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proposal. The main purposes of these ontologies are (1)gposuthe
development of appropriate functions of the workflow systamd (2) to
serve as a communication media to interface with other Kisbwledge
components. Three ontologies were designed with closalmmiation with
image processing experts and communications with marioledsts and
user interface experts to capture the domain knowledgarstityc— Goal,
Video Description andCapability ontologies. In addition, a process library
was developed to describe the processes within the systBemortologies
and process library were utilised in the first version of ouwsrkflow
composition and execution system to support video claasibis, fish
detection and counting tasks. The ontologies will contitauevolve with the
project’s needs and are envisaged to interface with otter4Rinowledge
components in due course.
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1 Introduction

The workflow component of the F4K project is responsible & tomposition and execution
of a set of video and image processing (VIP) modules on higfopeance computing (HPC)
machines based on user requirements and descriptions eidide data. In order to do that,
three types of knowledge are required for the design of thekfleov component: (1) User
requirements that can be translated into high-level VIR$a&) Description of the video data
available to us; and (3) The VIP resources available to use firkt knowledge is acquired
through correspondence with F4K’s marine biologists inveed, while the second and third
knowledge are acquired from the image processing expeR4kn(Edinburgh University and
University Catania teams). As a result, the workflow compoirgarprets the user requirements
(from User Interface team) as high level VIP tasks, createkflaws based on the procedural
constraints of the modules (provided by IP teams) to ultalyahvoke and manage their execu-
tion in a distributed environment (HPC team).

In our intelligent workflow system, we have chosen to use aological-based approach
to guide the automatic generation of a “virtual workflow miaeti based on a set of closely
related ontologies. This allows a separation between thielggm and application descriptions
and the workflow mechanism. As a result, the workflow machiag work in different problem
domains if the problem and application descriptions arenghd. Using ontologies is an
accepted methodology for describing domain knowledge anccépturing knowledge and
semantics in a domain that has been used widely in severar eids including medical,
linguistic and enterprise. In addition, we have also useddlontologies as a communication
medium that enables us to convey and verify our understgmiith the domain expertge. in
the field of marine biology and video and image processing.

Consequently, this will promote reusability and provide aaaptualisation that can be
used between different domain experts, such as marinedistéo image processing experts
and workflow engineers. These ontologies are also pivotalgfasoning. For instance, in the
selection of optimal VIP software modules, the Capability@wgy is used to record known
heuristics that we have obtained from VIP domain expertstol@gies may also be used to
guide the recording of better performing user experienitess improving the performance of
the workflow system over time.

In this report, we therefore describe our efforts in creptrset of suitable domain ontolo-
gies that are based on user requirements (from marine lstdpdor our intelligent workflow
system, as defined in the project proposal. The main purpafstese ontologies are (1) to
support the development of appropriate functions of thekflmwv system, and (2) to serve as a
communication media to interface with other Fish4Knowkedgmponents.

As aresult, we first describe the 20 scientific questions@gaged by the marine biologists.
We then provide an analysis of these 20 questions from th&flear system’s point of view
- that is based on the capabilities of video and image proug$¥IP) modules available to
us. Based on a mapping between the user requirements and #eWglabstraction of the
capabilities of the VIP modules, we have constructed thel @odology (Section 3). The
Video Description Ontology (Section 4) contains the enwinental factors related the videos.
The Capability Ontology (Section 5) describes details of\fllé modules,e.g. heuristics on
their strengths and weaknesses. To date, the Goal Ontotoggins 52 classes, 85 instances
and 1 property, the Video Description Ontology has 24 cks3@ instances and 4 properties
and the Capability Ontology has been populated with 42 cka§deinstances and 2 properties.
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The process library (Section 6) defines the procedures #rabe used to call upon VIP
modules. Currently, we have not found the use of any other domatologies. If such
ontologies are found to be useful at a later stage, they witreated.

The set of ontologies and process library developed haveostgul the composition and exe-
cution of the first version of the workflow system that has beerluated for video classification
according to brightness, clearness and algal levels, figttien and counting tasks [2, 3]. As
the Fish4Knowledge project is an on-going project that usquirements and functionalities
of the components may change over time, the reported omnésl@nd process library here are
therefore the current state-of-the-art for the project.

2 Principlesand Focus

Ontology development is often lengthy and requires repleditcussions between experts from
different domains to reach consensus. An ontology shoultbbeambiguous, correct, intuitive
and concise. The main components of an ontology are clabserelationships between these
classes and the attributes and instances of these classasse€ldescribe concepts in the
domain and are often the focus of an ontology. They are tilpiaagroup of things that share
common attributes. A class can have subclasses that repoeseepts that are a specialisation
the superclass. Instances are actual instantiations sgada (Object) properties describe the
relationships between classes; where as (data) propdetsesibe the attributes of a class.

The ontologies developed for this deliverable are aimedippsrt workflow composition
and management. That is, given a high level VIP task, suclfiah detection query, it should
be able to find the sequence of optimal VIP tools to solve task.t For this purpose three
ontologies have been constructed to reflect the main asipettsapture workflow composition
for video processing tasks. That is 1) tBeal part that specifies and defines the VIP task; 2)
the Video Description part, which describes environmental and other conditi@rsaming to
the videos; and 3) the VIP tools and technig(@apabilities) available for use. The ontologies
were developed in consultation with the Workflow, Image Besing and User Interface teams.
Since the purpose of the ontologies is to help constructm@tivorkflow solutions for VIP
tasks, close collaborations were conducted with the VI order to get insights of the
VIP modules’ operational details.

For ontology development and visualisation purposes, OVOL[1]. was generated using
Protege version 4.0. Where applicable, ontological diagrasere derived using the OntoViz
plugin. Within Protege, classes, subclasses, siblingselgasnstances and properties (relation-
ships) can be created, modified and deleted wih ease. Fmther rules and axioms can be
asserted. Annotations such as description, source and entarran be defined for each entity.
The ontology created can also be verified for consistencg.rBxt three sections will elaborate
the ontologies.

3 Goal Ontology

The Goal Ontology contains the high level questions posdtduser interpreted by the system
as VIP tasks, termed as goals, and the constraints to the. @efore the Goal Ontology could
be constructed, a list of queries posed by marine biologiste examined. These questions are
listed in Table 1 and can be found in Deliverable 2.1 — Usesrinfition Needs.
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Table 1: List of 20 scientific questions posed by Taiwanesenadiologists.
Q1 | How many species appears and their abundance and body siag and night
including sunrise and sunset period.
Q2 | How many species appears and their abundance and body sedam period of time
(day, week, month, season or year). Species compositiorgehaithin one period.
Q3 | Give the rank of above specia. listed according to their abundance or dominance
How many percent are dominant (abundant), common, occalsaoal rare species.
Q4 | Fish color pattern change and their behavior in the nightlfiemal fish
and vice versa for nocturnal fishes.
Q5 | Fish activity with one day (24 hours).
Q6 | Feeding, predator-prey, territorial, reproduction (m@tispawning or nursing) or other
social or interaction behavior of various species.
Q7 | Growth rate of certain species for a certain colony or gradugbserved fishes.
Q8 | Population size change for certain species with one pefitiche.
Q9 | The relationship of above population size change or speclgposition change with
environmental factors, such as turbidity, current velgeitater temperature, salinity,
typhoon, surge or wave, pollution or other human impact studbancestc.
Q10 | Immigration or emigration rate of one group of fishes inside monitoring station or
one coral head.
Q11| Solitary, pairing or schooling behavior of fishes.
Q12| Settle down time or recruitment season, body size and albgedar various fishes.
Q13| In certain area or geographical region, how many specidsl tmuidentified
or recognized easily and how many species are difficult. Thstimportant
diagnostic character to distinguish some similar or sghipecies.
Q14| Association among different fish species or fish-invertesra
Q15| Short term, mid-term or long term fish assemblage fluctuattane monitoring station
or comparison between experimental and control (MPA)@tati
Q16 | Comparison of the different study result between using didhbservation or
underwater real time video monitoring techniques. Or theathge and disadvantage |of
using this new technique.
Q17 | The difference of using different camera lens and theiremngdth.
Q18| Is it possible to do the same monitoring in the evening time.
Q19 | How to clean the lens and solve the biofouling problem.
Q20 | Hardware and information technique problem and the passitgpprovement based on
current technology development and how much cost they are.

These 20 questions were examined carefully to understagid rtieaning in VIP terms.
Lengthy discussions were also held with the F4K user quemntand the marine biologists.
Then these questions were mapped to the relevant video aggiprocessing (VIP) tasks that
represent them. These were derived based on discussidmsheiimage processing teams.
Eight main task types have been identified and listed below.

1. Fish Detection and Tracking.
One of the most important tasks involves determining the bemof fish in a range of
videos over a period of time for statistical analysis. Inesrtb do this, fish objects will
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need to be identified (detected) and then tracked frame byefia order for them to be
counted later on. This is a low level image processing taakwhil contribute towards
other analysis such as (fish) population-related queridshégh-level fish information
aggregated analysis.

2. Fish Species Classification.
This task involves classifying a fish object into its relevspecies. Species identification
is one of the main tasks that is needed to meet the requirent&adt out in the 20
guestions. Out of the 3000 species of fish live in the Taiwarsesa [5], about 1500
species can be observed by camera surveillance. Furthéistoat coarse clustering
result has yielded about 27 species of fish from a 30,000 satatabase that F4K image
processing experts will aim to classify.

3. Population-Related Analysis.
Marine biologists are interested in knowing statistickbrmation on the population size,
species composition, immigration and emigration ratesgdréicular group of fish. The
core task here would involve fish counting, which builds aarssults from fish detection
and tracking.

4. Behaviour Understanding.
One of the main interests of marine biologists is to undacdsthe behaviours of various
fish species. Behaviours can be related to fish activity, ssd¢eealing and reproduction,
or related to population, such as growth rate and speciepasition change or related to
other behaviours, such as colour pattern change.

5. Fish Clustering.
Marine biologists are also interested in finding similarggmf fish and the association
between them. Fish clustering would identify fish that lookigr according to some
common features (such as shape, coleta) to allow for such analysis to be carried out.

6. Fish Feature Analysis: colour, contour, texture, size.
Fish descriptions such as the size and colour of the fish,fantevest for marine biolo-
gists. This task can be used to answer queries that can prdestriptions of fishes but
not identify which fish it is; or the other way around. For exde) fish features such as
colour, contour and texture are generally computed to be fasdish species recognition.

7. Event Detection.
This task involves the identification and localisation oésified spatio-temporal patterns
(events) in video, such as fish mating and preying activikée. events could also include
environmental incidences such as typhoon, accumulati@igafe on the camera lenses
and other factors that may influence the quality of the restrddeos.

8. Aggregated Analysis.
Often, conducting the tasks described above separatelyoqrgufficient to perform the
analysis required to answer marine biologists’ querieseiiTtesults will have to be
aggregated for further analysis. For instance, rankingsbf $pecies would involve fish
detection, counting and species recognition, followed H®y gorting of the number of
fish according to species. Other higher-level analysis wantlude those that do not
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involve any image processing, such as comparisons betwiffenedt methodologies
used to solve VIP tasks, effects of using different typeseofésetc Query 19 and
20 are examples of such type of tasks.

As a starting point, the 20 questions provided by the Taiwanearine biologists were
analysed. These are indicated as Q1 to Q20 in Table 2. Theythven mapped to the VIP tasks
(goals) that they fall into based on the types of tasks theatequired to be carried out to address
these questions. A VIP task as indicated here is a high l@adlig our Goal Ontology that can
be understood by an image processing expert who can writéeh@l/programs or software to
solve it. The following table contains the result of the gsal after communication with image
processing experts, user interface experts and marinegists.

Table 2: Mapping of high-level VIP tasks to the 20 questionpravided
by marine biologists. Legend: MB — marine biologists, IP -aga
processing experts, Ul — user interface team, QE — quernenhiCHC
— high perfggmance computing group.

N

Bl

Behaviour Understanding

Fish Clustering

Event Detection

Aggregated Analysis (QE-CWI)
Assumptions, Definitions and Comments

Attention

x | Fish Feature Analysis: colour, contour, texture,

x | Fish Detection and Tracking
x | Population Related Analysis
x | Fish Species Classification

—| Query/Tasks

Assumption: Sunrise & sunset are defined by IP teamsB,
as a 10-minute period when videos change from dark Ul
to colour & vice-versa. Night videos are not available.
2| X | x| X x | Definition: Species compositias defined as the
number of fish from each species.

3 x| x| x| (X X X

4| x | x| X X X | Comment:Diurnal andnocturnalfishes will need to MB,
be determined manually by F4K researchers and 1P,
populated in the database. Colour pattern change | QE
may not be possible to be performed as the change
will occur within 1-2 seconds, which is too quick
for current VIP techniques to detect.

5| x| x| X X X Assumption: Activity refers to activity cdll IP,QE
the fish in a video clip.

6| X | X | X X X (x) | Comment: Territorial behaviour is seen when a fish | MB

species attack other fish or human entering the ared
that they are in.

Continued on next pag#
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Table 2 — Continued

Assumptions, Definitions and Comments

Behaviour Understanding

Fish Clustering
Event Detection

x | Fish Feature Analysis: colour, contour, texture, [size¢

x | Fish Detection and Tracking

x | Population Related Analysis

x | Fish Species Classification

x | Aggregated Analysis (QE—-CWI)

| Query/Tasks

Definition: Fish groupis a group of fish (hormally of
the same or closely related species) living together
in one area.

Definition: Fish colonyrefers to the same fish species.
Definition: Growth rate = birth rate — death rate +
immigration rate — emigration rate

8| X | x| X X)) | x | X | x | Assumption:Population size changgepends on (not | MB
exclusively, but most commonly) immigration,
emigration, birth rate and death rate.

9| x | x| x | (¥ X X X | Comment: NCHC could provide the following MB,
information from its equipment and governmental NCHC
archives: water salinity, temperature, turbidity,
ph value and dissoved oxygen. In the

future typhoon incidence is a possibility.

10| x | x | (X (x) X | Comment: Mathematical formula fammigrationand | MB,
emigration rateare required for aggregated analysis.| Ul

C Z| Attention

11| x | x | X X X
12| x | x | X X x | Definition: Settle down timeefers to the time it takes | MB,
to colonise a new area through immigration. In ul
marine terms, settlement refers to the colonisation of
a previously unavailable area.g. new structure
(sunken ship) or an area that has been cleared (usually
by a destructive eveng.g.storms, human action).
Definition: Recruitment seasds the phenomenon
where new born fishes survive and are added

to the overall population.

13| x | x | x X | X X | Comment: Similar/sibling species could be physically QE,
similar (e.g.shape, size, number of spikes), or IP
having the same genus but not species.

Comment: This task requires labelled data,ground
truth in order to determine whether a fish species is
easy or difficult to be recognised.

14| x | x| X X | (X)) | x (x) | Definition: Associatiorrefers to the co-occurrence MB,
of species. It could be considered with the number | Ul
of co-occurrences per associated species, average

Continued on next pag#
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Table 2 — Continued
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time-span and threshold of time-span between 2
occurrences. An example is the symbiotic
relationship between fish and fish-invertebrates.
15| x | x | x | (X X x | Definition: A fish assemblagis a group of interacting | MB,
populations within a specific area. A population refersul
to a single species, thus an assemblage refers at
least 2 different species within a specific area. They
must interace.g. predator/prey interactions,compete
for food, space or other resources. Fish assemblage
fluctuation is the change within the structure

of the assemblage,g.increase/decrease in numbers
either overall or within individual populations.
Assumption: ‘Short-term’, ‘mid-term’ and ‘long-term’
durations are to be defined by the user.

16 X | Comment: This task requires results from manual | MB,
processing in order for comparisons to be performed. QE

17 X | Comment: This is not possible at present. MB

18 X | Comment: This is not possible at present unless infraMB,
red cameras are installed and recordings are providedNCHC

19 X X | Comment: This question should be rephrased as ‘Wh&iB,

to clean the lens’. How to clean the lens and solve | IP,
the bio-fouling problem is beyond F4K's IP capabilitesUl
20 x | Comment: This is not possible at present. NCHC

Table 2 shows the VIP tasks for the 20 questions posed by enaralogists involved in
Fish4Knowledge. The tasks were identified via discussiomis W experts (UEDIN IP and
UCATANIA). For each question the relevant VIP task(s) thah ¢e used to support it are
marked with an ‘x’. An ‘X’ marked in parentheses indicatetttige particular VIP task could
be associated with the question, but it could not be detexdwmth absolute certainty that this
function will be supported within this project. This may bh&edo technical reasons or the time
constraints imposed on this project. The first seven tagkdiegctly related to video and image
processing components while the final task ‘Aggregated yansil is related to analysis that
makes use of results generated by other VIP tasks. Wherecablaj assumptions, definitions
and comments are included in the table for the relevant Fékh$e(image processing, query
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engine, marine biologists, user interface or high perferteacomputing). The VIP tasks
identified here constitute the main goals that we want toriwsand use in the Goal Ontology.

Along with these main goals, we add higher level goals to iplea classification structure
and linkage to possible user queries, the Goal Ontologyiatdodes the constraints to further
specify the goal, shown in the sub-tree ‘Constraint on Géadjure 1 depicts the Goal Ontology
pictorially. The main relationship between classes shogre is the sub-class relationshigpa.
Instances and properties are not shown due to the limitafitime visualisation tool. They are
provided in detail in Appendix A.

The ‘Goal’ class is the umbrella of concept that includes\thié tasks identified in Table
2. The eight main VIP tasks can be found in Figure 1. We alsatecea level of intermediate
classes between the goal class and the lower level VIP goafxtease the flexibility and
readability of the ontology. This set of intermediate céssare ‘Object Detection’, ‘Object
Tracking’ (object detection and tracking are separatedhe dntology for ease of IP pro-
cessing), ‘Population Related Analysis’, ‘ClassificatioBehaviour Understanding’, ‘Object
Clustering’, ‘Feature Related Analysis’, ‘Event Detecti@md ‘Aggregated Analysis’. Three
additional classes ‘Display Task’, ‘Image Video Compressamd ‘Image Video Segmentation’
are included as they are useful general purpose VIP taskagh@ay need. Under these general
concepts, more specific goals may be defined, for exampla B&tection’, ‘Fish Tracking’,
‘Fish Clustering’, ‘Fish Species Classification’ and ‘Fislz&Analysis’. The principle behind
keeping the top level concepts more general is also to alewohtology to be easily extended
to include other (new) tasks as appropriate as the projeeiaies.

