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Abstract

Automatic control of a model elevator based on NI
Labview and myRIO

Anton Storfors

This project aims to use the myRIO embedded device with programming
development software, LabVIEW, for the education of automatic control in
association with the course Control Engineering (Reglerteknik) in Uppsala University. 

The myRIO is a portable reconfigurable I/O (RIO) device developed by National
Instruments for students to use for designing control, signal processing, robotics, and
mechatronics systems. It contains a Xilinx FPGA and a dual-core ARM Cortex-A9
micro-controller that can be programmed with LabVIEW (Laboratory Virtual
Instrument Engineering Workbench). 

The control system that the project is concerned with is to control a model elevator
which, available for the project, is a cabinet driven by a DC motor up and down along
two steel poles. It is a representative control system, containing all possible
components of a feedback control system, i.e., controlled process, actuator,
controller, sensor. The elevator (the controlled process) has three floors with
pre-specified heights. The height is determined by an ultrasonic sensor (for feedback).
The motor (the actuator) is controlled by a PID (proportional-integral-derivative)
controller. 

The specifications for the control system implemented are given beforehand, in
particular, the parameters related to system performance such as stability,
responsiveness and accuracy (or residual error), as well as real time display of
operating information. 

The motor driver (a H-bridge circuit) for the motor and the circuit for the
information have been built. The myRIO is used to implement the PID controller,
handle the set point specifying floor number, manage the sensor measurements. The
whole elevator control system has been implemented and tested. The test results
show that the control system works well and fulfills the given specifications. Further
work on improvements for the project is suggested. The myRIO is shown to be an
excellent device well suited for the education of control engineering. 
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Populärvetenskaplig sammanfattning 

 

Reglerteknik är ett väldigt aktuellt ämne i dagens samhälle. Det används i styrsystemen i allt från 

tillverkningsindustrin, farthållaren i en bil eller i systemet som får en tvåhjulig balansbräda att hålla 

sig upprätt. Det finns många olika sätt att verkliggöra ett sådant system på och många olika 

algoritmer att tillämpa för att få systemet att agera som man vill. Det finns en mängd olika 

datorsystem och mikrokontrollers som dessa reglersystem kan implementeras på samt många olika 

programmeringsspråk och miljöer de kan realiseras i. 

Projektet som denna rapport behandlar har gått ut på att implementera ett styrsystem för en 

modellhiss. Detta reglersystem har ett antal förbestämda specifikationer som skulle uppfyllas. Dessa 

var en minsta tid för hissen att uppnå en nivåändring, en viss precision när hissen uppnått en ny nivå 

samt att systemet inte har en så kallad översvängning. Med översvängning menas i detta hissystem 

att hissen ej ska passera den utsatta nivån för att sen åka tillbaka innan den stannar. 

För att uppnå de på förhand givna specifikationerna har i detta projekt ett så kallat återkopplat eller 

slutet reglersystem använts med en proportional-integral-derivative (PID) algoritm. I korta drag 

betyder detta att avståndet från hissen till golvet under den mäts med en ultraljudssensor som 

uppdaterar hissens position väldigt snabbt och denna position används sen i kontrollalgoritmen som 

på ett kontrollerat sätt med en DC-motor kör hissen till den/de nivåer som användaren bestämt.  

För att kunna implementera detta styrsystem så har National Instruments två produkter myRIO och 

LabVIEW använts. myRIO är en portabel utvecklingsplatform för studenter med en Xilinx FPGA och en 

dual-core ARM Cortex-A9 processor. LabVIEW (Laboratory Virtual Instrument Engineering 

Workbench) är en grafisk programmeringsmiljö som i en väldigt hög grad är anpassad för att 

användas tillsammans med myRIO.  

Slutsatsen med projektet är att reglersystemet fungerade bra och de förbestämda specifikationerna 

uppnåddes. Vissa svagheter i systemet upptäcktes t.ex. att den el-motor som användes bör bytas 

mot en som kan kontrolleras bättre som bättre resultat skall uppnås. I rapportens slut har även andra 

förbättringar föreslagits och framtida arbete på projektet som kan utföras.   
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Abbreviations 

ASP Analog Signal Processing 

CPU Central Processing Unit 

DC Direct Current 

DSP Digital Signal Processing 

FIFO First In First Out 

FPGA Field-Programmable Gate Array 

I/O Input / Output 

I2C Inter-Integrated Circuit 

LabVIEW Laboratory Virtual Instrument Engineering Workbench 

LED Light-Emitting Diode 

LTI Linear Time-Invariant  

MOSFET Metal-Oxide-Semiconductor Field-Effect Transistor 

PID Proportional-Integral-Derivative 

PWM Pulse-Width Modulation 

RT Real-Time 

SoC System on Chip 

UART Universal Asynchronous Receiver-Transmitter 
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1 INTRODUCTION 

1.1 BACKGROUND 
 

Automatic control is used everywhere in the world in very many industries. It is used in everything 

from controlling the chemicals in a paper making facility to the cruise control in a car. To go with this 

is a lot of programming to control the processes in various programming languages. 

Courses in automatic control are filled with theory and what a theoretical system would look like. 

Implementing a real system can be very different and is a very valuable step to go through when 

studying automatic control. A great tool for building real systems is the myRIO and LabVIEW made by 

National Instruments. 

myRIO is an embedded device and development platform made by National Instruments with the 

intention for students to design and implement different engineering applications in control, signal 

processing, robotics and mechatronics systems. The myRIO has digital/analog inputs and outputs, a 

Xilinx FPGA and a dual-core ARM Cortex-A9 micro-controller that can be programmed with LabVIEW 

(Laboratory Virtual Instrument Engineering Workbench), a system-design platform and development 

environment for a graphical programming language from National Instruments. In this thesis project 

the application of the myRIO will be used in the field of automatic control. 

1.2 PURPOSE AND GOALS 
 

The purpose of this project is to use a myRIO embedded device 
with development software, LabVIEW, to the field of automatic 
control in the association with the course Control Engineering 
(Reglerteknik). In particular, the automatic control in this project 
will be about controlling a model elevator to move to 
predetermined heights, or floors. The measurements to determine 
where the elevator is located will be done with an ultrasonic 
distance measurement circuit. A motor control circuit will be built 
to regulate the voltage supplied to the model elevators electric 
motor. All the elevator functions and control will be implemented 
on myRIO using the graphical programming environment LabVIEW. 
 
