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 The rapid development in the field of communications and growing numbers 

of the population every year stimulate telecommunications companies to 

develop communications systems to accommodate all users. In this paper, 
we will study the blockage effect of the student body on the propagation of 

the signals in the external wireless network. We took various numbers of the 

student density on the campus to know the extent it affects especially in 

crowded environments. The student body structure and buildings are 
designed in the college according to the real dimensions by Wireless InSite 

software. We compared scenarios for the different numbers of student 

density, we noticed that whenever an increase in the student density in the 

college will lead to increased path loss and delay spread time. In addition, 
note there is a gradual decrease in the received power (RP) if there is no 

student density highest RP is -28.2 dBm, when there are 300 students 

highest RP is -34.7 dBm, and when there are 600 students highest RP is  

-36.5 dBm. The reasons are that signals path spread inside the college will 
be passing through several collisions whether student body blockage or 

buildings that are built from different materials. 
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1. INTRODUCTION  

With the increasing number of smartphone users and the development of various mobile 

applications in recent years, requirements for wireless data transfer rates in increasing daily [1]. These 

requirements cannot be met which will need a wide range of frequencies in different fields. There is a 

technology that is used in the fifth generation (5G) that will solve these requirements and works to reduce the 

momentum of the users and give each person a private channel that prevents interference between users 

which is called millimeter waves (mmWave) that sends radio signals to a higher frequency range running 

from 30-300 GHz [2], [3]. The mmWaves attracted researchers to pay attention to designing wireless 

networks at very high speeds to meet great advances in various advanced communication fields [4]. This will 

unlock greater capacity in terms of bandwidth and this will alleviate concerns about wireless traffic 

congestion in the target environments scene. Therefore, satellites, radar, and most military systems use this 

range of the spectrum, but it is less occupied than the current spectrum [5]. All these capabilities cannot 

travel signals properly in space but suffer from the effects of the impending arrival of the signals to the 

receivers and the most important of these effects are refractions, reflections, and increase noise in 

environments and others [6]. There is another type of effect, which is the blockage of the human body, which 

https://creativecommons.org/licenses/by-sa/4.0/
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is considered one of the main effects that prevent signals from reaching the receiving points, especially in 

crowded environments and with people who wear different clothes, and this can show some effects when the 

position and direction of the receiving devices are different and this will lead to successive losses and 

different in terms of values [7]. With all this, population density is one of the most important effects that 

affected the flow of signals transmitted from transmitter devices to receiving point devices unexpectedly, 

whether in external or internal environments [8]. 

In this paper, we will study the effect of student blockage in a real scenario to know the effect of this 

blockage on network performance in the external coverage. We took different numbers of student density 

within the college to find out their effect on the main parameters of measuring the efficiency of wireless 

coverage performance and these parameters are received power (RP), path loss (PL), and delay spread time 

(DST). In this work, the focus was placed on the building of the Electrical Engineering Technical College, 

Middle Technical University to complete the work. In addition, a focus was placed on the Wireless InSite 

(WIST) software in order to design the campus environment for the college, as well as design student bodies 

through this program. Where this program is considered one of the best programs in the design of indoor, 

outdoor, and mixed environments, this program tracks the signals transmitted from transmitters to receiving 

devices and the extent of the impact of these signals when they pass through several obstacles and barriers. 

The rest of the sections for this paper were organized and arranged as: In section 2, the relevant works 

were presented and compared with the works and ideas presented in this paper. In section 3, the proposed 

wireless channel is presented and discussed in this paper as well as the most important parameters to measure 

the performance of this channel. While in section 4, the simulation environment of the college was designed as 

well as the design of student bodies. In addition, all the results presented in this paper were discussed and 

analyzed in section 5. Finally, in section 6, the detailed conclusions of all the ideas presented and proposed in 

this work are presented with the proposal of ideas and work to be presented in the near future. 

 

 

2. RELATED WORKS 

In this section, we will present recent works related to our work and the works presented by 

researchers in the previous literature. In addition, we will suggest some solutions that distinguished our work 

from the work suggested by researchers in previous works. At the end of this section, we will present the 

main objectives as a comparison between our proposed work in this paper and the works suggested by the 

authors in the previous recent literature. 

