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1 Executive Summary

One central task of VANAHEIM is to delineate howaddress the identification of usual/unusual evants
an automatic audio/video surveillance system. s ttocument we first recapitulate the trial scevsri
identified in D2.1 (End user requirement & systelojectives (v1)). Then we describe how we will addre
the assessment of these scenario detections/réicogniWe propose two ways of evaluation of thaesys
technical assessment of monitoring applicationsedasn manual annotation, and a user evaluation
procedure mainly based on the acceptance of thersys
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2 Introduction

In this document we will outline the trial scenariand describe how we will address the evaluatiah a
assessment of the components in charge of therszelegection and/or recognition.

Section 3 first recapitulates the trial scenariesatibed in detail in D2.1.

Section 4 is then dedicated to the specificatiothefassessment methodologies. We propose two efays
evaluation of the system (technical assessmentuaad evaluation), in order to evaluate how the tsven
detected can be reliable and useful for the end ¥¥e assume that all methods of evaluation prapose
should be carried out, so the different aspectabdity can be covered.

The technical assessment of performance evalusaiibbe based on the detection of true positivesus
false positives as tested against manual annot&ttmntechnical assessment of autonomous sensatisal

will use several approaches: a) comparison withuabannotation, b) testing the detection rate afswal
events registered in the logbooks of operatorsestjng the performance in detection of unusuahesvef
operators or other people. Technical assessmdntrodn-centred monitoring and reporting applicatieiils
solely be based on manual annotation. Last, coleediehaviours are to be evaluated employing both,
measures comparing obtained results with annotaéé¢al and measures indicating the correctness of the
results in unsupervised manner.

As for the user evaluation procedure, it will beimhabased on the acceptance of the system from the
operational point of view, for which we introduae evaluation sheet to be used in the evaluatioogs

Both, the technical assessment and the user eialwaill be used to feed-back into the developnihe
system, first to make it more accurate and secomtctease its usability.
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3 Trial scenarios definition

The aim of VANAHEIM is to study innovative surveiice components for autonomous monitoring of
complex audio/video surveillance infrastructureo do so, three main components will be developetien
VANAHEIM system:

1. Automatic sensor selection based on audio-visustene activity modeling

Several approaches based on different paradigniensg detection methods, unsupervised statistical
models applied independently to each camera otlydio groups of cameras, audio-visual joint preieg

in well-suited physical configurations) will be btarated for this task. Most of these approachek hveil
based on some saliency or abnormality index, th#ith& used to select the most relevant or unusual
audio/video streams to be presented to operatamsritiol rooms.

2. Investigation of behavioral cues for human-cented monitoring and reporting.

The components developed here shall allow the sisabf audio-video data in close to real-time foe-p
defined scenarios and provide/report immediaterin&tion extracted from the data streams to opeyator
The main emphasis is on the investigation of thefulisess of precise behavioral cues (head pose; bod
posture) for the detection of the situations that slow down or interfere with the everyday useuablic
transportation (event detection applications), ab &s the reporting of useful information extracfeom the
data streams (situational reporting). Several sgemnanvestigating the above issues have been etbfin
this end, such as:

» Abandoned and stolen luggage scenario;

e  Group detection, people arguing, entering in conflict scenario;
» Crowd/Flows of people scenario;

* Monitoring equipment scenario;

» And situational reporting scenario.

3. Collective behavior building and online learningfrom long-term analysis of passenger activities.

Collective behavior building should allow an offfimnalysis of audio-video data and metadata siordte
system, and provide information on trends, repeateats and relationships among events that casdfel
for information retrieval and resources planning.

According to the above components, different apgitea will be used to evaluate the result of theaesh.

In a first step, algorithms will be evaluated on iadividual basis, mainly by measuring their tecahi
performance with appropriate measures (often dete@nd false alarm rates). In a second step, user-
evaluation will be performed in operational corit, in particular for the first component (stream
selection), for which objective measures are hardefine, and the third component (collective bébray,
which requires dedicated displays and human-compuaterfaces to present the learned behaviors to
operators.