The goal of the project is to create a functioning control system for 
the elevator, fulfilling the following specifications for stability, 
responsiveness and accuracy: 
 
  • No overshoot 
  • Rise time of 2 seconds 
  • Accuracy of 1 cm 
  • Real time operating information display 
 

 

 

Fig. 1.1 Picture of the initial 

elevator system without anything 

added from this project. 
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1.3 TASKS AND SCOPE 
 

The specific tasks to be completed in this project are to construct a motor controller that can control 

the voltage level and polarity supplied to the DC-motor. Develop a LabVIEW program for the myRIO 

that can control the elevator to predetermined floors with the help of an ultrasonic distance 

measurement unit when an external button is pushed. An external display for elevator operating 

information such and floor number and traveling direction. The elevator system is then to be tested 

and evaluated according to the specifications set in goals. 

1.4 OUTLINE 
 

The rest of the report is organized as follows. myRIO and LabVIEW are first presented in Chapter 2 

and then the control theory is addressed in Chapter 3. After these the implementation of the control 

system is described in terms of hardware, software and system implementation in Chapter 4, 

following this the results are presented and discussed in Chapter 5. Finally the thesis is concluded in 

Chapter 6 with suggestions for suture work. 
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2 MYRIO AND LABVIEW 

2.1 MYRIO 

 

Fig. 2.1 The myRIO student development platform. 

 

myRIO is a development platform made by National Instruments, and it is programmed in the 

graphical programming environment LabVIEW. The main purpose of the myRIO is to provide students 

with a scaled down and easy to use platform to create projects, either for themselves or as a part of 

a course. myRIO has two different versions, myRIO-1900 and myRIO-1950. The former has both USB 

and Wi-Fi connection. The Latter only has USB connection. The myRIO-1900, as shown in Fig. 2.1, is 

used in this thesis project. Its hardware overview is shown in Fig. 2.2. myRIO has a Xilinx Zynq-7010 

SoC (System on Chip) which integrates the software programmability of an ARM processor with the 

hardware programmability of an FPGA (Field-Programmable Gate Array), enabling key analytics and 

hardware acceleration while integrating CPU, DPS, ASP and mixed signal functionality on a single 

device. Therefore, myRIO is not just an input/output device instead it is a stand-alone system where 

the code implemented on it can be run without the need for an external computer to be connected. 

The placement of the external connectors in the platform as well as the location of other onboard 

functionality like a button, an accelerometer and some LEDs is shown in Fig. 2.2.  
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Fig. 2.2 The NI myRIO internal components and connections [1]. 

 

The platform has three big I/O-connectors, shown in Fig. 2.3 and 2.4, with both digital and analog 

I/O-pins, some pins have been designated with specific functions such as PWM, UART and I2C. 

 

Fig 2.3 myRIO MXP connector A and B input/output pins [1]. 
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Fig. 2.4 myRIO MSP connector C input/output pins [1]. 

 

As the Zynq-7010 SoC has a dual-core ARM Cortex-A9 processor and an Artix-7 FPGA, the myRIO 

platform has two different code execution parts, LabVIEW RT (Real-Time) and LabVIEW FPGA.  

The RT is a Linux based operating system and programming on it using LabVIEW works almost the 

same, a few functions are not available, as on a Windows computer. The RT has a supervisory role to 

the FPGA where if some functions on the FPGA need to be controlled they are usually implemented 

on the RT.  

The FPGA is an integrated circuit that is, as the name “field-programmable” suggests, configurable by 

a costumer or a designer after manufacturing. Every FPGA chip has a finite amount of resources that 

can be used to create a specific application. These resources consist of logic blocks, I/O blocks and 

the programmable interconnections between them [2].  

The advantage of using a FPGA instead of a normal processor is that different parts of the program 

can be executed in true parallel. In this way high performance and reliability can be achieved where 

needed, for example in control loops of critical system processes.  

On the myRIO all digital and analog I/O pins are internally connected to the FPGA. Programming the 

FPGA works like on the RT just a more specialized tool palette is used in LabVIEW.  

Unlike myDAQ ( a data acquisition device that needs to connect to a computer), myRIO has the 

possibility to implement a stand-alone system and the possibility to use the computationally 

powerful FPGA.  
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2.2 LABVIEW 
 

LabVIEW, abbreviation for Laboratory Virtual Instrument Engineering Workbench, is a system-design 

platform and development environment for the visual programming language G created by National 

Instruments [3]. As a graphical programming language, it uses blocks and icons instead of lines of text 

to create applications, namely, the user places blocks and icons representing different functions and 

structures, such as while loops or if cases, and connect them together with wires. The wires function 

as data and variable paths and when a function has all its required data inputs filled it executes. This 

creates an inherent ability in LabVIEW to execute processes in parallel which will be very useful on 

the FPGA as will be discussed later. 

Systems that require data acquisition, automation or automatic control are the places LabVIEW is 

most commonly found. It’s a very fast and easy way to setup new testing environments since 

changing or adding functionality can be done seamlessly. LabVIEW has extensive support for 

interfacing with external hardware and there are often prebuilt blocks for communication available 

either form the hardware manufacturer or shared by other users. 

LabVIEW consists of two distinct parts, the front panel and the block diagram, as shown in Fig. 2.5. 

The front panel is where the program will be controlled, with sliders, knobs, numeric fields etc., and 

all values and data are presented, in graphs, indicators, meters and more. The block diagram is where 

the blocks and structures are connected with wires and executed. It is on the block diagram all logic, 

algorithms, input/output handling and signal processing are implemented. 

 

 

Fig. 2.5 Front panel and block diagram in LabVIEW. 
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When working in the two different windows each of them has a specific set of functions available in 

what’s called palettes. On the front panel the user gets a Control Palette, shown in Fig. 2.6, filled with 

the functions that can be used on the front panel. On the block diagram a Functions Palette, shown 

in Fig. 2.7, is available with all the functions and structures used on the block diagram. 

 

Fig. 2.6 Front panel Control Palette with available blocks. 
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Fig. 2.7 Block diagram Functions Palette with available blocks and structures. 

