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» Share experience
» Provide an alternative view

» Provoke thoughts

Urban Infrastructures and Complex Decision Making
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-Relevant Projects > Urban infrastructure decision
support systems
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Building intelligent systems that help people do things better:
take decisions in complex settings, preserve knowledge,
learn from experience, and change behaviour
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Building intelligent systems that help people do things better:
take decisions in complex settings, preserve knowledge,
learn from experience, and change behaviour

Modelling Human
Conceptual
Structures

Knowledge Models
(ontologies)

Intelligent Interactive
Systems

Personalisation
(nudges)

Modelling
Individuals or
Groups

User/Group Models
(dialogue / analytics)
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Human-centred Artificial Intelligence
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Building intelligent systems that help people do things better:
take decisions in complex settings, preserve knowledge,
earn from experience, and change behaviour

Modelling Human Modelling
Conceptual intelli | : Individuals or
SRS ntelligent Interactive Groups

Systems
User/Group Models

Personalisation (dialogue / analytics)
(nudges)

Knowledge Models
(ontologies)
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& UNACCEPTABLE RISK
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# LIMITED RISK

(Al systems with speciic
transgarency obligations)

MINIMAL RISK

» adequate risk assessment and mitigation
» appropriate human oversight
» traceability of results
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-~ Street works are second highest concern of residents and
~ businesses

2.2 million reinstatements per year

30% fail to meet the two year legal performance criteria

Direct costs to local authorities are about £50m per year

17% reduction in the lifetime of a road

Annual highway maintenance £2.5Bpa

~ « Annual carriageway maintenance £1.45Bpa
= Compensation claims £0.95Bpa

Potholes 1.5m

Utility openings 1.4m
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A DeC|S|on Support System
to Proactively Manage
~ Street works
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Stakeholder Engagement:

Ch aI | en g es UNIVERSITY OF LEEDS

Lack of a unified decision approac—t
authority to plan and manage underground space,
dependencies between assets are easily overlooked.

Lack and dispersion of knowledge about asset managemen
— often in the form of ‘tacit knowledge’ developed with
extensive experience, new approaches not embedded into
routine practice.

Lack of a holistic costs analysis — impact on other assets,
as well as economic, environmental and societal impact.
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Interdependencies

between Ontologies UN.VERS.TYOFLE
Road
_ Human
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Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Conceptual Model
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1. The model should provide a vocabulary covering various properties
and Processes of different infrastructure assets (e.g., the ground,

roads and water pipes), as well as some terminologies for describing
the natural environment and human activities which have close re-
lationships with infrastructure assets.

2. For an individual infrastructure asset, the model should represent
relationships between its properties and processes. For example, soil
water content affects soil strength.

3. The model should represent relationships between properties and

processes of different infrastructure assets. For example, pipe

cracking is affected by soil deformation.

4. The model should represent how properties and processes of infra-
structure assets affect and are affected by the natural environment
and human activities. For example, soil water content is affected by
evapotranspiration, and traffic affects soil deformation.

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Infrastructure Assets
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Infrastructure Asset
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Sewerage Pipe

Gas Pipe

Water Pipe

Telecom Cable

Electricity Cable

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Properties and Processes
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Property
Ground — | Ground Property |— Ground
SeismiC | <«— —» | Description
Property / l \ Property
Ground Ground Ground Ground Ground Ground Ground
State Classification | | Construction | | Mechanical | | Chemical | | Electromagnetic | | Thermal
Variable Property Property Property Property Property Fiopeny
Ground
: Ground
Residual | | | terf Grotind Ground Ground Ground Ground Ground
Friction Retention Conductivity Angle Shear
Curve Strength

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Properties and Processes

UNIVERSITY OF LEEDS

Ground
Chemical
Process

Process

'

Ground Process

SN

Ground Ground Ground Ground Ground Ground
Temporal Construction | | Mechanical Biological Fluid Thermal
Process Process Process Process Process Process
Ground Ground Ground Ground Ground Ground
Shrinking Swelling Deformation Erosion Collapse Particle
Movement

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Defining Properties
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Categories and priorities of ground properties. The letters P,C. M. K stand for
Physical. Compositional. Mechanical, Chemical, respectively, referring to the
corresponding categories defined in the concept hierarchy of GroundProperty.
Properties with lower numbers in the column ‘Priority’ have higher priorities, e.
g.. 1 means the highest priority.