‘Fish Detection’ and ‘Fish Tracking’ tasks are needed forstmaf the 20 questions as fish
detection and tracking will be needed for counting taskeyTdre kept separate for extensibility
and modularity. Other objects may also be detected, for plawgoral, fish-invertebrates and
non-fish organisms, which would fall under the class ‘Obj@etection’. These are defined in
the ontology following the hierarchy shown in Figure 2.

Using a similar principle, the classification of various fegiecies and other objects can be
specified under the class ‘Object Classification’. Its paré€iassification’ refers to the general
task of classifying videos and objects in the videos. Clgsgifthe video according to its algal
(green tone) levels, for instance, could be used to answestigu 19.

‘Population Related Analysis’, as its name suggests, cosceaith queries regarding the
population of a group or colony of fish. ‘Object Counting’ haseh regarded as a population-
related analysis as all the queries involving counting vedated to population, hence it was
kept separate from tracking.

Behaviour describes the changing of features and activitiasis observable externally.
Various fish behaviours are defined under the class ‘Behavioualerstanding’. Two main
types of behaviour are activity-based ones and featureebases. Activity-based behaviours
include feeding, pairing, predation, prey escaping behayireproducing, schooling, solitary
behaviour, territorial behaviour and association witheotfish sprecies or fish-invertebrates.
These are instances of the class ‘Activity Based Behavioar .néw two instances of ‘Feature
Based Behaviour’ have been indentified; colour pattern chemdjernal fish and colour pattern
change in nocturnal fish.

Event detection is primarily concerned with the detectibrcttanges in the current envi-
ronment. In the ontology, its instances include factorsisaghigh current velocity, high level
of algae on camera, pollution incident, surge or wave, tgphdigh or low (unusual) water
salinity levels, unusual water temperatures and unusui@riabidity levels. The detection of
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Figure 1. Goal ontology denoting the main classes of goalanstraints that were applicable
to the 20 questions posed by Taiwanese marine biologists.
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Figure 2. Two main types of goals for F4K — Fish detection asi fiacking.

an event will lead to computation of the changes in poputasizes or species compositions
(related to Question 9).

Finally, tasks that fall under the class ‘Aggregated Anialyare those that cannot be per-
formed by a single VIP task alone, but those that requirdn&uraggregation and combination
of results from several other VIP tasks. These include raptasks, comparion of results using
different techniquese(g. automatic versus manual), and so on. In essence most takks wi
involve some form of aggregation as shown in Table 2.

‘Constraint on Goal’ refers to the conditions that restriet video and image processing
tasks or goals further. In F4K’s context, the main constictor a VIP goal is the ‘Duration’,

a subclass of ‘Temporal Constraint’. Each task may be peddran all the historical videos,
or a portion specified by the user — within a day, night, weetntin, year, season, sunrise or
sunset (all specified as instances of the class ‘Duration’).

Other constraints types include ‘Control Constraint’, ‘Agtable Error’ and ‘Detail Level'.
The control constraints are those related to the speed opxBessing and the quality of the
results expected by the user. ‘Performance Criteria’ allhvesuser to state whether the goal
that they wish to perform should be executed using a faggeri#thm (indicated by the criterion
processing time) or whether it should take less (CPU) mem@rgcessing time and memory
are instances of 'Performance Criteria’. Instances of thesclQuality Criteria’ are reliability
and robustness. ‘Quality Criteria’ with the value reliayilconstrains the solution to be the
most accurate result. If such a solution could not be foumel the system should fail rather
than produce alternative options. ‘Robustness’ indicdtesdverse; that the system should not
break down completely in cases where a reliable solutiotdooot be found, instead it should
return an alternative (imperfect) result.

Another constraint that the user may want to insert is thestiold for errors, contained in
the class ‘Acceptable Error’. A typical example of this iswtained in its sublass ‘Accuracy’,
which states the accuracy level of a detected object. Twamaegs of accuracy are prefer miss
than false alarm’ and prefer false alarm than miss. Miss algkfalarm are terminologies
used within VIP tasks that involve the detection of objectsnidicate the accuracy level of
the detection. Consider a real object to be the object thatseebe detected. A miss (false
negative) occurs when a real object exists but is not detectefalse alarm (false positive)
occurs when an object that is not a real object has been ddtect

The class ‘Detail Level’ contains constraints that are gjpeto particular details, for exam-
ple detail of ‘Occurrence’. The criteria for ‘Occurrence’used for detection tasks to constrict
the number of objects to be detected. The value ‘all’ for o@nces imposes that all the objects
should be identified.

The Goal Ontology is used for consistency checks when a usenyds detected in the
system. It can check that the query matches with a goal off ggiads that is achievable within
the workflow system. Itis also used to guide the selectiongifdr level tasks for workflow and
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formulate input values to the reasoning engine that is resipte for searching the VIP solution
set for a VIP taski.e. to compose the workflow.

4 Video Description Ontology
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Figure 3. Main concepts of the Video Description Ontology.

The Video Description Ontology describes the concepts ahationships of the video
and image data, such as what constitutes video/image Hatactuisition conditions such as
lighting conditions, colour information, texturenvironmental conditions as well as spatial
relations and the range and type of their values. Fig. 3 gaveuctorial overview of the
main components of the Video Description Ontology. The upgeel classes include ‘Video
Description’, ‘Descriptor Value’, ‘Relation’, and ‘Measment Unit'.

The main class of this ontology is the ‘Video Descriptiordss, which has two subclasses —
‘Description Element’ and ‘Descriptor’. A description lent can be either a *Visual Primitive’
or an ‘Acquisition Effect’. A visual primitive describessual effects of a video/image such as
observed object’'s geometric and shape feat@wegssize, position and orientation while acqui-
sition effect descriptor contains the non-visual effedtthe whole video/image that contains
the video/image class such as the brightness (luminosity and noise conditions.
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The descriptor for the description elements are contaimeliuthe ‘Descriptor’ class and
are connected to the ‘Description Element’ class via thedalproperty ‘hasDescriptionEle-
ment’ (not visible in the diagram but contained in Appendix B)

Typical descriptors include shape, edge, colour, textateenvironmental conditions. En-
vironmental conditions, which are acquisitional effeats|ude factors such as current velocity,
pollution level, water salinity, surge or wave, water taiity, water temperature and typhoon,
specified as instances. Figure 4 shows how these instareeespaesented in the ontology.
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# Water_Temperature

Figure 4: Environmental conditions are described as mesr(estances) of the ‘Environmental
Condition’ class in the Video Description ontology.

Figure 5 below shows other instances (known as members widodls in Protege) in the
Video Decription ontology.
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Figure 5: Environmental conditions are described as mesr(bestances) of the ‘Environmental
Condition’ class in the Video Description ontology.

These values that the descriptors can hold are specifie@ ifDdscriptor Value’ class and
connected by the object property ‘hasValue’. For the modt gaalitative values such as ‘low’,
‘medium’ and ‘high’ are preferred to quantitative onesg; numerical values). ‘Qualitative’
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values could be transformed to quantitative values usiedabnvertTo’ relation. This would
require the specific measurement unit derived from one ofldmses under the concept ‘Mea-
surement Unit’ and conversion function for the respectigsatliptore.g. a low velocity could
be interpreted as movement with velocity within a range oh@ a5ms 1. Some descriptor
values can be tied to their appropriate measurement unite property that specifies this
is ‘hasMeasurementUnit’, which relates instances in tassiDescriptor’ to instances in the
class ‘Measurement Unit’.

This ontology can be used to describe the videos and exteffieats on it such as environ-
mental conditions. As with the Goal Ontology it is used fonsigtency checking when a set
of video descriptors are supplied to the system from the imserface. A complete list of the
instances and object properties along with the associdded hierarchies can be found in the
Appendix B.

5 Capability Ontology
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Figure 6: Main concepts of the Capability Ontology.

1Currently, there is not a fixed conversation formula. Theialotonversion formula used will be determined
as we gain more experience by using our workflow system ower. ti

Version 1.0; 2011-10-31 Page 15 of 62 © Fish4Knowledge Consortium, 2011



IST — 257024 — Fish4Knowledge Deliverable D3.1

The Capability Ontology (Figure 6) contains the classes dé@iand image processing
tools, techniques and performance measures of the todtskwdawn domain heuristics. This
ontology will be used to identify the tools that will be useat fworkflow composition and
execution of VIP tasks. In our context, it is used by a reas@me a process library for
the selection of optimal VIP tools. The main concepts ingzhtbr this ontology have been
identified as ‘VIP Tool’, ‘VIP Technique’ and ‘Domain Desptions for VIP Tools’. Each VIP
technique can be used in association with one or more VIB.tédlool is a software component
that can perform a video or image processing task indepélgdem a function within an
integrated vision library that may be invoked with given graeters. ‘Domain Description
for VIP Tool’ represent a combination of known domain dgsttoins (video descriptions and/or
constraints to goals) that are recommended for a subset tdths. This will be used to indicate
the suitability of a VIP tool when a given set of domain coimtis hold at a certain point of
execution. At present these domain descriptions are repted as strings and tied to VIP
tools, e.g. Gaussian background model would have the gé¢iseriClear and Fast Background
Movement' to indicate the best domain scenario for it to becied.

The main types of VIP tools are video analysis tools, imageanement tools, clustering
tools, image transform tools, basic structures and omeratiools, object description tools,
structural analysis tools and object recognition and diaation tools. At present fish detection
and tracking have been performed more than the other tashmwish4Knowledge. Hence the
ontology has been populated with most of the tools assatiaith these tasks. For other tasks
that have not been performeslg.fish clustering, the ontology will be extended and populated
in due course. Detection and tracking tools fall under tls<tVideo Analysis Tool’. Other
types of video analysis tools are event detection toolkdracind modelling tools and motion
estimation tools.

The class ‘Object Description Tool’ specifies tools thatrast features such as colour,
texture, size and contour, while image transform tools hosé concerned with operations
such as point, geometric and domain transformations.

‘VIP Technique’ is a class that contains technologies thatmerform VIP operations. For
now, two types of machine learning techniques have beetifdeh These techniques could be
used to accomplish the task of one or more VIP tools. For el@mpeural netwworks can be
used as classifiers as well as detectors.

The Capability Ontology can be used for reasoning during flmrk composition using
planning. As planning takes into account precondition®teefelecting a step or tool, it will
assess the domain conditions that hold to be used in corgunetth an appropirate VIP tool.

6 Processes

To describe the processes involved in solving VIP tasksiwidK, aprocesslibrary is more
appropriate at this point of time for our system, as the imgetation of the VIP modules is
not complete yet. A process library contains a collectionaife assembled to perform a set of
related coordinating and computing tasks.
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6.1 Independent Executables

Our process library consists of a group of independent ViBEutes (contained as instances of
VIP tools in the Capability Ontology) that can be combined ipaaticular sequence to solve
a subset of VIP tasks that are contained in the Goal Ontolddpese independent modules,
termed asndependent executablegere developed in close collaboration with IP expertsgisin
a combined top-down and bottom-up procedure [4]. The indeget tasks are also primitive
by nature, in that they can no longer be broken down into snailbtasks. Thirty independent
executables were designed for three VIP tasks: 1) videaifilzegtion according to brightness,
clearness and green levels; 2) fish detection in given iddalivideo clips and; 3) fish counting
in individual frames of a given video clip. For each indepemdexecutable, its name (user
terminology), preconditions, postconditions, input amdpot are specified. Preconditions are
a set of conditions that must holieforethis executable can be applied, in particular domain
conditions. Postconditions are a set of conditions thattrhakl after the executable is ap-
plied. Here is a list of the independent executables coadthin the process library. Their full
declarative syntax in Prolog is given in the Appendix D.

1. View Video. The aim of this executable is to display a specified video &dtreen,
determine its frame rate, number of frames and creation datg compute candidate
background images from it.

2. Preliminary Analysis. This module is responsible for capturing the initial vides d
scription of the video. A small motion detection operatisralso performed to identify
background movemeng.g. plants. Given a video file, it retrieves the initial brightise
clearness, speed of movement, percentage background,obg&kground movement
and initial texture features (variance, skewness, uniifigrrantropy). These features are
saved in a text fileprelim.dat in the video directory for further manipulation and will
be verified with the concepts and instances contained in itheo\Description Ontology.
This component is generic and can be applied to any video.

3. Grab FramelImage. This component takes a video file and a frame number as irgut, r
trieves the image for that frame and stores it in the videeatiary for further processing.
This executable is essential for almost all video procegstasks because each frame of
the video is processed using its image representation.cbnmponent is generic and can
be applied to any video.

4. Extract RGB Colours. Given a frame image, this executable extracts the red, gneeén
blue channel images of a frame. The resulting channel imagestored in the frame
directory. This component is generic and can be applied yovadeo. An additional
channel that could be derived from this executable is thieweathannel. It is computed
using an arithmetical and logical combination of the redegrand blue channels and can
be used for computing the video quality.

5. Compute Histogram. This component takes in a frame image, computes its histogra
value and image representation. This component is genedcan be applied to any
video.

6. Compute Main Statistical Moments. Based on the histogram values computed in com-
ponent 5, this module determines the main statistical mésrngch as mean, variance,
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third moment, fourth moment, entropy, uniformity and snihmatss for the histogram.
This component is generic and can be applied to any video.

7. Compute Gabor Filter. A Gabor filter is a linear filter used in image processing fayeed
detection. This component applies a Gabor filter to a comiplexge made up of a real
and an imaginary part. The absolute value of the complex énigomputed, followed
by the mean and variance, which are texture features. Foraiogies and three scales,
this will yield 12 mean-variance pair values, so for eachgma4 values will be extracted.
These features could be used for the detection of coralfahstance. This component
is generic and can be applied to any video.

8. Create Gaussian Background Model. Given a frame image, this module creates a
background model represented by 2 images; foreground asidjtmaund. It also stores
the background model in a directory within the video diregtd his background model
is good for videos where movement of background objects stgitly and is thusiot
suitable for videos withvaving trees.

9. Create and Apply Gaussian Mixture Model. Similar to component 8 above, the back-
ground model created by this executable is represented dynages and stored in a
directory within the video directory. In addition, this mdd overcomes the limitation of
component 8 and is suitable for videos witlaving trees This component also detects
moving objects in the current frame image and stores thdtigguinary image in the
frame directory.

10. Create Moving Average Model. This module takes in a frame image, a directory to
store the resulting background model andarning speed (alphagnd creates an image
that represents the background model. The advantage oéltfosithm is that it does
not require a learning phase. Alpha is dependent on chamggslighting, speed of
movement), which could be obtained from 2 (Preliminary Amsé).

11. Create Intra-Frame Difference Model. This module only requires a directory where
the background model needs to be stored. The background isoderesented by two
matrices containing the mean of the pixels of the framesedtan the buffer and the
maximum variation of two consecutive pixels of the framewed in the buffer. This
algorithm overcomes the limitations of component 8 but mhpFmatic for videos with
impulsive noise€.g.salt and pepper noise).

12. Create W4 Model. This module also only requires a directory where the baakupglo
model is to be stored. The background model is representéu &y matrices containing
the mean of the pixels of the frames stored in the buffer, th&imum values of the
pixels of the frames stored in the buffer and the minimum eslaf the pixels of the
frames stored in the buffer. This algorithm overcomes timatditions of components 8
and 11 and is particularly suitable for videos with low chesigh luminosity €.g.indoor
videos).

13. Create Poisson Model. As with components 11 and 12 this module takes in a directory
where the background model is to be stored. The backgrouneéinsrepresented by two

2Movement of non interesting objects such as leaves, trégse atc.
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14.

15.

16.

17.

18.

19.

20.

21.

matrices containing the mean and standard deviation ofdtsséh distribution calculated
from the weighted mean of the pixels’ histogra).( This algorithm is particularly
suitable for videos with uniform background coloetd. blue water, tar road).

Create and Apply Adaptive Poisson Model. Similar to the three components above,
only a directory name is required to store the backgroundaindde background model
is represented by two images; foreground and backgrount altporithm is similar to
component 13, additionally it can manage colour variatiotin Wght changes. It also
detects moving objects in the current frame image and stheegesulting binary image
in the frame directory.

Update Moving Aver age Background Model. This component takes in a frame image
and an existing moving average background model (first edeasing component 10) to
create a new background model (1 image). It utilises absasluibtraction between pixels.

Fuse Background Images. This executable fuses two background images using the
logical AND operator. A scenario where this component is useful is whaare rof the
seven background models is suitable for a given set of dodesaription and constraints.

In this case, a background model is created using the fuditimecAdaptive Gaussian
Mixture Model and the Moving Average Model.

Detect Moving Objects. This module creates an image with identified blobs from a
frame image and a non-adaptive background model (comp®®eritl-13). The result
is a binary (black and white) image. The algorithm works byoging occlusion and
small objects. It also utilises statistical or derivativgasithm based on the type of the
background model. This component is generic and can beeapialiany video.

Perform Morphological Operation: smoothing, dilation and erosion. This operation
is only applicable to non adaptive background models. Gareiimage with identified
blobs €.g. from component 17), an image with potential detected blabgigh) is
returned. First, a median filter with a 17x17 kernel is apghlfellowed by 15 iterations of
dilation and 10 iterations of erosion. This component idiapple to fish detection tasks
only.

Extract HSV Values. This component extracts the images for the hue, saturatidn a
value channels for a given frame image. The images are stordx® frame directory.
This component is generic and can be applied to any video.

Compute Backprojection. This module depends on component 19 as it takes in a hue
channel to create a histogram of the hue channel, which rsuked to create an image
which represents the backprojection of the hue plane. Tbledbajection image is stored

in the frame directory and will be used for tracking purposése hue plane is used
because it gives the most useful colour information for angen This component is
generic and can be applied to any video.

Compute Connected Components. This module takes in an image with potential blobs
(e.g.from component 18) and returns an image with the detectdabIglaf fish) and also
the total number of blobs in that image. It also calculateg#tio between the area of the
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22.

23.

24,

25.

26.

27.

28.

convex hull of a blob and the area of the blob itself. This comgnt is executed over all
blobs in an image. This component is applicable to fish dietetasks only.

Compute Camshift. This module predicts what a blob will look like in the nextrira.
Given the backprojection of a hue plared. from component 20), an image with blobs
(e.g. from component 21) and the number of blobs in the image, tgisrighm draws
a bounding box around each blob present and returns theecenigntation and size of
each blob. This information is stored in a text file in the wdkrectory. This component
is generic and can be applied to any image.

