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Abstract - In path planning operations, one of the fundamental issues is obstacle avoidance. If the machine can avert all 
static or dynamic obstacles effectively, path planning will become easier and more accurate. Genetic and neuro‐  
evolutionary algorithms have demonstrated to be effective for solving this optimization dilemma. These models mimic the 
concept of natural evolution and have the aptitude to search progressive spaces and make choices in the most optimal way. 
One direct application of these techniques is the development of automotive vehicles. In this paper we describe a neuro 
evolutionary approach that proposes the evolution of chromosome attitudes that helps us generate a neural  network which in 
turn efficiently controls a simulated bot to avoid obstacles. The proposed project is a game that covers the interaction 

between entities namely bots, terrain, static obstacles and other such conflicts. In order to maximize efficiency, we have used 
multiple test cases enabling us to evaluate their results in a real‐ time scenario. 
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I. INTRODUCTION 

 

Since the origin of arcade games in the 70s and 80s, 

the technology used in the game industry has changed 

drastically. At the time, games were built on 

dedicated hardware that used jagged lines and boxes 

to create the virtual world for players to immerse 

themselves in. 

Computer games have become more and more 

realistic, the gap between game developers and the 

engineers developing serious simulations is 
narrowing. As their fields begin to overlap more and 

more, they find themselves required to address 

similar challenges. One of the difficulties of 

designing a self-controlling robot is the fact that it has 

to interact with an external environment which is not 

known to it in advance. 

 

A game scenario is described as a flow of events 

which are potentially influenced by the player 

through run time game play. It is common for most 

games to have a static environment, where once a 
player has successfully completed the scenario, he 

knows the exact behavior and flow of that scenario 

thereby drastically reducing the replay value. This 

project focuses on how artificial intelligence and 

machine learning techniques can be used to recreate 

the concepts usually applied in game development. 

In our project, we strive to develop a game which 

enables the user [player] to transform and diversify 

the course on which the tank is scheduled to traverse. 

The tank will in turn try to traverse the used created 

course as efficiently as possible. This game will have 

a scoring system for player rankings. The more 
generations required by the tank to finish the course 

the more the score of the user. That is the score is 

directly proportional to the difficulty of the track, the 

more difficult it is for the tank to traverse the course 

the more point will be awarded. 

The final result of the project is a test to check if the 

bot has successfully learned to traverse any given 

course under some pre-specified conditions. The 

training as well astesting will take place on a course. 

The course will comprise of a basic terrain where 

obstacles will be placed. The tank is supposed to 

avoid these basic obstacles. 

The process of training is an iterative process which 
works in the following manner, the bot will be a 

neuro- evolution neural network with 13 inputs with 

weights corresponding to them. Those 13 inputs will 

be 6 Left inputs, 1 Forward and 6 Right inputs. The 

iterations are generation wise that is the bot will 

process the inputs and based on previous experience 

of that particular generation, if any, take a decision on 

which direction it should move ahead. If any mine is 

detected, the tank tries to avoid it. If any guns are 

detected, they are shot down and destroyed. If no 

object is detected on a certain position, the tank 
continues to move ahead. If at any point in time if the 

tank collides with the walls of the course, runs over a 

mine or its HP is depleted to zero by the guns, the 

tank dies and the game resets. If the tank successfully 

completes “n” laps around the course without 

collision and getting destroyed by the obstacles, then 

it has completed training on that course. 

In this work, we present an avant-garde approach to 

path planning and obstacle avoidance problem by 

stating a genetic algorithm neural network control 

system that evolves chromosomes and gives us a 

transcending solution with every iteration. These 
solutions define the basic directional choices and 

have fitness function engineered that acts as a succor 
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to train the bot to avoid obstacles and reach the goal 

location. 
 

II. LITERATURE SURVEY 

 

A. Deep Learning in High Dimension: Ch. Schwab 

and J. Zech, December 2017 

In a genetic algorithm, the developer mimics the 

process by which natural selection determines which 

genes to pass on. In this, the developer defines a set 

of parameters also called a genome. Genetic 

algorithms combine genomes to improve the 

parameters, these systems may learn to adjust to the 

environment to perform better over time. However, 
this technique requires a large amount of processing 

power to determine which parameters to set for the 

characters. 

