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Abstract: The paper is devoted to a problem of an interdisciplinary interaction of researchers in a framework of big and ambitious 

projects implementation. This problem is of immediate interest in the modern scientific community since it is necessary to solve problems 

from various fields of scientific directions. For the implementation of breakthrough interdisciplinary projects and for the interaction of 

experts from different scientific fields, ITMO University decided to establish an interdisciplinary Laboratory of cyber-physical systems. 
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1. Introduction 

Nowadays we are on the verge of a technological revolution 

that will fundamentally change the way we live, work, and interact. 

By its scale, scope, and complexity, such as transformation will 

differ from all the changes that humanity has previously 

experienced [1]. 

While we do not know how events will develop, one idea is 

clear: a universal involvement, the participation of all stakeholders 

on an international scale, from the public and private sectors to the 

scientific community and civil society. To implement this idea in 

practice at the early beginning of the academic year 2017/2018 it 

was decided to create Interdisciplinary laboratory on cyber-physical 

systems (CPS) as far as interest on this kind of systems is growing 

well, but at the same time, it is one of the most interdisciplinary 

fields in modern science. Here finds the connection not only physics 

and cybernetics (as one can see from the title of laboratory), but 

also information security, mechanics, information systems, 

sociology and what not. The main aim of the laboratory is research 

and development in the field of CPS used in industry and science 

and everyone’s life [10]. Another goal of the laboratory is the 

transfer of the accumulated experience and knowledge gained in 

applied projects to students during the educational process.  

When solving complex scientific and applied problems, it is 

necessary to involve specialists from various fields. Universities 

have a great potential for forming interdisciplinary teams [2]-[5]. 

Nevertheless, practice shows that interaction between departments 

and communication of individual scientific groups is difficult to 

implement for several objective reasons. To create an 

interdisciplinary team, the idea of selectively attracting young 

specialists from various departments of the faculty was proposed, so 

that they, on the one hand, became the nucleus of a new scientific 

laboratory, on the other, became conductors between their divisions. 

The second section of the paper describes the foundation of 

interdisciplinary research laboratory of cyber-physical systems on 

the basis of ITMO University. Interaction of the laboratory with 

commercial companies on projects involving different specialists is 

described in the third section. The fourth section devoted to the 

educational activities of the laboratory and transfer of commercial 

projects experience and knowledge to the students. 

2. Foundational Works 

The managers of plants and factories not only reconsider the 

principle of the assembly line but also actively create a network of 

machines that will not only produce products with fewer errors but 

also be able to autonomously change production templates in 

accordance with the need while remaining highly effective. As far 

as the development of Industry 4.0 starts, scientists all over the 

world began to discuss how much work we should do to deal with 

all problems, which CPS defines (Fig.1). 

 

Fig. 1. Integration of different sciences in CPS 

So, to create the Laboratory it was decided to lead competitive 

admissions among young PhDs which include projects launch 

before the scientific and technical council of ITMO University. 

Presenting competitors talked to each other, discussed the problems 

which were risen, showed the depth and the breadth of knowledge 

and experience, that helped to figure out who would be the most 

useful in future scientific and research work. Finally, among 17 

young participants (not older than 35 years) were chosen five best 

presentations from different scientific fields. 

Special area was selected for the laboratory. In cooperation with 

designers, it was changed into convenient spaces for teamwork in 

scientific, research, experimental and educational projects. The 

spaces and zones, allocated for certain works and activities, are 

shown in the Fig. 2. 

For the laboratory, three interconnected locations were 

identified with the possibility of designing additional architectural 

and design solutions for the interior. Thus, the spaces were divided 

into three parts (Fig.2): workspace, meeting hall and conference 

room. At the same time, there is a separation with a flexible sliding 

partition in the conference room, as not only lectures will be held 

there, but also conferences, practical and experimental work. 

