
2.1 Cellular Positioning 

Chapter -2 

Literature Review 

Cellular positioning is merely the estimation of the locations of Mobile Stations ( f\1 S) 

using location sensitive parameters. While third generation mobile networks are 

enriched with positioning functionality. GSM netwc5rks should be integrated with a 

separate positioning unit as positioning functionality is deficient in GSM. 

Cellular positioning can be achieved in variety of ways. All of these vanous 

techniques differ in accuracy, cost, and ease of implementation. Because of this 

operators have to weigh the tradeoff's among several methods. While all of these 

methods apply to terrestrial cellular systems, some require modifications to network 

infrastructure only. whereas others require new technology in the subscriber units as 

well. 

Basically. all cellular positioning techniques have two roles, namely. Parameter 

Measurement (Location Measurement) and Position Determination (Location 

Estimation). These functions are performed by either MS or network. Consequently. 

cellular positioning systems are divided into three categories based on the role of the 

MS and the network. Those are Mobile based solutions. network based solutions and 

mobile-assisted network based solutions. 

In mobile based solutions. both parameter measurement and location determination 

are performed by the MS. Still, some assisting information (BS coordinates) might be 

needed from the network to enable location determination in the MS. Mobile-based 

implementation does not support legacy handsets [~ 1 ]. 

On the other hand. in network-based implementation one or more base stations (BSs) 

make the parameter measurements and send the measurement results to a location 

centre where the position is computed. This does not require any changes to existing 

handsets. which is a significant advantage compared to mobile-based or most mobile

assisted solutions [31 ]. 
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When the MS makes positioning measurements and sends the results to a positioning 

element located in the network for position determination, the system is called mobile

assisted network based solution. Thus. the computational burden in mobile-based 

implementation is transferred to the positioning element: however, signaling delay and 

signaling load increase. especially when the estimated location information should be 

available at the MS. 

2.1.1 Positioning Parameters / 

A. C 'ell ID 

Cell-10 is the simplest positioning parameter. which gives cell sector information of 

serving cell in cellular networks. In current cellular networks. coverage is provided by 

a number of distributed cells. Each cell is normally divided into three sectors. Cell size 

varies from 300m to 3 km in urban areas and 3~20 km in suburban/rural areas. Hence. 

the accuracy of a positioning method. which gives the location of the BS as the 

estimated location, is based on the coverage area of the cell. This parameter is 

advantageous in the way that it doesn't require air interface resources and handset 

modifications in measurement procedure r 14]. Cell TO of the serve cell could be 

obtained in the idle mode of the hand-set. 

B. Timing Advance (TA) 

Timing Advance is a parameter used to synchronize the time frame of each mobile 

station at the BS. It gives a distance estimate between the BS and the MS. T A is 

calculated at the BS and sent it back to the MS. which is then made available in the 

Network Measurement Report (NMR) at the mobile. Timing Advance value ranges 

from 0 to 63 and each value represents a range of distance from MS to BS, where the 

mobile can locate. This distance range is given by Equation (2.1 ). 

1 1 
SSO.(TA ~-) :s; d :s; SSO.(TA +-)JA > 0 

2 2 (2.1) 

0 :s; d :s; 275m;TA = 0 

Since theTA value is known only in the dedicated mode (call on) this cannot be used 

to locate a MS in idle mode. The accuracy of the positioning method. that considers 

TA alone. decreases when the MS is far away from the BS. Therefore. T A is used 

combination with the other methods to improve the accuracy [~2]. 
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( ·. Received Signal Strength (RSS) 

In cellular environment MS can measure signals from several surrounding BSs. These 

signal strength measurements provide a distance estimate between the MS and BS 

(with the aid of propagation models) and the MS must lie on a circle centered at the 

BS (With the use of Cell-ID the BS location could be identified). 
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Figure 2.1: Distance to MS from several BSs using propagation models 
::;;ourcc: i29j 

The received signal strengths from serving cell and the neighboring cell(s) are 

available in the NMR at the mobile. By using this information at the mobile itself or 

by transmitting them back to the network, either a terminal based solution or a 

network based solution can be implemented. Received Signal Strength of the serve 

cell and neighboring cells could be obtained through the Broadcast Control Channel 

(BCCH) in idle mode as well. 

