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A Control Systems Course Project Serving as a Bridge to A Capstone Course 

and Research Projects 

 

Abstract 

“Control Systems” is an important course for Engineering Technology programs. An easy 

mistake to make in teaching the course is spending too much time in covering complex 

mathematical theory and solving theoretical problems. The applications of control system theory 

in applied research and capstone courses are sometimes overlooked by the instructors.  

Many engineering technology programs are requiring their faculty members to conduct more 

research. At Texas A&M University, engineering technology program faculty members are 

expected to perform well in both research and teaching. It is challenging to strike a balance 

between the two due to the reality of the heavy teaching load. This paper shows a practical case 

of how faculty members could successfully integrate teaching and research in the control 

systems course and a capstone course.  

Three faculty members at Texas A&M University formed a team and received an internal 

funding from the university to investigate the feasibility of using a custom-built drone platform 

for building safety inspection through autonomous and intelligent missions. One of the 

challenges is to fly a drone close to the surface of a building wall and maintain a constant 

distance. 

A course project in Control Systems was designed to let students work in a related topic: How to 

control a robot to follow the contour of a wall while keeping a constant distance from the wall? 

After taking this course, some students chose to work on a capstone project to develop a drone 

that maintain distance from building wall. The drone would be controlled to survey the entire 

surface of a building, taking pictures of the surface while recording the coordinate information. 

The faculty members and their graduate students would use the drone developed by the capstone 

team to conduct research that involves using AI to detect damages in the surveyed building. 

There are apparent similarities and differences between the course project and capstone project. 

As far as control is concerned, both projects require a sensor or sensors to detect the distance 

from the wall. The measured distance is used as a feedback signal to control some motors. In this 

aspect, the concepts of control for these two cases are similar. However, a drone is more difficult 

to control because it needs to fly in the three dimensional space while a robot moves around the 

ground.  



Overall, the integration of research and teaching in this case helped the faculty members’ 

research. At the same time, it benefitted the students in their learning in the Control Systems 

course as well as further learning through capstone courses. This approach of combining research 

and teaching can make the faculty members more productive as well as to make students to be 

more engaged in learning. 

Introduction 

There are three important subjects that will be discussed in this paper: (1) How to enhance 

teaching in a Control Systems course? (2) How to integrate the Control Systems and Capstone 

courses? (3) How to integrate research and teaching? 

Many engineering technology (ET) programs offer Control Systems as an advanced course in 

their curricula. Control Systems course plays an important role since majority of engineering 

designs and projects involve in controlling devices. It also provides students with a higher-level 

and more abstract understanding of engineering systems. A transfer function can represent a 

circuit or a mechanical device. Transfer function-based analysis makes students understand how 

systems with mechanical, electrical, and other components can be analyzed and designed. 

However, teaching control systems to engineering students can be challenging due to the 

extensive use of mathematical concepts and tools such as Laplace transform, Z transform, 

differential equations, and difference equations. This challenge is even more serious for ET 

programs, since ET students typically prefer hands-on learning and they may not like to dive 

deep into learning abstract concepts and theoretic materials. Several educators tried to use 

practical applications and simulation tools to enhance student learning in control systems 

courses1-7. Others found that laboratories and course projects are important ingredients that can 

help students make the connection between the dry and abstract math concepts and practical 

applications8-14.  

Due to the multidisciplinary nature of control systems, it is common for students in capstone 

courses to apply control theory to their projects15-16. However, many students do not realize the 

importance of control systems and other basic math and science materials and how these can fit 

into other engineering courses20. They tend to hit a “reset button” after each and every course20. 

In general, a vertical integration of relevant courses in curricula is an important and challenging 

issue for engineering majors21. If possible, helping students to make a connection between the 

Control Systems course and their capstone projects can certainly be beneficial for their learning 

in both courses. 

For engineering faculty members, balancing research and teaching is a delicate issue. 

Traditionally, ET faculty members have higher teaching load and lower expectation for research 

compared to their engineering counterparts. In recent years, some ET programs are increasingly 

moving towards more research activities. Research productivity carries higher weight than 

before. This has created some anxiety among ET faculty members. Jordan (2017) presented a 



paper on using undergraduate research to teach advanced materials17. Grave and Hager III (2007) 

successfully integrated research, teaching and entrepreneurship in their project18. Zhan (2014) 

presented a result in integration of research and education involving undergraduate research. The 

challenge is to increase research productivity without sacrificing quality of educational 

experience for students. Integration of teaching and research is one of the proposed solution to 

this challenge. 

