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Chapter 1

Programming with Tina

Preface

This document is written for those intending to use the Tina libraries for software development. We
cover the various reasonsfor the designof the libraries, the basics of software developmentand some of
the detail of library functionality. Minimal knowiedge of UNIX and C programming is assume. Only the
basic essentialsof programming are descriled, and no attempt is made here to explain in detail the various
intric asies of the higher level vision algorithms. Details of this work should be soughtin the publishal
literature and on our Tina memo web pages. For technical reference material describing data structures
and core library functions see Tina memo 2005-004.

1.1 Intro duction

The Tina systemhashbeenwritten and developedwith the bene t of many yearsof hard learnedexperience
in computer vision and image processingalgorithm developmert. It is intended to provide a platform

for researd and dewvelopmert of vision and image processingreseard software without the application

programmer having to start from scratch (seethe software requirementsanalysis below). In doing sothe
usermay inherit asmuch or aslittle of the existing Tina modules, graphics, code and programming style as
they wish. Of coursethe more a program conformsto the Tina way of doing things and the represenation

of image, image feature and geometrical data then the more fully will it be able to interact with with

other modules (written or future developmerts). This chapter givesan overview of the philosophy behind
Tina, following chapters cover tips on programming style, and how to begin writing applications. Though
the rst 4 chapters are recommendedreading (prior to starting to useTina), the later chapters are largely
technical and should be regarded as referencematerial.

Considerablee ort hasbeenmadeto integrate into the environment asmuch generalpurpose exibilit y as
possiblewith regardto userprogramming. It is intended that aresearter usingthe systemwill expend a
maximum of e ort in developing the software of his algorithm, rather than spending his time dewveloping
basicsupport infrastructure. Developing debuggingand testing new softwareis e cien t provided that the
user follows somesimple rules for the set up of his programming environment. These programming tips
are given below and in the basictinaT ool developmert directory. This directory also contains a Make le
and instructions on how to view and modify existing routies and someexample"skeleton" software, asan
exampleof how to include new software (add buttons and parametersand accesgraphics). Additionally ,
tools developed using Tina Windows (Tw) have a built in history medanism which can be saved at the
end of a processingsession.This avoids the needfor tedious tool manipulations that often precedeuseful
work.

As Tina is the product of a researd environment it is likely to undergo whatever changesare found



to be necessaryin the light of cortinued researt e ciency. As sud it is impossibleto produce and
maintain a de nitiv e set of documertation and over time much of the software is likely to change. We
apologisein advancefor any discrpanciesthat may have crept into the software sincethe last rewrite of
this documertation.

It is recommendedthat users acquaint themseles with the software relating to the algorithms they
intend to use. This is the only way to make sure that the data delivered is what they actually require
and computed in the way that they would want. Utilities sud asdoxygen, Ixr and simple seard utilities
(ntw) are provided for rapid searding of the software to facilitate this but researders should expect to
spend at least a few days on this task. The Tina environment makesvision researt more e cien t, but
it doesn't make the researt any easier.

Unfortunately, it is impossibleto protect the programmer from the task of following what is often a

di cult learning curve, but our belief is that accesgo such software is still preferableto spending three

years or more re-inverting such methods once again, rather than building upon what has already been
achieved. This idea alsoextendsto coding practicesand wetry to avoid techniqueswhich produce undue

levels of obscuration (such asobject orientation and function overloading). Our avoidanceof unnecessary
complexity has ewolved out of experience(and code sharing) in a researt ervironment over an extended
period (15 years). We acceptthat sometimesthis results in practice which is not ertirely endorsedby

trained software engineers. Howewer, the aim is to dewelop software (which we know works) with a

complexity level justied by the task, which permits future maintenenceand modi cation by non-expert

programmers (seebelow). Someparts of Tina were necessarilywritten by very talented programmers,
non-expert programmers will probably be able to identify these sections (such as the generic graphics
wrappers) very quickly, for all the wrong reasons.The hope is that most vision researder, will not need
to modify theseparts of the library and will make use of the functionality already provided.

Although the exact design of the top level modules are by no means xed the modular nature of the top
level will maximise the longevity of applications designedwithin it and minimise the e ort involved in
their update to future, more powerful, versions. Furthermore the underlying image processing,maths
and graphics libraries are now in a sucien tly xed state of repair that major changesare becoming
increasingly unlikely. No commitment has beenmade, at this time, to maintain badkward compatibilit y
as this is seenas likely to causeunwanted expansion of the libraries with old (and therefore inferior)
versions of algorithms. If we make a changeto the library it is becausewe think it is hecessaryand
compatability can normally be regainedby a simple changeto the argumert list of a few functions or the
list of headers.

Seweral yeasrsago, this software was corverted to the ANSI standard, and recertly (in Tina5) we have
modi ed the header le systemin order to obtain forward compatability with C++ standards. However,
there is currently no intention to cornvert this software itself to C++. Contrary to naive expectation C++
is not simply an extensionof the C language,it encompasses completely di erent style to programming
and developmert which we decided not to adopt for reasonsof maintenance and productivity 1. C++
is perhaps better suited for peoplewho know exactly what their program should do when it is nished
and this is rarely the casefor a researd software engineer. Although it is true that C++ has some
useful features, upon reading this manual you will discover that many of the advantages expected from
programming in C++ are already obtained from the designof the Tina software. As far asobject oriented
programming is concerned,our preferred languageis Java, and to this end we have recertly investigated
the use of swig wrappers. We would not however, considerre-coding in Java, as we belive C has more
utilit y.

1.2 Software Requiremen ts Analysis

Although the Tina system has been developed via a processof gradual changeit can be said to have
dewveloped accordingto the following set of (evolving) researd requirements.

LA minority of us (experienced researders) still believe that standard C is easierto develop and debug than
C++.



1.2.1 Programming Environmen t

In order to support programming researd e cien tly the learning curve should be asshort aspossibleand
targeted at a reasonablelevel of software literacy amongst PhD candidates, as this group are the lowest
common denominator. We can assumethat most peoplein this group are familiar with one ‘reasonable’
programming languageeg: FORTRAN, pascal,C (and ++). We should not assumehowever, that they
are mathematical or programming experts. Theseskill will be developed during researt, and we should
encouragepeopleto examine programming styles of the existing framework to help to facilitate this. Our
software should thus be easyto interpret and require the minimum of programming sophistication (Keep
It Simple!). Interfacesthat are automatically constructed but generatea large quantity of unreadable
sourcecode, which cannot be easily modi ed without considerablee ort, have beenavoided (eg. Visual
C++).

We cannot expect to be able to provide all programmers with the particular variants of an algorithm
required for their particular project, though we can hope for and encouragea maximum reuseof existing
(stable and therefore debugged)software.

The programming developmert environment should thus support the following;

a standard developmert directory including Make les and documertation on getting started.
software templates for GUI's and simple processingschemesfor rapid code developmert.

easyaccesdo existing (understandable) sourcecode and a schemefor local library software modi-
cation.

the facility to update libraries to make useof successfublgorithm dewelopmert in a way that causes
the minimum of disruption.

rapid recompilation and execution either as an interpretted language or with the possibility to
recon gure the interface to the samelocation quickly.

reliable support for debugging.
platform independance(SUN's, PC's etc).

independancefrom third party developmen (ie: we do not want to have to start againin two years
becausethe graphical display padkagewe have beenusing is no longer supported) 2.

1.2.2 Library Contents

Codereuseis not automatically obtained by choiceof a language,however, it doesseemto be the casethat
unwarranted generation of data structures limits code re-use,and somelanguagesencouragethis. The
software should possess minimum set of useful data structures, so that the majority of programming
tasks are supported but selectedlibrary routines can be modied without having to modify the basic
structure (and so recompile the ertire software library). This can be supported via the use of user
extendable data structures. (eg: seeproperty lists).

Common data structures for vision researtt must include;

vectors

arrays

transformation matrices
cameramodels

images

2This requirement immediately take us away from the commercial route for software developmert on a Windows
platform, once we understand the advantages provided by Unix/Lin ux.



low level image features (eg: edges,corners, strings)
models primativ es(eg: lines, conics, splines, surfaces,deformable templates)

lists

Software libraries must include basic manipulation routines for all of these.

