
Software Engineering4G03
SeniorThesisProject

SoftwareModuleGuidefor the TestBot

Version1.0
November 23, 2003

Team #1

Michael Cai
SamerFahmy

Yuan Fang
Jamie Mitchell
Mark Pavlidis





Con ten ts

1 In tro duction 1
1.1 Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Mo dule Decomp osition 3
2.1 Requirments to designconnection . . . . . . . . . . . . . . . . . . . . 3
2.2 Anticipated changes. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3 Unlikely changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.4 Module decomposition . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.5 Module descriptions. . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.5.1 Hardware Hiding Modules . . . . . . . . . . . . . . . . . . . . 7
2.5.2 Behaviour Hiding Modules . . . . . . . . . . . . . . . . . . . . 10
2.5.3 Software DecisionModules . . . . . . . . . . . . . . . . . . . . 14

3 Uses Hierarc hy 19

4 Traceabilit y Matrices 27

5 Hardw are diagrams 31



ii CONTENTS



List of Figures

3.1 Flow Control Module Uses . . . . . . . . . . . . . . . . . . . . . . . . 19
3.2 Front End Communication Module Uses . . . . . . . . . . . . . . . . 20
3.3 Front End Display Module Uses . . . . . . . . . . . . . . . . . . . . . 20
3.4 Logging Module Uses. . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.5 Help Module Uses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.6 Test Con�guration Module Uses. . . . . . . . . . . . . . . . . . . . . 22
3.7 Test Execution Module Uses . . . . . . . . . . . . . . . . . . . . . . . 22
3.8 Test Simulation Module Uses . . . . . . . . . . . . . . . . . . . . . . 23
3.9 Software UpgradeModule Uses . . . . . . . . . . . . . . . . . . . . . 23
3.10 Calibration Module Uses . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.11 Plot Module Uses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.12 Test TypesModule Uses . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.13 Test DeviceControl Module Uses . . . . . . . . . . . . . . . . . . . . 25

5.1 Uniaxial TensileTest . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
5.2 Uniaxial CompressionTest . . . . . . . . . . . . . . . . . . . . . . . . 33
5.3 CreepTest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34



iv LIST OF FIGURES



List of Tables

4.1 Modulesto Functional Requirements Trace . . . . . . . . . . . . . . . 28
4.2 Modulesto Non Functional Requirements Trace . . . . . . . . . . . . 29
4.3 Modulesto Anticipated ChangesTrace . . . . . . . . . . . . . . . . . 30



vi LIST OF TABLES

Do cumen t History

RevisionNumber RevisionDate M odi�ed By M odi�cation Details
1.0 2003{11{24 | Original Document



Chapter 1

In tro duction

The following document providesa descriptionof the generalmodule structure of
the LEGO testing platform, henceforthcalled the TestBot. This document follows
from the SoftwareRequirement Speci�cation (SRS)document. As such, the abstract
requirements of the SRSdocument aretranslated into the highestlevel of the concrete
designin this document.

The moduleguidethat followsis designedto aid developersin the implementation
of the TestBot. The requirements of the SRShave beendivided into many small and
easily implemented tasks. A hierarchal structure was followed when compiling this
document. The structure is broken up as follows. Hardware considerationsare
placed into the Hardware Hiding section. Requirements regarding how the system
behavesare found in the Behaviour hiding section. Details concerningthe algorithms
and data structures usedin the implementation of the TestBot can be found in the
Software Decisionsection.

The modules found within have beenseparatedinto related categoriesand each
module is simpli�ed in such a way that a work assignment is accomplishwithin that
module. A designerreadingthis document will �nd that each module descriptionwill
contain a serviceand a secret, together thesetwo descriptionswill give the correct
implementation of the module. This also allows the complexity of each module to
be limited. The main purposeof this document is to allow a designerto understand
the high-level decomposition of the systemand to �nd the servicesprovided by each
module

Within, onewill �nd a set of modulesthat allow completeimplementation of the
TestBot system. User and web interfaces,hardware concernsand software details
are all decomposedto allow the greatesteaseof implementation.

1.1 Overview

The abovesectionshouldgivethe reader/designera �rm knowledgeof the purpose
of this document. However, it doesnot give the readera full understandingof the
�nal product.