One common type of neural network is the feed- 

forward, backpropagation neural network. In this kind 

of network, the nodes are grouped in layers where the 

first layer is the input layer, the last layer is the output 

layer, and all intermediate layers are called hidden 

layers. Each node in a layer may only be connected to 

nodes in the previous layer, and all outputs of the 

nodes in a layer may only be received by nodes in the 
next layer. Thus, we have a directed ordered network 

with no cycles, and so we have the name feed- 

forward. Back propagation is a type of supervised 

learning which calculates the gradient of loss function 

and feeds the output data to the system as input.[4] 

 

B. A new collision warning system for lead vehicle 

in rear end collision, Adrian Cabrera ; Sven 

Gowal ; Alcherio Martinoli IEEE 2012 

Collision Warning Systems (CWS) are safety systems 

designed to warn the driver about an imminent 

collision. A CWS monitors the dynamic state of the 
track in real time by processing information from 

various proprioceptive and exteroceptive sensors. It 

assesses the potential threat level and decides whether 

a warning should be issued to the driver through 

auditory and/or visual signals. Focused on two time 

based measures that assess both front rear collision 

threats the time to accelerate and time to break. 

Evasive action is taken depending upon the threat 

level of current dynamic situation. In this the 

breaking and acceleration measure are calculated 

even when there is no eminent threat or a temporary 
threat to the system. In our project the threat is 

identified only after it is proven to be a threat that is 

only after the car runs into the walls leading to the 

stoppage of the game, that the particular path taken is 

treated as a threat.[5] 

C. Ear recognition with feed-forward articial neural 

networks FN Sibai, A Nuaimi, A Maamari, R 

Kuwair,2013 

The application of feed-forward neural networks in 

the identification of a person by their ear shape. Just 

as the human fingerprint is an identifying bio metric, 

so is the shape of the human ear. Sibai was able to 

apply his neural network to images of a person’s ear 

and identify them with 95 percent accuracy. Thus, 
Sibai was able to use a neural network for the 

classification. This is basically a task of identification 

of objects based on certain details. Neural networks 

are often effective for classifying items into 

categories based on a set of input parameters. For 

game programming, we can expect to obtain similar 

results for classification problems. For instance, in a 

survival, adventure game we may use such an 

algorithm for determining what the AI character 

should do next, be it gathering food, money, or 

weapons. Apart from specific techniques used in 

developing a game AI, we also need to consider the 
effectiveness of the game character in being 

intelligent. 

 

Intelligence is a broad term with many definitions. 

With the 5 percent inaccuracy and some margin of 

errors due to similarity of shape and other features, 

training the system would take a lot of time to cover 

all the intricate and minor details of every ear. The 

system won’t be as efficient if the quality of input is 

bad.[6] 

 

III. GENETIC ALGORITHM METHODOLOGY 

 

A. Initialization 

The initial population comprises of a large number of 

solutions are randomly generated. The size of the 

population depends on the complexity of the problem. 

Wontedly, the population is generated randomly, 

covering the entire range of possible solutions. 

 

B. Selection 

In a generation, a portion of the existing population is 

selected to generate a new generation. Individual 
solutions are selected using their fitness-based values, 

where fitter solutions as measured by a fitness 

function are typically more likely to be selected. 

Certain selection methods rate the fitness of each 

solution and select the best possible solutions. Most 

functions are stochastic and designed so that less fit 

solutions have a lesser probability of being selected. 

This helps keep the diversity of the population 

relatively larger. Generally used selection methods 

include roulette wheel selection and tournament 

selection. In this project we have used an alternative 
approach, which is Elitism. Elitism is a selection 

method in which the best possible solution is directly 

selected. 

 

C. Reproduction 

Using genetic operators like crossover (also called 

recombination), and/or mutation the next population 

is generated. For each new solution, a pair of parent 

solutions is selected for breeding. Hence, we produce 

“child” solution using the above methods of 

crossover and mutation. The newly created solution 

typically shares many of its characteristics with its 
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“parents”. For the next iteration new parents are 

selected for each new child, and the process continues 
until a new population of solutions of appropriate size 

is generated. 

These processes ultimately result in the next 

generation population of chromosomes that is 

different from the initial generation. Generally the 

average fitness will have increased by this procedure 

for the population, since only the best or genetic 

algorithm from the first generation are selected for 

breeding, along with a small proportion of less fit 

solutions, for reasons already mentioned above. 

