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1. General Description of Problem 
 
People at the University of East Anglia have recently been extensively researching into 
the field of inverse thermal tomography and have discovered that the diffusion of heat 
across a material follows a set pattern. As the heat is applied to the surface the heat 
scatters in all directions at a steady rate that is dependent on several variables that 
combined to be known as the diffusion rate. The diffusion of heat can be calculated at a 
point in the material using Fick’s 2nd law of diffusion that states: - 
 

δ2C (δ2T/δx2) = 1/D(δT/δt2) 
 
This equation describes the heat flow at the micro-scale. In the equation D depicts 
diffusion and t is related to time and C space. For very short time intervals the equation 
can be rewritten as: -  
 

δ2/δx2 = 1/C2(δ2T/δt2) + 1/D(δT/δt) 
 
As a result of both practical and theoretical research into heat diffusion it was discovered 
that it might be possible to simulate this process in a forward and reverse using only the 
data samples of a material already saturated with heat. Attempts so far into this field have 
only received marginal success it has been suggested that a new method of measuring 
scattering effects could be utilised to analyse the way heat reacts on different materials. 
Since measurements cannot be made everywhere on the material the need for a simplified 
method of control on where calculations should be made is needed. To accomplish this a 
new technique of a grid system where values are passed along from node to 
accompanying nodes over time. This would allow the user to see the scattering process 
over a selection of iterations this process is known as transmission line matrix (TLM) and 
has many practical applications in wire theory, tsunami predictions and stress of weight 
on a system. 
 
TLM is best described as a single pulse coming in from one direction lets say from the 
east, arriving in the west where it reaches a node that it has four choices, because of it 
laying on a two dimensional plane to choose from hence it splits the signal part of it is 
reflected back down the line it came down at minus a half, the rest takes the other three 
paths and at half of the total signal each this is a total of one when added up. To find the 
power coming out on each line multiply the signal by itself in hence ½ * ½ = ¼ so hence 
a quarter of power id distributed down a line. These processes then reoccur in all 
corresponding nodes at each iteration breaking down the signal and spreading across the 
grid. 
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Figure 1: Transmission Line Matrix (TLM) Node Diagram. 
 
The main aim of this project is to analysing and simulation of varying thermal conditions 
on different materials in forward by using programming language VHDL in the Altera 
Max Plus 2 Version 10, Baseline application to design and test a circuit. A monitor would 
be used to display a graph of a cross-section of a solid object known as a tomography that 
will allow the user via a mouse and keyboard to interact with the graph to simulate and 
evaluate the materials under investigation. A GUI system will be used to allow the user to 
access and change some of the variables like density of object and amount of time needed 
for simulation. The simulation would only require a couple of measurements from which 
to extrapolate the following or previous positions. In order for the chip to be created, 
research will need to be conducted into diffusion theories and thermodynamics so that a 
good understanding of the subject matter is realised before the programming can 
attempted.  
 
As a result of this research and simulation it is hoped that eventually it will be possible to 
trace back the sources of the heat in a material further enough to find the sources of the 
main diffusion points. It is also hoped that the simulation will be able to discover when, 
where and how much heat was injected into the system. As a further task an attempt to 
create an Altera chip that provides a simulation of inverse TML for heat emitted by an 
object. If this method of simulation using TML is successful it can have many different 
applications for example in NASA spacecraft to stop parts disintegrating on take off and 
landing, structural fire safety of buildings or the testing of products in daily life which are 
exposed to frequent intensities of heat such as kitchen products.    
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Figure 2: Monitoring thermal conditions with a computer and more efficient 

simulation of forward and inverse thermal conditions with Altera chip. 
 
Process tomography is where an image captured by a camera is converted into digital 
stream to be processed and analysed by a computer and then displayed as a graph 
allowing the user to see what is occurring in the cross-section. Thermal tomography is a 
subsection of process tomography and is one of the fastest growing areas of research 
because of its capacity to be used as an inexpensive non-destructive system in which to 
test materials under the influence of varying levels of heat to see how they react. When 
heat is plied to objects with holes in as the metal warms the topographical image display 
merges into the hole eventually merging together to resemble one solid stretch of 
material. 
 

2. Difficulty of Problem and Approaches 
 
The nature of TLM in a loss-less domain means that as the wave flows out and reaches 
the boundaries it will need to be reflected back into the material. An example of this can 
be found in piece of wire as the signal travels along the wire it is unaware of what it is 
approaching and acts as if the wire is finite in size. When the signal reaches the end of the 
wire the signal has nowhere to go therefore it is reflected back along the wire down the 
path from which it came. The problem is that when the algorithm is written then these 
boundary conditions have to be taken into account and the right calculations have to be 
made in order to reflect back the correct values, otherwise this can cause lots of minute 
changes in the signals reflected back from the boundaries which eventually accumulate to 
produce large errors. 
 
