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 V/UHFبٌاء ًظام بشهجي لتصوين ّصلة اتصالات لاعلكية تعول بالتشددات 

 ّالوايكشّية

 الذكتْس الوٌِذط الوذسط الوغاعذ

 ُشام جْاد احوذ * *غٌي أحوذ علي *
 

 الوغتخلص:

 

تمن يمي الث مل ال مالي بٌماء ًظمام بشهجممي يوكمي اعمتخذاهَ يمي تصموين ّصملة اتصممالات 

.  Visual Basicّلغممة  Mathcadيممة باعممتخذام ًظممام ّالوايكشّ V/UHFتعوممل بممالتشددات 

الٌظام الثشهجي الوقذم يغتثوش القْة يي التعاهل هع الوعادلات الشياضية ّالشعمْم الثياًيمة التمي 

هي جِة ّالأدّات القْية للاساءة  ّالْصل بيي الصمح ات التمي تْيشُما  Mathcadيتوتع بِا 

م ب غاب لوعادلات الشياضية ّالإحصائية التمي هي جِة أخشٓ. يقْم الٌظا Visual Basicلغة 

تغتخذم ل مل هغمائل تصموين ّصملة الاتصمالات اللاعملكية لومذيات التمشددات الومزكْسة  ًحما. همي 

هضايا ُزا الٌظام الثشهجي طشيقة عشضَ للٌتائج حيل يتن عشضِا بمالرش  العذديمة ّعلمٔ  مكل 

زيي يعولمْى يمي ُمزا الوجمام. كوما سعْم بياًيمة هختلحمة ُّمزٍ الرمش  هِومة جمذا للوصموويي الم

يوتاص الثشًاهج بقذستَ علٔ إظِماس سعمائل إلمٔ هغمتخذهَ تعلومَ ييوما إرا كماى تصمويوَ الٌِمائي 

 هقثْم عوليا هي عذهَ.
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Abstract: 
 A communication link design computer program is constructed 

using MathCad and Visual Basic package for wireless V/UHF and 

Microwave frequency bands. The new program exploits the powerful 

mathematical and graphical tools exists in MathCad and the powerful 

tools of Visual Basic in interface page applications. The new computer 

program presented in this paper is based on theoretical and some 

statistical expressions applied in this field  and therefore it can be used in 

solving design problems. Examples of applying the program are given for 

two cases, V/UHF and Microwave links. One of the features of this 

program is its way of results presentation, which are presented in 

numerical, text and graphical modes that are relay needed in such 

applications. Another important features of the new computer program is 

its capability of showing messages to tell the designer whether the overall 

design process is applicable or not. 

 

1. Introduction 
 Communication design link is needed particularly for installing 

new communication links. In this paper V/UHF and Microwave links are 

considered. It is well known that such designs depends on many 

parameters such as full information about both transmitter, receiver and 

the medium between them [1,2,3,4]. The final goal of the communication 

link design is to receive a signal with a certain strength such that can be 

detected by the receiver with good reliability and acceptable outage time. 

 The design constrains of V/UHF and Microwave propagation are 

different and therefore each one is taken separately in the analysis 

although they have similarities in most of the calculations concerning 

path attenuation and link budget. 

 In this paper a computer program is built which uses two packages 

namely Mathcad and Visual Basic. One of the reasons of applying these 

two packages and combine theme in one computer code is to exploit the 

powerful mathematical and graphical tools that exist in Mathcad and 

powerful of the interface page tools exists in Visual Basic. The main 

advantage of the new computer code presented in this paper is that it 

offers a full interaction with the design procedures, that means one can 

immediately notice the effect of changing any parameter on the design 

process. 
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 Examples on the design of typical communication links using the 

new computer code are shown for the two cases, i.e., V/UHF and 

Microwave links. The results are presented in numerical, text and 

graphical modes, which helps the designer in fast decision-making. 