Inspired by the above mentioned educational research work in the literature, the authors tried to 

combine a course project in the control systems course, a capstone project, and research activity 

of faculty members into a seamlessly integrated teaching and research effort. The execution 

detail of the integration is discussed in this paper.  

Research project 

To foster new research and scholarship at Texas A&M University, the T3: Texas A&M Triads 

for Transformation seed-grant was initiated in 2018 by the university. It is a multidisciplinary 

program that is a part of the President's Excellence Fund designed to further Texas A&M 

University's commitments to the three pillars of advancing transformational learning; enhancing 

discovery and innovation and expanding impact on our community, state, nation, and world. 

Faculty members were required to form “triad” of three members to apply for funding of $30,000 

for each project. The university is investing $100 million for the next 10 years, approximately $3 

million annually in this effort. Every year, 100 interdisciplinary projects are funded by this 

initiative. 

The three authors formed a triad to compete for the seed-grant and the project has been funded 

for a period of 24 months. The research topic of the funded project is to use drones to conduct 

building inspection. Currently, building inspections are conducted manually using methods such 

as suspended platform inspection and grappling inspection as illustrated in Fig. 1. 

  

Fig. 1. Suspended platform inspection (Left) and grappling inspection (Right) 



These manual inspection methods are time consuming, unsafe, or requiring heavy equipment. 

The proposed method in the research project is to use drones to conduct building inspection. 

There are several tasks that need to be done in this project. First, a custom made drone needs to 

be built, it should have the capability to follow the contour of building walls, as illustrated in Fig. 

2. The wall may not be flat. It should be controlled by an on-board micro-controller that can 

communicate wirelessly using a remote controlled joystick. The embedded system must have a 

certain level of artificial intelligence to detect cracks and other damages on the building wall. 

Once the damages are identified, pictures will be taken and saved to a flash card for further off-

line analysis. Coordinates of the damaged surface will be recorded with the pictures. 

 

Fig. 2. Drone inspection 

Capstone project 

After careful study of the required tasks for the research project, a decision was made to give a 

portion of the tasks to a capstone team. ET students have strength in building functioning 

prototypes. The custom designed drone will be built by the capstone team in two semesters. The 

basic functionalities include flying the drone up and down following the contour of the building 

wall, being able to take pictures of the entire surface, wirelessly over a remote control unit; and 

recording the x, y, z coordinate using GPS and sensors to measure heights. 

The capstone team was tasked to size the system components including motor, propellers, 

batteries, camera, frame, and micro-controller. Propeller guards will be designed and fabricated 

using a 3D printer by the capstone team to provide additional safety for the drone operation. 



Texas A&M University has strict regulations on drone operation on campus. Flight license and 

training are mandatory. 

The artificial intelligent algorithm for building damage detection is beyond the scope of 

undergraduate capstone design course, as a result, this portion of the research is planned to be 

carried out by faculty members and graduate students. 

The main control-related design challenge is to fly the drone at a fixed distance away from the 

building surface. This is a closed loop control system with the distance measurement as the 

feedback. The speeds of the four motors on the drone are controlled based on the feedback to 

maintain constant distance between the drone and the building wall surface. The drone must be 

able to avoid collision with any part of the building wall, this is particularly important when the 

surface of the wall is not flat. The electronic speed control unit with a PID (proportional–

integral–derivative) type of controller is used to achieve certain performance specification. 

Students need to design and operate the drone in different operation modes such as manual 

operation through the wireless communication from the joystick control and auto pilot operation.  

One of the students in the capstone team took the control systems course during the first semester 

of the capstone courses. The capstone projects are two semester courses in this department. The 

capstone team are making a fast progress, partly because of the experience gained in the course 

project in Control Systems. 

Course project 

In the syllabus of the Control Systems course, the course description, course objectives and 

learning outcomes were given as follows. 

Course Description 

Components, principles, and techniques fundamental to automated control systems. Study of 

transfer functions, network analysis using Laplace transforms, Z transforms, feedback control 

systems theory, digital computer simulation, and computer-based controls systems.  