The next section details the evaluation procediaresach of these three main categories.
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4 Assessment methodologies

The main objective of the evaluation process igvaluate the overall performances of the infornmatio
services, algorithms and tools developed by thgepto drawing also possible conclusions on their
transferability.

In VANAHEIM, the CONVERGE guidelindshave been taken as reference for methodologichf@mal
aspects of assessment (especially for the usenatial). In this context the term “assessment”siscufor
“the process of determining the performance antifgracts of an application”. “Evaluation” is a large
process, involving also the “determination of auealof an application in comparison with alternative
applications and/or to a base case and the praduatirecommendation for the decision makers”.

Two main categories of assessment objectives il be taken into account:
1. Technical assessment

This is the most basic level of assessment. Itrodtes the technical parameters of system
performance, for example the response time of yatem, the capacity of the knowledge extraction
process, hardware reliability etc. It would notwewer, address the impacts of the system beyond its
own boundaries. The particular technical parameierse assessed will be chosen to satisfy the
decision context and the decision-makers' needs.

Technical assessment will be expressed in terrhewfwell the knowledge extracted corresponds to
the ground truth, defined ex-ante as a selectiorepfesentative data (video/audio sequences) and
system performance, in terms of precision (i.doraf true positives over true and false positives)
and sensitivity (i.e. ratio of true positives ovene positives plus false negatives). The technical
assessment will be performed all along the durabbthe project, to allow the assessment of the
expected improvement of system operational effigren

In most cases, behaviour coding by UNIVIE and ddierannotations by researchers will be used as
a basis for determining the scenes or events tiaditlse detected by the system.

The intermediate tests and verification phase ajept mid-term will define the appropriate set of
indicators and measurements, according to userireggents analysis, ontology definition and
knowledge representation, and will provide an etebdback to further development carried out in
the technical work packages.

2. User evaluation

User evaluation (acceptance assessment) aimsittagstusers’ attitudes to and their perception of
the applications(s) investigated, usually basedjoestionnaire surveys, interviews, etc. Here the
users may be the operators who implement and @pératsystems, the passengers taking benefits of
the service, or the security operators who buy asel the applications. Regarding evaluation by
system operators, the results of dedicated techagsessment, impact assessment or cost-benefit
analysis for the respective system is usually dexisUser-friendliness of the human-machine
interface may be a further key factor influencihg system operator’s acceptance.

In Sections 4.1 to 4.3, we first describe the djetdchnical evaluation methodology that we wilirpue for
each of the VANAHEIM system component (sensor silegreal-time event and behaviour recognition,
collective behaviour recognition). Then, in Sectiébd we describe more specifically the user evaloat
procedure that we will follow.

1 4" Framework Research, Project CONVERGE TR 1101, §prant Telematics Support and Consensus,
http://cordis.lu/telematics/tap_transport/resefmadjects/converge.html
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4.1 Technical assessment methodology for Autonomous $&m Selection

The objective of the autonomous sensor selectigorigdhm is to select the audio and video streams to
display at a given time. The algorithm should setee most interesting, abnormal, unusual stredinsee
ways are currently envisaged to perform its tedrassessment, as detailed below.

* A first assessment methodology for the sensor sefealgorithm will be to use annotated audio and
video sequences. The annotations can either baaaybannotation (interesting, not interesting) or a
more continuous measure of the degree of abnogma@litese annotations can be used as a ground truth
following the scheme presented in Figure 1 (p.td2valuate whether the autonomous sensor selection
algorithm is efficient or not. The main drawbacktlos assessment approach is the requirementrigr lo
annotated audio/video streams and the need fortexpeotations.