D. Angle ofArrival (AOA.) 
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Figure 2.2: Angle of arrival parameter in GSM 
Source: [291 
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AOA parameter defines the angle of arrival of a signal from a MS at several BSs and 

could be measured through the use of antenna arrays. If a handset is within line-of

sight. the antenna array can determine the direction of the incoming signal from that 

hand-set. A second base station with the same technology would then also locate the 

direction of the handset and pinpoint the MS location with the use of data from the 

first base station and assuming 2-0 geometry as shown in Figure 2.2 [29]. 

Line of sight between the MS and the BSs is essential for accurate measurement of the 

AOA. Hence. it is clearly not a parameter of choice in dense urban areas where line of 
" 

sight scenario is seldom present. However, the AOA could be used as a location 

sensitive parameter in rural and suburban areas and it is an advantage to be able to 

locate a MS using measurements from a minimum of two BSs [J 1 J. 

A major barrier to implement positioning techniques based on AOA in existing GSM 

networks is the need for an antenna array at each BS. It would be very expensive to 

build an overlay of AOA sensors to existing cellular network. However. since it is a 

network-based method and supports legacy handsets. it is developed by several 

companies as an E-911 solution [J l ]. In addition. applying AOA parameter in 

positioning techniques may introduce a capacity issues in cellular networks as the 

measurements taken at several BSs from a single MS requires time synchronization. 

This will result in the difficulty to serve a large number of simultaneous users. 

E. Propagation Time 

This is the one-way propagation time of a signal transmitted by the MS and received 

at multiple BSs. Alternatively; the measurement of the round-trip time of a signal 

gives a result twice that of the one-way measurement. The measurement of one-way 

propagation time requires the knowledge of the exact time at which the MS transmits 

and the BSs should have very stable and accurate clocks. But. the measuring of round

trip-time does not rely on such synchronization between the mobile and base station. 

and is the common means of measuring propagation time [ l 8]. 

Since signals travel with a known velocity. the distance can be directly calculated 

from the propagation time. Geometrically. this provides a circle, centered at the BS. 

on which the MS must lie. By using at least three BSs to resolve ambiguities. the 

MS"s position is given by trilateration. 
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Figure 2.3: Propagation Time measurement 
'-'ourcc: [ l<\1 

Since the inaccuracy in timing synchronization translates directly to an imprecise 

location, the synchronization of the network base stations is very important when 

using propagation time as the location sensitive parameter. This is purely applicable 

for a network based solution, where the propagation time information at several base 

stations is taken in to consideration. 

F. Time Difference ofArrival (TDOA) 

!his is the time difference of the arrival of a signal from the MS at a pair of BSs. This 

can be derived by measuring the Time of Arrival (TOA) of the signal at each BS and 

sending them to a central site to compute the time differences. 

\ TDOA measurement defines a hyperbolic locus around the BS on which the mobile 

telephone must lie. The intersection ofthe two hyperbolic loci (using three BSs) will 

define the position of the mobile telephone as shown in Figure 2.4. 
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Figure 2.4: TDOA parameter 
Source: 1181 
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A third TDOA measurement can be used to resolve the ambiguity of the hyperbolae 

intersecting at two locations. 

The synchronization of the base stations is an important issue in implementing 

positioning systems using TDOA parameter. This is also purely applicable for 

network based solution where additional hardware is needed at the BS to implement 

LIS. 2CJ]. 

2.1.2 Positioning Techniques / 

Positioning techniques in cellular networks could be classified in to three maJor 

classes based on the approach used. They are; 

• Geometrical Methods 

• Statistical Methods 

• Fingerprinting Methods 

This section reviews the existing literature on first two approaches while the third 

approach is comprehensively discussed in Section 2.2 as it is the basis for the research 

work presented in this thesis. 

A. Geometrical Methods 

Geometrical method is a traditional positioning approach to location estimation based 

on standard geometry. Geometrical algorithms form circles. hyperbolae or angles 

centered at the bearable base stations and estimate the location by intersecting those in 

2-dimension. Trilateration and triangulation are the basic geometry used in these 

methods. Different positioning parameters described in Section 2.1.1 can be used in 

triangulation and trilateration. 