Abouelseoud and Charlton [9] have researched productive capacity in the population density (𝜌) by 

using 60 GHz in outdoor wireless networks. The researchers noted that whenever higher the population 

density will be network performance gradually decrease, therefrom the RP will decrease gradually and the 

losses of the paths will increase. Zhao et al. [10] and Zhadobov et al. [11] presented a real measurement of 

high-rise and low-rise urban networks in external wireless networks, where researchers focused in this work 

on the frequency of 28 GHz, which is one of the frequencies used in mmWaves. After simulation and 

showing the results, the researchers noticed that these waves are affected more in indoor environments than 

outdoor environments when there is a dense population density in the target environment.  

Moltchanov et al. [12] studied the human skin permittivity models by using mmWave from the  

10-60 GHz range. The researchers noted that the mmWaves lead to a solution for various crowded 

environments that are based on human body blockages. Moreover, Gapeyenko et al. [13] studied the effect of 

human body blockage in the 5G networks on the base stations by using the mmWaves band for outdoor 

environments. The calculation was based on PL to know the performance of the network when there is a 

human density in the region. The results clarified that the human body led to impending the direction of the 

paths and increased the noise in the environment. 

In this research, the blockage of student density on the campus of the Electrical Engineering 

Technical College, Middle Technical University in Baghdad was studied, taking different models of student 

density to find out the extent of its impact on the behavior of network performance and on the propagation of 

signals in the regions of the line-of-sight (LoS) and regions other than the non-line-of-sight (NLoS). The 

student skeleton and buildings of the college were designed according to real dimensions using WIST 

software. This program is considered one of the best programs to simulate the spread of signals, whether in 

indoor, outdoor, or mixed environments. We compared the scenarios for different student densities in order to 

measure the most important parameters by which to know the performance of the wireless network which 

included PL, DST, RP, and received signal strength (RSS) from transmitters to receivers. 

 

 

3. WIRELESS CHANNEL PARAMETERS CHARACTERISTICS 

The characteristics of signals for various wireless communications, whether internal, external, or 

mixed, change drastically when they are transmitted from transmitting antennas to receiving antennas. Where 
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these characteristics depend largely on the distance between the antennas of the transmitters to the antennas 

of the receivers, this distance between the two devices is called the wireless channel model. In general, the 

power profile of the received signals can be obtained by integrating the power profiles of the transmitted 

signals as shown in (1) [14]. 

 

𝑦(𝑓) = 𝐻(𝑓) ∗ 𝑥(𝑓) + 𝑛(𝑓) (1) 

 

where 𝐻(𝑓) is the field of the channel response, 𝑛(𝑓) is noise, and 𝑦, 𝐻, 𝑥, and 𝑛 are all the functions of the 

signals during frequency (𝑓). 

There are five main parameters to measure the performance of any wireless channel: PL, RP, DPT, 

shadowing, and multipath between antennas [14]. All these parameters have a special method for determining 

the causes that encounter the signal path from the sender to the receiver. In addition, it will determine the 

overall network performance depending on the location of the transmitting stations. 

 

3.1.  Path loss 

It is to reduce the power density of electromagnetic waves when propagated in free space. It is one 

of the main important elements in the link analysis of various wireless communication systems. There are 

many effects that affect the loss of the path when it spreads in free space, the most important of which are the 

reflections, refractions, diffractions, absorption, and others that the path traveling from the transmitting 

antennas passes to the receiving antennas [15]–[17]. In general, it can be calculated based on (2). 

 

𝑃𝐿(𝑑) = (𝑃𝐿̅̅̅̅ (𝑑0) + 10𝛼 log (
𝑑

𝑑0
))  (2) 

 

where 𝑃𝐿̅̅̅̅ (𝑑0) is the average PL over a distance 𝑑0, 𝑑0 is the reference distance in the free space, 𝛼 is one of 

the PL exponents and 𝑑 is the distance between each transmitting antenna and the receiving point antenna 

measured in meters. 

 

3.2.  Received power 

In general, it is affected by several effects that lead to an unexpected decrease in this ability. Where 

these effects negatively affect the performance of the wireless network, the most important of which are the 

reflections, absorptions, and collisions during the barriers that disperse the receiving power force and other 

influences [18], [19]. It can be calculated based on (3). 

 

𝑃𝑅(𝑑𝐵𝑚) = (10 log (
𝑃𝑇 𝜆

2𝛽

16𝜋2𝑑2) + 30(𝑑𝐵) − 𝐿𝑠(𝑑𝐵)) (3) 

 

where 𝑃𝑇 is the average power time, 𝜆 is the carrier frequency wavelength, 𝐿𝑠 is the additional loss faced by 

the wireless communication network system, and 𝛽 is the frequency spectrum interference for transmitted 

waves. 