 

2. Theoretical Background: 

 The wireless communication link consists of transmitter(including 

the antenna), medium (space, ground and obstacles) and the receiver 

(including the antenna) as illustrated in fig. (1) 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(1) Schematic diagram of a communication link 

2.1 Performance of a communication Link 
 

The performance of a communication link is mainly depends on the 

following parameters: 

2.1.1 Transmitter: 
 

(1) Operating carrier frequency 

(2) Transmitter output power (usually given in dBm) PT (dBm) 

(3) Transmitter antenna gain GT(in dB) 

(4) Feeder cable losses in dB (the cable between the transmitter 

and the antenna, connector losses are included) 

(5) The height of the transmitting antenna above local ground 

(in meter) 

2.1.2 Receiver: 

(1) Receiver sensitivity (minimum detectable signal level) in 

dBm 

D(km) 

ht(m) hr(m) 
Tx 

Rx 

Tx Antenna 

Rx Antenna 
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(2) Receiver antenna gain in dB 

(3) Feeder cable losses in dB (cable that connects the receiving 

antenna to the receiver, connector losses are also included) 

(4) Receiver antenna height above local ground 

 

2.1.3 The medium between the transmitter site and the receiver site 

 For wireless communication links the transmitted electromagnetic 

wave is mainly affected by the conditions of the atmosphere as well as 

the ground conditions such as topographical conditions between 

transmitting and receiving sites. These factors can statistically be 

determined by calculating the effective earth’s radius (k), which may take 

different values for different regions, and the normal value of k is 4/3. 

Therefore if more realistic results are needed, then actual values of k 

should be provided as well as actual terrain variation along the path 

between the transmitter and the receiver should also be defined 

accurately. Therefore diffraction losses due to the obstruction of the Line 

Of Sight (LOS) with ground or with obstacles on the ground may occur 

and can be calculated. 

 

2.1.4 Free Space Loss. 

 This type of loss depends mainly on the transmitting frequency and 

the range between the transmitter site and the receiver site. The cause of 

this loss is due to natural wave expansion when emerging from the 

transmitter till it reaches the receiver. 
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3. Mathcad Code Construction 

Fig.( 2 ) shows the flow-chart of all processes performed starting with the 

interface page construction using Visual Basic and Mathcad computer 

code instructions.  

Fig.( 2 ) Flow Chart illustrating the sequence of calculations. 
 

 

 

 

 

     Generation of
Visual Basic Interface
          page

 Choose Type of Link Analysis
   V / UHF     or      M icrowave

      Input Link Data
Pt, Gt,ht,Freq. ,Feeder Losses
Gr,hr,Fade Margin,Sm in.Dkm

    Specify the locations of
Transm itter &  Receiver and
Plot the path profile/  or Generate
a com puter sim ulated profile

Start the com putations of :
First Fresnel Zone, Diffraction Loss,
Reflection Loss,Path Loss and Plot
the The Height- Range of the Link.

Display The Results as follows:
% Obstuction of FFZ,  LOS clearance,
Recom ended Link Range,Link Margin 

                     Is
          Link Margin LT 0  or
          LOS is Obstucted or
        FFZ is GT 6 0 %  (VHF) or
FFZ  is not C lear 1 0 0 %  (M icrowave) YES

NO

      D isplay The Message
  "Link Should W ork Properly"

  D isplay The Message
 "Re- Design The Link"
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3.1 Input Data From Visual Basic Software: 
 

PTdBm:=in0    h1:=in1   DKm:=in2 

FMHz:=in3    GTdB:=in4   GRdB:=in5 

FeederLossesdB:=in6  SmindBm:=in7  h2:=in8 

FadeMarginUVHFdBm:=in9 

Where: 
PTdBm : output power of the transmitter 

 fMHz  : operating frequency 

 GTdB : transmitter antenna gain (dB) 

 Dkm  : ground distance between Tx and Rx 

 h1 :height of the transmitting antenna above local ground 

 FeederLossesdB :Total cable losses between Tx/Rx and their 

antennas  

 GRdB :Receiver antenna gain (dB) 

FadMarginUVHFdBm: Fade margin of U/VHF 

SmindBm : Minimum detectable receiver signal 
h2 : height of the receiving antenna above local ground 

 

 

3.2 The instruction used to set Default Values 

 

PTdBm:= if(PTdBm=0,33,PTdBm) h1:= if (h1=0,30.1,h1) 

 