Tvvo measurements of angle of arrival parameter from the MS at two different BSs 

could be triangulated to estimate the location of the mobile as shown in Figure 2.2 

[.1]]. 

In addition. the distance estimate. which is computed using the received signal 

strength and propagation models suitable for the environment or using the propagation 

time parameter between BS and MS. defines a circle around the BS on which the MS 

may locate. Then the position of the MS could be estimated by trilaterating three such 
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range circles at three bearable cells as shown in Figure 2.1. Theoretically. this would 

give a single intersection point. but due to multi-path effects and the constraints in 

propagation models. several intersection points will result. In such cases. the 

geometrical mean of all the intersection points could be taken as the estimated 

location as shown in Figure 2.5 [29]. 

¢1 
l 

..... :a 

/-----, Actual location~/--

X { 
/ I " 

~- ~k----~ 
I -., -" . 11---------- /' \ • -11' -- " 1 +----- Servmg ce / \ 
, I -

,·~~/ 

-~2--- ---:___Estimated 
;f- --·-

location 

Figure 2.5: Geometrical mean of all intersection points in geometrical method 
S,•urce: I 

Application of geometrical technique in location estimation is described in [2tJ] 

together with accuracy results in three different environments. The results of that work 

shows. the 80% accuracy of geometrical method lies in the range of 500m in urban. 

I OOOm in suburban and 1500m in rural environment. This is a low accuracy level for 

most of the location based services immerging today. 

B. Statistical Methods 

The second approach, which is based on statistical modeling. was first proposed by 

Teemu Roos. Petri Myllymaki and Henry Tirri in their paper. A Statistical Modeling 

Approach to Location Estimation [ 10]. The basic idea of this method is the 

construction of a statistical model which describes the distribution of signal strength at 

any given location. and to use the model to estimate the mobile unit's location when 

the signal strength is observed. The approach is strongly linked with propagation 

modeling. 

The use of statistical modeling gives several feasible solutions over other approaches 

like geometrical approach. The key point in geometrical approach is mapping 

measured signal properties to the location. In contrast to this. statistical modeling 

approach emphasizes propagation modeling. in which the dependency of the measured 
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signal properties on the location variable is considered. Here. the location estimation 

problem is solved as inference-problem. which is the kind of reasoning typical of 

statistics in general [I 0]. 

In this approach. first, a propagation model is selected for received signal strength at a 

distance d from the transmitter. and then. the probability distribution of the received 

signal strength around a specific area is defined. Then it requires a calibration of 

propagation parameters appearing in the propagation model equation, with respect to 

the environment. This is also a statistical estimation process. which uses a huge 
/ 

amount of field test data relative to a particular environment [33]. After estimating the 

propagation parameters. location estimation for a particular set of observed signal 

strengths at a specific location can be done as an inverse. or else. an inference 

problem. 

Simulation results of this method for location estimation are given in [ 1 0] and [ 33 ]. in 

which the positioning error is less than 620m in 95% of the estimates. 

Furthermore. an enhancement to initial work in [l OJ has been proposed in [3.:1-]. in 

which a directional propagation model is considered. According to the results 

demonstrated in [3.:1-] the best value of the average error is around 340m. 

In addition. the statistical modeling approach has been tested in local context and the 

results are presented in [30]. Accordingly, the positioning error in local urban 

environment is less than 375m in 80% ofthe estimates. 

A different approach for statistical estimation has been proposed in [35]. which helps 

to reduce the error caused by the effect of signal fluctuations by acting as a filter for 

handling signal fluctuations. The simulation results show that the best average 

accuracy is around 260m. 

2.1.3 Performance Measures 

Commonly used accuracy measures in location estimation should be known in order 

to compare and understand the performance of different positioning technologies. This 

section reviews on different measures available in literature for this purpose. 
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A. PositioninR error 

Positioning error is the Euclidean distance between the estimated location and true 

location as given in Equation (2.2) 

1 , , , 
d = -y(x,- xc)- +(y,- Yet +(z, -zct (2.2) 

Where. E(Xe.}'e.Ze) - estimated location 

T(x1.y~ozr) -corresponding true1ocation 

The error in the altitude is often ignored in cellular positioning. In addition. the true 

location might be replaced with the location calculated with the GPS receiver [36 ]. 

