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Abstract
The ReadingPeopleTracker has beenmaintained at the Department's
Computational Vision Group for the past 3 years. During this time,
it has undergonemajor changes. The software has been completely
restructured, adapted for multiple camerasand multiple trackers per
camera,and integratedinto the automatedsurveillancesystemADVISOR.
Part of this processhas been the creation of extensive documentation
from the sourcecode, of which this manual is the most important part.
The manual is mostly written for programmersand covers a range of
issues,from architectural descriptionsup to detailed documentation on
the software processnow to be followed for all maintenancework on the
tracker.
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1 In tro duction

This document gives an overview of the Reading PeopleTracker in the Computa-
tional Vision Group, Department of Computer Science,at the University of Reading.
The aim of this documentation is to provide information in order to help future de-
velopment of the PeopleTracker. Most of the material presented in this sectionand
section2 was taken from [1].

1.1 History

The original People Tracker was written by Adam Baumberg at the University of
Leeds in 1993{1995using C++running under IRIX on an sgi computer. It was a
research and development systemwithin the VIEWS project and a proof of concept
for a PhD thesis [2]. The main focus during development was on functionality and
experimental features which represented the state-of-the-art in people tracking at
that time. Only a few software designtechniqueswere deployed during the initial
code development. The only documentation generatedwas a short manual on how
to write a program using the PeopleTracking module.

In 1995{1998the PeopleTracker was used in a collaboration between the Uni-
versities of Leedsand Reading in the IMV project. The software was changedat
the University of Reading to inter-operate with a vehicle tracker which ran on a
Sun/ Solaris platform [3]. Only little functionality was changedand addedduring
this time and no new documentation was created.

Starting in 2000, the People Tracker has been changed for its use within the
ADVISORsystem shown in Figure 8. This new application required a number of
major changeson di�erent levels.

1.2 The Need to Redesign the Code

The planned use of the People Tracker within the ADVISORSystem carried many
requirements that could not be met by the original implementation. Most of the
new requirements arosefrom the fact that the PeopleTracker would now have to be
part of an integrated system,while earlier it was standalone.The useof the People
Tracker within the ADVISORsystemalso meant moving it \from the lab to the real
world" which necessitatedmany changes. Figure 8 shows how the PeopleTracking
module is connectedto the other components of the ADVISORsystem.

The new requiremen ts for the PeopleTracker were:

� The PeopleTracker has to be fully integrated within the ADVISORsystem.

� It hasto run multiple trackers, for video input from multiple cameras(original
software: one tracker, onecamerainput).

� The ADVISORsystemrequiresthe PeopleTracker to operate in realtime. Previ-
ously, the PeopleTracker read video imagesfrom hard disk which meant there
were no realtime requirements.
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� Within ADVISOR, the PeopleTracker hasto run autonomouslyonceit hasbeen
set up, without requiring input from an operator and without the possibility
to write any messageto screenor display any image.

� The software hasto be ported from sgi to a standard PC running GNU/Linux
to make economicalsystemintegration feasible.

The statusof the existingPeopleTracker wasevaluatedin relation to the newrequire-
ments. It was observed that the systemhad signi�cant de�ciencieswhich hindered
the implementation of the required new functionality:

� The heavy useof global variablesand functions meant that multiple cameras
could not be used.

� Except a few pagesof operating manual, no other documentation was avail-
able. As a result, changing the software to add functionality, etc. required
disproportionate amount of e�ort.

� There were very little comments in the sourcecode which made it di�cult to
read and understand.

� The namesof someof the classesand methods were misleading.

In the years 2000 and 2001, the People Tracker was reverse-engineeredand re-
engineered.The aim of the reverseengineering/re-engineeringstep was:

� to understandthe program and the design,

� to �nd and correct design
a ws and

� to recover all the software engineeringartefacts like the requirements and the
designdocuments.

From the sourcecode, the classdiagramwasobtainedby usingthe tool Rational Rose
2000e[4]. The analysisof the classdiagram revealedthat many classnamesdid not
re
ect the inheritance hierarchy, a number of classeswere found to be redundant,
and many classeshad duplicated functionality. The following correctionalstepswere
performed:

� Redundant classeswere removed.

� Global variables and functions were eliminated and their functionality dis-
tributed into both existing and new classes. Exceptions were global helper
functions like min() , max() etc which were extracted and moved into oneC++
module.

� Many refactoring techniques[5] were applied, such as:
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{ Filtering out functionality duplicated in similar classesand moving it into
newly createdbaseclasses.

{ Re-distribution of functionality betweenclassesand logical modules.

{ Re-distribution of functionality betweenmethods.

� Consistent renamingof �le namesto re
ect classesde�ned in them.

� Meaningful nameswere given to classesand methods.

� The previousversionof the code contained many classimplementations in the
header�les; they were moved to the implementation (.cc ) �les.

� Assertions[6, chap. 6] were introducedat strategic points in the existing code
and in all of the new code.

� From both static analysis and dynamic analysis [7], a requirement document
and the UML artefacts like the Use Case,component, and package level se-
quencediagrams [8] were obtained. The UML diagrams have beenshown in
Figures3 through 7 respectively.

In the �nal step, the remaining part of the required new functionality was incorpo-
rated into the re-engineeredPeopleTracker. This includes the addition of separate
processingthreads for each video input, addressingthe synchronisation and tim-
ing requirements etc. A newly created master scheduler managesall processing,
in order to guarantee realtime performancewith multiple video inputs. This ver-
sion of the PeopleTracker incorporatesmost of the functionality neededfor its use
within ADVISORand improvements to the people tracking algorithms which make
it appropriate for the application [9]. The module has beenvalidated against test
data. Currently, the �nal stageof systemintegration is being undertaken, and this
document, togetherwith a UserManual to bewritten, completesthe documentation.

1.3 Con tributions

The following people have contributed to the Reading People Tracker up to the
current version1.12of the software (dated Mar 11 2002).

1. Design/ Coding

� Adam Baumberg (AMB), The University of Leeds.

� Nils T Siebel (NTS), The University of Reading.

� Tony Heap (AJH), The University of Leeds.

� Tom Grove (TDG), The University of Reading.

2. Coding

� Daniel PonsaMussarra(DPM), UniversidadAut�onomade Barcelona.
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� Philip Elliott (PTE), The University of Reading.

� R�emi Belin (RB), Universit�e de Toulon et du Var.

� Tugdual Le Bou�an t (TLB), The University of Reading.

3. Documentation

� Tugdual Le Bou�an t (TLB), The University of Reading

� Nils T Siebel (NTS), The University of Reading

� Daniel Rodr��guezGarc��a (DRG), The University of Reading

� StephenCook, The University of Reading

2 System Arc hitecture: Overview

2.1 Static Organisation

The static organisationdescribes the organisationof the di�erent parts of the code
such as libraries and the links between them. This organisation is important to
understandthe code architecture and the useof each library in the program.

2.1.1 Domain Mo del

The domain model, shown in Figure 1, is the representation of the libraries used
and developed for the ReadingPeopleTracker program. The yellow blocks represent
the parts which are libraries of our own sourcecode. The other parts are standard
libraries and include �les. This diagram shows the relationship betweeneach library,
the arrows meansthat the library pointed is usedby the the onewhich point: PCA
library will usesomefunction from the the matrix library.

� PCA: Principal Component Analysis and shape modelling, usedby the Active
Shape Tracker. PCA is usedto generatethe spaceof pedestrianoutlines from
training examples.

� matrix: library of tools for matrix calculations.

� data: set of standard data features(skeleton, pro�les, human features,etc).