Ground Property Priority Category
1 GroundWaterContent 1 P
2 GroundPorosity 1 P
3 GroundClayMineralogy 1 C
40 GroundFabric 2 C
41 GroundOrganichMatterContent 2 C
42 GroundThermalConductivity 2 M
ob GroundAirContent 3 C
af GroundOxygenConcentration 3 K
o8 GroundBufferingCapacity 3 K

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023
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Def|n|ng All Assets UNIVERSITY OF LEEDS

Using Asset Property and Asset Process,
we defined all Assets:

- Ground
- Road

- Buried asset (restricted to water pipes only)

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023
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Geometry and Type (Kay

parameters that are necessary to

locate the road and type of road)
S AL YeU e Y (A iy
important because this is what
affects the user's view of the
quality of the road; and In the
case of utiiity repalrs, is governed
by law. Should be used as the
criteria 10 assess the effect the
performance of a road. It should
be possible to refine the st and
ramnua enena nf thaca rritaria)
Surfacing properties (These are

critical from a safety point of view
and 1o prevent surface

deformation)

(Specification 1o achieve required

composition and properties)

|
m
m

performance of road)

properties
(Specification 1o achieve required
comoosition and oroparties)

RoadBaseWaterContent

26 |RoadBinderParticleSizeDistribution Ciassification properties
27 |RoadBinderVokiContert

28 |RoadBinderThickness

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023
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Defining Human Activity

and Environment UNIVERSITY OF LEEDS

» Utilised concepts from SWEET

Semantic Web for Earth and Environment Technology Ontology
Last uploaded: July 14, 2022

Summary

Details

Acronym

Visibility

Classes Properties Notes Mappings Widgets

SWEET

Public

Description The Semantic Web for Earth and Environmental Terminology is a mature foundational ontology that contains over

Status
Format

Contact

6000 concepts organized in 200 ontologies represented in OWL. Top level concepts include Representation (math,
space, science, time, data), Realm (Qcean, Land Surface, Terrestrial Hydroshere, Atmosphere, etc.), Phenomena
(macro-scale ecological and physical), Processes (micro-scale physical, biological, chemical, and mathematical),
Human Activities (Decision, Commerce, Jurisdiction, Environmental, Research). Originally developed by NASA Jet
Propulsion Labs under Rob Raskin, SWEET is now officially under the governance of the ESIP foundation.

Production
OWL

ESIP Semantic Team, esip-semanticweb@lists.esipfed.org.

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Overview of the
ATU Ontology
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@ owl:Thing
@ HumanActivity
@ EngineeringActivity
@ Management
@ Traffic
@ Transport
® Use
& Method
@ InvestigationMethod
@ RoadAssessmentMethod
@ Phenomena
@ AtmosphereLandExchange
@ BiologicalPhenomena
@ Environmentalimpact
© Event
© Occurrence
@ PlanetaryPhenomena
@ Precipitation
© SolidPhenomena
@ SystemPhenomena
@ WavePhenomena
@ Process
@ GroundProcess
) PipeProcess
@ RoadProcess
@ Property
@ AirProperty
@ GroundProperty
@ PipeProperty
@ RainfallProperty
@ RoadProperty
@ Representation
@ Geometry
@ Substance
@ Air
@ InfrastructureAsset
@ Ground
@ Road
@ Utility

.
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Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023
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Overview of the
ATU Ontology
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Classes Axioms
Ground Ontology 110 3,337
Road Ontology 110 4,545
Water Pipe Ontology 66 894
Human Activity Ontology a3 140
Method Ontology 78 269
Investigation Ontology 45 183
Phenomena Ontology 178 382
ATU Ontology 620 10,117

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Lessons Learnt

from Ontology Development NIVERSITY-OF [EEDS

i

§

®-

Stakeholders (engineers in
our case) bring a wealth

of domain knowledge —
tacit knowledge

Keep it simple and agree on
the core concepts — e.g.
properties and processes

Spreadsheets seen as a
‘natural’ way to define
concepts and dependencies
— iterative approach