From the behaviour coding point of view, one wayackle this issue would be to include an additiona
code in the behaviour observation catalogue, nafeatls for attention”. This would mean that
observers regard the scene as interesting withwtitelr specifying the cause for this. Since theseau

(i.e. too high density, someone remaining too lahthe ticketing machine, etc.) are deducible fthm
other behaviours coded, the overlap between ssatested by the system and by coders can be used as
a means to evaluate the accuracy of scene detection

» Since the project preliminary dataset also contalmst audio/video clips with abnormal events (GTT
logbook created and regularly updated by GTT opesata second approach will be to reuse these
abnormal events already annotated in multimedeasts. From these events, we can judge whether a
selection process is efficient by counting the nerrdf times the relevant stream(s) where chosethdoy
autonomous system when the abnormal events occuksethese clips are rather short and out of their
context (i.e. we do not have long time before aftdrahe event, but just the event itself), we must
integrate them in longer videos and run the saratuation process as with annotated audio/videois. Th
method has the advantage to reuse existing anmugabut the main drawback is that we will test only
over a limited set of configurations; indeed, itllvallow to test normal conditions against strong
abnormalities, and won't allow to evaluate the std® component on the “most relevant” criteri&.(i.
how does the selection component perform whenhallstreams are normal; in other words, are the
selected streams the less normal among all theatames).

In this solution based on abnormal event mixed withmal ambiance before performance evaluation,
acoustic properties of assessment locations aem ti;ko account for the audio part. We proposédén t
framework of VANAHEIM to broadcast abnormal audieats (with professional audio player) during
the night and then collect these samples as triatation dependant abnormal audio event. These
specific audio samples will be mixed to normal aamloe before algorithm’s evolution. The benefits of
the method are manifold. One of the most imporisuthe number of abnormal audio events we will be
able to simulate. Using professional databasesoasdsldeas Audio Database, we will address more
audio events rather than methods using only atbassnulate abnormal behaviours.

* The last assessment methodology will be closerstr studies and will consist in putting operatars o
other human subjects in front of different sensdedion system; the autonomous one that is degigne
in the project and a random one. We could thenuet@lthe relevance of autonomous sensor selection
based on questionnaires, task specific performameasures or measures of boredom. Autonomous
sensor selection could also be compared to maeunabs selection, using the same evaluations method.

At project mid-term, we will thus test the systeyngutting students in an operator-like environmeén.

a large computer screen several videos will be shamthe first condition the videos will be selettat
random, in the second, the system will make a pkection for interesting scenes based on automatic
audio and video analysis. The students will haeetéisk to click on the scenes that are interesiihg.
evaluation will be based on the students’ perforgeaim the two conditions: scores should be higher
with the preselected scenes by the system.
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However, when conducted with non-operator subjehes, risk of this last assessment approach is that
the subject’s opinion might not reflect an operatapinion: what is normal or usual from an expert
operator might be perceived as abnormal for a xpest observer (and vice versa). The best evaluatio
of the adequacy of the system can be obtained ghréang-term user studies: do the users use the
system if they can or, do they drop it and fallbtxkhe fully manual selection?

A last important issue, which has to be addressederning autonomous sensor selection, is the et
used to present/display continuously the algorithmésults. In Turin, security operators use 28 wide
monitors to control more than 700 video sensorg Why they use to switch is based on heuristicsaisw
on their own knowledge of the passenger’s beha\iday of the week, time of the day, particular égen
the city...). To correctly evaluate the proposed sesglection method, we will have to suggest adhpte
result’s display methods in order not to perturkerapor in their regular way of working. The follows
issues will be addressed during technical evaloatio

» How to display the results: one or several deditatenitor(s) in the video wall?

* Where the results should be displayed in the vidai?

Depending on the security operators’ feedbacks, wile adapt the display methods following their
requirements. Questions to users related to tresse$ will also be included in User evaluation siatat
presented in Section 4.4.
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4.2 Technical assessment methodology for Human-Centrefpplications

In VANAHEIM, many of the algorithms aiming at reauging human-centred events are modelled in a
supervised manner. This is especially true for ades such as abandoned luggage, equipment magtori
or group detection. In such cases, for the techmissessment, an automatic supervised evaluatibrbevi
conducted in the related work package, followirg gleneral evaluation process depicted in Figure 1.

Algorithm ‘
ﬂnder Algorithm
evaluation results |
Comparison Evaluation
results
Annotation Reference
process data

Figure 1 Evaluation process of video understandinglgorithms.

