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TETA: Tracking Evaluation Tool

Introduction

The TETA tool was designed according to publishedluation scheme [1] for
evaluating multi-object tracking methods. The tpobvides graphical user interface
to browse through the processed video, to displatyh lground truth and tracked
objects, to set some evaluation parameters or tk wath graphical evaluation
outputs in form of error graphs. Results are regzbih both textual and graphical
way.

The evaluation method compares ground truth dath estimated data using
normalized coverage measure. The tool supports teathal and XML data formats
with mutual conversion ability.
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Installation

The TETA tool does not need any special instaltatito install it, just make a copy
of all files and directories to a local destination
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User manual

The TETA is a Windows XP application for evaluatiohtracked video data. Two
data sets are necessary at least. One, the armhadate referred to as the Ground
Truth (GT) objects, and second, the output of amgeabased tracking system referred
to as the Estimations (E). An output of the evatumais error values (defined and
described in previous document part). The configomaerrors can be evaluated for
particular frame and the identification errors famtire sequence. Error values are
displayed on interactive graph, which allows firgltnouble frames effectively.
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Figure 1 AMI Tracking Evaluator GUI.

The user interface provides all necessary inforomaéind functionalities just in one
main frame that is composed from modules such efg@®e information, evaluation
setting forms, statistical information or graphiealor bars.

Data manipulation

The most important and controlling data set is@neund Truth set. According to this
set, the numbers and amount of frames in the sequare initialized and also
consequent browsing is allowed only through frao@surring in GT set.

Data in GT or E sets are managed using load, mseave functions provided by
menu or buttons.

* Load to set — firstly clear the particular set, then show ‘Open file’ dialagla
load new events from opened file into existed set.
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* Addto set - show ‘Open file’ dialog anddd new events from opened file into
existed set.

* Reseat - clear the set.

 Save as - store data set into file selected in ‘Save as’ dialogl am XML
format (not supported yet) or TXT format 1 (desedbater)

The XML event source contains information aboutrgvgpe (if the tracked object is
the hand, head, face, etc.). Such information igpravided by TXT source format, so
it must be set manually (see Figure 2).

Event type

Set the type of lnaded events [integer walus].
|0

ak. | Cancel |

Figure 2 Dialog for default event type setting.

When loading events from the source file, it isgiole to re-index event's IDs and
also process the interpolation of event object rpatars. For particular sequence,
such functionality provides possibility to composeveral annotations of different
people which are annotated in different frames.

# Load Ground Truth Events - O z
Offget of object Dy Interpolation
0 | Process interpalation
When more object sources containing When loading new object zource, the
different objects with zame 1D are joined, object parameters might be interpolated to
each objects 1D from loaded set might be each frame.

increazed by the offzet.

Load and Add objects

Load data fram source file, shift [Ds by
offget, interpolate each object separately

and 5dd the zet into main zat. Cancel

Figure 3 Dialog for settings and loading objects.

Evaluation and setting

The evaluation process run through all frames dhdbgects and computes several
measurements (see ‘Multi-object tracking evaluatiosection). The error
measurement is influenced by two threshol@over age andOcclusion.

The coverage parameter controls, how much mustTbar@ E objects overlapped to
be mapped together and occlusion parameter controls much must be two GT
objects overlapped to be flagged as occluded.
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Event types
1]

Cowerage th.
[0z
Oecclugion th,
[

Figure 4 Dialog for default event type setting.

Due to several types of possible events in soma dats, the event types that are
processed can be selectediwent types table.

Browsing and per-frame information

When both GT and E sets are loaded, the evaluptimress must take place first and
then, the browsing over all frames with per-frami@imation is available.

Browsing through entire sequence is provided bgkireg bar withFrame numbers.
The frame amount and frame numbers is taken froms&J not from E set! All
events of particular frame are displayed in twddaslfGT Objects andE Objects)
whereType is an event type anxD, yO andx1, yl1 are the object area corners. The
detected object parameters than can be manuallpa@a.