DKm:= if(DKm=0,10.0,DKm)  h2:= if (h2=0,16.1,h2) 

 

fMHz:= if (fMHz=0,450,fMHz)  GTdB:= if (GTdB=0,3.0,GTdB) 

 

GRdB:= if (GRdB= 0,3.0,GRdB) 

SmindBm:= if (SmindBm = 0,-114, SmindBm) 

 

FadeMarginUVHFdBm:= if (FadeMarginUVHFdBm =0,18, 

FadeMarginUVHFdBm) 

FadeMarginμWdB:=10 

 
3.3 instructions used to define constants and unit conversion 

 

 

 
 

PTmwatt 10

PTdBm

10

PTdBm


300

fMHz
a 6370km Earth Radius( )Earth Radius



 7 

 

3.4 Average Height Above Mean Sea Level Simulation: 

 In this paper a general ground is assumed and not restricted to a 

particular one and hence a simulation of terrain is needed. If actual 

information does exist then actual data points can replace the data 

generated by this simulation process easily. The following shows how 

this simulated data is generated and is shown in fig. (3) 

 

2sin(4x))cos(x)sin(3x)(cos(2x)
2

1
:ypp(x) 22   

 

 

 
Fig. (3) Generated terrain data 

 

3.5 Fresnel Zones Determination: 

 One of the very important performance test done on 

communication link analysis is that whether the first Fresenel zone is 

obstructed or not and if it is obstructed then what is the percentage area of 

obstruction? The following instructions show how these are calculated. 

Fig. (3) shows an example of the first Fresnel zone shape projected on the 

path. Also it shows the LOS as well as the Earth’s bulge (for the case of 

k=4/3). Fig. (4) also shows the simulated terrain along the path. 

 

h11:=h1+ypp(t) h22:=h2+ypp(Dkm) …………………………..(1) 
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.1000:ht(x)
2.k.a

x)Dkmx.( 
   ,     

Dkm

h11h22
:m


  …………………….(2) 

yp(x):=ht(x) + ypp(x)    ………………………………………….(3) 

y(x):= m . x +h11         rf(x):=547 . 
Df

D

kmMHz

km x)x.( 
……………...(4) 

rf1(x):=rf(x) + y(x)    ……………………………………………..(5) 

h22h11(k3.57:RLOSkm  ………………………………….(6) 

where: 
h11 : height of transmitter antenna above sea level. 

h22 : height of receiver antenna above sea level. 

ht(x) : Earth’s bulge 

m : the slop of the LOS. 

ypp(x) : Earth’s bulge above sea level. 

y(x) : LOS equation. 

rf(x) : First Fresnal Zone radius. 

RLOSKm : radius of LOS. 

 

 
Fig. (4) First Fresnel Zone, Line of Sight (LOS) and terrain height 

above Mean Sea Level. 

3.6 Diffraction Loss: 
 When Line Of Sight (LOS)is obstructed by an obstacle or passes 

near an obstacle, the streangth of the received signal will suffer an 

attenuation which depends on the location (distance) of the obstacle from 
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the transmitting/receiving antenna, the depth of the penetration, the 

distance between the antennas and the operating frequency Fig. (4). The 

following computer code is used to calculate this type of loss (diffraction 

loss). 

3.6.1 Computer Code to Determine the maximum terrain height 

and its location. 

 

                                                                                          

…….(7) 

 

 

 

 

 

 

 

 

 

 

 

 

Maximum Terrain Height Mayd0 =3.7 At distance from left 

Mayd1=0.4 km 

 

Minimum clearance with LOS   Hm = 13.5 meters  

If Positive  LOS not Obstructed 

If negative  LOS Obstructed 

  

 

 

 

            ……..(8) 

 

 

 

 

3.6.2 Diffraction Loss Calculations: 

  01 MaydMaydy:δHm 

 

Dkm  Mayd1   0  Mayd1  if  
2

Dkm

Otherrwise                  Mayd1
:dt1





 