A program in LabVIEW is implemented is what’s called a VI (abbreviation for Virtual Instrument). A VI 
is simply a file where the program the user built is saved to. If the user has code on the block diagram 
that is used in multiple places or if the code gets too big and hard to navigate the user can 
decompose the VI into modules using sub-VIs where each sub-VI serves as a module. A sub-Vi is 
analogous to a subroutine VI that can be called by other VI. A sub-VI is the same as a VI. It contains 
front and block panels, but it can only be called by other VI. 
 

In this project the FPGA on the myRIO will be used. To program this a myRIO addon for LabVIEW is 

needed which includes the extra FPGA functionality. Programming a normal FPGA is very complicated 

and requires deep knowledge in digital circuit design. This FPGA programming is something that 

LabVIEW handles for the user. With the FPGA package installed with LabVIEW the user gets a 

specific, more limited, Functions palette to use with the FPGA, shown in Fig. 2.8. When the LabVIEW 

code for the FPGA a is complete it is sent, either locally or over the internet, to a compiler that 

synthesizes the code into a bit-file. The bit-file contains all the instructions the FPGA needs to 

connect its blocks into a circuit that performs the tasks defined by the LabVIEW code the user 

created. 

The big advantage with using the FPGA is the reliability, speed and the ability to execute code in true 

parallel. This will be very useful when implementing a control algorithm or acquiring data from a 

sensor. 
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Fig. 2.8 Functions palette on the FPGA block diagram. 

 

 

The easiest way to implement a program in LabVIEW that has many different VIs or a hardware 

device is to use the LabVIEW Project Explorer, as shown in Fig. 2.9. In the project explorer the user 

can organize Vis and sub-Vis created and run on different devices and move Vis to folders for a good 

program overview. The project explorer is also where the user adds the hardware used in a project 

for example in Fig. 2.9 a cRIO-9030 device is added along with organization of all the Vis and variables 

used.  
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Fig. 2.9 LabVIEW Project Explorer of an example cRIO-9030 project. 

 

Using LabVIEW and its compatible hardware devices for education has a very big advantage 

compared to other programming environments. With the graphical programming students can easily 

learn the concept and start programming more advanced functions a lot faster. With the easy to 

implement hardware a physical system can be implemented with much less programming 

knowledge.  
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3 CONTROL THEORY 

 

3.1 FEEDBACK CONTROL 
 

Feedback control, or closed loop control, is based on the feedback from the control process (or 

system) to determine how a process should be controlled. A general case for a feedback control 

system is shown in a block diagram in Fig. 3.1. It consists of a controller, an actuator, a process and a 

sensor. The process is the object to be controlled in the control system through the controller.   

 

 

Fig. 3.1 Block diagram of a Feedback control loop. 

 

The way that the feedback control system works is to take the current output of the Process, the 

Process Value, that needs to be controlled and then compare it with the value the user wants the 

process to have, the Set Point. From the comparison the difference between the output and the set 

point, called error signal e(t), is determined. When the error has been obtained it is fed into the 

Controller where a corrective algorithm is used to generate a control signal, u(t). The control 

algorithm can be as simple as a bang-bang control [4] or a more advanced proportional-integral-

derivative (PID) control [5]. The control signal is sent to the Actuator, which can, for example, be a 

controllable driver for a motor. The Actuator then acts on the Process to change it in a way that 

reduces the error. The output from the Process is then measured by a Sensor to generate a new 

Process Value and the control loop is repeated. 

To develop the feedback control of a LTI-system the transfer function of the system is useful and 

needs to be determined [6]. Assuming the transfer functions of the controller,  the actuator, the 

process and the sensor to be C(s), A(s), P(s) and S(s), respectively, the total transfer function of the 

feedback control system can be determined in the following manner for the input at the set point, 

r(t), and the output from the process, y(t) (whose Laplace transforms are R(s) and Y(s), respectively), 

 𝑌(𝑠) = 𝑃(𝑠)𝐴(𝑠)𝑈(𝑠)     (3.1) 

𝑈(𝑠) = 𝐶(𝑠)𝐸(𝑠)     (3.2) 

𝐸(𝑠) = 𝑅(𝑠) − 𝑆(𝑠)𝑌(𝑠)     (3.3) 

Using Eqs. 3.1,3.2 and 3.3 the total transfer function can be found to 

𝐺(𝑠) =
𝑌(𝑠)

𝑅(𝑠)
= (

𝐶(𝑠)𝐴(𝑠)𝑃(𝑠)

1+𝐶(𝑠)𝐴(𝑠)𝑃(𝑠)
)    (3.4) 
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For a digital case the feedback loop in Fig. 3.1 would have the Controller implemented on a computer 

or microprocessor, there would be a Digital-to-Analog converter from the Controller to the Actuator 

and an Analog-to-Digital converter from the Sensor to the Controller [7]. 

To implement a feedback control loop on a computer it needs to be discretized since the computer is 

a digital system and doesn’t handle data continuously. The discretization is made by the computer 

sampling the sensor data at specific time intervals called the sampling frequency, Ts, of the system. 

The continuous time tk corresponding the discrete time k is expressed as 

𝑡𝑘 = 𝑘 ∗ 𝑇𝑠      (3.5) 

What this mean in a real system is that the Controller will have new data from the Sensor at the time 

interval determined by the sampling frequency. The sampling frequency can be determined with 

consideration to the speed at which the Sensor can provide data or the speed of the computer used. 

The discrete time k represents the current sampled value, (k-1) is the previous sampled value, (k-2) is 

the value sampled two sample periods earlier and so on [7]. 

3.2 PID CONTROL 
 

In this section the specifics of the blocks in Fig. 3.1 of the feedback loop as used in this project is 

presented starting from the Actuator in the control loop. 

The Actuator in this project is a motor driver that takes the control signal from the Controller and 

supplies a 12-volt DC motor with the appropriate voltage for the signal.   

The Process is the model elevator moving up or down then stopping at specified heights determined 

by the Set Point according to pre-defined floors.  

The Sensor is an ultrasonic distance measurement unit that, after processing in LabVIEW, generates a 

Process Value that is the current height of the elevator from the ground.  

The Controller is implemented in the form of PID control, a simple representation shown in Fig. 3.2, 

the actual implementation of the PID controller and feedback loop is shown in Fig 4.4 later in the 

report. PID regulation is a very common way of implementing the controller in a feedback control 

case and is used to manipulate the error signal to get a desirable response out of the Process. The 

PID is comprised of three parts, P – Proportional, I – Integrating and D – Derivative [5]. The PID 

controller can be used in whole or in parts, P-, PI-, PD- or PID depending on the needs for the process 

being regulated. The error signal is used as an input to the PID controller and the output is a 

summation of the different parts manipulation of the error, this sum is the control signal used as an 

input to the motor driver.  