 

3.3.  Delay spread time (𝛔𝛕) 

In the field of wireless communication systems, it is one of the most important measures to know 

the performance of the delayed arrival of paths to the receiving points. This can be explained in other words, 

it is the difference between the arrival time of the first path to the arrival time of the last path [2], [18], [19]. 

It can be calculated based on (4). 

 

𝜎𝜏 = √
∑ (𝑡𝑖−�̅�)2𝑃𝑖

𝑁𝑃
𝑖=1

𝑃𝑅
 (4) 

 

where 𝑃𝑖 is the average time to power in watts, 𝑁𝑝 is the total paths, 𝑡𝑖 is the arrival time for each 

path 𝑖𝑡ℎ , and 𝑡̅ is the mean arrival time. For this, it is possible to determine the time of arrival of any path in 

the wireless communication network systems in the internal or external environments through (5) [2], [19]. 

 

𝑡𝑖 = (
𝐿𝑖

𝑐
)  (5) 

 

where 𝐿𝑖 is the total geometric path length and 𝑐 is the light speed in free space. 
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In addition, the mean arrival time of any path transmitted from transmitters to receiving point 

devices can be determined by (6) [2], [19]. 

 

𝑡̅ =
∑ 𝑃𝑖𝑡𝑖

𝑁𝑝
𝑖=1

𝑃𝑅
  (6) 

 

While the average power time in watts for each 𝑖𝑡ℎ path is calculated by (7). 

 

𝑃𝑖 =
𝜆2𝛽

8𝜋𝜂0
|𝐸𝜃,𝑖𝑔𝜃(𝜃𝑖, ∅𝑖) + 𝐸∅,𝑖𝑔∅(𝜃𝑖, ∅𝑖)|2 (7) 

 

where 𝜂0 is the free space impedance at 377 Ω, 𝐸∅,𝑖  𝑎𝑛𝑑 𝐸𝜃,𝑖 are theta and phi that electric field components 

of each 𝑖𝑡ℎ path at the receiving point, 𝜃𝑖  and ∅𝑖  are to give the direction of arrival and 𝑔𝜃(𝜃𝑖, ∅𝑖) is the 

direction of arrival. Moreover, the direction of arrival for any path propagated in the environment of the 

simulated scene is determined according to (8) [20]. 

 

𝑔𝜃(𝜃, ∅) = √|𝐺𝜃(𝜃, ∅)|𝑒𝑗𝜑𝜃  (8) 

 

where 𝐺𝜃 is the theta gain component of the receiving antennas and 𝜑𝜃  is the relative phase of 𝜃 for electric 

fields in the far region. 

 

3.4.  Scattering or shadowing 

If there are any barriers such as trees, buildings, human beings, and other barriers along the path of 

the signal, then part or all of the signal transmitted through absorption, refraction, reflection, and dispersion 

will be lost. These effects are called scattering or shadowing as shown in Figure 1 [21], with the rest of the 

effects such as reflections and diffractions. Therefore, the set of PLs with respect to shadowing can be 

calculated based on (9). 

 

𝑃𝐿(𝑑)𝑑𝐵 = 𝑃𝐿̅̅̅̅ (𝑑0) + 10𝛼 log (
𝑑

𝑑0
) + 𝜒 (9) 

 

where 𝜒 is a random variable (Gaussian) distributed in a random form measured in dB with the standard 

deviation (𝜎). 𝜒 is representing the effect resultant from shadowing. 

 

 

 
 

Figure 1. The path of the signal is transmitted from the base station (BS) device to the receiving device when 

it passes through the shadowing or scattering barrier 

 

 

3.5.  Multipath 

The path of wireless communication when collides with any barrier or obstacle, object, or human 

body. So, these obstacles or barriers or objects reflect signals for this many of these reflections are called 

multipath as shown in Figure 2. For this, the path of the reflected signal will carry a phase and a capacity 

different from the signal path directed straight to the receiving point devices without passing through any 

obstacles [22]. 
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Figure 2. The path propagation of signals (multipath) transmits from the transmitting antennas to the 

receiving antennas in an external environment 

 

 

4. SIMULATION ENVIRONMENT 

4.1.  Scene model 

In this paper, we focus on building a simulation scene similar to a rectangle (Electrical Engineering 

Technical College, Middle Technical University in Baghdad) as shown in Figure 3. It distributes 2-3 floors of 

buildings on two sides of a square or rectangle. The height of buildings ranges has been 3, 7, and 12 m. 

