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Abstract 
The design and deployment of Wi-Fi wireless networks is currently implemented in an ad-hoc fashion with access point installation based on 
“ rules of thumb” . In order to design flexible in-door wireless communication systems, the development of planning software tools for automatic, 
site-specific design of Wi-Fi networks are required. These tools need to consider various criteria such as the optimal number of fixed access 
points and in particular their optimal placement based on accurate radio propagation prediction to satisfy user requirements. The optimal 
placement of Access Points should maximize throughput for user traffic demand, minimise the number of AP required and minimise co-channel 
interference.   
 
Keywords 
WLAN Design, Optimisation, Evolution Strategies, Propagation Model  

 



 Tool for automatic design and Optimisation of Large 
Scale WLAN 

Alan Mc Gibney, Martin Klepal 
The Centre of Adaptive Wireless Systems 

Cork Institute of Technology 
Cork, Ireland 

amcgibney@cit.ie, mklepal@cit.ie
 
 

Abstract— the design and deployment of Wi-Fi wireless networks 
is cur rently implemented in an ad-hoc fashion with access point 
installation based on “ rules of thumb” . In order  to design f lexible 
in-door  wireless communication systems based on WLAN 
technology, the development of planning software tools for  
automatic, site-specif ic design of Wi-Fi networks are required. 
These tools need to consider  var ious cr iter ia such as the optimal 
number  of f ixed access points and in par ticular  their  optimal 
placement based on accurate radio propagation prediction to 
satisfy user  requirements. The paper  will discuss the research 
into the use of evolution strategies and tuning of the technique, to 
optimise the placement of access points so as to meet the needs of 
a par ticular  environment and user  demands. The optimal 
placement of Access Points should maximize throughput for  user  
traffic demand, minimise the number  of AP required and 
minimise co-channel inter ference.  

Keywords-component;Optimization;Evolution 
Stratagies;WLAN design 

I.  INTRODUCTION  

Designing a large scale Wireless Local Area Network 
(WLAN) is a demanding task for the designer, as many issues 
need to be considered in the design, such as people influence, 
co-channel interference and cost. Much of the WLAN design is 
currently done based on the designers experience and “rules of 
thumb” . The ad-hoc nature of this approach limits the 
performance of the deployed network. In order to get 
maximum performance from the network, a software tool for 
automatic design and optimisation of WLAN is needed. In this 
paper the use of Evolution Strategies (ES) for optimisation of 
Access Point (AP) placement to gain maximum performance 
from WLAN design is investigated 

Current approaches to optimisation for AP placement 
involve a network planner deciding on a number of potential 
AP locations based on experience [1]. Combinations of the 
potential APs are assessed using a Ray tracing model and a 
suggestive result is presented to the network planner. The 
network planner can then continue to evaluate other 
combinations and decide on the overall result. This approach 
doesn’ t find a global optimum but yields a suggestive solution 
for the network planner to gauge. 

In [2] Optimisation of AP placement is implemented by 
formulating an Integer Linear programming problem 
considering load balancing with the overall objective to 

minimise the maximum channel utilisation. As input to the 
optimisation a complete coverage map is required from an 
Internet Service Provider (ISP) who in turn decides on 
potential AP positions in this demand area. Demand points, 
representing a traffic demand area, are defined and based on 
signal strength are assigned to a specific AP. 

In [3] the Nelder-Mead Method is used to optimise base 
station placement in Wireless Applications. It is suggested that 
Direct Search Methods are well suited to finding optimal AP 
placement, since they only require the value of a single 
function to be optimised. In general, the mentioned works 
concentrate on achieving high coverage level in terms of 
received signal quality. Considering coverage alone however 
not enough when evaluating a possible solution to AP 
placement is. 

This paper proposes a method of optimisation using 
Evolution Strategies and gives an overview of required inputs 
for the optimisation; Section 2 discusses the proposed 
optimisation technique that can be used for WLAN design. 
Section 3 examines the pre-processing required to improve the 
optimisation performance, including problem specific data for 
input to a fitness function. In Section 4 the fitness function 
formulation and tuning will be discussed. Section 5 considers 
the implementation of such a tool in overcoming the ad-hoc 
nature of WLAN design. Section 6 presents initial results and 
evaluation of the optimisation technique used. 