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Lessons Learnt
from Ontology Develo

oment

Stakeholders (engineers in
our case) bring a wealth

of domain knowledge —
tacit knowledge

Keep it simple and agree on
the core concepts — e.g.
properties and processes

Spreadsheets seen as a
I ‘natural’ way to define
concepts and dependencies
— iterative approach

®-

Expert availability —
think broadly and creatively

Extendibility is crucial —
embed in design

Slow process, experts often
lost in detail or changing
their opinions — patience

Tacit knowledge is hard to
articulate— link to data

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023
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System Architecture
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» Contextual Information
» Warnings
» Suggestions

Automated Reasoning ]

Knowledge base /’:\

(Ontologies + rules) \
B s R \Real World Data/

=
Geological Survey HIGHWAYS

AGENCY

Environment
Agency




Starting from Triggers ;
and Deriving Conseqguences uvaERsnYOFLE

(casoning with Uncertainty
N

Rule Base Real-world Data

Knowledge
and

Data Layer @system 0nlolo@

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




Starting from Triggers “
and Deriving Consequences SRVERSTYOF Lo

Human Consequences

Human Activity

- Traffic - Injury, Cost, ...
- Roadworks
i Asset Consequences

- Burst, collapse, ...
Phenomena Lega, social, economical
- Flood - Traffic disruption, ...
- Drought

Environmental Consequences
- Water pollution, ...

@ming with Uncertainty

Rule Base

Real-world Data

Knowledge
and

Data Layer @ystem OnIOI@

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




Integrating in the Decision
SuppOrt SyStem UNIVERSITY OF LEED

Knowledge Base
Facts relating to Scenario

(instances of ontology classes)
RoadCracking=active

TrafficLoad=high

Inference Engine
Derives new facts

Rule Base
Expert derived rules
If RoadCracking=active and

TrafficlLoad=high Then
RoadCrackingIntensity increases

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




Defining Rules UNIVERSITY OF LEEijS

Conclusions of many rules are only (very) likely rather than
definite.

If Pipe Leak 1s small
then [Very Likely]

Soil Wetting increased

How to represent likelihoods?
» Unable to obtain quantitative probabilities (e.g. 0.9)
» Preferred linquistic terms:

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020
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Definli ng Rules UNIVERSITY OF LEED

Conclusions of many rules are only (very) likely rather than
definite.

If Pipe Leak 1s small
then[Very Likely]

Soil Wetting increased

How to represent likelihoods?
» Unable to obtain quantitative probabilities (e.g. 0.9)
» Preferred linquistic terms:

Confidence level Definition

Definite (D) 100% sure that E will happen

Very likely (V) not 100% but only rarely will E not happen

Likely (L) E happens more than 50% of the time but it
is not surprising if E does not happen

Unlikely (U) E happens less than 50% of the time but it

is not surprising if E happens

Very unlikely (WU)  not 0% chance of E happening but it will
happen rarely

Impossible (1) E never happens

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020
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Definli ng Rules UNIVERSITY OF LEED

Conclusions of many rules are only (very) likely rather than

definite.
If Pipe Leak is small /" T\ R3:VeryLikely
then[Very Likely] R1: ?ﬁf{'?!.‘-& B > D
Soil Wetting increased [ T T
| |[ "",'_ RZ_V?EY Unlikely e R4: Definite S

How to represent likelihoods?
» Unable to obtain quantitative probabilities (e.g. 0.9)
» Preferred linquistic terms:

Confidence level Definition

Definite (D) 100% sure that E will happen

Very likely (V) not 100% but only rarely will E not happen

Likely (L) E happens more than 50% of the time but it
is not surprising if E does not happen

Unlikely (U) E happens less than 50% of the time but it

is not surprising if E happens

Very unlikely (WU)  not 0% chance of E happening but it will
happen rarely

Impossible (1) E never happens

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




Example:
Inferred Consequences i
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Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




Abductive Likely

Abductive Likely

Abductive Likely

RoodDMormnn‘on
(<A=1, w-o U-O L=0, V=05)

