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 Experiences in Developing a Robotics Course for Electronic 

Engineering Technology 

 

Developing a robotics course for an engineering technology program has proven to be a 

challenge. Most textbooks and/or robotic programs are designed for engineering programs. As 

such, there is a great deal of mathematical modeling and analysis which is not fitting for a 

technology curriculum. At the other end of the spectrum, there are a myriad of low level robotics 

based curriculum such as the LEGO or the Parallax Boe-bot robot platforms. These are normally 

used in K-12 educational and summer programs. This paper presents the process of developing a 

suitable robotics course for electronic engineering technology program (EET). We first present 

the challenges encountered when developing the course content to suit the engineering 

technology curriculum. The curriculum content for both classroom lecture and laboratory 

sections are then discussed. A discussion of competition-based projects designed to enhance and 

gauge the overall understanding of the course material is then presented. Finally, initial efforts to 

make the course an interdisciplinary course are discussed. 

 

Challenges   

 

The initial steps in designing this course were to conduct research on existing technology 

programs offering similar courses. There are several programs offering robotics course which are 

designed for electrical engineering, manufacturing and/or Mechatronics. Most of these courses 

emphasize modeling of robotics motion, controlling actuators and machine programming 

techniques such as Computer Numerical Control (CNC) 
1, 2

. The modeling of motion using 

kinematics and reverse kinematics principles can be very involved and requires a great deal of 

matrices manipulation. This calls for the instructor to dedicate a great deal of time introducing or 

reviewing mathematical principles such as vectors, dot product, cross product, matrices, etc. In 

order to follow a manufacturing curriculum, one must have some infrastructure to implement the 

laboratory which our institution does not own at this time. On the other hand, there were many 

courses and summer programs on robotics which make use of robotic kits such as the LEGO 

MindStorms. The curriculum is normally designed for K-12 students and short summer programs. 

The issue with these curriculums is their simplicity. The same trend was observed when 

researching for books to be used for the robotics course 
1, 2, 3, and 4

. There wasn’t a middle ground 

which would be suitable for an engineering technology program. On one hand we have complex 

curriculums and on the other simple curriculums. The solution was to make use of information 

from the upper and lower level and create a new curriculum which is balanced and adequate for 

our program.  
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Curriculum  

 

It is imperative that the course educational objectives correlate with our program goals and the 

Accreditation Board for Engineering and Technology (ABET) educational outcomes. In addition, 

when designing the curriculum, existing courses that may serve as pre-requisites must be taken 

into account. This will ensure that course content doesn’t become redundant and helps in 

designing course topics. Some courses that correlate with this new course include C 

Programming, Circuits Design, Controls, Instrumentation, Electronics Design and Digital 

Electronics. Based on these factors, comprehensive course description was developed and reads 

as follows: “The Introduction to Robotics and Automation course introduces students to the 

fundamental concepts of robotics, automation and Mechatronics. Students will learn how to 

design robots using a Mechatronics approach. Principles of mechanical systems, electronics, and 

programming as applied to the design, building, and mobilization of autonomous robots. Topics 

include microcontrollers, actuators, sensors, communication systems and interfaces, and 

programming using the Parallax Boe-Bot Robot. In addition, students are briefly introduced to 

industrial robot modeling and programming using CNC Technology. Experiments using the RS-

55 industrial robot arm will reinforce the theory introduce in class”. 

Course Objectives and Outcomes 

The course is structured into a three credit hour lecture and a one credit hour laboratory. The 

lectures included conventional power point presentations and in class demonstrations. In the 

laboratories students implemented concepts learned during the lecture. The content of the lecture 

was set in a progressive fashion so that the construction of the laboratory platform coincided 

with the topics being discussed in the lecture. By mid semester the platform was complete and 

additional peripherals such as the different type of sensors, motor drivers, controllers and 

displays were added as the theory behind them was being introduced in the lecture.  