B. Circular Error Probability (CEP) 

Circular error probability or circular error probable (CEP) is the radius of a circle 

centered at the true position. containing the position estimate with a certain 

probability. Usually the radius of the 50% (R50) probability is used, but 67% (R67) 

and 95% (R95) probabilities are often quoted as in Figure 2.6 . 
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Figure 2.6: Circular Error Probability 
Source 1361 

R50 equals the median of the positioning error distribution. A bit similar measure is 

the arithmetic mean which equals the sum of the positioning errors of the samples 

divided by the number of samples. The median is a much better measure than the 

arithmetic mean for highly asymmetrical distributions and hence more applicable in 

mobile positioning [36]. 

In case of three-dimensional accuracy, a common measure is Spherical Error 

Probability (SEP). which also takes the error in the altitude into account. 
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( '. ( 'umulative Distribution Function (CDF) 

Cumulative Distribution Function (CDF) is often used in visualizing the positioning 

error. A general impression of the error distribution can be obtained quickly by 

looking at the CDF graph. The X-axis represents the positioning error in meters and 

the percentage of all samples is depicted in theY -axis. 

l (H l'; f< '.: / 

Figure 2.7: Cumulative Distribution Function 
Sourc..:: I J(J I 

\.:'1Tt•t 

Median. R67 and R95 values can be approximated from the CDF graph by ocular 

estimation. 

D. Root Mean Square (RMS) Error 

The Root Mean Square error is defined by Equation (2.3). 

R.M.S. = _!_fd,2 
n i=l 

(2.3) 

Where. n - Number of position samples 

dl - Positioning error of i111 sample 

This measure represents the whole error distribution with one value and hence more 

comprehensive. 

Consequently. the most illustrative measure is CDF because it shows the whole error 

distribution. while the numerical values are used to simplify the representation [36]. 
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2.2 Fingerprinting Method 

Fingerprinting method for location estimation in mobile networks is also known as 

Database Correlation Method (DCM). This technique was first proposed by Heikki 

Laitinen. Jaakko Lahteenmaki and Tero Nordstrom in their paper. ""Database 

Correlation Method for GSM Location", [ l :2]. Fingerprinting Technique relies on a 

pre-measured database of a location dependent variable. In GSM networks. location 

dependent variable would be either the Received Signal Strength (RSS) or the 

Channel Impulse Response (CIR). Angle of Arrival can also be considered. but it 
/ 

requires additional hardware to perform the measurement. 

The key idea of DCM is to store the signal information seen by the MS. within the 

coverage area. in a database as signal information samples called FinRerprints [ l :2]. A 

fingerprint consists of signal information seen at a location together with the location 

coordinate. The measured signal information at the location to be estimated is 

compared with the fingerprints stored in the database and the location coordinate of 

the best matching fingerprint is taken as the estimated location. 

DCM is a general approach for positioning and can be applied for any cellular 

network or WLAN. Since this method does not assume any line-of-site propagation 

condition. it is robust for urban environments. where the multi-path phenomenon is 

directly applied. 

In generaL fingerprinting technique involves two phases . 

./ Database preparation (Off-line phase) 

./ Location estimation (On-line phase) 

2.2.1. Database Preparation 

The heart of the fingerprinting method is the database which consists of pre-measured 

samples of location sensitive parameters. Hence, much attention should be given for 

database preparation. 

RSS has been chosen as the location sensitive parameter in [ l :2]. Then, the database 

consists of RSS fingerprints within the area. A single fingerprint is made up of; 

Cell ID of all bearable cells 
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RSS of all hearable cells 

GPS coordinate ofthe measured location 

The fingerprints can be formed using either real measurements or predictions from 

planning tools. The original work has used real measurement for this purpose. A 

method of collecting fingerprints is also proposed in [ 12]. There, the measurements 

are taken at a very low speed along the selected routes and two measured fingerprints 

per second are taken on average. 