This evaluation process thus requires taking as@mticoncerning two topics: audio/video databasg an
related annotation, and evaluation criteria andioget

The prerequisite to obtain such an automatic etialués to first collect and defineeference datathrough
the annotation process (often called ground-truth). In generahaviour coding by UNIVIE will be used as
a basis for determining the scenes or the eveatsstiall be used for this technical assessmenteXanple,
groups can be manually marked in the images afegenee for the recognition system evaluation (FEd2).
In this case, videos have been manually annotatethé presence and size of groups, exploitingufeat
such as synchronized locomotion, proximity andadoteraction (e.g. communication), etc.

Other examples of frequent behaviour related tmatges of interest such as manipulation of equigmen
(mostly turnstiles and ticket machines) will alsododed in the project material (Figure 3).

2007 06— 12 16 -0n-25) O g S e

Figure 2 Example image of coded group, with 4 groumembers (1 partially occluded).
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Bigliett-— 1 DODe B=—— _

\

Figure 3 Monitoring equipment behaviour coding (marpulation category).

Currently, four hours of video material are anredatvith the behaviour catalogue described in D2.2
(Ontology-based behaviour modelling specificatipng) all behaviours of all people visible on therent
video material. In total, 341 people were obseri@d21.7 seconds on average, resulting in 124 perso
minutes. In the future, an annotated database tai@ur events, which can be selected automaticaiip

the video-streams via the ANVIL coding software)lvise provided. In addition to the reliability ohe
behaviours, we will use benchmark data generatecthéxhine recognition (metadata annotations geeerat
by researchers for conducting their studies), wikhtomplement the behaviour coding.

Regarding the reference data themselves, for nidsecscenarios, the number of events to be detecile

be large enough in normal captured data. This eésctise for the “Group identification” or “Monitogn
equipment scenarios”. However, for other eventsh sausituation may not be encountered. This icHse

for instance for the “abandoned luggage scenadothe “People arguing, entering in conflict scevsr,
which are rather rare events in the material. a8 tase acted scenarios might be needed to celhextgh
evaluation data. In addition, as mentioned in D@Whlic benchmarks related to the concerned scemaltio
also be used, such as PETS or AVSS 2007 datasetsm&ttended luggage or attended luggage removal
(theft), PETS 2009 or BEHAVE datasets for crowdwtas monitoring.

An evaluation, which uses dedicated evaluatioregatand metrics, will then be used to estimate the
algorithms performances and highlight their prod aans (e.g. capabilities to manage shadow, ocxtigsi
object crossings). Results will be presented intwemners:

1. Detailed analysis. to obtain a clear and precise view on performarddbe various algorithms at
several points in the audio/video processing chain.instance, we will use metrics that can output:

* A defined value like 2D localisation error, timet@rval between object apparition in the
ground truth and its detection in the system..tHase cases the metrics can compute
statistics on these values (mean, deviation, mim#&x values...), the statistics being for
example computed along the video sequence.

« A number of successes or failures of the algorithoes to situations. In that case, we use
the standard definitions:

- The True Positive (TP): the system has detecteghhsituation (exists in reference data and
algorithm results).

- The False Negative (FN): a real situation has Imeissed by the system (exists only in reference
data).

- The False Positive (FP): the system has detectsitiuation that is not real (exists only in
algorithm results).

- The True Negative (TN): entity that does not fitther with a reference data, nor an algorithm
result.

These data may provide also more information thlhtharacterize algorithms as:
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- The precision =TP /(TP + FP)

- The sensitivity = TP / (TP+FN)

- The specificity = TN/ (FP + TN),

- The F-score = 2*precision*sensitivity / (precisiersensitivity): harmonic mean of
the precision and sensitivity.

2. Global analysis: to compare globally all algorithms and to obtainmganingful measure of their
performances from the end-user point of view. IFstdnce, it can be the minimum between the seitgitiv
and the precision.

