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Abstract

Introduction

Many Mechatronics Engineering students in Ngee
Ann Polytechnic consider learning computer
programming to be a challenging task. To acquire the
competency to program a 6 axis industrial robot,
students need to be proficient in kinematic
configurations, motion commands and spatial
coordinate systems. Most of the students in the
module lack prior knowledge of the topics taught and
have limited exposure to industrial robots, and this
makes it highly challenging for students to learn to
program industrial robots, particularly the 6 axis
robot. Though the didactic lecture sessions of the
modules cover theoretical aspects of industrial robots
and syntax of the programming language, the
learning of Industrial Robot Programming is best
acquired through hands-on practical sessions.
A more hands-on teaching approach has been
adopted as a means to equip the students with
fundamental knowledge in programming industrial
robots. This learning approach was implemented in
two stages – learning through simulation and learning
through actual implementation on a scaled-down 6
axis industrial robot. Simulation allows students to
familiarize with the robot system using a virtual 3D
robotic environment and gain understanding of the
robot’s joint configuration and key coordinates
systems. This simulation also permits students to test
their program with the virtual robot and observe the
output. This feature creates a fail safe environment
and also encourages students to try and test their
ideas without fear of damaging the physical systems
or being too cautious to try out their programs.
The simulation environment allows students to
learn-by-doing and eliminates the initial learning
barrier arising from operating the actual industrial
robot for the first time. With more confidence in their
ability to operate industrial robots, students would
then begin to program for a scaled-down 6 axis robot
systems to generate desired output. Testing their
software on the physical system augments their
learning and succours in achieving the desired
domain competencies.

Singapore is seen as a frontier in transforming
businesses through robotics. The government has
committed more than S$450 million over three years for
National Robotics Programme in the 2016’s Annual
Budget to support the deployment and development of
robotics in various sectors (IAA, 2017). With
considerable increase in the number of industrial robots
to be deployed, it is apparent that engineers skilled in
robot programming and operations will be highly sought
after. To support the demand for robot related skillsets,
many tertiary institutions are driven to integrate robotic
engineering modules in their course.
The Diploma in Automation and Mechatronics
Systems course in Ngee Ann Polytechnic is a three year
engineering course that prepares students to be designers
and engineers of automation systems. In the first two
years of the course, students undergo training to build
strong foundation in electrical, electronics, mechanical
and programming skills. In the final year, students further
develop skills and expertise in automation and robotic
systems. The study of industrial robotic systems is
offered within a final year module titled Automation
Systems Integration (ASI), covering a total of 12 hours
of classroom lecture and 6 hours of hands-on laboratory
sessions. The key learning objectives of this course are to
equip students with fundamental knowledge on industrial
robots through classroom lectures and to learn how to
operate and program a 6 axis industrial robot in
laboratory sessions.
The current curriculum design uses the lecture as the
main teaching approach and it is used to teach theoretical
aspects of the industrial robot such as variation of
industrial robots, robot’s mechanical and kinematic
configurations and programming command syntaxes.
The lectures help students acquire a necessary foundation
on the industrial robot and its programming. However, to
build students’ skillset and competence in industrial
robot programming, students should get hands-on
training and must be able to execute their programming
code on a physical robot.
This paper presents the two stage hands-on teaching
approach adopted in a 6 hours laboratory session of the
ASI module which aims to provide students with the
hands-on opportunity to learn. The activities are
streamlined to expose students effectively to industrial
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robot programming using simulation and hands-on
practices on a 6-axis robot.

Learning Activities

Learning computer programming is a known
challenge for many engineering students. Gomes and
Mendes (2007) pointed that most students find it difficult
to understand and apply abstract programming concepts
such as program structure and algorithms to solve
problems. Susan, Deborah and Vennila (2004) studied
the relationship of students’ self-efficacy and mental
models to learning programming skills. They found that
the students generally learn more effectively if they have
high self-efficacy in completing programming tasks and
the ability to relate programming concepts to real-world
problems.
For students who have no prior knowledge in
operating industrial robots, they generally have lower
self-efficacy and are constantly burdened by the
consequences of unexpected robot behaviours resulting
from the errors in their programming code. Programming
an industrial robot requires pre-requisite understanding
of operation parameters such as joint configurations,
working envelope and coordinate systems. Students need
to be familiar with these parameters before being able to
start programming the robots for specific tasks. The most
effective way to learn is to allow students to explore and
experiment with the physical systems. However, for
safety reasons and also to prevent damage to the robots,
close guidance by the instructor is necessary during
student’s first contact with a robot system. But for a
class-size of approximately 20 students, it is too timeconsuming for the instructor to be able to guide each
student effectively.

