
  

 

Abstract—The present project is intending as a new training 

approach based on the communication technology and the 

interaction between future engineers and technicians students. 

The first phase of the global project was consisted of developing 

of an automated mini-plant for containers recycling process and 

was realized by engineering students attending the 

project-based design courses. The second phase is consisting in 

development of the virtual environment allowing interactions 

between the students and between the students and the 

mini-plant. A laboratory activity has been conducted on the 

modules of the mini-plant. Future engineers and technicians 

have the mission to design, program and troubleshoot while 

they are working simultaneously. The obtained results 

demonstrate that the engineers and technicians students 

communicate effectively but they have different skills and 

competences. The training objectives have been achieved and 

the learned lessons will be exploited to enhance the training 

level and the competences in the future. 

 

 

I. INTRODUCTION 

In engineering education, it is very important to develop 

interaction with equipment in automation field using real 

systems and simulation environments. Such activities are 

generally necessary to consolidate the theoretical concepts 

learned in classroom [1]-[4]. In fact, the recent progresses of 

communication tools help the managerial staff, engineers and 

technicians to enhance productivity and optimize automated 

production systems without are physically present on the 

production floor. Moreover, actual automation technology 

can permit the remote control and often involves more 

complex situations implicating the real-time data exchange, 

video streams of different plant sections, and finally, the 

reception of process input commands and controller program 

modification. These methods have been introduced for the 

first time by service and equipment suppliers to allow the 

distance troubleshooting with clients. Moreover, in the 

globalization context of markets, the remote control methods 

and monitoring is the ultimate trend for manufacturers to stay 

ahead respective industry. Consequently, the business 

intelligence is becoming a significant advantage for the 

industries in the actually ever-changing business 

environment [5]-[7]. Furthermore, it is important to adapt the 
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engineers and technician to rapid technological changes in 

automation systems. A relevant solution can be based on 

training by providing required skills to future engineers and 

technicians training. In fact, their academic contents also 

have to be constantly modernized to track current 

technologies and future trends. Aware to the training quality, 

the Université du Québec à Rimouski (UQAR), the Cégep de 

Rivière du-Loup (CEGEP) and the Premier Tech Company 

(PTS), a world leader in the bagging equipment field, have 

decided to join forces in order to improve the training of 

future engineers and technicians in Industrial Automation 

field. 

 

 
Fig. 1. Mini-plant used in this experience. 

 

The literature review demonstrates that it exists some 

related works involving distance learning or remote 

experiments [1], [5], [8], [9]. However, only virtual setup is 

treated and they don’t imply real time monitoring with 

effective operators monitoring the equipment [2], [4], [8]. 

The present work is original because (1) it implies real time 

collaboration between distant teams of students on a common 

problem, (2) it assure an intensive interaction between future 

technicians and engineering students and (3) the students 

have the opportunity to use recent technologies in industrial 

automation field. Globally, the aim of this project is to allow 

the UQAR and CEGEP students to join forces and work 

together on practical problems while being in two separate 

sites. The first phase of this project consisted in the design of 

an automated mini-plant for recycling containers. This 

mini-plant (Fig. 1), designed and manufactured by 

engineering students at UQAR, was then installed in the 

CEGEP laboratories, located ~100 km away from the UQAR. 

The second phase consisted to build a virtual environment 

that would allow on-line process monitoring and real-time 

visualization of the mini-plant develop a training scenarios 

related to breakdown diagnostics, parameter adjustments, 
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performance tests, security aspects, and process optimization. 

This paper presents first, this environment set up for 

interactions between the students themselves and towards the 

mini-plant located in Industrial Electronics Department at the 

CEGEP. Second, it also describes the experimented learning 

activities at the two remote sites. Third, it provides an 

assessment of the satisfaction level from students and an 

impact evaluation of the learning activities. Finally, it 

presents a few concluding remarks and proposes intended 

improvements to the learning activities during two 

consecutive years. 
 