The next single most important requirement for researd is data display and interaction. The soft-
ware should thus support a wide range of data visualisation and manipulation both for the purposesof
debuggingand (though to a lesserextent) graphical generation for publications.

Standard data typesshould include

Statistical frequencyplots (histograms).

grey level and colour image display (perhapsalso anaglyphs)

3D data display, surfaceand volume

high dimensional data visualisation
Standard interfaces should provide easy accessto the display and manipulation with the minimum of
programming (eg. generatethe standard data structure and register it for usewith the interface). It will
probably be neccessaryfor the manipulation routines to be modi able and the graphics display to be

data dependart in ways speci ed by the user. Also a set of standard interfacesare of most value when
they can freely exchange data.

From an algorithmic point of view, the software must contain a minimum mathematical library including;

matrix algebra (SVD etc.)

optimisation (gradient and non-gradient based,Hough spaces,Ransac,GA's)
pattern recognition (clustering, KNN, Neural Nets)

simple image processing

machine vision algorithms

For more specialisedalgorithms, such astemporal sequencenalysiswe may needto interface the software
to existing researt tools (eg: HTK for temporal sequenceanalysis) 3.

1.2.3 Hardw are

For more advanceduse of the software and hardware support, the ervironment will needan asyncdronous
data exchangeprotocol. The standard approacd is to use somethinglike a unix pipe for communication
and to passan encaded (variable length) data block through this pipe for reconstruction at the other
end. We can assumethat hardware accelleratorswill not have advanced compilers or graphical display
output. Debugging must often be done using print statemerts and a basic ASCI le data output stream
becomesessetial. Standard data les should thus be in human readable ASCI where possible.

Clearly the software library must be capable of supporting a basic kernal of functionality including only
le i/o and algorithmic processingbut excluding all graphical interface functions. The libraries will thus
needto be well de ned with a clear hierarchal separation. Machine vision libraries should be independen
and modular, though this could be consideredas standard programming practice.

E cien t use of somehardware may require a speci ¢ language support mecanism (eg: parallelism or
vectorisation).

3Thus easeof integration with third party software is important and has consequencesn terms of the selected
programming language (seebelow).



1.2.4 User Support

It is natural that during the processof interface developmen the programmer will want to put a wide
rangeof exibilit y into algorithm control. On the other hand usersmay wish a singlebutton presssystem.
The easiestway to achieve this is to place all algorithmic options a level further down in the GUI than
the display and function calls (generally hidden from the user).

It would be advantageousto be able to automatically con gure the software for a particular algorithmic
variant. This would be best achieved via the useof a replayed interaction sequencesr macro. Editable
interaction sequencesif human readable)canalsoprovide a high levelinterpretted programming language
for userswho wish to modify algorithms without getting involved with programming. In order to use
algorithms in this way a standard procedure will needto be adopted for error reporting so that any
algorithmic failiures are loggedin a common location easily accessibleto the user.

Users will also need to make repetitive use of algorithms, applying them to many images, either as
volumes or sequences.As the userswill not want to sit at a terminal repetitiv ely pressingbuttons but
the programmerswill not want to have to write software wrappers for individual users,this too may be
best handled using macro replays.

Users, more than programmers, will probably needto use seeral software padkages. We cannot enforce
a commondata format for acqusition, soa wide range of commondata formats will have to be supported
in the libraries.

In conclusionthe userswill require

simple intuitiv e interfaces
useful visualisation
data compatability with a range of other padkages(Analyse, IDL, DICOM Senwer)
a programmable macro language
error reporting
This functionality must be provided in a manner that is maintainable, and that will require someelemen

of future proong (we must chooseways of doing things which are likely to be long lived and easily
updated).



Chapter 2

C Programming for Research.

The Tina libraries are written in C. This section has been written with the view of trying to de ne
somereasonablerules of thumb for e cien t use of that language. It is primarily intended for naive C
programmers, but competent programmersmay nd someof our opinions ‘interesting' if they have not
explicitly thought about the way they usethe languagepreviously . All rules of thumb are expected to
have exceptionsin speci ¢ circumstances, unlesspreceededby \AL WAYS" or \NEVER".

Serious software engineersmay insist that software must always be formally designed before coding.
Howevwer, in the areaof algorithm dewvelopmert, the nal form of a piece of software cannot be envisaged
until enoughreseart has beendoneto de ne the algorithm. This is an obvious problem for people new
to the researt area who will needto try a few things out before settling on an approach. Howevwer,
the situation also applies equally where the researd has generatedan unexpected result. At any stage,
deciding to redesignand rewrite the software raisesthe possibility of intro ducing new errors, abandoning
the e ort already expendedin debugging. If we accceptthat algorithm testing should ALWAYS drivethe
deign of software (not pre-conceptions),this inevitably leadsto the needfor an approach which supports
rapid incremertal modi cation and puts lessemphasison a-priori design.

The C programming language has some very useful properties with respect to approachesto software
developmert which require gradual change. In particular, the languageis so exible that it is generally
possibleto identify a cortinuous developmert path betweenany one speci cation of function and any
other. This exibilit y canbedirectly attributed to the separationbetweenthe sequetiial form of functions
and data structures (and can be lost once someobject oriented approachesare adopted). This can be
usedfor the purposesof either algorithmic variant evaluation or generalimprovemert and minimisesthe
time required for subsequeh de-bugging (seeDebugging below). This exibilit y supports maximal reuse
of existing software and easyintegration of packages.

Anything which adds overheadto the developmert cyle hasto be weighedaccording to its utitlit y and
impact upon researt productivit y. It is becauseof this that conventional software designmethodologies
(as found on large scaleindustrial projects), which use formalised ways for programmersto cortribute
towards a software product via a rigid versioning system, are not necessarilyappropriate for researd
software developmert. However, formal designmethods and version control of software are not necessary
on researd projects provided that you follow somesimple rules. Theserules basically involve following
common senseprogramming practice; regular badkups and testing software modi cations beforeinclusion
into common libraries (See Appendix A). It also helpsto have some guidelines for good programming
practice.

Sowhat constitutes good programming? Well it certainly isn't exploring all of the various complexities
of the language, or minimising the total line court by embedding seweral statemerts within one line.
This may be consideredfun but is not particularly productive. It is our opinion that the main goal

'WARNING: What we are about to suggestmay cause headades in people who believe that programming
should be regarded as an art, or are paid by the KLOC.



of algorithmic reaseart is not the generation of cleverly de ned software, but a more fundamenal
understanding of how to extract information from data. Good programming must result in software
that others can understand , useand potentially modify. Good programming is well de ned by the
phrase \KEEP IT SIMPLE STUPID", while at the sametime adopting a developmernt methodology
which will ultimately eliminate the maximum number of bugs. Keeping your software simple is ALWAYS
the best method of ensuring others can understand it. Sodon't try to be too clever, resene that for the
algorithms not the software design.

2.1 Indentation and Commen ting

Writing understandablesoftware starts with sensibleuseof indentation, but try not to usetab characters
asthey can take di erent sizesdepending upon your editor. This may not causean immediate problem
for you, but it will for others.

Rather than treating the software as a piece of literature (where ead variable or function name can
easily becomea sertence), it actually helps not to use un-necessarilylong variable or function names.
Preferably, commonvariableswithin functions should take commonnameswhich other programmersmay
convertionally usefor the sametask. Otherwise, others reading your software will needto keeprefering
to the top of the le or function to remenber how variableswerede ned. It is quite appropriate to de ne
locations in a 2D co-ordinate systemas x or y and loop integersasi,j or k. There is no needto name
them in a more complicated way which may be more meaningful to you, it's what others will seethat
is important and if peopleare to read your software and understand it keepingthings simple helps with
the ow.

Put commerts in your software but do not overusethem. Complex functions probably needsomecommert
on the de nition of parametersand expectedreturned values. These should be placedimmediately after
the function de nition. However, commerns like

/* a for loop over i *
for(i=0;i<num_in t;i ++) {...}

are completely unnecessary In general,commerts which merely describe the meaningof existing C syntax
should be avoided. A reasonablycompetent programmer will understand the software more quickly if he
doesnot needto read around such commernts.