Activity 2: Understanding
Robot Coordinates System

Simulation

Activity 1: Understanding
Programming Environment
and Robot Kinematic
Configuration

Teaching Challenges

Robot System

Activity 3: Programming
of Basic Robot Motion

Activity 4: Programming
Advanced Robot Motion

Activity 5: Implementation
of a Pick and Place
Operation

Figure 2. Flow of Learning Activities
The flow of learning activities is illustrated in Figure
2. Activity 1 paves the way for the students to understand
the programming environment, the robot kinematic
configuration such as the number of joints on the robot
and the joint numbering system. Activity 2 introduces the
robot’s coordinates systems and limitation of robot’s
joint movements. Activity 3 focuses on programming of
basic robot movement using commands that reference to
the robot’s coordinate system. Activity 4 allow practices
on programming of advanced robotic movement
commands. Activity 5 requires the students to put their
learning together to program the 6-axis industrial robot
to do Pick and Place operation.
To reduce the need for instructors to provide detailed
instructions and hand-holding guidance in the earlier
stages (i.e. from Activity 1 to 3), the programming
exercise is conducted using simulation. For Activity 3 to
5, actual robotic systems are used for programming
practices. It should be noted that a transition phase
between the two modes of practice occurs during Activity
3. During this transition phase, students will execute their
code in both simulation mode and on the actual robotic
system.
The above activities are integrated into a 6 hours
hands-on laboratory session that is divided into 3 sessions
namely Lab1, Lab 2 and Lab3. The distribution of the
learning activities for each session are listed in Table 1.

Teaching Methodology and Learning Milestones
The ASI module adopts a systematic flow of handson learning activities. Bearing in mind that both
insufficient guidance and too much hand-holding
guidance can hinder the development of self-efficacy, the
activities are designed with the necessary guidance by
instructors at the beginning that gradually reduces
towards the end. This is done so as to scaffold and
encourage students to self-explore, and learn through
their trials and errors. Capitalizing on the concepts of
Experiential Learning (Kolb, 1984) and Learning-byDoing, each learning activity follows the teaching
strategy as shown in Figure 1.
Establish Mental
Model
Verification of
understanding

Mode of Practice

Session
Lab 1
Lab 2
Lab 3

Learn-by-doing

Self-Exploration

Learning Milestones
Activity 1 , Activity 2
Activity 3,
Activity 4, Activity 5

Duration
2 hours
2 hours
2 hours

Table 1. Distribution of Learning Objectives

Figure 1. Teaching Strategy
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The 6-axis articulated industrial robots are widely
implemented for automation due to its dexterity in
motion, small footprint-to-workspace ratio and its
versatility to perform different tasks. Thus, it is logical to
teach our students using 6-axis robot configuration due
its industrial relevancy. The DENSO VE26A robot
(Figure. 3) is a lightweight desktop robot intended for
learning and training purposes in field of robotics and in
factory automation. It consists of 6 axis motions which
are driven by small servomotors. The payload of the
robot is approximately 150 grams and has a maximum
reach of 190 mm radius. It also comes with gripper for
pick and place operation.
The VE26A is selected for both economic and also for
safety reason. In order to cater sufficient robot systems
for a class size of 15 to 20 students, the VE26A is more
cost-effective and yet does not compromise on achieving
the desired learning outcomes as it operates in the same
programme structure of industrial grade industrial
system. It is also safer to work on as it does not inflict
injury due to its low payload.

This is the first hands-on session that students
familiarize themselves with the robot parameters and
robot coordinate systems (refer to Table 2).
Approximately one quarter of the learning activities are
conducted under guidance of instructors who will help to
bridge the initial learning hurdles of the students. For the
rest of the session, students are required to conduct
hands-on activities after each guided instruction. Close
guidance by instructor in Lab 1 is not required as handson practices are conducted in a simulated environment.

1

1

2

Figure 3. Denso VE26A 6-axis robot

1, 2

Programming Software: WINCAP III
WINCAP III is a programming tool for Denso robots
that is designed for developing and validating robot
operation programs. It consists of a simulated
environment that allows the programmer to visualize the
execution of programming code on a virtual robot. It also
permits execution of programming code on physical
robotic systems. The software also provides a teach
pendant interface where the user can also operate the
virtual robot and physical robot system manually with
programming code.

