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Mechatronics and E-

Learning 
• Mechatronics combines the disciplines of 

electronics, mechanics and computer science.  

• Robots, CNC machines and others devices – 

scarce resources 

• Time and resources constraint – trainers and 

devices   



Introduction - 1 

• EU Funded Project including 7 partners over 6 
countries 

• CLEM, an infrastructure for e-learning based on cloud 
services  

• A domain-specific cloud that is especially tuned to the 
needs of VET (Vocational, Education and Training) 
teachers.  

• Remote labs 

• Learners accessing such laboratories to support their 
practical learning of mechatronics without need to set 
up laboratories at their own institutions.  

 



Introduction - 2 

• CLEM designed to be a platform to allow e-

learning resources that can be interoperable 

and sharable in the e-learning community  

• A new and dynamic method of teaching 

through which teachers and trainers can impart 

industry-ready knowledge and develop 

relevant skills  



E-Learning 

• Students like to see learning materials online 

as well as being presented in a classroom as it 

gives them more opportunity to learn and 

greater location freedom. 

• Utilization of Internet or Web and Multimedia  

• Use of virtual and remote labs 

 



Three Types of Remote 

Labs 
• Batched  

– Whole experiment defined in advanced and instructions 
sent 

– Experiment runs without user interaction  

• Interactive  

– User is able to change parameters as the experiment runs  

• Monitoring  

– Sensors used to collect data  

– Device controlled automatically 

– No interaction during experiment 

– User simply monitors  



Virtual Labs 

• Recreation (Virtual Lab) –OpenScience  

– Data from real experiments collected 

– Real images collected 

– Data and images used to recreate the experiment 

•  Simulation (Virtual Lab) - EjS , Matlab 

– Mathematical models providing foundation 

– Graphics and visualisations controlled by 
mathematical models according to user input  

 



Remote Labs 

• Actualisation (Remote Lab) – iLab, CLEM, LabView, Arduino Labs 
at HOU  
– Real Devices connected to software controllers 

– Real Devices operated by instructions provided through the software 

– Camera used to show device in action in real-time  

• Community Support and Innovation (Added Value) – CLEM 

– Services provided to enable uses to set up laboratories, add materials or 
set up own cloud 

– Expert channel 

– Community channel 

– Facilities provided to enable users to tailor and set up courses easily  



Cloud Properties 

• National Institute of Standards and 

Terminology (NIST)  

– On-demand self-service 

– Broad network access 

– Resource pooling 

– Rapid elasticity 

– Measured service 



On-demand self-service 

• Cloud 
– A service provider providing computational resources to clients 

/consumers according to their demands without requiring human 
interaction.  

• CLEM  
– to deliver e-learning resources to teachers and learners based on 

their demands.  

– Teachers and learners reserving the required resources through a 
booking system.  

– For hard resources, the scheduling service in the system 
automatically allocating and locking the resources to the client 
who booked.   

– For the soft resources, making instances and allocating the 
required memory to store the states 

 



Broad network access 

• Cloud 

– The resources and capabilities in the cloud 

accessible or available over the network and 

accessed by heterogeneous thin or thick client 

devices (e.g. mobile phones, laptops, and tablets).  

• CLEM  

– accessible at anytime and anywhere by any device. 

 



Resource pooling 

• Cloud 
– A cloud provider gathering heterogeneous computing resources into a 

pool to serve multiple consumers concurrently.  

– Dynamically allocating and reallocating physical and soft resources 
(e.g. storage, processing, memory, network bandwidth, and virtual 
machines) to the consumers based on their demands.   

• The CLEM 
– designed to support multiple learners and trainers by collecting 

different soft resources in a pool, but not the hard resources.  

– The physical artefacts located in different places and managed by their 
local owners.  

– The resource owners registering themselves as members of the 
community to share their resources.  

– Gathering  these resources and making them available to the users, but 
no ownership.  