Ground Truth and E stimated data

Frame 1775 /2333 ¢ P T Il
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Figure5 Browsing track-bar and actual frame objectslisting.

The information about object identification mapconfiguration errors are also listed
and can be useful e.g. for algorithm tuning. Then€éasurement table contains
corresponding objects within actual frame repre=gbly objects IDs.

Figure 6 Infor mation about objects measurementsin one frame.

Configuration Map shows mapping of GT and E objects with flag oflesion.

F-measurement [intersections] Frame ermors
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|FI0 |1 0333333
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Results and graphs

When entire sequence evaluation is processed,dirgification Map is displayed
and shows, how many times where GT and E objecigpetatogether over entire
sequence.

Identification Map, OF and TP, F-measures
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Figure 7 Infor mation about objects measurementsin entire sequence.

Graphs of emars

A Ay

Graphs of errors show the error values courses over entire sequé&aod graph can
be turned off, so the observation of particulaoegraph is transparent.

FF error
FHN error

MO error
MT error
CD error
FIT error

/N

Figure 8 Graphical representation of several error types.

Data formats
The TETA is able to import events from text and XKile and also to export data.
The XML files must follow format defined for EveRditor [1] application:

<IELEMENT AVEvents (EventGroups?, EventTypes?, File

<IELEMENT EventGroups (Group+)>
<IELEMENT EventTypes (Type+)>

<IELEMENT Group (ID, Name, Meaning?, Enabled?)>
<IELEMENT ID (#PCDATA)>

<I[ELEMENT Name (#PCDATA)>

<IELEMENT Meaning (#PCDATA)>

<IELEMENT Enabled (#PCDATA)>

<IELEMENT Type (ID, Name, Key?, Group?, Grouplndex?
Parameters?, Secondary*)>

<I[ELEMENT Key (#PCDATA)>

<I[ELEMENT Group (#PCDATA)>

<IELEMENT Grouplndex (#PCDATA)>

<IELEMENT Offset (#PCDATA)>

<IELEMENT Parameters EMPTY>

<IELEMENT Secondary (Key, Offset?, Parameters?)>

<IELEMENT File (Source*, TimeFormat?, Event*, Title

?, Editor?)>

, Offset?,

*)>
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<I[ELEMENT Source (#PCDATA)>
<IELEMENT TimeFormat (#PCDATA)>

<IELEMENT Event (ID, Time, Text?, Parameters?)>
<IELEMENT Time (#PCDATA)>
<IELEMENT Text (#PCDATA)>
<IELEMENT Title (Time, Text)>

<IELEMENT Editor ANY>

The TXT files can be one of followed formafermat 1
frame framelD

object objectID BoxCenterX BoxCenterY Width /2 Height/2
where all spaces are tabsformat 2

image[framelD].* objectID minXPos minYPos maxXPos m axYPos
or format 3

framelD objectID visibility minXPos minYPos maxXPos maxYPos

The results of evaluation might be reported in tways - full and brief. The full
version reports all types of errors, tables witim&asure values for each E and GT
event combination, errors for each frame, etc. bhef report print out only main
errors in one line using CSV format:
Sequence; F-Measure; FN; FP; MT; MO; CD;
FNbar; FPbar; MTbar; MObar; CDbar;
FIT; FIO; FITbar; FIObar; TPbar; OPbar

The brief output is appended to file so the finarwiew of evaluation in table is easy
to make.
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Console version

For scripting purposes, there exists also consgplgication. The output of the
Console Evaluator is stored to text file descrilater.

The Console Evaluator needs several parametersalirate necessary for proper
algorithm’s run. The program usage is as follows:

Ami_Evaluator_Console.exe [params]

-gtf[filename] - name of the file with Ground Tr uth objects,

-ef [filename] - name of the file with Estimate ob jects,

-out[filename] - name of the output file,

-gttlinteger] - default Event Type for Ground Tru th objects
when loaded from TXT source,

-et [integer] - default Event Type for Estimate ob jects when
loaded from TXT source,

-tc [float] - coverage threshold (0.33),

-to [float] - occlusion threshold (0.8),

-b - brief output; will be appended at the end of
output file,

-nt [integer] - amount of inserted Types,

[integer] - allowed Types, amount of inserted int egers

must be same as set 'nt' params.