 

D. Termination 
This generational process is repeated until a 

termination Condition has been reached. Common 

terminating conditions are[8]: 

 A solution is found that satisfies minimum 

criteria; 

 Fixed number of generations reached; 

 The highest ranking solution’s fitness is 

reaching or has reached a plateau such that 

successive Iterations no longer produce 

better results; 

 Manual inspection; 

 Combinations of the above. 

 

IV. USING THE NEURAL NETWORK 

 

We briefly introduce the multilayer neural network to 

be used in the project in Figure 1. A multilayer neural 

network is a parallel, distributed information 

processing elements interconnected together with 

unidirectional signal channels. 

E ch processing element is called as ne ron, has a 

single output and performs an activation function of 
weighted sum of all its inputs. The activation function 

is usually sigmoid or linear function. After the 

structure of the network is specified, the weights 

between the neurons are updated step by step so that 

the input-output mapping of the neural network 

approximates a function [1].  

desired nonlinear continuous 

The single process becomes a mathematical formula 

that is the combination of summation + threshold. 

In terms of mathematics, it will be similar to a 

polynomial: 

 
(In1 * weight1) + (In2 * Weight2) + (In3 * Weight3) 

= Summation. [2] 

 

A. Neural network in our model 

The neural network used in this particular project is a 

feed forward neural network. It is a multilayer neural 

network with one input layer, one output layer and 

one hidden layer. The input layer has 13 inputs which 

are the 13 distance vectors from each sensor on the 

tank. The output is acceleration and steering that is 

whether to go in the same direction or change it. 
 

 
Fig. 1. Neural Network 

 

B. Activation Function 

The activation function used in the project is the 

binary sigmoidal activation. Its equation in the 

following is:[7] 

 
 

V. WORKING OF SENSORS 

 

In this project we have subsumed 13 sensors which 
are embodied by straight lines [Ray Casts] originating 

from the front of the tank. There are 6 sensors in left, 

6 in right and a forward sensor the sensors are placed 

at an angle with respect to the tank that is over th 

span of 180 degrees in fr nt of the tank represented in 

Figure 2. 

 

 
Fig. 2 Sensor Box with Ray casts 

Sensors are using ray casting to detect walls and other 

obstacles in the course. The size of each individual 

Ray Cast is 10 units. Initially the color of the Ray 

casts is displayed as green. When the ray casts detect 
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an obstacle, which is if they collide with it the ray 

cast turns red. Hit distance is kept as 0 which means 
as soon as cast hits an object its color is changed to 

red a shown in Figure 3. Signal strength that is the 

distance of the obstacle from the tank along the cast. 

This distance is calcu ated from sensors which help to 

generate genomes. 

 

 
Fig. 3 Raycasts detects wall & turn red in colour 

 

VI. NEUROEVOLUTION 
 
Neuro-evolution is basically genetic algorithm with 

neural networks. Neuro-evolution algorithms are a 

subcategory of genetic algorithm that can optimize 

neural networks. This is used for optimizing hyper 

parameters such as the weights of the links between 

nodes while using fixed topology. NEAT 

(NeuroEvolution of Augmenting Topologies) is an 

algorithm that builds the topology of the Artificial 

Neural Network incrementally. 

 

The evolution begins with simple organism, with only 
the input layer fully connected to the output layer. 

Those organisms then evolve through the generations, 

adding new nodes and links at the same time as it 

optimizes the weights of the network as represented 

in Figure 4. We are using fixed topology for our 

project. 

 

 
Fig. 4 Basic working of NeuroEvolution 

 

To represent ANN’s genome, NEAT uses a direct 

coding (e.g., all links and nodes of the network are 

represented on the genome) as shown in the Figure 5. 

NEAT splits the genome into two lists, one 

representing the links between the nodes and the 

other representing the nodes. The node genes contain 
information if the node is a sensor, a hidden node or a 

node from the output layer. The link genes represent 

which node is connected to which, the weight of the 

connection, which is the output node, the innovation 

number and if the gene is active or not. There are 

three kinds of mutation: one to mutate the weight of 

the link; other adds newnodes and another to add new 

links although in fixed topology only weights are 

mutated.[3] 

 

 
Fig. 5 Translation from a genome to the topology of a Neural 

Network [3] 

 

NEAT uses speciation to protect topological 

innovations that need time to be optimized, avoiding 

them to be excluded from the population prematurely. 

