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ABSTRACT 
Being applicable for almost every scenario, a mobile localization of the cellular network has gained increasing 

interest in recent years. Since Received Signal Strength (RSS) information is available in all mobile phones, 

RSS-based techniques have become the preferred method for a localization of Global System for Mobile (GSM) 

communications. We use a COST 231-Hata propagation model with directional and omnidirectional antennas to 

determine a position of the target. To compare the performance of accurate mobile location, we consider both a 

classical hyperbolic technique, based on time difference of arrival (TDOA) using metric RSS measurements 

extracted from at least four base stations, and a hyperbolic compensation technique (HCT). The simulation 

results show that the HCT has a better and stable positioning performance on cellular networks. In addition, the 

frequency dependence of a surface localization is also studied. 
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1. INTRODUCTION 
In wireless communication systems or cellular networks, the location service is predicted as an important value 

which must be provided in near future [1-3]. Mobile stations that have global positioning system (GPS) 

component can generally provide accurate location information under good environmental conditions. But in 

current market, most of the mobile stations do not have GPS receiver because of cost reduction. Furthermore, 

GPS has poor positioning performance and even cannot work in urban or indoor areas.  

 

The wireless geolocation is an operation that measures the radio signal traveling between a mobile station and a 

set of fixed stations. Such a schematic setting can also be adopted to a smaller volume, for example, ad hoc 

wireless sensor network. On a two-dimensional plane, the line of sight (LOS) distances between a mobile and at 

least three participating base stations can be used to locate the mobile terminal [4, 5]. 

 

Different wireless networks can benefit from location information such as cellular networks [6] and wireless 

sensor networks [6, 7]. Due to expanding demand and applications of wireless geolocation such as location-

based services, wireless emergency services [6], intelligent transportation systems, and military applications [6, 

9], the wireless geolocation has received considerable attention over the past two decades. This continuous 

growth and reliance on wireless geolocation will make the fifth-generation (5G) networks the first generation to 

benefit from location information that is sufficiently precised to be leveraged in its design and optimization at 

the various network layers [8, 9]. 

 

Cellular location technologies, which are designed to estimate the position of a mobile station or user 

equipment, have received much of attention over the past few decades. The quality of service of positioning 

accuracy of such systems has been driven by the requirements on subscriber safety service and the continuously 

growing interest in location-based services applications [6]. In this article, we only concentrate on a feasible and 

simple mobile stations location method by exploiting previously available resources or location measurements  

in cellular networks. Generally, mobile stations location methods are based on measurement technologies like 

time of arrival (TOA), time difference of arrival (TDOA), angle of arrival (AOA) or received signal strength. [1, 

10]. The measurements can be acquired from base station or mobile stations, regardless of 2G (IS95, GSM), 3G 

(CDMA EVDO, WCDMA) or 4G (LTE) technologies. 

 

The main purpose of this paper is to improve the precision of the hyperbolic technique using metric RSS based 

on an existing network. We use a hyperbolic compensation technique and determine the mobile position 

location estimation on cellular networks by employing the COST 231-Hata propagation model in GSM with 

directional and omnidirectional antennas. 

 

The remainder of this paper is organized as follows. In Section 2, we describe the problem. COST 231 -Hata 

propagation model is described in Section 3. Classical hyperbolic technique and the proposed hyperbolic 

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics  ||   ISSN 1343-867042

Volume 26, Issue 2, 2023                                          https://kyupeerref.link                                           Page  42



compensation technique are presented in section 4.Section 5 presents a discussion of the simulations. Finally, 

we present our conclusion in Section 6. 

 

2. PROBLEM DESCRIPTION 
The determination of a target position in the urban environments is an important problem especially when the 

used parameter is the received power of the signal. The complexity of this parameter, which is also related to the 

environmental conditions, is how best to minimize the losses. These losses are generally caused by the 

phenomena such as the diffraction, reflection, and scattering. Figure 1 presents a case of diffraction. In this 

situation, we can see that the expression of the separation distance between the transmitter and the receiver 

would generate enormous errors based on the empirical model. This is why in radiolocation we always find the 

expression of a propagation channel model which takes into account all environmental risks. Therefore, we use 

a COST 231-Hata model in order to test various types of antennas and carry out a static radiolocation in a 

reliable way with a hyperbolic technique. 