 
Mayd ym 0

dm 0

 y yp x( ) ym

ym yp x( )

dm x

 y 0if

x 0 .01 D Kmfor

ym

dm










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 Electromagnetic wave may obstructed by an obstacle and hence the 

received signal will be attenuated. Once the distance of obstruction is 

determined, then one can use the following equations to calculate the 

diffraction loss in dB 






















Km

Km
m

D

dt).1000λ.dt.(D

δHm
2:dt),w1(δ1  ………………(9) 

Az1dB :=|20.log(ET(w1(δHm,dt1)))| …………………………(10) 

 

Where: 

2

))w(S5.0.(j)w(C5.0
:)w(ET


  ……………………(11) 

and 

 












t

0

2 d.
2

cos:)t(C   












t

0

2 d.
2

sin:)t(S  ……....(12) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.(5) Electromagnetic wave obstruction and received by diffraction 
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3.7 Computer code for LOS clearance and first Fresnal zone 

obstruction percentage determination 

100.

2

KmD
rf.2

Hm
2

KmD
rf

:tionFFZObstruc%



















 ………………….(14) 

0ction%FFZObstru   if  0
otherwisection   %FFZObstru

:ction%FFZObstru  …………(15) 

 

 

 

3.8 Path Loss and Recommended Link Range Calculations: 

 3.8.1 V/UHF Links: 

Free space Loss and height Gain in dB 

PL1:=96.372 + 20. Log(fMHz) – 20 . log (h1.h2)…………………(16) 

 

 

Power received in dBm (Excluding Path Loss) 

PrVUHFdBm:=PTdBm + GTdB - FeederLossesdB - PL1 - 

FadeMarginUVHFdBm-Az1dB …………………………….(17) 

 

Notes on Fade Margin: In the planning of a communication system, it 

is customary to take into account a fade margin since it relates to the 

reliability of the wireless communication links. The value of the fade 

margin is very critical particularly for data transmission applications. In 

this paper 18 dB and 10 dB values are used for V/UHF and microwave 

links respectively as default values which gives 99% link reliability. 

Other values of fade margins may be used if required. 

 

Power received in dBm(Excluding path loss): 
PrNdBm:=PTdBm+GTdB+GRdB-FeederLossesdB-PL1-40log(DKm . 1.609)- 

Az1dB ……………………………………………………..(18) 

Link Margin (Budget): 

LinkMargindB:=PrNdBm-SmindBm  …………………………..(19) 

 

)13.........(..........
0 δHm if CLEAR""
otherwise "OBSTRUCTED"

:tStatusLineOfSigh



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RecommendedRangekm :=DVUHFkm  ……………………..(21)  

A:=”Redesign the Link” 

B:=”Link should work Properly” 

3.8.2 Microwave Links; 

LodB:= 20 log (Dkm)+ 20 log(fMHz)+32.44 (free space loss calculation).. (23) 

Prμwave1dBm:=PTdBm+GTdB+GRdB-FeederLossesdB+PLMicrowave–Az1dB….(25) 

PrμwavedBm:=Prμwave1dBm-FadeMarginμWdBm …………………..(26) 

PPrμdBm:=PTdBm+GTdB+GRdB-FeederLossesdB-LodB -  

FadeMarginμWdBm - Az1dB             …….(28) 

LinkMargindB:=1.259                 ….(29) 

RecomendedRangekm:=DmicrowaveμWkm 

A:=”Re Design The Link” 

B:= ” Link Should Work Properly” 

 

 

 

4. Examples On Path Link Design With MathCad Code : 

 

4.1 V/UHF Path Link Case Study Design (Example 1) : 

 A communication Link is operating in UHF frequency band 

(450 MHz) is taken as an example. All the information concerning 

this link are shown as input data. The results are given which shows 

the status of the design that is whether it “operational” or needs to 

repeat the process of the design by changing some of the parameters 

to make the link to operate satisfactorily. This process may be 

repeated many times till it reaches proper results. The results contain 

numerical as well as text messages helping the designer to make 

quick and right decisions to setup the design parameters and this is 

as shown in fig.(6). 