� utils: this library is the variable con�guration manager.

� tracking: this library contains all the tracker, detector and cameraclasses.

� imgsrc: this library dealswith imagesformat and sources.

� xml: this library dealswith XML �les.
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Figure 1: Software Packagesof the PeopleTracker

2.1.2 Class Diagram

2.2 Dynamic Organisation

This sectiondescribesthe dynamic organisationof the ReadingPeopleTracker in 3
subsections:

� Use CaseModel: dealswith the actions performed by the system under the
actors' interactions. Who are the usersof the system(the actors), and what
are they trying to do?

� RobustnessDiagram: de�nes the types of object from the use casemodel.
What object are neededfor each usecase?

� SequenceDiagram: represents the object 
o w. How do the objects collaborate
within each usecase?

2.2.1 Use Case Figure 2: Standalone

Use Case Diagram

This usecaseshows the action sequencethat actors:

� Video Databaseand
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� Developer,

perform with the system in Standalonemode to achieve a particular goal which is
the result of the Track New PeoplePosition usecase.

Figure 2: UseCasesfor the PeopleTracker (in Standalone/Development Mode)

High Level Use Case

UseCase:DecompressJPEG Image.
Actor: Video Database,Internal Motion Detection, Track New PeoplePosition.
Description: JPEG imagesare decompressedform the databaseof imageswhich
will be used by the Motion Detection module and the Track New PeoplePosition
module. This will be replicated per each video sequencefrom each cameras.

UseCase: Internal Motion Detector.
Actor: JPEG imagedecompressed,Track New PeoplePosition.
Description: The motion detection is done using the di�erence of the image with
peoplemoving and the background image, this will be usedby the Track New Peo-
ple Position module to track the motion detected. This will be replicatedper camera.

UseCase:Determine Tracking Parameters.
Actor: Developer, Track New PeoplePosition.
Description: The developer enters somevariable con�guration neededby the system
to run, this will con�gure the variables for the Track New PeoplePosition module.
This is replicated per camerasand per tracker used.

UseCase:Predict Old PeoplePosition.
Actor: Track New PeoplePosition.
Description: On each frame processinga prediction is done on the next position of
a person tracked, this prediction is then checked and validate if correct. This will
be replicate per camera.
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UseCase:Track New PeoplePosition.
Actors: DecompressJPEG Image, Internal Motion Detector, Predict Old Object
Position, Determine Tracking Parametersand GenerateTracking Result.
Description: This the Central task of the system, it generatesthe result of the
tracking of a new person'sposition. Non replicated.

UseCase:FuseData from Cameras.
Actor: GenerateTracking Result.
Description: This usecaseshows that all the result of each camerasare fused and
sent to the GenerateTracking Resultsmodule. Non replicated.

UseCase:GenerateTracking output.
Actors: Track New People Position, Output Tracking Results to Screenand Fuse
Data from Cameras.
Description: Generatesthe Tracking result form all the cameras.Non replicated.

UseCase:Output Tracking Result to Screen.
Actor: GenerateTracking Result, Developer.
Description: This use casewill use the result generatedby the tacking to display
the result on screento the Developer. Non replicated.

2.2.2 Use Case Figure 3: AD VISOR

Use Case Diagram

this use caseis a sequenceof actions that the following actors perform with the
PeopleTracking subsystemof ADVISOR:

� the Video Capture Module (from Thales),

� the External Motion Detection Module (from INRIA) and

� the Behaviour Analysis Module (to INRIA),

The goal is to Track NewPeoplePosition with Video and Motion Detection asinputs
and the result as output sent to the Behaviour Analysis.
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Figure 3: UseCasesfor the PeopleTracker (as a Subsystemof ADVISOR)

High Level Use Case

UseCase:Decode Motion Detection Data
Actor: External Motion Detection Module, Track New PeoplePosition.
Description: Decode the XML data into data usablein the PeopleTracker program.
Replicatedper camera.

UseCase:Predict Old PeoplePosition.
Actor: Track New PeoplePosition.
Description: On each frame processinga prediction is done on the next position of
a peopletracked, this prediction is then checked and validate if correct. This will be
replicate per camera.

UseCase:Track New PeoplePosition.
Actors: Video Capture Module, Predict Old People Position and Decode Motion
Detection Data.
Description: This the Central task of the system, it generatesthe result of the
tracking of a new peopleposition. This will be replicated per camera.

UseCase:FuseData from Cameras.
Actor: GenerateTracking Results.
Description: This usecaseshows that all the result of each camerasare fused and
sent to the GenerateTracking Result module. Non replicated.

UseCase:GenerateTracking output.
Actors: Track New PeoplePosition, Encode Tracking Results into XML and Fuse
Data from Camerasoutputs.
Description: This use case generate the Tracking result form all the cameras.
Replicatedper camera.

UseCase:Encode Tracking Result into XML
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Actor: Behaviour Analysis Module, GenerateTracking Results
Description: Result generatedare encode into XML format to be transported via
Ethernet to an other module which will use theseresult to perform the behaviour
analysis.

2.2.3 Robustness Diagram

The RobustnessAnalysis involvesanalysingeach of the usecasesand identifying a
set of objects that will participate in the usecase,then classifyingthose into three
typesof objects:

� Boundary object, which actors usein communicating with the system.

� Entit y object, which represent a result and which will be used for external
tasks.

� Control objects, which is the action performedby the system.

Figure 4: StandaloneRobustnessDiagram

Figure 5: ADVISORRobustnessDiagram
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2.2.4 Sequence Diagram

This diagram is also named interaction diagram. It shows the 
o w of requestsbe-
tweenobjects. Interaction modelling is the phasein which the threads that weave
objects togetherare built. At this stageit is possibleto seehow the systemperforms
usefulbehaviour. The sequencediagramsfor the PeopleTracker have beenshown in
Figures6 and 7.

Figure 6: StandaloneSequenceDiagram (at a Higher Level)

3 Design Patterns

Designpatterns systematically describe names,motivate, and explain a generalde-
sign that addressesa recurring designproblem in all object-oriented systems.They
describe the problem, the solution, whento apply the solution, and its consequences.
They also give implementation hints and examples. The solution is a generalar-
rangement of objects and classesthat solve the problem in a particular context.

3.1 Requiremen ts for the People Tracker

The PeopleTracker has to support two modesof operation:

� Standalonemode see�gure 2 section2.2.1,

� Subsystemof ADVISORsee�gure 3 section2.2.2.
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Figure 7: ADVISORSequenceDiagram (at a Higher Level)

This two mode of operation are controlled at compile time using preprocessor
#defines . The ADVISORmode is enabledif and only if THALES_WRAPPERis de�ned.
Imageoutput is disabledif NO_DISPLAYis de�ned, and it hasto be de�ne in ADVISOR
mode.

3.2 The way to use Classes

Designpatterns aredivided in 2 categories:Architectural pattern, Idioms and Rules.

3.2.1 Arc hitectural Pattern

An architectural pattern expressesa fundamental structural organisationschemafor
software systems. It provides a set of prede�ned subsystems,speci�es their respon-
sibilities, and includesrules and guidelinesfor organisingthe relationshipsbetween
them [10, p. 12].

Conceptual / Logical Arc hitecture

PeopleTracking is one the six subsystemof ADVISOR. The ReadingPeopleTracker
module hasto communicate with two others, receivinginformation and generatethe
result to be sent to an other module.

