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Abstract 
 
To date in the field of robotics, there has been no significant research into creating a generic framework that will integrate robots 
with artificial intelligence and learning techniques to create an autonomous robot. This research investigates  the feasibility of 
developing a programming framework that allows autonomy to be added to a robot easily. This objective is achieved by creating 
a Python programming framework which includes modules for movement, sensor management, and artificial intelligence. The 
results obtained through testing the framework show that the amount of code required to add autonomy to robotics is on average, 
reduced by half. Therefore, it can be concluded that using a programming framework such as  this one is both possible and 
beneficial to robotics developers. 

 
Keywords : Programming Framework ; Artificial Intelligence ; Sensor Management 
 

1. Introduction 

Although the field of robotics is not a new field in computer  science, there does not appear to be any significant 
research on creating generic frameworks that allow the integration of robots with artificial intelligence and learning 
techniques. As artificial intelligence becoming popular, research into programming of artificial intelligence and 
learning the procedures has been very important. It is more crucial for a robot to recover from a mistake and repeat 
that mistake again. 

The robot is ideal when it can think independently and has the ability to solve problems without human interaction. 
However, independent thinking is still a way off in artificial intelligence research and so for now it will suffice to be 
able to create a robot that is as smart as possible  and to push the its ability to the limits. 

1.1  The  Problem  Statement and the Research Goals 

This research project investigates the feasibility of a generic robotic programming  framework to combine standard 
robotic operations with  artificial  intelligence techniques thereby creating an autonomous robot. To conduct this 
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research, a prototype framework will be developed and tested with basic learning tasks to ascertain how flexible the 
framework is and how easily it can be adapted to the problem at hand. 

The developed framework should be able to control and interact will all aspects of the robot, as well as be easily 
extensible  with new features or modules  as required. It should also supply different methods to control the robot, so 
that the best method can be used for the problem at hand. 

The following are the research objectives,  based on the above problem statement: 

1.2 Primary  objectives: 

• To create a programming framework that allows quick and easy addition of autonomy to a robot. 

• To make the programming  as easily extensible and adaptable  as possible. 

1.3 Secondary objectives or extensions: 

• To adapt the programming framework for different programming languages. 

 

2. Framework Design 

2.1 Introduction 

As described in the project aims in Chapter 1, the main goal of the project is to produce a working prototype 
framework for the programming of autonomous robots. This chapter introduces and describes the framework model 
and design that has been used to achieve this primary objective. 

This chapter starts by examining and discussing the overall framework design.  We describe each class contained  in 
the framework and the objective the class was designed to accomplish. We continue by describing the framework 
organisation. This includes describing where and how each class fits into the overall framework design. The chapter 
concludes with a section describing how the different classes in the framework were designed to interact, and thus 
how they produce a self-contained framework that accomplishes the primary goal of the project. 

2.2    Design Considerations 

The framework is object-oriented by design to take advantage of the benefits of class hierarchy and inheritance. It is 
the use of this object-oriented  design that allows greater code re-use, code extensibility, and maintainability  of the 
framework [27, 35]. All these features mean the object-oriented benefits far outweigh the procedural framework 
benefits and thus the object-oriented  approach has been used. All of these features are key to the success and 
continuation of any framework  model as a usable problem solving tool. 

2.3    Framework  Overview 

Figure 3.1 shows the overall framework module design hierarchy, while Figure 3.2 depicts the framework  sensor 
design hierarchy. All the components of these designs are explained in Section 3.4. 
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Figure 3.1 overall framework hierarchy 

2.4    Classes and Interfaces 

This section lists each class in the framework model and describes what each is designed to accomplish. 

2.4.1    Panther  Module 

This module contains all the base interfaces  for basic robot operations. 

2.4.1.1    Panther  Robot Interface 

The Panther Robot interface, as shown in Figure 3.3, describes the basic robot which any hardware specific robot 
class must implement to make use of this framework. The 

 

 

Figure 3.2: Sensor Class Hierarchy 

subsidiary framework classes rely on the methods described in this interface, and thus must be implemented  
correctly for the framework to function. Only the most basic methods are included in the interface, as it is 
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impossible to tell what kind of functionality  the implemented robot will have. However, since the framework is 
designed for autonomous robots, we can assume it will have basic movement capabilities. 

The abstract methods described in the interface are the following: 

• set  motor - set a motor to a specific state 

• set  motors - set all motors to a specific state 

• pause - sleep for a specified amount of time 

 

 

 

Figure 3.3: Panther Robot Interface Class Hierarchy 

2.4.1.2    Panther  Module 

The Panther Module interface is the basic building block for enhancement modules in the framework. The Panther 
Module also keeps track of the Panther Robot instance it is attached to, thus allowing sub-classes to make calls to 
the Panther Robot instance. 

2.4.1.3    Panther  Base Sensor 

The Panther  Base Sensor interface  is the base model for all sensors and must be implemented by the hardware 
specific class for each sensor type to allow the framework to function correctly. 

2.4.1.4    Panther  Base Motor 

The Panther Base Motor interface is the base model for all motors and must be implemented by the hardware 
specific motor classes, as shown in Figure 3.4. It includes at the very least, methods to control the motor state. 

2.4.2    Movement Module 

This module contains all the classes that govern movement of the robot using motors. 

2.4.2.1    Motor  Manager 

This class is designed to be the controller and manager of all the motors attached to a robot. The main aim of the 
class is to maintain a list of the motors attached to the robot and their orientation. It should  also mediate  access to 
these motors and provide methods for controlling the functionality of all connected motors with the same 
orientation. 

