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What is MONICA?
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Figure 4 The overall MONICA concept 

The IoT Infrastructure  
The MONICA IoT Infrastructure, depicted in Figure 5, must be capable of handling three different types of IoT 

devices: i) wearable devices, ii) “nomadic” devices and iii) fixed sensors and fixed Cyber Physical Systems.  

 Wearable devices include wristbands, glasses and mobile phones. Wristbands are intended to be worn 

mainly by the spectators while glasses are intended for the security staff. The wristbands considered in 

MONICA will be provided by DEXELS and equipped with LED displays and other sensors able to measure 

position, movement, temperature, sound pressure levels and noise doses. Wristbands have connectivity 

based on either Ultra-Wideband (UWB) or narrow-band radio (868/900MHz) technologies. Glasses instead 

will be provided by OPTIN, based on the Android OS and equipped with front-facing camera, inertial 

sensors, light sensor, GPS and pressure sensor. The glasses have real see-through (fully transparent) 

displays with a WVGA resolution and have Wi-Fi b/g/n and BT4.0 connectivity.  

 “Nomadic” devices are mobile devices confined to the event area, such as hand held sound dosimeters and 

other sensors (e.g. sound meter, temperature sensor, wind sensor, camera, etc.) mounted on controllable 

airships. Such airships can be positioned accurately above the event area and are able to communicate with 

the MONICA IoT platform by means of either Wi-Fi or ad-hoc radio link.  

 Fixed sensors and Cyber Physical Systems comprise devices mounted on fixed structures in and around the 

event area, e.g. sound pressure gauges and dosimeters, microphones, cameras, anemometers, etc.  

In order to manage the heterogeneity of a large amount of the above mentioned devices, a proper IoT architecture 

will be defined following the Architecture Reference Model (ARM) approach proposed by IoT-A1 where each 

physical entity is represented by a “virtual entity”. The IoT network infrastructure will use gateways (GWs) 

provided by partners in previous EU projects (e.g., ebbits, ALMANAC, IMPRESS) as well as GWs from DEXELS 

to connect UWB-based constrained devices to the distributed IoT middleware. MONICA will adopt the 

LinkSmart® middleware that has its origins in the FP6 IP Hydra2, developed under the lead of Fraunhofer FIT. 

LinkSmart® is an open source middleware (TRL7) providing a framework and service infrastructure for creation of 

distributed Internet of Things applications. As it can be seen from Figure 5, the middleware includes a module 

named “device manager” that provides the instruments to simplify heterogeneous physical devices virtualization 

through a common interface and technology-agnostic access to the lower layer. As device manager, MONICA will 

adopt the Physical World Adaptation Layer (PWAL) and Smart City Resources Adaptation Layer (SCRAL) 

solutions developed in ebbits and ALMANAC projects respectively. More specifically, the SCRAL exposes 

functionalities made available by devices through a self-described and annotated REST interface while the PWAL 

is typically running inside gateways (i.e., co-located inside or close to the devices), and proxies the entry point for 

physical world data from sensors. The PWAL thus provides a “pattern” for integrating heterogeneous devices 

inside proxies, supporting self-description, discovery, annotation, etc. of sensors and actuators. The Event Manager 

will employ the de-facto standard for publish/subscribe in IoT ecosystems, namely MQTT. Further, MONICA will 

 

MONICA Page 15 of 117  

Closed Loop 

Control Systems
Closed Loop 

Control Systems

MONICA Private Cloud

Active Closed Loop 

Control Systems

M
2
M

 C
o

m
m

u
n

ic
a

tio
n

A
rc

h
ite

c
tu

re

Situational Awareness and 

Decision Support

Sensing
Sensing

Sensing

Actuation

Situational

Information

Situational

Information

Control Strategy

Data 

Security and 

Trust 

Control Strategy

Actuation IoT 

Infrastructure

T
h
e
 
A
c
t
u
a
t
i
o
n
 
D
o
m
a
i
n

Nomadic IoT Infrastructure
Movable Sensor Networks

Dynamic IoT Infrastructure
Wearable Sensor Networks

Open IoT

Architecture

The Sensing Domain

Static IoT Infrastructure
Fixed Sensor Networks

 

Figure 4 The overall MONICA concept 

The IoT Infrastructure  
The MONICA IoT Infrastructure, depicted in Figure 5, must be capable of handling three different types of IoT 

devices: i) wearable devices, ii) “nomadic” devices and iii) fixed sensors and fixed Cyber Physical Systems.  