Section 2, the most indepth section of this document, deals with the modules
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themselves. The �rst subsectiongives a brief overview of how the requirements
connect to the design. Next, anticipated changesin the system, which will trickle
downwards into the implementation, are discussed. Several unlikely changesare
mentioned and explored. Next, a pictorial representation of the module decomposi-
tion is given. The following sectionexpandson the pictorial description to give the
designera greaterunderstandingof each individual module. It is in the sectionthat
the service/secretof each module is discussed.

Section 3 illustrates the useshierarchy to the reader. This is given via several
diagramsof the precedenceof each module detailed in section2.

Section4 shows a traceability matrix to the reader. Examining this matrix will
illustrate how each requirement from the SRSis satis�ed by a module in section2.
This alsoallows the readerto seethe correctnessof this guide.

Finally, section 5 gives an artists rendition of how the TestBot will look. This
initial diagram, though it is subject to future revisions, allows the designerto see
the scaleof the TestBot. As well, it doesgive the designera limited idea as to how
the TestBot will function.



Chapter 2

Mo dule Decomp osition

2.1 Requirmen ts to design connection

The creation of the SRS was an exercisein abstraction. It was attempted, as
much as possible,to lead a readeraway from any concretedesigndecisions.In this
document, many of the layers of abstraction have beenshed.

A reader, reviewing both the SRS and this document, will �nd the functional
requirements mentioned described hereasmodules. In particular, many of the func-
tional requirements have becomebehaviour hiding modules. A few of the functional
requirements also fall under the areaof software decisionhiding modules.

Non-Functional requirements, which specify the behaviour of the system,can be
linked to all three typesof modules. For example,requirements detailing the types
of input used(mouse,keyboard) fall under the areaof hardware hiding modules.

In this document there wereseveral leapsfrom abstract to designthat neededto
be made. Thesewere:

1. The front end of this system will be a desktop computer with keyboard and
mousefor input.

2. Storageis provided by a local and/or network hard drive.

3. The material tester will be implemented via the LEGO Mindstorm medium.

4. The computerswill be using a graphical display.

5. The OS will handle accesscontrol to user �les.
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2.2 An ticipated changes

1. Modi�cation to the functional requirements of the Test Con�guration mode,
or related non-functional requirements in the Software Requirements Speci�-
cation.

2. Modi�cation to the functional requirements of the Test Execution mode, or re-
lated non-functional requirements in the Software Requirements Speci�cation.

3. Modi�cation to the functional requirements of the TestSimulation mode,or re-
lated non-functional requirements in the Software Requirements Speci�cation.

4. Modi�cation to the functional requirements of the Calibration mode,or related
non-functional requirements in the Software Requirements Speci�cation.

5. The typesof events and the amount of previousdata require to be stored.

6. The setsof userpro�le data stored by the system.

7. The method how the step-by-step instruction is presented.

8. The set of information provided for contextual help.

9. The method how the systemdeterminesits behaviour.

10. The method of how the on-screencomponents behave and where they are
positioned.

11. The method to generatea plot from test result data.

12. Methods for performing comparison.Set of standard results.

13. Algorithm usedto computeYoung'smodulus.

14. Algorithm usedto compute relaxation time.

15. Algorithm usedto compute the bending modulus.

16. Test model changesbasedon capabilities of the testing device.

17. Improvements to speedor accuracyof numerical analysisalgorithm.

18. The method to integrate additional modules into the system.

19. The test deviceusedmay change.

20. The operating systemusedmay change.
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2.3 Unlik ely changes

There are several changesthat we do not expect to seewithin the next ten years.
These are changesthat are of such a nature that, while it is possiblethey could
occur, the probability of them happening is very low. Theseunlikely changesare
listed below.

1. Regulationsand guidelinesof material testing.

2. Constitutiv e equations.

3. Data �tting methods.

4. Data analysismethods.

5. Basede�nitions of what constitutes a material test.

6. Basic functionality of input/output device.
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2.4 Mo dule decomp osition

