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Abstract.

With the rise of the Industry 4.0 Revolution, Artificial Intelligence, digitalization,
and connectivity have been more than ever; adopted in the industrial world. This
adoption is leading to the transformation of the mechatronic systems used in pro-
duction into Cyber-Physical Production Systems. Such a concept is taking indus-
trial Automation and computer integrated manufacturing to the next level. The
massive migration of traditional production systems into Cyber-Physical Produc-
tion Systems, including the MAS-based CPPS, made the reviewing of the tradi-
tional methods of Engineering and Commissioning a must. Which explains the
increase in the number of research works during recent years about the applica-
tion of these Architectures on practical cases. In the present paper, we propose a
way of developing and implementing MAS-based CPPS on an Industry 4.0 As-
sembly Platform. Moreover, we test the behavior of the Multi-Agent systems
with interaction with SIEMENS Programmable Logic Controllers via OPC UA
Protocol, during a Software-In-the-Loop “SIL” Test on a 3D Model of the Plat-
form running on a separate Computer. The test assesses the behavior of the com-
ponents of a typical Cyber-Physical production module during the treatment of a
given operation on the product, to extract the vulnerabilities in the treatment of
the operation and search for appropriate improvements.

Keywords:  Multi Agent Systems, Cyber Physical Production Systems, Intel-
ligent Manufacturing Systems, SIL-Testing

1 Introduction

Nowadays, the rise of competitiveness in several industries like electronics, cars, ac-
cessories or even clothes, lead to the fast development of products into better versions
and the demand on more and more new features which lead to the mass personalization
in one hand. And in the other hand the need of better competitiveness in the market.
That means the need for more reliable plants with less downtime due to unpredicted
breakdowns, with faster response time of maintenance staff and logistics to react to
every new situation, which make the use of software more important than ever, a gen-
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eralization of software use in every aspect of the production, leading to its digitaliza-
tion. Without omitting the importance of more data availability at all levels of the fac-
tory and control systems, which is only possible by more connectivity.

Lot of initiatives were made to meet these requirements, making the Industry migrating
to an entire digitalization and connectivity, from where was born the Industry 4.0 [12].
The fourth industrial revolution is based mainly on cyber physical production systems,
which include smart machines and production facilities that have been developed digi-
tally, and having their logistics, production, marketing and service entirely integrable
basing on ICT [13]. In fact, the transformation of mechatronic systems into cyber phys-
ical systems (CPS) is the source of some of the main Industry 4.0 objectives [14].

Being a founding brick of the industry 4.0 [1], Cyber Physical Production systems
are defined by Monostori et al [17] as following “CPPS consist of autonomous and
cooperative elements and sub-systems that are getting into connection with each other
in situation dependent ways, on and across all levels of production, from processes
through machines up to production and logistics networks.” Moreover, the cyber phys-
ical systems architecture is divided into 5 Levels [7], [18] and [2] as follow: The con-
nection level, the conversion level, the cyber level, the cognition level and the config-
uration level. Several papers highlights the requirements that has to be met for Cyber
Physical Production Systems [3], [4], [5] and [6]. In [3] CPPS characteristics are cate-
gorized in four groups. The first group is Architectural models which could be based
on SOA or MAS due to their openness. The second group is Communication and data
consistency. The third group is intelligent products and production facilities inside a
CPPS, which are able to flexibly adapt to change in customer requirements, variation
in the demands, and breakdowns during production. The fourth group is Data Prepara-
tion for Humans, about the CPPS, its architecture, products and production as long as
the concepts support the CPPS engineering and capability to pre-process production
data.

In this context, several practical applications have already emerged. Among them,
we can cite the work of [9], where the authors developed a method for the systematic
engineering of industrial CPS. They applied modularity under consideration of smart
factory, smart data, smart products and smart services. In [10], the authors proposed a
modular MAS based CPPS architecture where software agents are running on the fog
level. In [11] the authors developed an efficient MAS based CPPS for a discrete flexible
manufacturing system. In the same direction, we propose in the present paper a MAS
based CPPS architecture, for the Management and control of an Industry 4.0 Assembly
Platform situated in SRP Lab “Robotized Systems for Production” at the “Robotics and
Integrated Manufacturing” division in Algerian Center of Development of Advanced
Technologies CDTA. This case study covers the development and the virtual commis-
sioning of the proposed CPPS Architecture.