Besides, a more feasible approach for collecting database"fingerprints is proposed in 

[30]. The novel method averages the signal strengths often consecutive measurements 

along the route while the median value of ten GPS coordinates is taken as the location 

coordinate. Further, it proposes a sliding window approach, such that the last five 

measurements of one fingerprint contribute to the first five measurements of the next 

fingerprint. This helps to increase the fingerprint resolution. 

2.2.2 Location Estimation 

Location estimation algorithm in fingerprinting method is a simple correlation 

algorithm, which matches the measured signal sample at the location to be estimated, 

with the fingerprints stored in the database, and outputs the location of the best 

matching fingerprint as the estimated location. The number of comparisons can be 

reduced by filtering the fingerprints using other parameters such as serving cell and 

timing advance [36]. 

In [ 12], the fingerprint matching was based on the least mean square approach, which 

uses to calculate a cost for each fingerprint. 

d(k) = Icr- gi(k)) 2 + p(k) (2.4) 

Wherej; is the signal strength of the measured sample on the ith celL g/k) is the signal 

strength of the kth fingerprint on the same cell. The summation is taken over the 

hearable cells that are found in both of the fingerprints. A penalty term p(k) is 

introduced for each cell that is found in only one of the fingerprints. The database 

fingerprint with the lowest value for d(k) is set to be the best match for the measured 

sample. 
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The trail results in urban and suburban areas in Finland [12] show that the above 

algorithm can provide a positioning error less than 90m (90%) in urban whereas the 

error for suburban is 190m (90% ). 

Some what different approach is presented in [23]. Instead of using the LMS, another 

method (EXP) motivated by the Gaussian probability distribution is introduced as 

shown in! ion '.5). 

p = -J Pf, \'!' * pf'en 
1 -a(k), I /-r;(k) ' 

n I TI e -( :_I_~)- * 1 n e -( . I c cr .~.1111 )-

(2.5) 

Where PExP is the probability computed for n cells to match the measured sample with 

the k111 database fingerprint and Prcn is the penalty term consists of all the penalty 

contributions computed for cells. which do not exist in the database fingerprint. f is 

the signal strength of the measured sample on the i111 celL g/k) is the signal strength of 

the k111 database fingerprint on the same cell and g(k)min is the weakest signal level in 

the database fingerprint. The parameter a characterizes the deviation between the 

signal strength values. The database fingerprint with the highest probability P is set to 

be the best match for the measured sample. 

The positioning trial carried out in the urban area of Germany yields positioning 

accuracy of 98m (67%) for LMS approach and 83m (67%) for EXP approach whereas 

that of suburban area is 602m (67%) for LMS and 607m (67%) for EXP approach. 

In addition a different way of calculating the penalty term for Equation (2.3) 1s 

proposed in [:i6]. The modified equation is given in Equation (2.6). 

d(k) = Iu;- gi(k))
2 + l:Cf, -lmaJ

2 + IUma"- gt(k)f (2.6) 
J 

Where.f is the RSS of the i111 cell in the measured sample, g/k) is corresponding RSS 

\alue of the k111 database fingerprint, .!; is the RSS of the f 11 bearable cell in the 

measured sample which is not hearable in the k111 database fingerprint gj(k) is the RSS 

of the 1111 bearable cell in the database fingerprint which is not hearable in the required 

location and l max replaces the missing signal strength values. 
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The trial results presented in [36] demonstrates that the positioning error is less than 

67m in 67% of the time and less than 277m in 95% of the time in urban environment 

of Finland. 

More recent approaches involve the application of Neural Networks (NN) for 

fingerprint matching [:22. 28. 371. In [37], a multi-layer perceptron architecture 

with 22 inputs. 2 hidden layers and 2 outputs has been proposed for location 

estimation in fingerprinting methods. The work done in [ 2-1-1 is based on a Feed 

forward neural network. which has been trained using Extended Kalman Filtering 
/ 

Method. In [251. the positioning using NN has been tackled in two ways; as a function 

approximation problem and as a multi-class classification problem. 

2.2.3 Related Work 

As explained in Section 1 A, the major objective of this research is to investigate the 

possibility of using propagations models/tools to form the fingerprint database in local 

context and come up with a more practicable solution for deployment of fingerprinting 

technique in large dynamic networks. Number of research has been carried out in this 

regard and this section reviews them briefly. 