We install the transmitter at the start of the college entrance and deployed 73 receiver points as 

shown in Figure 4. The body model of a student was designed using the WIST software and as shown in 

Figures 5(a) to (c), where the model of this body consists of two parts, the first part is the head and the 

second part is the body, which consists of 6 sides in the form of equal cubes. Therefore, the height of the 

head, as well as the radius, are 0.2 and 0.15 m, respectively, while the radius of the body is 0.25 m. Three 

heights have been chosen for the student body: 1.3, 1.6, and 1.8 m, which are widespread on the campus in 

different ways. 

 

 

 
 

Figure 3. The scene environment of the college was 

designed using WIST software 

 
 

Figure 4. The transmitter and receiver points devices 

are deployed in the college 

 

 

In this work, the focus was placed on three types of clothing that the student will wear on campus: 

cotton clothing, yellow leather clothing, and red leather clothing. The goal of relying on these types of 

clothing fabric because each type depends on the electromagnetic parameters that differ from one type to 

another. In addition, we will focus in our study on the change of the type of fabric to know the extent of its 

impact on the signals scattered in the college environment. 

Therefore, the student wearing the cotton clothing is shown in Figure 5(a), yellow skin as shown in 

Figure 5(b), and red skin as shown in Figure 5(c) respectively. The students are deployed in all areas of the 

college randomly so that the total area of the college is 144×283 𝑚2, and the area in which students are 

deployed is 193×330 𝑚2. The various student densities on the campus are deployed when they are 0/𝑚2, the 

number is 0 students in the college scene as shown in Figure 6(a) when it is 0.007/𝑚2, the number is  

300 students in the college scene as shown in Figure 6(b) when it is 0.014/𝑚2, the number is 600 students in 

the college scene as shown in Figure 6(c). 
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(a)  (b)  (c) 

 

Figure 5. The student model was designed using WIST software (a) the student at a height of 1.8 m,  

(b) the student at a height of 1.6 m, and (c) the student at a height of 1.3 m 

 
 

   
(a) (b) (c) 

 

Figure 6. The student density deployed in the college in different numbers: (a) no students in the college,  

(b) 300 students in college, and (c) 600 students in college 

 

 

4.2.  Properties of Tx and Rx devices 

There is one Tx in the simulation scene located at the beginning of the college entrance and it was 

high at 3 m. This location was chosen for the Tx device based on research published in international journals 

that built an algorithm to determine the optimal location of the Tx. While the number of Rx points spread in 

the college is 73 received points, where these points were randomly distributed among students as shown in 

Figures 4 and 6(a). The properties of transmitting antennas and receiving point antennas are listed in Table 1. 

 
 

Table 1. Properties of the antennas for Tx and Rx devices 
Properties  Tx Device Rx Device 
Waveform Sinusoid Sinusoid 

Type of antenna Directional Omni-Directional 
Polarization Vertical Horizontal 

VSWR 1 1 
Transmit power (dBm) 30 -- 

Temperatures 293 293 
Receiver threshold (dBm) -140 -140 

Antenna broadcast beam width °120  °360  
Antenna gain (dBi) 19  2 

 
 

4.3.  Other parameters setting 

The materials used in the construction of college buildings and the thickness of the materials are 

listed in Table 2. The construction was based on the real dimensions of the college in terms of the thickness 

of the walls as well as the designs of the buildings. In addition, each material used in the construction of this 

has the characteristics of the electro-electromagnetic parameters of conductivity (σ) and permittivity (ε), 

which were previously explained in [23], [24]. The values of these parameters change with the change of 

frequency in the simulation environment, as well as change from one material to another [25]. Therefore, the 

values of conductivity and permittivity parameters of the materials used in the construction of college 

buildings at the frequency of 5 GHz as well as at the bandwidth of 20 MHz are listed in Table 2. 
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Table 2. Materials property parameters for 5 GHz 
Types of materials Thickness )m) σ ε 

Concrete 0.30 0.483 5.310 
Brick 0.28 0.038 3.750 
Metal 0.0625 1× 𝑒8 1 
Wood 0.045 0.167 1.990 

