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Abstract
This work-in-progress paper presents an assessment of the programming skills of students who
have completed a junior-level dynamic systems and control course. At Grand Valley State
University, this course is taken by both Mechanical Engineering (ME) and Product Design and
Manufacturing Engineering (PDM) majors and is taught by two different professors. The course
content in the two versions is very similar but two different programing languages are used. ME
students learn Matlab and Simulink whereas PDM students learn Python to simulate systems.
There is a lab associated with the course. In lab, both ME and PDM students use Arduino
microcontrollers for dynamic systems and control experiments. However, tasks such as
simulation or data analysis are done in Matlab or Python respectively.
This paper seeks to assess the programming skills of students in both versions of the course as
well as see if there are any differences in student learning between Matlab and Python. The
students were given two programming assignments as part of a take-home exam at the end of the
course. Students are asked to design a controller for stability, predict the response and simulate
the closed-loop step response of a system.
Introduction
Computer programming plays an important role in any dynamic system and control courses.
Study of dynamic systems involve modeling and analysis of system to different inputs. When
analyzing a complex (higher order) dynamic system, hand calculations would be tedious and is
not a feasible option and some analytical tools are necessary. The students today are computer
literate and use graphing calculators very effectively for solving their homework problems.
When the students were asked to solve a simple, second-order, homogeneous differential
equation without any review of differential equation in class, the students just used
WolframAlpha to find their solution. They do not really understand the mathematical concepts
that they manipulate. The analytical tools available to engineers these days are very powerful and
the students must learn to use them but after learning the concepts “the hard way”. The analytical
power of the tools that they use do not require the understanding to produce a correct solution.
Computer programming on the other hand require the students to think and write their code to
obtain the solution. Algorithms such as Euler’s Method and Runge Kutta method can be used to
solve differential equations using any programming language like Matlab or Python. These tools
can also be used to simulate the responses of such systems, and also to analyze experimental
data.
Dynamics Systems Modeling and Control is a required course in any mechanical engineering
program. This course is a challenging course for the students as well as for the instructors.
Students often find the material too abstract, too mathematical, and difficult to master when it is
presented in lectures [7]. Since this course is very abstract and mathematically intense, it is not
easy to teach as well. The instructors find it hard to keep students engaged all the time. When
class consists of an instructor simply talking to the students, they are not focused and their

attention is more likely to drift, especially if the class period is long [5]. Some researchers
believe that there were no significant differences between traditional classroom teaching and the
use of technology in teaching [3], while others think that students learn and retain more when
they can apply the concepts and not just read or hear about them [4]. Different methods have
been tried to improve students learning and engagement in this course. Some instructors have
used extensive simulations [1],[7],[8] and haptics [9] to enrich this courses. Others [2],[6],[10]
have tried physical experiments to give more hands-on experience to the students.
At Grand Valley State University, this course is one of the most challenging junior level courses
as it combines dynamic systems, controls and mechatronics content into one single course. This
is a required course for ME and PDM students. The prerequisites for this course for ME students
are Dynamics, Differential Equations, Circuit Analysis I and Introduction to Digital Systems.
There are some electives that needs this course as a prerequisite which includes Robotics,
Vibrations and Manufacturing Controls. No other required course needs this course as a
prerequisite in ME program. The prerequisite for this course for PDM students are Differential
Equations and Circuit Analysis. A follow up course is Manufacturing Controls which is a
required course in PDM program. Also Robotics is an elective for PDM program too which
needs dynamic systems and control as prerequisite. The ME section of the course used Matlab
and Simulink whereas the PDM section used Python along with the python-control module and
the Jupyter notebook interface. It should be noted that the students have been introduced to
Matlab/Simulink and Python in this course for the first time and they have not used them in any
of the previous courses. This paper seeks to investigate whether or not there is any difference in
students’ skills related to programming tasks associated with dynamic systems and control if
they use Matlab and Simulink as opposed to Python.
Softwares Description
Simulink is a graphical editor for modeling, simulating and analyzing dynamic systems. It
consist of a library of blocks (Figure 1) representing the models.

Figure 1- Simulink Library of Blocks

The students need to build a model of the dynamics system (a differential equation) by using
blocks for integration, summation and multiplication. So they are not blindly inputting the
differential equation but rather creating a model for it and then simulate it. A simple example of
a spring mass damper system shown in Figure 2. The Simulink model of this system and the
response to a step input is also shown in Figures 3 and 4. There is also a transfer function block
and a state space block in Simulink library which can be used to obtain the response of the
system as shown in Figures 5 and 6.

Figure 2- Spring mass damper system

Figure 3- Simulink model for the spring mass damper system
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Figure 4 System response for the spring mass damper system

Figure 5 Simulink model using transfer function block

Figure 6 Simulink model using state space block
The PDM section used Python along with the python-control module and the Jupyter notebook
interface. Python is an interpreted, object-oriented, high-level programming language with
dynamic semantics [11]. Python is open-source and its syntax is very clean. The python-control
module allows dynamic systems to be represented in transfer function and state space form and
facilitates simulation of dynamic systems and design of controllers in both the time and
frequency domains. The Jupyter notebook provides a web interface that allows students to type
code into cells and then see any results immediately in an output cell. The notebook merges the
traditional editor and command line into one interwoven interface, providing students immediate
feedback on each chunk of code they enter. Additionally, plots can be shown immediately
following the cells that generates them, making it easier to associate the figure with the
corresponding code. Figure 7 shows a screenshot of the Jupyter notebook.

Figure 7 Screenshot of the Jupyter notebook showing the step response of a second-order system
Lab Experiments
Both versions of the course include a lab, both ME and MPD students used C to program the
microcontroller for lab activities. The Arduino software is used to run experiments and collect
data .The first lab taught in ME section was an introduction to Matlab and in PDM section was
an introduction to Python. A tutorial on Simulink is also presented as a follow up lab in the ME
section. The students then in the later labs were also asked to simulate the response of the
systems and to compare the simulations with experimental results.