 Wearable devices include wristbands, glasses and mobile phones. Wristbands are intended to be worn 

mainly by the spectators while glasses are intended for the security staff. The wristbands considered in 

MONICA will be provided by DEXELS and equipped with LED displays and other sensors able to measure 

position, movement, temperature, sound pressure levels and noise doses. Wristbands have connectivity 

based on either Ultra-Wideband (UWB) or narrow-band radio (868/900MHz) technologies. Glasses instead 

will be provided by OPTIN, based on the Android OS and equipped with front-facing camera, inertial 

sensors, light sensor, GPS and pressure sensor. The glasses have real see-through (fully transparent) 

displays with a WVGA resolution and have Wi-Fi b/g/n and BT4.0 connectivity.  

 “Nomadic” devices are mobile devices confined to the event area, such as hand held sound dosimeters and 

other sensors (e.g. sound meter, temperature sensor, wind sensor, camera, etc.) mounted on controllable 

airships. Such airships can be positioned accurately above the event area and are able to communicate with 

the MONICA IoT platform by means of either Wi-Fi or ad-hoc radio link.  

 Fixed sensors and Cyber Physical Systems comprise devices mounted on fixed structures in and around the 

event area, e.g. sound pressure gauges and dosimeters, microphones, cameras, anemometers, etc.  

In order to manage the heterogeneity of a large amount of the above mentioned devices, a proper IoT architecture 

will be defined following the Architecture Reference Model (ARM) approach proposed by IoT-A1 where each 

physical entity is represented by a “virtual entity”. The IoT network infrastructure will use gateways (GWs) 

provided by partners in previous EU projects (e.g., ebbits, ALMANAC, IMPRESS) as well as GWs from DEXELS 

to connect UWB-based constrained devices to the distributed IoT middleware. MONICA will adopt the 

LinkSmart® middleware that has its origins in the FP6 IP Hydra2, developed under the lead of Fraunhofer FIT. 

LinkSmart® is an open source middleware (TRL7) providing a framework and service infrastructure for creation of 

distributed Internet of Things applications. As it can be seen from Figure 5, the middleware includes a module 

named “device manager” that provides the instruments to simplify heterogeneous physical devices virtualization 

through a common interface and technology-agnostic access to the lower layer. As device manager, MONICA will 

adopt the Physical World Adaptation Layer (PWAL) and Smart City Resources Adaptation Layer (SCRAL) 

solutions developed in ebbits and ALMANAC projects respectively. More specifically, the SCRAL exposes 

functionalities made available by devices through a self-described and annotated REST interface while the PWAL 

is typically running inside gateways (i.e., co-located inside or close to the devices), and proxies the entry point for 

physical world data from sensors. The PWAL thus provides a “pattern” for integrating heterogeneous devices 

inside proxies, supporting self-description, discovery, annotation, etc. of sensors and actuators. The Event Manager 

will employ the de-facto standard for publish/subscribe in IoT ecosystems, namely MQTT. Further, MONICA will 

Large Scale IoT Deployment



Control the Sound

• Sound zones are established based on the existing sound system 
to accommodate the needs of the audience, performers and 
neighbours
• Main zone with best sound in terms of loudness, directionality and 

quality, quiet spots and mitigation of noise outside concert area

• Real-time display of sound levels for monitoring and control



Strengthen Security 

• Security set-up for private and public events using wearables, 
cameras, drones and smartphone apps
• Real-time visualisation of crowd size and density 

• Early identification of emerging events, e.g. prediction of critical 
crowd situations