The rest of this paper is organized in the following way. Section 2 describes the use
case platform subject of the study. In section 3, we describe the CPPS Architecture
developed in this paper. Section 4 is dedicated to the Software-In-the-Loop “SIL” Test-
ing procedure. Finally, section 5 concludes the paper.
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2 Laboratory Assembly Cell Use Case

The use case studied in this paper is an Industry 4.0 platform made by the Robotized
Production systems team at the Robotics and Industrial Automation Division of CDTA
(Centre de Développement des Technologies Avancées) in Algeria with collaboration
of SIEMENS Algeria.

The cyber physical system in case of the study is a robotized cell made up of four
stations “One pic and place station for Entry/Exit of shuttles to the platform, and two
pic and place workstations for part feeding the product shuttles with spare items. One
Assembly Station, and a closed loop conveying system. Each station is equipped with
a photoelectric sensor in order to detect the presence of a product shuttle in front of the
Workstation, and an RFID reader; to read / write the product specific data on the RFID
TAG fixed to the product Shuttle.

- -
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Fig. 1. General overview of The Assembly Platform at SRP Laboratory

The production system represented by the robotic platform is a synchronous flow
shop.

During the rest of this paper we will call the pic and place station for Entry/Exit of
shuttles as “WSP1”. The two pic and place workstations for part feeding as “WSP2”
and “WSP3” respectively. The Assembly Station will be called “WSA”.

The product Shuttle is put in the system at the first station “WSP1”, after that the initial
information is written to the corresponding TAG by the RFID reader on this station; the
conveying system transports then the Shuttle to the next station “WSP2” where the
RFID reader of this one reads the Shuttle TAG, to determine what has to be done on
this product, in this case it’s part feeding of product shuttle. The Robotic station exe-
cutes then the operation, and the conveying system transports the Shuttle to the third
station “WSP3” where another part feeding operation is executed.

The product shuttle is then transported to the Assembly Station “WSA”, where the
spare items are extracted from the shuttle, and assembled by a collaborative robot with
the help of a human operator. Then the assembled product is put in the shuttle, and
placed by the robot on the conveyor.

Finally the product return to the first station “WSP1” where it is verified and ex-
tracted from the production system.

As there is not yet installed Robot in the “WSP1”, the results obtained in the virtual
commissioning of the MAS based CPPS architecture presented in the next section will
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partly contribute to a successful integration of a future installed Robot in this Work-
station to the production cell.

3 The Developed CPPS Architecture

In the present work, a cyber-physical system Architecture is presented, where the con-
trol tasks are divided between PLCs and Multi Agent systems.

One of the benefits of the proposed MAS based CPPS solution is a smooth integration
in existing Manufacturing Plants based on traditional control systems. By the fact that
everything is controlled by the PLC, with a listing of tasks that can be executed by its
corresponding resource to be transferred to the Resource Agent which can combine
these tasks into a set of different operations, dynamically modifiable without the need
to modify the PLC logic. So the Production become partly controllable by the Software
Agents via the PLC inside each individual Cyber Physical Module CPPM. This is use-
ful in the case of plants where it is not allowed to give a full control of the production
by the Software Agents for different reasons including safety or security requirements

The division of control functions between PLC and the different software agents are
described below.

!
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Fig. 2. Developed MAS based CPPS Architecture

3.1  Description of the CPPS Architecture

Since the assembly cell is constituted of four workstations and a conveying system,
among them three workstations are concerned by this work. The aim of this work is to
design a CPPS Architecture of the cell, the workstations are considered to be the cyber
physical modules, and the conveying system will be considered in the present as a Non-
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Cyber-Physical Entity. In this section we present the system Architecture. At the be-
ginning we will describe the different types of the Agents and their functions, then the
interaction between them, inside the CPPM. Among different MAS Architectures pro-
posed for CPPS, there are MAS Architectures, where they may have also different de-
grees of control of the process, along with the Edge controller. In this work, the Soft-
ware Agent of each WorkStation control high level operations, and only supervise the
low level operations done by the respective PLC of this Workstation.