The problem is that thermal diffusion occurs across the whole of the material and all 
directions; to simplify the way this is occurring the usage of the method of transmission 
line matrix TLM. This method works by choosing a selective grid of points over the 



 

 

material from which to send a signal and map the way the heat is transferred along the 
material. The question is how many points should be used over the material. 
 
Some predictions for reverse heat diffusion can be unstable and the main challenge is to 
find stable solutions but the algorithms for the calculation of TLM can be complex. Due 
to the number of iterations and calculations that might be required the coding that will be 
necessary in order to complete the project will need to be optimised in the most efficient 
way possible, otherwise the system may be come slow and might be very time consuming 
to find out results after of several reverse iterations of diffusion of heat along the 
material. One approach to this may come in from the algorithms presented by Trenkic 
that optimise the processing of TLM. 
 
When programming in Matlab the y-axis is inverted so great care has to be made to 
insure that they are programmed in correctly this means that a more careful approach is 
necessary.  
 

3. Aims and Measurable Objectives 
 

• To understand the process of heat diffusion and thermodynamics. 
• To acquire through research theories relating to forward and inverse TLM. 
• To identify the effect of different types of TLM in a selection of environments 

such as loss-less TLM. 
• To increase my knowledge and skills of programming in Matlab v7.0. 
• To design and implement a circuit which can extrapolate how heat was transferred 

through an object.  
• To display the results in a topography form allowing the user the ability to analyse 

the data.  
• To further my understanding on the Altera Max plus 2 Baseline for designing 

electronic circuits. 
• To construct and assess based on a hardware prototype of the system for forward 

heat flow. 
• To construct and assess based on a hardware prototype of the system for inverse 

heat flow. 
 

4. Initial Approaches  
 
In the course of the project it will be necessary to perform research into TLM in order to 
do this the main project will be broken up into several mini projects. This will allow the 
project to become easier to handle and approach and allow for work to commence on 
several areas at the same time. 
 



 

 

Research will be conducted into mathematical formulae, which govern the diffusion of 
heat along a material that will be used to generate a generic algorithm of how the process 
at one point takes place. 
 

5. Work Plan 
 
The scope of the project will be limited to forward and inverse TLM activities; the 
hardware and software will consist of a prototype along side user training material. 
The project will cover the Waterfall life cycle model with an exception to the 
operations and maintenance phase.  
 

5.1 Major Milestones  

 
• Provisional Project Proposal    Week 2 Autumn Semester  
• Interim Report     Week 8 Autumn Semester 
• Progress Check Form    Week 12 Autumn Semester 
• Oral Presentation    Week 6/7 Spring Semester   
• Final Report and Practical Demonstration Week 1 Summer Semester 

 

5.2 Gantt Chart 



 

 

 
 
 

6. Resources 
 
The project is expected to make use of hardware and software that is freely available in 
either the home or at university. The documentation and report writing of this project will 
be done in Microsoft Word as well as other Microsoft Office applications. The oral 
presentation will require access to Microsoft Power Point. The main development of 
algorithms will be in Matlab 7.0, 6.5 and Altera Max plus 2 Baseline V.10 which uses the 
language VHDL the industry standard programming tool for the designing and simulation 
of electronic circuits. 
 
With the Altera Programming Logic Device (PLD) chip acting as the carrier for 
electronic circuit being hooked up possibly to a computer system, or monitor and mouse. 
The main resource for information in regards to the project will be accessed via books, 
the Internet and the staff at the University whose research fields coincide with my 
projects objectives.  
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7. Risks Assessment 
 
The main risk of this project is to that of time management it is very possible that with 
several small projects for the chance to get behind. To accomplish this it will be 
necessary to produce a Gantt chart of dates when individual tasks should be completed. 
These breaks up the project into smaller and more manageable chunks, through progress 
reports and regular meetings with a supervisor will allow for a better understanding of 
position the project is at. If it is the case that if the project falls behind it could be also 
find that small projects might be reduced with a refocus on implementation on the design 
of the chip. Another problem could result from loss or corrupted data to stop this 
happening I will keep two back ups on USB storage devices.  
 
If the scope of the project changes it may become necessary to acquire new skills, which 
may take time to learn, or if my skills are insufficient the project could slow down. If the 
algorithms have been coded badly it may take time also to discover my underlining 
mistakes. 
 
 
 