Compute Closest Blob. This component is responsible for finding the minimum Euclid
ian distance between the blobs in two frames. Thus, givercehg&es, orientations and
sizes of the blobs in two frames, the corresponding clodebtih the second frame for
each blob in the first frame is determined. It is executed oo to compare blobs in a
segment of consecutive frameasd. 10 frames). The pairs of closest blobs between the
two frames are stored in a text fildpsest_blob.dat. This component is generic and can
be applied to any video.

Compute and Write Number of Fish in Frame and Video. This module takes in the
current frame image, an array of minimum distaneeg.from component 23), the ratio
between the blob area and frame amg.from component 21) and computes the number
of fish in the current frame and adds it to the total number &f églculated in all the
frames up to this frame. It writes the number of fish (blobghmframe and in the video
so far onto an output frame and updates the total number oirfialtext file. Both the
outputs are stored in the frame directory. This componegéreeric and can be applied
to any image/video.

Determine Presence of Fish Blocking Screen. Given the area of the blob and the area
of the frame, this module will return true (1) or false (0) talicate if a blob is blocking
the screen. The threshold value for the ratio between thednd frame is set to 70% for
the blob to be blocking the screen. This component is gem@idccan be applied to any
image/video to determine if a blob is blocking the screen Eactor of 70% or more.

Compute and Write Average Video Luminosity. This module is responsible for de-
termining if the video is “Bright”, “Medium” or “Dark” basedmits average luminosity

value, calculated using the mean and 3rd moment. The valdtten onto the output

frame (an image), which is stored in the output directory.

Compute and Write Average Video Clearness. This module is responsible for deter-
mining if the video is “Clear” or “Blur” based on its average afeess value, calculated
using the variance, fourth moment, entropy and uniforniitye value is written onto the

output frame (an image), which is stored in the output dasct

Compute and Write Presence of Fish. This module is responsible for determining if
the video has “Fish” or “No Fish” based on the number of fisthim¥ideo. The value is
written onto the output frame (an image), which is storedadutput directory.
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29. Compute and Write Presence of Algae. This module is responsible for determining
if the video is “Green” or “Not Green” based on its green chanralue. The value is
written onto the output frame (an image), which is storedh@dutput directory.

30. Writeto (Final) Output Video. Given a specified directory, an output video is created
using all the frames in that directory with “.jpg” or “.jpe@xtensions sorted by name,
e.g. 1.jpg-50.jpg. This is used to create the output video camtgitexts indicating
classification and counting results and boundary boxesdrdatected objects.

These independent executables are subject to change witfadhitation of computing
resources from NCHC and updates in VIP results. One poggitsilihat the level of granularity
of these modules should be coarser to enable large batcagsiag to take place efficiently in
the cluster. As these executables were developed to worksingée video at each time of
processing, it may not be feasible to use the same level atigaaty for multiple videos (in the
order of hundreds or thousands) and to be distributed betmedtiple processors (estimated up
to 96 at present). We plan to merge tasks that are small ardds& time to compute and keep
tasks that are computationally expensieeg( detection algorithms) so that a more balanced
scheduling workload can be achieved with distributed resesi

6.2 Process Models (Methods)

Apart from independent executables, the process libraay ebntains the process models or
methoddor representing non-primitive taskise. tasks that can be further broken down into
smaller primitive and non-primitive subtasks. Non-prim@ttasks cannot be solved directly
using IP tools, hence they will need to be decomposed untiifive tasks, or those that can
be directly achieved using IP tools, are encountered. Uistdte some examples, a few process
model diagrams are included next.

A process model for an image processing task describes toe$s logic for that task,
which can be depicted at a higher level or a lower level of catajpon. When executed, a
process model is instantiated with input values that cowsistrings that represent numerical
parameters, directories, filenames, images and videas, Tétas one process model can be
instantiated into many execution chains based on differgnit values, as well as different
process logics due to the preconditions that hold for thatgss logic. One advantage of using
process models is that they highlight decision points irfitthve of processing clearly.

The process model diagrams in the rest of this section shosutdad as follows. Every pro-
cess model begins with a ‘start’ node and terminates witread*node. Processes, contained
in rectangular nodes, can be decomposed to one or more ksib@aprocess that can not be
decomposed further is a primitive process and will be sha@edular nodes containing logical
operators ‘AND’ or ‘OR’ indicate that all processes or at lease process, respectively, must
complete before the next can begin. Circular nodes contaitiia operator ‘XOR’ indicate
choice, meaning only one process should be selected praoratier this junction.

Consider the task ‘Perform Video Classification, Fish Detectind Counting’ on a video
clip. The process model for this task is given by Figure 7. Wwele task is made up of six
main subtasks and contains one main loop that executes thwee applicable frames in a
video. This will be encoded in the process library as a metfidee method for this task will
be made up of six subtasks, ordered in a sequence. To pravithef examples, a few of these
subtasks are examined in more detail.
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Preprocessin: .
P and 9 Pczmpgte ¢ Compute Main Perform Perform Perform Video
P redominan > Texture Features > Detection Tracking Classification
Initialisation Colours

Figure 7: Process model for ‘Perform Video ClassificatioshHetection and Counting’.

Compute - Compute Main
Histogram #7| Statistical Moments

Compute Gabor
Filter

Figure 8: Process model for ‘Compute Main Texture Features’.

The subtask ‘Compute Main Texture Features’, shown in Figuoonsists of sub pro-
cesses that may be executed in parallel (given by the ‘OR’toaety. The computation of
the main statistical moments (shaded in blue as it is a puenprocess) is only possible
after the computation of the histogram. While the computatd the Gabor filter may be
performed independently. This process model will be reppreed in the process library. Using
the declarative syntax provided by Prolog, constructs siscbonjunction (AND), disjunction
(OR) and choice (XOR) can be encoded relatively easily.

Create Background

Detect Moving Perform Morpho-
Objects logical Operation

Y

Update Background
Model

Figure 9: Process model for ‘Perform Detection’.

‘Perform Detection’ (Figure 9 is one of the main subtaskshefwhole process and will be
applied in a loop that takes in one frame of the video at a tii@eisg from the first frame.

‘Create Background Model’ is applied to the first frame of a vid&here are seven algo-
rithms in which a background model can be created. Thesexae lgy the algorithms in Figure
10. Only one of them is selected for a video (illustrated &/ ‘®OR’ notation). The selection
of the detection algorithm is dependent on domain condstitvat hold at that point in time,
for example environmental conditions and user preferendesse preferences and measures to
tools are encoded in the Capability Ontology, as describ&eation 5.

For the subtask ‘Update Background Model’, three branchespassible depending on
which type of background model has been applied on the fiesshdr These three options
are shown in Figure 11. For the Moving Average backgroundehaa specific algorithm
is required, while for any other non-adaptive backgroundiehothe background model is
recreated. Adaptive background models (Adaptive Gauddieaure model and Adaptive
Poisson model) do not need any updating.

Finally the method for *Video Classification’ (Figure 12) isade up of a set of classification
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Create Gaussian
Background Model

Create Adaptive Gaussian
Mixture Model

Create Moving Average
Model

Create Intra-Frame
@ Difference Model XOR end

Create W4
Background Model

?

Create Poisson
Background Model

Create Adaptive Poisson
Background Model

Figure 10: Process model for ‘Create Background Model'.

Precond: bg_model(moving_average)

Update Moving Average
Background Model
@ XOR Precond: adaptive_bg_model(true) > @ @
Create
Background Model

Precond: adaptive_bg_model(false)

Figure 11: Process model for ‘Update Background Model'.

Compute and Write
Average Luminosity

Compute and Write

@ @ e @ e

Compute and Write
Fish Presence

Compute and Write
Average Algae Presence

Figure 12: Process model for ‘Perform Video Classification’.
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features that need to be determined and written to the ofrgoues. All these subtasks must be
performed (indicated by the ‘AND’ construct) and completeldwever, they are not dependent
on one another and could be run in parallel.

7 Conclusions

We have presented the aspects that relate to the goals|ldaslenvironmental conditions and
processes within the F4K project. These are encoded in timteéogies and a process library at
the present status of work in progrésghese ontologies were constructed after communicating
with IP experts, marine biologists and user interface esp@&evelopment of these ontologies
act as a starting point to bring various expertise within ghgject domain togethee(g. IP
experts, marine biologists, user interface experts, warkéngineersgetc). At its current
status, we plan to use these ontologies to guide the cotistiuaf VIP workflows that will

be executed on a many-core architecta.g.@ cluster). This would require suitable packaging
of the VIP modules from its current level of granularity amtanstruction of the workflows
to deal with batches of jobs over multiple videos. This isnpked to be followed by an
appropriate scheduling and parallelisation strategytfentIP workflows on a 96-core cluster,
subject to confirmation from the high performance team at NCAtChresent the ontologies
are interfacing the workflow and the IP components, it is sayed that the ontologies would
also serve as a communication media to interface with othErd®@mponents in due course.

3The ontologies are available onlinetat p: / / honepages. i nf . ed. ac. uk/ gnadar aj / ont ol ogy/ and will be
updated accordingly with changing needs within F4K.
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Appendix A: Goal Ontology

<?xm version="1.0"?>

<! DOCTYPE rdf : RDF [

<IENTITY oW "http://wwm. w3. org/ 2002/ 07/ ow #" >

<IENTITY dc "http://purl.org/dc/elements/1.1/" >

<IENTITY xsd "http://ww. w3. or g/ 2001/ XM_Schema#" >

<IENTITY ow 2xm "http://ww. w3. or g/ 2006/ 12/ oM 2- xm #" >

<IENTITY rdfs "http://ww. w3. org/ 2000/ 01/ r df - schema#" >

<IENTITY rdf "http://wwm. w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >

<IENTI TY Ontol ogy1311945138 "http://ww. ow - ont ol ogi es. coml Ont ol ogy1311945138. oM #" >
1>

<rdf: RDF xm ns="http://ww. ow - ont ol ogi es. com Ont ol ogy1311945138. ow #"
xm : base="http://ww. ow - ont ol ogi es. com’ Ont ol ogy1311945138. ow "
xm ns:dc="http://purl.org/dc/el enents/1.1/"
xm ns: rdf s="http://wwm. w3. or g/ 2000/ 01/ r df - schena#"
xm ns: ow 2xm =" ht t p: // www. W3. or g/ 2006/ 12/ ow 2- xmi #"
xm ns: owl ="http://ww. wW3. org/ 2002/ 07/ ow #"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema#"
xm ns:rdf ="http://ww. wW3. org/ 1999/ 02/ 22- r df - synt ax- ns#"
xm ns: Ont ol ogy1311945138="http://ww. ow - ont ol ogi es. conl Ont ol ogy1311945138. ow #" >
<ow : Ont ol ogy rdf:about=""/>

<l--
NN NN NN
/1

/1 Annotation properties

/1

N N NN NN

>

<owl : Annot ati onProperty rdf: about="&dc; source"/>
<owl : Annot ati onProperty rdf:about="&dc; description"/>

<l--
NN N NN NN
/1

/] Ooject Properties

/1

N N NN NN NN

-->
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #i sRel at edTo -->

<ow : Obj ect Property rdf: about ="#i sRel at edTo" >
<rdf:type rdf:resource="&ow ; Symretri cProperty"/>
<dc: description
>This property relates constraints to goals, each constraint can be applicable to
one or nore goals. For exanple the constraint ‘occurrence&#39; is tied to
‘ det ecti on&#39; goal s. </ dc: description>
<rdf s: domai n rdf:resource="#Constraint_on_Goal "/>
<rdf s: range rdf:resource="#Goal "/>
</ owl : Obj ect Property>

<l--

NN NNy
11

/1 O asses

/1

IR NNy

-->
<l-- http://ww. ow -ontol ogi es. com Ontol ogy1311945138. ow #Accept abl e_Error -->
<owl :  ass rdf: about ="#Acceptabl e_Error">

<rdfs:subC assOf rdf:resource="#Constraint_on_Coal "/ >
</ ow : Cl ass>
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<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Accuracy -->

<ow : O ass rdf: about ="#Accuracy" >
<rdf s: subd assOf rdf:resource="#Acceptable_Error"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ontol ogy1311945138. ow #Acti vi ty_Based_Behavi our -->

<owl : O ass rdf: about ="#Activity_Based_Behavi our">
<rdf s: subd assOf rdf:resource="#Behavi our _Under st andi ng"/ >
<dc: descri ption
>Activities include daily tasks such as feeding habits, reproduction, solitary and
pai ri ng behaviours, etc.</dc:description>
<dc: source
>See Table 2 in docunent Deliverable 3.1.</dc:source>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Aggr egat ed_Anal ysis -->

<owl : O ass rdf: about ="#Aggr egat ed_Anal ysi s">
<rdf s: subd assOf rdf:resource="#GCoal "/ >
<dc: description
>Tasks that fall under this class are those that cannot be perforned by a single
i mge processing task al one, but those that require futher aggregation and
conbi nation of results fromseveral processes. These include ranking tasks,
conparison of different techniques (e.g. nanual vs autonmtic), etc.</dc:description>
<dc: source
>Table 2 in docunment Deliverable 3.1 and |list of 20 Questions provided by narine
scientists. </dc:source>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Assenbl age_Anal ysis -->

<owl : O ass rdf: about ="#Assenbl age_Anal ysi s">
<rdf s: subd assOF rdf:resource="#Popul ati on_Rel at ed_Anal ysi s"/>
<dc: descri ption
>Assenbl age is defined as a distinct group corresponding to different environmental
condi tions. </dc: descri ption>
<rdf s: conment
>Di scuss if assenbl age has any association or simlarity with Custering.</rdfs:conment>
</ow : O ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Behavi our _Under st andi ng -->

<owl : d ass rdf: about ="#Behavi our _Under st andi ng" >

<rdfs: subCd assOf rdf:resource="#GCoal "/ >

<dc: source
>See Table 2 of docunent Deliverable 3.1</dc:source>

<dc: description
>Behavi ours are acquired through conditioning which occurs through interaction with
the enviornment and can be studied in a systenatic and observabl e manner with no
consideration of internal nental states (Watson, 1930). Typical behaviours interested

by marine scientists include activity-based behavi ours and feature-based behavi ours.

Descri bes changing of features and activities that is observeabl e externally. Exanples
are change of fish colour or interactions with other fish or behaviour during an
event such typhoon. </ dc: descri pti on>
<rdf s: comment
>To discuss if current taxonomy should be revised to Individual, Goup and
Interactive based behaviours. </rdfs: corment >
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Boundari es -->
<ow : O ass rdf: about ="#Boundari es" >
<rdf s: subd assO rdf:resource="#Detail _Level"/>

</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #O assi fication -->
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<ow : O ass rdf: about ="#C assification">
<rdfs: subCd assOf rdf:resource="#GCoal "/ >
<dc: source
>See Table 2 of docunent Deliverable 3.1</dc:source>
<dc: description
>This task is concerned primarily with the identification of specific species of
fish and other marine life. Two major subtasks within classification are Recognition
and Detection and Tracki ng (Counting).</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Conpari son_Studies -->

<owl : O ass rdf: about ="#Conpari son_St udi es" >
<rdfs: subCd assOf rdf:resource="#Aggr egat ed_Anal ysi s"/>
<dc: source
>Table 2 in docunent Deliverable 3.1 and |list of 20 Questions provided by marine
scientists. </dc: source>
<dc: descri ption
>These tasks conpares the effect of using different tools or techniques in solving
sone anal ysis. These include conparing manual and automatic video analysis (QLl6),
different camera types of canera lengths (QL7) and their angle widths, etc.
</ dc: description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Constrai nt _on_Coal -->

<owl : O ass rdf: about ="#Constrai nt _on_Goal ">
<ow : disjointWth rdf:resource="#GCoal "/ >
<dc: descri ption
>This class contains the constraints on VIP goals. These include tenporal constraints,
accuracy |evels, speed of performance, accuracy of solutions, etc.</dc:description>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Control _Constraint -->

<ow : Cl ass rdf: about ="#Control _Constraint">
<rdfs:subC assOf rdf:resource="#Constraint_on_Coal "/ >
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Cor al _Detection -->

<ow : 0 ass rdf:about ="#Coral _Detection">
<rdf s: subd assOf rdf:resource="#j ect_Detection"/>
<dc: description
>This task identifies objects that resenble coral in a video or image.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ontol ogy1311945138. ow #Det ai | _Level -->

<ow : O ass rdf: about ="#Detail _Level ">
<rdfs:subC assOf rdf:resource="#Constraint_on_Coal "/ >
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Di spl ay_Task -->

<ow : O ass rdf: about ="#Di spl ay_Task" >
<rdfs: subCd assOf rdf:resource="#GCoal "/ >
<dc: source
>See Section 2 in docurment Deliverable 3.1.</dc:source>
<dc: description
>This task will purely display an inage or video source for view ng purposes, this
may i nclude source images/videos or annotated inages/videos. </dc: description>
</ ow : C ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Dur ati on -->
<ow : Cl ass rdf: about ="#Dur ati on">

<rdfs:subC assOf rdf:resource="#Tenporal _Constraint"/>
</ow : O ass>

Version 1.0; 2011-10-31 Page 27 of 62 © Fish4Knowledge Consortium, 2011



IST — 257024 — Fish4Knowledge Deliverable D3.1

<I-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Eni grati on_Anal ysis -->

<ow : d ass rdf: about ="#Emni grati on_Anal ysi s">
<rdf s: subd assO rdf:resource="#Popul ati on_Rel at ed_Anal ysi s"/ >
<dc: source
>Table 2 in docunent Deliverable 3.1 and |ist of 20 Questions provi ded by marine
scientists. </dc: source>
<dc: description
>This analysis deals with questions concerning the nunber, rate and percentage of
fish leaving a specified |ocation.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. owl #Event _Det ecti on -->

<owl : O ass rdf: about ="#Event _Det ection">
<rdfs: subCd assOf rdf:resource="#GCoal "/ >
<dc: description
>This task concerns the identification of events in the marine donmin, these include
environmental factors such as water turbidity, velocity, tenperature, typhoon
surge or wave, pollution, algal |evel on canera, human inpact and other
di sturbances. </ dc: descri ption>
<dc: source
>See Table 2 in docunent Deliverable 3.1</dc:source>
<rdf s: conment
>To discuss if better categorisation could be achieved, i.e. sublcasses before
i nstances. </ rdf s: comment >
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. owl #Feat ur e_Based_Behavi our -->