 

 
Figure 1: Problem Description. 

 

 

 

 

 

 

 

3. COST 231–HATA PROPAGATION MODEL 
The COST 231-Hata model is a widely used in the radio propagation as shown in Fig. 2. This model was 

established in Europe for coverage prediction across various European terrains. COST is an acronym for 

European Cooperative for Scientific and Technical research. The COST 231-Hata model is an extension of the 

Okumura-Hata model and covers a wider range of frequencies. Moreover, its simplicity and availability of 

correction factors make it applicable to urban, suburban, and rural areas [11]. This empirical model is designed 

to be used in the frequency range of 1500 MHz to 2000 MHz, where the loss of way is negligible. The COST-

231 model is an improved version of the Hata model which is restricted to the following range of parameters 

[12]:the carrier frequency 𝑓𝑐=1500 - 2000 MHz, the base station antenna height ℎ𝑏 =30 - 200 m, the 

transmission distance 𝑑=1 - 20 km ,and the mobile antenna height ℎ𝑚=1 - 10 m. 
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Figure 2: Geometry of the Cost 231 – Hata radio propagation model. 

 

The mathematical formulation of the path loss,𝐿𝑃, according to the COST 231-Hata model is expressed as [13-

14]:   

𝐿𝑃 = 𝐴 + 𝐵 𝑙𝑜𝑔10(𝑑) + 𝐶, 
 

where 𝐴 = 46.3 + 33.9 𝑙𝑜𝑔10(𝑓𝑐) − 13.28 𝑙𝑜𝑔10(ℎ𝑏) − 𝑎(ℎ𝑚) with a correction factor for the mobile station 

𝑎(ℎ𝑚) = [1.1 𝑙𝑜𝑔10(𝑓𝑐) − 0.7]ℎ𝑚 − [1.56 𝑙𝑜𝑔10(𝑓𝑐) − 0.8] , and 𝐵 = (44.9 − 6.55 𝑙𝑜𝑔10(ℎ𝑏)), 𝐶 = 0 for 

medium city and suburban areas and  𝐶 = 3 for metropolitan centers.  

 

4. HYPERBOLIC TECHNIQUE 
 

4.1 Classical hyperbolic technique 

Figure 3 presents the geometry of the hyperbolic technique. This technique in radiolocation often uses the 

TDOA as a parameter for estimating the target coordinates [15-17]. It stipulates that by knowing the TDOA of a 

signal, it is possible to obtain a separation distance between the transmitter and the receiver. This distance 

represents the focal distance and the foci of the hyperbolas which are the receivers. The targeted zone is the 

surface delimited by the intersection of the hyperbolas. The use of the RSS in the hyperbolic technique is based 

on probabilistic assumptions which allow the results of the technique to improve. This probabilistic approach 

consists in giving a rate of the reception signal describing the distribution of the power of the received signal 

[18]. 

 

The idea of the traditional hyperbolic technique is to estimate the minimal and maximum distances compared to 

a reader i according to the confidence interval which allows us to obtain an interval of the power of 

transmission. To express them, we use the path losses formula of COST-Hata. It is defined as follows: 

 

𝑹𝒊 = 𝑹𝟎𝒊 ∗ 𝟏𝟎
𝑷𝒕𝒎−𝑷𝑹𝒊+𝑮𝒕𝒎+𝑮𝑹𝒊+𝑳𝑷

 𝟒𝟒.𝟗−𝟔.𝟓𝟓∗𝐥𝐨𝐠𝟏𝟎(𝒉𝒃) ,                   (1) 

 

where 𝑅0𝑖 is the distance reference, 𝑃𝑡𝑚is the power of transmission, 𝑃𝑅𝑖  is the received power, 𝐺𝑡𝑚is the gain of 

the transmitting antenna, 𝐺𝑅𝑖 is the gain of the receiving antenna, 𝐿𝑃 is the whole losses. 

