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ABSTRACT - This paper presents methods for 

regulating the elevator's cabin speed and position for 

purposes of traffic control. It contains four stations. 

On every station there are two position sensors and 

cabin call button. Cabin speed regulation is realized 

with microcontroller, incremental encoder and 

chopper, where chopper controls DC motor speed. A 

simple traffic control is written for ARDUINO 

platform. 

I. INTRODUCTION 

This paper will show how to regulate elevator's 
cabin speed and position for purpose of traffic 
control. It is necessary to achieve speed regulation 
due to speed limitations, acceleration and 
deceleration. In that way a cabin snatch can be 
solved.  Position regulation is needed because the 
cabin needs to stop on preferred position. All 
functions are realized with two ARDUINO 
development boards (Pro Mini and Mega board) 
they are easy to program and they easily control 
another elements of control systems. The elevator 
model was made with the aim of acquiring 
knowledge of automation and regulation. The 
picture of model is given in Fig 1. 

 

Figure 1.  Laboratory model of the Elevator 

II. DC MOTOR SPEED REGULATION 

The speed control loop contains microcontroller 
ATmega328p, which is a part of ARDUINO Pro 

Mini development board, chopper and small DC 
motor with permanent magnets. 

A. Controller 

ARDUINO Pro Mini (Fig 2.) development 

board is used as a PI controller. PI controller is 

implemented using the PID library. The process has 

only one dominant pole so it can be controlled quite 

well with a PI controller. PI controller parameters 

are obtained with experimental method, and uses 

difference between reference value which is set by 

another microcontroller and feedback value as an 

input. First the proportional gain is increased to get 

a little overshoot and then the intagral constant is 

deacreased from large value to small to obtain the 

response with given overshoot. Output is a PWM 

signal with modifiable duty-cycle. 

 

 

Figure 2.  Overview of an ARDUINO Pro Mini board 

 

TABLE I.  ARDUINO PRO MINI TECHNICAL CHARACTERISTICS  

Microntroller type ATmega328p 

Operating voltage 5V 

Power supply 5-12V 

Digital I/O 14 (6 PWM outputs) 

Analog inputs 6 

Flash memory 32 KB 

SRAM 2 KB 

EEPROM 1 KB 

Clock 16 MHz 
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Figure 3.  Parallel PI regulator block scheme [5] 

 

PI transfer function is as follows [3, 5]: 

F(s) = K ∗
1 + 𝑠𝑇

𝑠𝑇
= 0.5 ∗

1 + 0.25𝑠

0.25𝑠
= 

0.5 ∗ (
1

0.25𝑠
+ 1) = 0.5 +

2

𝑠
   (1.) 

 

B. H-Bridge 

H-bridge is used to control direction and speed 
of DC motor. Inputs of H-bridge are connected to 
ARDUINO Pro Mini which controls direction and 
PWM duty-cycle. Output of an H-bridge is a voltage 
between 0 V and 12 V, and which depends on 
input’s duty-cycle. It is connected to a DC motor 
armature. 

 

 

Figure 4.  Electrical scheme of an H-bridge [2] 

 

Transfer function of a H-bridge is as follows: 

𝐹(𝑠) =
𝑈𝑂𝑈𝑇(𝑠)

𝑈𝐼𝑁(𝑠)
= 𝐾 = 2.43  (2.) 

and its characteristic is shown on Fig.5. 

 

 

Figure 5.  Steady state characteristics characteristic of an     

H-bridge 

C. DC Motor 

DC motor with permanent magnets is used as an 

operating machine. The only known data about the 

motor are armature voltage which is 12 V and 

rotation speed which is 120 rpm. To get the transfer 

function of this motor, this data was insufficient. 

Dependence between rotation speed and armature 

voltage was measured with tachogenerator, and 

transfer function was obtained with MATLAB’s 

System Identification Toolbox [4]: 

 

𝐹(𝑠) =
𝜔(𝑠)

𝑈𝑎(𝑠)
=

𝐾𝑝

(1+𝑠𝑇𝑝1)(1+𝑠𝑇𝑝2)
=

𝐾𝑝

1+𝑠(𝑇𝑝2+𝑇𝑝1)+𝑠
2𝑇𝑝1𝑇𝑝2

=
0.9124

1+0.321𝑠+0.011𝑠2
 (3.) 

 

 
Figure 6.  Input-output characteristic of a DC motor obtained 

from measurements 

D. Incremental Encooder 

DC motor rotation speed is measured with 

incremental encoder (Fig 7.). Incremental encoder 

gives 600 impulses per rotation. Output is 

connected to ARDUINO Pro Mini which counts 

impulses in time and is used as a regulation circuit 

feedback. Maximum input in encoder is 13.51 rad/s 

and maximum output is 5 V.   



 

Figure 7.  Incremental encoder 

Teherefore the transfer function of incremental 
encoder is: 

𝐹(𝑠) =
𝑦(𝑠)

𝜔(𝑠)
=

5

13,51
= 0.37  (4.) 