� Input: The videocaptureand motion detectionsubsystemsaredoneby respec-
tively Thales and INRIA. Thesesubsystemssendto the PeopleTracker XML
�les containing the images:

1. Motion image(foregroundwith blob)
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2. Video image

3. Background image

� Output: the result of the People Tracking is sent to the behaviour analysis
subsystemdone by INRIA. The result sent by PeopleTracker is an XML �le
containing the information on tracked people.

Figure 8: The ADVISORSystemwith its 6 Subsystems

Ph ysical Arc hitecture

Figure 8 shows the overall system layout, with individual subsystemsfor tracking,
detection and analysis of events, storage and human-computer interface. Each of
these subsystemsis implemented to run in realtime on o�-the-shelf PC hardware,
with the abilit y to processinput from a number of camerassimultaneously. The
connectionsbetweenthe di�erent subsystemsare realisedby Ethernet. As we have
already seen,this subsystemhasone input and oneoutput.

3.2.2 Idioms and Rules

An idiom is a low-level pattern speci�c to a programming language. An idiom de-
scribeshow to implement particular aspects of components or the relationshipsbe-
tweenthem using the featuresof the given language[10, p 14].

Several idioms are used in our code. Someof which are very important. They
are listed and they have to be followed for any changeof the sourcecode. Someof
them are directly linked to the programming languagerules [11].

Naming Conventions

� Class namesand their associated �les have to be written as uppercasefor
the �rst letter of each component, e.g. ActiveShapeTracker . Underscores' '
are not used in classnames. Two di�erent �lename extensionsare used for
C++�les header declaration (.h ) and implementation de�nition (.cc ). The
following examplesdemonstratethe way to namethings:
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{ ClassName

{ associated �les ClassName.hfor the classdeclaration and ClassName.cc
for its implementation.

{ method_name()(within a class)

{ a_local_variable (global variablesare forbidden)

{ get_a_variable() , \Accessor"

{ set_a_variable() , \Mo di�er"

� All comments are to be written in plain British English.

� Usethe C++-style // for comments, not the C-style /* */ .

� Standard useof 8 character tabulation.

� All main() programsand test caseshave to be situated in the progs/ subdi-
rectory.

Include Files

� Use the directive #include "filename.h" for user-preparedinclude �les
(i.e. thosewhich are part of our own code).

� Use the directive #include <filename.h> for include �les from system li-
braries.

� Every include �le must contain a mechanism that prevents multiple inclusions
of the �le. The de�ned \guard de�nition" has to be written in uppercase
letters, it has to begin and �nish with 2 underscores,and each term has to
be separatedby one underscore.For example,at beginning of the include �le
called | ActiveShapeTracker.h| you will see

#ifndef __ACTIVE_SHAPE_TRACKER_H__
#define __ACTIVE_SHAPE_TRACKER_H__

This exact format has to be adopted.

Functions and Variables

� Global variablesand functions must be avoided; they almost always violate the
principle of encapsulation.Insteadusestatic member functionsof classes,e.g.
there is a PeopleTracker::create_ne w_id() static member function to create
a new, globally unique id from any thread.

18



� Minimal useof #define macros,useinline functions instead. The normal rea-
sonfor declaringa function inline is to improve performance.Small functions,
such as accessfunctions, which return the value of a member of the classand
so-calledforwarding functions which invoke another function should normally
be inline .

� The di�erence between int &a (or int *a) and int& a is that the �rst one
seemsto associate the &or (or * , for that matter) with the type, and the second
one with the variable. From the compiler point of view there is no di�erence
betweenthem. Associating the & or * with the type namere
ects the desire
of someprogrammersfor C++to contain a separatepointer type. However,
neither the & nor the * is distributiv e over a list of variables. Seefor example
int *a,b; Here b is declaredas an integer (not a pointer to an integer), only
a is a pointer to an integer.

For thesereasons,never write int& a, only int &a.

� Assertions,using the assert(expression) macro (de�ned by the ISO C in-
clude �le <assert.h> ), should be used in order to �nd programming errors
at an early stage. Assertions are generally used to help verify that a pro-
gram is operating correctly, with expression beingdevisedin such a way that
it evaluates to true only when there is no error in the program. For exam-
ple, the constructor to the Image classhas a parameter for the image width.
assert (the_width > 0); is usedto make surethat the given width is valid,
becauseif it is not, something elsehas gone wrong in the past. Instead of
trying to continue, the error should be found. This is done with the help of
the mentioned assertion.See[6, chap. 6] for further reading.

� The inline function:

{ Accessfunctions are to be inline ,

{ Forwarding functions are to be inline ,

The normal reasonfor declaring a function inline is to improve the perfor-
mance of your program. Correct use of inline functions may also lead to
reducedsizeof code.

� A virtual function is a member function that is declaredwithin a baseclass
and rede�ned by a derived class. In essence,virtual function implement the
\one interface, multiple methods" philosophy that underlies polymorphism.
The virtual function within the baseclassde�nes the form of the interface to
that function.

� The useof unsigned type: the unsignedtype is usedto avoid inconsistencyan
error generation. It is widely usein the matrix library (e.g., you cannot specify
a negative number of columnsfor a matrix calculation). Always useunsigned
for variableswhich cannot reasonablyhave negative values.
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� The useof const : this identi�er hasto beusedwhenyou want to keepthe value
of a variable. It makesit impossibleto overwrite its value. A member function
that does not a�ect the state of the an object is to be declaredconst . All
trackers or detectorshave to be derived from BaseTracker using pure virtual
methods.

� All types used by more than one class have to be de�ned in
tracker_defines_type_and_h elpe rs , for instance: the imagesourcetype.

Classes

� De�nitions of classesthat are only accessedvia pointers (*) or references(&)
shall not be included as include �les. Instead, use forward declarations, for
example,in ActiveShapeTracker.h onecan �nd:

class Image;
class ActiveModel;
...

in ActiveShapeTracker.cc these forward declaredclassesare de�ned by in-
cluding the respective header�les:

#include "Image.h"
#include "ActiveModel.h"
...

� Usebaseclasseswhereuseful and possible.A baseclassis a classfrom which
no object is created; it is only usedas a baseclassfor the derivation of other
classes.For exampleseeBaseTracker class

� public, protected, private sectionsof a classare to be declaredin that
order. By placing the public section �rst, everything that is of interest to a
useris gatheredin the beginningof the classde�nition. The protected section
may be of interest to designerswhenconsideringinheriting from the class.The
private sectioncontains details that should have the least generalinterest.

{ public members of a class are member data and functions which are
everywhereaccessibleby specifying an instanceof the classand the name.

{ protected members are variables or functions which are accessibleby
specifying the namewithin member functions of derived classes.

{ private members are variables or functions which are only accessible
inside the class.

� A friend function has accessto all private and protected members of the
classfor which it is a friend.
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Use and Up date the Source Code

The Reading PeopleTracker sourcecode is sharedbetween several developers. To
accessthe sourcecode it is necessaryto useCVS (Concurrent VersionSystem)which
permits to a group of peopleto work at the sametime on the samecode. There is a
Master Repository of the Sourcecode you can useit in three ways:

� CVScheckout source_name: this command createsa source/ directory in
the current onecontaining a personalversionof the sourcecode.

� CVSupdate source_name: this commandgivesthe updated sourcecode .

� CVScommit source_name: this command applies the changesmade in the
code to the Master Repository of the Sourcecode.

Thesecommandlines are entered in a shell.
When changesin the sourcecode are committed an explanation of the changes

must be put in the CHANGES�le in the source directory.

Example Source Code

This examplefrom the PeopleTracker.cc �le shows how the code hasto be format-
ted.

