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Abstract—In this work new method is applied to produce digital maps by using the mobile radio system also the performance of the mobile radio system is tested and predicted under multipath propagation path loss prediction models such as Hata, Lee, and Egli  . In this study the detection map contours and the 3D radio coverage 3DRC are constructed and tested under different types of polarizations and transmitting frequencies for different receiver heights (50m up to 4000m). The results shows that it is very important under complex environments to predict the performance and sitting of the ground-air and air-ground stations such as Wireless, Mobile systems. It is concluded that the accuracy plays important factor in the measurement of elevation and azimuth angles and correction error system is suggested for future work. This study saves cost and time with acceptable accuracy. GPRS, GIS, Radio Finding Direction and remote sensing systems, are proposed for more accuracy.
       Keywords: accuracy, digital maps, 3DRC, polarizations.
I. Introduction

A. Multipath  Propagation 

 As an example of the effects of radio reflection by the environment, consider the case of two hilltop radio stations which communicate over a flat plain as shown in Figure 1. There are two paths taken by the radio quanta travelling from the transmitter to the receiver: the direct path and a ground-reflected route. The presence of reflecting objects and scatters creates a constantly changing environment that dissipates the signal energy in amplitude, phase, and time. The receiver will see several signal inputs, most of which are delayed by the extra path length introduced by these extra ray paths [1, 2]. 
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Fig. 1: Transmission over two paths, direct and reflected [1, 2]

II. Theoretical Principles

A. Path Loss Prediction Models
The prediction of path loss is very important step in planning a mobile radio system and accurate prediction methods are needed to determine the parameters of a radio system, which will provide efficient and reliable coverage of a specified service area [3].

Most models aim to predict the median path loss, i.e. the loss not exceeded at 50% of locations and/or for 50% of the time; knowledge of the signal statistics then allows estimation of the variability of the signal so it is possible to determine the percentage of the specified area that has an adequate signal strength and the likelihood of interference from a distant transmitter [3]. Three such models will be outlined below, namely Hata’s model which was based on graphical path loss data provided by Okumura, Egli and Lee( s model.
· Hata’s Model
This model was based on empirical data from measurements in Tokyo, Japan and has been claimed to give an accurate estimate of the path loss to within 1.0 dB when compared with the actual measurements [4].
· Distance between mobile and base station: 1 Km ( d ( 20 Km 
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The following criteria is applied for different area and cities as follows ;
(2.37)

Open area: open space, no tall trees or buildings in the path, land cleared for 300-400m ahead, e.g. farmlands, rice fields, open fields[5] . 

Suburban area: village or highway scattered with trees and houses, some obstacles near the mobile but not very congested  .

Urban area: built up city or large town with large buildings and houses with two or more storey, or larger villages with close houses and tall, thickly grown trees[5] .

Small to medium-sized city: densely populated residential and commercial areas with well –defined business districts characterized by numbers of high buildings and few, if any, skyscrapers. Traffic density is usually moderate to heavy, depending upon flow patterns and time of day [6].
Large-sized city: heavily commercial and industrial with many –rise residential structures. Business districts are characterized by many skyscrapers. Traffic density is heavy virtually at all times. Cities like New York, Boston, Philadelphia, Los Angeles, and Newark, New Jersey, are typical large cities [6]. 

· Lee( s  Model

The Lee model predicts point-to-point transmission by using two components [3, 7]. The first is an area-to-area path-loss prediction, while the second component gives point-to-point prediction for each distance. Lee(s model has been known to be more of a “North American model” than that of Hata . three parameters  are used in the first [3]:

· The median transmission loss at a range of 1km, 
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· The slope of the path loss curve,(  dB/decade.

· An adjacent factor, 
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Hence the median loss at a distance d is given by;
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Values of 
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 and ( listed in Table 1. It is interesting to note that with the exception of Tokyo, the value of ( for urban and suburban areas is always quite close to 40 dB/decade. 
Figure 2 shows the effective base station changes when the mobile moves. 
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Fig.  2:  Movement of Base station antenna [21].