TraffcLoading

(<A=1, =D, 5 U, L0, V)

SLow
{¢As1, Wi, Us, Lo, V=03)

Aucme Likely “\Abductive Likely

Gmumﬂolotmalim
(<A=2, W-O U-O L=0, V=05)

(<A=2, W-O UrO L-O V=03)

Abductive Likely

GroundStithess
decreases
(¢A=3, Vu=0, U0, L+0, V«05)

AoadBaseWaterContent
Increases
(¢A=3, VusD, UsD, L0, V-03)

Abductive Likely  [Definite

Abductive Likely

\bducmc Likely

GroundWaterContent
increases
(¢A=4, Vus0, U=0, L0, V=05)

GroundSupportTolkiity
decreases
(¢A=3, Vu<0, Us0, L=0, V<03)

RoadewlMilunon
(<A=d, W-O U-O L=0, Val>)

ikely Abductive Likely Definite M(i\v Likely\Abductive Likely ™~ Abductive Likely
GroundErosion erndWmemmtmlon RainfallDuration RoadCrackingDepth
is Acti Active is aboveZero is aboveZero | bﬁ
(<A=4, Vu=0, U=D, L=1, V=0>) (<A-S, W-O U-0, L-O V=0>) | [{<A=3, VusD, UsD, L0, V=03) [ | (¢A=5, VurD, U0, Lo0, V=0>) | | (¢A~S, Wuin0, UsD, L0, V=05) | | (<A=5, Wi=0, L-0, V~05)
Definite Abductive Likely Abductive Likely ™~_Abductive Likely Abductive Likely
e, d
GroundCavily Rain RaintaliDuration FoadCrackingDepth PipeNalveLeaking
(Aot W 00 Lo, Ve5) | [ (e, Wm0 Lo, V05| | (Ao, W L1t 20, Vo5 | [ (<AsB, Ve U, 120, Vo05) | | (cAnB, Ve, i o0, VD)
finite Definite
is Active
(au w-o.u-o L=, v-o» (<Asd, W0, Usd), L=1, V=05)
=T T T T T = D e A = - T T - == e e | i SR © B = - TTTToOoOT T T
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Putting it all Together:
ATU Decision Support System

UNIVERSITY OF LEEDS

sennnns Additional data Input by USers  ssssssssssssssasacs,

| O : Logical rules with ~ Reasoning chain (s)
“ A 4 uncertainty: Impact, Severity,
Public/private data, relationships of road, Q Likethood
&.g. road, ground, ground, utity,
utilities, weather, 2%, human actmty, G :
traffic, services ' environment .
. ‘ Potential :
@ consequences
Reporta 3 Retrieve 3 Diagnosis Important
trigger localised data (Reasoning) missing data
4 iy
Trigger ontology /Y4 Further Investigation suggestions
e g potholes /. e.g. GPR survey, experts’ opinion

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




ATU Decision Support System:
The User Reports a Trigger

UNIVERSITY OF LEEDS

[« Trigger type (*)

ATU Decision Support System: Reporting Triggers

Please click on map to select trigger location or type in ERSRIINY O

Postcode: (Lontitude = -2.5549, Lattude = 53.5078) o (* Select a file HumnanActivity _TrafMcFlow
Remove markes .- NatralPhenomena_Drought
@ NatwaiPhenomena Earthquake
Observalion RoadObservasion Cracks v NaturalPhenomena_Extreme Tempetatures
Dissies 2 X NatwalPhenomena_Freezing

» Road Cracking Width (mm): » Road Cracking Depth (mm):

NatwalPhenomena_Rarfall
Observanon_CableObservabon
Ovservation GroundOtiservation ManMadeHazard MineCollapse

Edinbiarg?