 

......(20)..........   1.60940

SminPrVUHF

10:KmDVUHF

dBmdBm







.....(22) 0)LinkMargin60^uction(%FFZObstr if     B
otherwiseA     

:Message




..(24)..................................................     
4π

λ
log 20:MicrowavePL 










(27) .......  31020

)Smin(PrμPrμw

10:kmμWDmicrowave

dBmdBm







0)LinkMargin ^ 0 uction (%FFZObstr if     B
otherwiseA     

:Message dB
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VHF/UHF and Microwave Link Analysis 

-----------Mathcad Input Data--------- 
DKm=5  fMHz=450  PTdBm=33  SmindBm=-114 

 

GTdB=3  FadeMarginUVHFdBm=18  k=4/3 

 

GRdB=3  h1=15 h2=6.0 FeederLossesdB=3.8 

 

---------Results--------- 
%FFZObstruction=27   LineOfSightStatus=”CLEAR”

 RLOSKm=30 

RecommendedRangekm=4.9 (provided first Freznal zone obstruction<=60%). 

LinkMargindB= 1.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Message =”Link Should Work Properly.” 
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Fig.(5) Mathcad Work sheet results of example(1) 
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Fig.(6) Height-Range Coverage Diagram MathCad work sheet results 

of example (1) 

 

4.2 Microwave Path Link Case study design example (2). 
 A communication is operating at microwave frequency band 

(2450 MHz) is taken as another example. Results are shown in fig. 

(7). 

Microwave Link Analysis 

-----------Mathcad Input Data--------- 
DKm=6  fMHz=2450  PTdBm=15  SmindBm=-85 

GTdB=8  FadeMarginUVHFdBm=10  k=4/3 

GRdB=24  h1=15 h2=10 FeederLossesdB=6 

---------Results--------- 
%FFZObstruction=0   LineOfSightStatus =”CLEAR” 

RLOSKm=32.2 

RecommendedRangeKm=6.1 (provided first Freznal zone obstruction<=60%). 

LinkMargindB= 0.1 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Message =”Link Should Work Properly.” 
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Fig.(7) Height-Range Coverage Diagram / MathCad worksheet 

results of example (2) 

 

 

5. Construction of Visual Basic Interface Page with MathCad Code 

Figs.(8) and (9) shows a sample of Visual Basic Interface page. 

The page shows all information needed in communication link design and 

more over it shows text as well as graphical MathCad results. It is clear 

from these interface page that one can change any parameter without the 

need to enter and alter the MathCad code instructions. Another facility is 

that , one can even enter the MathCad instruction codes through Visual 

Basic page, and navigate and change any instruction in MathCad codes. 

As a result, combining Visual Basic and MathCad codes in one code 

might help designers to interact with the combined new computer code to 

obtain more clear and immediate visualization of the effect of changing 

any of the design parameters and this process is frequently needed in such 

design problems.  

 

6. Discussion and Conclusions: 

 In wireless communication links operating in V/UHF and 

microwave frequency bands, the transmitted electromagnetic wave will 

be affected by the surrounding medium and arrived at the receiver side 

with attenuation in signal level. As it is shown above that there are many 

parameters responsible for the signal attenuation. Designers always look 

for optimum methods and in communication link design these parameters 

are related with each other as shown in the above examples. Therefore, 

with the application of the computer program presented in this paper, it is 

shown that the results are presented in different ways, i.e, numerical, text 

and graphical modes. The different modes of result presentations, will 

help in better visualizing the problem and making quick and optimum 

solutions. In fact the results presented in examples (1) and (2) came from 

number of computer trails till it settled to those shown in the work sheet 

results. 

 It is worth noting that, in this paper, fade margins are assumed to 

have values of 18 dB for V/UHF and microwave links respectively to 

operate in 99% of the time. Designers have the options to change these 

values via the interface page and get the required results. 

 One of very important criteria in the design of the communication 

link is the first Fresnal zone percentage of the obstruction. Therefore, one 

of the features of this computer code presented in this paper is the 

graphical presentation of the Fresnal zone  with the Line Of Sight status. 
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Without these, information the design would be incomplete and may give 

impractical results. 
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Fig.(8) Height-Range Coverage Diagram / Visual Basic Interface 

Page ( V/UHF Link Example ) 
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Fig.( 9 ) Height-Range Coverage Diagram / Visual Basic Interface 

Page ( Microwave Link Example ) 
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