In this Architecture, there are three types of Software Agents: Product Agents, Resource
Agents responsible of the resource (like: Machine or Robot...), and the Workstation
Agent. This later is responsible of the corresponding Workstation and ensuring the ab-
straction of the PLC Data to usable information by the Resource Agent, and the transfer
of instructions in the opposite direction.

The Cyber Physical Modules

Each station in controlled by a distributed controller SIEMENS ET200SP with a S7
1500 CPU, and a couple of agents. The ET200SP is responsible of the low level control
functions of the robotic station. A software agent is associated to the resource, and it is
responsible for the decision and / or the personalization of the products by the work-
station. Then there is a Workstation Software Agent for the interface between the PLC
and the resource agent. It transforms the data produced by the PLC to semantics utiliz-
able by the resource agent, sent to this one by ACL messages [19]. The workstation
Agent is connected to the PLC via OPC UA. In the normal case, the operations to do
on the product by the workstation are stored on the product RFID Tag. In this study,
the RFID TAG does not contain the information on the operations; they are stored in a
PLC data bloc, which is modifiable by the product Software Agent. Up-on the arrival
of the product Shuttle to the Work-station, the RFID reader reads the Tag on the Shuttle;
then send it to the PLC. This later reads the operations to be done on the product from
the product data-bloc. The operations Data is provided by the Product Software Agent.
This gives the possibility to modify the operations list by the software agent at any time.
This is very useful in the case of personalization or correction that has to be done on
the product.

Different layers inside the CPPM

Description of the different layers of the CPPS Architecture and the responsibilities
of each layer. The first Layer includes the physical parts of the system, represented by
the workstations with their different components (Robot, part feeding system) as phys-
ical modules. The second layer is composed of the Programmable Logic Controllers,
responsible of the low level control functions, at the operational level. The third layer
is an abstraction layer, represented by the Workstation Agent, also called PLC Agent.
It is responsible of the abstraction of the data collected from the PLC to an understand-
able information by the software Agents in the upper layer, and the translation of their
instructions sent via ACL messages into precise commands to send by the Interface
Agent to PLC via OPC UA. The Final layer, contains the Resource Agents, and the
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product Agents, responsible of the High level control operations, at the information
level.

Communication between the CPPMs and with non-CP entities

The communication between the CPPM is performed at both the operational level (see
Fig. 2) between the PLCs via Ethernet communication, and at the information level
between the software Agents at the Multi Agent System.

The communication between the CPPS and the non-Cyber-Physical “non-CP” enti-
ties is ensured by the Programmable Logic Controllers in the control network, while
the pertinent information is transferred to the Multi Agent system, creating an indirect
interaction with the rest of the plant.

3.2  The Multi Agent System

The Multi Agent System in this CPPS Architecture is divided between two layers. One
layer containing the Main Agents in the Multi Agent System, responsible of Manage-
ment and control of the Cyber Physical Production System (Resource Agent, Product
Agent). And, one layer containing the secondary Agents (Workstation Agent) respon-
sible of the workstation “WS” inside each Cyber Physical Production Module, and en-
suring the interface between the PLC controlling the Workstation and the “Resource
Agent” corresponding to the physical resource (Machine, Robot...) in the Main Multi
Agent System.

The Agents of the MAS
The Main Agents of the Multi Agent System are the resource Agents and the Product
Agents.

Resource Agents

It is responsible of the Management of the affected physical resource inside the
MAS, it can inform the other Agents about the state of the resource (Free, occupied,
out of service...etc.) and take a decision to accept or not to perform a given operation
of a product at a given time.

Products Agents

It represents the associated product in the MAS, it can give the user and the other
Agents the state and the progress of the scheduled operations on the product, and it can
ask a resource Agent to allocate its physical resource to perform a given operation at a
given time according to its production schedule.