AW « Road Cracking Length (mm) » Road Cracking Angle (degree) Observation GroundOtiservation ManMadeHazard SewerCollapse

Ouservation_GroundOtiservation ManMadeHazad TunnelColapse

3 Observation_GroundObservation NaturalGeoMarard GroundMovement

! : R « Trigger value (*) « Reporter source: expertise Ovservason_GroundObservabon_NatirmGeoHazarn_SurtaceErosion
Ovservasion_RoadObservason_Cracks

v
Relerence R n h Observason RoadObsarvabon Potholes
- . » Reporter source: phone Y SRR, VRO
Greot Britain (»Xr.( rvation RoadObservasion_RoadDeformation
s | Yok Observation_RoadObservason_RoadFretiing
P ' * Reporter(*) » Description: Otservanon_RoadObssrvaton_Rutting
Ll Sheffield Ouservasion_RoadODservason_SandingWater
Liverpox Ovservanon_SewerObservation _|LossOfWater
o Aoy « Location: from map v 2 :
« Time (,) Observanon SewerObservation SgnsOfCollapse
5 Otservation_ WaterPpeObservation ChangeinChermestry
b der o 2017-12-13 12.10:41 Otservanon_WaterPpeObservation DescolouredWaser
« Duration: start ime (optional) Otservation_WaterPipeObservation_LossOfPressure
s 130
Ouservanon_WaterPipeObservation NetworkCapacity
Clpity [ '
Ouservasion_WaterPpeObservation _Surface'Waser
e N st Loodor « Duration: end time (optional): 3 } o :
PenodicReview  AnnualMamsenance
» Photo: PernodicReview EndOfLteReplacement
2 be -, A
erer  SOURSMLO L Choose e | No file chosen PeriodhcReview_UpdateReplacement
Partimeues Policy_InternaiPolicyChanges

Policy RegulationPolicyChanges
Sutma

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




ATU Decision Support System: ;
Underground Utilities Detected uu.vms.wom

-
-
-
-
-

Cable
—— Waler pipe

LT TR ma Ty -hf.i-ftljmmamumf-:mﬂ P — r snssbd Sower

L Gas plpe

L L

.......

-
............. - - y "-----~-- .

. » -~
e

' u‘..
coemsasssassEnEsen? gt
.‘

» f '.
Y "o ' ¥ »
S el e A ;
Distribution Main .
203 water pipe - operation 1997 33:::;’5 Polyethylene — - g:rsvketc;p- 900
PressurisedMain
Distribution Main .
192 water pipe - operation 1932 ﬂﬁs’.’.’ffs cast iron - =3 gﬁrs\t‘;zp' 101.6
PressurisedMain

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
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ATU Decision Support System:

Nearby Services Detected

UNIVERSITY OF LEEDS

> Nearby services:

The blue region indicates the area which can be accessed in 10 minutes by driving from the trigger
The nearby services within 2km are displayed by coloured marks. Red marks: bank:
; Blue marks: schools

q{ + / il Heaton '::“ T Higher Backiey \ ! Ouuﬂ‘Qn.\
I : ) < o jm—

— \ \~ Maston \_\ !
n \\ . f'u.i':vull [ e "’1\‘ Garden Su
3 e, o ~. ; N\ Lime Side
g \ QUSRS l'\ / . Fadsworth
-~ . Park : \ y 3
] ™~ Higher Browgraon ‘

Hoit Lare [nd §

Waonshnue! J ‘L
\ "]

Stretford

\ ‘
L CNOr 0L s ‘wevenshulme

e

> There are 32 banks around the trigger, the area is close to city center,

® Direct distance: as the crow flies (straight line between two points);
* Routing distance: the shortest routing distance along road by driving

|Routing Distance

|Direct Distance

| (Km) | (Km)

1039 university  goprt T DUSeSS g 6y 2 0916
10675 universty  MMU 70 Oxford Street  1.6293 2.2082
10677 unwversty  University of Law 1.59 2.2074
10652 school - 1.2393 2.5913
10061 school instituto Cervantes 26441 3.2483
10649 school Berdtz Language Cenre  1.3161 19325
10651 school — 23197 3.2785
10660 kindergarten — 25618 2.9568
10641 hospital Cornerstone Centre 26853 39

10638 hospeal  SOURdarY Medical 15053 20113

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




ATU Decision Support System:
Potential Consequences

UNIVERSITY OF LEEDS

€  C | O localhost:2000/riggerawl /) comequencelist/sort sikelihood o

You're looking at the Potential Consequence List view!
Q_PipeDepth: ¥ Deep # Shallow | Q_RoadSlope: # Hiph # Medum # Slight | Q_Subgrade: ¢ Clay # Sand # SolubleRock | Q_TrafficLoad: + Active | Q_PipeLeaking: < Acive | Q_PipeLoeakingRate: < Severe | Q_RoadType: < A1

Likelihood | missingFacts

<VU=00, U=00, L=00.