Table 1: propagation parameter for Lee(s model [7, 3]  
	Environment
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(dB)
	(

	Free Space
	91.3
	20

	Open Area
	91.3
	43.5

	Suburban
	104.0
	38.5

	urban area Philadelphia
	112.8
	36.8

	Urban area Newark
	106.3
	43.1

	Urban area Tokyo
	128.0
	30


· Egli Model 

This model has empirical formulas that give a “terrain factor” to be used to the theoretical plane-earth field strength. The terrain factor for 900 MHz has median value of 27.5 dB. Median transmission loss is equal to [3];
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Where: GB = Base station antenna Gain in dB, GM = Mobile station antenna Gain in dB. hB = Height of the Base station antenna in(m). hM = Mobile station antenna  height in(m), d = Base station antenna distance in km, f = Transmitting frequency in  MHz. This model is applicable with frequency range from (90 to 1000 MHz) with acceptable accuracy.
III. Simulation Of 3D Multipath Propagation Models
A. Estimation of the 3DRC with Three Dimensional Topography
B.  Three Dimensional Mobile Radio Coverage Software Package (3DMRCSP)
This package simulates the detection of mobile receivers in three dimensions, when introducing three-dimensional topography using Visual C++ language and Matlab package. This model computes and plots detection map contours at different receiver heights around the mobile radio site for 360o azimuth angle, for different types of polarization, different rough surface models in addition to changing the transmitting frequency.  The flowchart in Figure 3, describes the software package steps all details are described in [8]. 
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Fig. 3: The flowchart of the Software Package (3DMRCSP)
C. Three Dimensional Topography  

According to the method, a certain real ground zone and digital maps as shown in the Figures 4 and 5, which represent a certain geographical position at latitude from 17 to 39 and longitude from 52 to 79. This position contains mountains in certain ground directions. From Figure 4, this ground has mountains in all directions. The heights of these mountains are greater in the first quarter of this picture, and the maximum height is 800 meters at longitude = 74 and latitude =32 and azimuth angle 67o from the north than other quarters. But in the 3rd quarter the heights of the mountains are greater than those of the 2nd and 4th quarters but lower than those of the first quarter. The maximum height of this quarter is 425 meter at longitude =58 and latitude = 23 for azimuth angle 230o from the north. The base station is located at earth height =280 meter, latitude 28 and longitude 66 at the centre of this geographical position. Figure 5 represents the detection map contours (DMC) in 360o for smooth ground without irregularities. [8]
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Fig. 4: The real Map Contour [8]
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Fig. 5: Represents the detection contour map in 360 degrees for smooth ground [8].
The described stated ground information is introduced in the (3DRCSP) software program in addition to the base station specifications. The detection map contours and the 3D radio coverage are constructed for different types of polarizations, different roughness factor models, in addition to different transmitting frequencies for different receiver heights (50m up to 4000m) when it is seen by the assist base station for all azimuth angles starting from 0o due north and evaluating the detection map contours in progressing clockwise in 1o steps to 360o. Our calculation of the radio coverage starts at receiver height 50m due to the complex topography of the considered region.
IV. RESULTS

A. Estimation of the 3DRC Under Different Polarization 

The results obtained in the present work show the effect of all types of polarizations on the interference propagation (multipath reflection). The DMC contours for horizontal polarization are shown in Figure 6, have maximum range of 135km,   which is greater than that for the vertical polarization, which is 105km as shown Figure 7. The comparison of the two DMC, in Figures 6, 7,  shows that at receiver height 150m, the DMC diagrams for horizontal polarization produce greater range when comparing with that of the vertical for the same receiver height and directions; but at higher receiver heights and higher elevation angles, the differences between the DMC diagrams of the vertical and horizontal polarizations appear clearly. So when it is required, long range communication at higher altitudes, the horizontal polarization is used, but the vertical polarization gives also long ranges but for low altitude communication. The frequency f= 900MHz, and the transmitting power pt=100W are used in this case.
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Fig. 6: Digital Map Contours with multipath propagation and Horizontal polarization.
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Fig. 7: Digital Map Contours with multipath propagation and Vertical polarization
B. Estimation of the 3DRC Under Different Transmitting Frequency  
This section use different values of transmitting frequency and showing the effects of increasing or decreasing the frequency on the DMC diagrams. Figure 6, shows the frequency is 900 MHz and Figure 8, shows the frequency is 
3000 MHz, two frequencies are examined for the same horizontal polarization and same transmitting power of 100W.   

DMC diagram is reduced when the frequency is increased from 900MHz to 3000MHz, also Figure 8, shows that maximum range is 45km at direction of 270o ​azimuth angle when the receiver height becomes 500m, and Figure 6, shows that the maximum range is 135km at the same receiver height when the frequency is decreased to 900MHz. 
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Fig. 8: Digital Map Contours with multipath, f= 3000MHz

The reduction in the whole DMC diagrams is due to the attenuation losses which are increased because of increasing the transmitting frequency to 3000MHz, especially at higher receiver heights and higher elevation angles. The detection map contours are closed to each other at higher receiver heights in the case of using frequency of 900MHz while the contours in the case of using frequency of 3000MHz are greatly shifted between each other especially at heights from 50m to 500m, which decrease the receiver probability of detection and the detection ranges in these heights.
C. Prediction  of the 3DRC  Under Path Loss Prediction Models 
        All path loss prediction models, are examined The transmitting frequency is 900MHz, the transmitting power is 100W, base station antenna height is 30m, direct distance between base station and receiver station is 1km and polarization is horizontal.

