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Abstract: This paper presents a MATLAB aided Cascade designed controller to control and monitor the DC motor speed. 
First, design the driver circuit of the DC motor and use the microcontroller PIC16F877A to collect the feedback signals from 
the current sensor and optical encoder.  The measured speed and current are serially transmitted to PC using RS232. By the 
MATLAB aided cascade controller, where inner loop is the current loop and outer loop is the speed loop, the parameters are 
adjusted to control the motor speed. The PC displays the measured speed and required speed. 
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I. INTRODUCTION 
 
              DC motors are extensively used in adjustable 
speed drives and position controlled applications. So 
speed control of DC motor is an important function 
that is carried out in many of the industrial 
applications and it gained attention in the past few 
decades. The speed of motors has to be controlled for 
different loads and disturbances, depending upon 
different applications. However this project focuses 
on real time development of DC motor control 
system. 

Cascade speed control is very effective for 
speed control of the motor using a driver circuit. The 
driver is operated by the PWM signal from a 
microcontroller. The cascade controller is very 
efficient as it has a fast inner current loop and 
enclosed by outer speed loop. PIC16F877A is the 
microcontroller used for speed and current 
measurement. Current signal being faster than the 
speed signal, the variations in the current value is 
recognised and regulated first which in turn controls 
the speed using PWM technique. The speed is 
displayed and controlled using PC.  
Advantages of cascade control method are: 
(i) Better set point tracking. 
(ii) Better disturbance rejection of the primary loop    
because of secondary loop. 
(iii) Less delay time and phase lag. The DC motor is a 
second order system. Speed control of DC motor is 
done using either by changing the terminal voltage or 
by controlling the armature current. The project 
controls the speed by changing the terminal voltage 
using PWM technique. The PWM based speed 
control is done by varying the duty cycle of the PWM 
signal. The chopper circuit is driven by PWM signal 
generated from microcontroller. MOSFET  
 

 
based driver circuit varies the voltage across it 
according to the PWM signal produced by the 
microcontroller. Optocoupler is facilitated to protect 
the microcontroller with 100% CTR. 

Speed and current are the two variables 
given as feedback. Current is the secondary variable 
and speed is the primary variable. Speed is measured 
using Optical encoder and microcontroller. This gives 
real-time position information of the rotating motor 
and an output of square pulse train which is 
detectable by microcontroller. Current measurement 
is done using a Hall-effect current sensor. Hall-effect 
is the production of a voltage difference across an 
electrical conductor, transverse to an electrical 
current in the conductor and a magnetic field 
perpendicular to the current. Sensor produces a 
voltage proportional to the measured current. Both 
this measured current and speed is given to the 
PIC16F877A microcontroller. The timer0 and timer1 
is used for conversion of the pulse train obtained 
from optical encoder to speed value(in rpm) and 
output of current sensor is given to the ADC of 
microcontroller. 

The microcontroller communicates with PC 
using RS232 [2], through which the speed and current 
values are serially transmitted to the PC. The project 
provides the user a provision to enter the desired 
speed. The controlling of these variables occurs in 
PC. The error between desired speed entered by the 
user and the measured speed is send to the first PID 
where it produces a desired current. Again the error 
of this desired current and measured current is given 
to second PID where a voltage is produced. This 
voltage is given back to the microcontroller using 
RS232. The microcontroller produces the required 
PWM signal and sends to driver circuit to control the 
motor terminal voltage. Thus the motor speed is 
controlled.

II. SYSTEM IMPLEMENTATION 
DESCRIPTION 

 
A. Speed Sensor Module 

Speed is sensed using an optical encoder and given as 
a feed back to microcontroller.  
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Fig1.Optical Encoder 

 
Optical encoder consists of a rotating and stationary 
member. The rotor is a plastic disc mounted on the 
motor shaft. The disc has a kind of optical pattern that 
uses opaque and transparent segments which is 
electronically decoded to generate position 
information. The stator is a module (MOC7811) 
consisting of an infrared emitting diode facing a 
photo detector in a molded plastic housing. The 
output of an optical encoder is a disfigured pulse of 
4.6V and 0V. This square pulse is fed to a signal 
conditioning circuit which act as a pulse shaping 
circuit consisting of a difference amplifier (LM358) 
and a comparator (LM339A). 

 
Fig2.Signal Conditioning Circuit 

 
The difference amplifier having a gain 1 which 
converts the differential input to a single ended 
output. The threshold voltage of comparator is 2.5V 
and any voltage above it is scaled to 5V and low 
voltages is taken down to 0V. The final output from 
comparator is a perfect square pulse train with a high 
value of 5 and a low value zero with low rise time 
and fall time as detectable by the microcontroller. 