The work presented in [23] involves the use of propagation models (Hata-Okumura 

for suburban/rural scenario and Extended Walfisch-Ikegami model for urban scenario) 

for the formation of database. The results show that the positioning error is less than 

282m (95%) in urban while that is less than 1 023m (95%) in suburban/rural. A 

prediction model based on Outdoor and Outdoor-to-indoor coverage in urban areas at 

1.8 GHz. has been used in [3 7] to form the fingerprint database. Further. the predicted 

data has been calibrated with the aid of a neural network. The NN used for calibration 

consists of 24 inputs and 22 outputs. The inputs correspond to the predicted RSS 

values for all the cells (22) within the area and the location coordinates while the 

outputs correspond to the corrected RSS values of 22 cells. This includes only one NN 

for calibration of the prediction in the whole area. Since the number of inputs and the 

outputs are high. the computational burden involved in training phase is large. In 

addition. the structure of the NN changes when new cells are added to the network. 

which requires training of the NN again for whole environment calibrating all 

predictions and replacing of the database with newly, calibrated values. Hence the 
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maintenance load is high with this type of a structure. A positioning trial carried out in 

an urban environment in Germany has shown that the positioning error is less than 

175m in 67% of the time while that is less than 220m in 95% of the time. 

2.3 Radio Wave Propagation Models and Tools 

A Propagation Model is a mathematical formulation for characterization of radio wave 

propagation within the environment, as a function of frequency. distance and other 

environmental parameters such as. terrain profile. clUtter, etc [38]. Propagation 

Models are useful in predicting the path loss or the received power of the signals 

transmitted by a far away transmitter. at a specific location. 

The mechanisms which govern radio wave propagation are complex and diverse. They 

can be attributed to three basic phenomena. namely. reflection, diffraction and 

scattering. Reflection occurs when the radio wave impinges upon obstructions whose 

dimensions are very large compared to the wave length of the radio wave. Diffraction 

explains how the radio waves can travel in urban and rural environments without a 

line-of-sight path. Scattering occurs when the radio path contains objects with 

dimensions that are on the order of the wave lengths or less of the propagation wave 

[39]. 

Propagation models can be either Empirical or Deterministic or a combination of these 

two. While the empirical models are based on the measurements. deterministic models 

deal with the fundamental principles of radio wave propagation. Empirical models 

implicitly take all the environmental influences into account, which is the major 

advantage. However the accuracy of these models depends not only on the accuracy of 

the measurements. but also on the similarities between the environment to be analyzed 

and the environment where the measurements are carried out [ 40]. On the other hand. 

deterministic models can be applied to different environments without affecting the 

accuracy since they are based on the principles of physics. But the deterministic 

algorithms are very complex and lack computational efficiency [ 40]. 

The prediction models are classified into two major categories on the basis of the 

radio environment. They are Indoor propagation models and Outdoor Propagation 

models. Further, in respect of the size of the coverage area. the outdoor propagation 
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models are sub divided into two additional classes. macro cell and micro cell 

prediction models [ 40]. 

· hcs some 

"'ll\ ironment and a arc g1vcn 111 

2.3.1 Hata-Okumura Model 

This is a totally empirical model which uses four parameters. namely. the frequency 
" 

(f). distance (d). base station Antenna height (h8s) and the height of the mobile 

antenna (h\lls), for the estimation of the propagation loss [ 41]. 

The median Path Loss equation of Hata-Okumura model is given in X 

The model predictions are mainly applicable for macro cellular environments, which 

is usually the case in most sub urban and rural environments. Urban environment 

mainly consists of micro cells: hence this model is not valid. 

2.3.2 Walfisch-Jkegami Model 

The dominant Propagation Mechanism in Walfisch-Ikegami Model is the propagation 

oYer the rooftops with diffraction into street canyons [ 41 42]. This model is mainly 

suitable for medium cells in built-up areas. The model allows improved path-loss 

estimation by considering the profile of the environment including: 

- Heights of buildings 

- Widths of roads 

- building separation 

- Road orientation with respect to the direct radio path 

However this model is still statistical and not deterministic because a topographical 

database of the buildings cannot be considered. 