The main advantages of this zoning: 

 flexible use of hall space for 10 to 50 people seminars 

while carrying out experiments with samples of large 

dimensions, practical work of students, the possibility of 

constructing graphics large schemes on a huge marker 

wall; 

 an office of the main staff with the arrangement of tables 

for teamwork; 

 a meeting room, a bar-style zone combined with a coffee 

break, with the possibility of presenting and fixing 

individual results on a slate wall; 

 a workshop, where students study how modern 

instruments and robotic devices work; 

 a visual increase in the space between the hall and the 

office due to the vitrescence of a large area. 
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Fig. 2. Laboratory plan 

3. Interdisciplinary Research, R&D Projects 

Despite the growing popularity of so-called inter-organizational 

collaboration and academy-industry, the study of interdisciplinary 

cooperation is in its early beginning, and much is still unknown 

about the interdisciplinary impact of research and development 

projects. Interdisciplinary R&D projects respond to growing 

complexity of either technology or different scientific branches. 

Interdisciplinary R&D team, such as presented one, involving 

individuals from different disciplines is more effective than many 

isolated mono-disciplinary teams, as they always minimize 

redundancy, balance diversity, and complementarity, and capitalize 

on synergies in information, knowledge, cultures, and techniques. 

The intersection of different breadth and depth levels of knowledge 

results in much higher comprehension of specific fields. 

 

Fig.3. CPS laboratory meeting hall 

Certainly, CPS brings advances either in health care, traffic 

flow management or electric power generation, technogenic 

security, and delivery, as well as in many other areas. Speaking 

about CPS, we can’t help mentioning that its meaning includes also: 

● IoT, IoS and Industrial Internet; 

● "Smart" Anything (e.g., Grid, Cars, Buildings, Houses, 

Manufacturing, Hospitals, Appliances); 

● Multiagent systems; 

● Industry 4.0; 

● Big Data; 

● Fog and Cloud computing; 

● M2M. 

All these systems mean the integration of definitely all science 

branches. That’s why all research and development work is held 

collectively by scientists of the laboratory which is a very accessible 

as the requirements presented to the developing system do not 

contradict each other from the point of view of different areas of 

knowledge. For example, from time to time while developing new 

systems engineers forget about information security until the last 

stages when changes in construction or algorithms are too 

expensive or even impossible. Interdisciplinary research reduces 

such blunders to naught. 

 

Fig.4. The Laboratory of CPS Lecture hall 

Since its foundation in October 2017, the laboratory has already 

worked on several projects on smart technologies. A great number 

of plants and companies is interested in the development and 

implementation of technologies Industry 4.0. Now the laboratory is 

working on the common project connected with a locomotive 

assembly and digital factory with a company of digital 

manufacturing. The idea is in the modernization of locomotive 

assembling schedule to improve the level of effort (time 

expenditure, human resources, and input requirements). The first 

task to be solved is the automatic generating of a schedule for 

starting details production. This schedule is necessary for the 

coordination of work with production departments and the timely 

purchase of details, as well as the prevention of large stockpiles. 

The developed algorithm is going to ensure the generation of a 

schedule for launching production units (production option without 

regard to restrictions). 

During the implementation of this project, specialists of various 

qualifications were involved, such as technologists, programmers, 

and mathematicians. 

The task of technologists was to build and systematize 

knowledge base for all production operations and requirements for 

them (including production resources, personnel and time costs). 

The developed knowledge base is a systematized initial information 

for solving the problem of scheduling. The task of mathematicians 

is the development of optimization algorithms to reduce costs. 

Algorithms to optimize production time of locomotives’ lot and 

optimize the cost of production of a locomotives’ lot were 

synthesized.  The team of programmers was engaged in the 

development of application software based on information received 

from technologists and mathematicians' algorithms. The results of 

the project were positively evaluated by the customers. The project 

was implemented under the supervision of two PhD. Three graduate 

students and two students were the main project performers. 

 

Fig.5. Example of Gant diagram generated by software 
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This project received a significant expansion. On its basis, 

Software to generate a detailed production plan for departments and 

individual tasks for each employee with the possibility of planning 

for several years ahead automatically was developed on its basis 

(Fig. 5). High performance has become a feature of the software.  

