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ABSTRACT

Simulations of the positions or spatial distributions of electronic communication devices such as base stations (BS),
electronic communication equipment, and electronic communication-enabled smart devices could be related to a
stochastic process. Erudite scholars are fantastic at reporting their research works using numerous stochastic tools to
model or simulate the spatial distributions of devices at various nodes of a communication network. Point-poisson
processes (PPP) are of great interest, as observed in most available literature relating to electronic communication
networks. In addition, those scholars utilised it to enhance the achievement of their respective objectives and results.
However, utilising such a stochastic tool is a hindrance for some researchers to achieve similar objectives and results.
Hence, the main aim of this tutorial is to impart knowledge of harnessing PPP in Matlab® as a research tool to generate
random positions of nodes. The objective of this tutorial is to simplify the usage of PPP in generating random locations
and enhance its further applications. This paper discussed its variants (posscdf, poisspdf, and poissrnd) and parameters
(lambda and target values) relative to the simulation of the spatial distribution of electronic communication users or
nodes. Values obtained from relevant examples were used to develop Matlab functions to generate Poisson random
location points for communication users on rectangular and circular planes. The examples were explicit enough to
simplify and impart knowledge of the applications of PPP distribution functions in solving Poisson-related problems in
modelling and simulations.
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1. INTRODUCTION

The unpredictable nature of positions of devices in networks of electronic communication systems calls for stochastic
process in addressing generations of the spatial locations (Galkin et al., 2017; Hmamouche et al., 2021; Romero and
Leus, 2019; Xu et al., 2022; Zhang et al., 2015). Cellular networks have made it possible for communication network
nodes to avail themselves at any locations within the network coverage regions (Erunkulu et al., 2020; Mozaffari et al.,
2019; Sabzehali et al., 2022; Wang et al., 2019). Hence, the usual restriction of fixed wired network is not applicable to
prevalent wireless cellular network (Okpeki et al., 2019; Zeng et al., 2019). In addition, the advance in wireless
technology is increasing the densities of network devices because of continuous increment in electronic communication
enabled devices and heterogeneous nature of the advanced modern network (Azari et al., 2019; Hmamouche et al., 2021,
Y. Li and Cai, 2017; Xiang et al., 2016). Furthermore, the trends in automation of remote electronic devices and
interactions of sensors predispose the existence of network nodes in any random locations within the network coverage
(Del Peral-Rosado et al., 2018; Jondhale et al., 2022; Shakhatreh et al., 2019; Xiang et al., 2016). Moreover, the innate
stochastic nature of wireless propagation produces multipath channels for devices in random locations (Chetlur and
Dhillon, 2017; Cui et al., 2020; J. Li et al., 2007; Samimi and Rappaport, 2016; Ur-Rehman and Zivic, 2018). Therefore,
modelling and simulation of locations of nodes or devices in wireless network (WN) involves the usage appropriate
stochastic tools (M et al., 2019; Qamar et al., 2019; Romero and Leus, 2019).

Matlab® simulation software proffer statistical tools to enhance the simulation tasks (Bavarva et al., 2015; Garg, 2020;
Golam Sadeque, 2015; Marani et al., 2023; Omariba and Masese, 2019; Shebani et al., 2013). One of such statistical
tools is Point Poisson (PPP) statistical distribution tools (Allen, 2019; Galkin et al., 2017; Glynn, 2004; Ju et al., 2021;
Pandey, Perumalla, et al., 2023; Qamar et al., 2019; Weber et al., 2005; Xu et al., 2022; Yao et al., 2022; Zhang et al.,
2015). The locations or positions of the network nodes are independent and relate to finite elements. These features
enhances the applications of PPP (Alzenad and Yanikomeroglu, 2018; Pandey, Gupta, et al., 2023; Parshin, 2012; Zhang
et al., 2015). The lambda parameter (A) equates to the average or mean number of number of nodes per target area
(Blaszczyszyn et al., 2013; Cholaquidis et al., 2017; Poisson Cumulative Distribution Function - MATLAB Poisscdf -
MathWorks United Kingdom, n.d.). This is a very germane point for readers who are interested in applying PPP. Despite
the randomness of the positions of network elements, A must be determined to generate the random positions of the
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nodes (Alzenad and Yanikomeroglu, 2018; Chetlur and Dhillon, 2020; P. Keeler, n.d.; Zhang et al., 2015).
Consequently, predetermined values of A were used in many literatures. Hence, it is an essential parameter that
researchers must consider and satisfy for the PPP model.