In general, the number and type of indicators Wl defined during the algorithms development siage
related work package, taking into account inpuetgations coming from WP2 and WP3. Two basic
requirements will be taken into account when dafinindicators: they must be able to reflect clednly
related performance or impact; and they must baldepof reliable assessment using the experimeotid
and measurement methods chosen.
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4.3 Technical assessment methodology for Collective Baiour building

Collective behaviour building consists mainly intésks: a) computing the most frequent activitiesain
subway and b) detecting abnormal activities. Tolymeathe frequent activities, a first stage cossist
clustering all the different behaviours, dynamiecseagents occurring in the scene into clusters oivie
corresponding to the main trends of passengerslliray in the subway. For this first stage a laageount of
videos will to be collected in T3.3.

Assessment with unsupervised indexes

The technical assessment of collective behavioildibg consists in evaluating the quality of thesasters
using general metrics verifying the constancy ef tlusters (e.g. high density, low intra-distanod high
inter-distance). Several criteria (called alsodigfiindexes) can be used such as Silhouette, DDawies-
Buldin). Note that these indexes evaluate the gstodicturing of the clustering results rather thawy a
correctness from the user point of view.

From the clustering results, a direct mapping canebtablished between the clusters and the aesiviti
observed from the data. When talking about a gdoster separability, we are basically measurindearc
distinction between the activities, which is giventhe inter-cluster separability. On the same sewhen
talking about a high intra-cluster homogeneity, mean this time a good cluster cohesion and in teims
activity, this means we are able from the clusteddscribe the mean activity in a concise way aitloart

too much deviations. The Silhouette, Dunn, Davie&dB indexes differ between themselves only in the
way the distance between clusters or the clusseaster is calculated. Actually some more indexe@gxist

in the literature but in VANAHEIM, we are conceritrg in the most employed-ones; for concision matte
these indexes are described in Appendix 6 (p. 21).

Assessment by activity cluster visual inspection

In order to get closer to an end-user evaluatiantpaf view, a second technique to assess the psock
collective behaviour building is to visualise theeos corresponding to the same cluster to vertigther
the people behaviours occurring in the video cpued effectively to the same activity. In other derwe
are visually assessing the intra-cluster homoggn#itwe succeed to observe the same behaviour when
randomly drawing from the cluster several differestords, then the frequently activities for thdemive
behaviour building process are validated. Note thdtom visual evaluation we observe a mixture of
behaviours grouped into one cluster, the clusteaiggrithm needs certainly to be tuned as the hebav
mixture is generally indicative of an under-fittegace, or in other terms a too low number of ciaste
employed to describe the whole spectrum of aotisitEach cluster carries thus a given degree dtsiom.

On the other hand, if it is found that element®bging to different clusters actually correspondh same
behaviour we are then in the frame of an over-ehest space and the number of clusters can be dimeichi
This kind of evaluation is thus particularly impamt. Even when the algorithm is totally unsupenyiaed
the number of clusters does not need to be spedifi@dvance of the clustering process, this evaina
could be employed to tune the sensitivity paramsetenich allow adding/creating new clusters into the
systems.

Assessment with synthetic data
A third technique is to simulate a large numbetrafectories corresponding to people activities¢ltester

these trajectories and to evaluate the obtainestastsi Several advantages can be attached to \gorkih
simulated data:
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1. Data quality. Because we control the way data is generatégithius possible to control the signal to
noise ratio (SNR) levels in the data. The behaviaiuhe system can then be controlled for several
levels of complexity in the input data from the SN&int of view.

2. Data partition. The number of normal and abnormal behaviourstbbnd by the system can be set
in advance

3. Data labelling. While generating the simulated data, it is pdedib set a tag for each activity. The
objective for this is to later compare the groupasgablished by the clustering algorithm with that
artificially set at the beginning while generatihg simulated data.

Evaluating the obtained clusters in this case @addne employing supervised indexes because wedave
ground-truth to compare to (the grouping estabtisheificially at the beginning while generatingeth
simulated data). The supervised measure we areogimglin the project for this purpose is the Jadcar
index described in Appendix 6, Section 6.4 (p. 22).