� The Comment �rst describesthe method createdand the return or parameter
values.

� The indentation: after if expressionwith comment, carriagereturn, opening
bracket, carriagereturn, the insideof the block, carriagereturn, closingbracket,
carriagereturn, else ...

� Do not use i or j ; all variables have a meaning, like the variable
number_of_active_cameras. We are not afraid of the variable name'slength.

� Any implementation which is more than a very few lines of code has to be
written in the .cc �le, not in the .h �le.

/////////////////////// //// //// /// //// //// /// //// //// /// //// //// /// //// //// /// /
// //
// int PeopleTracker::get_stat e() check whether there is an error //
// //
// returns the number of active cameras (>= 0) if no error can be detected //
// < 0 (value of state variable, qv) if there is a known error //
// //
/////////////////////// //// //// /// //// //// /// //// //// /// //// //// /// //// //// /// /
int PeopleTracker::get_stat e()
{

if (state == 0) // everything OK?
{
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// count number of active cameras (ie. existing and enabled `Camera's)
unsigned int number_of_active_cameras = 0;
unsigned int index;

for (index = 0; index < number_of_cameras; index++)
if ((cameras[index] != NULL) && (cameras[index]->camera _enabled ))

number_of_active_cameras++ ;

return number_of_active_camera s;
}
else
{

assert (state < 0); // (state != 0) means error and this should be < 0
return state; // this will hold an error value < 0

}
}

3.3 Patterns Implemen tation

In this subsectionwe are dealing with the patterns and their implementation in
the ReadingPeopleTracker. The systempatterns are extracted from the Dynamic
Organisation2.2and the main classesdescribed are thosefrom the tracking library.
The patterns extracted are:

� The way the Inputs are treated: the Inputs class,

� The Tracking task: the ReadingPeopleTracker main class and the
PeopleTracker, Camera, Tracking classes,

� The Resultsproduced: the Results class.

We can easilyunderstandthat the most important part hereis the tracking pattern,
for this reasonwe will not present details about the fusedresults and output; they
are:

� in Standalonemode: User Interface,

� in ADVISORmode: usageof XML standard Library.

3.3.1 Inputs

The Inputs class,shown in Figure 9, setsup video input, external motion input and
cameracalibration. This classcollect all input to given frame and returns actual and
new frame id.

1. CONSTRUCTOR:
Inputs::Inputs(Configurati onManager *configuration_manager) Cre-
atesnew con�guration manger,Input con�guration.
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Figure 9: Inputs diagram

2. DESTRUCTOR:
Inputs::~Inputs() deleteold sources.

3. Setup Inputs:
void Inputs::setup_inputs()

� Setup video input,

� Setup input for external motion detector:

{ Motion image,
{ XML regions,
{ Background images.

� Setup cameraCalibration.

4. Setup Bu�ered Slave:
bool Inputs::setup_image_sourc e_in put( ... ) returns whether somevalid
input hasbeenset up for the speci�ed �lename.

� Check for special �lename \slave". Usebu�ered slave input but fed from
a �le source.In order to do that, we determineand create�le source�rst,
to get the imagedimensions.Then we open the slave source.

� Open input_source which reads imagesfrom hard disk. The following
imageformats are recognised:JPEG, PPM, PGM (PNM formats may be
`compress'edor `gzip'ed).

� Create slave source if we need it. Open slave source to be fed from
\input_source . This feed contains the image dimensionsnecessaryto
instantiate the BufferedSlaveImageSource class.

5. Setup Bu�er and XML Files:
bool Inputs::setup_xml_region_ source_i nput(.. .) Set up bu�ered slave
and �le input XML region sourceasspeci�ed by the �lename returns whether
somevalid input hasbeenset up.
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� Check for special �lename \slave". Usebu�ered slave input which is fed
with input by Thales' Wrapper. Get the imagedimensions.

� Create a NumberedFileSource which reads XML data from hard disk.
Set up �le sourcefor the slave. This is a NumberedFileSource.

6. ProceedInputs:
frame_id_t Inputs::proceed_to_frame(.. .) First proceed the
video_image_source to the next frame id with an id > = the given
one. Proceed all inputs to frame given frame_id_t next_frame_id , if
possibleand return actual new frame id. Then we usevideo_image_source
as the de�nitiv e sourcefor the frame id, proceedingother inputs to it. The
rationale here is that if there is no video image for a given frame, no other
sourceneedsto provide data for that frame.

� Get next video image,check for frame number wraparound,wrap around
input sources,e.g.. frame_id 999999! 000000within ADVISOR.

� Chooselatest background image: if input from slave, until bu�er is empty.

3.3.2 ReadingP eopleT racker

The main() program for the ReadingPeopleTracker. The diagram below shows the

o w of actions performed in the tracking task. When the ReadingPeopleTracker is
launched, it instantiates a PeopleTracker object which will starts the cameratreat-
ment threads.

1. The program starts PeopleTracker class:
PeopleTracker *people_tracker = new PeopleTracker(config_fil ename)
setup new PeopleTracker class,

2. Then The PeopleTracker addscameras:
people_tracker->add_camera s(number_of_cameras, camera_names) add
camerasto the PeopleTracker,

3. Finally the PeopleTracker starts a processingthread:
pthread_t people_tracker_thread = people_tracker->start_thre ad()
starts a processingthread in PeopleTracker.
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Figure 10: Objects creation and Threads sequencediagram

3.3.3 PeopleT racker

The PeopleTracker classhandlesand schedulestrackers and outputs tracking re-
sults. It instantiates Cameraobjects which in turn hold everything associated with
the respective camera:Inputs, Calibration, the actual Tracking classwhich generates
and stores results, a Con�guration classetc. The PeopleTracker lets each Camera
classstart a thread. Thesewait for the PeopleTracker to supply the input (images,
XML motion data). After tracking, they signal us that they have new results. The
PeopleTracker then extracts the results from the Camera and fusesdata from all
camerasin order to write the person/object tracks out in XML format.

INPUTS (XML)

ConfigurationManager

Camera

CalibrationInputs

Video Images
Background Images

Motion Images
Blob Data

PeopleTracker

OUTPUTS (XML)

Figure 11: PeopleTracker diagram

� CONSTRUCTOR:
PeopleTracker::PeopleTrack er(c har *toplevel_config_filename)
toplevel_config_filename is the base for all con�guration �le names.
Other con�guration �les are generatedby appending camera number (e.g.,
LUL-conf1 -> LUL-conf1-01 for the �rst camera) and initials of tracking
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modules (e.g., LUL-conf1-01-RT for the RegionTracker of the �rst camera).
The constructor setsa state variable to the number of active camerasif there
is no error during set-up. Otherwise the state is set to a value < 0. Use
get_state() to query this state.

� Setup con�guration manager:
configuration_manager = new ConfigurationManager

� Add new cameras:
int PeopleTracker::add_cameras (unsigne d int num_cameras,
char *camera_names[]) Add a setof num_camerascamerasto the setof cam-
eras known to the tracker. This will create a thread within each Camera,
waiting for the arrival of data to be processed.The method returns < 0 on
error, otherwise number of new camerasadded Within the ADVISORsystem,
this will only be called once. However, the method handlesthe possibility to
add camerasat any time by calling it again.

� Start a thread for processingdata:
pthread_t PeopleTracker::start_thr ead() start a thread which
does all processing as data arrives and returns thread id.
void *PeopleTracker::do_proces sing (voi d *unused) for each frame,
wait until all camerashave new tracking data available then merge it and
write it out in XML.