2. LITERATURE REVIEW

PPP distribution is used for occurrence of events in continuous space or time interval (8), which might be homogenous
or heterogeneous in nature (H. P. Keeler et al., 2018; P. Keeler, 2018; Parshin, 2012). However, scope of the tutorial
will be on homogenous space interval for apt understanding of basic applications of PPP in generation of user in random
spaces. The two properties of PPP inferred from literature that enhance its application for simulation of random
generation of location in given space are:

e The occurrence of a point location in a defined space interval is independence of occurrence of another point in
another space interval within the given observation space. The distribution of each location point in a given space
is on disjoint space interval independent of one another.

e The probability of u number of users in a space interval & is equal to probability of having the same u number of
users in the total space. Therefore, the probability of locating u number of users depends on the number and the
defined space interval per user (8) as expressed in equation (1).

p(u,8) =28 A=0 1)

e Lastly, for the PPP distribution, two users or more cannot occupy the same space interval. It means PPP distribution
could generate a location point for one user only. Therefore, equation (2) expresses the model this property as
required for our proposed applications.

A8 u=1 A =0 2
1-2A8 u=0
0
u>1

The equation (2) ascertain the facts that PPP can simulate allocation of users per location points on a given space. Two
users cannot occupy one space interval or location point. Some of its applications are stated below.:

e number of emergency calls expected per hour at call center of emergency unit of a teaching hospital.

e number of fault reports received per hours by the Works Unit of a higher institution.

e locations of mobile users accessing a base station.

e number of locations of sensors accessing an aerial base stations

o Number of call drops per hour

The main important parameters for Poisson distribution is lambda (A) (H. P. Keeler et al., 2018; P. Keeler, n.d.; Parshin,
2012). It is equal to the mean (u) and variance (c?) of the Poisson distribution as shown in equation (3). Equation (4)
express the probability of having u number of users in a sample space with a given space or time interval (or unit space)
for each user (8) and average number of user per unit space (A) (Pandey, Gupta, et al., 2023; Poisson Cumulative

Distribution Function - MATLAB Poisscdf - MathWorks United Kingdom, n.d.). As stated be for the space or time
interval is homogenous.

u=2A;02 =X A=0 3

p(u,A8) = ———— u=123.;2 =20 4)
u

e_7‘8(7\8)u

!
Considering the equation (4) as PPP distribution function, its modification could lead to generation of different values
of the random variable space location points. Matlab® has different command functions for PPP distribution.
Researchers in the field of Engineering and Science utilised the functions researches related to modelling, optimization
and simulation (Alzenad and Yanikomeroglu, 2018; Pandey, Perumalla, et al., 2023; Parida and Dhillon, 2023; Qamar
et al., 2019; Zhang et al., 2015). However, the scope of the work is to explore in generation of points within a sample

space.
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3. METHODOLOGY

The tutorial was focused on using Matlab® for generating spatial location points on rectangular or circular space using
PPP distribution. Matlab® 2024a version '24.1.0.2578822 Update 2'. The first part of the tutorial contains discussion on
the three basic PPP distribution functions. Last part of the tutorial is discussion on generation of user locations in
rectangular and circular border region. Detail explanation of the two samples of simulations were done to create a
fundamental knowledge for interested researchers.