\tore details on Walfisch-Ikegami Model including path loss equation are given in 

\ 
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2.3.3 Outdoor and Outdoor-to-Indoor Coverage in urban areas at 1.8 GHz 

This is a run-time enicient three-dimensional propagation model for the prediction of 

outdoor-to-indoor coverage of small macro cells in urban areas at 1.8GHz based on 

high resolution building data [4~]. 

( )utdoor Prediction method 

The model has been designed to predict the coverage for small macro cells in dense 

urban areas where the BS antenna is mounted above the rooftop level. In such case. 

the propagation paths are divided into two models for analysis, 1'1amely, Vertical Plane 

\1odel (VPM) and Multi-path Model (MPM). If the vegetation obstructs the 

propagation path of each ray. an additional vegetation loss is computed based on a 

\ egetation model for the environment. The effect of the terrain height variation is 

considered by using the effective antenna height and the absolute building height 

\\hen diffraction losses are calculated. 

( )utdoor-to-Jndoor Prediction Method 

An important feature of this model is the prediction of propagation at indoor areas 

ti·om Outdoor BSs. The model uses two approaches to predict indoor coverage from 

outdoor BSs. The first approach is an empirical modeL where the indoor coverage at 

ground f1oor is derived from the outdoor path loss outside the building at a height of 

.2m and the predictions for the higher f1oors are derived using a height gain model. 

lhen a semi-empirical model is used including more deterministic components such 

as angle of incidence, as a further refinement. 

2.3.4 CRC- Predict Propagation Model 

CRC- Predict is a VHF/UHF Propagation Prediction ModeL used for estimating radio 

-;ignal strengths on terrestrial paths at VHF and UHF. given a transmitter location, 

power. and a receiver location(s) [44]. Since transmission paths are often obstructed 

hy terrain. the model can operate on a topographic database consisting of terrain data 

lll count the effect of the obstruction. The calculation includes diffraction losses due to 

terrain obstacles (e.g. Hills. trees. buildings. etc.). The diffraction calculation is done 

h\ starting at the transmitting antenna and finding the radio field at progressively 
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greater distances. At each step. the field at a point is found by a numerical integration 

O\ er the field values found in the previous step. 

CRC-Predict model is the most widely used propagation prediction model in the suite 

of PlanetEV Network Planning Tools. 

The model equation is given in 

The special features of this model include; 

if The model dynamically takes the terrain profile (through the diffraction loss) 

" of the area into account and provides the facility of optimizing the model for 

specific area by tuning for the local terrain profile. 

if Also includes the clutter information of the environment to calculation 

if Can be optimized for a specific environment 

2.-t Neural Network Techniques 

:\ neural network is an intellectual abstraction which would enable a computer to 

\\Ork in a similar way to that in which the human brain works [4.5]. It has been 

ck\ eloped as a tool to mimic some unique characteristics of a human brain such as the 

ability to learn general mechanisms from presentation of a reduced set of examples. or 

to retrieve correct information from missing or distorted input data. 

The biological neuron has two parts. Dendrites and Synapses. Dendrites are 

e\tensions of a neuron which connect to other neurons to form a neural network 

'' hcreas the synapses are the gateways which connect to dendrites that come from 

other neurons. Figure 2.8 depicts the structure of a biological neuron. 

' I, 

• 
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Figure 2.8: A Biological Neuron 
Source: 
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Neuron receives information from other neurons, processes it and then relays this 

information to other neurons. It integrates the pulses that arrive and when this 

integration exceeds a certain limit neuron in turn emits a pulse. Dendrites modify the 

amplitude of the pulses traveling through them. This modification varies with time, as 

the network 'learns'. The neural network stores information in the pattern of 

connection weights. When a connection (dendrite) is very strong, the importance of 

the neuron from which this connection comes has an important role in the network. 

/ 

2.4.1 The mathematical representation of a neuron 

A first-order mathematical model for a neuron is shown in Figurl' 2(). The neuron 

itself only performs accumulation and thresholding tor incoming pulses. When a pulse 

comes from a connection, it is first multiplied by a number called the weight of the 

connection which assigns a certain importance to the connection, and then 

accumulates the overall result. The accumulated result is passed through a threshold 

\\ hich emits a pulse when a certain value is reached. The output of the threshold stage 

is in turn connected to the inputs to several other neurons. 

