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Abstract— This project shows a Simulink lab practice using 

Arduino microcontroller as low costs hardware. A black box 

system must be developed to act as a shell in order to adapt 

Arduino signals to the real plant, which can be consist of RLC 

Circuit (for First order and Second Order) and DC motor. As 

Arduino is an open hardware and have unique architecture, a 

cheap Data Acquisition card can be build.  Several experiments 

have been done to validate the full system and frequency study has 

been completed in order to know the possibilities of the proposed 

architecture in the control of new plants. This experiment includes 

system identification approach. 
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I. INTRODUCTION 

The main objective of this project is to use low cost hardware, 

to connect Simulink with real system for lab practices in 

Control Engineering bachelors such as SKEM students at 

Universiti Teknologi Malaysia, UTM Skudai. Currently, 

expensive DAQs are being used to connect through a computer. 

When computers or DAQs are outdated, it implies a very high 

cost. In the case of internal DAQs, connected on an internal bus 

of the computer, the difficulties are bigger. New Arduino based 

DAQ must be adapted to the lab prototypes in order to avoid 

hardware changes or modifications on it. 
 

A. Project Background 

A Black box model of a system is a system that has no 
specific information of the character or physics of the model 
involved. In other words, black box models no physical 
understanding is accessible or utilized, but the picked 
demonstrate structure has a place with families that are known 
to have great adaptability and have been "fruitful previously"[1]. 
Black box modelling can be useful to do fitting data that related 
to a particular mathematical structure of the model. Black box 
modelling also can be described as a trial-and-error process, the 
parameters of various structures are being estimated and the 
results also being compared [2].  

 

The Black box models will be using System Identification. 
System Identification is methods to build mathematical models 
of dynamic systems by using measurements of the system’s 
input and output signals. Dynamic systems is the estimations of 
the yield signals rely upon both the momentary estimations of its 
info signals and furthermore on the past conduct of the 
framework. For this project, electrical circuit of Resistor, 
Inductor and Capacitor(RLC) will be used as the dynamic 
systems. A model is relationship between system’s input and 
output variables in term of mathematics. Thus, Dynamic system 
model are basically described in term on differential or 
difference equations, transfer functions, state-space equations, 
and pole-zero gain models [3].  

 

Practically speaking, engineering problems are hard to 

fathom. Regularly, numerical strategies or mathematical issues 

are utilized as systematic answer for such Issus might be non-

existent. Numerical methods in themselves are normally 

iterative in nature requiring a few middles of the road ventures 

keeping in mind the end goal to touch base at an answer. An 

RLC circuit (also known as a resonant circuit or a tuned circuit) 

is an electrical circuit consisting of a resistor (R), an inductor 

(L), and a capacitor (C), connected in series or in parallel. An 

RLC circuit is called a second-order circuit as any voltage or 

current in the circuit can be described by a second-order 

differential equation for circuit analysis. A linear RLC circuit 

has a very useful characterization which is given by its Transfer 

Function, which is (more or less) the frequency domain equal to 

the time domain input-output relation. These methods has no 

related with the interior structure of the plant, and it only allowed 

limited control of the closed-loop behaviour when feedback 

control is used [11]. In this paper, it is specifically discussed 

about to make a black box model of an RLC circuit by using 

System identification methods and use Arduino to measured 

output and for triggering the input to the circuit. 

 

B. Problem Statement 

Normally we will analyse a system either linear or non-linear 
or dynamic system in class through conventional methods which 
is by using mathematical analysis. For some cases, it needs to 
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make an analysis through diagram such as sinusoidal graph. It is 
very unpractical to make graph through drawing or conventional 
methods. The data might not be so accurate. Thus, by using 
combination of hardware and software, student or any educator 
can show the mathematical analysis visually and validate it 
easily. 

C. Objectives 

The objectives of the project are: 

• To design a black box system and data captured 

system. 

• To conduct system identification experiment for the 

black box using Arduino. 

• To generate input signal and captured output signal to 

construct mathematical model. 

D.  Scope and limitations 

The scope of the project are: 

1. Use Matlab Simulink software using system 

Identification toolbox. 