Take the time to write the commerts: when you feelthey are unlikely to needchanging; when you expect
the software to soon be made availablee to others; or when you think you may not be deweloping the
software for sometime.

Don't useC++ style commen markersV/" unlessthey are expectedto be temporary, asthey do not
compile properly on all platforms.

2.2 Mo dularit y and Functions

Modularity is important, code should be proceedurisedby splitting complexalgorithms into selfcontained
parts which have conceptual relevance. This aids with program understanding. Also, write functions
for pieceswhich can be re-usedin seweral places,this will reduceboth the total quantity of software and
the possibility of bugs (LESS CODE > LESS BUGS). This (when done properly) should result in small
numbers of function parameters. If a large number seemto be required considerwhether they are really
necessaryof if they would be sensibly encapsulatedin a data structure (seebelow).

Always name functions so that their nhamesbear more than just a passingresenbelanceto their task,
but avoid long function names. Function namesshould follow a naming convention where possible,in C
this can be usedas a primitiv e form of \namespacing".

10



Declare functions as static if they are not intended to be accessedy other parts of the system.

Functions should not be overlong. A good (understandable ) length for a function is around 40 to 80
lines. Any longerthan this and it becomesdi cult for other programmersto understand exactly what it

does (simply limitations of human short term memory) any shorter than this and you may be needlessly
intro ducing levels of indirection into program o w which is di cult to track.

Asscciated functions should be stored in the sameC le. Hierachal splitting of functions is considered
good programming style but it is useful for other programmersto be able to follow the o w of a program
around the minimum number of les. Up to 10 assaiated function declarations within a single le is
acceptable. An acceptable length for a C le is 250-500lines, any longer than this and you should
serouslystart consideringcommondata ow and organisation to seeif the routines would not be better
split up. The main reasonfor having separate les is developmert exibilit y. If two programmersneedto
simultaneously modify the same le then this will make integrating their e orts more complicated. You
can thus make decisionson which functions to group together on the basisof consideringwhich functions
are likely to require joint modi cation.

2.2.1 Data Structures

Before de ning your own structure, ched that there isn't already an equivalent one available within your
existing environment. If there is you should useit asthis will directly add to the resourcesavailable to
other people. De ning your own structure will actually prevent code re-use.

All new data structures should have an assa@iated memory alloction and free function which should be
carefully testedto avoid error leaks(put them in the sameC le sothat you cancompareand modify them
consistertly). Oncewritten this function should ALWAYS be usedto generateand free the structure.

Integration with other software libraries is generally simple and can be done at a number of levels. The
simplest (though slowest and most clumsy) involveswriting wrapper functions to convert data between
data structures in order to allow useof externally de ned functions. A better method involvesmodifying
equivalent data structures to achieve a common de nition. The clean separation of data strutures and
algorithms inherrent in C programming makesthis possibleby gradual re-de nition of structures using
automated seard and replac€. A test program should be usedat all stages,though the compiler will
generally spot most errors.

2.3 Programming Paradigms

Recursionis very useful as a compact and powerful solution to di cult algorithmic tasks, however, it is
generally di cult to understand and should be avoided if there is an alternativ e.

Design your software accordingto what you know is required now for your current researt but bear in
mind potential dewvelopmen routes for the future. Don't make the mistake of writing software now for
what you think other peoplemay usein the future, you will rarely be correct and you may just be wasting
time which could be better spent on researd. Doing this generally results is software which su ers from
what is re ered to as the secondsystem e ect, the software will be too complex for the required task
and other peoplewill rarely investthe e ort neededto useit. In addition, if the additional complexity is
not tested then you may just be introducing bugs which others will haveto x. The software can always
be generalisedlater oncethe true nature of the required extensionsare better understood and tested. If
you write your software carefully and clearly others will be able to modify your software to do what they
needit to do. Your main goal when considering programming style should be to support peoplein doing
this.

Intro duce object oriented mechanisms only when extending existing software to handle your particular
problem. ALWAYS ched that previous functionality is correctly supported. Do not rush to include

2This points up one of the main di erences betweena C style data strcuture and C++ style class.
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object oriented methods into your software too quickly. This will proliferate the location of bugs and
make them more di cult to track down. It will alsomeanthat more software hasto be modi ed in order
to put the problem right. Only usethese methods when the basic framework of the program has already
beencomputationally tested.

Undue useof object oriented mecanismsshould be avoided, particularly useof variable function pointers
as this makessoftware di cult for others to understand (take a look at the graphics wrapper functions
for the Tv's if you don't believe this).

Do not use global variables directly as a medcanism for exchanging data around C les. It is much
better to de ne accessfunctions to “set' and “get' the data and then to declarethem only in the les
which require data access.This provides better encapsulationand ensureseasierintegration with other
software. Even this processshould be only usedwhen it is absolutely necessaryas generally is is better
practice to passall data as argumerts to functions as this approach permits the possibility of parallel
threading.

Avoid multiple levelsof de-referenceingwithin a single statemert, whenfor example;extracting structures
or pointer variables from other structures. Instead try to explicity extract ead structure or function
variable before use. This makesthe software much more readableand easierto debug.

2.4 Debugging

NEVER ignore a bug, they don't just go away and it may comebadk to haunt you.

The ultimate aim of good programming is to reducethe bug court to an absoluteminimum. Unfortunately
the de nition of a bug is not particularly simple. A bug may causea program to crash, generatea few
unwanted results, or compute completely the wrong thing. The worst form of bug is the conceptual
bug, where the programmer misunderstood what was needed. The functional requiremert may even
dewelop over time during the researd process. E ectiv e algorithmic testing is the only way to ensure
that conceptual bugs are found and eliminated. Good performance evaluations rarely lie.

For complicated software try to test with data for which you know the exact solution.

Write groups of 10-20lines at a time. All new software should be interactively stepped through in a
debugger,asiit is written, to ched that ead line behaves as expected. Variables should be examined
to ched that they are within sensiblebounds and loop variables should be tested to ensurethey do not
passoutside the valid data domain. Attempting to avoid this processwill result in software which is
ultimately more dicult to debug.

When nished any assaiated test data sets should be presened so that further modi cations can be
tested. Sud test data sets are generally best kept as software researd demonstrations. This ensures
that the software will get tested at regular intervals during the normal courseof activities.

Software should NEVER be modied without assessinghe e ect on an assaiated test data set. This
is the only way to reduce the averagebug count, you can't rely on version cortrol to do this for you.
Modifying software without testing is probably the best de nition there is of “hadking'.

Avoid completely rewriting software. This immediately increasesthe total bug court in establishedcode.
It is far better to identify a continuousdevelopmert path and modify onefeature of the program at a time
and test eadh step. This is particularly important for mature software which may have beendebugged
over a period of years by a group of programmers and for which you may not understand all of the
complexities (OLD CODE IS BETTER THAN NEW CODE).

2.4.1 Programming ChecKklist
There are a standard set of things which must be donewhen de ning a new function, and it is very easy

to forget one or two in the rush to get the software running. When you feelthat you have nished a new
function try attended to the following chedIst.

12



Always ched parameters passedto a function. Returning a NULL pointer is a sucient and
standard mechanismto signalinappropriate parametersor incorrect function termination provided
that you also register a warning (generally to stdout or equivalent).

Do not leave untested functions in a le without a warning commert.

Do not leave the old (discredited) algorithms or functions in a le, but don't deleteold versionsof
functions until you are sure that the new one works.

Always ched that all data structures which have been explicitly allocated within the function
(either by calls to structure allocation routines or other functions), except those which are to be
returned, are correctly “free'ed. Remenber to set any assaiated static pointers to NULL so that
other routines will not attempt to usethem. The apparert inconvenienceof needingto attend to
this yourself within C programs is also one of the languagesvirtues when it comesto debugging.
This is an example of the (once respected) \NOTHING HIDDEN" philosophy.