<owl : O ass rdf: about ="#Feat ur e_Based_Behavi our" >
<rdfs: subd assO rdf:resource="#Behavi our _Under st andi ng"/ >
<rdf s: comment
>To dicsuss if this could be considered as feature identification task</rdfs:coment>
<dc: description
>This task identifies behaviour that are related to features of fish, i.e. fish
descriptions. Typical exanples include colour pattern change in nocturnal and
diurnal fish.</dc:description>
<dc: source
>See Table 2 of docunent Deliverable 3.1</dc:source>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Feat ure_Rel at ed_Anal ysis -->

<owl : O ass rdf: about ="#Feat ur e_Rel at ed_Anal ysi s">
<rdfs: subC assOf rdf:resource="#GCoal "/ >
<dc: description
>This task identifies features or descriptions of fish. These include size, colour
contour and texture. These features are captured during the tine of observation
</ dc: descri ption>
<dc: source
>See Table is in docunment Deliverable 3.1</dc:source>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Fi sh_Cl ustering -->

<owl : d ass rdf: about="#Fi sh_C ustering">
<rdf s: subC assOf rdf:resource="#Cbject_Clustering"/>
<dc: descri ption
>This task gathers fish of similar properties, e.g. those with same genus but
di fferent species names, called sibling species together.</dc:description>
<dc: source
>Table 2 in docunent Deliverable 3.1 and list of 20 Questions provided by narine
sci entists. </dc: source>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Fi sh_Detection -->

<owl : C ass rdf: about ="#Fi sh_Det ecti on">
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<rdf s: subd assOf rdf:resource="#j ect_Detection"/>
<dc: description
>This task identifies objects that resenble fish in a video or inmage.</dc:description>
</ ow : C ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Fi sh_Feat ure_Anal ysis -->

<ow : O ass rdf: about ="#Fi sh_Feat ure_Anal ysi s">
<rdf s: subd assOf rdf:resource="#Feat ure_Rel at ed_Anal ysi s"/>
<dc: source
>Table 2 in docunment Deliverable 3.1 and |list of 20 Questions provided by narine
scientists. </dc: source>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. coml Ont ol ogy1311945138. owl #Fi sh_Si ze_Anal ysis -->

<ow : O ass rdf: about ="#Fi sh_Si ze_Anal ysi s">
<rdf s: subd assOf rdf:resource="#Fi sh_Feature_Anal ysis"/>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Fi sh_Speci es_C assification -->

<owl : O ass rdf: about ="#Fi sh_Speci es_Cl assification">
<rdf s: subd assO rdf:resource="#ject_C assification"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Fi sh_Tracki ng -->

<ow : C ass rdf: about ="#Fi sh_Tr acki ng">
<rdf s: subd assOf rdf:resource="#bj ect _Tracking"/>
<dc: descri ption
>This task keep track of objects that have been identfied as fish in a video.
</ dc: description>
<dc: source
>See Table 2 in docunent Deliverable 3.1.</dc:source>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Coal -->

<ow : Cl ass rdf: about =" #Coal ">
<dc: description
>These are the main tasks that could be posed by marine scientists and i mage processing
experts. The tasks are categorised in an inage and vi deo processing context to assist
wi th workfl ow construction. </dc:description>
<dc: source
>Table 2 in docunent Deliverable 3.1 and list of 20 Questions provided by narine
scientists. </dc: source>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #| nage_Vi deo_Conpr essi on -->

<ow : O ass rdf: about ="#l mage_Vi deo_Conpr essi on" >
<rdfs: subC assOf rdf:resource="#GCoal "/ >
<dc: descri ption
>This task will use a suitable conpression algorithmto reduce the density of an
image or video to allow for nore efficient VIP processing later on.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #| nage_Vi deo_Segnent ati on -->

<ow : O ass rdf: about ="#l mage_Vi deo_Segnent ati on" >
<rdf s: subd assOf rdf:resource="#GCoal "/ >
<dc: description
>This task identifies different regions within an inmage or a video based on a given
categorisation, e.g. sky, water, land, trees, people, etc.</dc:description>
<dc: source
>See Section 2 in docunment Deliverable 3.1.</dc:source>
</ ow : C ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #| nmi grati on_Anal ysis -->
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<owl : O ass rdf: about ="#l mi grati on_Anal ysi s">
<rdfs:subd assO rdf:resource="#Popul ati on_Rel at ed_Anal ysi s"/ >
<dc: description
>Thi s anal ysis deal with questions concerning the nunber, rate and percentage of
fish entering into a specified location or territory.</dc:description>
<dc: source
>Table 2 in docunent Deliverable 3.1 and |ist of 20 Questions provided by marine
scientists. </dc: source>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol 0ogy1311945138. ow #Cbj ect _C assification -->

<ow : O ass rdf: about ="#bj ect _Cl assification">
<rdfs: subd assOf rdf:resource="#C assification"/>
<dc: source
>See Table 2 in docunent Deliverable 3.1.</dc:source>
<dc: description
>This task classifies a given object as one of the target classes that it could
bel ong to. Exanples include classification of fish according to its genus and
species and classification of coral to its specific type.</dc:description>
</ ow : C ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Obj ect _Cl ustering -->

<owl :  ass rdf: about ="#bj ect _Cl ustering">
<rdf s: subd assOf rdf:resource="#Coal "/ >
<dc: source
>See Table 2 in docunent Deliverable 3.1</dc:source>
<dc: descri ption
>This task gathers objects that have simlar features together, e.g. simlar
fish species which are called sibling species</dc:description>
<rdf s: conment
>To discuss suitabilty on nane for marine scientists</rdfs:coment>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. conmf Ont ol ogy1311945138. owl #Cbj ect _Counting -->

<owl : O ass rdf: about ="#bj ect _Counti ng">
<rdf s: subd assO rdf:resource="#Popul ati on_Rel at ed_Anal ysi s"/ >
<dc: source
>Table 2 in docunent Deliverable 3.1 and |ist of 20 Questions provided by marine
scientists. </dc: source>
<dc: descri ption
>This task neasures the nunber of fish existing in a certain |ocation over a
certain period.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Chj ect _Detection -->

<owl : O ass rdf: about ="#bj ect _Det ecti on">
<rdf s: subd assOf rdf:resource="#GCoal "/ >
<dc: source
>See Table 2 and Section 2 in docunment Deliverable 3.1.</dc:source>
<dc: description
>This task detects objects in a video or inmage accordi ng to user&#39;s needs. Anpbng
the objects that would be of interest include fish and coral.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. ow #Cbj ect _Tracki ng -->

<ow : O ass rdf: about ="#Obj ect _Tracki ng">
<rdfs: subd assOf rdf:resource="#GCoal "/ >
<dc: source
>See Table 2 in docunent Deliverable 3.1.</dc:source>
<dc: description
>This task keeps track of an object in a sequence of inmages (video). The reason for
tracking an object is for the purposes of counting, which is inportant for
popul ated-rel ated queries and aggregated anal ysis. </dc: description>
</ow : O ass>
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<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Cccurrences -->

<ow : d ass rdf:about ="#Qccurrences">
<rdf s: subd assOf rdf:resource="#Detail _Level"/>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #On_Boundary -->

<owl : d ass rdf: about ="#On_Boundary" >
<rdf s: subd assOf rdf:resource="#Acceptabl e_Error"/>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Performance_Criteria -->

<owl : O ass rdf: about ="#Performance_Criteria">
<rdfs:subd assO rdf:resource="#Control _Constraint"/>
</ ow : C ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Pi xel s -->

<ow : O ass rdf: about ="#Pi xel s">
<rdf s: subd assOf rdf:resource="#Detail _Level"/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Popul ati on_G owt h_Anal ysis -->

<owl : O ass rdf: about ="#Popul ati on_G owt h_Anal ysi s">
<rdf s: subd assOF rdf:resource="#Popul ati on_Rel at ed_Anal ysi s"/>
<dc: descri ption
>This task deals with questions concerning the increase in the nunber of fish
popul ation in a given |location.</dc:description>
<dc: source
>Table 2 in docunment Deliverable 3.1 and |list of 20 Questions provided by narine
scientists. </dc: source>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Popul ati on_Rel at ed_Anal ysis -->

<ow : O ass rdf: about ="#Popul ati on_Rel at ed_Anal ysi s">
<rdf s: subd assOf rdf:resource="#Coal "/ >
<dc: source
>See Table 2 in docunent Deliverable 3.1</dc:source>
<dc: descri ption
>This class contains goal related to population of marine life. Typical exanples
i ncl ude popul ati on change, species conposition change, emigration and imigration
change. </ dc: descri pti on>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Popul ati on_Si ze -->

<ow : O ass rdf: about ="#Popul ati on_Si ze" >
<rdf s: subd assO rdf:resource="#Popul ati on_Rel at ed_Anal ysi s"/ >
<dc: descri ption
>This task deals with questions concerning the fluctuation in the popul ati on nunber
over a certain period of tine.</dc:description>
<dc: source
>Table 2 in docunent Deliverable 3.1 and |ist of 20 Questions provided by marine
scientists. </dc: source>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oM #Qual ity_Criteria -->
<ow : O ass rdf:about="#Quality_Criteria">

<rdfs: subd assO rdf:resource="#Control _Constraint"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Ranki ng_Anal ysis -->

<owl : O ass rdf: about ="#Ranki ng_Anal ysi s" >
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<rdf s: subd assO rdf:resource="#Aggr egat ed_Anal ysi s"/>
<dc: source
>Table 2 in docunent Deliverable 3.1 and |ist of 20 Questions provided by marine
scientists. </dc: source>
<dc: descri ption
>Tasks that invlove ranking of species, count of species, percentage of species,
and possibly popul ation-related statistics.</dc:description>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol 0ogy1311945138. ow #Regi on -->

<ow : O ass rdf: about ="#Regi on" >
<rdfs:subC assOf rdf:resource="#Detail _Level"/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Segnent ati onError -->

<ow : O ass rdf: about ="#Segnent ati onError">
<rdf s: subd assO rdf:resource="#Acceptable_Error"/>
</ ow : C ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Segnent ati on_Detail -->

<owl : O ass rdf: about ="#Segnentati on_Detail ">
<rdf s: subd assOf rdf:resource="#Detail _Level"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ontol ogy1311945138. oW #Separability -->

<ow : Cl ass rdf: about ="#Separability">
<rdfs: subd assOf rdf:resource="#Acceptable_Error"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Separability_Detail -->

<ow : O ass rdf:about ="#Separability_Detail ">
<rdf s: subd assOf rdf:resource="#Detail _Level"/>
</ ow : C ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Speci es_Conposi tion -->

<ow : O ass rdf: about ="#Speci es_Conposi ti on">
<rdf s: subC assOf rdf:resource="#Popul ati on_Rel at ed_Anal ysi s"/>
<dc: source
>Table 2 in docunment Deliverable 3.1 and |ist of 20 Questions provided by narine
scientists. </dc: source>
<dc: description
>This task deals with questions concerning the change in the nunber of species per
sanple in a specified location over a period of tine.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Tenpor al _Constraint -->

<ow : C ass rdf: about ="#Tenporal _Constraint">
<rdf s: subd assOf rdf:resource="#Constraint_on_Goal "/>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Vi deo_or _I nage_C assification -->

<owl : O ass rdf: about ="#Vi deo_or_I mage_Cl assification">
<rdf s: subd assOf rdf:resource="#C assification"/>
<dc: source
>See Table 2 in docunent Deliverable 3.1.</dc:source>
<dc: description
>This task classifies a given video or inmage according to certain specifications, a
typical exanple is the classification of a video according to its brightness,
cl earness and al gal |evels.</dc:description>
</ ow : C ass>

<l-- http://ww.w3. org/ 2002/ 07/ oW #Thi ng -->
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<ow : O ass rdf: about ="&ow ; Thi ng"/>

<l--
N NN NN NN
/1

/1 Individual s

/1

N NN NN
-->

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Accur at e_Segnent ation -->
<ow : Thi ng rdf: about ="#Accur at e_Segnent ati on"/ >

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. ow #Al | -->
<ow : Thi ng rdf: about ="#Al | ">

<rdf:type rdf:resource="#Duration"/>
</ owl : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Al | _Qccurrences -->
<ow : Thi ng rdf:about="#Al| _Cccurrences">

<rdf:type rdf:resource="#Cccurrences"/>
</ owl : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ontol ogy1311945138. oM #Al | _Pi xels -->
<ow : Thi ng rdf: about ="#Al | _Pi xel s">

<rdf:type rdf:resource="#Pi xel s"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Associ ati on_w t h_ot her _Fi sh_Speci es_
or _Fish_lnvertebrates -->
<Activity_Based_Behavi our rdf:about="#Associati on_wi th_ot her_Fi sh_Speci es_or_Fi sh_| nvertebrates">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Activity_Based_Behavi our >

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #At _Least _One_CQccurrence -->
<ow : Thi ng rdf: about ="#At _Least_One_Cccurrence">
<rdf:type rdf:resource="#Cccurrences"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ontol ogy1311945138. oW #At _Least _One_Pi xel _per_Cbj ect -->
<ow : Thi ng rdf: about ="#At _Least_One_Pi xel _per_Qbj ect">

<rdf:type rdf:resource="#Pi xel s"/>
</ owl : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Aut um -->
<Durati on rdf:about ="#Aut um" >

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Durati on>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Aver age_G oup_Fi sh_Si ze -->
<Fi sh_Si ze_Anal ysi s rdf: about ="#Average_G oup_Fi sh_Si ze" >

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Fi sh_Si ze_Anal ysi s>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Best _Conpr om se -->
<ow : Thi ng rdf: about ="#Best _Conpr om se" >

<rdf:type rdf:resource="#Quality_Criteria"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Boundari es_| nsi de_t he_Regi on -->
<Boundari es rdf: about ="#Boundari es_I nsi de_t he_Regi on" >

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Boundari es>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Boundari es_Local i sation -->
<ow : Thi ng rdf: about ="#Boundari es_Local i sation"/>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Boundari es_Qut si de_t he_Regi on -->

<Boundari es rdf: about ="#Boundari es_Qut si de_t he_Regi on" >
<rdf:type rdf:resource="&ow ; Thing"/>
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</ Boundari es>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #C assify_Video -->
<Vi deo_or_I nage_C assi fication rdf:about ="#C assify_Vi deo">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Vi deo_or _I mrage_Cl assi fi cati on>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Col our _Patt er n_Change_Di urnal _Fi sh -->
<ow : Thi ng rdf: about ="#Col our _Pat t er n_Change_Di ur nal _Fi sh">

<rdf:type rdf:resource="#Feature_Based_Behavi our"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Col our _Pat t er n_Change_Noct ur nal _Fi sh -->
<Feat ur e_Based_Behavi our rdf: about ="#Col our_Patt ern_Change_Noct ur nal _Fi sh">

<rdf:type rdf:resource="&ow ; Thing"/>
</ Feat ur e_Based_Behavi our >

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Conpr essi on_wi th_Loss -->
<l mage_Vi deo_Conpressi on rdf: about ="#Conpressi on_with_Loss">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ | mage_Vi deo_Conpr essi on>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Conpr essi on_w t hout _Loss -->
<l mage_Vi deo_Conpr essi on rdf: about ="#Conpressi on_wi t hout _Loss" >

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ | mage_Vi deo_Conpr essi on>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Cont our _Regul ari sation -->
<Regi on rdf: about ="#Cont our _Regul ari sati on">

<rdf:type rdf:resource="&ow ; Thing"/>
</ Regi on>

<l-- http://ww. ow -ontol ogi es. com Ontol ogy1311945138. ow #Day -->
<Durati on rdf: about ="#Day" >

<rdf:type rdf:resource="&ow ; Thing"/>
</ Durati on>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Do_Not _Separate -->
<ow : Thi ng rdf: about ="#Do_Not _Separ at e" >

<rdf:type rdf:resource="#Separability Detail"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #El i m nate -->
<l mage_Vi deo_Segnent ati on rdf: about ="#El i m nate">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ | mage_Vi deo_Segnent at i on>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Emi grati on_Rate -->
<Popul ati on_Rel at ed_Anal ysi s rdf:about ="#Em grati on_Rate">

<rdf:type rdf:resource="#Enigrati on_Anal ysis"/>

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Popul ati on_Rel at ed_Anal ysi s>

<!-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. ow #Ext ended_El ement _Descri ptor -->
<ow : Thi ng rdf: about =" #Ext ended_El enent _Descri ptor"/>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oM #Extract -->
<l mage_Vi deo_Segnent ati on rdf: about ="#Extract">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ | mage_Vi deo_Segnent at i on>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Feedi ng -->
<Activi ty_Based_Behavi our rdf: about="#Feedi ng">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Activity_Based_Behavi our >

<

-- http://ww. oW - ont ol ogi es. conf Ont ol ogy1311945138. ow #Fi sh_Assenbl age_Fl uctuati on -->
<ow : Thi ng rdf: about ="#Fi sh_Assenbl age_Fl uct uati on">

<rdf:type rdf:resource="#Assenbl age_Anal ysi s"/>
</ owl : Thi ng>
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<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Fi sh_Cl ustering -->
<bj ect _C ustering rdf:about="#Fi sh_Cl ustering">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cbj ect _C ustering>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. owl #Fi sh_Counting -->
<bj ect _Counti ng rdf: about ="#Fi sh_Counti ng">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cbj ect _Count i ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #G owt h_Rate -->
<ow : Thi ng rdf: about ="#G owt h_Rate">

<rdf:type rdf:resource="#Popul ati on_G owt h_Anal ysi s"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Hi gh_Current _Vel ocity -->
<ow : Thi ng rdf: about ="#H gh_Current _Vel ocity">

<rdf:type rdf:resource="#Event _Detection"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Hi gh_Level _Al gae_on_Canera -->
<ow : Thi ng rdf: about ="#H gh_Level _Al gae_on_Canera" >

<rdf:type rdf:resource="#Event Detection"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oM #Hits -->
<ow : Thi ng rdf: about ="#Hits"/>

<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1311945138. owl #| d_Cormmon_Fi sh -->
<Ranki ng_Anal ysi s rdf: about="#l d_Common_Fi sh">
<rdf:type rdf:resource="&ow ; Thi ng"/>
<dc: description
>l dentify the common fish species. </dc:description>
</ Ranki ng_Anal ysi s>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #| d_Dom nant _Fi sh -->
<ow : Thi ng rdf: about ="#l d_Dom nant _Fi sh">
<rdf:type rdf:resource="#Ranki ng_Anal ysis"/>
<dc: description
>l dentify the dom nant fish species.</dc:description>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #l d_CQccasi onal _Fi sh -->
<Ranki ng_Anal ysi s rdf:about="#l d_Cccasi onal _Fi sh">
<rdf:type rdf:resource="&ow ; Thing"/>
<dc: description
>l dentify the occasional fish species.</dc:description>
</ Ranki ng_Anal ysi s>