2. Arduino Platform is use to generate input signal to 

data. 

3. Use System Identification toolbox for data analysis 

and mathematical model derivations 

4. Black box design consist of 2 cases: 

a. RLC circuit 

b. DC motor circuit at laboratory 

 

The project will be conducted under the limitation as follows: 

1. RLC Electrical Circuit consist of 3 orders: 

a. 1st Order: RC/RL 

b. 2nd Order: RLC 

2. DC motor 

 

II. METHODOLOGY 

Research methodology are the techniques arranged all through 

the undertaking's term with a specific end goal to accomplish 

the pre-decided destinations easily and viably. This section 

depicts and discloses the methodologies conveyed to obtain the 

destinations of this task. The methodology involves of these 

processes which are:  

a) Hardware implementation 

b) Software implementation 

 

Hardware implementation show the experimental procedures 

and black-box hardware design meanwhile software 

implementation explains the process development of modelling 

the electrical circuit and DC motor system by using Simulink 

and System Identification Toolbox in MATLAB. Thus, this 

chapter reveals the research methods which to design the 

mathematical model. 

 

 
 

Figure 1.0: The research methodology for this project 

 

In Figure 1.0, the methodology starts with the 

literature review on finding information about Resistance, 

Inductor and Capacitor circuit (RLC). At the same time, the 

information about System identification (ID) and DC motor 

system. The theory about First order system and Higher order 

system are being studied to understand the theory of transfer 

function for RLC circuit and its characteristics’.  

The experimental procedure about System 

Identification using Arduino are being explored because it is the 

main backboned of this project. It is also related with the 

System Identification Toolbox of MATLAB. But for this 

current period, we did not focus on DC motor studies. It will be 

focused on the next term. 

After done with the study and research process, the 

mathematical model of the origin system was gained or can be 

said that the model based on theory. This is done by doing some 

calculation using the constant parameter that has been set up. 

The Hardware and Software Implementation was setup for the 

Actual Response. Hardware setup was included with the design 

process for Black box. Next in the research methodology flow 

chart, after the implementation of the hardware and software 

towards the Actual response, the rsults are being validate. If the 

data was correct or same with the actual response then data is 

true, otherwise, the experiment need to be restart again. 

  

Y
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A. Hardware Design and Implementation 

A Black-Box were design to established this system. As 

shown in Figure 1.1, the black box is a closed box that contains 

some unidentified circuit and system inside it. User will connect 

some pin to choose which system or circuit need to analyse.  

Then, the Black-box will be connected to the main PC which 

has MATLAB.  

  

 

Figure 1.1: Black-Box Design  

 

 In this project, one of the objective is to record the 

output voltage of the electrical circuit either for first order 

system or higher order system and also DC motor system. The 

model will fit to the data based on the resulting time response 

of the output voltage. The model that has been generated will 

be compared to the principles derived model that we created in 

the Literature Review segment. 

 

 In this Project, there will be 4 circuit contain in the 

black box, First-order circuit which is Resistance-Capacitor 

circuit(RC), Higher-order Circuit which is Resistance-Inductor-

Capacitor Circuit(RLC) and last but not list, the DC motor 

circuit. The circuits will be implemented on a board and 

connected to the Arduino board as shown in Figure 1.2 and 

Figure 1.3. 

 
 

Figure 1.3: Second-Order circuit(RLC) 

 

 

 The Arduino Board is engaged to receive the input 

command from Simulink and to apply the input voltage to the 

circuit (via a Digital Output). The Arduino Board need the 

output voltage data from the circuit (via an Analog Input) and 

communicates the data to Simulink. In this project, the value of 

resistance (R), inductor (L) and capacitor (C) are chosen such 

that the circuit’s time response is very slow so that 

Arduino/Simulink setup can sample the circuit at faster rate to 

give a clear picture of the circuit’s output. 

 

B. Software setup and Implementation          

        The Simulink will be employ to read the data from the 

board and will plot the data in real time within this project. 