 
Fig3.Speed Measurement Setup 

 
B. Current Sensor Module 

The current is the secondary variable of feedback 
given to microcontroller. Current is sensed using a 
Hall-effect current sensor IC Allegro ACS712. The 
ACS712 current sensor measures up to 5A of DC or 

AC current. It has a gain stage for more sensitive 
current measurement. By adjusting the gain from 4.2 
to 47 we can measure very small current. The 
ACS712 low current sensor breakout outputs an 
analog voltage that varies linearly with sensed 
current.   
The device consists of a precise, low-offset, linear 
Hall sensor circuit with a copper conduction path 
located near the surface of the die. Applied current 
flowing through this copper conduction path 
generates a magnetic field which is sensed by the 
integrated Hall IC and converted into a proportional 
voltage.  

 
Fig4.Overall current sensor IC 

 
For the current range of the motor, gain is fixed to get 
maximum sensitivity. ACS712 shows a maximum of 
185mV/A sensitivity. Sensor is configured for 
required offset and gain. With no current on the sense 
line, offset is 2.5V. With a known current input Iref = 
100mA, set the gain in such a way to read the desired 
value of Vref on the output line. Sensitivity is then 
given by (Vref -2.5)/Iref. Selected gain for our motor is 
40.674 where the sensor shows the maximum 
sensitivity with Voffset = 1.693V.  

 

 
Fig5.ACS712 circuitry 

 
As the current increases, the output voltage decreases 
or increases, depending upon the direction of the 
current.  The output of the current sensor is given to 
the ADC of the microcontroller.  
 

C. Driver Circuit 
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The driver circuit is run by varying the duty cycle of 
PWM signal from the microcontroller. The MOSFET 
based chopper circuit changes the terminal voltage 
according to the PWM signal produced and there by 
the speed of motor is controlled. The Optocoupler 
4N35 provides optical isolation and hence protects 
the microcontroller from the high voltages.  

 
Fig6.Chopper Circuit with microcontroller 

 
DC motor is connected to the drain of the MOSFET, 
voltage across it changes based on PWM signal. The 
MOSFET acts as a switch. The operating region 
switches between cutoff and saturation region, this is 
why the MOSFET acts like a switch. Response time, 
tr , is typically 3µs and minimum current transfer 
ratio is 100% at input current of 10mA.  
 
III. EXPEIMENTAL RESULTS 
 
The overall block diagram of the setup is: 

 
Fig7.Block Diagram of system 

 
Speed Measurement Results: 
 
Table1.Speed Measurement Results 

 

 
Fig8.Comparison of measured & reference speed 

 
 Current Measurement Results:  
 

Voltage 
Supplied 
(V) 

Measur
ed 
Current       
(A) 

Referen
ce 
Current 
(A) 

Error (%) 

0 0 0 0 
4 0.019 0.02 -2.5 
8 0.028 0.03 -5 
12 0.039 0.04 -2.5 

Table2. Current Measurement Results 
 
 

 
Fig9.Comparison of measured & reference current 
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Reference Current
Measured Current

Voltage 
supplied 
(V) 

Measured 
Speed 
(rpm) 

Reference 
Speed 
(rpm) 

Error 
(%) 

0 0 0 0 
1 56 54.5 0.173 
2 136 131.7 0.495 
3 212 205 0.806 
4 284 272.5 1.324 
5 356 349.6 0.737 
6 428 418 1.151 
7 504 501.1 0.334 
8 572 569 0.345 
9 648 643.5 0.518 
10 720 717 0.345 
11 788 787 0.115 
12 860 868.5 -0.979 
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PID Implementation:  
The inner loop also known as the secondary 
loop is tuned first based on the equations 
given below. Once the inner loop is tuned, 
we tune the outer loop or the primary loop. 
Instrument Control commands 
(fopen,fscan,fprintf) are used to open, read 
and write the values respectively. 
  

• x – Measured Value, e – Entered Value    
• dt – Sampling time 
• Error= x-e  
• Prop = Error 
• Der= (Error – Error’)/dt  
• Int= (Int’ + Error)*dt  
• PID= (Kp*Prop) + (Ki*Int)+ (Kd*Der)  

 
PWM & Driver Circuit Implementation: 
 For a entered speed of 200rpm, the output 
voltage after the PID is 2.94V. From equation Vout = 
D*Vin, we get D=0.25 where Vin=12V. 

 Resolution (of PWM)=
୪୭ ( ಷೀೄ

ಷುೈಾ
)

୪୭ (ଶ)
 bits 

 The frequency of PWM used is 4KHz, where 
 PR2= 250 & 
 CCPR1L= D*PR2 
We get an output voltage of 2.91V across motor and a 
speed of 196rpm. 
 
CONCLUSIONS 
 

This paper proposes to design a Cascade 
control to control the speed of DC motor using 
MATLAB. Speed measurement and current 
measurement are done. The acquired data is serially 
transmitted to the PC. The chopper circuit is 
implemented and the PWM signal is supplied to it 
from the microcontroller. Thus simple PID control of 
motor is implemented effectively.  
  (i)The desired speed is attained with high response 
time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(ii)The speed is attained with low steady state error. 
The cascade control will be implemented.  
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