Level I Level I I Level I I I Level IV
Keyboard

FE Input Mouse
Disk Input

Front End FE Output Screen
Disk

Hardware Hiding FE Communication Infrared
Network
Touch

Sensors Pressure
LEGO RCX Rotation

Light
LEGO Communication Infrared

Motor
Test Con�guratation

Test Execution
Function Drivers Test Simulation

Calibration
Test DeviceControl

Logging
Behaviour Hiding User Settings

Help User Interactive
Contextual

SharedServices Flow Control
FE Display

Plot
Software Upgrade

Result Comparison
Data Analysis Young'sModulus

Consitutive Equations Relaxation Time
Bending Modulus

Sofware Decision Pull to Failure
Bending

Test Types Uniaxial Compression
Uniaxial Tensile

Creep
Data Fitting Linear

Non-linear
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2.5 Mo dule descriptions

2.5.1 Hardw are Hiding Mo dules

Mo dule M1 Hardware Hiding
Secret How hardwareperformsinput andoutput functionswith

connecteddevices.
Service Provides accessto input and output functions of the

hardware.

Mo dule M1.1 Front End
Secret How to perform input and output functions with the

computer usedto run the application.
Service Provides accessto input and output devicesof a com-

puter.

Mo dule M1.1.1 FE Input
Secret How the end user inputs various forms of data to the

computer.
Service Providescapabilitiesfor input devices,such askeyboard,

mouse,and disk.

Mo dule M1.1.1.1 Keyboard
Secret How to interpret keycodes.
Service Provide input via a keyboard.

Mo dule M1.1.1.2 Mouse
Secret How the mouseinterfaceswith the operating system.
Service Providesaccessto move the on screenpointer and initi-

ate events.

Mo dule M1.1.1.3 Disk Input
Secret How the operating system reads �les from storagede-

vices.
Service Provides accessto set data on storagedevices.

Mo dule M1.1.2 FE Output
Secret How the computer outputs data to devices.
Service Provides computer accessto output devices.
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Mo dule M1.1.2.1 Screen
Secret How to graphically display output on the screendevice.
Service Provides the computer accessthe screendevice.

Mo dule M1.1.2.2 Disk Output
Secret How the operating systemstores�les to storagedevices.
Service Provides accessto get data from storagedevices.

Mo dule M1.1.3 FE Communication
Secret How to communicate with external devices.
Service Provides the computer accessto communicate with

other computers.

Mo dule M1.1.3.1 Network
Secret How to communicate over a physical network.
Service Provides accessto sendand receive data over the net-

work.

Mo dule M1.1.3.2 FE Infrared
Secret How to communicate over an infrared communication

channel.
Service Provides accessto sendand receive data via infrared.

Mo dule M1.2: LEGO RCX
Secret How to perform input and output functions on the

LEGO RCX.
Service Provides accessto sensordata, control of motors, and

communication links.

Mo dule M1.2.1 Sensors
Secret How the value of the sensorsare represented.
Service Provides accessto the sensorreadings.

Mo dule M1.2.1.1 Touch
Secret How the value of the touch sensoris represented.
Service Provides accessto the touch sensorvalue.

Mo dule M1.2.1.2 Pressure
Secret How the value of the pressuresensoris represented.
Service Provides accessto the pressuresensorreading.
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Mo dule M1.2.1.3 Rotation
Secret How the value of the rotation sensoris represented.
Service Provides accessto the rotation sensorvalue.

Mo dule M1.2.1.4 Light
Secret How the value of the light sensoris represented.
Service Provides accessto the light sensorreadings.

Mo dule M1.2.2 LEGO Communication
Secret How to communicate with the host computer.
Service Provides accessto send and receive data to and from

host computer.

Mo dule M1.2.2.1 LEGO Infrared
Secret How to communicate with host computer via infrared.
Service Provides accessto send and receive data to and from

host computer via an infrared link.

Mo dule M1.2.3 Motor
Secret How to control the motor device
Service Providesaccessto setthe speedanddirection of a motor.



10 2.5 Mo dule descriptions

2.5.2 Behaviour Hiding Mo dules

Mo dule M2 Behaviour Hiding
Secret How behaviour of the systemis determined.
Service Providesthe rules for the externally visible behaviour of

the system.

Mo dule M2.1 Function Drivers
Secret How the behaviour rules of the modesof operation are

de�ned.
Service Providescontrol of the inputs and outputs of functional

modulesof the system.

Mo dule M2.1.1 Test Con�guration
Secret How the test con�guration mode behaves.
Service Provides the inputs and outputs basedon the rules of

the test con�guration mode.
Pre�x fd tc

Requiremen t FR2.1, FR2.2, FR2.4, NFR3.15, NFR3.16
An ticipated Change Modi�cation to the functional requirements of the Test

Con�guration mode, or related non-functional require-
ments in the Software Requirements Speci�cation.