Particularly, the Hardware Support Packages for Arduino will 

be installed at the MATLAB r2017a from the MathWorks.   

 

 The Simulink model were created for both First-order 

and Higher-order circuit and also for DC motor circuit as shown 

in Figure 1.3 until Figure 1.4. Those Simulink model were 

meant to read the output voltage, Vo of the respective circuits. 

  

As for Figure 1.3, Step Block was used as the input voltage, Vi 

generator, it generate values of 0 or 1 which then fed to an 

Arduino Digital Output Block. The Arduino Digital Output 

Block was set as pin 5. Arduino Analog Input block was set as 

pin A0, this block reads the output voltage, Vo data.  The 

Sample Time for all input/output blocks were set as 0.1 second 

before the model can run. The Gain block after the Analog Input 

function as converter that convert data into units of Volts by 

multiplying the Analog Data by 5/1023. This is because, 

Arduino Board generate a 10-bit analog-to-digital converter, 

which by default the Analog Input pins reads voltage between 

0 to 5V and split the range into 210 = 1024 pieces. Thus, 0 

means 0V, 1023 means 5V. This Simulink model will plot the 

input and record the output voltage on scope also writes the 

output data as an Array to MATLAB workspace for further 

analysis. 

Figure 1.2: First-Order circuit(RC)  
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Figure 1.3: First order RC Circuit Step Response Simulink 

Design 

 For Figure 1.4, the Simulink model for second order 

ciruit reads the output voltage, Vo of the RLC circuit. The 

Arduino Analog Input block reads the output voltage data 

through the Analog pin A0 at the board. The sample time for all 

block were set as 0.01 second to clearly record and capture the 

transient response of the circuit. The Gain Block in this model 

were set same as the previous Simulink model.  

  

 
Figure 1.4: Second order RLC Circuit Step Response Simulink 

Design 

C. Mathematical modelling concept 

The modelling of RLC circuit for first order and higher order 

need to be understood. This also include the formation of 

transfer function for both systems and it will focus on step 

response.  

 

a. Transfer Function of First Order Electrical Circuit  

 First order electrical circuit is a circuit which can be 

simplified to a Thevenin (or Norton) theorem equivalently 

connected to either capacitor(C) or inductor (L).  

 

 
Figure 1.5:RC first order circuit 

 

 Step response is the response of a circuit to the sudden 

change or application of a constant voltage or current source 

(Charging behaviour of circuit). Step (charging) response and 

Natural (discharge) response are to show how the signal of 

digital circuit changes between Low and High with time[6]. 

 

In this project, we will consider RL and RC for First-

Order Electrical Circuit. The circuits as shown at Figure 2.2 and 

Figure 2.3 respectively. Both circuits, we will choose current 

i(t), for which will write and solve the differential equation by 

using Laplace Transform.  

 

  
Figure 1.6: Applying KVL theorem into the circuits 

 

 
Table 1.1: Mathematical model for RC circuit 

 

 

b. First-Order System Step Response 

      After gaining the Transfer Function of both circuits, 

we need to look the three transient response performance 

specifications. First of all, Time constant is the time taken for 

step response to rise 63% of its end value or the time taken for 

e^(-at) to decay to 37% of its start value. Thus, time response 

also can be described as a transient response specifications for 

a first order system, because it is related to the speed at which 

the system responds to a step input [6].  

  

 Next is Rise Time, Tr. Rise Time is the time for 

waveform to go from 0.1 to 0.9 of its end value.  

 

𝑇𝑟 =
2.31

𝑎
=

0.11

𝑎
=

2.2

𝑎
 

 

 RC 

1.Loop Equation 
𝑒𝑖 = 𝑅𝑖 +

1

𝐶
 𝑖 𝑑𝑡  

2.Perform Laplace 

Transform 
𝐸𝑖 𝑠 = 𝑅𝐼 𝑠 +

1

𝐶𝑠
𝐼(𝑠) 

3.Solve for I(s) 
𝐼 𝑠 =  

𝐸𝑖(𝑠)

𝑅 +
1
𝐶𝑠

 