Workstations Agents

The secondary Agents called here the Workstation Agents, also called “PLC Agents”
are situated at the abstraction layer of each Cyber Physical Module, and they are re-
sponsible of the abstraction of the PLC data to a usable information by the upper layer
represented by the resource Agents. They ensure the transfer of the requests from the

289



resource agent to the PLC of the Workstation, so the PLC can pass the order to the
individual controller of the physical resource (Robot or Machine).

Detail of implementation

The Multi Agent System is implemented on JADE (Java Agent Development Frame-
work) with JAVA.

There are three Agent Classes:

- The Workstation Agent Class called “Agent PLC”

- The Resource Agent Class called “Agent_Ressource”

- The Product Agent Class called “Agent Produit”

The Agents of type “PLC Agent” are declared using each corresponding PLC OPC
UA Server URI as shown in the Jade Container UML Diagram below.

JadeContainer

main (args : String [1.."])

Fig. 3. JADE Container Diagram

4 The Virtual Commissioning

4.1  General Description

Virtual commissioning is usually used to reduce the costs of validating solutions on real
equipment [15] [16].

In our case, three reasons motivated the choice of virtual commissioning approach:

- Seize the time while the platform was under assembly

- Faster tuning of the PLC logic comparing to the traditional commissioning

- Drastically reduce the risk to damage equipment later, at real commissioning
In order to commission virtually the Robotized manufacturing cell. We first created the
virtual model of the cell in 3D environment using FLEXSIM, by emulating the robotic
workstations, in each workstation; we have replicated the robot and spare parts buffers.
The RFID readers and photoelectric sensors has been replicated also in the virtual
model, as well as the product Shuttles and the conveying system Fig. 4.

Fig. 4. The 3D model of the Robotized cell in FLEXSIM environment
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After that, we connected the Virtual PLCs to the emulated model of the platform,
and performed an overall testing of Input/Output signals, with respecting the following
order: The PLC 1 is controlling the Workstation WSP1, the PLC 2 for WSP2 and PLC
3 for WSP3. The Assembly workstation WSA containing the collaborative robot
KUKA IRB IIWA is not included in the present work, as its virtual commissioning has
been treated in a separate work.

Therefore, the complete system is available to implement and validate the solution
developed in the previous section.

4.2 SIL Testing Validation

The complete software in the loop (SIL) Validation test included the four Virtual PLCs
and the Multi agent system, for controlling the virtual Model of the production cell.

During the SIL test, the Simulation of the four programmable logic controllers was
performed using SIEMENS PLCSIM ADVANCED software. The Multi Agent System
was developed under JAVA using JADE platform, with Eclipse Editor. Both were ex-
ecuted on the same Personal Computer communicating via OPC UA protocol, while
the FLEXSIM 3D Model of the production system was running on another PC. On the
same Local Area Network of the first PC, and communicating with the Virtual PLCs
via OPC UA Protocol.

Computer 1 Computer 2

Fig. 5. SIL-Testing Validation

Test Case

In order to validate the developed MAS based CPPS Architecture, we used SIL val-
idation technique cited above in practical cases during production. The first case was
the entry of the products to the system, and the way their request is handled and exe-
cuted. The second case was the execution of an operation on a given product in a work-
station, and how the detailed list of tasks is loaded to the PLC, and executed by the
Resource (Robot).
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To illustrate the scenario, we considered the two first operations to be done on four
different jobs. Where the first operation is loading of the product shuttle to the conveyor
by the robot 1 (Workstation 1). The second operation is filling of the shuttle with the
corresponding spare items needed for the product assembly, this operation is done by
the Robot2 (Workstation2).