 



Rapid elasticity 

• Cloud 

– The provision of resources and capabilities rapidly 
scaled up or down according to the demand,  

– elastic and on-demand computing paradigm.  

• CLEM 

– a collection of resources contributed by the 
community which can meet the demands by 
involving more resources provided by community 
members or releasing them according to the 
demands. 

 



Measured Service 

• Cloud 
– A cloud system provides on-demand services with 

finance implications  

– measuring and metering the resource provided and 
consumed to provide transparency for both the 
provider and consumer of the utilized service systems.  

• The CLEM  
– a free service for the trainers in the first instance.  

– a scheduling system to optimise its resources,  

– the trainers and learners booking their intended 
resource usages in advance in terms of time and size.  



CLEM Service Model 

CNC Machines, 3D 
printers, Raspberry 

PI, PC, Ardunio, 
Webcam, network 

Arduino OS,  
Raspberry PI OS, 

scheduling, 
sharable services, 

Moodle, SQL Server 

Teaching/learning 
materials, video 

clips, quiz, 
programs 

  

Infrastructure as a 
Service 

  

Platform as a 
Service 

  

Software as a 
Service 

mechatronic 
machines, servers 

databases, e-Learning 
framework, OS 

courses, multimedia, e-
learning services 



E-Learning and Cloud-1  

• E-Learning in the Cloud  

– the concept as Education Software-as-a-Service 
which tries to exploit the values of cloud 
computing to education.  

• CloudIA   

– a framework designed for the students to create 
their own Java servlet environment for 
experimentation.  

– The focus to efficiently support on-demand virtual 
resources creation and management.  



E-Learning and Cloud-2 

• Cloud computing improving e-learning 

processes in virtual e-universities  to increase 

service reliability and reduction of cost.  

• The BlueSky architecture with a number of 

cloud-based e-learning services to provide 

efficient resource management via pre-

scheduling and pre-allocating resources for the 

high-demand applications prior to requests. 

 



E-Learning and Cloud-3 

• Difficult to evaluate the benefits of cloud 

computing on e-learning 

• No report about bringing in remote 

laboratories with physical machines and 

resources  

• CLEM, the first system and platform which 

utilises cloud computing to create a 

community-based, dynamic e-learning system.  



High Level Architecture  





Static Modules 



Sample Slide 



Booking System 



Web View 



 "How well would the tool you have 

seen contribute to meeting the 

learning needs of your students?"  

Extremely well 
17% 

Very well 
40% 

Moderately well 
29% 

Slightly well 
11% 

Not at all well 
3% 

Question 5 

Extremely well 

Very well 

Moderately well 

Slightly well 

Not at all well 



"How helpful is the tool?"  

Extremely helpful 
14% 

Very helpful 
48% 

Moderately helpful 
32% 

Slightly helpful 
5% 

Not at all helpful 
1% 

Extremely helpful 

Very helpful 

Moderately helpful 

Slightly helpful 

Not at all helpful 



How easy is the tool to use  

Extremely easy 
13% 

Very easy 
36% Moderately easy 

38% 

Slightly easy 
11% 

Not at all easy 
2% 

Question 7 

Extremely easy 

Very easy 

Moderately easy 

Slightly easy 

Not at all easy 



How well do the activities offered from this 

project match your student's interests?” 



How well does the cloud computing 

learning/teaching style match your learning or 

teaching style?"  



Conclusion 

• A cloud-based ecosystem for e-learning, resource-sharing and 
support for mechatronic vocational education teachers and learners.  

• CLEM allowing large number of distributed mechatronic devices to 
become sharable and to be used for e-learning.  

• The platform enabling isolated resources such as CNC machines, 3D 
printers, and stepper motors to be linked to electronic learning 
materials, administered through the cloud and consumed by the 
users remotely.  

• The learners, teachers and trainers can book these resources through 
a scheduling system and access them via a web interface.  

• CLEM, a proprietary platform, specially tailored to gather 
heterogeneous and distributed mechatronic devices in a common 
pool.  