Always ched that you are not attempting to accessa data structure onceit hasbeen ‘free'ed.

2.4.2 Recongnising Common Bugs When You See Them

Having di cult y nding why your software doesn't work? Here are a list of bugswhich regularly crop up
during software developmert, taking the time to remember them now may save you time later. Many of
them are not specic to C and are likely to be the main causeof problems even when writing with other
languagesor using complex software developmert tools.

Silent but Deadly

Many bugs produce no obvious problems at the site of the cause,instead the e ects becomevisible later.
This makesthen di cult to track down. Take the time to nd the causeand then x the cause(not the
symptom!).

Accessing data arrays outside of allowed bounds. This will result in either a program crash or
unexpected (often very small) data valuesor NaN variables within the output. Overwriting will
often corrupt data in the program which has been de ned immediately after the o ending data
structure in the program.

eg:

[* top of program */
float a[10],b;

where "b' takeson an unexpected value is probably due to overwriting within the "a' array.

This is such a dicult problem to spot that Tina usesa technque known as \pic ket fencing" to
identify overwriting at the end of arrays. If it has occurred you will get the messagdattempt to
rede ne array" in the main tinaT ool dialog window. Stopping the program at the location of this
error messagean the debuggerwill allow you to seewhat has beenoverwritten. You can then work
badkwardsto nd whereit happenedand correct to problem.

Freeing a data structure which is invalid or has already been “free'ed. This will causethe program
to have an exception violation in one of the system memory managemei routines (malloc, calloc
or free). Step up the processingstad to investigate how this has occurred. Tina provides some
protection for this, by automatically resetting vector pointersto NULL (within the macroconstruct)
whenewer they are “free'd.

An extra semi-olon in a one line \for" loop. This is particularly dicult to spot.
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for (i=0;i<cmy_int;i  ++) ; /* here it is M ¥
X[l = y[il*vIil; /* will only be executed for x[my_int] */

Casting to integer for valuesaround zero.

float x;

(int)(x);

Where most peopleusethis they often should have used o or(x). For historical reasons,Tina also
provides the function tina_int(), for the samepurpose.

Lossof smope for non “static' variables. Variables losetheir value outside the scope of the C le in
which they are declaredand will take on random valuesthe next time they are needed.

Monsters from the If

“If statemerts' are nearly always the causeof most developmert bugs. There is a multitude of ways they
can be incorrectly used. In generalyou should attempt to usethem with care using ‘if .. then .. else’
constructs helps.

Try to minimise the total number, every new statemert generatesa new branch of execution possibilities
increasing the overall number of ways that the program can execute by another factor of two (LESS
PATHS = LESS TESTING).

Algorithms should never be written so that they are sensitive to arbitrary thresholds, they should be
basedon “soft' statistical methods if possible. This generaly follows directly if an algorithm is designed
using a statistical methodology (seeTina memo 2002-005)which takesdue accourt of accuracy of data.

Here are a few casesof potential error to look out for;

Non initialised accurnulated variables or test variables (maximum or minimum).

Watch out for
if (i=value) {..} /* ie: not i==value */

which actually assignsvalue to x and is always true.

NaN variables will always causeif statemerts to evaluate as false. Given that NaN are generally
generateddue to division by zeroyou can attempt to write software sothat this operatesin your
favour. Always considerpotential over- o w and under- o w conditions and take them into accourt.

Never compare oating point or double variables for equivalence
if (x==value}...}
As numerical in-precision will probably ensureunreliable testing.

Watch out for pointer comparision of char strings as an incorrect substitute for stremp().

2.5 Header Files and General Tips

Always remenber to include the \math.h" le at the top of any C le which includes transendertal
functions (sin, cos, sqrt etc.). Otherwise the compiler will (rather uselessly)assumethat these return
integers.

Try to avoid multiple level header les, they make software interpretation di cult.
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When modifying library .c les, do not attempt to re-de ne functions away from the le they were
originally de ned in. Most C compilersand linkerswill complain about this. If you must create a new .c
le then changethe function name.

Most linkers ched that function prototypesagreewith the function call, but do not ched the function
declaration itself 3. All function prototypesfor functions within a c le (mycode.c) should be placed in
a header le (mycode.h) which should be included at the top of the ¢ le. The compiler will then ched
that the function prototypesare consistert with the function de nition.

2.6 Optimisation and Accuracy

Don't set software optimisation as a goal too early in software developmert, instead implement simple
slow techniqueswhich are easyto ched (and understand) and only develop complicated (fast) approaches
when you have an answer against which to compareit. A good exampleis writing di erential functions
for minimisation routines, which are very dicult to write correctly the rst time due to mathematical
complexity, they should be compared against methods basedon nite di erences.

Sincethe advent of oating point co-processorsnteger arithmetic is now actually slower on most machines
than oating point!

CondensedC sourcecode doesnot run any faster onceit is compiled, it's just harder to read.

Good algorithms should be boundedby statistical rather than numerical stability. It is therefore generally
a good idea to perform all intermediate calculations in double precision but it is generally su cien t to
represen all input and output data as oating point.

Watch out for bad random number generators, they will produce peculiar systematic e ects in Monte-
Carlo studies.

2.7 Macro De nitions
Do not embed double, oat or int cortrol varibles directly in software eg:
my_func(array, vectory, 0.0001);

Declare such variable at the top of the C function or le asa macro de nition together with a commert
explaining how (or at least who) de ned the variable.

Do not include complicated macro de nitions in software which is still to be debuggedas debuggers
cannot expand macro's in order to show you where the problem lies.

2.8 Data Input/Output

Simple data sets should be output from programs as ASCII and not in machine binary format unless
strictly necessary ASCII les are generally human readableand make it far easierfor you and others to
interpret the output of a program. In binary format it becomesnecessaryto write a speci ¢ binary le

readerin order to accesghe data. Lossof precision during ASCII corversionis generally not a problem
but should be expected.

3A bit of a waste of time if this was the reasonyou switched from K and R to ANSI
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Chapter 3

Getting Started

3.1 Overview of Tina

Tina provides a hierarchy of image processing,display and interactive manipulation modules speci cally
designedfor the recovery and represenation of the 2D and 3D geometrical primitiv es required for the
developmert and evaluation of computer vision systems. Beneaththis is an extensive mathematics library
for the manipulation of image and geometric data structures.

Clearly, graphical interaction is an important componert in the rapid developmen of vision software and
reuseof previously developed algorithms is crucial in the evaluation and developmert of new techniques.
For this reason,care has beentaken to separatefunctions into two libraries (tina-to ols and tina-libs) of
3 basictypes.

Window System Speci ¢ Graphics (tina-to ols)

Window System Independert Graphics (tina-to ols)

No Graphics at all (tina-libs)
The hierarchy is actually in a di erent order, asfollows:

1. window systemindependen

(&) Tw User Interface Tools
(b) Tv Interactive Graphics
(c) Tina Infrastructure

2. window system speci ¢

(&) Tw tool widget wrappers
(b) Tvto ol graphics wrappers
3. graphicsindependart
(a) File i/o
(b) Image/geometry processinglibraries
(c) Supporting maths libraries
(d) Basic systemlibraries (eg: lists and memory allocation)
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such that high level tools can be written in a way that the specic (window system specic) widgets
and graphics libraries can be interchanged. The intention here is to minimise reliance on any one win-
dowing system. Isolating window system speci ¢ code allows rapid reimplemertation with di erent user
interface. This should also simplify the developmert of versionsof Tina for various di erent window
systems,and allow rapid migration to new windowing ervironments as existing onesinevitably become
outdated. This is particularly important for low level graphical display where the cost of cornversion is
very high. The Tvto ol (Tina View Tool) device allows the concertration of all window system speci ¢
graphics into a few hundred lines of code ("screen" functions). Similarly the Tw (TinaWindo ws) tool
prototyping libraries provide a generic subset of standard interactive tools with appropriate callback
functions. Equally important, ensuring that all the low level software libraries (where all the real work
is done) call no graphics routines at all, allows applications to be written that have no requiremert for
interactive graphical displays.

