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Block 1. ςSmart Cities and Complexity science

Block 2. ςOur Projects 

Block 3. ςCollaboration





Å Open standards and frameworks 

Å Standard IOT protocols and organizational 
principals for semantic descriptions of 
collected data.

Å Involvement of users in digital ecosystems 
(Apple, Google, Yandex)

Å ά¢ƘŜ DǊŜŜƴ /ƛǘƛŜǎ tǊƻƎǊŀƳέ aŜǘƘƻŘƻƭƻƎȅ ōȅ 
European Bank for Reconstruction and 
Development).

Å Sustainable and resilient development

Å Circular economy

Å Interoperability

Å Mobility as a service

Å 15 minutes walkable cities

Å ΧΦΦ
Current state, researchers describe the 

complexity but not the implementation steps

The Smart City Ecosystem Framework ͮ A Model for Planning Smart Cities Chan and Paramel, 2018



Å Composed of many components 
which may interacts with each other

Å Behavior is difficult to model

Å Alive and constantly developing 

Å Adaptive 

Å Self-organizes 

Å Evolves in all its spheres 

Å Has set of different contradictory 
(KPI) 

In that case it should be viewed as a constantly developing complex adaptive system that self-
organizes, evolves in all its spheres and constantly acquires new knowledge about citizens 



Smart City as an Urban Ecosystem, G. Rzevski, S. Kozhevnikov, M. Svitek, 2021



You do not need to wait for the bus.

You called the taxi, and it is right here and cheap.

Nobody violates the rules.

Fees for rule violation is taken online.

Trams and busses do not go empty during nights.

You have the green wave when the road is empty. 

Last mile problem is solved.

You always have the parking space.

Driverless vehicles.

Car sharing is easy and cheap.

You always got the Green wave when driving.

Low emission and prolusionfrom transport.

Everything you can imagine.

https://www.digi.com/blog/post/introduction -to-smart-transportation-benefits



https://www.openaccessgovernment.org/smart -cities-new-power-dynamics-intelligent- transport -systems/112128/



Super intelligent AI or distributed 
intelligence?



Image source - https://www.the -scientist.com/features/the-evolution-of-cooperation-34284

Complexity has Advantages and Disadvantages.
How to solve complex problems?

Many negotiating agents

Main task. Create concept and platform that can manage complex adaptive systems and can 
be both resilient and sustainable as natural ecosystems.



1. Working with MAS we used the phenomenon of Swarm Intelligence. 

2. The higher the intelligence of each agent and the richer the possibility of such communication between 
agents - the more complex and creative behavior a system can display.

3. A completely different phenomenology associated with nondeterministic behavior, phenomena of order and 
chaos, bifurcations, catastrophes and many other nonlinearities.

4. Such models of the AI are called "Emergent Intelligence" (EI), reflecting the inherent nature of self-
organization. (an important alternative to the classical understanding of artificial intelligence).

In comparison with AI in EI, there is no main control unit responsible for the intelligence of the system - on the 
contrary, EI is viewed as a temporarily emerging of a self-organizing system.

As a result, EI arises from nowhere "out of the air" - in fact, due to the potential energy of earlier decisions 
reflecting accumulated dissatisfaction or disequilibrium - but in the course of its existence, it decisively "rules" the 
operation of the entire system as well as the traffic jam on the road is controlled by drivers.

AI as a bottom-up approach



How we, people, solve 
complicated problems?



Concept of the cooperative ITS as a digital ecosystem of sensors, hardware 
devices and services,operating as natural ecosystems.

Emergency

Public 
transport

Delivery

Fuel stations
Road work



All actors have their agent.

All actors have their plans and schedules.

All actors can negotiate and adjust their plans.

All actors tries to find optimal solution of the situation. 

Traffic management solution Car accident solutions



Svítek, M., Skobelev, P., Kozhevnikov, S. Smart city 5.0 as an urban ecosystem of smart services (2020) 
Studies in Computational Intelligence, 853, pp. 426-438. DOI: 10.1007/978-3-030-27477-1_33



1. Multiagent engine allows to set up intelligent agents as representatives of 
physical or virtual objects to achieve connectivity, organize the negotiation 
process, for solving complex problems and calculating optimal solutions in 
real time with predefined by the user constraints and goal function. Agents 
Ŏŀƴ ŀƭǎƻ ǇǊƻǾƛŘŜ άǿƘŀǘ ƛŦέ ŀƴŀƭȅǎƛǎ ǎƛƳǳƭŀǘƛƴƎ ŘƛŦŦŜǊŜƴǘ ǎŎŜƴŀǊƛƻǎΦ 

2. Urban Data Platform is used to collect diverse data from city services and 
provide the information based on the security level. 

3. Knowledge Base developed as a general city ontology provides the 
opportunity to transfer data to knowledge, store it on the principals of 
ǎŜƳŀǘƛŎ ǿŜōΦ Lǘ ƘŜƭǇǎ ǘƻ ŎƻƭƭŜŎǘ ǘƘŜ ƭƻƎƛŎ ŦƻǊ ŀƎŜƴǘΩǎ ōŜƘŀǾƛƻǊΣ ǎŜǇŀǊŀǘŜ ƛǘ ŦǊƻƳ 
a hardcode.  