1 SolubleRockCavitiesFormation V=00> Critical definite 1 [Pipaleaking Active’, PipeleakingRate Sevare’, Subgrade SokibleRock’) Grourxd

1 RoagCracking e Ot | et ikely 1 [PipeLeaking Active’, ‘PipeL eakingRate Severe', “TrafficLoad Active’, 'Subgrade Sand’] Road

1 DamaosToProoaay ;\:I})JZ::)O U=00, L=08, Critical ikedy 1 g‘l‘l’g:;;lc?] Active’, ‘PipeLeakingRate Severe’, TrafficLoad Active’, ‘RoadType A', 'Subgrade SocialiEconomic
1 SuddenRoadCotanse 00 US00.L07.  Camswophic  Mkely 1 [PipeLeaking Active', ‘PipeL eakingRate Severs'. TrafficLoad Active’, ‘Subgrade SolubleRock] Roag

1 LossQmtfrySendce AR RO L | oo Skedy 1 [PipeLeaking Active’, ‘PipeLeakingRate Severe', TraflicLoad Active’, 'Subgrade SolubieRocK] SocialfEconomic

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




ATU Decision Support System:
Consequences and Impact

& C @ locthon

i
O

UNIVERSITY OF LEEDS

ATU Decision Support System: Potential Consequences

PipelLeaking was observed at Manchester on road AB35 with value High at Aug. 14, 2015, 6:33 p.m.. There are the following potential consequences Augomated Reasoning

Impact
Please select assumptions of missing

Negligible : Marginal Critical Catastrophic facts {gresn: given facts)!
E é Q PipeDepth
Definite ¢ Deep ~ Shallow
Q_RoadSlope
¢ High = Medium . Slight
Q Subgrade
Clay ) Sand # SolubleRock

| Very Likely

Q_PlpelLeaking

MicDisruntio Active
: [PipeLeaking Active’,
UulllySuppono '‘PipeLeakingRate udde A Q_PipelLeakingRate
e Y Severe', TrafficLoad Severe
Likelihood | Actve'. ‘Subgrade 4
i SolubleRock) Q_RoadType
— A

Q TramicLoad

TrafficDissuption Active

Filter the data to be displayed by category!
« Select type of consequences

Al

: ! ] « Select display mode for repeating
Impossible consequences

— - - :dl '
@ means the number of pleces of missing facts (with assumed values), please click for more details
Reasoning cf Consequence List View

Wei et al, A decision support system for urban infrastructure inter-asset management employing domain ontologies
and qualitative uncertainty-based reasoning, Expert Systems With Applications, 2020




Lessons Learnt

from ATU System Development yuwersity or Leebs

il

§

®-

Scenarios illustrate
Functionality and enable
engagement —
prototype early

Uncertainty is inevitable and
stakeholders should
understand —

Intuitive approach

There is plenty of available
data — location links data

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




Lessons Learnt

from ATU System Development

il
g

§

UNIVERSITY OF LEEDS

\

/
<D~

o

Scenarios illustrate
Functionality and enable
engagement —
prototype early

Uncertainty is inevitable and
stakeholders should
understand —

Intuitive approach

There is plenty of available
data — location links data

Uncertainty validation
by humans is hard —
data-driven approach

Understand what decisions
are being made —
flexible / ‘open-minded’

Many data would be
unavailable — creative ways
to exploit ‘missing data’

Du et al, City infrastructure ontologies, Computers, Environment and Urban Systems, 2023




ake Home Message: n
Human-i n-the-|00p UNIVERSITY OF LEEDS

EU Al Act

» adequate risk assessment and mitigation
» appropriate human oversight

» traceability of results

-

Stakeholder engagement from the start
Holistic models — link knowledge and data

Use data to validate/tune knowledge models
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