· Estimation of the 3DRC Using Egli Model 
Fig. 9 shows the DMC contours for the Egli-model when path loss is 27.5 dB. In this figure the maximum range is 75km, also in this model the path loss is smaller than the range is larger when this model is compared with Okumara(s-hata model and Lee(s model by reference [4, 8].
Fig. 9: Egli-model Detection Map Contours 
· Estimation of the 3DRC using Okumara(s-hata model 
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The results obtained in the present work show the effect of all types of Okumara(s model on the interference propagation (multipath reflection). Figures 10, 11, 12 and 13 are obtained. Figure 10,  shows that for open-area, the path loss is 97.87dB while Figure 11 shows that for suburban-area model the path loss is 104.73dB, but Figure 12 shows for small-city model the path loss is 116.47dB and Figure 13 shows the DMC contours for large-city model the path loss is117.677dB.
The DMC contours for the open area model (Fig.10) have a maximum range of 23km at a receiver height of 500m and azimuth angle of 278o ,which is greater than that for the suburban-area  model which is 15km in Figure 11, for the same receiver height and same azimuth angle, while for  the small-city model where the maximum range is 8km in Figure 4.39 and the last case is greater than that for the large city model (Fig.13 ),  which gives a maximum range of 7km at the same azimuth angle of  278o and same receiver height of 500m.A good comparison is done between multipath propagation(Fig.7)  and this model. In this comparison , the transmitting frequency , transmitting power, and polarization are taken constant(for the same frequency of f=900MHz and horizontal polarization, pt=100W, azimuth angle of  278o  ). But the maximum range obtained for the Okumara(s-hata model is 23km for the open area which is smaller than the maximum range obtained in the multipath propagation model for the same receiver height. The maximum range for the multipath propagation model is 105 km when the receiver height is 500m, and the same azimuth angle of 278o.
The reason is in the multipath propagation model the prediction path loss model is not introduced in the calculation of the detection map contours. This comparison shows that the detection map contours are similar in both conditions, but the DMC contours in multipath model is greater and has a higher probability of detection and higher detection ranges than those of the Okumara(s -Hata model, taking the same receiver heights.
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Fig. 10: Open-area Okumara(s-hata model Detection Map Contours 
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Fig. 11: Suburban-area Okumara(s-hata model Detection  Map Contours 
Fig.12:  Small city- Okumara(s-Hata model Detection Map Contours 
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Fig.13: Large city- Okumara(s-hata model Detection Map Contours 
· Estimation of the 3DRC using Lee(s model
Two models are used by Lee`s model , the point-to-point and area-to-area prediction models. Figures 14 and 15 show the detection map contours for both models the area-to-area and point-to-point prediction models respectively, and also effective base station antenna height is 100m in point-to-point prediction model. Figure 14 shows the DMC contours for the area-to-area model and the path loss is 94.67dB while Figure 15 shows the DMC contours for the point-to-point model area and the path loss is 105.12dB.
The maximum range   for area-to-area  model is 26km at receiver height equals to 500m as shown in  Figure 14, while the maximum range  for the point to pint model is 6.5km at the same receiver height and direction of 270o azimuth angle as shown  in Figure 15 .
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Fig. 14:  Area-to-area lee model Digital Map Contours
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Fig. 15:  Point-to-point lee model Digital Map Contours
D. Estimation of the 3DRC Under Different Mobile Receiver Heights 
      In this study, the 3DRC is examined under three receivers 
heights 50m, 200m and 400m. The results are  shown in Figure 16. Digital detection contours diagram are  increased when the starting receiver heights are increased from 50m to 200m and to 400m. Figure 16a also shows that the maximum range is 97km at a direction of 278o ​azimuth angle when the receiver height becomes 500m; while Figure 16b shows that, the maximum range is 455km when the receiver height becomes 2000m. However, Figure 17c shows that the maximum range becomes 1100km when the receiver height becomes 4000m.This is because the line of sight path increases and the multipath reflection are decreased at higher receiver altitudes. It is noticed that different colours are used to distinguish between different heights.
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Figure 16: Detection Map Contours for three heights, 50m, 200m, and 400m. 
E. Estimation of Mobile Radio Performance Using Digital Map Contours DMC
The main benefits of this study is to predict the mobile radio performance and sitting under complex topography. In order to predict the radio performance in different ground topography, and base station sitting, four different ground topographies are  introduced in this work. According to the digital map contours four digital maps are obtained. Figure 17 shows the digital maps of the four topography maps in four sectors, North, South, East and West. Table 2, shows clear picture of the mobile radio performance according to the maximum detection range and receiver height and topography type. The following notes rise from Figure 17 and Table 2.
1. The mountains appear in the north east obstructs the radiation , and shows smaller ranges being obtained in north east zone with moderate blockage  . See Figure 17a .