Example (data are in the same directory as theiatal):

Ami_Evaluator_Console_10 -gtf GT.txt -ef E.txt -out
evaluation.txt -gtt 1 -et 1 -tc 0.4 -t0 0.8 -nt 2 1 2

The format of store results contains more infororatihan the application. Besides
final ldentification errors, there are also stortb@ Configuration errors for each
evaluated frame in CSV format. The evaluation pa&tens are also stored in the
output file.

10
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Multi-object tracking evaluation

Fundamental concept for evaluation the performantethe different tracking
algorithms is introduced. The quality of trackiresult for a single object is based on
shape shape-independent measures.

In following sections, the labeled tracking targats denoted as ground truth objects
GT, tracker outputs are referred to as estimatékhe output of a tracking approach is
considered to be correct, if and only of d&@& (resp.E) is tracking exactly on&

(resp.GT).

Coverage test

Two measurements, recall represents the ratioheofjtound trutlGT area, which is
covered by the estimatg and precision represents the ration of the estifaarea,
which is covered by the ground tru@T:

_‘EinGTj‘_ _\EimGTj\

i ‘GTj‘ , i |Ei| Eqg. 1

where a; ; is the recall ands, ; is precision. Returning high value only when both
recall and precision are high, F-measure is used:

_ 2,8, _ 2E n GT,|
. a,+pB, |Ei|+‘GTj‘ |

Configuration errors

In this context, configuration means the numbee flbcation and the size of all
objects in a frame of the scenario. To identify tgpes of errors, 5 configuration
measures are introduced.

» False positivgFP) — there is afit indicating object, where n@T is.
» False negativé-N) — GT is not tracked by aB.
» Multiple trackers(MT) — more than onE is associated with only or&T.

* Multiple objects(MO) — more than on&T is associated with only ore

» Configuration distanc€CD) — normalized difference between amountEof
andGT objects. Relevant only together with other errors.

Occlusion handling

The occlusion flag is defined, enlargi®J objects, if the ratio o6Tj area, which is
covered byGTk exceeds certain threshails

11
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L ot .‘GTJ. nGTk\ o
oce; = “leT|+leT| Eq. 3
0, otherwise

In situation when occlusion flag is set, thereasenaluation of any error.

Evaluation procedure

The F-measure is used to evaluate all 4 typesrofseand create the configuration
map table with respect to occlusion flag of patacGT object.

FP:Z{Zl(ERtl):o FNIZI{ZI(FH>L):O Eq. 4

|\/|T=Z|{Z|(FLj >t|)>1_ MO=ZI{ZI(FH >t,)>1_ Eq.5

CD = Ne — Ngr
max{Ng; 1

wheret, is the threshold of F-measure, wHemapsGT, GT mapsE resp.,l function
returns 1 when the expression is true, 0 othervaisd,i, resp. j is an index of E, resp.
GT objects.

i L
1 GT.
N, em _Ei

Fa—

T
1

E1

E2 | |E8

Frame-

Figure 9. Frame configuration example.
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GT; zl(Fi,j>tI) E | GT | occ
1 2 3 i 1 1 0
1 0,89 | 0,00 | 0,00 1 3 2 0
E 2 0,00 | 0,00 | 0,00 0 4 2 0
! 3 0,00 | 0,51 [ 0,00 1
4 3 0
4 0,00 | 0,47 [ 0,47 2
Table 2. Configuration map.
SiF>t) | 1] 2 | 2
i

Table 1. F-measuretable with error evaluation.

Error type | value
FP 1
FN 0
MT 1
MO 1
CD 0,33

Table 3. Evaluated configuration errors.