� Get the actual state of each cameras:
int PeopleTracker::get_state() check whether there is an error returns
the number of active cameras(> = 0) if no error can be detected< 0 (value of
state variable, q.v.) if there is a known error.

� Write the results in XML format:
unsigned char *PeopleTracker::write_re sul ts_i n_XML_to_buffer (... )
write out tracking results in XML to a given bu�er (memory region) up to
maximum given length (give the bu�er size)if no or NULL bu�er is given it will
be allocated. returns a pointer to the �rst char in the bu�er with XML data.
void PeopleTracker::write_resu lts_ in_XML_to_s trea m(ostre am &out)
write out tracking results in XML to a given ostream.

3.3.4 Camera

The Cameraobject holds everything associated with a camera: Inputs, Calibration,
the actual Tracking classwhich generatesand stores results, a Con�gurationMan-
ager classetc. The PeopleTracker classcan start a thread for each Camera class
instantiated and waits for input to be fed by the parent. Results from Tracking are
generatedby the thread and the availabilit y of new Results is signalled.
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Figure 12: Cameradiagram

1. CONSTRUCTOR:
Camera::Camera(char *camera_config_filename, bool quiet_mode) set
up all inputs, set up output movie, set up trackers.

2. Processing:
void *Camera::do_processing(vo id *unused) This is the threadedmethod
waiting for data and doing all the processing. The following stepsare taken
for each frame.

� Calculate frame id,

� Proceedinputs,

� Mark results: not yet �nished,

� Get new data set from RegionSet,

� Put background imageinto result,

� Run trackers,

� Update display,

� Draw result into image.

3. Start thread:
pthread_t Camera::start_thread() Start a thread which doesall processing
asdata arrives. returns thread id.

4. Calculate next frame id:
void Camera::calculate_next_fr ame_id() .

5. Get new data set:
inline void Camera::get_new_data_sets( ) get next image/ XML Region-
Set from each of the 4 inputs asnecessarythe Inputs classwill set the pointers
to NULL if they are not available.

6. Registercon�g parameter:
void Camera::register_configur atio n_parameter s() .
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3.3.5 Tracking

The Tracking classis the nucleusof the tracking task. From this classare launched
all the di�erent trackers and detectors. The trackers enabled in the the tracking
Con�guration File arecreated: generationof a newcon�guration �le for each tracker
and start running them.

Region Tracker

Skeleton Tracker

Motion Detection

Active Shape Tracker

Occlusion ImageTracking

Configuration Manager

Human Feature Tracker

Figure 13: Tracking diagram

1. CONSTRUCTOR:
Tracking::Tracking(Configu rati onManager *configuration_manager)

� The classchecks which tracker is going to be used,

� Then it initialise all variablesin the con�guration manager.

2. DESTRUCTOR:
Tracking::~Tracking() deletesold con�gurations.

3. Setup trackers:
void Tracking::setup_trackers( Inputs *inputs,
unsigned char *camera_configuration_fi len ame_base) generatestracker
con�guration �le namesby using the cameracon�guration �le name and ap-
pending a su�x, e.g. \-MD" for the Motion Detector module (generally, up-
percaseinitials of modules)

� Setup �le con�guration,

� Setup new tracker object.

4. Run trackers:
void Tracking::run_trackers(In puts *inputs, Results *results)

� Processing:Tracker ! processframe,

� Post processing:Tracker ! processframe, this is a check against other
measurements again and cleanup.
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3.3.6 Results

The Results class is used as Storageclassfor tracking results. The results from
tracking will be addedby the individual trackersThis classis an Accessorand Mod-
i�er to all the tracking results:

inline TrackedObjectSet *get_tracked_objects()
{

return tracked_objects;
}

inline void set_tracked_objects(Tracke dObject Set *new_tracked_objects)
{

tracked_objects = new_tracked_objects;
}

inline Image *get_motion_image()
{

return motion_image;
}

inline void set_motion_image(Image *new_image)
{

motion_image = new_image;
}

inline Image *get_background_image()
{

return background_image;
}

inline void set_background_image(Image *new_image)
{

background_image = new_image;
}

inline Image *get_difference_image()
{

return difference_image;
}

inline void set_difference_image(Image *new_image)
{

difference_image = new_image;
}

inline Image *get_thresholded_differen ce_i mage()
{

return thresholded_difference_ image;
}

inline void set_thresholded_difference _image( Image *new_image)
{

thresholded_difference_ima ge = new_image;
}

inline Image *get_filtered_difference_ image()
{

return filtered_difference_ima ge;
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}
inline void set_filtered_difference_i mage(Image *new_image)

{
filtered_difference_image = new_image;

}

4 How to Create or Design and Implemen t...

A new module for the PeopleTracker should be carefully designedusing Rational
Roseto draw the diagramsneeded.Then implement the newmodule using the Class
Diagram and localise the changesrequired by the new module, following the rules
given in section 3.2.2. This section dealswith the designaspect of creating a new
ImageSource,a new Tracker and a new Detector modules.

4.1 A New Shape Mo del

To build a new linear shape model for people tracking. The model provided was
optimised using a technique published in [12]. The basiccomponents are segmented
training imagesand the tracker classes. Basically the idea is to build the initial
model and then usethe tracker to �t the deformablemodel to the original segmented
training images. A new linear model is generatedwith this new training data and
the processrepeated. The models obtained are more compact (i.e. fewer shape
parametersare required).

It required a short sequenceof stepsfor the implementation 1.

1. Generate training images- segmented binary imageswith a single training
shape in each,

2. Extract training shapesas B-splines ,

3. Align splines(using process_sequence),

4. Build PCA shapemodel (usingprocess_squence) andoutput to current model
�le,

5. Add small amount of noiseto shape model (usePCAclass::add_noise ),

6. Run the tracker with current model on segmented training images.Weconsider
each training imageas a sub-sequenceof \n" identical images. The tracker is
run on each sub-sequenceso that the �nal shape hashad a chanceto converge
onto the precisetraining imageshape.

7. Output all the \trac ked" training shapes(as B-splines ).

8. goto 3.

1The given algorithm was kindly provided by Adam Baumberg in a personalcommunication on
Wed Jun 5 2002
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Step 5 is neededto ensurethe �t to the training shapesdoesnot degradeover time.
However for a large training set and a couple of iterations it is not critical. There
usedto bea short programcalledadd noise.cc that did this, however, this program
is not a part of the current distribution.

4.2 A New ImageSource

This sectionprovides the standard approach for creating a new imagesource. The
rules given in section3.2.2have to be followed.

All imageinput shouldbe through an ImageSourceclass.The basicstructure of
an ImageSourceclassis as follow:

� The Constructor initialises or opens the input and makes sure that images
can be read. The variable concerningthe sourcetype are also set up. Calling
the Constructor has to return valid valuesconcerningthe imagesettings: e.g.
the imagedimensions(xdim, ydim), and if it is a grey scaleimage,frame time
(in ms) and frame id.

� The Image *current points to the current imageif there is one.

� The get_current method de�ned in ImageSourceclass,getsthe current image
or frame.

� The get_next method gets the next image or frame. If it is the �rst image
the method returns the �rst imageand get_current may not be called. The
get_next method will modify the value of the current pointer.

� The get_xdim() and get_ydim() have to be implemented as const and have
to return unsigned int representing the imagedimensions.

For Example for the actual state of the code: JPEGSourceand PNMSourcederived
from ImageSourceclass.

4.3 A New Tracker or Detector Mo dule

This sectionprovides the standard approach for creating a new tracker or detector.
First of all, it is important to understandthe Inputs and Outputs or Resultsexpected
and usedor generatedby thesemodules. Then we will look more preciselyat the
basicmethods which have to be usedfor the frame processing.