Course Objectives 

To introduce fundamentals of real-time closed-loop continuous and discrete control using 

proportional, integral, and derivative control, sensors, and electronics. Applying these principles 

to the computer-based design and simulation of control systems that are then implemented and 

tested using real-time, graphically-oriented software development environment.  

Learning Outcomes 

At the completion of this course, students will be able to: 

• define and use the terminology associated with control systems; 



• explain the mathematical model for first and second degree plant transfer function; 

• design closed-loop control systems for simple applied engineering problems; 

• employ virtual instrumentation software platforms to simulate closed-loop control systems; 

• identify, define and explain classical and digital control systems.  

 

 

Fig. 3. Course Schedule 

The research project is about solving a real-world problem, which can provide students in the 

control system course an opportunity to make a direct connection between the abstract math 

concepts and problem solving. A course project related to the research is consistent with the 

learning outcomes, course objectives, and the schedule for the final project. However, it is 

important to find the appropriate scope for a course project. If the scope of the research project is 

too large for students in a one-semester course, it may not produce a good result. For instance, it 

would be too much to have a course project like the entire capstone project discussed earlier. 

Controlling a drone is an interesting and relevant topic in the control systems course. However, 

there is a limitation about the use of drones in classes. Due to the university requirement of drone 

license for on-campus operation, it is not realistic for all students to go through the training and 

get the license. To get around this issue, a decision was made to use a Zumo 32U4 robot 

platform, as shown in Fig. 4, for the course project. It is a low-cost platform with several 

optional sensors, and it has distance measurement sensors. 



  

Fig. 4. Zumo 32U4 Robot platform 

As a course project, this educational robot platform was used instead. The objective of the course 

project was to control the robot so that it could move along a wall while maintaining a constant 

distance between the robot and the wall. The contour of the wall is not a flat surface, as 

illustrated in Fig. 5.  

 

Fig. 5. Contour of a wall 

As far as control is concerned, the robot platform and drones are very similar: they both have 

sensors that provides distance between the unit and nearby objects; the control actions are to 

control the motor speeds. In addition to the PID controller design, the algorithm must include 

methods to detect that the contour of the wall has a sudden change, such as a 90 degree turn to 

the left or right. 



The laboratories for the control systems course were modified to help students get familiar with 

the Zumo 32U4 robot platform [22]. Students first learned how to program the robot using the 

open-source Arduino IDE to perform the following basic operations: 

 moving forward 

 moving backward 

 making left turn 

 making right turn 

 turning the robot uphill on a slanted surface 

 stopping when there is an object in front 

 reading and decoding the feedback signal from the accelerometer and proximity sensors. 

From theoretical standpoint of view, the course project could be seen as a very straightforward 

PID controller design problem. However, students learned that there were many practical issues 

involved in the design. Noise in the feedback signals was one of the problems they had to deal 

with. Students found the use of a digital filter significantly reduced the impact of the noise. In 

addition to the PID controller, they found that custom algorithms were necessary to handle 

different situations such as the wall contour changing suddenly and the robot needed to perform 

a sharp 90 degree turn to the left or right. Another problem was the interference to the 

accelerometers when the Zumo robot rapidly changed its movement. If not careful, the 

accelerometers could falsely detect an angle as high as 20 degrees.  

 

Conclusions and future work 

This paper discusses a case study where a part of the research project was used as capstone stone 

project and a part of the capstone project was used as laboratory material and a course project in 

a control systems course. It worked well for all three areas: teaching the control systems course 

with real-world problems; integrating control systems course and capstone course; and research 

project. Students in the control systems course were more interested to learn the abstract concept 

with real-world background. The control system course project helped the capstone team to learn 

how to design a PID controller and control logic to surface contour change detection. The 

capstone team is building a prototype with basic functionalities that allows additional research 

work to be done. However, the COVID-19 pandemic has cause the capstone team to pause their 

effort of correcting design mistakes and testing their final prototype. 

For faculty members involved in this effort, some common areas between teaching and research 

were found. Education and research are integrated resulting in higher productivity in both areas. 

A conference paper was presented with the main subject of developing a drone for building 

surveying23. This is a direct evidence that the effort to combine teaching and research was 

successful. 



To enhance the teaching of the control systems course, it is planed to include modeling and 

simulation for the PID controller of the robot platform.  After the current capstone project is 

completed, a new version of underwater robot can be the subject of the next capstone project. 

The research scope can also be extended to include underwater surveying of structures such as 

bridges, ships, and piers. 
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