Long-term planning is several orders faster than such well-known 

solutions as Siemens Plant Simulation. Developed optimization 

algorithms allow determining the dependence of the lot production 

time on the given production resources and personnel. These 

algorithms make it possible to determine the enterprise's need for 

resources to produce lot within a required time. 

At the moment we are working on expanding the functionality: 

optimization to reduce inventory and details stored in warehouses 

and between operations; development of algorithms for detecting 

problem zones in the production chain and automatic generation of 

proposals for their prevention; development of a planning algorithm 

for the start-up of several lots of different products at the same time; 

generation a heterogeneous schedule of staff to reduce production 

costs. 

The number of project executors has increased significantly to 

achieve all tasks. A lot of master students and graduate students is 

involved in the project. Thus, we can conclude that the described 

project became a good basis for interdisciplinary cooperation in the 

field of “smart” enterprises. 

Nowadays negotiations on cooperation and research with 

companies from the railway, automotive, instrument-making, and 

energy industries are carrying out. 

Another major project of the laboratory in cooperation with the 

industrial company to develop flight simulator for pilots training 

(Fig. 6). Flight simulator is a complex cyber-physical system 

consisting of a virtual environment that imitates all physical 

processes occurring with a real aircraft under different conditions; 

pilot's environment, consisting of a mobile chair simulating the load 

on the pilot, and the real controls of the aircraft; systems of drives 

that provide movement of the pilot seat in accordance with the 

indices of the virtual environment; mechanical parts that ensure the 

reliability of the entire structure. 

Implementation of such a project required the involvement of 

the following specialists: constructors, electronic engineers, 

programmers, drive specialists, automatic control specialists, flight 

physics specialists. Thus, this project is significantly contributed to 

the organization of interdisciplinary work on the direction of cyber-

physical systems. Participation in the projects is described above 

allowed a lot of students and graduate students to get the experience 

of cooperation with representatives of the real commercial 

companies and to participate in the implementation of complex 

interdisciplinary projects. These factors significantly increase the 

value of graduates in the labor market [10]. 

Besides within the constraints of this collaboration was held so-

called “Techno Challenge” in smart welding - special kind of 

brainstorming session where not only specialists but also students of 

the different level were able to take part. It was dedicated to virtual 

reality, artificial intelligence, and computer vision. The participants 

were given the task to solve problems in advance and then on 

challenge day they had the feedback from heads and leading 

engineers of plants and factories. The best participants were going 

to have a chance to make a pact with those giant companies who 

found their projects and solutions interesting and advanced. 

 

Fig.6 Flight simulator 3D model 

Another one project is building on corners of the computer 

engineering, computer aid systems, control engineering, and system 

dynamics discipline. It is a complex project in which we are 

developing the original reconfigurable real-time computational 

platform for developing CPS which are based on adaptive robust 

control algorithms and artificial intelligence with high requirements 

on latency and computational volume; developing problem-oriented 

programmable ASIC and dynamically reconfigurable IP-core [12]-

[13]. The key features of this project are: 

• the orientation on model-driven engineering, not on 

software engineering practices;  

• automation of most of the development stages, including 

algorithm design and functional simulation, prototyping and 

complex verification, complex automatization of cross-layer testing 

and synthesis of a target system; 

• deeply computational platform reconfiguration on 

hardware, software and tool levels, transparency of CAD system 

workflow. 

In this project, we already have an end-to-end demo for 

hardware acceleration of several system dynamic models. Right 

now, we work on demos with identification algorithm for a non-

linear continues system. 

4. Training Course 

Currently, a new paradigm for the results of education is being 

established, based on the formation of general cultural and 

professional competencies of undergraduate, graduate and 

postgraduate students. In the basic legislative documents on 

education, the democratic and humanistic nature of the 

transformations in the sphere of education aimed at improving its 

quality is emphasized [2]-[4]. Accordingly, these documents set the 

task of preparing modern competitive professionals in all areas of 

society. 