The consequenceof these decisionsis that we can provide only a subset of the functionality available
within any one window system such that it can be implimented (and maintained) in all others. This
combined with the needto be able to geneatelargely equivalent interfaces acrossplatforms results in
a relatively simplistic interface design which does not necessarilyexploit all of the available ergonomic
features and doesnot have the slicknessof commercial packages.

The Tina Application Program refersto the top level tinaT ool program usually called tinaT ool.c. This
is a user re nable version of a standard tinaT ool interface. It is responsible for handling command line
argumerts (for example in X based systemsit passeson the standard X argumerts), generating new
Tvto ol display tools, displaying diagnostics, instantiating other Tina Interface Tools (seethe tinaT ool
user guide for more details of the functionality of the tinaT ool program and other modulesin the Tina
interface). The user may, if so desired, create a completely di erent top level program and still utilise
other aspects of the Tina system. The TinaWindows tool prototyping libraries have been designedto
make such a processrapid. The resulting tools don't always look elegart 1. but they provide the required
level of functionality for a minimum of programming e ort, and of course anyone who really wants a
pretty interface can always call the relavant system graphics routines directly if he wishes(if they really
want to spend time reading graphics display manuals and shu ing buttons around).

The Tina Interface Tools are responsiblefor managingresourcedn the Tina Infrastructure and cortrolling

the application of various Tina processingmodules. The interface tools are responsiblefor handling input

from the keyboard and the mouseas well as directing graphicsto Tvto ol display devicesand handling
input from them. Separatingthe interfacetoolsfrom the infrastructure hasthe e ect of making simpleand
obvious the available resourcesand mimising dependenceupon the graphical userinterface. It is possible,
for instance,to developa commandline drivenversionof tinaT ool that utilised the infrastructure modules
in the absenceof the interface modules (seethe Tcl libraries).

The infrastructure makes available a number of cliche resourcesand some high level routines for act-
ing upon them (seethe chapter on Programmer Graphics Support, below). For example the module
"left" makesavailable routines for handling images,edges,poly strings, camerageometry and Tv virtual

graphic output devices. The module "left" (in conjunction with the module right) is intended for use
by applications performing various forms of stereo matching. This is not to say that other applications
could not usedi erent images/edges/etcfor stereomatching and display them on di erent Tv's. In short
infrastructure moduleslike "left" are provided for convenience.

The application program and graphics are but the tip of the iceberg, over 70% of the Tina exists at or
below the image/geometry processindibrary level. This codeis generic,independert of the userinterface,
and to a large extent reusableby the application programmer. The contents of the Tina libraries for
image processing,model matching, maths and underlying list and image manipulations, etc, can be found
in the Tina system documertation chapters. A fuller description of how to program with the Tv and
Tvto ol can be found in the chapter on Tina View programming .

1We hope that serious researters will judge the software based upon its contents, in particular the rather
unique combination of integrated vision algorithms, rather than what it looks like.
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Functions | De nitions Prototypes Library Archive
system tina/sys/sysDef.h tina/sys/sysPro.h [tinaSys

maths tina/math/mathDef.h tina/math/mathPro.h [tinaMath

image tina/image/imgDef.h tina/image/imgPro.h ltinalmage
geometry | tina/geometry/geomDef.h tina/geometry/geomPro.h [tinaGeom
vision tina/vision/visDef.h tina/vision/visPro.h [tinaVision
medical tina/medical/medDef.h tina/medical/medPro.h ltinaMedical

le tina/ le/ leDef.h tina/ le/ lePro.h ItinaFile

tools tinato ol/tlbase/tibaseDef.h tinato ol/tlbase/tlbasePro.h Itinato olTIBase
draw tinato ol/dra w/dra wDef.h tinato ol/draw/dra wPro.h [tinato olDraw
tw wdgts | tinato ol/wdgts/wdgtsDef.h tinato ol/wdgts/wdgtsPro.h Itinato olWdgts
X wdgts tinato ol/wdgts/ X /wdgts _X Def.h | tinato ol/wdgts/ X /wdgts X Pro.h | ltinato olWdgtsX
X graphics | tinato ol/gphx/ X /gphx _X Def.h tinato ol/gphx/ X /gphx X Pro.h Itinato olGphxX

3.2 Tina Libraries, Source Code and Include Files

The Tina library structure and include les re ect the hierarchy described in the previous section. For
ead layer there exist a corresponding library archive, a data structures, data typesand macro de nitions
header le, and function de nitions header le. Furthermore the source code for the libraries is also
arrangedto re ect this structure, in that ead level in the hierarchy is a sub-directory of either the tina or
tinato ol src directories. Further sub-directories, below this level, re ect further degreesof specialisation,
which is re ected by the availability of more speci ¢ de nition header les (with namesthat mirror the
directory structure). For simplicity, in generalthe application programmer needonly concernthemselhes
with the top level include les (theserecursively include the rest).

The naming convertions are as de ned in the table above, where X allows for window system speci c
variation. For instancefor the Xview version substitute "xv", while for motif "xm" and Gtk, Gdk "gtk",
Ilgdkll.

The order of includes and/or the linking of libraries must conform to the hierarchy as speci ed in the
table. That is the full list of includeswould needto look like

#include <tina/sys/sysPro. h>

#include <tina/sys/sysDef. h>

#include <tina/math/mathDe f. h>
#include <tina/math/mathPr o. h>
#include <tina/image/imgDe f. h>
#include <tina/image/img_E MIef. h>
#include <tinaffile/fileDe f. h>
#include <tinaffile/filePr 0. h>

#include <tina/geometry/ge onbDef.h >
#include <tina/geometry/ge onfro.h >
#include <tina/vision/visD ef .h>
#include <tinalvision/visP ro.h>
#include <tinatool/wdgts/w  dgtsDef.h>
#include <tinatool/wdgts/w  dgtsPro.h>
#include <tinatool/draw/dr  awDef.h >
#include <tinatool/draw/dr  awPro.h>
#include <tinatool/tlbase/ tl baselef. h>
#include <tinatool/tlbase/ tl basePro. h>
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although of courseit should never be necessaryto do so.
And the library load (for Xv) would be:

-ltinatool TIMed -ltinatoolTlvisio n -ltinatoolTIBas e -ltinatoolDraw
-ltinatoolWdgtsX v -ltinatoolGphxX 11 -ltinaMedical  -ltinaVision -Itinalmage
-ltinaFile -ltinaGeom -ItinaMath  -ItinaSys

quite a mouthful asthey are all required to compile a usefulapplication program (plus extra system, user
interface, and graphics libraries).

3.3 Starting to Program

Having installed the tina-libs and tina-tools libraries, the easiestway to get familiar with Tina is by

downaloding seweral of the demonstrations and following the instructions. This will give you an idea of

what is possible. The User's Guide (Tina memo 2005-002)explains most of the algorithms and projects

which have already been undertaken. All of the integrated source code for these projects is available,

together with algorithmic documertation and test data sets. This body of work represerts well in excess
of 50 man years of co-ordinated developmen basedupon a statistical approac to system construction

(seeTina memo 2001-007).

Most project directories contain a standard Mak e le and top level C les for executable construction.
The standard tinaT ool download also contains additional material and instructions in order to get you
started. Your personalisedexecutablecan be built simply by typing “make' in the tinaT ool directory, pro-
vided that the appropriate systemervironment variables have beenset up as speci ed in the installation
instructions sothat the appropriate libraries and header les are correclty identi ed.

Keep your software up to date with the latest revision of the libraries (for example using cvs update).
When your project is nished it will then be a simple matter to include generally useful elemeris of the
software in the libraries. Software which is not directly included in the libraries should be kept in a
project directory with a README le and a test data set for future extensionand testing. This is the
medhanism by which most of the libraries have been developed and maintained.

To aid the identi cation and location of functions a number of code browsersare provided on our web
pages.If you needa local version you may wish to build your own (seeTina memo 2005-003).