 

 

To obtain the distances min (𝑅𝑖
−) and max (𝑅𝑖

+), we must vary 𝑃𝑡𝑚 = [𝑃𝑡𝑚
− ; 𝑃𝑡𝑚

+ ]. We thus have:  

𝑹𝒊
− = 𝑹𝟎𝒊 ∗ 𝟏𝟎

𝑷𝒕𝒎
− −𝑷𝑹𝒊+𝑮𝒕𝒎+𝑮𝑹𝒊+𝑳𝑷
 𝟒𝟒.𝟗−𝟔.𝟓𝟓∗𝐥𝐨𝐠𝟏𝟎(𝒉𝒃)  and  𝑹𝒊

+ = 𝑹𝟎𝒊 ∗ 𝟏𝟎
𝑷𝒕𝒎

+ −𝑷𝑹𝒊+𝑮𝒕𝒎+𝑮𝑹𝒊+𝑳𝑷
 𝟒𝟒.𝟗−𝟔.𝟓𝟓∗𝐥𝐨𝐠𝟏𝟎(𝒉𝒃) .  Then, we evaluate the range of 

variance (∆𝑅𝑖,𝑗
−  and ∆𝑅𝑖,𝑗

+ ) of the distances between a pair of readers i and j limited by the minimum and 

maximum data values by: 

   ∆𝑅𝑖,𝑗
− = 𝑅𝑖

− − 𝑅𝑗
− and ∆𝑅𝑖,𝑗

+ = 𝑅𝑖
+ − 𝑅𝑗

+.                                    (2) 

 

By combining a pair of readers, we estimate the difference in distance between these two readers. Then, we 

build the hyperbolas limited by the minimum and maximum values given above. Hence, we obtain an equation 

of a pair of hyperbolas 𝐻𝑖,𝑗
− and 𝐻𝑖,𝑗

+   which represent, respectively, the lower and higher limit. This makes the 

targeted surface to restrict as  

   
        RyyxxyyxxR j,ijjiij,i 

 2222
,          (3) 
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where 𝑥 and 𝑦 are the coordinates of the sought target, 𝑥𝑖,𝑗and 𝑦𝑖,𝑗 are the coordinates of the receivers forming a 

pair of hyperbolas. 

 

 
Figure 3: Geometry of the traditional hyperbolic technique. 

 

4.2 Hyperbolic compensation technique 

The proposed hyperbolic compensation technique has the same assumptions as that of the traditional hyperbolic 

technique. However, it utilizes a factor of adjustment which is the distance of the receivers forming a pair of 

hyperboles. In this case, we do not vary either the transmission power of the target or the height of the 

transmitting antenna. The hyperbolic compensation technique is carried out in two stages: 

 

Step1. Calculation of the adjustment factor 𝒌which is a ratio of the receiver’s distances. 

This adjustment factor is a ratio of the receiver’s distances forming a pair of hyperbolas. It is calculated from the 

type of the reception antenna such as directional or omnidirectional ones. In the case where the reception 

antenna is directional and the transmitting one is omnidirectional, the reception antenna receives a signal 

emitted by the target in a precise direction. The advantage of such an antenna in radiolocation is that it has the 

capacity to collect a transmitter in the direction of radiation even if the severe conditions of propagation exist. 

 

We note here that, in a mobile network, the assessment of connection is a function of the ray of cover of the 

network. According to the formula for the assessment of connection, we can write the distance between the 

transmitter and the receiver: 

 

 

𝑹𝒊 = 𝑹𝟎𝒊 ∗ 𝟏𝟎
𝑷𝒕𝒎−𝑷𝑹𝒊+𝑮𝒕𝒎+𝑮𝑹𝒊+𝑳𝑷

 𝟒𝟒.𝟗−𝟔.𝟓𝟓∗𝐥𝐨𝐠𝟏𝟎(𝒉𝒃)  and 𝑹𝒋 = 𝑹𝟎𝒋 ∗ 𝟏𝟎

𝑷𝒕𝒎−𝑷𝑹𝒋+𝑮𝒕𝒎+𝑮𝑹𝒋+𝑳𝑷

 𝟒𝟒.𝟗−𝟔.𝟓𝟓∗𝐥𝐨𝐠𝟏𝟎(𝒉𝒃) .                                (4) 