Dense Foliage 0.00035 0 1 
Skin 0.005   3.06 10.7 

Cotton 0.006    0.038 1.7 
Red leather 0.014 0.14 2.15 

Yellow leather 0.002   0.09 2.3 

 

 

5. RESULTS ANALYSIS AND DISCUSSION 

The beam emission from the Tx device to all the antennas of the receiving points is shown in 

Figures 7 to 9. We notice that the beam passes through many barriers, whether it is blockage of the student 

body or buildings built of different materials, some of which work on the reflection of the beam and others 

work on scattering the power of the beam. In addition, it is clear that the increase in student density leads to 

an unexpected obstruction in the direction of the signal within the university campus as shown in Figure 8 

and Figure 9. Moreover, we show that the increase in the student's density in the college works to dissipate 

the strength of the signal transmitted to the receiving points because the student’s body is made of several 

materials, whether clothes or parts of the student body, all of these materials are based on absorbing the 

transmitted power, and the absorption strength changes depending on the materials used in the design. 

 

 

  
  

Figure 7. Paths propagation without students Figure 8. Paths propagation at 300 students 

 

 

 
 

Figure 9. Paths propagation at 600 students 

 

 

Moreover, each path transmitted from Tx to Rx devices has a color that represents the signal strength 

for each received point. The red color represents the strongest signal that reaches the receiving points. The 

yellow color is a medium signal, the green color is weak, while the blue color is weaker than the green and 

some do not reach the receiving points. Each color has a value of an RP as mentioned in Figures 7 to 9. 
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Figure 10 shows the number of receiving points versus the DST for no student density, the presence 

of 300 students, and the presence of 600 students. In general, we have noticed that there is a positive 

relationship between the increase in the density of students and the delay in the spread of time, where the 

greater density of students within the college will lead to an increase in the DST because the signal path 

when it hits the body of a particular student, so it will be delayed in reaching the receiving point in time for 

this will increase the DST when the student density increases in college. 
 
 

 
 

Figure 10. The receiving points versus DST 
 

 

Figure 11 shows the number of receiving points versus the PL in decibels for no student density, 

presence of 300 students, and presence of 600 students. In general, we noticed that there is a positive 

relationship between the increase in student density and the loss of the path, as the greater the student density 

inside the college will lead to a gradual increase in the loss of the path, because the signal path is affected by 

many influences, including obstacles, barriers, student's bodies, the thickness of the walls and the 

surrounding environmental conditions. All of these influences work on the increase reflections, refractions, 

and absorptions within the environment of the college, and will lead to an unexpected increase in the losses 

of the paths, especially in the NLoS regions. 

 

 

 
 

Figure 11. The receiving points versus path loss 
 
 

On the other hand, Figure 12 shows the number of receiving points versus the RP in dBm for no 

student density, the presence of 300 students, and the presence of 600 students. We noticed that there is an 

inverse relationship between the increase in the density of students and the receiving power, as the greater the 

density of students inside the college will lead to a gradual decrease in the RP because some obstacles and 

barriers and most of the student's bodies work to disperse and absorb the transmitting power. Therefore, 

when the path collides with a student, the signal path will it is in the same direction, but the signal strength 

will be scattered and absorbed, while the scattering and absorption strength depends on the type of material 

used because each material has its own effect. 
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Figure 12. The number of receiving points versus received power 
 

 

Finally, we note that whenever there are large numbers of student body blockages in the region the 

network performance will gradually decrease. The reasons are that the student's body and the clothes which 

wear by students worked to block signals. Also, it worked on the dispersion of the strength of the signals 

unexpectedly. 
 

 

6. CONCLUSION  

The effect of student self-obstruction on the signals as well as the signal blockage in a dense 

environment was simulated. It has been demonstrated that dense concentrations of student barriers can have 

significant effects on wireless communications. One of the most important works that have been studied is that 

in regions, where there is no, existing student blocking, the signals do not suffer from severe obstructions and 

where the arrival of signals to the receivers at high speeds and much better than the crowded student density 

within the college, while areas crowded with student’s density will obscure signals and some of them not reach 

the receiver best correctly and this will lead to interferences among other signals. We also conclude that 

whenever increased the student density in the college will increase the PL and DST and decrease RP, because 

the student body and clothes which wear by the student worked to block signals and also worked on the 

dispersion of the strength of the signals unexpectedly. In future work, we will build an algorithm that works to 

adapt the optimal of the transmitter in the college in order to obtain optimal coverage of the real measurements. 
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