III. SPEED REGULATION FEEDBACK LOOP 

Reference value is voltage between 0 V and 5 

V. It is set on analog input of microcontroller. If the 

reference value is set to 5 V, then DC motor 

rotation speed is 13.5 rad/s. Output of measuring 

element is value between 0 and 5. Regulator input 

uses difference between referent value and output 

of measuring element. Depending on the difference, 

on the output of the regulator 500 Hz PWM signal 

with modifiable duty-cycle appears. PWM signal is 

used as an input value to H-bridge. DC motor 

rotation direction is chosen by Arduino Mega 

which sends information of direction to ARDUINO 

Pro Mini. Arduino Pro Mini generates PWM signal 

with which controls DC motor speed via H-bridge. 

DC motor is connected on the output of the H-

bridge. Motor speed depends on PWM’s duty cycle. 

 

Figure 8.  Simulink model of speed control feedback loop 

 

Figure 9.   Speed control time response 

IV. POSITION AND TRAFFIC REGULATION 

A. ARDUINO Mega 

ARDUINO Mega development board (Fig 10.) is 

chosen for position and traffic control. This board is 

chosen because it has enough digital inputs and 

outputs to connect outputs of 8 position sensors, 8 

buttons for cabin calling and few pins to 

communicate with ARDUINO Pro Mini.  

 

Figure 10.  Overview of an ARDUINO Mega board 

TABLE II.  ARDUINO MEGA TECHNICAL CHARACTERISTICS  

Microntroller type ATmega2560 

Operating voltage 5V 

Power supply 7-12V 

Digital I/O 54 (15 PWM outputs) 

Analog inputs 16 

I/O current 20 mA 

Flash memory 256 KB 

SRAM 8 KB 

EEPROM 4 KB 

Clock 16 MHz 

 

B. Cabin position sensor 

Cabin position sensor is an optocoupler. Paper 
flag is mounted on the cabin, and it goes through 
sensors. When the flag is between IR diode and 
photo transistor, sensor output is 0 V, else output is 
5 V. Depending on sensors outputs microcontroller 
determines cabin position. Elevator model has eight 
sensors, two on every station. 

 

Figure 11.  Electrical sheme of an optocoupler 



C. Traffic control 

There is a call button (Fig. 12.) on every of four 

stations. Four buttons are mounted in the cabin. 

They are connected to digital inputs of 

microcontroller. Algorithms in microcontroller save 

every button call and send cabin to the first saved 

value. 

 

Figure 12.  Electrical scheme of a call button 

An elevator has four stations and the cabin 

speed depends on difference between current 

position and position where cabin needs to go. If 

the cabin needs to go from the first to second 

station, referent speed needs to be minimal because 

the distance is small. Also, acceleration and 

deceleration depends on difference between 

stations. Algorithm in microcontroller calculates the 

difference and constantly sends parameters to 

second microcontroller. It sends reference value of 

speed and cabin direction. Reference value has the 

shape of PWM signal, because microcontroller does 

not have analog outputs. PWM signal is connected 

to RC filter (Fig 13). The output is approximately 

equal to average value of PWM signal and it is 

connected to ARDUINO Pro Mini analog input. 

Fig. 14 shows acceleration and deceleration speed 

reference ramps.  

 

Figure 13.  Electrical scheme of an RC filter 

 

Figure 14.  Change of a reference value 

D. Principles of operation of the elevator system 

If the system is turned on for the first time, 

microcontroller checks cabin position.  If the cabin 

is not on the first station, microcontroller positions 

cabin on first station. After that, microcontroller 

constantly checks call button and position sensors 

change of state. When the call is active, 

microcontroller calculates difference between 

stations and sets reference value of speed and 

direction of moving cabin to the speed control 

circuit. When the cabin is on the wanted position, 

microcontroller sends zero as speed reference and 

the cabin stops. 

V. CONCLUSION 

The elevator model is made with the aim of 

acquiring knowledge of automation and regulation. 

It is useful for laboratory exercises because the 

parameters of regulator are easy to change. If the 

parameters are changed, then the speed of cabin 

will be different. 

Benefits in using such system are: 

 ARDUINO platform is easy to program 

and is compatible with many operating 

systems, 

 it is easy to change elements and their 

parameters in code, 

 it is possible to measure all signals 

between microcontrollers and other 

elements. 

However, there are certain disadvantages. They 

include: 

 low operating voltage and possible 

disturbances, 

 ARDUINO Mini Pro and Mega have not 

enough interrupt pins, so microcontroller 

needs to have additional algorithm to 

constantly check changes of states on 

digital inputs, 

 optocouplers are not resistant to dust. 

Electromagnetic sensors would be better. 

In addition, some improvements to this system 

can be done: 

 adding the cabin door, 

 changing DC motor with gear unit with 

DC motor without gear unit because when 

the cabin goes down the motor would be in 

braking mode. In that way real elevators 

work [6]. 
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