 

We assume that the receivers are identical and are subjected to the same environmental conditions. Defining 

𝑘 =
𝑅𝑖

𝑅𝑗
, we obtain:  

𝑘 = 10
(

𝑃𝑡𝑚−𝑃𝑅𝑖+𝐺𝑡𝑚+𝐺𝑅𝑖+𝐿𝑃
 44.9−6.55∗log10(ℎ𝑏)

)–(
𝑃𝑡𝑚−𝑃𝑅𝑗+𝐺𝑡𝑚+𝐺𝑅𝑗+𝐿𝑃

 44.9−6.55∗log10(ℎ𝑏)
)

= 10

𝑃𝑅𝑗−𝑃𝑅𝑖

 44.9−6.55∗log10(ℎ𝑏).                                (5) 

 

In the case of omnidirectional receiver and transmitting antennas, we use the algorithm of compensation of the 

received power. We assume that the transmitter and the receiver are identical, and two receivers 

𝑖 and𝑗 receive the powers of the signal, 𝑃𝑅𝑖 and  𝑃𝑅𝑗 , emitted by the target, respectively [4]. Then we have: 

{44.9 − 6.55 log10(ℎ𝑏)} log10 (
𝑅𝑖

𝑅0𝑖
) + 10log10(𝑃𝑅𝑖) = {44.9 − 6.55 log10(ℎ𝑏)} log10 (

𝑅𝑗

𝑅0𝑗
) + 10 log10(𝑃𝑅𝑗).

                                                                           (6) 

By simplifying Eq. (6), we obtain: 

𝑅𝑖

𝑅𝑗

= (
𝑃𝑅𝑗

𝑃𝑅𝑖

)

10

(44.9−6.55∗log10(ℎ𝑏))

. 
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Therefore, Eq. (5) becomes: 𝑘 = (
𝑃𝑅𝑗

𝑃𝑅𝑖
)

10

(44.9−6.55∗log10(ℎ𝑏))
 .   

 

Step 2. Calculation of the distance difference in the transmitter-receiver of the pair. 

∆𝑅𝑖,𝑗 
− and∆𝑅𝑖,𝑗

+ can be writtenfrom Eq. (2) as:   

                                                        ∆𝑅𝑖,𝑗
− = 𝑅𝑖 − 𝑅𝑗 and ∆𝑅𝑖,𝑗

+ = 𝑅𝑗 − 𝑅𝑖.                                                             (7) 

By inserting 𝑅𝑖 = 𝑘 ∗ 𝑅𝑗, using an adjustment factor 𝑘 =
𝑅𝑖

𝑅𝑗
, into Eq. (7), we obtain: 

 ∆𝑅𝑖,𝑗
− = 𝑅𝑗(𝑘 − 1)and   ∆𝑅𝑖,𝑗

+ = 𝑅𝑗(1 − 𝑘).                                                         (8) 

 

Then, Eq. (3) can be expressed as:  

  
           kRyyxxyyxxkR jjjiij  11

2222
,            (9) 

 

This algorithm allows us to generalize an estimation of the distance between transmitter and receiver, regardless 

of the path loss model which is related to the channel and the type of antennas in the static radiolocation. 

 

5. RESULTS AND DISCUSSION 
The use of metric RSS in radiolocation assumes that the effective isotropic radiated power (EIRP) of the 

transmitter is known and that the receiver is able to measure the power of the received signal with an adequate 

precision. Knowing that the power of the signal attenuates proportionally at the distance covered, it is best to use 

the model of propagation which gives the behaviour of the signal propagation in the medium of localization. 

This deduces the distance covered between the transmitter and the receiver with a certain degree of confidence. 

An accurate measurement of the RSS is crucial when the estimation of the position is based on a geometrical 

interpolation, jointly with a model of propagation, to find the distance. In this case, the value of the RSS 

constitutes a single indicator on the distance, where it provides the relation between the accurate measurement 

of RSS and that of the estimated distance. 