Assessment with video ground-truth

The activity clusters can also be evaluated contpéwevideo ground-truth when end-users are able to
provide such information (i.e. the main activitiescurring in the subway) on the processed datahiat
point, videos of benchmarking data could be usemlvéver there is no such database currently availabl
corresponding to VANAHEIM scenes. The contingend¢gnphere is to employ the video material that
evaluates the human-centred applications. Bec#@usajnly consists of abnormal activities, we camalaate

our system by testing that these activities areimdtided in the frequent activity clusters for aelour
building, which actually describe the normal andstrfeequent trends of behaviour in the station.

Assessment of abnormal activity detection
In the collective behaviour building, when all ftept activities have been identified, the detecidn
abnormal activities is similar to the autonomoussse selection part and consists in selecting temes

activities deviating from normal behaviour and wterest for the security operators. Therefore phixess
can be assessed as the autonomous sensor setlastibed before.
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4.4 User evaluation

The user evaluation procedure will mainly be base@n acceptance assessment of the developed system
The user acceptance index aims to estimate ustigidas to and their perception of applications(s)
investigated, usually based on questionnaire ssrviayerviews, etc. Here the users may be the tgpsra
who implement and operate the systems, or the ispayperators who buy and use the applications.
Regarding acceptance by system operators, thegedudedicated technical assessment, impact aseasts

or cost-benefit analysis for the respective sysgeusually decisive. User-friendliness of the humaachine
interface may be a further key factor influencihg system operator’s acceptance.

Another user evaluation index that could be usedhé impact assessment. Impact assessment is the
measurement or estimation of the impacts (effeofslan application, e.g. those on safety, security,
environmental conditions or efficiency of the trpod system, for the particular target groups @yst
operators, , decision makers etc.) likely to bea#d. Since this means determining how the inclisatf
assessment may have changed, a comparison is dng@ither a “before-and-after” measurement, or
comparison with alternative(s). The decision congtrould determine which impacts to assess anthtbet
groups to be considered.

For VANAHEIM, the main target group will be the seity operators. Thus the main acceptance and itnpac
assessment will consist in evaluating how effidiethe VANAHEIM system can be usable and useful,
mainly to identify “Scenes of Interest” (SOI) fdne different parts of the system. To do so, we khou
compare how many SOIs could be processed by aitseoperator before and after VANAHEIM utilisation.

Within the user acceptance assessment, as proposkd tale below, users’ opinions/evaluations o
gathered towards three main fields: HMI, accedsibib information, and ease of use. Within the &op
assessment, it will evaluate the impact of knowdedxgtracted in the fields of security operatiomscoteria
such as response time, credibility of informatiosefulness of information, and level of interopditgb

Assessment category  Assessment objective Indicators Group involved
in evaluation
User evaluation 1. Acceptance assessment 1. HMI USeds
2.Accessibility of the information End Users
3. Ease of use End Users
2. Impact acceptance 4. Response time End Users
5. Credibility / Reliability End Users
6. Usefulness End Users
7. Level of interoperability End Users

The user acceptance will be evaluated by end tisevagh demonstrations of algorithms usage firaiih
test data and then in a real life operations, whessible, and through simulations in all the otteges. The
values used for this assessment will be qualitatigang a scale from 1 to 5, where the scale cporads to
the following assessed performances: “Very pooPpdr”; “Fair”; “Good”; “Excellent”. Table below
presents a generic evaluation datasheet integrétesg different user criterions, which will be apst and
refined at the mid-term and final evaluation stage&/P7, so as to exactly fit the developed comptsie

Next subsections now present in more details thesséen user evaluation procedures that will beeg for

each part of the VANAHEIM system, i.e. the autonoseensor selection, the human-centred applications
and the collective behaviour building.
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Test Site:
Day:
Time:
Operator:

Test number:

VANAHEIM — User evaluation datasheet

IP project n°248907

VANAHE IM

Algorithm EG: COMPONENT-1 Rate
Ref. Questions Peak- | Off- Successful (+)
hour peak | Unsuccessful ( -
hour
Test
1.1 How would you rate the user friendliness ogiféce
(HMI)?
1.2 How would you rate the accessibiljty
of the information provided?
13 How would you rate the overall easiness ofaiske
tool?
2.4 How would you rate the responses time in witieh
results have been provided?
2.5 How would you rate the credibility/reliabiliyy
of the information provided?
2.6 How would you rate the (operational) usefulnelsk
the information provided?
2.7 How would you rate the interoperability of the
service?
How would you evaluate the impact of the
infformation provided on the management of
security?
How would you evaluate the impact of the
information provided on the cooperation among
other relevant bodiesin charge of security?
Comments
Scale from 2.1.1to 3.1.2 for 3.2.3and 3.2.4
1 Very Poor 1 Very Little
2 Poor 2 Little
3 Fair 3 Somewhat
4 Good 4 Much
5 Excellent 5 Very Much
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4.4.1 User evaluation for Automatic Sensor Selection

The objective of the autonomous sensor selectigariéhm is to select the audio and video streamiseto
played/displayed at a given time in the controlmodhe algorithm should select the most interesting
abnormal, unusual streams.

The user evaluation of this selection will be bassinly on the above-mentioned table and the mlate
datasheet provided to the operators. Automatic osesslection will be evaluated mainly by security
operators during their day-by-day operations. Tjgootunity to evaluate the correct selection wal diven

by authentic abnormal events during operationat$that are usually reported by customers to timtrab
room: since it is mandatory to log these events]aly itself will report if the algorithm will set¢ efficiently
the correct stream.

In addition, many interesting, abnormal and unustralams happen during non-operational hours andrar
fact, already known by the operators since theyuaresual events related to extraordinary maintemamc
operation activity, such as exercitations of opgsabr agent. The ability to know in advance thegents
will be used as a ground- truth to evaluate whetiherautonomous sensor selection algorithm isiefftoor
not.

4.4.2 User evaluation for Human-Centred Applications

The objective of human-centred applications isdport immediate information extracted from the data
streams to operators in control room. All the scesaeven if usually not affecting regular opeyasi of
public transport, happen on a regular basis irdtheby-day operations.

Since all of them are currently reported by custene agents immediately or at the end of the dathe
control room, together with the quality assessnagt evaluation that will be done by operators owlsi
instance of the information reported by the apfilices, a statistic will be compiled on the effiabgnof
those application in comparison with non-automeggmorting of the described scenarios.

4.4.3 User evaluation for Collective Behaviour Building

The objective of collective behaviour building apation is to provide information on trends, reeeiat
events and relationships among events that carséfldfor information retrieval and resources piagn
For this reason the end user evaluations will beedwoainly by security managers and operations plann
rather than by control room operators.

The information and trends that will emerge from NMAHEIM applications evaluation will be correlated
with the information the operator already has @mdrand utilization of the metro, such as the dra t
comes from the gates or the ticketing vending meghin order to mutually acknowledge the two
information sources. Also in this evaluation, tihewae-mentioned table and the related datasheeidato
the operators will be used to report the evaluation
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5 Conclusion

Taking into account the assessment of a system ascMANAHEIM one is crucial on several levels
(technical performance of components and alsoexsduation from operational point of view), we pospd

in this deliverable an evaluation and verificatioamework that will be applied in VANAHEIM for both
technical assessment and user evaluation of gteray

As for the technical assessment, it will mainly @sed on the quantitative metrics (true positiversus
false positives, precision versus recall, etcetbsigainst manual annotation provided by behavicoding
and scientific ground truth. The technical assessifeg each main part of the system has been preden
evaluation of autonomous sensor selection will gegeral approaches: a) comparison with manual
annotation, b) testing the detection rate of unusuants registered in the logbooks of operatorsesting

the performance in detection of unusual eventpefators or other people. Technical assessmentroéh-
centred monitoring and reporting applications sgilllely be based on manual annotation, by comparing
human observation (manual annotation or operatdrservations) and outputs coming from the companent
themselves, so as to compute meaningful statisbosit component technical performances. Last, ciolke
behaviours will be evaluated employing both, meeswomparing obtained results with annotated dada a
several indexes indicating the correctness of #sealts in unsupervised manner. Basically, thedenteal
evaluation metrics will be refined in the relatedriwvpackage (WP4 to WP6), and related evaluatiahdes
reported in the corresponding technical deliveraf.* to D6.*).