II. OPTIMISATION TECHNIQUE 

It is proposed to use ES to optimise AP placement in 
WLAN so as to speed up the optimisation process when 
considering large scale WLANS. ES is an efficient stochastic 
optimal search method that can be used to solve complex and 
non-linear problems. Many variations of ES have been 
implemented and defined mathematically [4] allowing them to 
be tuned for application to a specific problem. The 
implemented software allows for the application of ES with 
variable attributes allowing for tuning of parameters such as 
mutation strengths, learning parameters and differing 
population sizes. In Figure 1 the structure of the implemented 
ES Algorithm can be seen. To use this ES Kernel for the AP 
placement optimisation problem specific inputs must be 
defined, such as Fitness Function, Evolutionary Operators and 
Site-Specific Knowledge, including environment description 
and user demands. 
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Figure 1 - Evolution Strategies Algor ithm 

III. OPTIMISATION PRE-PROCESSING 

The following section will introduce the required pre-
processing for the optimisation technique and site-specific 
knowledge required for optimisation of AP placement. 

A. Environment Description 
To design flexible and site-specific IEEE 802.11 networks, 

the designer needs to be able to describe the environment 
where the network will be deployed. The environment 
description should be at a minimum to allow designers to 
specify the required area easily. Such an environment can be 
described with walls. Using specified walls and floors, a 
skeleton of a building or environment can be constructed. The 
combination of these walls allows for the specification of 
rooms or corridors where people may be static or moving.  

This environment description is used as an input to the 
propagation model to estimate signal levels. A ray tracing 
model such as the Motif Model [6] can be used, because the 
signal propagation model limits the performance of the 
optimisation of access point placement. We found a 3D Multi-
Wall Model (MWM) [7] to be sufficient for tuning the 
optimisation technique. The MWM is fast and a minimum 
environment description is required.  

B. User Demands 
As part of the fitness evaluation of a generation, site-

specific user demands need to be defined before the 
optimisation can begin. Based on the suggested AP placement 
the satisfaction of these demands is evaluated. The User 
Demands required are the definition of target areas (Figure 2) 
where the Wi-Fi network needs to cover, such as specific 
rooms or corridors, and a definition of the average throughput 
required by users. Besides definition of target areas it is also 
useful to specify restricted areas if they exist, such as outdoors 
or restricted rooms where it is not necessary to cover or place 
APs 

 

Figure 2 - CIT Innovation Centre with Target and 
Restr icted Areas Defined 

C. Selection of Candidate Access Points 
To speed up the optimisation process the software 

automatically creates an irregular grid of Candidate Access 
Point positions thus forming a mesh that can be traversed 
during the optimisation (Figure 3). The grid is formed based on 
a growing self-organising grid algorithm [5]. Each AP not only 
has a position but also an associated signal coverage map for 
the defined environment. The coverage map is evaluated only 
once before optimisation begins. In the grid each AP has a list 
of its neighbours which when connected create the edges which 
can be traversed. By using the candidate access point mesh, the 
optimisation search space is reduced and speed of fitness 
evaluation is increased. 

Figure 3 - Candidate AP Mesh 

The resulting information from the pre processing (Figure 
4) remains static during the optimisation process and is used by 
the Fitness Function to evaluate a suggested solution.  

 

 

Figure 4 – User Defined and Pre-Processed Optimisation 
Information 

To utilise the implemented ES algorithm for the problem of 
AP placement optimisation, specific parameters such as the 
structure of an Individual and the Fitness Function to evaluate 
that Individual are required. 

An Individual (a) consists of an object parameter vector y; 
endogenous strategy parameter set s and its fitness value F(y). 
Figure 5 shows the structure of the individual used for the AP 
placement problem.  

 

Figure 5 - Individual for  AP placement problem 
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The parameter vector y holds the number of APs that 
should be used in the suggested solution, the number of edges 
used to traverse through the candidate AP mesh, and the actual 
position of an AP which is derived based on the first two 
parameters in the object vector.  

