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TOOLBOX Behind the change. Beyond the challenge.



From Reactive to Predictive

Reactive City Predictive City
Traditional systems respond to Semantic digital twins bridge this
urban congestion after it occurs. gap, using machine learning to
European urban congestion costs anticipate street-level conditions a
€270 billion annually. full week in advance.

Behind the change. Beyond the challenge.



A Platform for Smart Cities

e

Identity | Data Platform Al Notebook

Kubeflow + KServe
(Machine Learning)

MinlO + Trino + NGSI-LD
(Storage & Analytics)

Keycloak
(Authentication/SSO)

A unified, open-source ecosystem powered by DG CNECT for building interoperable, reproducible digital twins.
» Single Sign-On (JWT tokens) automatically secures data flow across storage, analytics, and Al services.

Behind the change. Beyond the challenge.




Minimal Interoperability
Mechanisms (MIM2)

TN\

NGSI-LD
Scorpio
Context
Broker

Weather Traffic
Context Flows
Sensor Locations
Smart Data Models and NGSI-LD transform Scorpio Context Brokers provide standardized
fragmented CSVs into universally readable, entity management, allowing any European
context-aware semantic graphs. city to reuse the exact same data pipelines.

Behind the change. Beyond the challenge.



Data Model Levels of Detail: Conceptual, Logical, Physical

Design Activity

1. Conceptual Level 2. Logical Level 3. Physical Level
(“Real World” View) (Refined Structure / External Sub-sets) (“Machine View” / Internal)

Requirements Planning & Analysis Activities

Embodies the “real world" view of the Refined structure relevant to user Describes the stored representation of
enterprise. Represents current "best needs (External schemas). information. The “machine view"
model" or "way of doing business". Independent of specific technology. (Internal schema).
=) Relational ER Relational r Relational
Ex: Entities (Customer, Product, ) EX Normalized tables with —e Ex: Table names (e.g., tbl_cust),
[-% 4 ri Sale) & Relationships (buys, Attributes, Primary Keys (PK), sule—] Data Types (VARCHAR, INT),
contains). No keys. —&==) and Foreign Keys (FK) defined. ; =—J Indexes, Storage parameters.

Fact Table with measures & FKs,
linked to Dimension Tables with PKs.

Analysis), identifying Dimensions
(Time, Location) & Facts.

Dimensional Dimensional Ex: % “ Dimensional Ex:
Ex: Business Process (Sales Star Schema structure defined: Physical tables implemented with

@ technical specs, partitioning, and
indexing strategies defined.




Data Model Creation Process: Conceptual to Physical

1. Conceptual Data
Model (CDM)
% /

G

1. Select Scheme: Decide on relational,
dimensional, fact-based, or NoSQL

2. Select Notation: Choose appropriate notation
(e.g., IE, ORM) based on standards

3. Complete Initial CDM: Capture user group
viewpoint, collect high-level concepts (nouns)
and activities (verbs)

4. Incorporate Enterprise Terminology: Ensure
consistency with enterprise terms and rules

5. Obtain Sign-off: Review for accuracy and
requirements meeting, get verification

53 Q

2. Logical Data Model
(LDM)
e

1. Analyze Information Requirements: identify
business information needs

2. Analyze Existing Documentation: Use and
validate pre-existing data artifacts, models,
and patterns

3. Add Associative Entities: Describe Many-to-
Many relationships

4. Add Attributes: Add atomic attributes to
conceptual entities

5. Assign Domains: Assign domains for
consistency in format and value sets

6. Assign Keys: Identify and assign primary and
alternate keys

3. Physical Data
Model (PDM)
- %

.

1. Resolve Logical Abstractions: Implement
supertypes/aubtypes using absorption or
partition

2. Add Attribute Details: Define technical names,
data types, lengths, and constraints

3. Add Reference Data Objects: Implement refe-
rence data via separate, shared, or embedded
code tables

4. Assign Surrogate Keys: Optionally assign
technical unique identifiers

5. Denormalize for Performance: Introduce
redundancy for performance improvement

6. Index for Performance: Define indexes to
optimize query access paths

7. Partition for Performance: Develop a partit-
toning strategy based on analysis

8. Create Views: Create views to control access
or embed common queries




Data Modelling Levels: Crowd Monitoring (Smart Data Models on MongoDB)

1. Conceptual Level
('Real World' Entities)

Point of Interest %martSpot
(Location)

S (Device)
&R

Crowd Observation

1. Conceptual Level - Valonified
('‘Real World' Entities)

High-level entities & relationships.
No technical details.