Mo dule M2.1.2 Test Execution
Secret How the test executionmode behaves.
Service Provides the inputs and outputs basedon the rules of

the test executionmode.
Pre�x fd te

Requiremen t FR3.3, FR3.4, FR3.5, FR3.9, NFR3.14, NFR3.15,
NFR3.16

An ticipated Change Modi�cation to the functional requirements of the Test
Execution mode, or related non-functional requirements
in the Software Requirements Speci�cation.

Mo dule M2.1.3 Test Simulation
Secret How the test simulation mode behaves.
Service Provides the inputs and outputs basedon the rules of

the test simulation mode.
Pre�x fd ts

Requiremen t FR4.1, FR4.2, NFR3.15, NFR3.16
An ticipated Change Modi�cation to the functional requirements of the Test

Simulation mode, or related non-functional require-
ments in the Software Requirements Speci�cation.



2.5 Mo dule descriptions 11

Mo dule M2.1.4 Calibration
Secret How the devicecalibration mode behaves.
Service Provides the inputs and outputs basedon the rules of

the devicecalibration mode.
Pre�x fd cal

Requiremen t FR5.1, FR5.2, FR5.3, FR5.4, NFR3.15, NFR3.16
An ticipated Change Modi�cation to the functional requirements of the Cali-

bration mode, or related non-functional requirements in
the Software Requirements Speci�cation.

Mo dule M2.1.5 Test DeviceControl
Secret How the control loop of the test devicebehaves.
Service Provides the inputs and outputs basedon the rules of

the executingtest.
Pre�x fd tdc

Requiremen t FR2.4, FR2.5, FR2.6, FR2.7, FR3.3, FR3.4, FR3.5,
FR3.7, FR5.1, FR5.2, FR5.3, FR5.4, NFR3.3, NFR3.4,
NFR3.5, NFR3.9, NFR3.13, NFR3.14, NFR3.15,
NFR3.16

An ticipated Change Modi�cation to the functional requirements of the Test
Execution mode, or related non-functional requirements
in the Software Requirements Speci�cation.

Mo dule M2.2 SharedServices
Secret How the behaviour rules of the modesof operation are

de�ned.
Service Providescontrol of the inputs and outputs of functional

modulesof the system.

Mo dule M2.2.1 Logging
Secret How system events are loggedand recalled for history

and audit purposes.
Service Provides a logging facility and accessto loggedevents.
Pre�x log

Requiremen t FR4.3, NFR7.1, NFR3.15, NFR3.16
An ticipated Change The types of events and the amount of previous data

require to be stored.
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Mo dule M2.2.2 User Settings
Secret How the systemstoresand retrievesthe userpro�le set-

tings.
Service Provides accessto set and put usersettings.
Pre�x user set

Requiremen t FR1.1, FR1.3, FR1.4, FR3.8, NFR2.3, NFR3.15,
NFR3.16

An ticipated Change The setsof userpro�le data stored by the system.

Mo dule M2.2.3 Help
Secret How the help systembehavesand provides information

to the user.
Service Provides interactive step-by-step instructions and con-

textual information.

Mo dule M2.2.3.1 User Interactive
Secret How the system guides a user through a step-by-step

instruction to perform the selectedmaterial test.
Service Providesstep-by-step instructions to perform a selected

test.
Pre�x help ui

Requiremen t FR1.2, FR2.3, NFR2.4, NFR3.15, NFR3.16
An ticipated Change The method how the step-by-step instruction is pre-

sented.

Mo dule M2.2.3.2 Contextual
Secret How to determinethe help information desired.
Service Provides information on a component or method of the

system.
Pre�x help cont

Requiremen t NFR2.5, NFR14.1, NFR3.15, NFR3.16
An ticipated Change The set of information provided for contextual help.

Mo dule M2.2.4 Flow Control
Secret How the behaviour of the system responds to system

and userevents.
Service Provides the master control of the systemby determin-

ing the input events that are permitted and performes
output events.