 

The overall objectives of the course were: 

 To understand the process of robotics design, modeling and programming  

 To understand the main component of a robot and a robotic system 

 To gain knowledge of different types of robots and their application  

 To be able to design and program robots based on a set of specifications such as light, 

sound, and obstacles 

 To gain some knowledge in robot kinematics and robot modeling 

 To be exposed to Mechatronics design procedure and concepts 

 Be able to complete projects individually and in group 

 To gain critical thinking skills when making robot design decisions  

 Be able to perform laboratory experiments using a robot kit  

 Be able to write technical reports 

 Be able to conduct research in innovative robotics topics for class presentation  
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Students were given weekly assignment and quizzes. Quizzes were given at the beginning of 

class to ensure students get to class on time. There were also group quizzes where students were 

given a problem to solve and then form groups to discuss with each other. Then a student from 

one of the groups came to the board and solved the problem. This method helped students that 

may have missed the concepts and also ensured that the students were working in the group. 

Upon successful completion of the course, students were able to: 

 Describe the history and evolution of robots  

 Describe the fundamental components of a robotic system 

 Demonstrate knowledge in principles of automation and industrial robot systems 

 Explain the basic principles of robot motion and  kinematics 

 Identify different types of robots and their applications 

 Explain the science of Mechatronics   

 Explain the operation of light, touch, and rotation sensors that are used in robotics. 

 Describe the operation and application of microcontrollers. 

 Develop computer programs used to control robots 

 Build and test robots using a specific platform 

 Participate in team projects to compete with other design teams  

 Develop and maintain a team webpage to share information 

 

Course Content 

 

To achieve the course goals and due to the limited amount of time in a semester, the Parallax 

Boe-Bot robotic kit platform was selected. Figure 1 depicts different kits. The main reason for 

selecting this kit was the fact that the instructor had several sets available and is suitable for 

demonstrating basic robotics principles. The course content was divided into four main parts: (1) 

Mechanical; (2) Electrical; (3) Microcontroller and Software; and (4) Automation and 

Mechatronics. 

 

 
Figure 1 The Parallax Boe-Bot Robot Kit 
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The mechanical portion of the course covered topics relevant to the design of a robot and 

introduced some related physics and mathematics topics. We started by studying different types 

of materials for building robots based on applications. When designing a robot the type of 

material can make a big difference when it comes to energy consumption and functionality. We 

then introduced simple machines such as inclines, levers, pulleys, and springs. In this portion of 

the course several physics concepts are introduce. Some of these include mass, weight, force, 

torque, spring physics, velocity and acceleration. In addition, some mathematical topics, such as 

trigonometric functions, are discussed.  

  

The electrical module of the course was designed based on the enrolled students’ background. 

All enrolled students were in a junior level. As such, they had been exposed to most of the 

electrical principles needed to design and understand a robotic system. However, a brief review 

was needed on basic topics such as electrical charge, current, voltage, resistance, Ohm’s Law, 

and voltage and current division. In a higher level, diodes, transistors and OPAMPS were 

discussed. Several relevant circuit configurations were presented in great details. These included 

diode voltage regulators, transistor switches and drivers, OPAMP inverters, summers and 

amplifiers. Other electrical components specific to moving robots were also discussed. Different 

types of motors (AC, DC, Stepper, and Servo Motors), their functionality and application were 

presented. Mechanical, electrical and optical sensors were also discussed in great detail. They 

included the whisker, infrared, sonar, and phototransistor sensors.  

 

General principles of microcontrollers are introduced. Although several microcontrollers are 

discussed, the one used by the Boe-Bot platform is discussed in depth as it is the one used in 

laboratory experiments.  Topics include types of memory, interfacing, and analog and digital 

signals.  The Parallax Boe-Bot Robot uses the BASIC Stamp 2 module shown in Figure 2
5
.  Over 

the years several versions (BS2, BS2 OEM, BS2sx, etc.) of the module has evolved. The 

difference among these modules includes upgrades on memory, speed and additional features. 

The module used in this course is the BASIC Stamp BS2 Module. 

 

Figure 2 BASIC Stamp 2 Module with components (shown on left) and I/O Pins (on right) 
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The BASIC Stamp is programmed in PBASIC, a version of BASIC programming language.  

The BASIC Stamp is programmed using a free software package, BASIC Stamp Editor. Code is 

written in the editor and downloaded to the BASIC Stamp 
4, 5

.  