2. Logical Level
(Attributes & Relationships)

PointOfinterest \

ID (PK), name,
category,
location (geo)

SmartSpot | PeopleCount

ID (PK), type, ID (PK), timestamp, |
status, instaliedAt count, observeciBy |
(FK to POI) (FK to SmartSpor)

2. Logical Level
(Attributes & Relationships)

Refined structure, attributes defined,
logical links estabiished.

3. Physical Level

(MongoDB Doc - Smart Data Models)

Collection: PeopleCount
(Denormalised Document)

*.1d". "Objectid( ..1",
"tyoe®”, "Pien)feCoaist’,
‘daerOdserrat”: 1ISO8801..°,
“peogbsCruny™. 180,
“1efDanice”. |
107, "'venmgel-id.8mertopel 61°,
“lype”. “Deriee”

“lefRautCfintarest® (
0% 'vesmgst td 201 Sifial”,
“lyee”. “PaititOffaterest”,
"lestarlosrt 1
*lype' . “Poirn®,
‘coontihates”. [2.23, 48.85)

3. Physical Level
(MongoDB Doc - Smart Data Models)

Single denormalized document for high
write throughput using Smart Data Models

structure in MongoDB GeoJSON.




Data Modeling Process Deliverables

Data Modeling
Process

1. Diagram 4. Lineage
!ﬂ Visualizes Requirements 2 Definitions 3. Issues & Outstanding S Source/Target
(Precise form) 2 et Questions = Mapping
. ntities, Attributes ,
Level of Detail - 0. . Document for @& (Captures Attribute
888 (Conceptual, Logical, “®® Relationships Defined Unresolved Items hc) Flow
Physical intai
4 ) mae'gi?:)nns Model ga Requires External Validates Model
.L.l Scheme & Notation W7 Resolution S Accuracy
= (e.g., Relational-IE, 0 Essential for Clarity A Tracks Project Risks

NoSQL-JSON)




Data Model Building Process: Inputs & Actions

Inputs & Prior Work
. 5
U 5@) G GO GO G GO G G G @G oy

Existing Assets

Existing data models & Modeler’s Process

databases. Previous analysis Standards & Guidance .
and modeling work. d Published standards. (StUdy & BUIId)

Reference materials.

S e il s A Step 1: Study Inputs Step 2: Start Building Model

Dalﬁf o?igg':f?:?ts Analyze and review all __ , Begin the active phase of
reF():{uiremen)tls. gathered materials creating the data model.

and requirements.




The Data Model Scorecard®: 10 Data Model Quality Metrics

©) 2 e L

1. Requirements N 2. Model m 3.Scheme N 4. Structural i 5. Generic
Capture Completeness Matching Soundness : Structures

Ensures model represents ' Completeness of requirements ' Matches model level of detail ' Validates design practices Appropriate use of
all requirements. § & metadata; no extra & scheme (Relational, . for database build; avoids | abstraction for flexibility. ;
! structures. Dimensional, etc.). 1 design issues. | |

O 3 P oo

6. Naming 7. Readability : 8. Definitions 5 9. Enterprise

10. Metadata-Data ;
Standards ‘ Arrangement ' Quality 1 Consistency |

Match

S

Consistent structure, term, | Easy to read arrangement; Clear, complete, and ! Consistent with broad | Model structures match
and style for naming. . parent above child, related accurate definitions. : enterprise context, : actual data to be stored.
entities together. terminology, and rules.

Overall Score

Sum of all category scores
for overall assessment.




Smart Tourism Data Model Scorecard Exercise: Scenario to Result

1. Scenario Inputs & Goal

3. Scorecard Evaluation & Result

Crowd Monitoring
Data (PeopleCount)

Real-time foot traffic
from sensors.

Scorecard Assessment
ISmart TAourllsn) 2 Data Model Structure (10 Metrics) Final g;;reR& Oéltcome:
mpact Analysis (Dimensional Star Schema) Evaluated against 10 > (Ready)
Goal: Correlate crowd flow <1 : . quality categories Verdict: Excellent quality.
with local commerce lift Optimized for analytical queries. (Requirements, Minor comment on ‘tourist’
i Central Fact tables (Sales, Traffic) Completeness, etc.). .
linked to Dimension tables K NGRS, Roodidak
Local Business : implementation.

Sales Data

Transaction records
from campaigns.




Data Model Levels (Previous Exercise) UNE Standards Mapping (Spanish DTI)

1. Conceptual Model
(Entities & Relationships)

Real-world tourism
concepts.