3.3.1 Linking Your Own Code

A basic skeleton windows interface is provided written using tw_windows. This is called skeleton.c and
included in the provided Make le with the line

OFILES= skeleton.o

Your own routines can be immediately added by re-writing the example algorithms provided. Do not
waste time trying to understand the user interface wrappers and graphics. The whole point of Tina is
that you don't needto do this. Concertrate instead on the processof code modi cation, debugging(eg:
using DDD) and location of algorithmic sourcesin the library. Once you are familiar with this process
you may wish to extend your scope and try adding your own les or modifying library routines.

When writing a new routine it is recommendedthat you start by copying an existing function from the
library and using it as a template (SeeTina memo 2005-004,the Programmer Reference,for a quick
overview of functions). For example,if you wish to write a simple image processingroutine you may wish
to start by looking at imf_add(). Suitable templates can often be located by chasing down through the
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function calls in the userinterface. Simply add the new fucntion in the same le asthe chosentemplate
until you have a better idea of what the completed function will look like and what header les you
need. Tina software contains useful approachesto memory managemen and data processingand as the
software has already been debugged,you will be lesslikely to forget to do things (such as testing the
validity of input data and freeingup memory). You won't nd out about theseor the other functionality
of the libraries unlessyou look.

You can modify any of the software already in the libraries simply by copying the C le (and if needed
the accomparying .h le) to your project directory and including the object le in the Make le. To do
this you will needto include the object le (eg: imgPrc_add.o) in the list of OFILES specied in the
Make le.

OFILES= skeleton.o imgPrc_add.o

This le, when compiled and linked, will supercedethe library version.

Once a function has beenwritten you may wish to separateit into a new le. This will require you to
duplicate the structure of the original le (including headers),and at this point you should also generate
a .h le for the function prototypesin the new le. To compile with your own les simply include your
sourcecode lename in the Make le provided.

OFILES= skeleton.o yourownprog.o imgPrc_add.o

3.3.2 Mo difying Header Files

If you needto modify header les copy the headerto the project directory and run the inctw script
provided. This will produce a hierachal set of directories which mimic the library structure with a soft
link to any headerin your working directory which is alsofound in the library. Any modi cations to this

le will automatically getincluded in your compiled code. Note however, modi cations to structures will
not apply to .0 les which have not beenrecompiled by your Make le (ie: those still in the library).

3.3.3 Incorp oration of Tina Sub-T ools
The default tinaT ool.c doesnot contain every possiblesub-tool and at somepoint you may wish to get

accesdgo additional ones. This canbe doneby duplicating the processalready usedfor all other sub-tools,
de ne a button in the \main" tool de nition at the bottom of the le, eg:

tw_button("Rawl nput" , raw_input_tool_ proc, NULL);
and provide the wrapper for the tool call at the top of the le, eg:

static  void raw_input_tool_pr oc(void)

{
}

raw_input_tool( 50, 50);

Now rebuild the executable,the new button (in this case"Rawlnput”) should now be visible in the main
tool, executing the function raw.input_tool() from the library when pressed.
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3.3.4 Putting Software Back into the Library

Modifying the libraries carries with it somelevel of responsibility. It is generally expected that you will
not wish to do this until you have quite a lot of experience(seeAppendix A). However, just as a guide
we will provide here a quick summary of what would be involved.

Putting modi cations to existing les badk into the library simply involvescopying them into the appro-
priate locations and recompiling the library. The main issueto be aware of is that you have not rede ned
the functions sothat they no-longerwork asintended in other parts of the library.

If youhavenewC les and headersthen you will needto make surethat these les usenaming cornvertions
which are appropriate to the part of the library you wish to placethem. Header les needto be indexed
usingthe le locations asthey will existin the library. All function calls needto usethe most appropriate
library routines, rather than any home grown onesthat you may have used during developmert (this
requires somefamiliarit y with the existing libraries asthere is no simple way of telling peoplewhat they
should have used). The last thing to do is to add the required software licence or copywrite, depending
upon the required level of protection.

Oncethe les have beenadded to the library you will needto update the CVS repository to maintain
them and also modify the library Make les to include them. All modi cations should be stored in the
appropriate library ChangelLog and then the whole lot committed bad to the CVS repository. Finally,
the repository should be chedked out (from scratch), in order to test the build processand the new
functions tested on example data.
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Chapter 4

Programmer Graphics Supp ort

4.1 Intro duction

Much of the value of the Tina system comesfrom the ability to reuseexisting data display and manip-
ulation routines that are already supported by the software infrastructure. The user programmers can
thus spend most of their time deweloping algorithms rather than having to develop windows interfaces.
Seweral globally accessablalata structures exist in Tina which can be manipulated by the infrastructure
sub-tools.

A substartial part of algorithmic developmert and evaluation involvesthe generationof data distributions.

To faclilitate this processunder Tina there are two levels of graph and histogramming analysis support.

The rst is a graphics independart library of histogram manipulation routines which can be used to
provide le basedoutput on platforms without graphical userinterfaces. These can be usedto generate
ASCI data or text les of the histogram data and derived quartities. The other is a set of graphical plot

and histogram display facilities.

4.2 Infrastructure  Graphics

Theseare;

stack . List data structure visualised in the imcalc Tv

left image : Imrect data structure visualised in the left Tv

left edges "

left geometry : List of geometrical features visualised in the left Tv
right image . Imrect data structure visualised in the right Tv

right edges "

right geometry : List of geometrical features visualised in the right Tv
threed geometry : List of geometrical features visualised in the threed Tv
The routines for accessingand manipulating the stack are as follows:

void stack push(void *val, int type, void (*freefunc) ( ))

void *stack_pop(int  *type)

void stack flip(void)

22



void stack clear(void )

Routines for accesingthe other data structures atr as follows:
void left_image_set(l mrect * im)

void mono_image_set(Imrect * im)

void right_image_set( Imrect * im)

void left_edges_set(l mrect * er)

void mono_edges_set(Imrect * er)

void right_edges_set( Imrect * er)

List *left_geom_get(v oid)

List *mono_geom_get(wid )

List *right_geom_get( voi d)

List *threed_geom_get (void )

void mono_geom_set(list * geom)
void left_ geom_set(L ist * geom)
void right geom_set( List * geom)
void threed_geom_set(Li st * newgeom)

The programmer can thus obtain and modify these stanadrd structures and benet directly from the
existing user interface. For the more ambitious programmer accessto the sub-tool Tv's can be gained
via the following functions:

Tv *imcalc_tv_get(v oi d)

Tv *imcal2_tv_get(v oid)

Tv *imcalc_graph_tv _get(void)
Tv *imcmem_tv_get(v oi d)

Tv *mono_tv_get(voi d)

Tv *left_tv_get(voi d)

Tv *right_tv_get(vo id)

Tv *threed_tv_get(v oid)
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4.3 Histogramming, Storage and Output
The following routines exist for 1D and 2D histogram allocation and for resetting erntries.

shistogram *hbook1(int id, char *title,float xmin,float  xmax,int xbins)

shistogram *hbook2(int id,char *title,float xmin,float xmax,int xbins,
float ymin,float ymax,int ybins)
void hreset(shistogra m*ph)

The data structure shistogram hasthe following structure

typedef struct shistogram
{
Ts_id;
int id;
char *title;
int type;
double (*super)(int, double*, float);
double *par;
int npar;
float xmin;
float xmax;
float ymin;
float ymax;
double mean;
double mean2;
int  xbins;
int ybins;
float xincr;
float vyincr;
int entries;
float contents;
float under;

float over;
float above;
float below;

float **array;

} shistogram;

The following routines exist for lling of 1D and 2D histograms.
float hfilll(shistogr am*ph,float x(float w)

float hfill2(shistogr am*ph,float x,(float vy,float w)

Where x y w are the ordinates and entry weights respectively and the returned value is the current
contents of the selectedbin.