• Guidance of security staff to incidents



Consortium – 29 partners, 9 countries

Fraunhofer FIT, Germany

City of Lyon - Acoucité, France

Atos IT Solutions and Services, Slovakia

Brüel & Kjær Sound & Vibration 

Measurement A/S, Denmark 

City of Bonn, Germany

CERTH Information Technologies 

Institute, Greece

CNet Svenska AB, Sweden

Dexels BV, Netherlands

DigiSky SRL UAV & Robotics Systems, 

Italy

Technical University of Denmark

City of Hamburg, Germany

Hamburg University of Applied Science, 

Germany

Rinicom Ltd, UK

In-JeT ApS, Denmark

LINKS foundation, Italy 

City of Copenhagen, Denmark

Kingston University, UK 

Leeds Beckett University, UK

Movement Entertainment Srl, Italy 

Optinvent S.A., France 

Praesidio Group ApS, Denmark 

Ring Advocacy ApS, Denmark 

Telecom Italia S.p.A., Italy 

Tivoli A/S, Denmark 

City of Torino, Italy 

VCA Technology Ltd, UK 

Vaeksthus Zealand, Denmark 

Yorkshire County Cricket Club Ltd, UK 

Leeds Rugby, UK



MONICA Use Cases
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• Sound Monitoring and Control

• Monitor Sound Level

• Adjust Sound Level

• Crowd and Capacity Monitoring
• Monitor Crowd Based on Capacity
• Manage Crowd Based on Capacity

• Detect High Risk Queues
• Re-direct High Risk Queues
• Inform Staff , Inform Users

• Security Incidents
• Detecting an Incident

• Reporting an Incident

• Handling an Incident

• Health Incidents
• Detecting an Incident

• Reporting an Incident

• Handling an Incident

• Missing Person
• Report Missing Person

• Locate Missing Person

• Report Found Person

• Locate Parent / Guardian 

• Safety Incident
• Precautions at unsafe wind speeds



6 Pilots - 12 Demonstrations

• Copenhagen – DANEMARK
• Tivoli

• Turin – ITALY
• Kappa FuturFestival
• MOVIDA

• Bonn – GERMANY
• Rhein in Flammen
• Pützchens Markt

• Hamburg – GERMANY
• Hamburg DOM
• Port Anniversary

• Lyon – FRANCE
• Fête des Lumières
• Nuits Sonores
• Woodstower

• Leeds – ENGLAND
• Yorkshire County Cricket Club
• Leeds Rhinos Rugby League

19/06/2019 MONICA Project
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Mapping of MONICA Architecture to AIOTI HLA
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Scalability of the Wearable Network Infrastructure
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• Large scale is addressed by leveraging 
• time synchronization: TDMA

• cluster architecture: multiple base stations (868MHz)



MOINCA IoT Platform

• SCRAL - Device Management
• Keeps track of registered IoT devices and wearables

• Adapting to device specific semantics

• Translation of device specific messages to OGC SensorThings model

• LinkSmart® Middleware
• Resource and Service Catalogs providing directory services for things and 

services for Resource/Service discovery

• OGC SensorThings v1.0 compliance

• Real time forwarding of device measurements to Data Store and Service Layer

19/06/2019 MONICA Project 13

Field-Access Level

Adaptation Layer: SCRAL

Event BrokerResource / Service Catalog
IoT Storage 

Manager

Middleware:

LinkSmart

Data Model and Validation Metadata GeneratorIoT Resources Ontology

…



Adaptive Sound Field Control (ASFC) 
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Video-based System Platform
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Situational Awareness & Decision Support

• Situational Awareness 
• Library of high level data fusion services, 

supporting/enabling event/incident 
detection

• Common Operational Picture
• maintains an overview of the current 

state of the outdoor event

• Decision Support System
• Provide event/incident intervention 

support using intervention strategies 
(always a human in the loop)

19/06/2019 MONICA Project 16
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Thanks for your attention
All rights reserved. 

All copyright for this presentation are owned in full by the MONICA Project. 

Permission is granted to print material published in this presentation for personal use only. Its 
use for any other purpose, and in particular its commercial use or distribution, is strictly 

forbidden in the absence of prior written approval.

MONICA has received funding from the European Union’s Horizon 2020 Framework 
Programme for Research and Innovation under Grant Agreement No 732350.

Possible inaccuracies of information are under the responsibility of the project. This 
presentation reflects solely the views of its authors. The European Commission is not liable for 

any use that may be made of the information contained therein.

Please see us here: www.monica-project.eu