Pre�x 
o w cont
Requiremen t FR1.1, FR1.2, FR1.3, FR3.7, FR3.8, FR5.3, NFR3.1,

NFR3.2, NFR3.6, NFR3.7, NFR3.8, NFR3.15,NFR3.16
An ticipated Change The method how the systemdeterminesits behaviour.
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Mo dule M2.2.5 Front End Display
Secret How to determine the behaviour of the on-screencom-

ponents.
Service Provides accessto display components to the screen.
Pre�x fe

Requiremen t FR3.2, FR4.2, NFR1.1, NFR1.2, NFR1.3, NFR2.1,
NFR2.2, NFR8.1, NFR3.15, NFR3.16

An ticipated Change The method of how the on-screencomponents behave
and wherethey are positioned.

Mo dule M2.2.6 Plot
Secret How to generatea graphical plot of data.
Service Provides accessto generatea plot of test result data.
Pre�x plot

Requiremen t FR3.1, FR4.1, FR4.2, NFR3.2, NFR3.15, NFR3.16
An ticipated Change The method to generatea plot from test result data.

Mo dule M2.2.7 Software Upgrade
Secret How to add functionality to the existing system.
Service Provides accessintegrate additional modules into the

running system.
Pre�x sw up

Requiremen t FR1.5, NFR3.15, NFR3.16
An ticipated Change The method to integrate additional modules in to the

system.
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2.5.3 Soft ware Decision Mo dules

Mo dule M3 Software Decision
Secret How the functional behaviour of the application will be

performed,basedon mathematical models,and numer-
ical analysis.

Service Provides accessto methods for use by the functional
behaviour components of the system.

Mo dule M3.1 Data Analysis
Secret How data is analysedbasedon mathematical models.
Service Provides accessto comparisonmodels and constitutive

equations.

Mo dule M3.1.1 Result Comparison
Secret How the test resultsarecomparedto a givenset of stan-

dard results or previousresults.
Service Providesaccessto methodsthat preformstatistical com-

parisonsbetweenthe setsof results.
Pre�x da comp

Requiremen t FR4.5, NFR3.2, NFR3.15, NFR3.16
An ticipated Change Methods for performing comparison. Set of standard

results.

Mo dule M3.1.2 Constitutiv e Equations
Secret How the constitutiveequationsarerepresented andcom-

puted.
Service Provides accessto methods to compute parametersof

constitutive equations.

Mo dule M3.1.2.1 Young'sModulus (E)
Secret How Young'smodulus (or coe�cien t of elasticity) is rep-

resented and computed.
Service Provides accessto a method to compute Young's mod-

ulus.
Pre�x ce e

Requiremen t FR2.1, NFR3.2, NFR3.11, NFR3.14, NFR3.15,
NFR3.16

An ticipated Change Algorithm usedto computeYoung'smodulus.
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Mo dule M3.1.2.2 Relaxation Time
Secret How relaxation time coe�cien t is represented and com-

puted.
Service Provides accessto a method to compute relaxations

time.
Pre�x ce relt

Requiremen t FR2.1, NFR3.2, NFR3.11, NFR3.14, NFR3.15,
NFR3.16

An ticipated Change Algorithm usedto compute relaxation time.

Mo dule M3.1.2.3 Bending Modulus
Secret How the bendingmodulus is represented and computed.
Service Provides accessto a method to compute the bending

modulus.
Pre�x ce bm

Requiremen t FR2.1, NFR3.2, NFR3.11, NFR3.14, NFR3.15,
NFR3.16

An ticipated Change Algorithm usedto compute the bending modulus.

Mo dule M3.2 Test Types
Secret How test typesare modeled.
Service Provides accessto test type de�nitions.

Mo dule M3.2.1 Pull to Failure
Secret How the pull to failure test device is con�gured, the

inputs used to calculate the constitutive equation for
the test.

Service Provides accessto the pull to failure test devicemodel.
Pre�x tt ptf

Requiremen t FR2.2, FR3.3, FR4.4, NFR3.12, NFR3.15, NFR3.16
An ticipated Change Test model changesbasedon capabilities of the testing

device.

Mo dule M3.2.2 Bending
Secret How the bending test device is con�gured, the inputs

usedto calculate the constitutive equation for the test.
Service Provides accessto the bending test devicemodel.
Pre�x tt bend

Requiremen t FR2.2, FR3.3, FR4.4, NFR3.12, NFR3.15, NFR3.16
An ticipated Change Test model changesbasedon capabilities of the testing

device.
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Mo dule M3.2.3 Uniaxial Compression
Secret How the uniaxial compressiontest deviceis con�gured,

the inputs used to calculate the constitutive equation
for the test.