UNE 178502: Management
' of Data, Information &

Defines | S g——" : Intelligence

intelligence needs & | . ,
analytical structure S ® @ o o e Focus: Gove.rnapce, processing,
o and generating intelligence for

0 decision making.

o @ @

2. Logical Model o
(Analytical Structure) §

!
:

i

Facts & Dimensions for :
analysis. :
|

|

|

|

UNE 178503: Semantic

3. Physical Model Concrete realization of Interoperability

(NGSI-LD / Smart Data semantic interoperability
Models) Ppoeccoooooooes Focus: Shared meaning,
ontologies, and standardized
exchange formats.

Standardized semantic
implementation.




Smart Tourism Data Model Levels: Conceptual, Logical, and Physical

1. Conceptual Data Model 2. Logical Data Model
(High-Level Entities) (Refined Structure & Attributes)

Location Dim

LocationID (PK) : Impac Fact '
Zone

City ' LocationID (PK)
TimelD (FK)
BusinessID (FK)

| SalesAmount
Tourist PeopleCount

Activity
Business Dim

BusinessID (PK)
Type
CampaignName

Time Dim
TimelD (PK)

Business/
Campaign

Location

Focus: Business Concepts & Relationships. Focus: Attributes, Keys (PK/FK),
No technical details. Normalization/Star Structure.

3. Physical Data Model
(Smart Data Models / NGSI-LD)

NGSI-LD Entity: ImpactObservation (JSON-LD)

{

"@context": "...",
"id": "urn:ngsi-ld:ImpactObs:01",
“type": "ImpactObservation",
"dateObserved": "2023-10-27T10:00Z",
“salesAmount": { "value": 150.0 },
"peopleCount”: { "value": 45 },
“refLocation": {

“type": "Relationship",

“object": "urn:ngsi-ld:Location:ZoneA"

“refBusiness": {
“type": "Relationship",
"object": "urn:ngsi-ld:Business:Bizl"

Focus: JSON-LD structures, NGSI-LD
standard entities & relationships, NoSQL
implementation (e.g., MongoDB).




Smart Data Models

SmartSpot Crowd Monitor

{ "id": "urn:ngsi -
|d:CrowdFlowObserved:Madrid:SmartSpot001”,
"type": "CrowdFlowObserved",
"dateObserved™: "2023 -11-15T10:00:00Z",
"peopleCount": 150,
"congested": false,
"averageCrowdSpeed™: 0.5,
"refPointOfInterest": "urn:ngsi -
|d:PointOfinterest:Madrid:PlazaMayor",
“refDevice": "urn:ngsi -
|d:Device:Libelium:SmartSpot -89732",
"manufacturerName": "Libelium",
"deviceModel": "SmartSpot Crowd Monitor",

"serialNumber": "SS  -89732- XYZ",
“location™: {

"type": "Point",

"coordinates": [ -3.707398, 40.415363]
b
"@context": [

"https://smartdatamodels.org/context.jsonld",
"https://uri.etsi.org/ngsi -ld/vl/ngsi -1Id -
core - context.jsonld"

]
}

KPI UNE/ISO 178502 (Smart Destinations)

{

"id": "urn:ngsi -
|d:KeyPerformancelndicator:UNE178502:ImpactoC
omercial:2023 -11-15",

"type": "KeyPerformancelndicator",

"name": "Impacto Econémico Campafa
Noviembre",

"kpiValue": 4500.5,

"calculationFormula™: "Sum(Sales) where
CrowdFlow > Threshold",

"organization": "Turismo de Madrid",

"process": "UNE178502_Assessment",

"refCrowdFlowObserved":

"urn:ngsi -
|d:CrowdFlowObserved:Madrid:SmartSpot001"

1,

"@context": [

"https://smartdatamodels.org/context.jsonld",
"https://uri.etsi.org/ngsi - l[d/v1/ngsi
core - context.jsonld"

]
}

-1d -

Point of Interest

{

"id": "urn:ngsi -
|d:PointOfinterest:Madrid:SouvenirShop05",

"type": "PointOfInterest”,

"name": "Artesania Local",

“location": {
"type": "Point",
"coordinates": [

Ji

"category": [
"113",
"Souvenirs",
“Tourism"

1,

"description™: "Tienda de artesania y
recuerdos locales situada en zona
turistica.”,

"@context": [

-3.70379, 40.416775]

"https://smartdatamodels.org/context.jsonld",
"https://uri.etsi.org/ngsi - [d/v1/ngsi
core - context.jsonld"

]
}

-Id -
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