II. SETUP ENVIRONMENT 

During the activities, interaction process can be divided 

into two categories, namely “people-to-people,” and 

“people-to-equipment”. People-to-people interactions are to 

happen in real-time (synchronous) and off-line 

(asynchronous) mode. When present in the laboratory, 

UQAR students have access to a computer, a large 

videoconference screen, webcam, microphone, speakers and 

an Internet connection. CEGEP students, for their part, are 

physically present in close proximity to the mini-plant and 

they can communicate to the UQAR students using the same 

accessories. To allow people-to-equipment interactions, a 

Virtual Private Network bridge (VPN) was instated between 

UQAR and CEGEP LANs (Local Area Networks) via the 

Internet. The programming of the CEGEP controllers 

(Allen-Bradley CompactLogix series) was possible remotely 

at UQAR using RSLogix5000 software. Real-time 

visualization of the physical systems was possible through 

additional dedicated IP cameras placed to adequately cover 

all mini-plant units. Their video streams are accessible using 

any web browser software. A schematic representation of this 

environment between the UQAR and CEGEP sites is 

illustrated in Fig. 2. Since process control and automation 

applications require quick response times and high data 

throughput automation equipment, STRATIX 8000 switches 

were chosen at the core of the CEGEP Ethernet-IP network. 

 

 
Fig. 2. Schematic representation of setup environment. 

 

III. AUTOMATION EXPERIENCE 

During the winter semester 2010, the experience is 

programmed during automated production systems course 

(2010 and 2011). The students have challenge to make the 

mini-plant operational. Indeed, the engineering and 

technician students had the opportunity to design, program, 

and experiment and troubleshoot real industrial situations. 

During this activity, students are required to work together 

from the two sites and via the virtual environment presented 

early in this paper in order to automate the units operations of 

the mini plant used as recycling facility for containers. The 

experiment is based on the interactions between client and 

equipment suppliers and it is useful in order to develop 

expertise in the intervention and remote debugging. The 

situation considered a physical system has been delivered and 

installed by the UQAR team and finalized by the CEGEP 

team. The various units of the mini plant are completely 

installed including powers systems, actuators and sensors. 

However, the programming and debugging of the system 

operation remained. Objectives include the successful 

development and implementation of SFC (GRAFCET) and 

LADDER programs, complying with the specifications of 

logical and sequential operation of a given mini-plant unit. 

PLCs used for this application are the CompactLogix series 

from Allen Bradley. The mini-plant includes a variety of 

actuators such as AC motors, pneumatic and hydraulic 

cylinders, etc., and features sensors such as proximity, 

capacitive, inductive, limit switches, etc. It allows students to 

familiarize themselves with several instruments and 

technology employed widely in the industry. 

A. Overview of the Physical Setup 

Fig. 3 illustrates the various units of the mini-plant serving 

to recycle bottles and cans. This mini-plant includes 

principally the containers washer and dryer unit which are 

still under development by the UQAR engineering students, 

the storage unit, the sorting unit, the cans 

pressing-classification units and finally the bottle shredder 

unit. The washer and dryer unit allows cleaning adequately 

containers before transferring them to the storage unit. The 

storage unit can store several containers in two vertical 

carousels systems. These systems are connected to a 

conveyor that moves the containers to the sorting station 

where it’s possible to identify consigned cans and plastic 

bottles using bare code detector, and rejects the other 

containers type. The cans are carried then to the hydraulic 

pressing unit and after to the classification unit. As for the 

bottles, they are transported to the shredder and immediately 

after to weighing unit [10], [11]. 

 

 
Fig. 3. Mini-plant general sections. 

 

B. Learning Situation 

The present experiment is done during 6 laboratory 
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periods (3 hours) and it is realised through several stages. The 

first stage of this experiment was to accompany the 

engineering students to the CEGEP in order to meet and 

establish the first contact with technician students (3 hours). 

During this stage, the project is presented to the students by 

the coaching team. Thereafter, the student teams at each site 

were formed to cover the operational units of the mini-plant. 

The technician students, considered as clients, have carefully 

explained the various units operation to UQAR students and 

provide them all useful documentation for this project 

(electrical plan, sensor data, etc.). During the second stage, 

the UQAR students had the mission to establish functional 

specifications and validate them with the clients (CEGEP 

students). Using only off-line communication tools, the 

students have started to communicate and to exchange data 

and skills between them. Several iterations were necessary to 

converge towards to optimal specifications for the mini-plant 

operation that respect the clients need (1 hour and 30 

minutes). 