 

In this calculation, we used four receivers of GSM, 𝐴1, 𝐴2, 𝐴3, and 𝐴4which have the following Cartesian 

coordinates (5, 5), (10, 5), (5, 10) and (10, 10) in unit of km, respectively. These receivers are directional and  

omnidirectional antennas and have a gain of directivity of 10 dB and a height of 68 m. Two cases for the target, 

which have an omnidirectional antenna of power 20 dB and 42.3 dB, are considered. The height of the target is 

3 m and the frequencies used here are:915 MHz, 1800 MHz and 2100 MHz. The urban environment in our 

simulations is considered. 

 

Figure 4 presents the results of the localization using the traditional hyperbolic technique. This shows that a 

surface localization increases about 1.6832 km2.On the other hand, Fig. 5 shows that the HCT allows the surface 

of localization to reduce up to 1.2363 km2, which corresponds to a 95.05% reduction. This clearly indicates that 

the HCT in urban environment is more effective than the traditional hyperbolic technique. Simulations also 

showed that the HCT using the RSS gives a better result for estimating a parameter of target coordinates than 

the traditional technique using the TDOA. However, we must emphasize that the formation of a pair of 

hyperbolas requires a larger numerator than the denominator in the adjustment factor, 𝑘. Nevertheless, it is 

worth to note that the COST 231-Hata model is more favourable in radiolocation than the empirical model 

worked out by FRIIS. 

 

Finally, we study the frequency dependence of a surface localization. The surface areas with directional antenna 

are calculated for three different frequencies in Table 1, in which the localized surface area increases as the 

frequency increases. We note that, regardless of the frequency values, the area of the localized surface using 

HCT is smaller than the one obtained from the traditional hyperbolic technique. This clearly indicates that the 

HCT is robust for the variation of the frequency and has a better positioning performance than a classical 

hyperbolic technique. However, the surface area with omnidirectional antenna is reduced as the frequency 

increases, shown in Table 2. 
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Figure 4: Classical hyperbolic technique using                                 Figure 5: Hyperbolic compensation technique 

       directional antenna with 𝒇 = 𝟗𝟏𝟓 𝑴𝑯𝒛.        using directional antenna with 𝒇 = 𝟗𝟏𝟓 𝑴𝑯𝒛. 
 

Table 1. Frequency dependence on surface area withdirectional antenna 

Frequencies (MHz) 915 1800 2100 

Surface (km2) 1.2363 1.3277 1.3674 

 
Table 2. Frequency dependence on surface area withomnidirectional antenna 

Frequencies (MHz) 915 1800 2100 

Surface (m2) 4476.06 4219.5 4104.1 

 

 

6. CONCLUSION 
In summary, we have applied a hyperbolic compensation technique to estimate the mobile position location on 

cellular networks using the COST 231-Hata propagation model. It is shown that this technique has a better and 

stable positioning performance than a classical hyperbolic technique in urban environment. In addition, the 

frequency dependence of a surface localization is investigated using the HCT. The localized surface area with 

directional antenna increases as the frequency increases. On the other hand, the surface area with 

omnidirectional antenna is more localized with an increase of the frequency. Finally, we note that the proposed  

technique can be used regardless of the propagation model. The future research will consist of an experimental 

study of the two metric TDOA and RSS by applying the proposed algorithm in order to validate our numerical 

data. 

 

REFERENCES  
[1] J. J. Caffery, Wireless Location in CDMA Cellular Radio Systems, Kluwer Academic Publishers, 

2000. 

[2] A. H. Sayed, A. Tarighat, and N. Khajehnouri, “Network-Based  Wireless Location”, IEEE Signal 

Processing Magazine, Vol. 22, No. 4, pp. 24-40, July 2005. 

[3] F. Gustafsson and F. Gunnarsson, “Mobile Positioning Using Wireless Networks”, IEEE Signal 

Processing Magazine, Vol. 22, No. 4, pp. 41-53, July 2005. 