Duration
(min)

Lab 1 Learning Activities

Learning
Activity

Denso 6-Axis Academic Robot

Lab 1 Learning Activities
Overview of the Graphical User Interface (GUI) of
WINCAP III :
- Instructor highlights key features of the
WINCAP III

10

- Student navigates through the GUI following
instructions in Lab Notes

20

Learning of Robot Axis Numbering System (using
simulation):
- Instructor demonstrates control of individual
10
joints and explains numbering system;
- Students operates and explore the limitation
20
of individual joint movement
Learning of Robot Base Coordinate System (using
simulation):
- Instructor explains Layout of Base
10
Coordinates and demonstrate jogging of tool
tips movement using teach pendants
interface;
- Students operates and states the limitation of
10
the robot workspaces via iterating through
the bases coordinate values
Assessment of Learning Milestones through Lab
exercise (using Simulation):
- Students is required to tabulate a list of
20
position coordinates;
-

Students is required to demonstrate
movement of the robot tool tips to the
coordinates using teach pendant interfaces.

20

Table 2. Lab 1 Learning Activities

Figure 5. Virtual Robot with Teach Pendant
Interface

Figure 4. Screenshot of WINCAP III
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The role of the instructor at the beginning of Lab 1 is
more of a guide. Through the demonstrations, the
instructor helps to accelerate students’ understanding of
the software features and control of the virtual robot
using the teach pendant interface. As the students become
accustomed to the simulated environment, the
instructor’s role switches to one that facilitates selfexploration through guided instructions in laboratory
notes.

positions in uncontrolled path, controlled - linear or
circular path respectively. The difficulties of the
programming exercise gradually increase with students
being challenged to come with a larger program segment
with a combination of multiple basic robot movements.
In each programming exercise, the execution of the
program codes is first implemented on the virtual robot.
If inspection of the virtual robot’s movement is correct,
the programming codes are then tested on the physical
robot system. Instructor’s role here is to facilitate
learning and guidance in Lab 2 are kept to a minimal to
promote learning by trial and error.

Lab 2 Learning Activities
On completion of Lab 1 activities, students are now
familiar with the robot’s operation parameters and are
capable of manipulating the robot using teach pendant
interface. The focus of Lab 2 learning activities (refer to
Table 3) is to learn how to implement programming
syntaxes for basic robot movement. The students need to
transit from controlling the robotic system using teach
pendants to constructing program structures that
automatically operates the robots.

Lab 3 Learning Activities

3

3

Lab 2 Learning Activities

4

Duration
(min)

Learning
Milestones

Figure 6. Motion Trace of Virtual Robot
with Program Code

Programming Basic Robot Motion (Simulation and
Robot System)

4

- Instructor demonstrates basic robot moves
10
command syntaxes (e.g. Point-to-point,
Continuous Path and Arc movement).
- Student follow a series of guided instruction
30
in lab sheet to move the virtual robot between
2 coordinates positions using Basic Robot
Move Commands.
- Instructor demonstrates execution of basic
10
robot move on physical robots.
- Students repeat basic robot move
30
programming exercise on physical robots
Assessment of Learning Milestones through Lab
exercise (Robot System):
- Mini assignments to programme a sequence
40
of combined basic robot movement.

5

Lab 3 Learning Activities

Duration
(min)

Learning
Milestones

In the final laboratory session (refer to Table 4),
students continue their programming exercise with focus
on advanced robot movements. The advanced robot
movements consists of task specific move commands
such as APPROACH, DEPART, DRIVE and DRIVEA.
The APPROACH and DEPART command are used to
enforce how the robot’s tooltips move with reference to
the coordinates system of the object that it is processing.
(e.g. for Pick and Place operation, Robot grippers
movement is defined by the coordinates of the object it is
grasping). While DRIVE and DRIVEA are commands
for actuating joint-space movement on the robot system.
(i.e. movement of a single joint).

Programming Advance Robot Motion between two
coordinates positions (Robot System)
- Instructor demonstrates advanced robot
10
moves command syntaxes (e.g. Approach,
Depart, Drive and DriveA).
- Student follow a series of guided instruction
20
in lab sheet to execute advanced Robot
movement.
Assessment of Learning Milestone through Lab
exercise (Robot System):
- Mini assignments to programme a sequence
20
of combined advance robot movement
Programming Exercise : Case Study of a Pick and
Place operation
- Students are given problem statements to
70
implement a pick and place operation on the
robot system.

Table 4. Lab 3 Learning Activities
The last portion of Lab 3 learning activities serves to
summarize all the learning in a form of program
implementation. An application scenario of a pick and
place operation by robot system within a defined work
envelope is provided to students. The students are then
tasked to tabulate the position coordinates, formulate the
basic and advanced robot movement required, and
develop a program on the robot to execute the required
Pick and Place task. Upon completion of the program,
students demonstrate their work to the instructor for
verification and feedback.