The methods provided by this class are the following: 

• add motor - add a motor to the set of motors maintained by the Motor Manager 

• delete   motor - delete a specific motor from the managed set 
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• get  motor  - get a specific motor from the motor set maintained by the Motor 

Manager 

• turn  motors - set all motors of the specified orientation to a specific state 

2.4.2.2    Movement 

Performing basic movement can be challenging  if each motor is controlled manually, and this often leads to 
incorrect motor selection or an incorrect motor state when complex movement is attempted. The Movement class 
aims to solve this problem by providing basic movement routines which can be used in conjunction with one another 
to enable the robot to perform complex movements.  The Movement class uses the Motor Manager class to perform 
basic movement tasks. 

The Movement class provides at the very least, basic methods for moving the robot. 

2.4.3    Sensor Module 

This module contains all the classes that govern and manage sensors on the robot. 

2.4.3.1    Sensor Manager 

The Sensor Module class is designed to be the controller and manager of all the sensors attached to a robot. By 
maintaining a list of sensors attached  to the robot and their types, it mediates  access to these sensors and provides 
methods for controlling the functionality of all sensors connected with the same orientation. 

The following methods are provided by this class: 

• add sensor - add a sensor to the set of sensors maintained by the Sensor Manager 

• delete   sensor - delete a specific sensor from the managed set 

• get  sensor - get a specific sensor from the sensor set maintained by the Sensor 

Manager 

2.4.3.2    Specific Sensor Classes 

Each specific sensor type has its own interface that provides methods to obtain the value of the sensor in a manner 
usable by the framework or framework user. Each of these interfaces inherits from the Panther Base Sensor 
interface. 

2.4.4    Learning  Module 

This module contains all the classes and interfaces that govern learning within the frame- work. 

2.4.4.1    Neural  Network  Base 

This interface is the base for all neural network type learning  classes within the framework. It provides methods and 
functions that are generic to working with all neural network learning, such as artificial neural networks and 
Bayesian neural networks.  Functions are included to manage the nodes contained  in the network, as well as edges 
between  these nodes. In addition, the interface  keeps track of and manages the data associated with the network, as 
well as providing methods to obtain the complete data set. The interface also provides a means to recalculate the 
node values of the network, and to obtain the value associated with any node. 

The set of functions provided in the Neural Network Base interface are the following: 

• add node - add a neural node to the network 

• delete   node - delete a neural node from the network 
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• get node set - return all nodes currently contained in the network 

• add edge - add an edge to the network 

• delete   edge - delete an edge from the network 

• get edge set - return all edges contained in the network 

• add rule - add a data rule to the data set of the network 

• delete   rule - delete a data rule from the data set of the network 

• get rule set - return all the current data rules contained in the network 

• recalculate - recalculate the value of each data node 

• get node value - obtain the value of the requested data node 

2.4.4.2    Bayesian Network 

Although the Neural Network Base provides all the functionality required, it is merely an interface and the specific 
functionality still needs to be implemented for a particular Neural Network. The Bayesian Network class is such an 
implementation of the Neural Network Base interface for Bayesian neural network structures. This class implements 
all the functionality described in the Neural Network Base interface for a Bayesian network, allowing the Bayesian 
network to be manipulated via these means and used for learning. 

2.4.4.3    Neural Network Abstractor 

Neural networks tend to be rather abstract concepts and difficult for those not educated in how they work. This class 
is designed to abstract away the use of neural networks so that simple decisions can be made easily. 

3. Conclusion 

The goal of this project is the creation of a programming framework for the easy addition of autonomy to robotics. 
This process involved first designing the extensible framework to be implemented. Thereafter an implementation of 
the designed framework was created in Python, and this implementation tested using examples with an increasing 
degree of functionality and intelligence. 

3.1 Revisiting the Objectives 

The primary objective of this project was investigating the feasibility of creating a programming framework for 
easily adding autonomy to robotics.  As can be seen by the results in Chapter 5, this objective has been achieved.  
The simple examples presented show that it is possible to add autonomy to robotics with a basic understanding of 
the framework, and the inclusion of the minimum number of lines of code. Furthermore, the objective of making the 
programming framework easily adaptable and extensible has also been achieved. The simple extension to the 
contrast rover adding more intelligence is proof of this. 

4. Extensions 

This section describes possible extensions that can be made to the framework. 

4.1 Additional Intelligence Algorithms 

Additional  artificial  intelligence algorithms can be implemented and added into the Learning module. Some 
example algorithms are: Q-learning, Artificial  Neural Networks, and Decision Tree Learning. 

4.2 Additional  Sensor Input  Types 
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Additional input types can be added to the Sensors module. These sensors might include video cameras, pitch 
indicators, and GPS locators. 

4.3 Extensions to current framework 

There are some extensions to the framework which are not currently implemented, such as an invert turn motors. 

4.4 Pre-built  Robot Configurations 

The provision of pre-built robot configurations to be used with the Panther Robot. Build robot method will enable all 
the instances required to start programming the robot, to be created even more quickly. 

4.5 Neural Network Action Manager 

An addition to the neural network or Bayesian networks is to be able to associate an action with a node, and if that 
node has the highest probability when evaluated the action is executed. This will add far greater ability to the 
intelligence of the robot, by allowing learning to integrate directly with the robot’s responses. 
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