Service Provides accessto the uniaxial compressiontest device
model.

Pre�x tt comp
Requiremen t FR2.2, FR3.3, FR4.4, NFR3.15, NFR3.16

An ticipated Change Test model changesbasedon capabilities of the testing
device.

Mo dule M3.2.4 Uniaxial Tensile
Secret How the uniaxial tensile test device is con�gured, the

inputs used to calculate the constitutive equation for
the test.

Service Providesaccessto the uniaxial tensiletest devicemodel.
Pre�x tt tens

Requiremen t FR2.2, FR3.3, FR4.4, NFR3.12, NFR3.15, NFR3.16
An ticipated Change Test model changesbasedon capabilities of the testing

device.

Mo dule M3.2.5 Creep
Secret How the creeptest deviceis con�gured, the inputs used

to calculate the constitutive equation for the test.
Service Provides accessto the creeptest devicemodel.
Pre�x tt cr

Requiremen t FR2.2, FR3.3, FR4.4, NFR3.12, NFR3.15, NFR3.16
An ticipated Change Test model changesbasedon capabilities of the testing

device.

Mo dule M3.3 Data Fitting
Secret How the test result data is analysed using numerical

analysismethods.
Service Provides accessperform numerical analysis on sets of

data.
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Mo dule M3.3.1 Linear
Secret How the test result data is �tted to produce a linear

equation.
Service Provides accessto linear numerical analysis on sets of

data.
Pre�x df lin

Requiremen t FR3.1, FR3.6, NFR3.2, NFR3.15, NFR3.16
An ticipated Change Improvements to speedor accuracyof numericalanalysis

algorithm.

Mo dule M3.3.2 Non-linear
Secret How the test result data is �tted to producea non-linear

equation.
Service Providesaccessto non-linear numerical analysison sets

of data.
Pre�x df nlin

Requiremen t FR3.1, FR3.6, NFR3.2, NFR3.15, NFR3.16
An ticipated Change Improvements to speedor accuracyof numericalanalysis

algorithm.
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Chapter 3

Uses Hierarc hy

The useshierarchy displays the relation of module dependencies.The relation
is between independently callable programs, where the higher module depends on
the service,and correctness,of lower modules. The hierarchy is divides the system
into subsetof modules. The subsetsare logical partitions of the systemthat can be
implemented independent of each other. The hierarchy demonstratesthat there are
no loops in the module decomposition, therefore a functional system can be built
with somebranchesomitted.

The modules within boxes with rounded corners denote modules that will be
implemented. Modules in squareboxesdenotemodules that will be usedwhich are
provided by the operating system the program is running on. Modules without a
box denotethat there is sublevel of modulesbelow it.

Flow control

FE Comm.
Test Configuration

HelpLoggingFE Display

Test Execution

Test Simulation
Calibration

Software Upgrade

Figure 3.1: Flow Control Module Uses
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FE Communication

Infrared Network

Figure 3.2: Front End Communication Module Uses

FE Display

FE InputFE Output

Mouse Keyboard RotationScreen Disk

Figure 3.3: Front End Display Module Uses
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Logging

FE Output

Disk Output

FE Input

Disk Input

Figure 3.4: Logging Module Uses

Help

FE Output

User Interactive Contextual

Disk Output

Figure 3.5: Help Module Uses
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Test Configuration

Test Types Test Control Device CalibrationFE Output

Disk Output

Figure 3.6: Test Con�guration Module Uses

Test Execution

Test Types Test Control Device PlotFE Output

Disk Output

Figure 3.7: Test Execution Module Uses
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Test Simulation

Result 
Comparison

PlotFE Input

Disk Input

FE Output

Disk Output

Figure 3.8: Test Simulation Module Uses

Software Upgrade

FE Output

Disk Output

FE Comm.

Network

Figure 3.9: Software UpgradeModule Uses
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Calibration

Test Device Control Test Types

Figure 3.10: Calibration Module Uses

Plot 

Constitutive EquationsData Fitting

Young's 
Modulus

Relaxation
Time

Bending
Modulus

Linear Non-linear

Figure 3.11: Plot Module Uses

Test Types

Pull to Failure Bending Uniaxial 
Compression

Uniaxial Tensile

Figure 3.12: Test TypesModule Uses
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Test Device Control

SensorsLEGO Comm.