TUTORIAL ON UTILIZATION OF PPP FOR GENERATION AND SIMULATION OF SPATIAL LOCATION
POINTS USING MATLAB®

The three basic Matlab® functions for PPP distribution are

e  poisscdf
e  poissspmf
e poissrnd

3.1 Poisson Cumulative Distribution Function poisscdf

poisscdf is a Poisson cumulative distribution function (CDF) in Matlab for determination of the probability that a Poisson
variable u is less than or equal to a specific value, U, given the average spatial rate , A (Pandey, Gupta, et al., 2023,
Poisson Cumulative Distribution Function - MATLAB Poisscdf - MathWorks United Kingdom, n.d.; Qamar etal., 2019;
Serfozo, 2009)

N e A
p(uSU,?n)=Z( |> u=123,..U; A=20 (5)
u!
u=0

Example 1(a) on poisscdf

An average number of sensors that would access an ABS communication network covering 1km? is forty (40). Use
Matlab to determine the probability of having less than or equal to ten (10) sensors accessing the network.

This example illustrates how to determine Poisson CDF for the probability of having the Poisson variable having values
less than or equal to the given variable. The given variable in this example is 10. The average or mean of the distribution
is 40 sensors per km?. Considering equation (5), can modified to equation (6) to obtain the values of the Poisson CDF.

40
o(u < 10,40) = Z (M> = 1.62019527 x 1078 u=12z.,10; 6)
- ~ 10! A=40
Editor - C\Users\GREAT\Documents\MATLAB\FADARE PPP JOURNAL PAPER CODES\ProbCDF.m
ppp.m DelaunayTriangulationExample.mlx testm ProbCDF2.m ProbCDEm +
1 klear
2 close all
3 clc
4 U= 108; lambda = 480;
5 ProbCDF1= poisscdf(U, lambda);
b ProbCDF1

Command Window

ProbCDF1 =

1.620195270577425e-08

fe >

Figure 1:poisscdf for Example 1(a) using Matlab® Example 1(b) on poisscdf
An average number of sensors that would access an ABS communication network covering 1km? is forty (40). Use
Matlab to determine the probability of having more than ten (10) sensors accessing the network.
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Similarly, this example illustrates how to determine Poisson CDF for the probability of having the Poisson variable
having values more than the given variable. The given variable in this example is 10. The average or mean of the
distribution is 40 sensors per km?. The solution is jus a complementary form of the solution in Example 1(a). Equations
display the answer to be the complementary form of the obtained Poisson CDF in equation (6). Figure 2 displays the
Matlab® script file and the obtained answer for the solution of this example.
6_40.4010
p(u=>10,40) =1 —p(u < 10,40) = 1 —Z (T)

u=0

40
u=1,2,..,10;

A =40 )

= 1.62019527 x 1078
3.2 Poisson Probability Density Function poisspdf

poisspdf is a Poisson Probability Density Function (PDF) in Matlab for specific determination of the probability of a
Poisson variable u, given the average spatial or time rate , A.

e A
p(u:U’)\)z u=1,2,3,...U; AZO (8)
u!
EE Editor - Ch\Users\GREAT\Documents\MATLAB\FADARE PPP JOURMNAL PAPER CODES\ProbCDF2.m
PPP-Mm DelaunayTriangulationExample.mix test.m ProbCDF2.m =+
1 clear
2 close all
3 clc
4 U= 1@; lambda = 46;
5 ProbCDF1lb= poisscdf(U, lambda, "upper™);
& PrebCDF1b

Command Window
ProbCDFlb =
0.995899983798047
fx >>
Figure 2:poisscdf for Example 1(b) using Matlab®
Example 3 on poisspdf

An average number of sensors that would access an ABS communication network covering 1km? is forty (40). Use
Matlab to determine the probability of having ten (10) sensors accessing the network.