When a ew node or link is created, the fitness of the 
organism may drop, as the innovation has not had 

time to be optimized. Speciation split the population 

in niches (e.g., species), grouping similar organisms 

together to avoid organisms with innovations from 

being compared with all the population. [3] 

 

VII. IMPLEMENTATION 

 

We are developing a game in which tank has to 

traverse a course with the goal of avoiding mines & 

guns and to refrain from crashing into walls. To 
achieve a sterling result, we need to add modern 

graphical elements and congenial effects. Considering 

these requirements we decided to use Unity3D as our 

platform to develop game because it has all the 

rudimentary resources required. 

 

A. Unity3D 

Unity is a cross-platform game engine developed by 

Unity Technologies and used to develop video games. 

Unity Pro is available for a fee and Unity Personal 

has no fee; it is available for any use to individuals or 

companies with less than US$100,000 of annual gross 
revenue. Unity can export game to various platforms. 

It has several assets which are available for free. 

Unity also provides machine learning agents. 
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B. Game Development 

After creating new project we only see 2 things i.e. 
main camera and directional camera. We have to 

create scene. Main scene will contain most of the 

objects of the game like terrain, tank, walls, mines 

etc. 

We used the tank model from unity store. We have 

given 13 ray casts to tank for measuring distance. 

Tank has a collider body as shown in Figure 6. When 

collider body hits the walls or mines, simulation 

restarts. In unity, for objects to hit each other rigid 

body must be enabled if not enabled objects will pass 

through each other. We have applied collider 

checking script to walls and mines n order to check 
for any collision. User control is disabled for the tank. 

It’s controlled by neuroevolution. All parameters are 

handled by neural network. Tank is followed by 

camera which is controlled by a cript & maintained at 

a specific distance from the tank in order to give 

desired field o view. 

 

 
Fig. 6 Tank Model with Sensor Box placed in front 

 

We built the terrain using multiple units of wall 

which are cubes with box collider and terrain collider 

components enabled. Terrain is static. Mines are 

placed on the terrain which explodes when the tank 

comes in contact with them. We are also 

implementing guns in the terrain. When tank comes 

in range o guns, gunswill try to shoot down the tank. 
Tank will have to learn positions of the guns and how 

to retaliate against them. We can give a desired 

texture to the terrain like rocks, mountains, snow, 

forest etc. In order to render anything in unity mesh 

renderer must be enabled. To build the track we used 

multiple units of floor. We can define its material by 

adjusting smoothness and metallic properties. 

 

C. Learning process 

Tank learns to drive and avoid collision with walls 

and mines through neuroevolution. The algorithm is 
as follows. 

 

 
 

 
In the algorithm we are defining maximum number of 

generations because if it is not defined then at some 

point tank will complete the course, but this process 

will require a large number of iterations. We want 

tank to learn the course in limited number of 

generations. We are limiting the number to 50 

generations. For starting population (1st generation) 

gnomes are generated by taking information from 13 

sensors. Each generation will generate 10 genomes. 

Fitness of each genome will be calculated. In this 

case, distance traveled by the tank is fitness. For next 
generations, gnomes are selected via crossover, 

mutation, elitism and randomness. The rates are 

defined for different methods to select gnome. 

Mutation rate is 0.02 and its range is 0.5. Elitism is 

0.2. Random behavior is 0.2. So, next generations 

will be combination of genomes produced by these 

methods. This process is repeated until tank achieves 

the goal or number of generations run out. 

 

VIII. CONCLUSION 

 

The tank managed to traverse the course, it was 
evolved from only 13 input neurons, with little to no 

instructions telling it to go far and stay on track 

without hitting walls and mines. Technology has not 

progressed as far as to compete with the human brain 

with inherited knowledge. Though, the potential of 

Artificial Neural Network is higher when it comes to 

more complex and unexpected scenarios that 

becomes too difficult to model mathematically. 

Neuroevolution could allow the development of low 

threshold applications with minimal knowledge about 
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the operations that are to be performed. 

Neuroevolution could therefore become a powerful 
tool in the amelioration numerous fields in the future. 
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