[4] A. Seyed (Reza) Zekavat, R. Michael Buehrer, Handbook of Position Location, IEEE Press, John 

Wiley & Sons, 2012. 

[5] C. Savarese, J. M. Rabaey, and J. Beutel, “Location in distributed ad-hoc wireless sensor networks”, 

Proceedings of the IEEE International Conference on Acoustics, Speech and Signal Processing 2001 

(ICASSP 2001), Salt Lake City, UT, 4, pp. 166-179, May 2001. 

[6] A. Tahat, G. Kaddoum, S. Yousefi, S. Valaee, and F. Gagnon, “A Look at the Recent Wireless 

Positioning Techniques With a Focus on Algorithms for Moving Receivers”, IEEE Access, Vol. 4, pp. 

6652-6680, November 8, 2016. 

[7] B. Shah and K.-I. Kim, “A survey on three-dimensional wireless ad hoc and sensor networks”, Int. J. 

Distrib. Sensor Network. Vol. 2014, pp. 1-20, Jul. 2014. 

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics  ||   ISSN 1343-867047

Volume 26, Issue 2, 2023                                          https://kyupeerref.link                                           Page  47



[8] J. R. Lowell, “Military applications of localization, tracking, and targeting”, IEEE Wireless Commun., 

Vol. 18, No. 2, pp. 60-65, Apr. 2011. 

[9] R. Di Taranto, S. Muppirisetty, R. Raulefs, D. Slock, T. Svensson, and H. Wymeersch, “Location-

aware communications for 5G networks: How location information can improve scalability, latency, 

and robustness of 5G”, IEEE Signal Process. Mag., Vol. 31, No. 6, pp. 102-112, Nov. 2014. 

[10]  V. K. Garg and J. E. Wilkes, Wireless and Personal Communications Systems, Prentice Hall, 1996.  

[11]  A. Deme, D. Dajab, and D. C. Nyap,“Computer Analysis of the COST 231 Hata Model and Least 

Squares Approximation for Path Loss Estimation at 900MHz on the Mountain Terrains of the Jos-

Plateau, Nigeria”, Computer Engineering and Intelligent Systems,  Vol. 4, No. 9, pp. 39-48, 2013. 

[12]  A. O.Akande, F. A. Semire, and Z. K. Adeyemo, “Performance Analysis and Optimization of Cost 

231-Hata Model for Mobile Communication in Nigeria”, International Journal of Computer 

Applications, Vol.  173, No. 6, pp. 4-9, September 2017. 

[13]  Y. Singh, “Comparison of Okumura, Hata and COST-231 Models on the Basis of Path Loss and 

Signal Strength’’, International Journal of Computer Applications, Vol. 59, No. 11, PP. 37-41, 

December 2012. 

[14]  M. Hata, “Empirical Formula for Propagation Loss in Land Mobile Radio Services”, IEEE   

Transactions on Vehicular Technology, Vol. VT-29, No. 3, August 1980. 

[15]  Y. T. Chan and K. C. Ho, “A Simple and Efficient estimator for Hyperbolic Location”, IEEE 

transactions on signal processing, Vol. 42. No. 8, pp. 1905-1915, August 1994. 

[16]  F. S. Al Harbi and H. J. Helgert, “An Improved Chan-Ho Location Algorithm for TDOA Subscriber 

Position Estimation”, International Journal of Computer Science and Network Security, Vol. 10, No. 9, 

pp. 101-105, 2010. 

[17]  K. Yang, J. An, and Zhan Xu, “A Quadratic Constraint Total Least-squares Algorithm for Hyperbolic 

Location”, International Journal of Communications, Network and System Sciences, No. 2, pp. 130-

135, 2008. 

[18]  C. Laurendeau and M. Barbeau, “Insider attack attribution using signal strength-based hyperbolic 

location estimation”, Security and Communication Networks, No.1, pp. 337–349, 2008. 

 

 

Bulletin of the Kyushu Institute of Technology - Pure and Applied Mathematics  ||   ISSN 1343-867048

Volume 26, Issue 2, 2023                                          https://kyupeerref.link                                           Page  48