For an easy comparison of tracking algorithm err@r® normalized over entire
sequence using amount®T objects in each:

Yzﬁi L Eq. 7

whereX O{FP,FN,MO,MT}.

Identification errors

Identification means that particul& tracks exactly on&T over its entire lifetime
(correctly identifies thisGT object). ‘Majority rule’ was used to represents
identification association. Two errors are defiaed the degree of consistency.

» Falsely identified tracke(FIT) — GT is mapped by differenE than frame
before.

» Falsely identified objec(FIO) — GT is mapped but frame before was not
mapped.

* Object purity(OP) — ratio between amounts of frames when GT warectly
identified to the overall amount of frames.

e Track purity(TP) — same a®©P but forE. Not interesting for our purpose.

Evaluation procedure

The identification map is constructed during coafagion errors are evaluated for
each frame in the sequence. Configuration mapsaoh gair of frames serve to
evaluate identification errors.

13
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IleT! - E' 06T & B

- 1
FIT== Eq. 8
0 max(N&; 1) !
n t gt : 1 et
! IeT! - E E!Eit GT™ - E!) cq.9
N ma><(NGT ,1)
__ 1 max{im, )
op==-N_-__ Eqg. 10
jz,-: DM, a

7| o
Gi = GI'EI'. G'IJ’GT% G
ST -
E1 E
== E, EJ L |E2 Q
Frame- Frame;
T,
GT. GT.
[ 3 G-H‘II’ 3
Ex
é E3 EZ
Frames; Framey

Figure 10. Example of sequencewith GT and E objects.

Identification map for example sequence shows amsoahGT and E mapping and
evaluation purity of5T, resp.E.

n GTJ'

Ei

AW|IN|F

OO, |N| K-
RPIRRPIPIN
NHOHw

Table 4. Identification map.

Final error values for example sequence.
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Configuration errorg Identification errors
FP 0,17 T 0,17
EN 0,08 FIO 0,08
MO 0,08 oP 0,53
MT 0,08 TP 0,58
cD 0,17 ME X

Table5. Errorsof example sequence.

15
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Appendix

Application class diagram

In the schema, there are not displayed the funstionallocation and de-allocation of
the structures. Each function has also one paradweteore, the pointer to particular

structure, which is not stated in the UML diagramtake the diagram small.
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T ypoe - int
phin ;. Poirt2i
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Point2i

sint
it

Wrealin © *Event’ : float
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rtersedion(in : *Event, in : *Event): flost

*Event,in : *SubSet, inthresh : float) . char

EwentList

FrameMap
dE @ *Ewent

SubSet

Ewert : *Event
nE wents ; long
Frames: *lang
nF rames: long
Twpes: int

nT vpes : int
defaultT voe © int

Event : *Event
n:long

T : *Event
poc o unsigned char

Init(n : *EventList, inFrame : long, in Types : %int, innT :int)

Frame

Parert : *Ewal
fram e unsigned long
SubSetGT @ *SubSet
Sub=etE ; *Subset
Ch : *F ramehap
Nz b unsigned long
FP it

F i ot

MAT ;- init

b int

D float

F . *float

Ewal

=etGT  *Eventlist
[metE . *Eventlist

oot - *F rame

Frev: *Frame
Types: *int

nT ypes :int

dhlap : *int

dObiE : *unsigned int

Init(in P arent: *Eval, in Frame: lang)
EvalintC : float, intd : float)

dObiGT - *unzigned int
NnE : long
nET @ long
FIT: float
FIC: float
FP : float
Fr o flost
T : float
PO float
D flost
TP : float
O float
IC : float
IO float

Frame(in Frame : long)
Frocess()

nitGntC ; flost, in tO 0 flost, in Types : &int, innT @ int)

Figure 11 UML diagram of structuresand functionsfor tracking evaluation.

The evaluation structures and functions were impleied using C language.
The GUI was designed and generated using BorlandésluC++ and DiglLib [5].