In parallel to this laboratory activity, the engineering 

students have received theory background related to 

sequential automation in class room. The PLC technologies 

and programming strategies are deeply presented and some 

cases studies about the subject have been resolved. It is very 

important to note that contrary to the technicians students, the 

engineering students had their first notions on the industrial 

automation only during this course. The third stage consisted 

in programming and establishing Grafcet (SFC) that meet 

adequately the actual specifications that express the real 

client needs. The SFC designs are sent to the clients for 

comments and final validation. The Ladder algorithms are 

developed then and implemented in the PLC’s 

(Programmable logic controllers) that pilot each functional 

unit of the mini-plant (4 hours and 30 minutes). The fourth 

and final stage consisted to organize three virtual meeting 

between the two institutions. During this stage, the students 

have used online communication tools to exchange and 

interact between them. Moreover, they use VPN to access to 

the control program and IP webcam to visualize and monitor 

the unit operations. Based on this strong communication 

environment and using cutting-edges hardware and software 

materials, this experience seems very interesting because it 

permit to the students to exchanges expertise and skills in 

automation field and it provides them to develop a cordial 

relation before be inserting in industrial context. Three 

sessions (9 hours) are necessary to troubleshoot the units 

operation and complete this project. 

Principally, the engineering students have to develop the 

specifications for each automation units constituting the 

mini-plant. They developed then SFC and Ladder programs 

and implanting them in PLC that drive the units. Technician’s 

students, in turn, they have to validate and correct program 

and they ensure the compatibility of inputs and outputs with 

those given in the documentation. Moreover, they assist 

engineering students in the process of debugging and 

troubleshooting to converge towards to efficient and optimal 

industrial programs. The coaching team provides oversight 

activities throughout this experience by providing the 

logistics necessary for the success of this laboratory activity. 

The courses responsible provide to students the sufficient 

background in automation in classroom. These contents help 

them to develop appropriate applications and good 

knowledge and skills in this automation field. UQAR and 

CEGEP students are divided into three groups and each 

group mandated to work on one or two specific units. They 

have to design and program the PLCs and troubleshoot the 

function sensor while they are working simultaneously. 

Moreover, they must take in consideration the recent 

advances in PLCs and sensors technologies used in actual 

industrial context. 

The first project is consisting to automate the storage and 

sorting units. In fact, the storage unit are composed of two 

carousels serving as cans and bottles tank, two chutes able to 

bring the containers to the conveyor. This conveyor can 

transport the containers to the sorting unit. The second 

project is consisting to develop program for the shredder and 

weighing unit. This unit is mainly composed of a chute 

leading the bottles to a swivel bottle holder in order to 

remove label using rotating steel brush. Finally, the bottles 

are moved to the shredder section to discard them. The third 

project is to automate the pressing and classification units. 

The pressing unit includes a conveyor to bring the cans to the 

pressing section, where a hydraulic cylinder is able to 

squeeze cans. The classification unit is used to classify cans 

depending on the registered trademark. The projects are 

based on development and implementation of SFC and 

Ladder programs which will respect the required sequences 

of mini-plant units operations. The PLCs used in this 

application is the RSLogics5000 from Allen Bradley 

Technologies. The actuators and sensors are chosen from 

different technologies and styles. Consequently, the 

mini-plant represents an interesting case study because it 

includes various types of actuators as AC motors, pneumatic 

and hydraulic cylinders and comprises sensors as proximity, 

capacitive, inductive, limit switches, etc. This actual 

configuration allows students to learn different types of 

technology employed in industry. A sample example of SFC 

and Ladder programs is presented in Fig. 4. 

 

 
Fig. 4. Example of SFC and Ladder programs. 

 

C. Results and Feedback from Students 

The obtained results demonstrate that engineering students 

have developed strong knowledge and skills in the 

automation fields even the short duration of this experience. 

In fact, the learning in class room and the experience during 

laboratory are very useful for their training. They are able to 

establish specifications corresponding to the clients 
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requirements in actual industrial context. Furthermore, they 

have mastered the SFC and Ladder techniques through PLCs 

programming and troubleshooting complex problems. The 

interaction with technicians students very specialized in 

industrial automation seems a great opportunity because it 

allows them to develop critical judgment related to their 

experience and create efficient exchange between them. 