4.3.1 Inputs and Results

Inputs

The Inputs to ReadingPeopleTracker are:

� external for the ADVISORsubsystemseesection3.2.1

� internal for Standalone:they are �les stored in the hard drive (video images),
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� Calibration inputs if there are some.

Results

All data are exchangedvia a central classResults . The results are the outputs of
the ReadingPeopleTracker. This results contain:

� Images:motion image,background image,di�erence imageand threshold im-
age.

� TrackedObjectSet:

{ Can contain invisible (not detected)hypothesesor predictions

{ Tracking result/output:

� only Pro�le,
� only older result,
� only visible.

{ Observation class:for each regionor pro�le detectedis associatedan new
Observation object which will date the framesof the region or pro�le.

For Example:
classProfile ! classProfileSet : Observation ,
classRegion ! classRegionSet : Observation ,
classNewX! classNewXSet: Observation .

4.3.2 Frame Pro cessing

Each tracker or detector usetwo methods to do the frame processing.

� process_frame(Inputs *inputs, Results *results,
unsigned int max_objects) : useinputs and current/previous resultsto ob-

tain and store new results. This method call three other ones:

{ predict_old_objects(Resu lts *previous_results) ,

{ track_old_objects(Inputs *inputs, Results *results) ,

{ detect_new_objects(Input s *inputs, Results *results) .

� post_process_frame(Inputs *inputs, Results *results) : clean up
tracks etc in results.

4.3.3 Detection

� Measurements: each picture is compared to the original or updated back-
ground.

� No \memory": blob is simply detected(just detected)at the instant t.

For thesereasonsthere is no needfor a post_process_frame() , as there is nothing
to clean.
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4.3.4 Tracking

The tracking module includesthe detection module.

� Over the time: the aim is to follow one or many blobs, used of
track_old_objects()

� Measurements: the measurements aredonein a loop which predictsthe position
of an object for the next frame. The previousresultsare stored in current . It
is checked if the prediction was right.

{ yourself (AST):,

{ other modules(RT).

4.3.5 Base Tracker

The BaseTracker classis the baseclassfor the detectionand tracking modules. The
methods used in the tracker or detector are declaredin BaseTracker.h as public
and as virtual .

4.4 Actual Con�guration And Algorithm Of The Tracking
Task

The actual tracking is donevia 4 modules:

� MotionDetector,

� RegionTracker,

� ActiveShapeTracker,

� HeadDetector.

Figure 14 shows the organisationof the tracking and detection modulesand how
these modules interact with each other from the input to the output. The video
input is taken by the MotionDetector module. This module appliessome�ltering
to the imageand obtains detectedregions:

� Median Filtering on the background image,

� Background Subtraction with the imagewith moving people.

� After �ltering and thresholding the Motion Image is obtained,

� The moving blobs are extracted.

The detectedregionsare usedas input for the RegionTracker module:

� The �rst task here is the splitting and merging regions,
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Figure 14: Tracking Algorithm (taken from [13])

� Then the program tries to match theseregion with the human featuresdata.

� When a static region is detected, the program adds the region to the back-
ground image.

The HeadDetector module takes its input from the identi�ed region from
RegionTracker module. The Image di�erence obtained in the MotionDetector is
use as input in ActiveShapeTracker module. The region identi�ed result from
RegionTracker module is used by HeadDetector and ActiveShapeTracker mod-
ules. Then the HeadDetector module provides information about the meanpro�le
to ActiveShapeTracker module:

� First the module make somehypothesison the pro�le of the region detected
using data from RT and HD,

� Then the module try to �t a shape onto this region,

� When the newpro�le is identify the output con�rm the otherson the Tracking
output.

5 Con�guration Files Organisation

The diagram below shows the architecture organisation of the Con�guration �les.
The Top Level Con�guration �le contains informations about the camerasenabled
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and their con�guration �le names. For examplethe name of the top level con�gu-
ration �le is TLC-00and this �le contains the name of the camera(s)con�guration
�le(s) TLC-00.PTLF0n.C0n(n is the cameranumber 1 to 4). Each cameracon�gura-
tion �le contains information on the trackersusedand their con�guration �le names
for examplethe Regiontracker �le namewill be TLC-00.PTLF0n.C0n-RT.

REGION TRACKER

MOTION DETECTOR

HUMAN FEATURE TRACKER

CAMERA

ACTIVE SHAPE TRACKER

SKELETON TRACKER

CAMERA file name TLC-00-PTLF0n.C0n
RT file name TLC-00-PTLF0n.C0n-RT

MD file name TLC-00-PTLF0n.C0n-MD

HFT file name TLC-00-PTLF0n.C0n-HFT

AST file name TLC-00-PTLF0n.C0n-AST

ST file name TLC-00-PTLF0n.C0n-ST

TOP LEVEL CONFIGURATION FILE

CAMERA_n_NAME PTLF0n.C0n
TLC file name TLC-00

Figure 15: Con�guration File Organisation diagram

6 Libraries Description

This subsectiondealswith the 7 libraries and the most prominent classesof the Read-
ing PeopleTracker. It contains information about classde�nitions and description
of their behaviour.

� The PCA library :

{ PCAclass.cc: de�nes the PCAclasswhich is a classfor carrying out Prin-
cipal Component Analysis on arbitrary data.

{ MeanProfile.cc : de�nes the MeanProfile which is a classfor calculating
an updated meanpro�le.

{ HMetric.cc : de�ne the HMetric class.

{ ProfileSequence.cc : de�ne the ProfileSequence which is a classwhich
allows a number of manipulations to ProfileSet storedin �le. Only used
by the processsequenceprogramto generateandmanipulatePCA models.

� The matrix library :

{ KalmanFilter.cc : de�nes the DynamicKalmanOneD,
DynamicKalmanTwoD, StaticKalmanOneD and StaticKalmanTwoD
and the VibrationFilter classes.
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{ NagMatrix.cc : de�nes the NagMatrix which is a classfor manipulating
(2D) matrices (useseither NAG or BLAS/LAP ACK library).

{ NagVector.cc : de�nes the NagVector which is a classfor manipulating
realno n-vectors.

� The utils library :

{ ConfigurationManager.cc (formerly GlobalsManager.cc): de�nes
ConfigurationManager plus help classesfor String and handy variables
con�guration (derived from a baseclassConfigurationVariable ).

{ NumberedFiles.cc : de�nes NumbreredFiles which is a helper (base)
classto read or write numbered �les. Derive a classfrom this one. Give
�rst �lename (e.g., video017.jpg)as parameter to this baseclass'scon-
structor.

{ Profiling.cc : de�nes Profiling classwhich do somevery basicroutines
for timing events.

� The data library :

{ BoundaryPoints.cc : de�nes BoundaryPoints classwhich orderedset of
points on the boundary of an object.

{ HumanFeatureSet.cc: de�nes HumanFeatureSetclasswhich provides a
list of trackedobjectswith detectedhuman featuressuch asheadpositions
etc.

{ HumanFeatures.cc: de�nes HumanFeaturesclass which provides some
de�nitions and structures for human featuressuch as headpositions etc.

{ Observation.cc : de�nes Observation classwhich is a basestorageclass
for an observation: a Region,Pro�le etc.

{ PointVector.cc : de�nes PointVector which is a classfor manipulating
a N point vector.

{ Profile.cc : de�nes Profile which is a recordclassfor storing the Pro�le
data of an object.

