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Abstract: The present paper aims to adapt a propagation model for the area between Haridwar and Rishikesh,
Uttararkhand, India. The study is in continuation to the works by several authors which was carried out for the
urban, sub-urban and rural regions on the basis of the data collected from the local operator. In this paper we
compare the field measured data with various path loss models like Free space path model, Stanford Interim
University (SUI model),Ericsson 9999 model, Cost Hata Model and Walfisch Bertoni Model to find the most suitable
model for the concerned region based on RMSE value.
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I.
INTRODUCTION
Radio systems and related technology is undergoing a vital and radical change every day with a rapid rate. Thus need for
high quality and high capacity network is the order of the day. The effective design, assessment and installation of a radio
network require accurate estimation of propagation loss. By knowing the propagation loss it becomes convenient to
compute the coverage area, signal to noise ratio, carrier to interference ratio etc. The accurate prediction the field strength
is very difficult and complex task. The cellular concept was a major breakthrough in solving the problem of spectral
congestion and hence increases the user capacity. The cellular concept is a system level idea in which a large cell is
replaced with several small cells [1]. A cell denotes the coverage area of a single base station transmitter. The loss in the
signal strength as it travels from a base station (BS) to a mobile station (MS) is termed as the path loss and depends
mainly on the operating frequency, antenna height and the distance. Base station close to one another is assigned separate
group of channels to minimise interference between the base stations or to minimise interference between the adjacent
cells. As the demand for service increases, the number of base stations can be increase and hence providing additional
capacity without increase in radio spectrum. The Basic idea of cellular system is that it is possible to serve unlimited
number of subscribers distributed among a wide area by using only limited number of channels by efficient channel reuse
[2].This article discusses the comparison between the theoretical and empirical propagation model and concludes that
Ericsson 9999 model is the best suitable model for the sublime area between Haridwar And Rishikesh.
II.
METHODOLOGY OF DATA FETCH
The concerned methodology deals with the drive test tools which contain hardware and software. Here we have used
TEMS 9.1 for drive test measurements. The complete process of data collection using TEMS 9.1 or any other advanced
version involves careful setting up of GPS and TEMs enabled hand-set for the purpose of data collection. The first step is
to connect the laptop with the cars battery for non-interrupt power supply. Next a GPS device is connected to the laptop
via USB-2.0 interface and GPS device is placed over the car’s roof. Next we connect the TEMS help enabled hand-set
via USB-2.0 and thereafter connect the software loaded in the system. A HASP (Dongle) security key is used to secure
access to the TEMS investigation software and reading appears on the map of the concerned scenario as the vehicle starts
moving in the area to be surveyed at an average speed of 30 km/hr. Data collection was done starting at a distance of
200m from the base station. The process was repeated for all the three sectors. For the clear reading it is desirable that the
regional base station vectors and the regional map vectors are already loaded in the system.
Generally the statistical models are based on field measurement data and have higher computational efficiency compared
as compared to deterministic model [3]. Practically the accuracy of the statistical model depends not only on the accuracy
of the measurement but also on the similarities between the area’s propagation model where the measurement is
performed and the environment to which the calibrated model is to be applied [ 4] The TEMS Investigator handset and
software versions 5.0, 8.1 and 9.1[5] [6] were used for the data collection. The handset was used with the precaution as it
has an accuracy of ±4dB. The power calibration was done in the range of -100< -<-40dBM.The TEMS handset was
given time to settle on a particular range of values. The readouts were made on software in a pre-determined format. A
GPS receiver was used to collected location information. The accuracy of the GPS used was ±15m.The data was
recorded manually as the interface to the computer was not available.
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Field Measurement Results:
Table1: Received signal level as a function of distance.
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III.
MEASURED DATA RESULT IN CONTRAST TO PERSISTING MODELS
The below context covers a comparison of propagation models for path loss propagation[7]It also compares the preexisting profiles with empirical measurements[8] with different theoretical models singularly and in cumulative manner.
Thereafter we select the most appropriate theoretical model for our measured data.

Figure1: Comparison of measured with free space path loss model

Figure2: Comparison of measured path loss with theoretical COST-Hata model

Figure3: Comparison of measured with free SUI model
© 2014, IJARCSSE All Rights Reserved

Page | 297

Jha et al., International Journal of Advanced Research in Computer Science and Software Engineering 4(12),
December - 2014, pp. 296-299

Figure4: Comparison of measured with Ericsson 9999 model

Figure5: Comparison of measured with Walfisch Bertoni’s model
IV.
RESULT AND ANALYSIS
On the basis of fitting analysis followed by the comparison with various models, we can easily deduce the most
appropriate model for the region. Moreover from general comparative observations based on path loss models [7], it was
found that only two models best approximate field measured data. We now carry analysis for relevant models on the
basis of MSE and RMSE values. Mean squared error is the average of the squared error between the actual and the
estimated sample in a data sample. MSE is generally calculated by:
𝑖=𝑛
2
𝑖=1 (𝑋 𝑜𝑏𝑠 ,𝑖 −𝑋 𝑚𝑜𝑑𝑒𝑙 ,𝑖 )
(1)

𝑀𝑆𝐸 =

𝑛

where,
Xobs,i denotes the ith observation of the estimated data set
X model,i denotes the ith observation of the actually measured data set
n in the number of observations.
Root Mean squared error (RMSE) is the root of MSE and is given by the equation:
𝑅𝑀𝑆𝐸 =

𝑖=𝑛 (𝑋
2
𝑖=1 𝑜𝑏𝑠 ,𝑖 −𝑋 𝑚𝑜𝑑𝑒𝑙 ,𝑖 )

𝑛

(2)

The MSE and RMSE for the theoretical curve and the actual measurement is as shown in the table below:
Table2: Comparison of various model on MSE and RMSE Values.
Model
MSE
RMSE
Free Space Path 2.65
1.6279
Loss Model
Cost Hata Model
2.2635
1.5045
Cost
Walfisch 2.06
1.4354
Bertoni Model
SUI Model
2.196
1.482
Ericsson
9999 0.653672
0.8085
model
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On the Basis of the MSE and the RMSE it is clear that the best fit model for the area under concern is Ericsson 9999
model followed by the Cost Walfisch Bertoni model.
V.
CONCLUSION
It was revealed during the comparative study of different models along with interpolated measured field data values that
out of different models studied only three specific models closely approximate the actual measurement characteristics
namely: SUI model, Ericsson model and COST-Walfisch-Bertoni or Bertoni’s model. Apart from these three models all
other models showed huge deviation from the measured field data value, which clearly indicates inefficiency of all other
models to be deployed for network planning in the concerned region at 1.8 GHz of operational frequency band. On the
basis of results obtained during curve fitting (using Spline approximation and confidence bound of 95%) for each of the
three chosen models, it was found that Ericsson model along with Walfisch-Bertoni model is in most closest proximity to
measured data values and thus can be selected as a model to study radio signal strength distribution and network planning
for the region concerned at 1800 MHz. Still, the measured values show an appreciable deviation from actual Ericsson
theoretical results thus providing scope for further improvement in the model for region like the one discussed here.
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