 

Fig. 3.2 Simple representation of a proportional-integral-derivative (PID) controlled process [8]. 
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To implement a PID controller the different parts of it are represented by mathematical equations, 

for a continuous time system these equations are as follows [5].  

The error signal, e(t), is generated by the difference of the Set Point and the Process Value. 

𝑒(𝑡) = 𝑆𝑃(𝑡) − 𝑃𝑉(𝑡)     (3.6) 

Where SP(t) is the Set Point at time t and the PV(t) is the Process Value at time t. 

The proportional part of the controller, Eq. 3.7, can be seen as the “present” term and is the error at 

time t multiplied with the gain of the controller. 

𝑢𝑃(𝑡) = 𝐾𝑐 ∗ 𝑒(𝑡)     (3.7) 

where Kc is the gain and e(t) the error. 

The integrating part, Eq. 3.8, is an integral of the previous error values up to the time t and can be 

seen as a “past” term in the controller. 

 𝑢𝐼(𝑡) =
𝐾𝑐

𝑇𝑖
∫ 𝑒(𝑡)𝑑𝑡

𝑡

0
     (3.8) 

where Ti is the integral time. 

The derivative part, Eq. 3.9, is a derivation of the error at time t and can be seen as a “future” term of 

the controller.  

 𝑢𝐷(𝑡) = 𝐾𝑐 ∗ 𝑇𝑑𝑒´(𝑡)     (3.9) 

where Td is derivative time. 

 

To use these equations in a digital environment as computer or more specifically in LabVIEW they 

need to be discretized. The discrete variants with the discrete time k is presented as follows [7]. 

The proportional part is a simple transformation from the continuous time t to the discrete value k. 

𝑢𝑃(𝑘) = 𝐾𝑐 ∗ 𝑒(𝑘)     (3.10) 

where e(k) is the current error value. 

To discretize the integrating part by using the trapezoidal rule [9] to approximate the integral sharp 

changes in the integral term can be avoided if the process value of set point suddenly changes. The 

discretization of Eq. 2.3 with the trapezoidal rule is shown in Eq. 3.11. 

𝑢𝐼(𝑘) = 𝑢𝐼(𝑘 − 1) +
𝐾𝑐

𝑇𝑖
(

𝑒(𝑘)+𝑒(𝑘−1)

2
)∆𝑇    (3.11) 

where e(k-1) is the previous error and ∆T is the controller sample time. 

As in the integrating part the derivative also needs to be discretized. The elevator system is prone to 

something called derivative kick, where large changes in the set point causes a large error and a large 

change seen by the derivation. To avoid this derivative kick the derivation is applied to the process 

value instead of the error. The resulting equation of the derivative part is shown in Eq. 3.12. 

𝑢𝐷(𝑘) = 𝐾𝑐
𝑇𝑑

∆𝑇
(𝑒(𝑘) − 𝑒(𝑘 − 1))    (3.12) 
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where e(k) is the error and e(k-1) is the previous error. 

The discretized output from the PID is then a summation of these three parts as shown in Eq. 3.13. 

𝑢(𝑘) = 𝑢𝑃(𝑘)+𝑢𝐼(𝑘) + 𝑢𝐷(𝑘)    (3.13) 

 

There are different methods to determine the optimal parameters for a PID controller. One of these 

methods and the one used in this project is the heuristic Ziegler-Nichols method [10]. To perform this 

method the integrating and derivative parts of the PID is disabled. The proportional gain, Kc is then 

increased from zero until it reaches a value, KU, where the system starts to oscillate with a stable and 

consistent period. The value of KU and the period, T0, of the oscillations is then recorded and used to 

determine the parameters used for the PID. There are different values used to tune these 

parameters researched by different people, two of these sets values are presented in Table 3.1. 

 

 Kc Ti Td 

Ziegler-Nichols [10] 0.6 KU 0.5 T0 0.125 T0 

Åström-Hägglund [11] 0.35 KU 0.77 T0 0.19 T0 

Table 3.1 Ziegler-Nichols method scaling coefficients. 
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4 IMPLEMENTATION 

 

4.1 SYSTEM OVERVIEW 
 

In this section a brief overview of the whole system will be presented. The picture of the system is 

shown in Fig. 4.1. 

 

Fig. 4.1. View of the whole external system. 
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On the leftmost side is the miniature model elevator. It is made of a wooden plate base, two metal 
poles standing on the plate, and a cabin that is moved up and down along the poles by a motor 
through a wire connecting it. On the plate is the ultrasonic sensor for distance measurement. Up 
front is the main circuit breadboard with the buttons in black and white. On this main circuit is a logic 
level shifter to which the ultrasonic sensor is connected and the red display circuit in the bottom 
right. Above the main circuit is the motor driver and two fans to cool it, above it the gray 12-volt 
power supply can also be seen. To the right in gray rectangular box with a transparent plastic window 
is the myRIO. A simple overview of the connections between different part is shown in Fig. 4.2. 
 

 

Fig. 4.2. Simple system connection overview. 

 

The program to control all parts of the system is all implemented in LabVIEW on the myRIO device. 

These parts are the PWM to the motor controller, sending information to the display, sending and 

receiving information to the ultrasonic sensor and receiving signals from the buttons. In Fig. 4.3 the 

front panel of the system in LabVIEW is seen.  
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Fig. 4.3. Front panel of program in LabVIEW 

The front panel has controls for the PID parameters and indicators for a couple of values as well as a 

waveform chart of the current height of the elevator and the current set point of the system. 

In short, the system works by the comparing the height measurement with a set point, the set point 

is changed by pressing one of the three buttons. If the button pressed is for a different floor than the 

current the program determines if it’s going up or down then generates the appropriate PWM signal 

to drive the motor in the right direction. The PID control handles the speed of the motor and slow 

down then stopped when the elevator is sufficiently close to the new set point. An overview of the 

feedback control implemented in the system is presented in Fig. 4.4. 

 

Fig. 4.4 Implemented feedback control loop. 
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4.2 HARDWARE AND COMPONENTS  
 

4.2.1 Miniature elevator and motor 

 

The miniature elevator is rather simple in its construction. As shown in Fig. 4.1 the elevator is a 

wooden cabin that runs along two metal rods attached to the bottom wooden stand. The elevator 

cabin is attached to a string which runs up along two grooved wheels at the top of the metal rods. 