{ ProfileSet.cc : de�nes ProfileSet which is a classconsistingof a list
of Pro�les.

{ Region.cc : de�nes Region classwhich is a Region is a rectangular sub
imageand will in generalcontain oneconnectedblob.

{ RegionSet.cc : de�nes RegionSet class which contains functions for
RegionSet class(declaredin Region.h).

{ Skeleton.cc : de�nes Skeleton classwhich providessomede�nitions and
structures for a human \skeleton".

{ SkeletonSet.cc : de�nes SkeletonSet class which provides a list of
tracked objects with detectedSkeleton.
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{ SplineMatrix.cc : de�nes SplineMatrix classwith methods to convert
a RegionBoundary to spline form.

{ SplineWeights.cc : de�nes SplineWeights class.

� The imgsrc library :

{ BufferedSlaveImageSource.cc : de�nes BufferedSlaveImageSource
class, an ImageSource which waits for external images using
pthread_cond_wait .

{ Grey8Image.cc: de�nes Grey8Image.cc image classfor 8-bit grey level
images.

{ GreyMap.cc: de�nes GammaCorrectMapclass.

{ HSV32Image.cc(most of this was copied from RGB32Image.cc):de�nes
HSV32Imageclass,HSV imageclassderived from RGB32Imageclass.

{ Image.cc: de�nes Imageclass.

{ ImagePyramid.cc: de�nes ImagePyramidclass.

{ ImageSource.cc: de�nes ImageSourceclass.

{ JPEGSource.cc(structure copied from MpegStream.ccby Adam Baum-
berg) (basedon our new (JPEG) MovieStore and IJG's example.c): de-
�nes JPEGSourceclasswhich reads individual, numbered JPEG �les as
an ImageSource. This code is written with full colour imagesin mind
(24/32-bit).

{ Kernel.cc : de�nes Kernel classfor imageprocessing.

{ MedianFilterSource.cc : de�nes MedianFilterSource class for a
median-�ltered background image median �lter (over time) to extract
background de�ned as a PipeSource.

{ MovieStore.cc (structure copied from moviestore.cc.amb by Adam
Baumberg): de�nes MovieStore classwhich storesa sequenceof images
in a number of formats (future). Currently, only individual JPEG im-
agescan be written. This code is written with full colour imagesin mind
(24/32-bit).

{ MultiBackgroundSource.h : de�nes MultiBackgroundSource class
which is a background generationclasswhich lets you incorporate static
objects into the background and remove them when they start moving
again. Written with cars (ie unidenti�ed, large `Region's)in mind. This
�le is not directly included. We are included by PipeSource.h.

{ PipeSource.h : de�nes PipeSource class.

{ PipeSourceFilters.h : de�nes BlendSource, BlurSource ,
ColourFilterSource , ConcatSource, ConvolveSource,
ConstantSource, DifferenceSource , FMedSource,
GammaCorrectSource, HSV32Source, HalfBlurSource , MaximumSource,
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MinimumSource, MiddleSource, NoisySource, NeighbourSource,
RepeatSource, RotateSource, ResampleSource, VFlipSource ,
ThresholdSource, ThresholdedDifferenceSou rce , SobelEdgeSource,
SobelSource, SubImageSource, SimpleDiffSource , SkipSource classes.
This �le is not directly included. We are included by PipeSource.h.

{ PnmSource.cc: de�nes PnmSourceclasswhich is an utilit y function to
reada PNM �le header;returns 5 for P5 etc, 0 for error. NOTE: doesnot
open or close�le. Leaves�le pointer at �rst data byte.

{ PnmStream.h: de�nes PnmStreamwhich passesa Unix commandthat will
generatea stream of PNM imagesto stdout OR simply an input stream
containing PNM images. This class connects to the stream to gener-
ate imagesaccessedusing the get_next() function note the get_next()
method is implemented in PgmSource.cc.

{ RGB32Image.cc: de�nes RGB32Imageclass which 24-bit (plus al-
pha) colour image class derived from generic. Image class in
Image.h/Image.cc .

{ XanimStream.h: de�nes XanimStreamclass.

� The trac king library :

{ ActiveModel.cc : de�nes ActiveModel class.

{ ActiveShapeTracker.cc : de�nes ActiveShapeTracker classwhich is a
high level peopletracker without ground plane info.

{ BaseTracker.cc : de�nes BaseTracker class.

{ Calibration.cc : de�nes Calibration class which reads a calibration
(4x3 projection) matrix from �le and provides methods to use this cali-
bration data for image measurements. The matrix �le must be in NAG
format, imageaddressingmode is expectedto be IA_TOP_TO_BOTTOM, and
using the unit [cm] for world coordinates.

{ Camera.cc: de�nes Cameraclasswhich holds everything connectedwith
a camera. A Camera object holds everything associated with a cam-
era: Inputs, Calibration, the actual Tracking classwhich generatesand
storesresults, a CameraCon�guration classetc. The Cameraclassstarts
a thread for each Cameraclassand waits for input to be fed by the parent.
Results from Tracking, are generatedand the availabilit y of new Results
is signalled.

{ CameraConfiguration.h : de�nes CameraConfiguration class.

{ EdgeDetector.cc : de�nes NormForeColourDetect class which uses a
combination of *normalised *colour subtraction and inside normalised
colour (from previous frames), ColouredForegroundEdgeDetec tor class
which use a combination of colour image subtraction and in-
side colour (from previous frames), ColouredEdgeDetector class,
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ForegroundEdgeDetector class, MovingEdgeDetector class which is
looking at spatial and temporal derivative but do not assumeback-
ground image is available, SimpleEdgeDetector class, SobelDetector
class,GenericEdgeDetector class.

{ HumanFeatureTracker.cc (structure copied from ActiveShape-
Tracker.cc): de�nes HumanFeatureTracker class which is a tracker
classwhich tracks human featuressuch asheadetc.

{ Inputs.cc : de�nes Inputs class.

{ MotionDetector.cc : de�nes MotionDetector class which support for
external motion image source. Concept for creation of motion image,
colour �ltering techniques, pre-calculated di�erence image, dilation for
motion image.

{ OcclusionHandler.h : de�nes OcclusionHandler base class to handle
occlusion.

{ OcclusionImage.cc : de�nes OcclusionImage class.

{ PeopleTracker.cc : de�nes PeopleTracker classhandlesand schedules
trackers and outputs tracking results.

{ RegionTracker.cc : de�nes RegionTracker class which tracks regions
from frame to frame.

{ ScreenOutput.cc

{ SkeletonTracker.cc (structure copiedfrom HumanFeatureTracker.h):
de�nes SkeletonTracker classwhich tracks a humans\skeleton".

{ TrackedObject.cc : storageclassfor tracked objects (person,group, car,
other) holding all data from all trackers.

{ TrackedObjectSet.cc : de�nes TrackedObjectSet class which lists to
hold `TrackedObject's.

{ Tracking.cc

� The XML library :

{ BufferedSlaveXMLRegionSource.cc : in this �le we de�ne the
BufferedSlaveXMLRegionSource class which de�nes an interface to
XML Region data as de�ned by the XML Schema namespace
http://www.cvg.cs.readin g.ac .uk/ ADVISOR (the current name). An
instance of this class will read and bu�er XML data given through
handle_new_blob_data(... ) until it is queried by get_next() .
get_next() will parse the XML data, return a RegionSetand delete

the XML bu�er.