The following routines exist for histogram output
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void hprint(FILE *fp,shistogram  *ph)
void hpxprint(FILE *fp, shistogram *ph)
void hpyprint(FILE *fp, shistogram *ph)
void histdo(FILE *fp)

void hstore(FILE *fp,shistogram  *ph)
void hfetch(FILE *fp)

void hsuper(shistogra m*ph,int n,double (*func)(int, double*, float),double *a)

Standard 1D histogram output (with superimposed t) looks like the following:

hid O left stereo

0.00  XXXXXXX*

1.00  XXXXXXX*

2.00 XXXXXXX *

3.00  XXXXXXXXX*

4.00  XXXXXXXXXXX*

5.00  XXXXXXXXXXXXX*

6.00  XXXXXXXXXXXXXXX *

7.00  XXXXXXXXXXXXXXX XX*

8.00  XXXXXXXXXXXXXXX XXXX*

9.00  XXXXXXXXXXXXXXX XXXXXX*

10.00  XXXXXXXXXXXXXXX XXXXXXXX*
11.00 XXXXXXXXXXXXXXX XXXXXXXXXX*
12.00  XXXXXXXXXXXXXXX XXXXXXXXXXX*
13.00  XXXXXXXXXXXXXXX XXXXXXXXXXXXX*
14.00  XXXXXXXXXXXXXXX XXXXXXXXXXXXX*

entries 15 contents 528.049 underflows 0.000 overflows 0.000
meanvalue 9.368 variance(**0.5 ) 3.908 scale factor 2.000

Standard 2D histogram output looks like the following:

h id 25 KNNclassification matrix

14.00 114 3 5 D
13.00 8 1 1 1 2F
12.00 2 2 1 1C11
11.00

10.00

9.00 1 9

8.00

7.00 1

6.00 2 4 1
5.00

4.00 3A 1 1 22
3.00 1
2.00

1.00 1 3
000 A1l12 1 21

Key: <1.0, A<150, B<20.0, C<30.0, D<45.0,
E<65.0 F<100.0, G<150.0, H<200.0, *<Infty.

entries 224 contents 224.00

under 0.00 over 0.00 above 0.00 below 0.00

4.4 Histogram Manipulation

In addition to the basic histogram generation and printing options some useful manipulation routines
are also provided for diagonal summation, forward and badkwards integration, smoothing, tting and t
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parameter covariance estimation.
double hdiag(shistogram *ph)
void hintegf(shistogr  am*ph)
void hintegb(shistogr am*ph)
void hsmoof(shistogra m*ph)

void hfit(FILE  *fp,shistogram  *ph,int n,double *a,double *w,
double (*fitfunc)(int, double * float),
double (*derfunc)(doubl e *float,int),
double (*errfunc)(shist ogram* float))

double **herror_analysi s(FIL E *fp,shistogram  *ph,int n,double *a,
double (*fitfunc)(int, double * float),
double (*derfunc)(doubl e *float,int),
double(*errfunc) (s his to gram*,float),
int exclude)

void hfit_gauss(FILE *fp,shistogram  *ph)

4.5 Graph Plotting

The Tina system supports graphical display of data under a reduced version of the TvT ool structure.
Display of data on this deviceis supported from the function plot(int casef lag; :::) which takesa variable
argumert list of ags followed by assiated data. These ags comprise:

Control Flag  Prameters Description

PL_INIT No params. . initialise graphics
PL_FREE No params. : free graphics structures
PL_TV Tv *tv : set up display Tv
PL_COLOR int color . plot colour
PL_AXIS_COLOR nt color : axis colour

PL_STYLE int style . plot style

PL TITLE char *title . title

PL_LEGEND char *legend . legend

PL_AXES Bool set . set both axes

PL_TICS Bool set . display with axis ticks
PL_TEXT Bool set . overlay text string
PL_ X AXIS Bool set . set x axis

PL_X_TICS Bool set : display with x axis ticks
PL X TEXT Bool set . X axis text

PL_X_RANGE double xmin
double xmax

double xinc : X range
PL_Y_ AXIS Bool set : set y axis
PL_Y_TICS Bool set : display with y axis ticks
PL_Y_TEXT Bool set ©y axis text

PL_Y_RANGE  double ymin
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double ymax

double yinc
PL_XFORMAT  char *fm
PL_YFORMAT char *fm
PL_GRAPH_DATANt n
float *z
PL_SCATTER_DAIRA n
float *x
float *y
PL_GRAPH_FUNGNt n
double a
double b

double (*f) ()
PL_HIST_RANGE double zmin
double zmax
double zinc
PL_HIST DATA int n
float *z
PL_CUMHIST _DAWA n
float *z
PL_CTR_RANGE double cmin
double cmax
double cin
PL_CTR_DATA int nx
float *x
int ny
float *y
float **z
PL_CTR_FUNC int nx
double ax
double bx
int ny
double ay
double by
double (*f) ()

PL_PLOT No params.

.y range
. set x axis display format
. set y axis display format

data as a graph

data as a scatter plot

data from a function

: set histogram range

data as a histogram

data as a cumulative histogram

. set contour plot range

data as a contour surface

data as a contour function
execute plotting

This functionalit y can easily be controlled using the data storedin the histogramming structures. Typical
use of this display software would look something like the following example,taken from the Calib T ool.

static  Tv *graph_tv = NULL;
static double accuracy = 1.0;

static void graph_tool_proc( voi d)

{

extern void *display_tool();

graph_tool = (void *) display_tool(100,

graph_tv = tv_create("graph ") ;
tv_install(graph_  tv, graph_tool);

200, 400, 256);
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static void epierr_proc(void )

{

double *epi_err;

float Ix[512];

int i, n_data = 1024,
Vec2 *leftpix_get();

Vec2 *rightpix_get();

if (leftcam == NULL|| rightcam == NULL)
return;

if (graph_tool == NULL)

{

error("no  graph tv_screen", warning);

return;
}
tv_erase(graph_tv );
epi_err = (double *) ralloc(sizeof(d ouble) * (unsigned int) n_data);
(void) triv_camerror(&n_ data, epi_err, leftcam, rightcam,

world3d, leftpix_get, rightpix_get, accuracy);

if (n_data == 1024)
{

}

for (i =1, i <n_data; i +=2)

format("warning only 512 data points displayed\n™);

IXi [/ 2] = (float) epi_errfi];
if (x[i [/ 2] >=3.0 * accuracy)

IXi [/ 2] = 3.0 * accuracy;
if (x[i [/ 2] <-3.0 * accuracy)
IXi [/ 2] =-3.0 * accuracy;
}
n_data /= 2;
plot(PL_INIT,

PL_TV, graph_tv,

PL_AXIS_COLORlack,

PL_TITLE, "epi-polar  error",

PL_HIST_RANGE3.0*accuracy, 3.0*accuracy, 3.0*accuracy / 30.0,

PL_COLORIed,
PL_HIST_DATAn_data, Ix,

PL_PLOT,
NULL);

rfree((void  *) epi_err);
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Chapter 5

Examples from Edge Tool

To illustrate the designof the userinterface modules and their interaction with infrastructure and Tina
libraries the remainer of this chapter describes elemers of the edge to ol usedto perform monocular
and binocular edgeand feature recovery in 2D and 3D. This text assumeghat the readeris familiar with
the use of this tool (seeuserguide, Tina memo 2005-002 for details).

A full listing of the edgetool code is given at the end of this chapter. The Edge Geom Tool module
has the following form

#include les .

static parameter variables.

extern parameter accesdunctions .

static callbadk functions .

static mouseand pick callback functions .

static parameter dialog tools .

extern edgetool

Note that to encouragegood designonly the Edge Geom Tool and parameter accesgunctions (of which
there is only one) are available externally from the Edge Geom Tool module.

The Edge Geom Tool hasthe following design

void edge_tool(int x, int y)

{
static void *tool = NULL;
if (tool)
{

tw_show_tool(tool );
return;

}
tool = tw _tool("Edge Tool", X, V);
tw_menubar("Pick" ,. ...

tw_choice("Image Select:", update_pcam, NULL);
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tw_button("new pcam",.....

tw_button("Edge Params", edge_param_dialog, NULL);

tw_end_tool();

}

If the tool has beencalled beforeit is simply reshowvn otherwise it is created. The Edge Geom Tool
has 4 parts: menubars for mouseselectionfor the various Tv devicesassaiated with it (ie. mono, left,
right and threed); choice lists for "mode of operation” selections;buttons to perform edge, stereo, and
description operations; buttons to instantiate dialog boxesto manageparametersof the module.