The string the runs down to the motor, along another grooved wheel then back up to the bottom of 

the elevator cabin. This setup works well except for the occasional shaking when the elevator cabin 

gets stuck against the metal rods for very short times. This mostly happens when the elevator is 

going down.  

The motor is a 12-volt DC electric screwdriver motor. This motor is the weakest link in the system as 

it can’t be driven in sufficiently slow speeds to make use of the precision of the rest of the system, 

more discussion on this in later sections.  

 

4.2.2 Motor Driver and PWM 

 

The motor for the elevator uses a lot more current than the myRIO is able to supply so an external 

motor driver is needed. The motor driver for the project was chosen to be what commonly called a h-

bridge. This motor driver circuit was chosen for its simplicity in construction and its ability to drive 

the motor in both directions. Rather than just using a complete integrated h-bridge circuit the parts 

to build a h-bridge from scratch was purchased and assembled. The circuit diagram for the h-bridge 

used is shown in Fig. 4.5.  

 

Fig. 4.5 Motor driver h-bridge circuit. 
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The h-bridge is constructed with three different transistors, two P-channel power MOSFETs, Q1 and 

Q3, (IRF9530N [12]), two N-channel power MOSFETs, Q2 and Q4, (IRF530N [13]) and two NPN signal 

transistors, T1 and T2, (2N3904 [14]). There are also six resistors in the sizes 4.7k, 2.2k and 1k ohm as 

well as a capacitor at 470 uF. The circuit is connected to the 12-volt supply and the PWM_1 and 

PWM_2 connections go to a logic level shifter then to the myRIO. 

The h-bridge works by passing the current from the supply through the motor either via the 

transistors Q1 and Q4 or Q3 and Q2. By doing this the current in to motor can be made to flow both 

ways at you can control which direction the motor drives. To describe how this is achieved take the 

h-bridge circuit in Fig. 4.5, if PWM_1 and PWM_2 has a low signal nothing happens since none of the 

transistors are conducting. If a high signal is applied to PWM_1, and PWM_2 is low, transistors Q2, T1 

and in turn Q3 starts to conduct and the motor receives current one direction. If PWM_1 is now low 

and PWM_2 is high the current direction is reversed and the motor turns in the opposite direction. 

Q2 and Q4 are N-channel MOSFETs which means that they start to conduct when a positive voltage is 

applied from base to source, in this case a 12-volt signal, the signal transistors T1 and T2 work the 

same way. Q1 and Q3 are P-channel MOSFETs and work in the opposite way, when the voltage 

between gate and source is negative the transistor conducts. This possible by putting the source of 

the P-channel MOSFETs on the supply voltage and then pulling the gate to ground through the signal 

transistors T1 and T2. 

The capacitors function is to absorb parts of the current spikes that is generated form the motor 

starting and stopping abruptly.   

When testing the complete elevator system after each part had been separately built it was 

discovered that the power transistors got very hot even under low motor usage. This was not 

discovered before because when testing the h-bridge is was only active for very short intervals. The 

problem was found out to be a to low gate voltage on the transistors so they never opened fully 

which significantly lowers the resistance across it. To increase the gate voltage a logic level shifter 

was used to increase the myRIO output at 3.3 V to 12 V. After this was implemented the h-bridge 

stayed relatively cool during normal use. 

Pulse-width modulation (PWM) is a technique that modifies the width of a digital pulse resulting in 

an average amplitude of the modulated waveform [15]. A PWM signal can be used with a motor 

controller to change to voltage supplied to a motor. This is done by changing what’s called the duty 

cycle, the width of the pulse, of a square wave so an average output of differing amplitude can be 

achieved. In Fig. 4.6 a PWM of a 12 V can be seen with varying duty cycles resulting in a varying 

voltage across the motor.  
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Fig. 4.6 PWM with varying duty cycle and 12 V supply. 

 

 

The average voltage output can be easily calculated with Eq. 4.1.  

𝑉𝑜𝑢𝑡 = 𝐷 ∗ 𝑉𝑠𝑢𝑝𝑝𝑙𝑦     (4.1) 

where D (0 - 1) is the duty cycle and Vsupply is the supply voltage. 

The frequency which the square wave of the PWM is operated at is varying with different 

applications. In some cases you can get an audible sound for the switching, by increasing the PWM 

switching frequency outside of the hearing range this can be counteracted.  

There are draw backs for increasing the frequency with for example the motor drive with transistors 

as the switching elements. When the switching frequency gets higher so does the switching losses in 

the transistors so it’s a balance between how much heat the transistors can dissipate and noise in 

the system [16]. 
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4.2.3 Ultrasonic sensor 

 

The ultrasonic measurement sensor used in the project is the prebuilt circuit HC-SR04 with a 

provided user guide [17]. The circuit, shown in Fig. 4.7, has four connections, Vcc, Trig, Echo and Gnd. 

Vcc is connected to 5 V and Gnd to ground on the myRIO. Trig and Echo are each connected to a 

digital I/O port on the myRIO.  

 

Fig. 4.7 Ultrasonic distance measurement circuit. 

 

The way this circuit works is by the user sending a short digital pulse, at least 10us long, to the Trig 

pin. The circuit then generates an 8-pulse burst at 40-kHz and sends it out from the transmitter, this 

pulse burst is the received after being reflected of the object that is beings measured. When the 

burst has been received the circuit generates a digital pulse on the Echo pin that corresponds in 

length to the distance the 40-kHz burst traveled. 

The Trig pin on the sensor circuit requires a 5 V pulse to be activated, so the connection from the 

myRIO must go through the logic level shifter before being connected to this pin. This is because the 

myRIO only have 3.3 V level digital output but can receive up to 5 V digital input. 

To calculate a distance, s, from the output of the ultrasonic sensor Eq. 4.2 is used.  

𝑠 = 𝑣 ∗ 𝑡      (4.2) 

where v is the speed of sound in air and t is the length of the pulse generated by the measurement 

circuit in seconds.  

The distance, d, that is wanted is from the circuit to the bottom of the elevator so the calculated 

distance s is divided by 2 since the sound pulse travels to and from the measured object for each 

measurement. This calculation is done in Eq. 4.3. 