<l-- http://ww. ow -ontol ogi es. com Ontol ogy1311945138. ow #I d_Rare_Fi sh -->
<ow : Thi ng rdf: about ="#l d_Rare_Fi sh">
<rdf:type rdf:resource="#Ranki ng_Anal ysis"/>
<dc: descri ption
>l dentify rare fish species.</dc:description>
</ owl : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ontol ogy1311945138. ow #l mm grati on_Rate -->
<ow : Thi ng rdf:about="#l mm grati on_Rate">

<rdf:type rdf:resource="#lnm grati on_Anal ysis"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #I ncl uded_El enent _Descri ptor -->
<ow : Thi ng rdf: about ="#l ncl uded_El enent _Descri ptor"/>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #| ndi vi dual _Fi sh_Si ze -->
<Fi sh_Feat ure_Anal ysi s rdf: about ="#I ndi vi dual _Fi sh_Si ze" >

<rdf:type rdf:resource="&w ; Thi ng"/>
</ Fi sh_Feat ure_Anal ysi s>
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<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Max_G oup_Fi sh_Si ze -->
<ow : Thi ng rdf: about ="#Max_G oup_Fi sh_Si ze" >

<rdf:type rdf:resource="#Fi sh_Feature_Anal ysis"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Menory -->
<Performance_Criteria rdf:about="#Menory">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Performance_Criteria>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Month -->
<ow : Thi ng rdf: about ="#Mont h" >

<rdf:type rdf:resource="#Duration"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Ni ght -->
<Duration rdf:about="#Ni ght">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Durati on>

<l-- http://ww. ow -ont ol ogi es. com Ont ol 0ogy1311945138. ow #One_per _Cbj ect _Regi on -->
<ow : Thi ng rdf: about ="#One_per _bj ect _Regi on">

<rdf:type rdf:resource="#Region"/>
</ owl : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Over _Segnentation -->
<ow : Thi ng rdf: about ="#Over _Segnentation">

<rdf:type rdf:resource="#Segnentation_Detail"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. coml Ont ol ogy1311945138. ow #Pairing -->
<owl : Thi ng rdf: about ="#Pairing">

<rdf:type rdf:resource="#Activity_Based_Behavi our"/>
</ owl : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Partition -->
<ow : Thi ng rdf: about ="#Partition">

<rdf:type rdf:resource="#l nmage_Vi deo_Segnent ati on"/>
</ owl : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Pol | uti on_I nci dent -->
<Event _Det ection rdf:about="#Pol | uti on_I nci dent">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Event _Det ecti on>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. ow #Popul ati on_Si ze_Change -->
<ow : Thi ng rdf: about ="#Popul ati on_Si ze_Change" >

<rdf:type rdf:resource="#Popul ati on_Si ze"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. ow #Predati on -->
<ow : Thi ng rdf: about ="#Predati on">
<rdf:type rdf:resource="#Activity_Based_Behavi our"/>
<dc: descri ption
>Describe the activities of a predator feeds on its prey.</dc:description>
</ owl : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Pref er _Fal se_Al arm Than_M ss -->
<ow : Thi ng rdf: about ="#Pref er _Fal se_Al arm Than_M ss">

<rdf:type rdf:resource="#Accuracy"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Prefer_M ss_Than_Fal se_Alarm -->
<ow : Thi ng rdf: about ="#Prefer_M ss_Than_Fal se_Al arni' >

<rdf:type rdf:resource="#Accuracy"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Prey_Escapi ng_Behavi our -->

<Activity_Based_Behavi our rdf:about="#Prey_Escapi ng_Behavi our">
<rdf:type rdf:resource="&ow ; Thi ng"/>
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</ Activity_Based_Behavi our >

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Processing Tinme -->
<Performance_Criteria rdf:about="#Processing_Ti me">

<rdf:type rdf:resource="&ow ; Thing"/>
</ Performance_Criteria>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Recogni se_Bl ackbel t _Hogfi sh -->
<ow : Thi ng rdf: about ="#Recogni se_Bl ackbel t _Hogfi sh">

<rdf:type rdf:resource="#Fi sh_Species_C assification"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Recogni se_Cl own_Fi sh -->
<ow : Thi ng rdf: about ="#Recogni se_C own_Fi sh" >

<rdf:type rdf:resource="#Fi sh_Speci es_Cl assification"/>
</ owl : Thi ng>

<I-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Recogni se_Crown_Fi sh -->
<ow : Thi ng rdf: about ="#Recogni se_Cr own_Fi sh" >

<rdf:type rdf:resource="#Fi sh_Speci es_Cl assification"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Recogni se_G een_Chronm s -->
<ow : Thi ng rdf: about ="#Recogni se_G een_Chrom s">

<rdf:type rdf:resource="#Fi sh_Speci es_C assification"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Recogni se_Two_Stri pe_Dansel -->
<Fi sh_Speci es_Cl assi ficati on rdf: about ="#Recogni se_Two_Stri pe_Dansel ">

<rdf:type rdf:resource="&ow ; Thing"/>
</ Fi sh_Speci es_d assi fication>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Rel i ability -->
<Quality_Criteria rdf:about="#Reliability">

<rdf:type rdf:resource="&ow ; Thing"/>
</Quality_Criteria>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Repr oducing -->
<ow : Thi ng rdf: about ="#Repr oduci ng" >

<rdf:type rdf:resource="#Activity_Based_Behavi our"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Robust ness -->
<Quality_Criteria rdf:about="#Robustness">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</Quality_Criteria>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #School i ng -->
<ow : Thi ng rdf: about ="#School i ng" >

<rdf:type rdf:resource="#Activity_Based_Behavi our"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Separ at e_Just _Touchi ng_and_Not _
Aggregate -->
<Separability_Detail rdf:about="#Separate_Just_Touchi ng_and_Not _Aggr egate">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Separability_Detail >

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Si ze_of _Fi sh -->
<ow : Thi ng rdf: about ="#Si ze_of _Fi sh"/ >

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Sol i t ary_Behavi our -->
<Activity_Based_Behavi our rdf:about="#Solitary_Behavi our">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Activity_Based_Behavi our >

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Speci es_Conposi ti on_Change -->
<ow : Thi ng rdf: about ="#Speci es_Conposi ti on_Change" >

<rdf:type rdf:resource="#Speci es_Conposition"/>
</ owl : Thi ng>
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<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Spring -->
<Duration rdf:about="#Spring">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Dur ati on>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1311945138. owl #Sub_Segnent ati on -->
<Segnent ati on_Det ai | rdf:about="#Sub_Segnent ati on">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Segnent ati on_Det ai | >

<l-- http://ww. ow -ontol ogi es. comf Ont ol ogy1311945138. ow #Summer -->
<Duration rdf:about="#Sumer" >

<rdf:type rdf:resource="&ow ; Thing"/>
</ Dur ati on>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Sunri se -->
<Duration rdf:about="#Sunrise">

<rdf:type rdf:resource="&ow ; Thing"/>
</ Durati on>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Sunset -->
<ow : Thi ng rdf: about ="#Sunset ">

<rdf:type rdf:resource="#Duration"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Sur ge_\Wave -->
<ow : Thi ng rdf: about ="#Sur ge_\Wave" >

<rdf:type rdf:resource="#Event_Detection"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Territori al _Behavi our -->
<ow : Thi ng rdf: about="#Territorial _Behaviour">

<rdf:type rdf:resource="#Activity_Based_Behavi our"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. ow #Touchi ng_Bor der -->
<ow : Thi ng rdf: about ="#Touchi ng_Border"/>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Typhoon -->
<Event _Det ecti on rdf: about ="#Typhoon" >

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Event _Det ecti on>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Unusual _Water_Salinity -->
<ow : Thi ng rdf: about ="#Unusual _Water_Salinity">

<rdf:type rdf:resource="#Event Detection"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Unusual _\Wat er _Tenperature -->
<ow : Thi ng rdf: about ="#Unusual _\Wat er _Tenper at ure">

<rdf:type rdf:resource="#Event_Detection"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. ow #Unusual _Water_Turbidity -->
<ow : Thi ng rdf: about ="#Unusual _Water _Turbidity">

<rdf:type rdf:resource="#Event_Detection"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1311945138. oW #Vi ew_| mage -->
<Di spl ay_Task rdf: about ="#Vi ew_| mage" >

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Di spl ay_Task>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Vi ew_Vi deo -->
<Di spl ay_Task rdf: about ="#Vi ew_Vi deo" >

<rdf:type rdf:resource="&ow ; Thing"/>
</ Di spl ay_Task>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Week -->
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<owl : Thi ng rdf: about =" #Week" >
<rdf:type rdf:resource="#Duration"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. owl #W nter -->
<ow : Thi ng rdf:about="#Wnter">

<rdf:type rdf:resource="#Duration"/>
</ owl : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1311945138. oW #Year -->
<ow : Thi ng rdf: about ="#Year" >
<rdf:type rdf:resource="#Duration"/>
</ ow : Thi ng>
</ r df : RDF>

<l-- Cenerated by the ONL APl (version 2.2.1.1138) http://ow api.sourceforge. net -->

Appendix B: Video Description Ontology

<?xm version="1.0"?>

<! DOCTYPE r df : RDF [

<IENTITY oW "http://ww.w3. org/ 2002/ 07/ oW #" >

<IENTITY dc "http://purl.org/dc/elements/1.1/" >

<IENTITY xsd "http://ww. w3. or g/ 2001/ XM_Schema#" >

<IENTITY ow 2xm "http://ww. w3. or g/ 2006/ 12/ oM 2- xm #" >

<IENTITY rdfs "http://ww.w3. org/ 2000/ 01/ r df - schema#" >

<IENTITY rdf "http://ww. w3.org/ 1999/ 02/ 22-r df - synt ax- ns#" >

<IENTI TY Ontol ogy1312290619 "http://ww. ow - ont ol ogi es. com Ont ol ogy1312290619. oW #" >
1>

<rdf: RDF xm ns="http://ww. ow - ont ol ogi es. com Ont ol ogy1312290619. ow #"
xm : base="http://ww. ow - ont ol ogi es. coml Ont ol ogy1312290619. ow "
xm ns:dc="http://purl.org/dc/el enents/1.1/"
xm ns: rdf s="http://ww. w3. or g/ 2000/ 01/ r df - schema#"
xm ns: Ont ol ogy1312290619="htt p: // ww. ow - ont ol ogi es. com Ont ol ogy1312290619. oW #"
xm ns: ow 2xm ="htt p: // www. w3. or g/ 2006/ 12/ oW 2- xm #"
xm ns: owl ="http://ww. wW3. org/ 2002/ 07/ ow #"
xm ns: xsd="htt p: // ww. w3. or g/ 2001/ XM_Schena#"
xm ns: rdf ="http://ww. w3. org/ 1999/ 02/ 22- r df - synt ax- ns#" >
<owl : Ont ol ogy rdf:about=""/>

<l--
R NN NN NN N NN
/1

/1 Annotation properties

/1

N NN NN
-->

<ow : Annot ati onProperty rdf: about="&dc; source"/>
<ow : Annot ati onProperty rdf:about="&dc; description"/>

<l--

N NN NN
/1

/1 Object Properties

/1

RN NN NN NN NN
-->

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. ow #convertTo -->
<ow : Obj ect Property rdf:about ="#convert To">
<dc: descri ption

>This nmethod converts a qualitative value to a quantitative one.</dc:description>
<rdf s:domai n rdf:resource="#Qualitative_Val ue"/>
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<rdf s:range rdf:resource="#Quantitative_Val ue"/>
</ owl : Obj ect Property>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #hasDescri pti onEl enent -->

<ow : Obj ect Property rdf: about ="#hasDescri pti onEl ement ">
<rdf:type rdf:resource="&ow ; Functi onal Property"/>
<rdf s:range rdf:resource="#Description_El enent"/>
<rdf s: domai n rdf:resource="#Descriptor"/>

</ owl : Obj ect Property>

<l-- http://ww. ow -ontol ogi es. conmf Ont ol ogy1312290619. ow #hasMeasurenment Unit -->

<owl : Obj ect Property rdf: about ="#hasMeasur enent Uni t" >
<dc: descri ption
>Sonme descriptors will have a nmeasurenent unit associated with it. for exanple,
percentage for salinity, celcius for tenperature and FNU for turbidity.
</ dc: description>
<rdf s: domai n rdf:resource="#Descriptor"/>
<rdf s: range rdf:resource="#Measurenment _Unit"/>
</ owl : Obj ect Property>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #hasVal ue -->

<owl : Obj ect Property rdf: about ="#hasVal ue" >

<rdf s: domai n rdf:resource="#Descriptor"/>

<rdf s:range rdf:resource="#Descriptor_Val ue"/>
</ owl : Obj ect Property>

<l --
NN NNy
/1

/1 O asses

11

RN NNy

-->
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Acqui si ti on_Condition -->

<owl : O ass rdf: about ="#Acqui siti on_Condition">
<rdf s: subd assOf rdf:resource="#Descriptor"/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oW #Acqui si tion_Effect -->

<owl : O ass rdf: about ="#Acqui sition_Effect">
<rdfs:subd assO rdf:resource="#Descripti on_El enent"/>
<dc: description
>This el ement contains the external effects on a video, for exanple, environnental
conditions and acqui sition conditions.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. ow #Boundary -->
<owl : d ass rdf: about ="#Boundary" >

<rdfs: subd assO rdf:resource="#Descriptor"/>
</ ow : Cl ass>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Col our -->
<ow : O ass rdf: about ="#Col our" >

<rdf s: subd assOf rdf:resource="#Descriptor"/>
</ ow : Cl ass>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. ow #Descri pti on_El ement -->
<owl : O ass rdf: about ="#Descripti on_El ement">

<rdf s: subC assOF rdf:resource="#Vi deo_Description"/>

<dc: descri ption
>This class contains the type of the video description, i.e whether it is a visual
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primtive or an acquisitional effect.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oW #Descri ptor -->

<ow : O ass rdf: about ="#Descri ptor">
<rdfs: subCd assOf rdf:resource="#Vi deo_Description"/>
<dc: source
>See Section 4 of document Deliverable 3.1</dc:source>
<dc: descri ption
>These are the descriptions of the videos, such as its environmental effects, shape
and col our features.</dc:description>
</ ow : Cl ass>

<l-- http://vww. ow -ontol ogi es. com’ Ont ol ogy1312290619. owl #Descri pt or _Val ue -->

<owl :  ass rdf: about ="#Descri ptor_Val ue">
<dc: source
>See Section 4 of docunment Deliverable 3.1</dc:source>
<dc: description
>This class contains the value that a decriptor can have, either quantitave or
qualitatve values. Exanples for qualitative values include &quot;| ow&#39;,
&quot ; medi um&quot ; and &quot ; hi gh&quot ;. </ dc: descri pti on>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Edge -->

<owl : d ass rdf: about ="#Edge" >
<rdf s: subd assOf rdf:resource="#Descriptor"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. ow #Envi ronment al _Condition -->

<ow : O ass rdf: about ="#Envi ronment al _Condi tion">
<rdfs: subd assO rdf:resource="#Descriptor"/>
<dc: description
>Thi s class contains the environnmeantal conditions that are relevant to a video.
Typi cal exanples (for underwater videos) include the velocity of the water current, the
water salinity, pollution levels, water turbidity, water tenperature, etc.</dc:description>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. conmf Ont ol ogy1312290619. ow #Ceonetric -->

<ow : Cl ass rdf: about ="#Ceonetric">
<rdfs: subd assOf rdf:resource="#Descriptor"/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. ow #Measurenent _Unit -->

<ow : C ass rdf: about ="#Measurenment _Unit">
<dc: descri ption
>This class contains the measurenent units for quantitative val ues. </dc:description>
<dc: source
>See Section 4 of document Deliverable 3.1</dc:source>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. ow #Phot onmetric -->
<ow : C ass rdf: about ="#Photonetric">
<rdfs: subd assO rdf:resource="#Descriptor"/>
</ ow : C ass>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oW #Qual i tati ve_Val ue -->
<owl : O ass rdf:about="#Qualitative_Val ue">
<rdf s: subd assOf rdf:resource="#Descri ptor_Val ue"/>

</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312290619. ow #Quanti tati ve_Val ue -->
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<owl : C ass rdf: about ="#Quantitative_Val ue">
<rdf s: subd assOf rdf:resource="#Descri ptor_Val ue"/>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312290619. oW #Rel ation -->

<ow : Cl ass rdf: about ="#Rel ati on">
<dc: source
>See Section 4 of document Deliverable 3.1</dc:source>
<dc: descri ption
>This class contains the spatial, tenporal and value relations related to the video
cl ass. </ dc: descri ption>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com’ Ont ol ogy1312290619. ow #Resul ti ng_I mage -->

<owl : d ass rdf: about ="#Resul ti ng_I mage" >
<rdf s: subd assOf rdf:resource="#Descriptor"/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oW #Shape -->

<owl : O ass rdf: about ="#Shape" >
<rdfs:subd assO rdf:resource="#Descriptor"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Spati al _Rel ation -->

<ow : O ass rdf: about ="#Spati al _Rel ati on">
<rdfs:subC assOf rdf:resource="#Rel ati on"/>
<dc: descri ption
>Spatial relation specifies the position of a video in relation to another object.
For exanpl e, above, below, to the left, to the right, etc.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. ow #Tenporal _Rel ation -->

<ow : O ass rdf: about ="#Tenporal _Rel ati on">
<rdfs:subC assOf rdf:resource="#Rel ation"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312290619. oW #Texture -->

<ow : Cl ass rdf: about ="#Text ure">
<rdfs: subd assOf rdf:resource="#Descriptor"/>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Val ue_Rel ation -->

<ow : d ass rdf: about ="#Val ue_Rel ati on">
<rdfs:subd assO rdf:resource="#Rel ati on"/>
</ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com’ Ont ol ogy1312290619. ow #Vi deo_Descri ption -->

<owl : O ass rdf: about ="#Vi deo_Descri ption">
<dc: source
>See Section 4 of docunment Deliverable 3.1</dc:source>
<dc: description
>These are the entities that describe the data, e.g. video colour, texture,
environnmental conditions, brightness |levels and so on.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Vi sual _Prinitive -->