Fig. 6. - Sequence Diagram of interaction among Agents and PLC for Operation Execution on a
Product with TAG 10103 at WorkStation N°2

5 Conclusion

The existence of several patterns and standardization works regarding MAS based
CPPS makes their development much easier than before. However, lot of aspects re-
garding the adoption of Multi-Agent systems in the development of CPPS are continu-
ously evolving. Indeed, MAS are well adapted for the development of distributed intel-
ligent systems, featuring flexibility, agility and self-configuration. In this paper we pro-
posed MAS based CPPS Architecture, in an Industry 4.0 context production system,
where the Cyber Physical Production system was composed of three Cyber physical
modules. Each CPPM was composed of four layers; the first layer includes the physical
resources. The second layer contains Programmable logic controllers to perform lower
computing tasks and controlling the physical resources. The third and fourth layers in-
cludes the Software Agents of the MAS. The communication inside the CPPM was via
OPC UA and ACL. We used a SIL virtual commissioning validation approach in a
practical case during production in Industry 4.0 context. The SIL testing has proven it’s
adequacy for the assessment and tuning of the control logic and it’s interaction with the
Multi-Agent System inside the CPPS. As perspective, the Commissioning of the system
will be completed by a Hardware-in-The-Loop HIL Validation, and an implementation
in the real Assembly platform at SRP Lab in CDTA.

References

1. Leitao, P., Karnouskos, S., Ribeiro, L., Lee, J., Strasser, T., & Colombo, A. W. (2016). Smart
agents in industrial cyber—physical systems. Proceedings of the IEEE, 104(5), 1086-1101.

2. Monostori, L., Ké&dér, B., Bauernhansl, T., Kondoh, S., Kumara, S., Reinhart, G, ... & Ueda,
K. (2016). Cyber-physical systems in manufacturing. Cirp Annals, 65(2), 621-641.

292



10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Vogel-Heuser, B., Diedrich, C., Pantférder, D., & Gohner, P. (2014, July). Coupling heter-

ogeneous production systems by a multi-agent based cyber-physical production system. In
2014 12th IEEE International Conference on Industrial Informatics (INDIN) (pp. 713-719).
IEEE.

. Cruz, S. L. A.,, & Vogel-Heuser, B. (2017, July). Comparison of agent oriented software

methodologies to apply in cyber physical production systems. In 2017 IEEE 15th Interna-
tional Conference on Industrial Informatics (INDIN) (pp. 65-71). IEEE.

. Salazar, L. A. C., Mayer, F., Schitz, D., & Vogel-Heuser, B. (2018). Platform independent

multi-agent system for robust networks of production systems. IFAC-PapersOnLine, 51(11),
1261-1268.

Salazar, L. A. C., Ryashentseva, D., Liider, A., & Vogel-Heuser, B. (2019). Cyber-physical
production systems architecture based on multi-agent’s design pattern—comparison of se-
lected approaches mapping four agent patterns. The International Journal of Advanced Man-
ufacturing Technology, 105(9), 4005-4034.

. Lee, J., Bagheri, B., & Kao, H. A. (2015). A cyber-physical systems architecture for industry

4.0-based manufacturing systems. Manufacturing letters, 3, 18-23.

Drath, R., Weber, P., & Mauser, N. (2008, September). An evolutionary approach for the
industrial introduction of virtual commissioning. In 2008 IEEE International Conference on
Emerging Technologies and Factory Automation (pp. 5-8). IEEE.

Oks, S. J., Fritzsche, A., & Mbslein, K. M. (2018). Engineering industrial cyber-physical
systems: An application map based method. Procedia CIRP, 72, 456-461.

Rocha, A. D., Tripa, J., Alemdo, D., Peres, R. S., & Barata, J. (2019, July). Agent-based
Plug and Produce Cyber-Physical Production System-—Test Case. In 2019 IEEE 17th Inter-
national Conference on Industrial Informatics (INDIN) (Vol. 1, pp. 1545-1551). IEEE.
Mihoubi, B., Bouzouia, B., Tebani, K., & Gaham, M. (2020). Hardware in the loop simula-
tion for product driven control of a cyber-physical manufacturing system. Production Engi-
neering, 1-15.

Rasche, C., Tinkleman, M.: Industry 4.0 - A Discussion of Qualifications and Skills in the
Factory of the Future: A German and American Perspective. VDI, ASME, Dusseldorf, Ger-
many, (April 2015).

