 11, № 4, pp. 41-46, 2017. 

[28] Fokin, G. A., Alodhari, A. H., “TDOA measurement processing for 
positioning using unmanned aerial vehicles,” T-Comm (Media 
Publisher), vol. 12, № 7, pp. 52-58, 2018. 

[29] Al-Odhari A., Fokin G., “Positioning of Radio Emission Sources in 
Hilly Terrain Using Unmanned Aerial Vehicles,” Proceedings of 
Telecommunication Universities, Vol. 4. Iss. 2. pp. 5-17, 2018. 

[30] M. Sivers, G. Fokin, “LTE Positioning Accuracy Performance 
Evaluation,” Lecture Notes in Computer Science, vol. 9247, pp. 393–
406, 2015. 

[31] G. Mashkov, E. Borisov and G. Fokin, “Experimental validation of 
multipoint joint processing of range measurements via software-
defined radio testbed,” 2016 18th International Conference on 
Advanced Communication Technology (ICACT), Pyeongchang, 2016, 
pp. 268-273. 
 

 Ph. D. Grogoriy Fokin (M'18) is working in 
The Bonch-Bruevich Saint-Petersburg State 
University of Telecommunications (SUT) as an 
Associate Professor of the Department of Radio 
Communications and became a Member (M) of 
IEEE in 2018. He graduated SUT in 2005, then 
received Ph. D  there in 2009 and from 2010 till 
2014 worked as Researcher and since 2012 as 
Senior Researcher in Radio Research and 
Development  Institute (NIIR). Mr. Fokin is 
author of 55 scientific papers, 5 tutorials and 

winner of grant competition of the President of the Russian Federation 
for the state support of young Russian scientists № MK-3468.2018.9. 
 

365

International Conference on Advanced Communications Technology(ICACT)

 
ISBN 979-11-88428-03-8

 
ICACT2019 February 17 ~ 20, 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