Globally, the students have correctly provided programs 

respecting the required specifications and that, for the three 

units of the mini plant. However, the lacks of time and no 

complete documentation for some components have 

disrupted the experience. To improve the quality of these 

interventions and to allow students better learning and 

excellent training in the industrial automation field, it is 

necessary to set up a new approach proposing projects 

throughout the complete session. An appropriate approach 

should encourage a robust exchange between the two sites 

and a reformulation of roles among the students to converge 

towards a successful relationship between UQAR and 

CEGEP. Finally, to measure satisfaction with regard of the 

laboratory activity, a questionnaire was adapted to the 

hardware and software and used to evaluate this experiment 

and thus measure the overall interest and the level of student 

satisfaction (Table I). A total of 13 students participated in 

this activity, and 12 were available for the evaluation. 

 
TABLE : SURVEY QUESTIONS FOR UQAR STUDENTS 

1. Communication tools: What is your general appreciation of the tools 

used for communication with the CEGEP teams? 

2. Quality of the communication: Did you experience any 

communication problems? 

3. Automation tools: How do you judge the automation tools used and 

their pertinence in your engineering formation? 

4. Team interaction and cooperation: What is your general feedback on 

the interactions and pertinence of this activity in your formation? 

5. General appreciation: What is your general impression of the 

activities? 

6. General comments: Please state any pertinent comments regarding the 

activities, suggestions for ameliorations, etc. 

 

The obtained results presented at Fig. 5-Fig. 8 show the 

students were satisfied with the communication tools used 

and the quality of communication throughout the experience 

(83%), in a similar fashion as the previous year (75%). It was 

however noticed that our students had a more limited 

knowledge of computer networks (25% felt they had major 

problems) than those of last year (0% felt so, even though 

problems were worse in the eyes of both teaching teams). The 

majority of students again agreed the activity helped improve 

their skills with the automation tools (92% in 2011 versus 

87% in 2010). Interaction quality and cooperation between 

the teams was similarly good as the year before (50% versus 

37% felt it was perfect, 42% versus 50% felt it was good, and 

13% versus 8% felt it could be better) despite the 

modifications made to help improve comradeship. It is thus 

felt that there remains room for improvement. Finally, the 

students considered that this activity is a very good 

experience and should be kept as part of the course. Student 

satisfaction about the overall experience was either very high 

or high (~90%). All students once again considered this 

activity definitely has its place in their engineering formation. 

Students and teachers at the CEGEP also evaluated the 

activity, again as part of a group discussion instead of survey 

questions. Observations from the teaching team were that 

communications effectively improved as compared to last 

year, and so did the collaboration between student teams. 

Good information exchanges were made between teams and 

most students felt they were well respected throughout the 

activity. One thing that was noted, however, is that there is 

sometimes an important difference between the teams 

regarding their skills with the tools. This could be attributed 

to the fact that UQAR students are often already qualified 

technicians before undertaking an engineering degree, or had 

at least one opportunity to work on controller programming 

as part of a summer internship, while the others had no prior 

experience or knowledge. 

 

 
Fig. 5. Question 1 - Communication tools. 

 

 
Fig. 6. Question 2 - Communication quality. 

 

 
Fig. 7. Question 3 - Automation tools. 
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Fig. 8. Question 4 - Team interaction and cooperation. 

 

IV. CONCLUSION 

This paper exposed briefly the communication 

environment of the project and detailed the laboratory 

experience in the automation field between two different 

levels of education (UQAR and CEGEP). The learning 

scenario is elaborated and developed to provide an 

assessment of the satisfaction level from the students and 

evaluated the impacts of the learning activities. The obtained 

results demonstrated that the experience was appreciated by 

the both sites students. Moreover, the engineering and 

technicians students can communicate efficiently, collaborate 

together and exchange data in order to resolve complex 

industrial tasks. Globally, the objectives are achieved and a 

lot of lessons are learned and will be used to enhance the 

training next year and eventually apply them in other context. 

Results once again showed that students from both 

institutions succeeded in working and communicating 

together despite their different skills and backgrounds. The 

training objectives were successfully attained and the lessons 

learned were effectively used to enhance the training level 

and student-acquired skills through the activities. 
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