2. In Figure 17b, the digital map contours appear smooth with concentrated circles without any irregularities because in this case smooth topography is noticed. Also the maximum range is 48km at height 500m and is the same in all directions which gives indication to Line of Sight and free space Propagation   without multipath fading. No extended ranges are obtained.
3. In Figure 17c,  the maximum effective ranges in the North West zone are greater than that in the first topography case because the heights of mountains case are smaller than those in the first topography case.

Also, a complete blockage for this case is observed at the south west for azimuth sector from 265o to 281o.The maximum receiver range is decreased from 598km to 290km for the same receiver height of 500m due to the mountains obstruction in this zone.

4. In Figure 17d, it is observed  that the mountains appear in the south east of the topography and the maximum receiver range is obtained to equal 98km at azimuth angle of 8ocomplete blockage happens  at the sector 150o to 160o due to the mountains’ obstruction. 
5. The results obtained in Figure 17 is identical to the results obtained in Figure 18, which shows four deferent digital map contours DMC  which are used in this work with  the same heights of receiver.
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The results obtained  in Figs. 17a,17b,17c and 17d reflects the same results obtained in  Figs. 18a,18b,18c and 18d which gives good indications how much Figure 17 reflects the digital map contours.
7. [image: image31.png](LOS +Lobhing patter)




Figure 19, shows different colors with different receiver height, which is used in this work.
table 2         Mobile Radio Performance

	Figure
	Topography 
	Azimuth 
	Receiver  Height 
	Maximum Receiver Range
 

	Fig.17 a 
	First 
	    278o   
	500m
	97km Blockage

	Fig. 17a 
	First  
	67o
	500m
	35km Blockage

	Fig.17 b
	Second 
	All directions
	500m
	48km

Line of Sight

	Fig.17 c
	Third
	zero
	500m
	598km

	Fig.17 c
	Third
	278o
	500m
	97km Blockage 

	Fig.17 c


	Third
	265o to 281o  
	500m
	240km Obstruction

	Fig.17 d


	Forth
	8o
	500m
	98km

Obstruction

	Fig.17 d


	Forth
	150o to 160o
	500m
	Zero Complete Blockage
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Fig.17: Four different digital maps for four different topography.

    Fig.18 Four Digital Contours Maps for same receiver height 

 
Fig. 19: Receiver heights with different colors

V. Conclusion
1. In this study, it is concluded conclude that the digital map contours obtained in this work reflecting the actual land topography, also this work helps to produce and evaluate the digital map of the ground topography with more accurate land topography than the conventional maps. In addition, the radio station sitting could be more accurately predicted and evaluated, with saving cost and time.  

2. From this work, the performance of the mobile radio system can be predicted in multipath propagation conditions using the path loss models Hata, Egli, Lees with good acceptable accuracy of measurements.

3. In addition, one could conclude that, HF mobile radio gives greater ranges than the UHF and SHF radio for the same conditions. So when it is required greater ranges, the transmitting frequency should be decreased, and this is clearly appear when comparing the short wave propagation in microwave and wireless communication. 

4. One can notice that the detection map contours obtained for different polarizations are the same in shape but having different detection ranges. All the contours for different heights are of similar ground irregularity, which reflects the shape of the irregularities of the actual ground contours.

5. The contours shown are rather irregular in shape. Their irregularities are due to the varying heights and distances of the ground zones from the mobile radio. The reflected ray is diminished in intensity for zones of higher heights and higher roughness surface and higher divergence factor, then the resultant field, which is a vector sum of the direct and reflected contributions, is remitted and the detection ranges are shortened. While zones of lower irregularities produce greater ranges for the same height receivers, but it is clear, that when increasing the receiver heights from 50m to 500m the maximum detection range  is increased  sharply and rapidly , because the effect of the ground reflection is decreased with  the increasing height.

6. Therefore, decreasing the transmitting frequency gives clear description of the ground surface and it is more sensitive to the ground irregularities like mountains and hills for low receiver heights. 
7. The results obtained in this work are similar to the results obtained by Yossra H.A (2002) [8] and Mahdy, Q.S., & Aziz, A.M. (2010) [4].
For future work;
1- An efficient ray-tracing method is suggested for tracing rays in an indoor propagation system.[8]

2- Azimuth error correction system is suggested to increase the accuracy of measurements.
3- GPRS, GIS, Radio Finding Direction and remote sensing systems are proposed for more accuracy.
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