Assessment
The assessment of student's programming skills was done by comparing student learning
outcomes between the two versions of the course through common final take home exam
questions. This was the only way the authors think of to assess students’ abilities to model and
simulate complex systems using different softwares. The in class final exam is two hour long and
is comprehensive. There is a lot of material to test the students’ global comprehension of the
material. Therefore the authors decided to make a separate take home exam which should be
assigned two days before the final in class exam. Students were asked to choose the control gain
that would give a stable system, predict the response of the system (using a reduced order model)
and to simulate the actual response of the closed loop system. Two questions were assigned as
take home exam to the students in both versions of the course. First problem assigned is a fourth

order system and second problem is a third order system. To simulate the system in Matlab, the
students need to obtain the transfer function and/or differential equation. Since the resulting
differential equations are coupled, they need to obtain the state equations which are a set of
four/three first order differential equations and then write a program to solve those equations
using either Euler’s or Runge Kutta method. In Simulink, after obtaining the transfer function
and or state space model, the students can directly use the blocks in Simulink to obtain the
response. There were 23 students enrolled in one of the ME sections and 33 students in PDM
section. The students were not allowed to collaborate or use Google/You Tube or any other
online help. However, they were allowed to use Matlab and Python help menu. They were given
48 hours to complete the exam.
Question 1 Problem Statement
A rover vehicle designed for use on the planets and moons is shown below.

The block diagram of the steering control is also shown below :

𝑠𝑠+1.5

where 𝐺𝐺𝐺𝐺(𝑠𝑠) = (𝑠𝑠+1)(𝑠𝑠+2)(𝑠𝑠+4)(𝑠𝑠+10)

(a)When Gc=KP, find the value of KP for stable system.
(b) Find the roots for KP=100, 300 and 600.
(c) Predict the overshoot and settling time for a step input.
(d) Determine the actual response time for the step input for the three values of KP and
compare the actual results with the predicted ones.

Question 1 Assessment:
Overall 57% of ME students and 61% of PDM students got 100% in this question. The
distribution of grades in each part is listed below:
22 out of 23 ME students and 28 out of 33 PDM students got 100% in part a.
21 out of 23 ME students and 26 out of 33 PDM students got 100% in part b.
19 out of 23 ME students and 22 out of 33 PDM students got 100% in part c.
15 out of 23 ME students and 29 out of 33 PDM students got 100% in part d.
The percentage of correct answers given by ME and PDM students in problem 1 for parts a-d are
shown in Figure 8. It should be noted that since both Matlab and Simulink were taught in ME
section therefore some students used Matlab while others used Simulink to complete their exam.
The remaining students who did not score 100% either did some calculation mistake or just did
part (a) wrong and the mistake is carried over in the remaining parts. The average score in
problem 1 for ME students is 93% and for PDM students is also 93%.

ME

Percentage of Correct Answers

100

PDM

80
60
40
20
0

Part (a)

Part (b)

Part (c)

Part (d)

Figure 8- Bar graph of take home exam problem 1
Question 2 Problem Statement
Arc welding is one of the most important areas of application for industrial robots. In most
manufacturing welding situations, uncertainties in dimensions of the part, geometry of the joint,
and the welding process itself require the use of sensors for maintaining weld quality. Several
systems use a vision system to measure the geometry of the puddle of the melted metal, as shown
in Figure 9 below. This system uses a constant rate of feeding the wire to be melted.
(a) Calculate the maximum value of K for the system to be stable, 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 .

Use 𝐾𝐾 = 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 /2, i.e. half of the maximum value of found in part (a) for the rest of this
problem.
With 𝐾𝐾 = 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 /2:

(b) Determine the roots of the characteristic equation.
(c) Estimate the overshoot of the system when it is subjected to a step input.
(d) Plot the unit step response of the system.

Figure 9- Block diagram of take home exam for problem 2
Question 2 Assessment
Overall 17% of ME students and 33% of PDM students got 100% in this question. The
distribution of grades in each part is listed below:
10 out of 23 ME students and 21 out of 33 PDM students got 100% in part a.
23 out of 23 ME students and 28 out of 33 PDM students got 100% in part b.
16 out of 23 ME students and 22 out of 33 PDM students got 100% in part c.
21 out of 23 ME students and 30 out of 33 PDM students got 100% in part d.
The percentage of correct answers given by ME and PDM students in problem 2 for parts a-d are
shown in Figure 10. Here also, for the remaining students who did not score 100%, the common
mistake was finding an incorrect value of K in part (a) and then that mistake is carried over in the
remaining parts. The average score in problem 2 for ME students is 91% and for PDM students
is 88%.
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Figure 10- Bar graph of take home exam problem 2
Conclusion
Looking at the data, there seems to be no significant difference between the programming skills
of ME and PDM students. The programming skills of ME students are equally good as PDM
students. Also the type of software used does not have any effect on students learning. The slight
variation in grades depend on the way the material is covered. The authors attempted to
determine if there are any differences in student programming skills between using Matlab and
Python in simulating complex dynamic systems. But based on the results, there seems no
significant difference. This could be due to problems selected which were not difficult enough to
show any difference between the two groups of students. Also the two versions were taught by
two different instructors, therefore the amount of time spent on different topics was different. It
should be noted that the ME majors require dynamics as a prerequisite whereas PDM majors
does not have dynamics as a prerequisite. Therefore it was expected that ME students understand
the dynamic systems in more depth than PDM students. However, based on the assessment
presented in this paper, the PDM students are no less than ME students in understanding and
simulating complex dynamic systems.
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