<ow : d ass rdf:about="#Visual _Primtive">
<rdf s: subd assOf rdf:resource="#Descripti on_El ement"/>
<dc: description
>Thi s describes the video&#39;s attributes that are not affected by external factors,
for exanple its shape, size and orientation.</dc:description>
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</ ow : Cl ass>
<l-- http://ww. w3. org/ 2002/ 07/ oW #Thing -->
<owl : d ass rdf: about ="&ow ; Thi ng"/>

<l --
RN NNy
/1

/1 Individuals

/1

IR NNy

-->
<!-- http://ww. ow -ontol ogi es. com’ Ont ol ogy1312290619. owl #Above -->
<Spati al _Rel ati on rdf: about ="#Above" >
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Spati al _Rel ati on>
<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1312290619. owl #Bel ow -->
<Spati al _Rel ati on rdf: about ="#Bel ow'>
<rdf:type rdf:resource="&ow ; Thing"/>
</ Spati al _Rel ati on>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oM #C ear ness -->
<Acqui si tion_Condition rdf:about="#C earness">
<rdf:type rdf:resource="&ow ; Thing"/>
</ Acqui si ti on_Condition>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. ow #Current _Vel ocity -->
<Envi ronnent al _Condition rdf:about="#Current_Vel ocity">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Envi ronnent al _Condi ti on>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oM #G een -->
<Qualitative_Val ue rdf:about="#G een">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Qualitative_Val ue>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oW #Hi gh -->
<Qualitative_Val ue rdf: about="#H gh">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Qualitative_Val ue>
<l-- http://ww. ow -ont ol ogi es. conm’ Ont ol ogy1312290619. ow #Hue -->
<Col our rdf: about ="#Hue" >
<rdf:type rdf:resource="&ow ; Thing"/>
</ Col our >
<I-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oW #| s_Di sconnect ed_From -->
<ow : Thi ng rdf: about ="#l s_Di sconnect ed_Froni >
<rdf:type rdf:resource="#Spatial _Rel ation"/>
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Is_Included_In -->
<ow : Thi ng rdf: about ="#|s_I ncl uded_I n">
<rdf:type rdf:resource="#Spatial _Relation"/>

</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312290619. ow #l s_Overl appi ng -->
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<Spatial _Rel ati on rdf:about="#ls_CQverl appi ng">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Spati al _Rel ati on>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Large -->
<Qual i tative_Val ue rdf: about ="#Lar ge">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</Qualitative_Val ue>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Li ghting -->
<ow : Thi ng rdf: about ="#Li ghting">

<rdf:type rdf:resource="#Acquisition_Condition"/>
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Low - ->
<Qualitative_Val ue rdf:about="#Low'>

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Qualitative_Val ue>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oW #Lum nosity -->
<ow : Thi ng rdf: about ="#Lumi nosity">

<rdf:type rdf:resource="#Col our"/>
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Medi um - - >
<Qual itative_Val ue rdf: about ="#Medi uni >

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Qualitative_Val ue>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Not _Green -->
<Qual i tative_Val ue rdf: about ="#Not _Green">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</Qualitative_Val ue>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oM #Ori entation -->
<Geonetric rdf:about="#Orientation">

<rdf:type rdf:resource="&ow ; Thing"/>
</ Geonetric>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. ow #Pol | ution -->
<ow : Thi ng rdf: about ="#Pol | uti on">

<rdf:type rdf:resource="#Environmental _Condition"/>
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312290619. ow #Position -->
<ow : Thi ng rdf: about ="#Position">

<rdf:type rdf:resource="#Ceonetric"/>
</ owl : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Salinity -->
<ow : Thi ng rdf:about="#Salinity">

<rdf:type rdf:resource="#Environmental _Condition"/>
</ owl : Thi ng>
<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312290619. ow #Saturation -->
<ow : Thi ng rdf: about ="#Sat urati on">

<rdf:type rdf:resource="#Col our"/>
</ ow : Thi ng>
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<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Si ze -->

<ow : Thi ng rdf: about ="#Si ze" >
<rdf:type rdf:resource="#Ceonetric"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1312290619. oW #Snal | -->

<Qualitative_Val ue rdf:about="#Small">
<rdf:type rdf:resource="&ow ; Thing"/>
</ Qualitative_Val ue>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312290619. oW #Sur ge_Wave -->

<Envi ronnent al _Condi ti on rdf: about =" #Sur ge_Wave" >
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Envi ronment al _Condi ti on>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #To_The_Left -->

<Spatial _Rel ation rdf:about="#To_The_Left">
<rdf:type rdf:resource="&w ; Thi ng"/>
</ Spati al _Rel ati on>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oM #To_The_Ri ght -->

<Spatial _Rel ation rdf:about="#To_The_Ri ght">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Spati al _Rel ati on>

<l-- http://ww. ow -ontol ogi es. com’ Ont ol ogy1312290619. oW #Turbidity -->

<ow : Thi ng rdf: about ="#Turbidity">
<rdf:type rdf:resource="#Environmental _Condition"/>
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1312290619. ow #Typhoon -->

<ow : Thi ng rdf: about ="#Typhoon" >
<rdf:type rdf:resource="#Environmental Condition"/>
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #Wat er _Tenperature -->

<ow : Thi ng rdf: about ="#Wat er _Tenperat ure">
<rdf:type rdf:resource="#Environmental _Condition"/>
</ owl : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312290619. oW #i s_External | y_Connected -->

<Spatial _Rel ation rdf:about="#i s_Externally_Connected">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Spati al _Rel ati on>
</ rdf : RDF>

<!-- Generated by the OAL APl (version 2.2.1.1138) http://ow api.sourceforge.net -->

Appendix C: Capability Ontology

<! DOCTYPE rdf: RDF [
<IENTITY ow "http://ww. w3. org/ 2002/ 07/ ow #" >
<IENTITY dc "http://purl.org/dc/elenents/1.1/" >
<IENTITY xsd "http://ww. w3. org/ 2001/ XM_Schema#" >
<IENTITY ow 2xm "http://ww. w3. or g/ 2006/ 12/ oM 2- xm #" >
<IENTITY rdfs "http://ww. w3. org/ 2000/ 01/ r df - schema#" >
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<IENTITY rdf "http://ww.w3. org/ 1999/ 02/ 22-r df - synt ax- ns#" >

<IENTI TY Ontol ogy1312300009 "http://ww. ow - ont ol ogi es. com Ont ol ogy1312300009. oW #" >

<IENTI TY conpute_AAM "http://ww. ow - ont ol ogi es. con? Ont ol ogy1312300009. ow #conpute_ AAM " >
1>

<rdf: RDF xm ns="http://ww. ow - ont ol ogi es. com Ont ol ogy1312300009. ow #"
xm : base="http://ww. ow - ont ol ogi es. com’ Ont ol ogy1312300009. oW "
xm ns:dc="http://purl.org/dc/el enents/1.1/"
xm ns: rdf s="http://wwm. w3. or g/ 2000/ 01/ r df - schenma#"
xm ns: ow 2xm ="htt p: / / www. w3. or g/ 2006/ 12/ oM 2- xm #"
xm ns: conput e_ AAME" &0nt ol ogy1312300009; conput e_ AAM "
xm ns: ow ="http://ww. w3. or g/ 2002/ 07/ oW #"
xm ns: xsd="http://ww. wW3. or g/ 2001/ XM_Schena#"
xm ns: rdf ="http://ww. w3. or g/ 1999/ 02/ 22- r df - synt ax- ns#"
xm ns: Ont ol ogy1312300009="htt p: // ww. ow - ont ol ogi es. coni Ont ol ogy1312300009. ow #" >
<owl : Ont ol ogy rdf:about=""/>

<l--

RN NNy
I

/1 Annotation properties

I
RNy
-->

<ow : Annot ati onProperty rdf:about="&dc; description"/>

<l--

N N NN NN
/1

/'l Ooject Properties

/1

N N N NN NN

-->
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #canAcconpl i sh -->

<ow : Obj ect Property rdf:about ="#canAcconplish">
<dc: description
>This property tie VIP techniques to tools that they can acconplish. For exanple,
neural network can be used for fish species classification.</dc:description>
<rdf s: domai n rdf:resource="#VI P_Techni que"/>
<rdf s:range rdf:resource="#VI P_Tool "/>
</ owl : Obj ect Property>

<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1312300009. ow #hasPer f or manceMeasure -->

<owl : Obj ect Property rdf: about ="#hasPerf or manceMeasur e" >
<dc: descri ption
>This property ties VIP tools with the domain descriptions that are suitable for
them For exanple, the Gaussi an background nodel is suitable when the video is
cl ear and the background novenent is fast.</dc:description>
<rdf s: range rdf:resource="#Domai n_Descriptions_for_VIP_Tool s"/>
<rdf s: domai n rdf:resource="#VIP_Tool "/ >
</ owl : Obj ect Property>

<l--

IR NNy
I

/1 O asses

I

IR NN NN NN NNy
-->

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #Arithrmetic_Tool -->
<owl : d ass rdf:about="#Arithnetic_Tool ">

<rdfs:subC assOf rdf:resource="#Poi nt _Transformati on_Tool "/ >
</ ow : Cl ass>
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<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Backgr ound_Model | i ng_Tool -->

<ow : O ass rdf: about ="#Backgr ound_Mbdel | i ng_Tool ">
<rdf s: subd assOf rdf:resource="#Vi deo_Anal ysi s_Tool "/ >
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312300009. ow #Basi c_Struct ures_and_Operations_Tool -->

<ow : O ass rdf: about ="#Basi c_Structures_and_Operations_Tool ">
<rdfs:subd assO rdf:resource="#VI P_Tool "/ >
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #Bl ob_Anal ysis -->

<ow : C ass rdf: about ="#Bl ob_Anal ysi s" >
<rdf s: subd assOf rdf:resource="#Structural _Anal ysis_Tool "/>
</ow : O ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #d ustering_Tool -->

<owl : d ass rdf: about="#C ustering_Tool ">
<rdfs:subC assOf rdf:resource="#VIP_Tool "/ >
<dc: description
>The tools under this class can be used to cluster objects that are simlar, to be
defined by their specific features in its subcl asses. </dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. ow #Col our _Feat ures_Tool -->

<ow : C ass rdf: about ="#Col our _Feat ures_Tool ">
<rdfs: subCd assOf rdf:resource="#j ect _Descri pti on_Tool "/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Cont our _Rel at ed_Tool -->

<ow : O ass rdf: about ="#Cont our _Rel at ed_Tool ">
<rdf s: subd assOf rdf:resource="#bj ect _Descri pti on_Tool "/>
</ ow : Ol ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Cr eat e_Backgr ound_Mddel _Tool -->

<owl : d ass rdf: about ="#Cr eat e_Backgr ound_Mbdel _Tool ">
<rdf s: subC assOf rdf:resource="#Background_Mdel | i ng_Tool "/>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312300009. ow #Det ect _Bl ob_Tool -->

<ow : O ass rdf: about ="#Det ect _Bl ob_Tool ">
<rdf s: subd assO rdf:resource="#j ect_Detection_Tool "/>
</ ow : C ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #Det ect _Fi sh_Tool -->

<owl : O ass rdf: about ="#Det ect _Fi sh_Tool ">
<rdf s: subd assOf rdf:resource="#Detect_Bl ob_Tool "/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Det ect _Non_Fi sh_Cbj ect _Tool -->

<owl : O ass rdf: about ="#Det ect _Non_Fi sh_Qnj ect _Tool ">
<rdfs:subC assOf rdf:resource="#Detect_ Bl ob_Tool "/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Domai n_Descriptions_for_VIP_Tools -->

<ow : O ass rdf: about ="#Donai n_Descri pti ons_for_VI P_Tool s">
<ow :di sjointWth rdf:resource="#VI P_Tool "/ >
<dc: description
>Thi s class contains known domain conditions that are suitable for VIP tools. These
criteria will be used as &#39;recommendati ons&#39; for workflow or user to neke
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nore informed informed decisions, e.g. when domain conditions are knows they can
sel ect appropriate tools.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Domai n_Tr ansf or nati on_Tool -->
<ow : C ass rdf: about ="#Donai n_Tr ansf or mati on_Tool ">
<rdfs:subd assO rdf:resource="#l mage_Transform Tool "/ >
</ ow : Cl ass>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #Edge_Det ecti on_Tool -->
<ow : O ass rdf: about ="#Edge_Det ecti on_Tool ">
<rdfs: subd assOf rdf:resource="#Contour_Rel ated_Tool "/ >
</ ow : Cl ass>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Event _Detecti on_Tool -->
<owl : d ass rdf: about ="#Event _Det ecti on_Tool ">
<rdf s: subd assOf rdf:resource="#Vi deo_Anal ysis_Tool "/ >
</ ow : Cl ass>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #Fi sh_C ust eri ng_Tool -->
<ow : O ass rdf: about ="#Fi sh_C ustering_Tool ">
<rdfs:subd assO rdf:resource="#C ustering_Tool "/ >
<dc: description
>This tool can be used to cluster fish of simlar or sibling species, for exanple fish
with sane genus but different species, or fish that have siniliar appearance.</dc:description>
</ ow : Cl ass>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #Fi sh_Recogni ti on_Tool -->
<ow : O ass rdf: about ="#Fi sh_Recognition_Tool ">
<rdfs: subd assO rdf:resource="#j ect _Recognition_and_d assification_Tool"/>
</ ow : C ass>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #Fouri er _Transform Tool -->
<owl : O ass rdf: about ="#Fouri er_Transform Tool ">
<rdf s: subd assO rdf:resource="#Donai n_Transformati on_Tool "/ >
</ ow : Cl ass>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #CGeonetri c_Transfornmati on_Tool -->
<owl : O ass rdf: about ="#Geonetric_Transfornati on_Tool ">
<rdfs:subd assO rdf:resource="#l mage_Transform Tool "/ >
</ ow : Cl ass>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #| nage_Enhancenent _Tool -->
<ow : O ass rdf: about ="#l mage_Enhancemnent _Tool ">
<rdfs: subd assOf rdf:resource="#VI P_Tool "/>
</ ow : Cl ass>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #| mage_For mati on_and_Pr epr ocessi ng_Tool -->
<owl : O ass rdf: about ="#l mage_For mati on_and_Preprocessi ng_Tool ">
<rdf s: subC assOf rdf:resource="#l mage_Transform Tool "/ >
</ ow : Cl ass>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #| nage_Regi strati on_Tool -->
<owl : O ass rdf: about ="#l mage_Regi strati on_Tool ">
<rdfs:subd assO rdf:resource="#l mage_Transform Tool "/ >
</ ow : C ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #| nage_Tr ansf orm Tool -->

<owl : O ass rdf: about ="#l mage_Tr ansf orm Tool ">
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<rdfs: subd assO rdf:resource="#VI P_Tool "/ >
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #Logi cal _Tool -->

<ow : O ass rdf: about ="#Logi cal _Tool ">
<rdfs: subCd assOf rdf:resource="#Poi nt _Transformation_Tool "/>
</ow : O ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Machi ne_Lear ni ng_Techni que -->

<ow : Cl ass rdf: about ="#Machi ne_Lear ni ng_Techni que" >
<rdf s: subC assOf rdf:resource="#VI P_Techni que"/ >
</ow : O ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Mbdti on_Esti mati on_Tool -->

<owl : O ass rdf: about ="#Mbtion_Esti mati on_Tool ">
<rdfs: subd assO rdf:resource="#Vi deo_Anal ysis_Tool "/ >
</ ow : C ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #Neur al _Net work -->

<owl : O ass rdf: about ="#Neur al _Net wor k" >
<rdf s: subd assOf rdf:resource="#Machi ne_Lear ni ng_Techni que"/ >
</ow : O ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Cbj ect _Descri pti on_Tool -->

<owl : O ass rdf: about ="#bj ect _Descri pti on_Tool ">
<rdfs:subd assO rdf:resource="#VI P_Tool "/ >
<dc: description
>This tool will obtain descriptions of relevant objects in a video. For exanple,
extraction of colour, contour, size and texture.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Cbj ect _Det ecti on_Tool -->

<ow : O ass rdf: about ="#Ohj ect _Det ecti on_Tool ">
<rdfs: subd assO rdf:resource="#Vi deo_Anal ysis_Tool "/ >
</ ow : C ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. ow #Cbj ect _Recogni ti on_and_C assification_Tool -->

<ow : O ass rdf: about ="#Qbj ect _Recogni ti on_and_Cl assi fi cati on_Tool ">
<rdfs:subC assOf rdf:resource="#VIP_Tool "/ >
<dc: description
>This tool will be responsible for the recognition of objects and classification of
video, for exanple recognition of the relevant fish species and the classification
of the video according to its brightness and cl earness | evels. </dc: description>
</ow : O ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Cbj ect _Tr acki ng_Tool -->
<ow : O ass rdf: about ="#bj ect _Tracki ng_Tool ">
<rdfs:subd assO rdf:resource="#Vi deo_Anal ysis_Tool "/ >
</ ow : Cl ass>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. ow #Poi nt _Tr ansf ormati on_Tool -->
<ow : d ass rdf: about ="#Poi nt _Transf ormati on_Tool ">
<rdf s: subd assOf rdf:resource="#l mage_Transform Tool "/ >
</ ow : Cl ass>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #SWN - - >
<ow : Cl ass rdf: about =" #SVN'>

<rdf s: subC assOf rdf:resource="#Machi ne_Lear ni ng_Techni que"/>
</ ow : Cl ass>
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<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #Si ze_Rel ated_Tool -->

<owl : d ass rdf: about ="#Si ze_Rel at ed_Tool ">
<rdf s: subd assOf rdf:resource="#Cbj ect _Descri pti on_Tool "/>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312300009. ow #Struct ural _Anal ysi s_Tool -->

<owl : O ass rdf: about ="#Structural _Anal ysis_Tool ">
<rdfs:subd assO rdf:resource="#VI P_Tool "/ >
<dc: description
>This tool will be used for specific analysis of structures. For exanple, the
anal ysis of objects identified as bl obs. </dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #Text ur e_Rel at ed_Tool -->

<ow : O ass rdf: about ="#Text ure_Rel at ed_Tool ">
<rdfs: subd assO rdf:resource="#bj ect_Description_Tool "/>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #Updat e_Backgr ound_Mddel _Tool -->

<owl : O ass rdf: about ="#Updat e_Backgr ound_Mbodel _Tool ">
<rdf s: subd assOf rdf:resource="#Background_Mdel | i ng_Tool "/ >
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #VI P_Techni que -->