The tool has2 basicmodesof operation, either mono or stereo. Furthermore the method usedin polygonal
approximation can also be selected.

5.0.1 Canny Callbac k

The basic canny callback procedureis argumert free and is as follows

static int stereo_images;

static void canny_proc()

{
if (stereo_images)
stereo_canny_proc () ;
else
mono_canny_proc():
}

The variable stereo _images is usedto selectthe appropriate Tina interface module procedure. We shall
considerthe caseof monocular image processing

static void mono_canny_proc(voi d)

{
Tv *tv,
Imrect *im;
tv. = mono_tv_get();
im = mono_image_get();
if (tv !'= NULL&&tv->tv_screen != NULL) [* get roi from tv */
im = im_subim(im, tv_get_im_roi(tv) );
mono_edges_set(canny(i m, sigma, precision, low_edge_thres,
up_edge_thres, len_thres));
if (tv !'= NULL&&tv->tv_screen != NULL)
im_free(im);
tv_edges_conn(tv, mono_edges_get());
tv_flush(tv);
mono_geom_set((List *) NULL); /* now out of date */
}

This function involvesa call to the canny function (residert in -ltina library) on the current mono image
and display (volatile) on the current mono tv (if any). As well asidentifying edgesthe canny function
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also determinesputativ e connectivity and forms a list of edgestrings which is stored on the property list
of the resulting imrect. The region of interest of the monotv (if in use)is usedto de ne the imageregion
to be processed.The display function tv _edges_conn usesthe connectivity of an edgeto determine the
colour of the pixel.

5.0.2 Geom2 Callbac k

The basic geomcallbadk is argument free and is as follows

static int stereo_images;

static void geom?2_proc(void)

{
if (stereo_images)
stereo_geom2_proc();
else
mono_geomz2_pradg;
}

The variable stereo _images is usedto selectthe appropriate Tina interface module procedures. We
shall considerthe caseof monocular image processing

static int linear_approx;

static void mono_geom2_proo(oi d)

{

Imrect ‘*er;

Tv *tv;

List *strings;

double low_th, up_th;

if ((er = mono_edges_get()) == NULL)
return;

low_th = low_fit_thres;
up_th = up_fit_thres;

strings = (List *) prop_get(er->prop s, STRING);

switch (approx_type)

{
case POLY_PROX:
strings = poly_strings(st  rin gs, low_th);
break;
case LINEAR_PROX:
strings = linear_strings(  str ings, low_th);
break;
case CONIC_PROX:
conic_filter_se  t(c onic_ bckf) ; [* set bias corrected filter */
strings = conic_strings(s tri ngs, 12, low_th, up_th, max_div);
break;

case LINEAR_CONIC_PROX
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conic_filter_se  t(c onic_bckf) ; /* set bias corrected filter */

strings = linear_strings(  str ings, low_th);
poly strings_fi  nd_conic s(str ings, sample, low_th, up_th, max_div);
break;
}
if (options & JOIN)
strings = conic_join(stri ngs, er->region, conf_thres,

low_th, up_th, max_div);

mono_geom_set(strin gs) ;

tv. = mono_tv_get();

tv_repaint(tv);

reclist_list_draw (t v, strings, NULL, geom_col_draw, NULL);

First the list of edgestrings are recovered from the property list of the mono edgesimrect (also called
an edgerect) using the type de nition ER _STRINGS (EdgeRect STRINGS). These usethe standard
Tstring (Tina string) data structures to index connected edges. The list of Line2 strings produced
by either linear _strings , poly _strings or conic _strings re ect the structure of the original list of
edgestrings. Each poly string is recovered from a separateedgestring and the order of Line2 elemeris
(possibly a singleton) along the string re ects the order of edgesalong the original string.

Note that on completion ead Line2 elemen hason its property list, indexed by the de nition STRING,
an index into the edgesub string to which it corresponds.

The new list data structure is nally registeredin the mono geometry global variable for external access
by other tool utilities with mono _geom _set.

5.0.3 Recti cation

The rectify callbadk function hasthe following form

Static void rectify_edges_pr oc(void)
{

Imrect *left_er;

Imrect *right_er;

Camera*lcam;

Camera*rcam;

Parcam *pcam;

Vec2 cleft = {Vec2 id};

Vec2 cright = {Vec2_id};

if (Istereo_images)

{ error("edge tool: not in stereo mode", warning);
return;

}

if (edges_rectified == true)

{ error("edge tool: edges already rectified", warning);
return;

}
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left er = left_edges get();
right er = right_edges_get( );
Icam = left_camera();

rcam = right_camera();

if (left_er == NULL|| right_er == NULL)
{
error("'no  edges", warning);
return;
}
if (lcam == NULL|| rcam == NULL)
{

error("'no camera data", warning);
return;

update_pcam();
pcam= pcam_get();
(void) ralloc_start bloc  ked(bloc k_la bel);
er_apply to_all e dges(left er, edge save pos pop, (void *) IMPOS);
er_apply_to_all_e dges(ri ght_er, edge_save_pos_prop, (void *) IMPOS);
if (lcam->correct_f unc != NULL)
er_correct(left  _er, Icam);
if (rcam->correct_f unc != NULL)
er_correct(righ t er, rcam);
er_rectify(left_e r, pcam->rectl);

er_rectify(right_ er, pcam->rect?);

(void) ralloc_end_blocke d() ;

cleft = rectify_pos(pcam ->r ectl, vec2(lcam->cx, Icam->cy));
cright = rectify_pos(pca m->ect2, vec2(rcam->cx, rcam->cy));
Disp = vec2_x(cright) - vec2_x(cleft);

edges_rectified = true;

After obtaining the required pointers to global data structures the existence of left and right edges
and camerasis veried. A new parallel camera geometry derived from left and right camerasusing
up date _pcam() and pcam = pcam _get() . Then beginsthe processof recti cation. First the current
edgelocation is saved on the property list of the edge(useful for display purposes)usingthe typede nition
IMPOS (IMage POSition) by applying the funtion edge _save_pos_prop() to all edgesin the left and
right imrects using er _apply _to _all _edges() . The function er _rectify appliesthe recti cation matrix
(projective transform) to all edgesof the edgerectand changestheir type to indicate recti ed locations.
Finally the grossdisparity that results from recti cation of the left and right image certres is computed
and savedin Disp. This valueis usedin conjunction with disparity rangessupplied by the userto provide
initial rangesof disparity To the stereoprocess.

The processof derecti cation is similar to recti cation exceptthat rectied edgelocations are not saved,
and the function er _derectify is usedto perform the recti cation process.This isidentical to er _rectify
except for the e ect on the recti cation component of the type eld of the edges.
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App endix A

TINA Development Strategy

Tina is deweloped during the course of seweral concurrert researt programmesand is never ertirely
static, though the majority of changesto existing routines are generally minor.

Each researder is provided with a project directory in which they can compile their own version of a
Tina utilit y (eg: Tinato ol) including their own sourcecode and any of the library sourcesthey wish to
modify.

Upon completion of the project and sucessfulpublication, the software is installed in a project area
alongsidethe Tina src directory together with example data sets and an appropriate README. This
software is then evaluated and any parts which can be replaced by existing Tina routines are replaced.
The remaining software is tidied and functions re-namedto match the Tina naming corventions.

Any functions deemedto be of genericvalue are included in Tina src directories in the appropriate place.
Functions may be included later if a needarisesfor them on another project.

Onceincluded in the main library, software is distributed as copy-left open sourcevia our WWW pages
for the scrutiny and use of others.

The key stepswhich make this processe cien t and managablein a large researd group are;

Unrestricted accessy programmersto sourcecode.

Transparert programming.

The freedomto evaluate the e ect of any modi cation.

Regular testing on example data sets.

Keeping to the de ned Tina library structure.

The inclusion of new routines only on the basis of proven need.

Modi cation of the library only by a limited number of experiencedprogrammers.

All software bugsare xed immediately they are understood.

As a consequenceany researter can cortribute to the library if they dewelop something of value and
are of coursefree to take it with them when they leave (though not for commercial gain).
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