𝑑 =
𝑠

2
      (4.3) 

The distance between the sender and receiver of measurement circuit introduces a small measuring 

error of the true distance from the ground to the bottom of the elevator. To compensate for this 

error Pythagoras theorem in Eq. 4.4 is used. 

𝑎2 = 𝑏2 + 𝑐2      (4.4) 
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where a is the measured length d, b is half the distance between sender and receiver and c is the 

true distance between the ground and the elevator, a visual representation of these distances is 

shown in Fig. 4.8. 

 

Fig. 4.8 Visual representation for the true distance calculation of distance between the ultrasonic 

sensor and the bottom of the elevator. 
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4.2.4 LCD – Display 

 

To get some information out of the system if it would be run in standalone mode a display is added. 

The display will show what floor the elevator is currently on and if the elevator is going up/down or is 

standing still in the style shown in Fig. 4.9. 

 

 

Fig. 4.9 Example output on the display. 

 

The display used in the project is the SerLCD which comes prebuild onto a controller circuit based on 

a HD44780 [18]. The communication with the screen from myRIO is via the protocol UART, but since 

LabVIEW has function blocks to handle UART communication there was no need to delve deeper into 

the workings of the protocol. What was is needed is how to use special characters to get the printout 

to look as desired, for this a great resource was found and used [19]. The datasheet for the HD44780 

controller was also used to determine the binary codes needed for the characters on the display [20]. 

There are three pins to connect on the display, Vcc connected to 5 V on the myRIO, Gnd connected 

to the myRIO ground and a pin the receive UART communication connected to a dedicated UART 

transmission pin on the myRIO. 
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4.2.5 Logic Level Shifter 

 

As mentioned previously the display, ultrasonic sensor and the h-bridge inputs needed a higher 

voltage that the myRIO can provide. The solution to this problem was to use two logic level shifters, 

the specific part used was 40109B [21]. Since there was very little information in the datasheet on 

who to connect the level shifter in a working circuit an internet search was made and a circuit 

diagram was found [22] shown in Fig 4.10. When testing this circuit it worked perfectly and two 

circuits were made, one for the parts needing 5 V and one for 12 V by changing the Vdd voltage 

source. 

 

Fig. 4.10 Logic level shifter circuit for 3.3 V to 5 V shifting [22]. 
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4.3 SYSTEM IMPLEMENTATION IN LABVIEW 
 

Implementing the system with myRIO and coding all parts in LabVIEW has been the biggest time 

consumer in the project. It is one of the biggest reasons the project ran a little over time with a 

couple of redesigns being made, but more on this in their respective parts to come. 

The myRIO has two internal code execution parts, RT and FPGA, as previously said, and this is the 

main reason for choosing the myRIO for this project. What this means is that the system code is split 

up between these two parts. The PID control, distance measurement and button reading parts of the 

code which are more intensive and require more reliability are implemented on the FPGA.  While the 

parts of the code responsible for initialization, reading data to the chart and updating information on 

the display are implemented in the RT.   

To start out the coding a communication chart for the different parts of the system was made on 

paper. The communication chart for the final system is shown in Fig. 4.11. 

 

Fig. 4.11 Communication chart between different parts of the code. 

 

The computer is only used to program myRIO with LabVIEW. Once the programming is finished the 

computer will be disconnected and the system will run by itself. 
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In Fig. 4.12 the Project Explorer in LabVIEW where all the different parts of the code and their place 

in the hierarchy is shown. 

 

Fig. 4.12 LabVIEW Project Explorer of the elevator system. 
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4.3.1 Setup 

 

In this section the physical connections between the myRIO and all the external circuits including all 

connections between the circuits themselves will be presented, starting with a diagram of all the 

connections on the myRIO in Fig. 4.13.  

 

Fig. 4.13 Diagram of connections between myRIO and external circuits. Connections from myRIO to 

Level shifters shown as well.  

 

As shown in Fig. 4.13 the pins for PWM_UP (pin 29) and PWM_DOWN (pin 31) are connected to a 

level shifter taking the 3.3 V from the myRIO up to 12 V for inputs 1 and 2 on the h-bridge. Similarly 

the pins for the Trigger to the distance measurement circuit (pin 11) and UART to display (pin 14) are 

connected to a level shifter taking the 3.3 V to 5 V for the Trig pin on the ultrasonic sensor and the RX 

pin on the display circuit. A photo of the myRIO connections is shown in Fig. 4.14 where the 

connections follow the same color pattern as in Fig 4.13. 

 

Fig. 4.14 The connections for external circuits to the myRIO. 
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Photos of the main circuit and the h-bridge is shown in Figs. 4.15 and 4.16. In the photos some points 

of interest are marked and explained below the photo. 

 

Fig. 4.15 Photo of the main circuit with clarifying color indications. 

 

In Fig. 4.15 the level shifter IC can be seen in the upper right, the blue indication is of the buttons and 

their connection to the myRIO. The yellow indication shows the ultrasonic sensor connection to the 

level shifter and the myRIO. The green indication shows the display connection to the level shifter 

and the connection to the myRIO. The green and red wires in the photo are the 5 V and 3.3 V lines 

respectively and the black wire is ground.   
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Fig. 4.16 Photo of the h-bridge with clarifying color indications.  

At the left edge of Fig. 4.16 the yellow and black wires from the 12 V power supply can be seen and 

in the bottom left the 12 V level shifter is located. Indicated with a yellow mark are the PWM signals 

from the main circuit. The purple indication shows where the PWM signals connect to the gates of 

the h-bridge transistors. The yellow wires are 12 V and as on the main circuit red is 3.3 V black is 

ground. 
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4.3.2 System Startup, Controls, Indicators and Shutdown – RT 

 

This part of the code is the first to be executed when the program is started, it’s responsible for the 

initialization of the FPGA shown in Fig 4.17. The code for the PID parameter controls, the display of 

indicators and the chart is presented in Figs. 4.19 and 4.20. The final part of this code section is the 

shutdown of the FPGA and a system reset shown in Fig. 4.21. Since the code is so visually large the 

parts where to code connects is marked with color coded rectangles.    

 

Fig. 4.17 FPGA and Display initialization and FPGA start. 