<owl : d ass rdf: about ="#VI P_Techni que" >
<dc: descri ption
>Thi s class contains techniques that can be used with one or nore VIP tools or
operations. Typical exanples include nmachine |earning techni ques such as neural
networ ks and support vector networks. </dc:description>
</ow : O ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312300009. ow #VI P_Tool -->

<ow : d ass rdf: about ="#VI P_Tool ">
<dc: description
>This class contains all the VIP tools available for use. A tool can be an independent
software nmodul e or a function call within a conputer vision library.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #Vi deo_Anal ysi s_Tool -->

<ow : O ass rdf: about ="#Vi deo_Anal ysi s_Tool ">
<rdf s: subd assOf rdf:resource="#VI P_Tool "/>
<dc: descri ption
>This tool can performa range of analysis on videos. These include object detection,
notion estimation, object tracking, etc.</dc:description>
</ ow : Cl ass>

<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312300009. ow #Vi deo_C assi fi cati on_Tool -->

<owl : O ass rdf: about ="#Vi deo_Cl assi ficati on_Tool ">
<rdf s: subd assOf rdf:resource="#bj ect _Recognition_and_C assification_Tool"/>
</ow : O ass>

<l-- http://ww.w3. org/ 2002/ 07/ oW #Thi ng -->
<owl : O ass rdf: about ="&ow ; Thi ng"/>

<l --

RN NNy
/1

/1 1 ndividual s

/1
NNy

->
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<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #af fi ne_transform -->
<ow : Thi ng rdf: about ="#af fine_transfornt>
<rdf:type rdf:resource="#Ceonetric_Transformation_Tool "/>
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #bl ur _and_f ast _background_novenent -->
<owl : Thi ng rdf: about ="#bl ur _and_f ast _background_novenent ">
<rdf:type rdf:resource="#Donai n_Descriptions_for_VIP_Tool s"/>
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #cl ear _and_f ast _backgr ound_novenent -->
<Donmi n_Descri ptions_for_VIP_Tool s rdf: about ="#cl ear _and_f ast _background_novenent ">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Domai n_Descri ptions_for_VIP_Tool s>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_AAM ASM - - >
<ow : Thi ng rdf: about ="#conmput e_AAM ASM' >
<rdf:type rdf:resource="#Contour_Rel ated_Tool "/ >
</ owl : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. ow #conput e_Acti ve_Contours -->
<ow : Thi ng rdf: about ="#conput e_Acti ve_Cont our s" >
<rdf:type rdf:resource="#Contour_Rel ated_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_Attenti on_nodel -->
<ow : Thi ng rdf: about ="#conput e_Attenti on_nodel ">
<rdf:type rdf:resource="#Col our _Features_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_CSS - ->
<Cont our _Rel at ed_Tool rdf: about ="#conmput e_CSS" >
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cont our _Rel at ed_Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_Curvature_Points -->
<Cont our _Rel at ed_Tool rdf: about ="#conpute_Curvature_Poi nts">
<rdf:type rdf:resource="&ow ; Thing"/>
</ Cont our _Rel at ed_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_FTLE -->
<Mbti on_Estimati on_Tool rdf: about="#conmpute_FTLE">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Moti on_Esti mati on_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_Gabor _filter -->
<owl : Thi ng rdf: about ="#conpute_Gabor filter">
<rdf:type rdf:resource="#Texture_Rel ated_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #conput e_G adi ent _vector _flow -->
<Mbtion_Estimati on_Tool rdf:about="#conpute_G adi ent_vector_fl ow'>
<rdf:type rdf:resource="&ow ; Thing"/>
</ Motion_Estinmati on_Tool >

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_G ub-cut -->

<owl : Thi ng rdf: about ="#conput e_G ub-cut">
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<rdf:type rdf:resource="#Cont our_Rel ated_Tool "/ >
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_HSV - ->
<Col our _Feat ures_Tool rdf: about="#conmput e_HSV'>
<rdf:type rdf:resource="&ow ; Thing"/>
</ Col our _Feat ures_Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conpute_Lab -->
<ow : Thi ng rdf: about ="#conmput e_Lab">
<rdf:type rdf:resource="#Col our_Features_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conpute_MDL -->
<ow : Thi ng rdf: about ="#conput e_NMDL" >
<rdf:type rdf:resource="#Cont our_Rel ated_Tool "/ >
</ owl : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_Mel | on_transform - ->
<owl : Thi ng rdf: about ="#conpute_Mel | on_transforni >
<rdf:type rdf:resource="#Donai n_Transformation_Tool "/>
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #conput e_PCA SI FT -->
<ow : Thi ng rdf: about =" #conput e_PCA_SI FT" >
<rdf:type rdf:resource="#Texture_Rel at ed_Tool "/ >
</ owl : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #conput e_Poi nt _Di stri bution -->
<Cont our _Rel at ed_Tool rdf: about="#conpute_Poi nt_Di stribution">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cont our _Rel at ed_Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conpute_RGB -->
<ow : Thi ng rdf: about ="#conmput e_RGB" >
<rdf:type rdf:resource="#Col our_Features_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1312300009. ow #conput e_SI FT -->
<ow : Thi ng rdf: about ="#conpute_SI FT">
<rdf:type rdf:resource="#Texture_Rel ated_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_SI FT_wi t h_gl obal _context -->
<Text ure_Rel at ed_Tool rdf: about="#conmpute_SI FT_wi t h_gl obal _context">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Text ure_Rel at ed_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_Shock_Graph -->
<Cont our _Rel at ed_Tool rdf: about =" #conput e_Shock_Graph" >
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cont our _Rel at ed_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_Snakes -->
<ow : Thi ng rdf: about ="#conput e_Snakes" >
<rdf:type rdf:resource="#Contour_Rel ated_Tool "/ >
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. ow #conpute_TPS -->
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<ow : Thi ng rdf: about ="#conmput e_TPS">
<rdf:type rdf:resource="#Contour_Rel ated_Tool "/ >
</ ow : Thi ng>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_Wavel et _transform -->
<ow : Thi ng rdf: about ="#conmput e_Wavel et _transforni >
<rdf:type rdf:resource="#Donai n_Transformation_Tool "/>
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #conput e_backgr ound_scoring -->
<ow : Thi ng rdf: about =" #conput e_backgr ound_scori ng">
<rdf:type rdf:resource="#Col our_Feat ures_Tool "/ >
</ owl : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_backpr oj ection -->
<ow : Thi ng rdf: about ="#conput e_backpr oj ecti on">
<rdf:type rdf:resource="#bj ect_Tracki ng_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. ow #conput e_boundi ng_box_col our -->
<Col our _Feat ures_Tool rdf:about ="#conpute_boundi ng_box_col our" >
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Col our _Feat ures_Tool >
<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1312300009. ow #conput e_canshi ft -->
<ow : Thi ng rdf: about ="#conput e_canshi ft">
<rdf:type rdf:resource="#j ect_Tracking_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_connect ed_conponents -->
<Qpbj ect _Tracki ng_Tool rdf: about="#conpute_connect ed_conponents"”>
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cbj ect _Tracki ng_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_covari ance_matri x -->
<ow : Thi ng rdf: about ="#conput e_covari ance_natri x">
<rdf:type rdf:resource="#Texture_Rel ated_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #conput e_hi st ogram of _Fouri er_Descriptors -->
<Cont our _Rel at ed_Tool rdf: about ="#conput e_hi st ogram of _Fouri er_Descri ptors">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cont our _Rel at ed_Tool >
<l-- http://ww. ow -ontol ogi es. com’ Ont ol ogy1312300009. ow #conput e_hi st ogram of _gradi ents -->
<ow : Thi ng rdf: about ="#conput e_hi st ogram of _gradi ents">
<rdf:type rdf:resource="#Contour_Rel ated_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1312300009. ow #conput e_mai n_stati sti cal _nmonents -->
<Text ure_Rel at ed_Tool rdf: about ="#conpute_nmin_statistical _noments">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Text ur e_Rel at ed_Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_noti on_vector -->
<Mbtion_Estimati on_Tool rdf:about="#conpute_noti on_vector">

<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Moti on_Esti mati on_Tool >
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<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conput e_nor _RGB -->
<Col our _Feat ures_Tool rdf: about="#conpute_nor_RGB">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Col our _Feat ures_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. ow #conput e_properti es_of _concurrence -->
<ow : Thi ng rdf: about ="#conput e_properties_of _concurrence">
<rdf:type rdf:resource="#Texture_Rel ated_Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conpute_rati o_area_convex_hull _over_blob -->
<(hj ect _Tracki ng_Tool rdf:about="#conpute_ratio_area_convex_hull _over_bl ob">
<rdf:type rdf:resource="&ow ; Thing"/>
</ Cbj ect _Tracki ng_Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conpute_rigi d_point -->
<Cont our _Rel at ed_Tool rdf: about ="#conpute_rigi d_point">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cont our _Rel at ed_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conput e_spots_or _stripes -->
<Text ure_Rel at ed_Tool rdf: about="#conpute_spots_or_stripes">
<rdf:type rdf:resource="&w ; Thi ng"/>
</ Text ur e_Rel at ed_Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conpute_trajectories -->
<ow : Thi ng rdf: about ="#conpute_trajectories">
<rdf:type rdf:resource="#Motion_Estinmati on_Tool"/>
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conpute_write_al gae_presence_i n_vi deo -->
<ow : Thi ng rdf: about ="#conpute_wite_al gae_presence_i n_vi deo" >
<rdf:type rdf:resource="#Video_C assification_Tool"/>
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conpute_wite fish_presence_in_video -->
<ow : Thi ng rdf: about ="#conmpute_write_fish_presence_in_vi deo">
<rdf:type rdf:resource="#Video_Cl assification_Tool"/>
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conpute_wite_numfish_in_frame -->
<Basi c_Structures_and_Operations_Tool rdf:about="#conmpute_wite_numfish_in_frame">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Basi c_Structures_and_Operations_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conpute_wite _numfish_in_video -->
<owl : Thi ng rdf: about ="#conpute_wite_numfish_in_video">
<rdf:type rdf:resource="#Basic_Structures_and_Operations_Tool "/>
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #conpute_wite_vi deo_cl earness -->
<Vi deo_O assi fication_Tool rdf:about="#conpute_wite_video_cl earness">
<rdf:type rdf:resource="&ow ; Thing"/>
</ Vi deo_d assi fication_Tool >

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #conpute_wri te_vi deo_| um nosity -->

<Video_C assification_Tool rdf:about="#conpute wite_video_|um nosity">
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<rdf:type rdf:resource="&ow ; Thing"/>
</ Vi deo_O assification_Tool >

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #create_I| FD_nodel -->
<Cr eat e_Background_Mdel _Tool rdf: about="#create_| FD nodel ">
<rdf:type rdf:resource="&ow ; Thing"/>
</ Cr eat e_Backgr ound_Mdel _Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #cr eat e_W_nodel -->
<Cr eat e_Background_Mbdel _Tool rdf: about="#create_W _nodel ">
<rdf:type rdf:resource="&w ; Thi ng"/>
</ Cr eat e_Backgr ound_Model _Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #cr eat e_adapti ve_poi sson_nodel -->
<ow : Thi ng rdf: about ="#cr eat e_adapti ve_poi sson_nodel ">
<rdf:type rdf:resource="#Create_Background_Mdel _Tool "/>
</ owl : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #cr eat e_gaussi an_bg_nodel -->
<owl : Thi ng rdf: about ="#cr eat e_gaussi an_bg_nodel ">
<rdf:type rdf:resource="#Creat e_Background_Mdel _Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #cr eat e_gaussi an_m xt ure_nodel -->
<ow : Thi ng rdf: about ="#cr eat e_gaussi an_m xt ure_nodel ">
<rdf:type rdf:resource="#Creat e_Background_Mdel _Tool "/>
</ owl : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #create_i ntrinsi c_nodel -->
<ow : Thi ng rdf: about ="#create_intrinsic_nodel ">
<rdf:type rdf:resource="#Creat e_Background_Mdel _Tool "/ >
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #cr eat e_novi ng_aver age_nodel -->
<Cr eat e_Background_Model _Tool rdf: about="+#create_novi ng_aver age_nodel ">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cr eat e_Backgr ound_Mbdel _Tool >
<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312300009. ow #cr eat e_poi sson_nodel -->
<Cr eat e_Background_Mdel _Tool rdf: about="#creat e_poi sson_nodel ">
<rdf:type rdf:resource="&ow ; Thing"/>
</ Cr eat e_Backgr ound_Mbdel _Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #cr eat e_waveback_nodel -->
<Cr eat e_Background_Model _Tool rdf: about ="+#creat e_waveback_nodel ">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cr eat e_Backgr ound_Mbdel _Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #det ect _novi ng_obj ects -->
<ow : Thi ng rdf: about ="#det ect _novi ng_obj ect s">
<rdf:type rdf:resource="#Cbject_Detection_Tool"/>
</ owl : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #det er mi ne_presence_fi sh_bl ocki ng_screen -->
<ow : Thi ng rdf: about ="#det er m ne_presence_fi sh_bl ocki ng_screen">
<rdf:type rdf:resource="#Basic_Structures_and_Qperations_Tool "/ >
</ ow : Thi ng>

<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #fouri er _transform -->
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<ow : Thi ng rdf: about ="#fourier_transforn/>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #gr ab_frane_i mage -->
<Basi c_Structures_and_Operations_Tool rdf:about="#grab_frane_i mage">
<rdf:type rdf:resource="&ow ; Thing"/>
</ Basi c_Structures_and_Qperations_Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #kanade_optical _flow -->
<Moti on_Esti mation_Tool rdf:about="#kanade_optical _flow'>
<rdf:type rdf:resource="&w ; Thi ng"/>
</ Motion_Esti mation_Tool >
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. ow #per f or m_nor phol ogi cal _operation -->
<(bj ect _Det ection_Tool rdf: about="#perform norphol ogi cal _operation">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Cbj ect _Det ecti on_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #prel i m nary_anal ysis -->
<ow : Thi ng rdf: about="#prelimnary_anal ysis">
<rdf:type rdf:resource="#Basic_Structures_and_Operations_Tool "/>
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #preprocessi ng_and_initialisation -->
<l mage_For mat i on_and_Preprocessi ng_Tool rdf: about="#preprocessing_and_initialisation">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ | mage_For mati on_and_Pr epr ocessi ng_Tool >
<l-- http://ww. ow -ontol ogi es. conf Ont ol ogy1312300009. ow #rotation -->
<Geonetric_Transfornation_Tool rdf:about="#rotation">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Geonetric_Transformati on_Tool >
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #scal ing -->
<ow : Thi ng rdf: about ="#scal i ng" >
<rdf:type rdf:resource="#Geonetric_Transfornation_Tool "/>
</ ow : Thi ng>
<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #transl ation -->
<Ceonetric_Transformati on_Tool rdf:about="#translation">
<rdf:type rdf:resource="&ow ; Thi ng"/>
</ Geonetric_Transformation_Tool >
<l-- http://ww. ow -ontol ogi es. com’ Ont ol ogy1312300009. ow #t r ansposi ng -->
<Ceonetric_Transformati on_Tool rdf:about="#transposing">
<rdf:type rdf:resource="&ow ; Thi ng"/>

</ Geonetric_Transfornmati on_Tool >

<l-- http://ww. ow -ont ol ogi es. conf Ont ol ogy1312300009. ow #uni f orm ty_hi gh_and_| ow_bg_novenent _
and_f ast_processing -->

<Domai n_Descri ptions_for_VIP_Tool s rdf: about ="#uni form ty_hi gh_and_| ow_bg_novenent _and_f ast _processi ng">
<rdf:type rdf:resource="&ow ; Thi ng"/>

</ Domai n_Descri ptions_for_VI P_Tool s>

<l-- http://ww. ow -ontol ogi es. com Ont ol ogy1312300009. oW #updat e_novi ng_aver age_nodel -->

<ow : Thi ng rdf: about ="#updat e_novi ng_aver age_nodel ">
<rdf:type rdf:resource="#Updat e_Background_Mdel _Tool "/ >
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</ owl : Thi ng>
<l-- http://ww. ow -ont ol ogi es. com Ont ol ogy1312300009. oW #vi ew_vi deo -->
<ow : Thi ng rdf: about ="#vi ew_vi deo" >
<rdf:type rdf:resource="#Basic_Structures_and_Operations_Tool "/>
</ ow : Thi ng>
</ rdf : RDF>

<l-- Generated by the OM. APl (version 2.2.1.1138) http://ow api.sourceforge. net -->

Appendix D: Process Library Prolog Code: Executables and
Methods

% cl assify video
met hod(cl assi fy_video, [], [process_frames, performsinple_classification,
wite_frames_to_video], (nl), []).

% det ect and count fish
met hod(det ect _count _fish, [
|

], [prelimnary_anal ysis, process_each_frame_detection,
wite franes_to_video], (nl)

D

% cl assify video, detect and count fish
met hod(cl assi fy_vi deo_detect _count_fish, [X =< Y], [prelimnary_analysis, process_
each_frame, performclassification, wite_frames_to_video], (nl), []) :-
frame_no(X),
num franmes(Y).

% process_franes for classify video: recursive case
met hod(process_frames, [X =< Y], [grab_frane_i mage, conpute_predoni nant_col ours,
conpute_mai n_texture_features, skip_frames, process_frames], (nl), []) :-
frame_no(X),
num franes(Y).

% process_frames: base case -- do nothing when nax no. frames reached
met hod(process_frames, [X > Y], [], (nl), []) :-

frame_no(X),

num franes(Y).

% process_each_frane_detection - recursive case
nmet hod(process_each_frame_detection, [X =< Y], [grab_frane_i nage, conpute_pre-
domi nant _col ours, conpute_nain_texture_features, performdetection, count_fish_
frame, conpute_wite _numfish_franme, skip_franes, process_each_frane_detection],
(nt), [1) :-

frame_no(X),

num frames(Y).

% process_each_frane_detection - base case

met hod( process_each_franme_detection, [X > Y], [], (nl), []) :-
frame_no(X),
num franmes(Y).

% process_each_frane tracking - recursive case

met hod( process_each_frame, [X =<Y], [grab_frame_i mage, conpute_predomn nant _
col ours, conpute_nmin_texture_features, performdetection, performtracking,
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ski p_frames, process_each_frane], (nl), []) :-
frame_no(X),
num franes(Y).

% process_each_frane tracking - base case

met hod( process_each_frame, [X >Y], [], (nl), []) :-
frame_no(X),
num franmes(Y).