Kagermann, H., Wahlster, W., Helbig, J.: Recommendations for implementing the strategic
initiative INDUSTRIE 4.0 - Final report of the Industrie 4.0 Working Group. acatech — Na-
tional Academy of Science and Engineering, Germany (April 2013).

DIN and DKE ROADMAP German Standardization Roadmap Industrie 4.0. Standardiza-
tion council Industrie 4.0. Germany (2016)

Berger, T., Deneux, D., Bonte, T., Cocquebert, E., & Trentesaux, D. (2015). Arezzo-flexible
manufacturing system: A generic flexible manufacturing system shop floor emulator ap-
proach for high-level control virtual commissioning. Concurrent Engineering, 23(4), 333-
342.

Quintanilla, F. G., Cardin, O., I’Anton, A., & Castagna, P. (2016). Virtual commissioning-
based development and implementation of a service-oriented holonic control for retrofit
manufacturing systems. In Service orientation in Holonic and multi-agent manufacturing
(pp. 233-242). Springer, Cham.

Monostori, L. (2014). Cyber-physical production systems: Roots, expectations and R&D
challenges. Procedia Cirp, 17, 9-13.

Vogel-Heuser, B., Lee, J., & Leitdo, P. (2015). Agents enabling cyber-physical production
systems. at-Automatisierungstechnik, 63(10), 777-789.

FIPA Homepage, http://www.fipa.org/specs/fipa00061/index.html.