The first part of the code in Fig. 4.17 is responsible for setting the FPGA reference used to determine 

which FPGA code is supposed to be run by this RT code. After the reference is made the initial values 

for the PID controller are set as well as the initial set point for the system. The PID controls can be 

seen entering a sub section of the code called PID_Gain_Calcs.vi, this will be explained in conjunction 

with the code for that part shown in Fig. 4.18.  

The next part of the code is to initialize the display with a string that first clears the screen, then 

prints Floor: on the first line and Going: on the second line of the display. The string is made up by 

the special characters used to control the displays features. These special characters are all available 

in the references of the display hardware section of this report. 

After the display is initialized the FPGA is sent the Run command which starts the FPGA code 

referenced at the start. 

 

Fig. 4.18 Calculations for the PID gains. 
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The purpose of this code is to move the division calculation away from the FPGA since division takes 

a lot of space and time on the FPGA. This works well because the PID parameters are static when the 

PID is running and the FPGA won’t have to wait for the RT to complete any calculations. There is also 

a disabling feature for the integration part where it is disabled if set to 0 and enabled if set to 1. This 

was implemented to be used while tuning the PID parameters with the Ziegler-Nichols method. 

 

Fig. 4.19 Values written to and read from the FPGA 

 

The code in Fig. 4.19 is a simple while loop and a FPGA method node that writes and reads data to 

and from the front panel on FPGA. The values written are the PID parameters and the PID output 

range. The values read are the process value, set point, PID output and duty cycle to the PWM, these 

values are displayed on the front panel of the RT. 

The first instance of the STOP button is shown in this while loop. This stop button is present in the 

loops of the RT code shown in Fig. 4.19, 4.20 and 4.22. When the stop button is pressed these three 

loops are exited and the program proceeds to the shutdown code in Fig. 4.21. 

 

Fig. 4.20 Code for the chart of the process value and set point on the RT front panel. 
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The simple code in Fig. 4.20 uses the same FPGA method as before to read the process value and set 

point and displays them in a chart on the RT front panel. The reason the process value and set point 

are read from the FPGA again in this code is because the executing rate of the chart loop is faster 

than the Update FPGA Values loop. 

 

Fig. 4.21 FPGA shutdown error handling and system reset. 

 

The yellow wires seen throughout the code are error wires, these carry error data from function to 

function that are later gathered and presented to the user. In Fig. 4.21 the first part of the code is the 

merging of error from all parts of the RT code. Next comes the Close FPGA Reference node, at this 

point the program closes the FPGA reference and resets the program code on the FPGA to its initial 

state.  

The Simple Error Handler.vi is a simplified error handler available in LabVIEW, it displays any error 

that occurred in the code prior to shutdown. The last part of the code is in a Sequence Structure that 

only executes when the program is stopped and the error message reaches it. The code inside the 

structure resets the stop button and clears the display.  
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4.3.3 Display Update – RT 

 

Fig. 4.22 shows the code that determines what floor the elevator is on and if the elevator is going up, 

down or standing still. 

 

Fig. 4.22 Code for floor logic and updating the display. 

 

The code for determining what floor the elevator is on simply compares the process value i.e. current 

height with a predetermined interval around the floor height. This means that if the elevator is 

anywhere inside the height of 370-430 mm the case for Level_1 will be true, the other two level-

cases will be false and a 1 is written to the display.  

To determine if the elevator is moving or standing still the process value is compared to an interval 

around the current set point. If the process value is inside this interval a --- text will be written to the 

display indicating the elevator is standing still. If the process value is outside the set point interval the 

outer case will be false and an inner case will determine, by reading the sign of the PID output, if the 

elevator is going UP or DOWN. The PID output is positive for UP and negative for DOWN and the 

appropriate UP or DOWN text is written to the display. 



34 
 

The display update code is the on physical pin I/O operated by the RT. This is because the UART 

specialized pin on the myRIO are the only ones RT can control if a user defined FPGA bit-file is in use. 

This can be changed by editing the FPGA profile but wasn’t necessary since the affected code fit on 

the FPGA. 

 

 

4.3.4 FPGA Front Panel 

 

In the sections following this one the code implemented on the FPGA will be presented. The front 

panel of the FPGA is something that normally is not going to be seen while the program is running. 

It’s used by LabVIEW as a gathering place for all controls and indicators used as local variables on the 

FPGA or controlled and read by the RT through the FPGA read/write method node. What the front 

panel on the FPGA looks like is shown in Fig. 4.23. 

 

Fig. 4.23 Front panel on the FPGA. 

On the FPGA front panel the PID parameters set from the read/write method node on the RT is 

shown. Set point, process value, PID output and the current duty cycle which are also read on the RT 

can also be seen. The three Boolean indicators shown to the right are only used locally on the FPGA 

for reading the external buttons.  

 

  



35 
 

4.3.5 Distance measurement - FPGA 

 

To get a distance measurement out of the ultrasonic sensor a pulse of at least 10 us is be sent to the 

Trig pin of the sensor circuit. The response from the sensor circuit will then be measured and a 

distance can be calculated. The code to handle these parts are presented in Fig. 4.24 and 4.25. 

 

Fig. 4.24 Code to generate the Trig pulses. 

The pulse is generated by a sequence structure that as the name suggests executes in sequence. The 

first frame sets the period for the pulse, the length of the period is limited by the travel time of the 

sound wave and speed of the measurement circuit. In the material for the ultrasonic circuit a period 

of 60 ms is recommended, but through testing no negative effects were seen with a period of 30 ms. 

This can partly be explained by the elevator system not using the full 400 cm range of the sensor so 

the travel time of the sound wave doesn’t need as much time to be received again. The max distance 

measured in the system will be under 100 cm, using Eq. 4.2 the time it takes sound to travel 2m (to 

and from the measured object) at 343 m/s (speed of sound in air at 20oC) can be calculated as in Eq. 

4.5. 

𝑡 =
𝑠

𝑣
=

2

343
= 0.00583 ≈ 6 𝑚𝑠    (4.5) 

So, a pulse period at 30 ms should be ok including any execution time needed by the sensor circuit. 

The pulse period is also a limiting factor of the PID since the process value only updates as fast as 

new measurements are received. For the speed the elevator travels receiving about 33 updates a 

second is seen as sufficient. 

The next frame sets the digital output pin 11 on PORT B to true, this pin stays true for the length of 

the pulse width. The pulse width is set to the required length of 10 us to trigger the ultrasonic sensor. 

Pin 11 is then set to false and the process is looped again. 