Table 3. Lab 2 Learning Activities
The activities start with guided instructions whereby
students construct small program segments utilizing
basic robot movement commands, such as Point-toPoint, Continuous Path and Arc Movements. These
commands moves the robot’s tool tips in 3-dimensional
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said for a physical robot, as incorrect command calls or
coordinates values might lead to a collision of the robot
with its surrounding.
Other observations on teaching strategies:
1) Instructor's guidance in the early part of the learning
activities is important as it helps to kick-start the
learning process.
2) Reduced instructor guidance at the later part of the
learning activities allows more time for students to
learn-by-doing;
3) Short assignments with gradual increasing difficulty
levels help to build students self-efficacy and
resilience in problem solving;
4) Learning-by-doing and learning-by-trial-and-error
help students to be more independent in problem
solving.

Figure 7. Pick and Place Operation
Observation and Discussion: From Lecturers
The ASI module was launched in April 2013 and
many cohorts of students have benefitted from the above
learning activities. Observations by instructor on the
usage of the simulation in teaching industrial robot
programming are listed below:

Observations and Discussions: From Students
The Module Experience Survey (MES) is conducted
annually to consolidate student feedback on their
learning experience from the ASI module. The survey
questionnaire focuses on the students’ learning
experience in the area of Skill and knowledge, Thinking,
Teaching and Learning, Activities and Overall learning
Experience. Students are asked if they agree or disagree
that the module achieve the listed aspects of the learning
experience. The results over 4 semesters (Figure 8) show
that most students agree with the approach adopted and
felt that it has helped them to develop skillset and
knowledge.

1) Simulations provide fail-safe environments that are
tolerant to mistakes and reduce students' anxiety from
first contact with robot system and programming
software;
2) When students are allowed to make mistakes, they are
keener to explore beyond the context of guided
instructions. This helps to cultivate creativity and
motivate them to expand their learning boundaries.
3) The colourful, interactive virtual representation of the
robot in the simulated environment appeals to some
students and this help to increase their interest in
learning;
4) The virtual robot helps students to build a better
mental model of programming codes to the robot
movement;
5) During Learning Activity 3, most students face little
difficulties when transiting from simulation to actual
robot system. The main reason for this is that they
acquired more confidence and self-efficacy through
learning-by-doing when practicing on the virtual
robot;
6) Frequency of damage to the physical robot system is
low as programming practice on the virtual robot
reduces programming mistakes and improper
operations;
7) Acceptance of simulation is high as many students are
accustomed to similar representations in computer
games;
8) The lack of collision detection in simulation means
that the programmer is not notified if the virtual robot
come into contacts with other objects. Thus, students
must be careful when transferring their program
tested in the simulation to the robot system.

% of feedbacks

Based on these observations, it would appear that the
key benefit of simulation is to allow even novice
programmer to try out their program codes repeatedly
without fear of improper operation. The same cannot be

Figure 8. MES results
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video streaming. This remote learning laboratory concept
aims to bring hands-on the laboratory session closer to
students, anytime and anywhere.

MES Survey Questions :
Skill and knowledge (S&K) : The module helped me to
develop useful skills and knowledge.
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A collection of student's comments given below also
shows that hands-on experience is essential to their
learning:

Kolb, D. (1984). Experiential Learning as the Science of
Learning and Development. Englewood Cliffs, NJ:
Prentice Hall.

“I like it being very hands-on, so i can have a feel of the
operations.”
“It is hands on and stretches my thinking skills.”

Susan Wiedenbeck, Deborah LaBelle, and Vennila N. R.
Kain. (2004) Factors Affecting Course Outcomes in
Introductory Programming. 16th Workshop of the
Psychology of Programming Interest Group. Carlow,
Ireland. Retrieved from
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“I like the part where it stretches my thinking about
programing.”
“I'm always a programming person even though I am
quite lazy but when the time comes i still like to create
different program to see how the robot would react
differently after every command. It was an enjoyable
experience overall.”
From the results, it can be concluded that hands-on
learning activities coupled with manageable challenges
and demonstrable output, helps to enforce student’s selfefficacy and motivation to learn. Students are excited
when their program executes the correct move on actual
robot system. This drives their desire to move on to new
challenges. It was also observed that with high efficacy,
most students aim to achieve “ownership” to each
successful completion of mini assignments. The sense for
accomplishing the assignment without instructor’s
assistance is high. This encourages them to be
resourceful and creative in developing solutions.
Conclusion & Next Steps
The usage of simulations and hands-on laboratory
have been effective in teaching mechatronics students on
the topic of industrial robotic programming. Hands-on
activities help to reinforce knowledge from didactic
lecture sessions and allows students to explore beyond
the context of guided learning. To further engage
students in remote online learning of robotic
programming, a tele-operated 6-axis industrial robot is
currently being developed in-house. Students will be able
execute their programming code on the tele-operated
robot and observe the robot's movement through live
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