Infrared

Motor

Touch Pressure Rotation Light

Figure 3.13: Test DeviceControl Module Uses



26



Chapter 4

Traceabilit y Matrices

The following tables show the relationship of each module to the functional re-
quirements, the non functional requirements, and the anticipated changes,respec-
tively. Examination of the �rst two tables demonstratesthat all the requirements
are satis�ed by at least one module, and that all the modules satisfy at least one
requirement. The �nal table shows the coverageof the anticipated changes,from
Section2.2, to the modules.
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Table 4.1: Modules to Functional Requirements Trace

Functional Requiremen ts
Mo dules 1.1 1.2 1.3 1.4 1.5 2.1 2.2 2.3 2.4 2.5 2.6 2.7 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.1 4.2 4.3 4.4 4.5 5.1 5.2 5.3 5.4

1.1.1.1
1.1.1.2
1.1.1.3
1.1.2.1
1.1.2.2
1.1.3.1
1.1.3.2
1.2.1.1
1.2.1.2
1.2.1.3
1.2.1.4
1.2.2.1
1.2.3
2.1.1

p p p

2.1.2
p p p p

2.1.3
p p

2.1.4
p p p p

2.1.5
p p p p p p p p p p p p

2.2.1
p

2.2.2
p p p p

2.2.3.1
p p

2.2.3.2
2.2.4

p p p p p p

2.2.5
p p

2.2.6
p p p

2.2.7
p

3.1.1
p

3.1.2.1
p

3.1.2.2
p

3.1.2.3
p

3.2.1
p p p

3.2.2
p p p

3.2.3
p p p

3.2.4
p p p

3.2.5
p p p

3.3.1
p p

3.3.2
p p
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Table 4.2: Modules to Non Functional Requirements Trace

Non Functional Requiremen ts
Mo dules 1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 3.11 3.12 3.13 3.14 3.15 3.16 7.1 8.1 14.1

1.1.1.1
p p p p p

1.1.1.2
p p p p p p

1.1.1.3
p p

1.1.2.1
p p p p p p p

1.1.2.2
p p

1.1.3.1
p p

1.1.3.2
p p

1.2.1.1
p p p

1.2.1.2
p p p

1.2.1.3
p p p

1.2.1.4
p p p

1.2.2.1
p p

1.2.3
p p p p p

2.1.1
p p

2.1.2
p p p

2.1.3
p p

2.1.4
p p

2.1.5
p p p p p p p p

2.2.1
p p p

2.2.2
p p p

2.2.3.1
p p p

2.2.3.2
p p p p

2.2.4
p p p p p p p

2.2.5
p p p p p p p p

2.2.6
p p p

2.2.7
p p

3.1.1
p p p

3.1.2.1
p p p p p

3.1.2.2
p p p p p

3.1.2.3
p p p p p

3.2.1
p p p

3.2.2
p p p

3.2.3
p p

3.2.4
p p p

3.2.5
p p p

3.3.1
p p p

3.3.2
p p p
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Table 4.3: Modules to Anticipated ChangesTrace

An ticipated Change
Mo dule 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1.1.1.1
p

1.1.1.2
p

1.1.1.3
p

1.1.2.1
p

1.1.2.2
p

1.1.3.1
p

1.1.3.2
p

1.2.1.1
p

1.2.1.2
p

1.2.1.3
p

1.2.1.4
p

1.2.2.1
p

2.1.1
p

2.1.2
p

2.1.3
p

2.1.4
p

2.1.5
p

2.2.1
p

2.2.2
p

2.2.3.1
p

2.2.3.2
p

2.2.4
p

2.2.5
p

2.2.6
p

2.2.7
p

3.1.1
p

3.1.2.1
p

3.1.2.2
p

3.1.2.3
p

3.2.1
p

3.2.2
p

3.2.3
p

3.2.4
p

3.2.5
p

3.3.1
p

3.3.2
p



Chapter 5

Hardw are diagrams

The following pagescontain preliminary skechesof the test devicecon�guration
for; the uniaxial tensile test, uniaxial compressiontest, and creeptest.
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Figure 5.1: Uniaxial TensileTest
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Figure 5.2: Uniaxial CompressionTest
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Figure 5.3: CreepTest