~,; ,conocction weigh" 

Threshold 

Output 

multiplication 

Figure 2.9: Mathematical Representation of a Neuron 

I ill' signals transmitted through biological neurons are in the form of pulses. Hence. a 

lurther simplification is adopted assuming a set of real numbers are fed in and a single 

re,d number is generated at the output. Instead of a biological threshold function. a 

mathematical function such as the sigmoid function, arctangent, arcsine. etc is used. It 

i" normally called node transferjimction. 
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\lode Transfer Functions should be smooth and continuous (i.e. should not be 

piecewise linear or step function) with an absolute upper and lower limits. It should be 

differentiable too. It is desirable that the derivative can be re-written in terms of the 

function itself, which simplifies the mathematics and improves the efficiency. 

2.4.2 Neural Network Topology 

The principal importance of a neural network is not only the way a neuron is 

implemented but also how their interconnections (topology) "'are made. The topology 

of a human brain is too complicated to be used as a model because a brain is made of 

hundreds of billions of connections which can't be effectively described using such a 

lo\v-level and highly simplified model. 

Thus a simple topology for easy implementation on a digital computer is defined with 

three layers, namely, input layer, hidden layer and output layer. All neurons from one 

layer are connected to all neurons in the next layer. 

This can be represented in mathematical notation as given in Figure 2.1 0. 

;, fl 

L 

'··------
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Figure 2.10: Mathematical Notation for Neural Networks 

Source: 
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2.4.3 Training a neural network 

A neural network is unable to solve any particular problem until it is trained. Like a 

little baby, whose brain is fully developed and ready for work but who is not able to 

do anything because it has not experienced any stimulus. So a neural network without 

learning is analogous to a human without education. 

In training stage. the network is fed with a set of numbers and the result is obtained 

from the output layer. The weights of the connections are initially in a random state: 

hence. the result at the beginning is not the exact one expected. Therefore. the weights 

of the connections are changed until the desired result is obtained (Trained). Next. 

another input is fed and the weights are adjusted continuously. until the desired output 

is obtained for each and every input. The entire set of training examples must be 

shown to the network many times in order to get a satisfactory result. 

After all of this training. the network is able to solve the particular problem and it is 

said that the network has learned, and its 'knowledge' is stored by all the different 

connection weights. 

It is necessary that the sufficient training examples are available to train the neural 

network weights and biases. A generally accepted guideline is to have the number of 

training examples more than or equal to five times the number of parameters to be 

adjusted during training [ 48]. 

s;:::s.N (2.7) 

Where. N - Total number of parameters to be adjusted 

S - Number of training samples. 

If the number of training samples is less. the network will learn the training set rather 

than building a statistical model for the problem being discussed. In this case NN will 

lose the ability to generalize and this is known as over fitting. Two methods have been 

described in [ 4 7] to reduce over fitting when a lesser number of training data is 

available. These are called, Regularization and Early Stopping. 

Selection of an algorithm for training is also a key factor in neural network design. A 

number of training algorithms are available; however. none of them have proven 

superior for all the problems. Some training algorithms used during this work have 

been described in 
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2.4.4 Neural Networks for Calibration 

Neural Networks are universal approximators. which can be used to fit any continuous 

function defined on bounded inputs to a pre-defined arbitrary degree of accuracy. It 

has the flexibility & the ability of dealing with uncertain data. Due to these facts. 

neural networks are applicable in calibration. which tries to model a relationship 

between corrupted data and real data. 

The application of neural networks for multivariate calibration with chemical data has 

been widely discussed in [49]. Multi-layer Perceptrons with Bqck Propagation training 

algorithm has been adopted in that work. In addition. neural networks have been used 

to correct the RSS predictions obtained from propagation models. in [_; 7]. A Multi

layer feed forward neural network with 24 inputs and 22 outputs has been applied for 

calibration in that work. The calibrated prediction data are applied for fingerprinting 

and the results show a significant improvement in positioning accuracy after 

calibration. 
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