The BASIC Stamp can be used on a variety of carrier boards, used for programming and 

testing. The board makes it easy to connect a power supply and programming cables to the 

BASIC Stamp module and  makes it easy to build circuits to be connected to the BASIC Stamp 

module to perform a variety of functions. The most popular carrier boards used to support the 

BASIC Stamp are the Board of Education (BoE) and the HomeWork Board (HWB) which are 

depicted in Figure 3. The HWB has the module integrated into it while on the BoE the module is 

mounted on an IC and can be removed and replaced 
5, 6

. The Boe-Bot uses the BoE carrier board. 

 

 

Figure 3 Board of Education (Left) and the HomeWork Board (Right) 

 

In the early stage of the course this stand alone embedded system was used in laboratory 

experiments to illustrate concepts related to robotics. Table 1 shows a set of hands on exercises 

that were performed using the board.  

Table 1 Exercises Performed with the Board of Education 

Exercise Deliverables  

Intro to BASIC Stamp 

Software 

Install the Software, Write basic programs, use the Debug 

Terminal display messages, Perform simple arithmetic, 

ASCII code  

Simple Indicator Circuits   Build and test LED circuits, Build LED circuits as event 

indicator, Controlling LED ON/OFF Cycles  

Digital Control Inputs Build Pushbutton circuits, Control LED circuits using 

pushbuttons, initiate events using pushbuttons 

Frequency and Sound  Build speaker circuit, use speaker circuit as a start and 

battery indicator, creating melodies 

Seven Segment Display Use the board to control a seven segment display circuit to 

display digits 
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The lecture related to these experiments were an introduction to the PBASIC language, a review 

of resistors, diodes, circuit configurations, current and voltage, digital versus analog systems, and 

general seven segment display configurations. Due to the limited amount of time and the 

expected outcomes of the course, students were introduced to the basic concepts and through 

assignment were expected to build upon them in order to perform the hands on portion of the 

course.  

 

The Boe-Bot 

 

Once the microcontroller principles were introduced, the course moved towards building and 

programming the Parallax Boe-Bot Robot. The kit contains all components necessary to 

construct the robot: aluminum chassis, servo motors, battery case, wheels, and the needed screws 

and washers. In addition, there are number of sensors such as whisker and infrared. Additional 

components were provided by the instructor when necessary. Once the board of education is 

added to the chassis, the servos can be controlled for motion and sensors can be added to achieve 

specific tasks. Figure 4 depicts the Boe-Bot Robot after all components are added. 
 

 

Figure 4 Assembled Boe-Bot Robot with Sensors 

 

This platform can be used for laboratories and projects. Table 2 depicts a list of exercises carried 

out in the laboratory using the Boe-Bot Robot.  

Table 2 Exercises Performed with the Boe-Bot Robot 

Exercise Deliverables  

Boe-Bot Servo Motors Assemble Boe-Bot, Center Servos, Servos control  

Boe-Bot Navigation    Forward, Back, Right, left and Stop, Speed control 

Navigation with Touch Sensor  Build whisker circuit, Control the Boe-Bot Motion using 

whisker, decision based on sensor conditions 

Navigation with IR Sensor Build IR circuit, Control the Boe-Bot Motion using 

whisker, decision based on sensor conditions 

Sensing Light  Build Photo resistor circuit,  Control the Boe-Bot Motion 

using whisker, decision based on light conditions 
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Course Projects  

There were three projects assigned to the students. Two were individual projects and one was a 

group project.  In all projects there were a set of specifications given and the students were to 

build and program the Boe-Bot to these specifications. There was then a competition and a 

technical report submitted by the group and/or individual students.  

In the first project, students were to design a simple robot to follow a trajectory which is shown 

in Figure 5. When the robot reaches the end it will perform a victory dance and flash LED in a 

specific pattern. Projects were evaluated based on accuracy, time taken to complete task, a final 

dance routine and flashing LED at the end of each round.  