In each generation offspring are derived from the parents 
that survived from previous generations. The first two elements 
of a child parameter vector, the number of APs and the number 
of hops, are derived from selecting a random parent and 
mutating its parameters. As mentioned above when creating the 
AP grid mesh each AP has a list of its neighbouring APs. 
Figure 6 shows how the actual position of an AP is reached. 
Based on the positions in the parent individual used to generate 
new offspring an AP is selected and a randomly chosen 
neighbour of that AP is selected. This becomes the new AP to 
hop from. The AP continues to hop to neighbouring AP - until 
it has completed the number of hops specified by the second 
parameter in the vector y. If the number of APs for the child is 
greater than that of the parents then a random AP position is 
chosen from the AP grid mesh. 

 

Figure 6 - Segment of AP gr id, showing hops taken to 
reach final AP position to consider  

The evolvable set s is mutated using the � -Self-Adaptation 
Algorithm (� -SA). The child mutation strength �  is derived 
from mutating the parent �  by multiplying a random variable � . 
The value of �  is calculated as a continuous type known as the 
Log-normal Operator. 

IV. FITNESS FUNCTION 

 The most difficult task for any optimisation problem is the 
definition of the Fitness Function that is used to evaluate what 
the best solution to the optimisation is. The objective of the 
optimisation is to minimise the Fitness Function that assesses if 
the suggested solution satisfies user demands by maximizing 
throughput with a minimum number of APs. Based on the 
positions of selected access points an overall coverage map is 
calculated and assessed for the successfully covered points. 

Every individual has a fitness value which is evaluated 
every generation using the function in (1). It is this value that is 
considered during the selection process with the fittest 
offspring being chosen to be part of the next generation, as in 
the survival of the fittest principle. 

F(y) =  w1 D + w2A + w3R (1) 
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The fitness function elements are normalised with 
weighting factors being used to put more emphasise on a 
particular element.  The sum of all weighting factors is one (2). 
Therefore to ensure an element of the fitness function is 
considered more important by the fitness function a higher 
weighting factor could be used on that parameter. With the 
ability to define different weighting factors through the 
implemented tool (see section V), the best combination can be 
assessed by running the optimisation a number of times with 
variable weighting factors sets. Figure 7 shows an example of 
weighting analysis carried out on an open office environment. 
It was found that the best weighting set to use to achieve 
maximum coverage with minimum number of APs was 0.3 on 
coverage and 0.7 on the number of AP ( 3 AP was the result, 
see Figure 13) 

 

Figure 7 - Open office weighting analysis 

 
From observing different combinations of weighting factors 

on various environments it has become apparent that the ability 
to automatically and dynamically adjust the weighting factors 
during the optimisation process based on current available 
information is useful in achieving an optimal solution more 
quickly. The use of neural network for weighting factor set 
selection is currently being investigated. 

The first element of the fitness function is the User Demand 
Satisfaction (D). It is calculated as the difference between the 
required coverage and the successfully covered area (3). Each 
demand point from the overall coverage map is assessed to 
determine if it is below or equal to the user defined threshold. It 
is then considered to be successfully covered (4). 

SCRCD -=  (3) 

Where 

RC………Required Coverage (e.g. 90%, 100%) 

SC ………Success Covered 

(4) 
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With 

SLi ………Signal Level at point i 

DLi………Demand Signal at point i 

N ………Number of Demand points 

The second parameter of the fitness function is the number 
of Access Points A used in the suggested solution.  

If a Restricted Area is to be considered during the 
optimisation then the factor R needs to be included in the 
fitness evaluation. This factor increases or decreases depending 
on the percentage of the restricted area that is covered by the 
suggested AP placement. 

V. IMPLEMENTATION 

To implement and evaluate the optimisation technique 
described above a simulation test-bed (Figure 8) was 
developed. Borland C++ was used to implement both the test-
bed and optimisation Kernel providing both speed and stability 
during optimisation. 

  

Figure 8 - Simulation Test-bed elements 

The simulation test-bed has many features including:  

� � Environment Definition - The user has the ability to 
define the environment where the WLAN is to be 
deployed, it can be made up of walls, doors, windows and 
can be saved to or loaded from a Scalable Vector 
Graphics (SVG) Format. 

� � Implementation and visualization of 3D-Multi Wall 
propagation model, One Slope model or the Motif Model 
using appropriate colour scales.  

� � Wireless Technology Specification - allowing the user to 
specify AP properties such as radiation patterns, 
frequency and transmitting power. 

� � User demands Specification - allowing the user to specify 
target areas, user densities, restricted areas, estimated 
throughput required. 