{ XMLRegionHandler.cc: de�nes XMLRegionHandlerclasswhich de�nes an
interfaceto XML Regiondata asde�ned by the XML Schemanamespace
http://www.cvg.cs.readin g.ac .uk/ ADVISOR(the current name). Sim-
ilar in designto our ImageSourceclasses,somemethods are pure virtual
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and the classshould thereforenot be instantiated directly. The XMLRe-
gionHandlerclassis derived from the XML SAX2 DefaultHandler class
which is designedto ignore all requests. We only rede�ne the methods
that we needsuch that there is little overhead.

{ XMLRegionSource.cc (abstract): this class de�nes an interface to
XML Region data as de�ned by the XML Schema namespace
\h ttp://www.cvg.cs.reading.ac.uk/AD VISOR" (the current name). Sim-
ilar in designto our ImageSourceclasses,somemethods are pure virtual
and the classshould thereforenot be instantiated directly. The XMLRe-
gionSourceclassusesthe XMLRegionHandlerclassto extract data from
the XML structures.

7 Reverse engineering of the RPT code using Ra-
tional Rose's C++Analyser Mo dule

This section explains how to do the analyseof the RPT code in order to obtain
the classdiagram structure. The �rst stageof the analysis is to useRational Rose
C++Analyserand launch the analysistool. When this analysisis successfulthe project
is exported under the Rational RoseProfessionalC++Edition which will generate
classdiagramsof the code.

7.1 Rational Rose C++Analyser

Open a new project, then add all the source�les (*.cc) and the libraries �les (*.h,
*.hpp). Include all the libraries, not only the one created for the software (ie:
#include<standard_library. h> and #include ``personal_library'' ). Finally
de�ne somevariables used by the libraries. If tick have been added to the (R) in
front of the libraries path the �les will be analysed( the analyserwill generatelots
of mistakesif the standard libraries are analysed).

Environmen t Con�guration: By default the C++Analyser is con�gured as File
NameCaseSensitivity set to \insensitive". So, in order to be able to make the
analysiscorrectly the parametermust be changedto \sensitive".
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Figure 16: File NameCaseSensitivity con�guration Edit/Preferences...

The next step is to set the map path of the �les locations in order to indicate
to the C++Analyser where the �les to be analysedare situated on the hard
drive.

Figure 17: Map path data con�guration Edit/P ath Map...
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Figure 18: Map path userdata con�guration Edit/P ath Map...

Create a new pro ject: when the analyser is con�gured properly create a new
project File/New. Add to this project all the �les to analyse.

Include all �les (source code and libraries): this step is an important one, add
to the project all the �les to be analysed, this includes all the libraries
(#include <...> and #include "..." ).

Figure 19: Open and include data sourcesEdit/File List...

De�ne variables: as the program usessomeglobal variables, you have to de�ne
them in the analyser.
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Figure 20: Global variablesde�nition Edit/De�ned Symbols...

launc h the analysis pro cess: whenyou have includedall the �les and de�ning all
variablesyou can run the analyse:Action/Analyse

Exp ort to Rational Rose

7.2 Error Messages

If you obtain error messageslike:

� Cannot include <library.h> or ``library.h'' : you probably forget to in-
clude this �le in the project �le,

� Cannot �nd anything named: you probably haven't included all the libraries.

� The inclusion of this library introducesa circular dependency:declarethe �le
as Type 2 and go to Edit then Type 2 Contexts and edit it including the �le
which generatesthe error.
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Figure 21: Edition of the type2 inclusionsEdit/T ype 2 Contexts...

44



References

[1] M. Satpathy, N. T. Siebel, and D. Rodr��guez,\Main tenanceof object oriented
systemsthrough re-engineering:A casestudy," in Proceedingsof the IEEE Inter-
national Conference on Software Maintenance (ICSM 2002), Montr�eal, Canada,
pp. 540{549,October 2002.

[2] A. M. Baumberg, Learning DeformableModels for Tracking Human Motion.
PhD thesis,School of Computer Studies,University of Leeds,Leeds,UK, Octo-
ber 1995.ftp://ftp.comp.leeds.ac .uk/ comp/doc /th eses/baumberg.p s.gz .

[3] P. Remagnino,A. M. Baumberg, T. Grove, T. Tan, D. Hogg, K. Baker, and
A. Worrall, \An integrated tra�c and pedestrianmodel-basedvision system,"
in Proceedings of the Eighth British Machine Vision Conference (BMV C97)
(A. Clark, ed.), pp. 380{389,BMVA Press,1997.

[4] Rational Software Corporation, Cupertino, USA, Rational Rose2000e, 2000.

[5] S. Demeyer, S. Ducasse,and O. Nierstrasz, \Finding refactorings via change
metrics," in Proceedings of the 2000 ACM SIGPLAN Conference on Object-
Oriented Programming, Systems,Languagesand Applications (OOPSLA 2000),
pp. 166{177,October 2000.

[6] D. Gries, The Science of Programming. New York, USA: Springer-Verlag,1981.

[7] T. Richner and S. Ducasse,\Recovering high-level views of object-oriented ap-
plications from static and dynamic information," in Proceedings of the 1999
International Conference of Software Maintenance (ICSM '99), pp. 13{22, Au-
gust 1999.

[8] J. Rumbaugh, I. Jacobson,and G. Booch, The Uni�e d Modeling LanguageRef-
erence Manual. Reading,USA: Addison-Wesley, 1999.

[9] N. T. Siebel and S. Maybank, \F usionof multiple tracking algorithms for robust
peopletracking," in Proceedings of the 7th European Conference on Computer
Vision (ECCV 2002), K obenhavn,Denmark (A. Heyden,G. Sparr, M. Nielsen,
and P. Johansen,eds.),vol. IV, pp. 373{387,May 2002.

[10] F. Buschmann, R. Meunier, H. Rohnert, P. Sommerlad,and M. Stal, Pattern-
Oriented Software Architecture. Wiley, 2000.

[11] M. Henricsonand E. Nyquist, Programming in C++ Rules and Recommenda-
tions. Ellemtel Telecomminucation SystemLaboratories, •Alvsj•o, Sweden,1992.

[12] A. M. Baumberg and D. Hogg, \An adaptive eigenshape
model," in Proceedings of the Sixth British Machine Vi-
sion Conference (BMV C95), vol. 1, pp. 87{96, 1995.
http://www.scs.leeds.ac. uk/v isi on/proj/ amb/Postscr ipt/ bmvc2.ps .Z .

45



[13] N. T. Siebel, Designingand ImplementingPeopleTrackingApplications for Au-
tomated Visual Surveillance. PhD thesis,Department of Computer Science,The
University of Reading,Reading,UK, January 2003. To appear.

46


	Contents
	Introduction
	History
	The Need to Redesign the Code
	Contributions

	System Architecture: Overview
	Static Organisation
	Domain Model
	Class Diagram

	Dynamic Organisation
	Use Case Figure 2: Standalone
	Use Case Figure 3: ADVISOR
	Robustness Diagram
	Sequence Diagram


	Design Patterns
	Requirements for the People Tracker
	The way to use Classes
	Architectural Pattern
	Idioms and Rules

	Patterns Implementation
	Inputs
	ReadingPeopleTracker
	PeopleTracker
	Camera
	Tracking
	Results


	How to Create or Design and Implement...
	A New Shape Model
	A New ImageSource
	A New Tracker or Detector Module
	Inputs and Results
	Frame Processing
	Detection
	Tracking
	Base Tracker

	Actual Configuration And Algorithm Of The Tracking Task

	Configuration Files Organisation
	Libraries Description
	Reverse engineering of the RPT code using Rational Rose's C++ Analyser Module
	Rational Rose C++ Analyser
	Error Messages