On the one hand, interdisciplinarity is an obvious trend, and on 

the other hand - so-called “evident challenge”, the challenge for 

both science or education. Without any doubt the current scientific 

and educational achievements in the field of individual disciplines 

are high enough, but it should be noted that in order to find an 

answer to the complex questions that society, technology and 

science face for the new millennium, are required specialists who 

have been trained simultaneously in various and from time to time 

rather distant from each other spheres. This means that it is time to 

revise the existing principles and approaches to the educational 

process and the preparation of students in higher education. The 

interdisciplinary approach to education is directly related to the 

formation of such important skills as ability and readiness to work 

in a team, the skill of critical thinking, tolerance, etc. - much of 
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what is not directly related to professional training in the sense of 

organizing the educational process, but in fact is the first 

requirement of an employer in the conditions of dynamics and 

constant changes in a labor market. The new industry requires a 

new staff quality.  Modern engineers have to be ready to work in 

conditions of increasing complexity of technological processes and 

equipment, rapidly changing requirements for competitive products, 

to take revolutionary decisions, to perform intellectual exploits. 

The content of the training course presented by the 

interdisciplinary laboratory is 2-3 sessions on CPS within the 

competence and scientific interests of the laboratory staff: system 

design, information management and processing, computing 

platforms, communication and information protection, sensors, etc. 

All lectures and lab sessions are held CPS laboratory indoors. 

Masters who successfully complete this course may experience 

significant benefits, including but not limited to the ability to 

reason, to act with assurance and to think beyond one’s own needs. 

Strong reasoning capabilities are valuable in each career field, and 

compassion may serve to enhance all areas of life. 

Each student workplace has network access’ data port, and 

computers in the lab can be shared by students in the class. There 

are also laptops which allow students to move back and forth from 

their experiment’s place to a workplace to analyze data. These 

increased capabilities are critical to conducting experiments such as 

computational prediction and modeling of physical phenomena. The 

lab design also provides equipment and instrumentation sharing, 

and collaborative student efforts to cover sub-disciplines or to pair 

less experienced students with senior ones. 

Also, the laboratory staff developed two new training courses: 

«Design of future things» for bachelor students and «Cyber-

physical systems» for master students. 

During studying the discipline "Design of future things," 

students are taught the actual trends in the design of modern 

devices, explain differences in traditional approaches. Teachers 

bring examples of interdisciplinary projects and their organizational 

structure as well as systems for monitoring the projects’ 

implementation. Students receive practical recommendations on 

information security and data processing, basics of technical 

systems automation and are studying the problems of modern 

microprocessor systems designing and the concept of digital 

enterprises. Students of different directions teamed up to develop a 

model of the perspective device for successful completion of the 

discipline [6], [7]. The developed model is presented to technical 

specialists in different fields. 

During studying the discipline "Cyber-physical systems" master 

students are taught the design of cyber-physical systems and the use 

of a systematic approach in the framework of interdisciplinary 

work. Students are taught the basics of control systems and the info-

communication components of cyber-physical systems, the 

regulatory foundations of their operation and the design of 

industrial cyber-physical systems. The project approach is also used 

for discipline completion. 

The training of the above disciplines will give future specialists 

experience of interaction with representatives of other professional 

areas. Project approach will allow them to gain experience in 

development of complex interdisciplinary projects [8], [9], [11]. 

5. Conclusions 

The need for expanding the scientific worldview is largely 

promoted by the scientific and technological revolution, which 

requires a more profound and intensive insight into the laws of 

nature and interaction. Interdisciplinary interaction is a distinctive 

feature of modern science and other types of intellectual production. 

Today the solution to a major problem is impossible without the 

interdisciplinary interaction of scientists. 

Within the framework of the Laboratory of CPS, the efforts of 

researchers will be concentrated in such areas as robotic and 

intelligent systems, Industry 4.0, space infrastructure and 

technologies, nanoengineering and cybersecurity, digitalization and 

Industrial Internet of things 

The paper describes the organization of a laboratory for 

interdisciplinary research and how it can be a good basis for 

attracting students of various specialties to complex applied 

projects, to give them practical experience in the real sector of the 

economy. Also, based on such a laboratory, an educational process 

can be organized in the way to train the latest technology trends on 

the basis of a project and an interdisciplinary approach. 
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