� � Environment Pre-Processing tools - the simulation test-
bed gathers all required pre-processed information for the 
optimisation to improve the performance of optimisation. 

� � Optimisation tools - the simulation test-bed implements 
evolution strategies as part of the optimisation Kernel. 

This Optimisation Kernel can be used for many 
optimisation problems by defining problem specific 
parameters. 

� � Measurement tools - The simulation test-bed provides 
tools for measurement of signal level in a user defined 
environment, which can be used to analyse a deployed 
network.  

The Optimisation Kernel is made up of different modules 
that can be extended or modified for a specific problem. The 
main modules are: 

ESKernel: This is a class that implements the different 
Evolution Strategies, with two types of mutation control being 
available, the One Fifth Rule and the � -SA. For this ESKernel 
to be used the user needs to define an Individual Structure and 
Fitness Function to evaluate that individual. 

ESIndividual: The defined parameters of an individual that 
are to be optimised. Like the Fitness Function this structure 
varies based on the problem being implemented.  

Fitness Function: This class takes an ESIndividual object 
and evaluates its fitness based on the problem specific 
requirements. 

Lookup Table: This lookup table is used to find optimal 
values for parameters such as learning parameters and mutation 
strengths based on population size and ES mode that is used. 

The optimisation of AP placement is controlled through a 
GUI that allows the user to define parameters required (Figure 
9).  

 

Figure 9 - GUI used to visualize Optimisation Process 

VI. RESULTS 

To insure the accuracy of the implemented propagation 
model, the ESKernel was used to optimise the empirical 
parameters of the MWM (Figure 10).  

 

Figure 10 - MWM Optimisation GUI  
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Extensive measurement was carried out. These 
measurements were simulated in the simulation test-bed and 
the optimisation Kernel was used to find the optimal empirical 
parameters for the MWM. 

Initial results of the optimisation technique implemented 
are stable because the same solution is suggested after each run 
of the same environment. Figures 11, 12, 13 are examples of 
three different basic environments that the optimisation was 
run on, to investigate the stability of the optimisation. 
Presented are the suggested solutions and fitness progression of 
the optimisation. Each environment had to achieve 100% 
coverage at a threshold level of -50dBm for L-Shaped room 
and corridor, -60dBm for the Open office, with a minimum 
number of APs. 

   

Figure 11 - Open L - shaped enviornment  

 

Figure 12 - Open Corr idor  environment 

 

Figure 13 - Open Office environment 

  Figure 12 shows proposed position of AP in the 
Innovation Centre at Cork Institute of Technology. A (� ,� ) 
strategy mode was selected with 10 parents and 31 children. � -
SA was used with the optimal learning parameter for 
population size being 0.2. The optimal mutation strength for 
the population size used was 1.343. No restricted areas were 
defined to achieve 100% coverage over the total building, a 
weighting factor set of 0.7 for Coverage and 0.3 for the number 
of APs. The result of this optimisation is that 6 APs are 
necessary to achieve 100% coverage and took 31 Generations 
to reach this solution. 

 

Figure 14 - CIT Innovation Center  AP Placement 

The optimisation of scenarios that require up to approx 10 
APs performs well. In order to design a large scale WLAN, 
Segmentation of the optimisation search space is required to 
reduce the complexity of the problem. With segmentation the 
environment is divided into segments, and each area is 
optimised independently. The segments are then merged to 
achieve a global optimum. Segmentation will introduce a 
necessity to include a boundary condition parameter in the 
fitness function. 

VII. CONCLUSION 

The paper introduced a software tool that uses Evolution 
Strategies to overcome the ad-hoc nature of WLAN design 
which limits performance. The implemented techniques can be 
extended to implement segmentation making the design of 
large scale WLAN a much more feasible task for a network 
designer. The next stage of the optimisation is channel 
assignment. Once optimal number of APs and their positions 
are reached and user demands are satisfied, a separate 
optimisation process needs to be run to avoid channel 
interference. The ESKernel can be utilised for this process.  

To further evaluate the results of the optimisation technique 
used, large scale measurement and analysis of a deployed 
solution will be further extended. There is also the ability to 
extend to other technologies such as Wi-Max to optimise point-
point links connecting separated buildings on premises. 
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