4. Intelligent enterprise service bus (iESB) should connect all city services and 
provide the access to the data and knowledge base according to predefined 
ǊǳƭŜǎΦ Lǘ ƛǎ ŀƭǎƻ ǳǎŜŘ ŀǎ ǘƘŜ ǎŜǊǾƛŎŜ ǘƻ ŜȄŎƘŀƴƎŜ ŀƎŜƴǘΩǎ ƳŜǎǎŀƎŜǎΦ 

5. Supplementary elements (data mining, reasoning module, virtual reality and 
digital twin modules, etc.) can be used for better data interpretation and 
better services. 



MAS Fundamentals: Conceptual Overview of How MAS is Designed
1. Agent as Autonomous Software Object ï

The Shift of Paradigm for Designing Self-Organised Systems
2. Virtual Market of Demand and Resource Networks 

(DRN) ïnew method for solving complex problems 

Traditional Systems Multi -Agent Systems

Å Hierarchies of large modules ;
Å Sequential Processing;
Å Top-down instructions;
Å Centralized decisions;
Å Data-driven;
Å Predictability ;
Å Stability ;
Å Aim to reduce complexity ;
Å Full control .

Å Large networks of small agents ;
Å Parallel Processing;
Å Negotiations and Trade-Offs;
Å Distributed decisions ;
Å Knowledge-driven;
Å Self-organization ;
Å Evolution;
Å Thrive with Complexity ;
Å Managing growth .

3. Functions of Satisfaction and 

Bonuses-Penalties in DRN

4. Main Classes of Agents 

in Extended DRN

5. Compensation Methods 

for Consesus-Driven DRN





Winning entry of architectural competition Pavel Iƴƛƭƛőƪŀ, Eva aŀŎƪƻǾła Josef Filip (2018)





Traffic KPIs 

Å Evaluating a traffic solution based on KPIs: Travel times, volumes, 
waiting times, speed

Å Travel time (and waiting time) is one of the most important KPI

Å Speed can help determine congestions

Environmental assessment 

Å Can be used as KPI from traffic modelling and as an 
input for Environmental modelling. 

Å Outputs are both values and heatmaps (or possibly 
other outputs like a video)





URBAN MORPHOLOGY



Transport + microclimate 



The CSS development process divided into the following steps: 
1.Every service was analyzed for its own KPIs.

2.Set up the KPIs for the whole SRC (KPI of services can be 
contradictory).

3.Develop different micromodels.

4.Join the data sets of micro models, find the interdependencies.

5.Develop the first version of the ontology.

6. Join different micromodels in one solution.

7.User interface development.

Lǘ ŀƭƭƻǿǎ ǇŜǊŦƻǊƳƛƴƎ ŎƻƴŎŜǇǘǳŀƭ άǿƘŀǘ ƛŦέ ǎƛƳǳƭŀǘƛƻƴ ŀƴŘ ǊŜŀŎǘƛƻƴ ƻƴ ŜƳŜǊƎŜƴŎƛŜǎΦ 

ENERGY

URBAN 
MORPHOLOGY

TRANSPORT

ENVIRONMENT



Daniel, M., Dostal, R., Kozhevnikov, S., Matyskova, A., Moudra, K., Pereira, A.M., Pribyl, O. City Simulation Software: Perspective of Mobility Modelling (2021) 2021 Smart City 
{ȅƳǇƻǎƛǳƳ tǊŀƎǳŜΣ {/{t нлнмΣ Ѕ фпптоупΣ 5hLΥ млΦммлфκ{/{tрнлпоΦнлнмΦфпптоуп



COVID Case

Results of the modeling made in the CSS software developed with CVUT Transport Faculty and Institute of Computer Science Czech Academy of Science under the research project 
TN01000024



Evropskatest bed. Digital Twin of the EvropskaStreet. Virtual 
and augmented reality connected with the SOT



Digital Twin integrates physical, cyber and social areas of smart 9ǾǊƻǇǎƪł
Avenue:
ÅData, Information, Knowledgeςsensors, cameras, mobile phones, FCD - Floating car data, C-ITS -

V2V, V2I, V2X

ÅModelling and simulation ςSUMO, VISIM, PALM, predictions and forecasting  

ÅNegotiation and decision-making ςmulti-agent technologies (MAT), artificial intelligence (AI)

ÅVisualization ςvirtual and augmented reality (VR/AR)

29



City Simulation Software (CSS)ςResults 30Inteligentn² dopravn² syst®my ï Dopravn² telematika 



Smart 9ǾǊƻǇǎƪłLABς3D Physical Model and Augmented Reality

Inteligentn² dopravn² syst®my ï Dopravn² telematika 31



Inteligentn² dopravn² syst®my ï Dopravn² telematika 32



We have defined vulnerability of urban inhabitants to climate changeas a set of variables, which play the most 
important role in central European cities. The vulnerability to climate changeincludes the direct impact of heat stress 
on human health and it also depends on  interaction of various and can caise the wide spread of COVID19. Cascading 
affect can occur what reduces resilience.

33Inteligentn² dopravn² syst®my ï Dopravn² telematika 

The vulnerability to climate change is calculated and presented as the aggregation function of three parameters Thermal 

comfort, Air quality and Population distribution.



Inteligentn² dopravn² syst®my ï Dopravn² telematika 34