This example illustrates how to determine Poisson PDF for the probability of having the Poisson variable having values
less than or equal to the given variable. The given variable in this example is 10. The average or mean of the distribution
is 40 sensors per km?. Considering equation (5), can modified to equation (6) to obtain the values of the Poisson CDF.
Figure 3 diplays the Matlab® script file and the obtained answer for the PDF.

e—?x}\u e—40 4010

p(u = 10,40) = = = 1.2278020 x 1078 u=10; A =40 (7)
u! 10!
B& Editor - C\Users\GREAT\Documents\MATLAB\FADARE PPP JOURNAL PAPER CODES\ProbCDF3.m
ppp.m DelaunayTriangulationExample.mlix ProbCDF3.m +
1 clear
2 close all
3 clc
4 u= 10; lambda = 48;
= ProbPDF= poisspdf(u, lambda);
6 ProbPDF

Command Window

ProbPDF =
1.227602047948807e-08
Jx >>
Figure 3:poisspdf for Example 2 using Matlab®
3.3 Poisson Random Variable Generator poisspdf

poissrnd is a Poisson random variable generator in Matlab for generating random variables using PPP stochastic
distribution of Poisson variables u, given the average spatial or time rate , A. This is the main tool required for the
tutorial. The generated Poisson random variables, u, are equivalent to the stochastic distributed locations of users or any
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PPP stochastic process distributed variables on the given spatial or time space. The Poisson spatial or time rate, lambda
or A are predetermined as the main variable for the poissrnd Matlab® function command. These are the three major
syntaxes of the poissrnd command.

u = poissrnd(lambda)

This is to generate Poisson random numbers with mean value given as lambda. So, to generate random location
points for communication users, the expected mean, A, must be known. A is the only variable in this syntax. The
expected average numbers of users to located on the given space is A. So, the researchers that wants to carried out
the modelling or simulation of users on given spatial plane must supply the specific values of the A.

u = poissrnd(lambda, a)

Similarly, this syntax generates Poisson random numbers with mean value given as lambda. However, the second
variable, a, indicates the size of the random Poisson variaables to be generated must be a 1 by a vector. This is
applicable in generating spatial points along x or y coordinate.

u = poissrnd(lambda,a,b)

Similarly, this syntax generates Poisson random numbers with mean value given as lambda. However, both
variables, a and b indicates the size of the random Poisson variaables to be generated must be a by b array. The
generated array will have a rows and b columns.

3.4 Generating Matlab® PPP Functions for Random Point Generations in Rectangular Border Space

The section is to exemplify the use of PPP distribution in generating random points to simulate locations of
communication users. Figure 4 shows the Matlab® script code for simulating with explicit comments to explain every
steps. The function developed to give example of how to use the PPP distribution to simulating the positions sensors
within the within the 1km? rectangular sample space at a given user density of 40 users/km? 40. The Matlab function
requires input parameters that defined the x and y axes as (minX, maxX, minY, maxY). In addition, the mean user
density is another required parameter. Figure 5 illustrates the simulated user locations within the defined rectangular
border using the PPP based user distribution Matlab® function. Both figures are suffice for interested readers to start
generating stochastiv variable based on PPP distributions.

S Editor - C\Users\GREAT\Documents\MATLAB\FADARE PPP JOURNAL PAPER CODES\PPPRect.m
PPPCirc.m ProbCDF3.m PPPRect.m =+
1
ZE function PPPRect{(minX,maxX, minY, maxY, meanDensity)
E
4= % Simulation of Random Points Generations
5 % in a Ractangular Border 2D Plane (minX,maxX, min¥Y, max¥)} using
6 % Point Poisson Process (PPP) Distribution Function give Mean Density
7
a8 % Obtained the parameters for generation of the PPP Random Point Wariables
=] xL = maxX-minX ; wvB = max¥-minY ; % The Rectangle Border Parameter
1e RectArea = xL*yB ; % Area of the Rectangular Region
11 Lambda=meanDensity; % The mean oraverage density of the PPP Distribution
12
13 % Generation the PPP Random Points along X and Y axes
14 pppPts = poissrnd(RectArea*Lambda); % Generation of the Random Points
15 Xpt = xL*(rand(pppPts,1))+minX ;% Place the Points within minX and maxx
16 ¥pt = vB*(rand(pppPts,1))+minY; % Place the Points within minY and maxY
i7
18 % Display the PPP Distribution Generated Poilnts
19 scatter(Xpt,¥Ypt);
20 L xlabel( 'x axis '");wylabel{('y axis');
Command Window
>> PPPRect (0,1,0,1,40)
Fx >>