293



	Do We Need Change Detection for Dynamic Optimization Problems?, Boulesnane Abdennour [et al.]
	A CBR approach based on ontology to supplier selection, Mokhtaria Bekkaoui [et al.]
	Recognizing Arabic handwritten literal amount using Convolutional Neural Networks, Korichi Aicha [et al.]
	A Novel Separable Convolution Neural Network for Human Activity Recognition, Boudjema Ali [et al.]
	Deep approach based on user's profile analysis for capturing user's interests, Benkhelifa Randa [et al.]
	Multi Agent Systems based CPPS – An Industry 4.0 Test Case, Bendjelloul Abdelhamid [et al.]
	Feature Selection using F-score Method for Offline Arabic Handwritten Fragment Identification, Azzoug Soraya [et al.]
	Ranking social media news feeds: A comparative study of Personalized and Non-Personalized prediction models, Belkacem Sami [et al.]
	Imbalanced datasets: Towards a better classification using boosting methods, Djafri Laouni [et al.]
	A social media approach for improving decision-making systems, Sadat Islam [et al.]
	Human-Machine Interaction based on Eye Command: Algorithm to detect the movement of the eyes and recognize the command, Benkerzaz Saliha
	Theoretical Model of Traffic Signal Timing Optimisation Improved On ant colony Optimisation and Symbiotic Organism Search, Kouidri Chaima [et al.]
	Machine Learning Based Indoor Localization using WiFi and Smartphone in a Shopping Malls, Kamel Maaloul
	Offline Arabic Handwriting Recognition Using a Deep Neural Approach, Benbakreti Samir [et al.]
	Applying Artificial intelligence techniques for predicting amount of CO2 emissions from calcined cement raw materials, Yakoub Boukhari
	Local Directional Strength Pattern for effective Offline Handwritten Signature Verification, Arab Naouel [et al.]
	Ball bearing monitoring using decision-tree and adaptative nero-fuzzy inference system, Euldji Riadh [et al.]
	Artificial intelligent in upstream oil and gas industry: a review of applications, challenges and perspectives, Kenioua Abdelhamid [et al.]
	A Comparative Study Of Road Traffic Forecasting Models, Redouane Benabdallah Benarmas
	Road Segments Traffic Dependencies Study Using Cross-Correlation, Redouane Benabdallah Benarmas
	On the use of the convolutional autoencoder for Arabic writer identification using handwritten text fragments, Briber Amina [et al.]
	Automation of the reading and interpretation of the ODTR plot, Mazouzi Amine
	Security issues in self-organized ad-hoc networks (MANET, VANET, and FANET): A survey, Goumiri Sihem [et al.]
	A Comprehensive Study of Multicast Routing Protocols in the Internet of Things, Lakhlef Issam [et al.]
	Auto-Scaling,Efficient and Cost Effective Architecture in Apache Hadoop, Nemouchi Warda [et al.]
	Comparing NoSQL Databases with YCSB Standard Benchmark, Ben Seghier Nadia [et al.]
	GA-based approaches for Optimization energy and coverage in wireless sensor network: State of the art, Benhaya Khalil [et al.]
	A Smart Home Management based on M2M/IoT Technologies, Djehaiche Rania [et al.]
	The Internet of Things Security Challenges: Survey, Inès Beggar [et al.]
	Hybrid Approach to WebRTC Videoconferencing on Mobile Devices, Diallo Bakary [et al.]
	Modeling and Simulation of Urban Mobility in a Smart City, Saheb Faiza
	OAIDS: An Ontology-Based Framework for Building an Intelligent Urban Road Traffic Automatic Incident Detection System, Hireche Samia [et al.]
	A Study of Wireless Sensor Networks Based Adaptive Traffic Lights Control, Benzid Sofiane [et al.]
	Forwarding Strategies in NDN-based IoT Networks: A Comprehensive Study, Adel Djama [et al.]
	Dilated Convolutions based 3D U-net for Multi-Modal Brain Image Segmentation., Kemassi Ouissam [et al.]
	Interpretation of breast tumors classification using convolutional neural network visualization, Nedjar Imane [et al.]
	Image restoration using proximal-splitting methods, Diffellah Nacira [et al.]
	New Method for Image Encryption Using GOST and Chaotic Tent Map, Yahi Amina [et al.]
	Segmentation of the Breast Masses in Mammograms Using Active Contour for Medical Practice: AR based surgery, Guerroudji Mohamed Amine [et al.]
	A hybrid LBP-HOG model and naive Bayes classifier for knee osteoarthritis detection: data from the osteoarthritis initiative, Messaoudene Khadidja [et al.]
	RONI-based Medical Image Watermarking using DWT and LSB Algorithm, Benyoucef Aicha [et al.]
	A CNN approach for the identification of dorsal veins of the hand, Bendouda Abdelkrim [et al.]
	Deep learning for seismic data semantic segmentation, Med Anouar Naoui [et al.]
	Feature Fusion for Kinship Verification based on Face Image Analysis, Nemmour Hnemmour [et al.]
	Image processing: Image compression using compressed sensing, discrete cosine transform and wavelet transform., Bekki Amane [et al.]
	An external archive guided NSGA-II algorithm for Multi-Depot Green Vehicle Routing Problem, Hemici Meriem [et al.]
	New Approach for Multi-Valued Mathematical Morphology Computation, L'haddad Samir [et al.]
	Data-Intensive Scientific Workflow Scheduling Based on Genetic Algorithm in Cloud Computing, Siham Kouidri [et al.]
	Using a Direct Multiple Shooting Method to an Optimal control problem, Louadj Kahina [et al.]
	Intelligent Visual Robot Navigator via Type-2 Takagi-Sugeno Fuzzy Logic Controller and Horn-Schunck Estimator, Mohamed Nadour [et al.]
	Multi-Robot Visual Navigation Structure based on Lukas-Kanade Algorithm, Abdelfattah Elasri [et al.]
	Trajectory Tracking of a Reconfigurable Multirotor Using Optimal Robust Sliding Mode Controller, Derrouaoui Saddam [et al.]
	Passive fault tolerant control of a new reconfigurable quadrotor, Salmi Abdenour [et al.]
	Real-time speed control of a mobile robot using PID controller., Mohandsaidi Sabrina [et al.]
	Penguins Search Optimization Algorithm (PeSOA) for chaotic synchronization system, Maamri Fouzia [et al.]
	Increasing the performance of mobile networks by planning and dimensioning, Ayad Mouloud [et al.]
	A NOVEL METHODOLOGY FOR GEOVISUALIZING EPIDEMIOLOGICAL DATA, Fatiha Guerroudji
	(Multi-agents Communities Based Routing Algorithm): A routing protocol proposition for UAVs network, Boutalbi Mohammed Chaker [et al.]
	Author Index