 

 
Figure 5 Project 1 Trajectory  

 

For the second project, students were to work on three different cases. The students were to work 

on the project individually. Each case was assigned to three students. They would then compete 

amongst themselves and each student was to write a technical project report. Figure 6 shows 

some of the captured projects images. The groups and cases are as follows: 

 CASE 1: Design a Robot to move from Point A to B while avoiding obstacles in its path.  

 CASE 2: Design a Robot to move on top of a table without falling off (the table has black 

tape around the edges).              

 CASE 3: Design a Robot that will follow the robot in front of it. 

 

 
 

Figure 6 Projects: (a) Following robots in front (b) Move on top of a table without falling 
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The third and final project was geared towards the annual IEEE SoutheastCon Hardware 

competition. In this competition students from the southeastern region of the US compete to 

determine which school will perform best on a set of requirements and rules given by the host 

university. The objective of this year’s competition was to simulate the sorting of containers and 

packages on a port. Different colored and sized boxes were to be picked up and sorted for 

shipping either by rail, sea or air
7
. This was a group project. Each group was given a task related 

to the hardware competition. The students had to use the Boe-Bot platform to demonstrate that 

their project worked properly. Additional component, such as sensors, had to be provided to the 

students for certain tasks. The group tasks were as follows: 

 Group 1: Use color sensor to determine the color of the blocks and their locations  

 Group 2: Devise a method to move and distinguish the blocks by size 

 Group 3: Determine robot location on the field and avoid obstacles  

 Group 4: Go up a ramp using a tilt sensor to compensate motion (of moving up the ramp) 

while avoiding falling off  

 

The module of the course dedicated to automation and Mechatronics were not presented in depth 

due to time limitation. However, general concepts were discussed and students were exposure to 

an industrial robot arm seen in Figure 7. Topics in this module included degree of freedom, 

Kinematics, and CNC. The instructor demonstrated how the robot arm can be programmed to 

perform repetitive tasks.  

 

Interdisciplinary Integration 

 

The engineering technology program at our institute comprises of electronic and construction 

engineering technology. The goal is to develop this course with these innovations in mind. There 

will be gradual introduction of building and construction into the course and its derivatives. In 

construction related fields, building systems requirements in the future will be mandated by 

codes and law to perform at an optimum efficiency to counter the effects of global warming on 

the climate.   The use of robotic responsive systems will play a major impact in the way building 

equipment is planned, designed and operated. The educational requirements to educate 

competent engineers and technologist will demand a new curriculum approach as well as 

integrated teaching approaches. 

The future engineers and technologist will have an educational experience that would expose the 

nature of future applications in the areas of electro-mechanically-robotic building systems 

(EMRBS), distributed energy resources, building envelopes and mechanical ventilation systems 

able to detect chemical/biological/radiation (CBR) safety, facility performance evaluation, and 

professional team building. Educational curriculum that integrates robotic program topics, if not 

classes, will be essential in educating future electronic engineers and technologist to coexist and 

excel in robotic design and application.   
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Conclusions 

The implementation of the robotics course for the Electronic Engineering Technology program 

presented some challenges when designing an adequate course curriculum. It was necessary to 

reconcile teaching material from different sources. After determining the course content, a 

suitable hardware platform to implement the theory presented in class lectures was considered. 

Time constraints limited the amount of material covered at the end of the course. There are plans 

to modify this course to fit an interdisciplinary student body. Construction Engineering 

Technology and Computer Sciences are the areas to be included in the future. The course was a 

success as it relates to the students’ experience and knowledge gained. It served as a way for 

students to integrate their knowledge. The passing rate was 100% for both course and laboratory. 

An end of semester course evaluation and survey showed that the students found the course to be 

very useful and would recommend the course to other students. The main observation from 

students was the ability to integrate their knowledge of electronics into applicable robotics 

projects. The projects were directly tied to the course theoretical lectures. Topics discussed 

during lectures are implemented and reinforced via projects. This course was originally 

implemented as a special topic. Due to the positive feedback from students and high demand, 

efforts are on the way to create an official course which is in line with our continuous 

improvement portion of the accreditation process. Improvements include providing the robotics 

platforms for students instead of requiring students to purchase them; introducing pre-requisites 

that facilitate teaching robotics course, and to have a follow-up course.  
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