Figure 4:Matlab® Function for Simulation of PPP Distributed User Location Points in a Rectangular Border Sample

Plane

J s

“ @z 0.z 2.3 o @5 7.6 o7 7.8 0.9 ¥
X aAxEs

Figure 5: Simulation of PPP Distributed User Location Points in a Rectangular Border Sample Plane
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3.5 Matlab® PPP Functions for Random Point Generations in Circular Border Space

The sample plane for the PPP random distribution of users can be on a circular plane. Therefore, Figure 6 was presented
as another explicit example of Matlab® function for the PPP point distribution for the knowledge of interested reader.
Instead of having x and y axes defined, the radius of the circular sample plane and central points of the plane are required
as input circular border parameter. In order to maintain our parameter for the ABS, the radius was set to 0.5 km assuming
that the circular plane will have diameter of 1 km relative to the consider 1km by 1km rectangular region as illustrated
in Figure 7. Figure 7 presented the PPP distributed the output of the simulation function 7 when run with mean of 40
users per km?, the circular horizontal plane radius of 0.5 km and the plane center at (0,0) coordinate.

] UL T L USTIES PUILAU AL ULUTHSTIS VIR LALD T ALAAIL PP E JUUIMNAL TAE LIV UL I\ T FE Gl LIS

[ PPPCircm | ProbCDF3m | PPPRectm | PPPCircleBm 3 | + |

1 function PPPCircleB(Xc, Yc, Radius, meanDensity)

i

3 % Simulation of Random Points Generations

4 % in a Circular Border 2D Plane (Xcenter,Ycenter, Radius) using

5 - % Point Poisson Process (PPP) Distribution Function give Mean Density

[

7 % Obtained the parameters for generation of the PPP Random Point Variables
8

9 CircArea = pi*Radius”2 ; % Area of the Circular Region
18 Lambda = meanDensity; % The mean oraverage density of the PPP Distribution
11
12 % Generation the PPP Random Points along X and Y axes
13 pppPts = poissrnd(CircArea*Lambda); % Generation of the PPP Random Points
14 AnglePt = 2*pi*(rand(pppPts,1)) ;% Map the Points on Angular Coordinate
15 RadPt = Radius*sqrt(rand(pppPts,1)) ; % Map the Points on Radial Coordinate
16
17 [Xptl,¥ptl] = pol2cart(AnglePt,RadPt) ; % Convert the Polar to Cartisian Coordinate
18 Xpt= Xc + Xptl; % Allocate the Xpt in reference to the center
19 Ypt= Yc + Yptl; % Allocate the ¥pt in reference to the center
20
21 % Display the PPP Distribution Generated Points
22 scatter(Xpt,¥Ypt); % Display the PPP randomly Distributed points round the center
23 xlabel('x axis ");vlabel('y axis');
24 axis square
25
26 - end

27

Command Window

>» PPPCircleB(0,0,0.5,40)
fi>> |

Figure 6:Matlab® Function for Simulation of PPP Distributed User Location Points in a Circular Border Sample

Plane
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Figure 7:Matlab® Function for Simulation of PPP Distributed User Location Points in a Rectangular Border Sample
Plane
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4. CONCLUSION

The nature of natural event are stochastic. In many research work, PPP distribution function was a tool used to generate
data with independent occurrence and homogeneity in occurrence interval rate. Different examples of data that are
simulated by applying Poisson probability distribution function were mentioned. The tutorial was developed with the
objective of imparting the knowledge of using Matlab® PPP function to simulate engineering and scientific activities
relative Poisson random variable. The tutorial discussed basic properties and fundamental of the PPP stochastic function.
The paper concluding parts were presented with the objective of demystifying the simulation and generation of data like
electronic communication user locations within a target ABS service region with rectangular or circular borders.
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