As for the user evaluation procedure, it will besdxh on the acceptance of the system from the dpeaht
point of view, for which we introduce an evaluatisheet to be used in the evaluation process. This
evaluation datasheet will be refined and used @epr mid-term evaluations stage (WP7/T7.3, D7%sB)as

to identify the pros and cons of currently deplogechponents.

Last, both, the technical assessment and the ua&ra¢éion will be used to feed-back into the depetent
of the system until the project end, first to mékaore accurate from the technical point of vievd second
to increase its usability from the operational paifview.

Page 20 of 22



FP7 VANAHEIM IP project n°248907

6 Appendix — Indexes for collective behaviour technal assessment

6.1 Silhouette index

The Silhouette index is defined as follows: Consilelata object vjj D{ZLZ,...,N}

belonging to cluster cli

i D{:L...,c}. This means that object vj is closer to the psgietof cluster cli than to any other prototype. Let
the average distance of this object to all objéa®nging to cluster cli be denoted by aij Alsa, tlee
average distance of this object to all objects fgilog to another cluster i’ i~=i' be called di’jrilly let bij
be the minimum di’j computed over i’ = 1,...,c whiclpresents the dissimilarity of object j to itsseet

neighbouring cluster. The Silhouette index is then:

N .- . .
S=iZSj wheres, = b -3,
N j=1 ma aij'blj

This way, the best partition is achieved when #&&ximized, which implies minimizing the intra-clast

distance (aij ) while maximizing the inter-clustkstance (bij ) .

6.2 Dunn index
The Dunn index is defined as follows: Let cli aidlme two different clusters of the input datasehen, the

diameter® of cl; is defined as\(cl,)= max {d (vj.,vj )}

vj,v;.Ocl;

Let 0 be the distance between cli and cli’ Théris defined as

(cl;,cl.)= min {d(v,.v ),

v; Ocl; ,v;.Ocl;.
and, d(x, y) indicates the distance between points x and y.

For any partition, the Dunn index is

in | min | J(dl,,dl,.)
D .

Ry andi,i'0{L,...,N}, i'#i

Larger values of’o correspond to a good clustering partition.
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6.3 Davis Bouldin index
The Davis Bouldin index is defined as follows: Thnslex is a function of the ratio of the sum of it

cluster scatter to between-cluster separation.s€tatger within cluster, cli, is computed as

= S -n)

v; Ocl;
m is the prototype for clustet; . The distance) between clusters cli and cli’ is defined as

old;,d.)=[m. - m|
The Davies-Bouldin (DB) index is then defined as
1 N
DB:NZR with R = maxR; i,i'0{1,...N}, i'zi and

i=1

__S+S
Ri-= e, cl.)

Low values of the DB index are associated withaper clustering.

6.4 Jaccard index

Consider C = {CL1...CLm} is a clustering structureatiata seX = {vl,vz,...,vN}; and P ={Pl...Ps}isa
defined partition of the data. We refer to a paipaints (v; ,v;) from the data set using the following terms:

» SS: if both points belong to the same clustahefclustering structure C and to the same group of

partition P.

« SD: if points belong to the same cluster of C andifferent groups of P.

* DS: if points belong to different clusters of @dato the same group of P.

« DD: if both points belong to different clustefs@and to different groups of P.
Assuming now that a, b, ¢ and d are the numbeSpfSP, DS and DD pairs respectively, then a+b+d¥d =
which is the maximum number of all pairs in theadatt (meaning, M = N(N - 1)/2 where N is the total
number of points in the data set).

Now we can define the following indices to meagdteedegree of similarity between C and P as:

J=alla+b+c).
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