4.Solve for eo(t) and 

Perform Laplace 

Transorm 

𝑒𝑜 =
1

𝐶
 𝑖 𝑑𝑡 

𝐼 𝑠 =
𝐸𝑜 𝑠 

1
𝐶𝑠

 

5.Eliminate I(s) and 

form 𝐺 𝑠 =  
𝐸𝑜 (𝑠)

𝐸𝑖(𝑠)
 

𝐺 𝑠 =  

1
𝐶𝑠

𝑅 +
1
𝐶𝑠

 

6. Transfer Function 
𝐺 𝑠 =  

1

𝑅𝐶𝑠 + 1
 

 

Steps 
Circuits 

Vth 

Rth 

C 

i 
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 Other than that, Settling time, Ts, which defined as the 

time for the response to arrive, and hold within 2% of its end 

value. Thus,  

𝑇𝑠 =
4

𝑎
 

 Thus, since we have the transfer function of both first 

order circuit we can get the three transient response 

performance specifications. For this project we will use resistor, 

R= 10kΩ, capacitor, C= 100µF and inductor, L= 100µH. 

 

 

 
 

Table 1.2: Transfer function and its characteristics 

 

c.  Transfer Function of Second Order Electrical Circuit 

A second-order circuit is characterized by a second-order 

differential equation. It consists of resistors and the equivalent 

of two energy storage elements. 

  

 

 

 
Figure 1.7: RLC Second order circuit 

 

 
Table 1.3: Mathematical model for RLC circuit 

 

2.2.4 Second-Order System Step Response  

  

 

 

  Figure 1.8: Various Cases For 2nd Order system 

  

 RC 

1.Transfer Function 
𝐺 𝑠 =  

1

𝑠 + 1
 

2. Time Constant, Tc 1

𝑎
=

1

1
= 1𝑠 

3. Rise Time, Tr 2.2

𝑎
=

2.2

1
= 2.2𝑠 

4. Settling time, Ts 4

𝑎
=

4

1
= 4𝑠 

 

Specs 
Circuits 

 RLC 

1.Loop Equation 
𝑣 𝑡 = 𝑅𝑖 +

1

𝐶
 𝑖 𝑑𝑡 + 𝐿

𝑑𝑖

𝑑𝑡
 

 

 

2.Perform Laplace 

Transform 
 

3.Solve for I(s) 
𝐼 𝑠 =  

𝐸𝑖(𝑠)

𝑅 + 𝐿𝑠 +  
1
𝐶𝑠

 

4.Solve for eo(t) and 

Perform Laplace 

Transorm 

𝑒0 = (
1

𝐶
)  𝑖 𝑑𝑡 

𝐼 𝑠 =  
𝐸0(𝑠)

1
𝐶𝑠

 

 

5.Eliminate I(s) and 

form 𝐺 𝑠 =  
𝐸𝑜 (𝑠)

𝐸𝑖(𝑠)
 

𝐸𝑖(𝑠)

𝑅+𝐿𝑠+ 
1

𝐶𝑠

 = 
𝐸0(𝑠)

1

𝐶𝑠

  

𝐺 𝑠 =  
𝐸0(𝑠)

𝐸𝑖(𝑠)
=

1
𝐶𝑠

𝑅 + 𝐿𝑠 +  
1
𝐶𝑠

 

 

6. Transfer Function 
𝐺 𝑠 =  

1

𝐶𝐿

𝑠2+
𝑅

𝐿
𝑠+ 

1

𝐶𝐿

=  
Ѡ2

𝑛

𝑠2+2𝜁Ѡ2
𝑛 𝑠+Ѡ2

𝑛
  

 

 

Steps 
Circuits 

𝐸𝑖 𝑠 − 𝐼 𝑠 𝑅 − 𝐿𝑠𝐼 𝑠 −  
1

𝐶𝑠
𝐼 𝑠 = 0 

R 

L 

C 
e
0 

e
i 
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III. CONCLUSION 

As for conclusion, the method still in experiment 

process. The results are still cannot be captured as the Sampling 

time calculation and hardware is not relateable. 
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