% conpute main texture features
met hod(conput e_mai n_texture_features, [], [conpute_histogram conpute_main_
statistical _noments], (nl), []).

% skip frames - skip half the nunber of frames for fast processing
nmet hod( ski p_franes, [performance(processing_tine)], [], ((frame_no(X), numframes
(Y), X1 is X+Z, retract(frane_no(X)), assert(frame_no(X1)))), []) :- Zis Y/ 2.

% skip_franes -- go to next frame if it is not blocked
met hod(ski p_frames, [blocked(0)], [], ((frame_no(X), X1 is X+1, retract(frane_
no(X)), assert(frame_no(X1)))), []) :-

wite(’CGoing to next frame --> "), wite(X1),nl.

% skip_franes -- skip 4 franes if big fish blocking screen
met hod(ski p_frames, [blocked(1)], [], ((frame_no(X), X1 is X+4, retract(frane_
no(X)), assert(frame_no(X1)))), []) :-

nl, wite('Big fish blocking screen. Skipping 4 franes’),nl.

met hod(ski p_frames, [quality(reliability)], [], ((frame_no(X), Xl is X+1,
retract (frame_no(X)), assert(frame_no(X1)))), [])-

% Per f orm det ecti on
met hod( performdetection, [frame_no(1l)], [create_background_nodel, detect_objects_
blobs], (nl), []).

% Non- adaptive first frane, create bg nodel and detect bl obs
met hod( det ect _obj ect s_bl obs, [non_adaptive(true)], [detect_noving_objects,
detect_correct_blobs], (nl), []).

% Adaptive first frame, skip straight to detect and count
met hod( det ect _obj ects_bl obs, [non_adaptive(false)], [], (nl), []).

% For non-adaptive non-first frames, recreate bg nodel
met hod( perform detection, [non_adaptive(true)], [create_background_nodel,
det ect _novi ng_obj ects, detect_correct_blobs], (nl), []).

% MA nmodel non-first frane, update bg nodel
met hod( per f or m det ecti on, [background_nodel (novi ng_average)], [update_noving_
aver age_nodel , detect_noving_obj ects, detect_correct_blobs], (nl), []).

% For adaptive nodels, bg nodel does not need to be updated.
met hod(performdetection, [], [], (nl), []).

% | f no single background nodel is suitable, fuse GW and MA
nmet hod( cr eat e_background_nodel, [], [create_gaussian_m xture_nodel,
creat e_novi ng_average_nodel , fuse_bg_images], (nl), []).

% Per f orm Tr acki ng

nmet hod(performtracking, [], [tracking_initialisation, conpute_connected_conpo-
nents, conpute_bl ob_features, conpute_closest_blob_rec, conpute_wite_numfish_
frame, conpute_wite_numfish_video, conpute_fish_blocking_screen], (nl), []).

met hod(tracking_initialisation, [], [extract_hsv_val ues, conpute_backprojection],
(nh), [1).
net hod(conput e_bl ob_features, [X > 10], [conpute_canshift],
(assert(numsegnents(10))), []) :-

frame_no(X).

met hod(conput e_bl ob_features, [], [conpute_canshift], (assert(numsegments(Y))),

[n :-
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frame_no(X),
Yis X-1.

met hod( conput e_cl osest _bl ob_rec, [numsegments(0)], [], (nl), []) :-
write(’ Skipping conpute closest blob, numsegments 0'), nl, !.

met hod( conput e_cl osest _bl ob_rec, [], [conpute_closest_blob, conpute_cl osest_blob_
rec], (nl), [Y>=0]) :-

retract (numsegnents(X)),

Yis X-1,

assert (num segments(Y)).

met hod(performsinple_classification, [], [conpute_wite_|lunminosity,
conpute_wite_cl earness, conpute_wite_presence_algae], (nl), []).

met hod(performclassification, [], [conpute_wite_lunminosity, conpute_wite_clear-
ness, conpute_wite_presence_al gae, conpute_wite_presence_fish], (nl), []).

primtive(PP, Input, Prec
i ndependent _execut abl e(PP, Fn_ca
Post conds) ,
wite(’Independent executable '), wite(PP), wite(’ found '),nl.

ist_file, Input, Qutput,

%6 1. View Video videos/1. npeg 50
i ndependent _execut abl e(vi ew_vi deo, view video, [], [], [Filename, Num Franes],
[Di spl ayed_vi deo, Frane_rate, No_franes, Format, Date, Bg_inages], []) :-
input_file(File), atomconcat(’'videos/’', File, Filenane),
num f rames(Num_ Fr anes) .

%6 2. Prelimnary Analysis videos/1. npeg
i ndependent _execut abl e(prelimnary_analysis, prelimnary_analysis, [], [Result_
file], [Filenanme], [Init_brightness, Init_clearness, Init_speed, Init_texture,
Percent _bg_obj, Noise_type], []) :-
input_file(File), atomconcat(’videos/', File, Filenane),
atomconcat('Prelim’, File, Filel),
atom concat (Filel, ’'.dat’, Result_file).

Wb 3. Grab Franme | mage videos/ 1. npeg
i ndependent _execut abl e(grab_frame_i mage, grab_frane_i mage, [], [], [Filenane,
Fr_no], [Current_frame_image], []) :-

input_file(File), atomconcat(’videos/', File, Filenane), franme_no(Fr_no).

%6 4. Extract RGB Col ours Video_1.npeg/?2
i ndependent _execut abl e(extract _RGB_col ours, extract_RGB colours, [], [],

[Current _frane_i mage], [Red_inage, G een_image, Blue_i mage, Yellow_inage], []) :-
input _file(l),
frame_no(Fno), nunber_chars(Fno, Fnol), at om char s( Fnum Fnol),
atom concat (' Video_', 1, X),

atom concat (X,'/’,Y), atom.concat (Y, Fnum Current_frame_i nage).

%% 5. Conpute Hi stogram Vi deo_1. npeg/ 2
i ndependent _execut abl e(conput e_hi st ogram conpute_histogram [], [], [Current_
frame_i mage], [Histogramvalue, H stogram.imge], []) :-

input_file(l), frame_no(Fno),

nunber _char s(Fno, Fnol), atom chars(Fnum Fnol),

atom concat (' Video_',1,X),

atomconcat(X,'/’',Y), atomconcat (Y, Fnum Current_frane_i mage).

%6 6. Conmpute Main Statistical Mnents Video_ 1.npeg/ 2/ H st_Array_2.dat

i ndependent _execut abl e(conput e_mai n_stati stical _nmonments, conpute_main_statisti-
cal _moments, [], [], [Hist_file], [Mean, Variance, Third_nonent, Fourth_nonent,
Entropy, Uniformity, Snoothness], []) :-
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input_file(l), franme_no(Fno),

nunber _char s(Fno, Fnol), atom chars(Fnum Fnol),

atom concat (' Video_', 1, X),

atom concat (X,’/’,Y), atom.concat (Y, Fnum Current_frame_i nage),
atom concat (Current _franme_inage, ' /Hist_Array_', Hl),

at om concat (H1, Fnum H2), atom concat (H2,’.dat’, Hist_file).

%6 7. Conpute Gabor Filter Video_l1.npeg/2.jpg Video_1.npeg/ (3 45)
i ndependent _execut abl e(conmput e_Gabor _filter, conpute_Gabor_filter, [], [],
[Current _frane_inage, V_dir], [Gabor_filter], []) :-
retrieve_video_dir(Vv_dir),
retrieve_frane_i mage(Current_franme_i nage) .

%% 8. Create Gaussian Background Mdel Video_1.npeg/ Backgroundl nages/
i ndependent _execut abl e(creat e_gaussi an_bg_nodel , create_gaussi an_bg_nodel, [],
['gaussian.dat’],[Directory],[Bg_i magel, Bg_i mage2], [ background_nodel (gaussian)]): -
retrieve_video dir(Vv_dir),
at om concat (V_di r, ' Backgroundl mages/’,Directory).

%6 9. Create Gaussian M xture Mdel videos/1.nmpeg Video_1.npeg/ GW 50
i ndependent _execut abl e(creat e_gaussi an_m xture_nodel, create_gaussi an_m xture_nodel,
[T, [’'gaussian_mi xture.dat’], [Filenanme, V_dir, Nunfranes], [Bg_inage],
[ backgr ound_nodel (gaussi an_mi xture)]) :-
input _file(File), atomconcat(’videos/’', File, Filenane),
retrieve_video_dir(Vv_dir),
atom concat(V._dir,”’GW ', GwW dir),
num f r ames( Nunfr anes) .

%6 10. Create Moving Average Mddel Video_1.nmpeg/3.jpg Video_1.npeg/ Moving_Average/ 0.020
i ndependent _execut abl e(creat e_novi ng_aver age_nodel , create_npvi ng_aver age_nodel ,
[1, ['noving_average.dat’], [Franme_i mage, MA dir, Learning_speed], [Bg_imge],
[ backgr ound_nodel (nmovi ng_average)]) :-
retrieve_frane_i mage(Frane_i mage),
retrieve_video_dir(Vv_dir),
atom concat (V_dir,’ Moving_Average/’',MA dir),
Lear ni ng_speed = ' 0. 020" .

%6 11. Create Intra-Frame Difference Mddel Video_1.npeg/ Video_1.npeg/|ntraFrame-Difference/
i ndependent _execut abl e(create_intra_franme_difference_nodel, create_intra_frame_
nmodel, [], ["intra_frane.dat’], [Dir, Qutput_dir], [Bg_matrix1l, Bg_matrix2],
[ background_nodel (ifd)]) :-
retrieve_video_dir(Dr),
atom concat (Dir,’ IntraFranmeDi fference/’, Qutput_dir).

%6 12. Create WA Model Video_1.npeg/ (I mages/) Video_1. npeg/ Wi/

i ndependent _execut abl e(create_w4_nodel, create_w4_nodel, [], ['wWl.dat’'],

[Dir, WA _dir], [Bg_matrix1, Bg_matrix2, Bg_matrix3], [background_nodel (w4)]) :-
retrieve_video_dir(Dir),
atom concat(Dir,’ W', Wi_dir).

%6 13. Create Poi sson Mdel Video_1.npeg/|nages/ Video_1.npeg/ Poi sson/
i ndependent _execut abl e(creat e_poi sson_npdel , create_poi sson_nodel, [], [’ poisson.
dat’], [Dir, Bg_dir], [Bg_natrixl, Bg_matrix2], [background_nodel (poisson)]) :-
retrieve_video_dir(Dr),
atom concat (Di r,’ Poisson/’,Bg_dir).

%6 14. Create Adaptive Poi sson Mdel videos/ 1. nmpeg Video_1. npeg/
i ndependent _execut abl e(creat e_adapti ve_poi sson_nodel , create_adaptive_poi sson_nodel ,
[ backgr ound_nodel (adapti ve_poi sson)]) :-

input_file(l),

atom concat (' videos/’, |, Video),

retrieve_video_dir(V_dir).

%% 15. Update Moving Average Background Mdel Video_1.npeg/2.jpg
i ndependent _execut abl e(updat e_novi ng_aver age_nodel , update_novi ng_average_nodel , [],
[T, [Frame_image, O d_bg_image, Learning_speed], [Updated_bg_image], []) :-
retrieve_frane_i mage(Frane_i nage),
retrieve_video_dir(Vv_dir),
at om concat (V_dir,’ Movi ng_Aver age/ Background. j pg’, O d_bg_i nage),
Lear ni ng_speed = ' 0.020".
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%% 16. Fuse BG | mages
i ndependent _execut abl e(fuse_bg_i mages, fuse_bg images, [], [], [GW_.nodel, MA nodel,
F Dir], [Fused_inmage], []) :-
retrieve_video_dir(Vv_dir),
atom concat (V_dir, ' GW Background. jpeg’, GV nodel),
atom concat (V_dir, ' Mving_Average/ Background.jpg' , MA nodel),
retrieve_frame_dir(F_dir).

%6 17. Detect Moving bjects 2 Video_ 1. npeg/|ntraFranmeDifferencel/intraFrane.jpg
Vi deo_1. npeg/ 2. j pg Video_1. npeg/ 2/
i ndependent _execut abl e(det ect _novi ng_obj ects, detect_novi ng_objects, [], [],
[ Bg_nodel _type, Bg_frame_i mage, Frane_image, F_dir], [BW.inage_w th_blobs], []) :-
get _bg_nodel (Bg_nodel _type),
retrieve_frame_dir(F_dir),
retrieve_frane_i mage(Frane_i nage),
| oad_bg_nodel _i mage(Bg_nodel _type, Bg_frane_i nage).

%% 18. Perform Mr phol ogi cal Operation Video_1.npeg/2/|ntraFraneDifference/Binary_
| mage. j peg Vi deo_1. npeg/ 2/
i ndependent _execut abl e(det ect _correct _bl obs, detect_correct_blobs, [], [],
[BW.inmage_w th_blobs, F_dir], [Ing_potential _correct_blobs], []) :-

get _bg_nodel (T),

retrieve_frame_dir(F_dir),

atom concat (F_dir, ’'Binary_lmge.jpeg , BW.imge_with_bl obs).

%6 19. Extract HSV Val ues Video_1.npeg/2.jpg Video_1. npeg/ 2/
i ndependent _execut abl e(extract _hsv_val ues, extract_hsv_values, [], [], [F_inage,
F dir], [Hue_inmge, Saturation_imge, Value_inmage], []) :-

retrieve_frane_i mge(F_i mage),

retrieve_frame_dir(F_dir).

%% 20. Conput e Backprojection Video_1.npeg/ 2/ Hue.jpg Video_ 1. npeg/ 2/
i ndependent _execut abl e( conput e_backpr oj ecti on, conpute_backprojection, [], [],
[Hue_i mage, F_dir], [Hue_backprojection_imge], []) :-
retrieve_franme_dir(F_dir),
atom concat (F_dir, ’'Hue.jpg' , Hue_inage).

%% 21. Conpute Connected Conponents Vi deo_1. npeg/ 2/ CorrectBl obs. jpeg Video_1. npeg/ 2/
i ndependent _execut abl e( conput e_connect ed_conponents, conpute_connect ed_conponents,
[T, [1, [BWinage_w th_blobs, F dir], [lImage_wi th_blobs, Numblobs], []) :-
retrieve_frane_dir(F_dir),
atom concat (F_dir, ’'CorrectBlobs.jpeg , BW.image_with_bl obs).

%% 22. Conpute Canshift and Ratio Video_1.npeg/2.jpg Video_1.npeg/2/Bl obsBWjpeg Video_1. npeg/ 2/
i ndependent _execut abl e(conput e_canshi ft, conpute_canshift, [], [],
[F_ing, Image_with_blobs, F dir], [Centre, Oientation, Size], []) :-

retrieve_frane_dir(F_dir),

retrieve_frane_i mage(F_i ng),

atom concat (F_dir, ' Bl obsBW | peg', |nmage_with_bl obs).

%% 23. Conpute C osest Blob: Video_1.npeg/ 1/ Video_1. npeg/ 2/
i ndependent _execut abl e(conput e_cl osest _bl ob, conpute_closest_blob, [], [], [F_dir1,
F_dir2, Numblobsl, Numblobs2], [M ninumeuclidian_distance], []) :-
retrieve_frame_dir(F_dirl),
num segnent s( Seg) ,
frame_no(X), Y is X- Seg,
retrieve_video_dir(v_dir),
atom concat(V_dir,Y, Y1),
atomconcat (Y1, /', F_dir2).

%6 24. Conpute and Wite Nunber of Fish in Frame and Vi deo: Video_1. npeg/2/
Vi deo_1. npeg/ 2fi sh. dat Video_1.npeg/2.jpg Video_1.npeg/ 2.jpg (true)
i ndependent _execut abl e(conmpute_write_numfish_frame, count_wite_numfish_frame,
[1, [1, [F_dir, Blob_file, F_img, V_dir, F_nane], [Numfish_frame, Bl ob_counted,
Fi nal _frame_i mage], []) :-

retrieve_frane_dir(F_dir),

retrieve_frane_i mge(F_i ng),

frame_no(X), nunber_chars(X XC), atom chars(XA XO),

retrieve_video dir(Vv_dir),
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atom concat (V_dir, XA, FXA), atomconcat(FXA 'fish.dat’, Blob file),
atom concat (XA, ' .jpg’, F_nane).

%6 25. Determine Presence of Fish Blocking Screen Video_1. npeg/ 3/ Correct Bl obs. j peg
Vi deo_1. npeg/ 3/
i ndependent _execut abl e(conput e_fi sh_bl ocki ng_screen, conpute_fish_bl ocki ng_screen,
[1, [Screen_blocked_file], [Image_w th_blob, F dir], [Presence], []):-
retrieve_frame_dir(F_dir),
atom concat (F_dir, 'CorrectBlobs.jpeg , |nage_w th_blob),
atom concat (F_dir, 'block.dat’, Screen_blocked_file).

%6 26. Conpute and Wite Average Luminosity Video_1. npeg/

i ndependent _execut abl e(conpute_write_lum nosity, conpute_wite_luminosity, [],

["brightness.dat’], [V_dir], [Final_frame_imge], []) :-
retrieve_video_dir(v_dir).

%6 27. Conpute and Wite Average O earness Video_1. npeg/

i ndependent _execut abl e(conpute_write_cl earness, conpute_wite_clearness, [],

['clearness.dat’], [V_dir], [Final_frame_imge], []) :-
retrieve_video_dir(V_dir).

%% 28. Conpute and Wite Presence of Fish Video_1.npeg/
i ndependent _execut abl e(conpute_write_presence_fish, conpute_write_presence_fish,
[1, [1, [V_dir], [Final _frane], []) :-

retrieve_video_dir(Vv_dir).

%% 29. Conpute and Wite Presence of Al gae Video_1.npeg/
i ndependent _execut abl e(conpute_write_presence_al gae, conpute_wite_presence_al gae,
[T, ['green.dat’], [V_dir], [Final_inmage], []) :-

retrieve_video_dir(Vv_dir).

%6 30. Wite to (Final) Qutput Video Final _1.npeg.avi Video_1.npeg/ Qutput/
i ndependent _executable(wite_frames_to_video, wite frames_to_video, [], [],
[Final _video, Images_dir], [], []) :-

input _file(l),

atomconcat(’'Final _', |, FV),

atom concat (FV, '.avi’', Final_video),

retrieve_video_dir(Vv_dir),

atom concat (V_dir, 'Qutput/’', lmages_dir).
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