As might have been noticed the loop doesn’t have a loop timer, this is because the FPGA can execute 

all the loops in its code in parallel. This is useful for tasks like this one where you want it to execute as 

fast as possible. The absent loop timer will be noticed in most FPGA loops since the biggest reason to 

use the FPGA is to exploit its speed. 
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Fig. 4.25 Ultrasonic pulse time counter and distance calculation. 

To get a distance measurement out of the ultrasonic sensor the digital input pin 21 on PORT B 

connected to the Echo pin on the sensor is read. When this pin goes true i.e. a high pulse is sent from 

the sensor, a clock time is recorded. The code then waits for the port to go low again signaling an end 

of the pulse form the sensor and a second clock time is recorded. The first clock time is the 

subtracted from the first and the result is a length of the pulse from the sensor.  

The pulse length, measured in microseconds, is then multiplied by the value 0.1715 mm/us. This 

value is obtained by converting the speed of sound in air at 343 m/s to mm/us and the dividing it by 

2 to compensate for the sound wave traveling to then back from the elevator bottom. After this 

multiplication a measured distance in millimeters has been obtained.  

The next part of the code is a simple calculation with Pythagoras theorem to compensate for the 

distance between the sender and receiver on the ultrasonic sensor. The value 169 mm is the 

measured distance between the sender and receiver which has then been squared.  

After this processing the distance is written to the variable Process Value and the code returns to 

read pin 21 which goes to an empty case as long as the pin is false. 

 

  



37 
 

4.3.6 PID-control – FPGA  

 

The PID controller is implemented in the fashion described in the PID theory section 2.1. The PID is 

implemented with an output range imitation and an integral anti-windup function. The anti-windup 

didn’t really serve a function in the end but was left in place since it had already been implemented. 

The final code for the PID is shown in Fig. 4.26. 

 

Fig. 4.26 PID-controller implemented on the FPGA. 

The loop timer, the dt value of the PID, has been set at 3 ms i.e. a rate 10 times faster than the 

sample rate of the distance measurement. At first the PID loop was run as fast as the FPGA would 

allow, this caused a lot of jitter in the derivative part and the integrator got saturated for too long. By 

making the loop time a 10th of the measurement rate the PID worked properly. 

The different paths for the P, I and D parts are most easily identified by looking at the unbundling of 

the PID Gains at the bottom. The unbundling block has the I-gain at the top, D-gain in the middle and 

the P-gain on the bottom. 

The three orange blocks with and arrow and a * are feedback nodes, these nodes store the value 

from the previous execution of the code. The nodes can be seen from left to right first at the 

derivative action where it stores the previous Process Value for calculation. Next the feedback is used 

at the trapezoidal calculation of the integration action input where it stores the previous error to 

calculate a mean value of the two latest errors. The last feedback node is for the integration where it 

stores the previous integration value.  

The two selectors, triangle blocks with T, ? and F on them, are used to initiate the I, and D parts. They 

are wires to a First Call? function which returns a true the first time it is called by the program. The 

top of these two selectors also has the Reset Integral global variable wired to it, this is to reset the 

integral while the elevator is standing still to prevent a buildup on the integrating feedback. This 
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buildup would otherwise case jitters at the start of the elevator motion when the Set Point is 

changed. 

The integration anti-windup is implemented by adding the P- and I-parts together then comparing 

them to the set PID output range. If this addition falls inside the range the normal integration output 

is used for the integration feedback, if it falls outside the range the P-part is subtracted from the 

range limit, then this result is used for the feedback node instead.    
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4.3.7 Motor Control – FPGA 

 

The motor control code consists of the generation of a duty cycle controlled PWM, some limitation 

code and a case structure to select which output pin the PWM signal is sent out of. The motor 

control code is presented in Fig. 4.27. 

 

Fig. 4.27 Motor control code with PWM generation and direction selection. 

To calculate a duty cycle for the PWM the PID output is first scaled by the length between two floors 

(300 mm) of the elevator. This sets the duty cycle to 100% if the PID output is larger than 300, the 

rest of the duty cycle range is controlled by the size of the PID output. The duty cycle range is limited 

to different ranges depending in if the elevator is going up or down. This is because when going up 

the motor can’t be driven with a duty cycle lower than 0.6 due to the load up on the motor by the 

elevator. When going down the duty cycle low end is limited to 0.45, this was the lowest possible 

duty cycle the motor responded to.  

A square wave generator with a controllable duty cycle is used to generate the PWM signal. The 

frequency of the PWM signal is set to 20 kHz inside the generation block. This frequency was chosen 

to eliminate the whine heard from the circuit at lower frequencies. 

The sequence structure selects which pin the PWM signal is sent to or if both pins should be set to 

false when the elevator is standing still. This is done by comparing if the Process Value is inside a 

range determined by the Set Point. This is where the accuracy of the elevator levels can be set, the 

accuracy is set to 7 mm to allow for the measuring jitter from the ultrasonic sensor.  

If the Process Value is outside the range the direction is determined by the sign of the PID output, UP 

is selected if it’s positive DOWN if it’s negative. If the PID output is positive the PWM signal will be 

sent to the PWM_UP pin 29 and the PWM_DOWN pin 31 will be set to false, vice versa if PID out is 

negative. When the Process Value is in range the case structure sends a false to both the PWM_UP 

pin 29 and PWM_DOWN pin 31. 

When the Process Value is in range, signaling that the elevator should be standing still, the case 

structure sends a false to both the PWM pins. This is also when the Reset Integral global variable 

discussed earlier is set to true.  
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4.3.8 Queue System and Buttons – FPGA 

 

The queue system and buttons has gone through three large changes during the project. At first the 

thought was to implement a state machine on the RT, basically a function that sits and waits for and 

input to trigger a part of the code in the machine. When an almost complete state machine was 

tested it turned out that the RT can’t use the function to sit and wait the same way as it works on a 

Windows PC. This first iteration was built on a PC and is why the problem wasn’t discovered until it 

was tested on RT.  

A new system to read the external buttons and queue the level selections was developed on RT this 

time (the code can be viewed in Fig. App.1 in Appendix). When the code was tested on RT and 

working a bigger test of the system including parts of the FPGA code was conducted. This is where 

the discovery was made that the only digital I/O pins available to the RT are the UART pins for the 

display. This made the buttons unable to be read from the RT while FPGA code is running. So the 

level selection and queue system had to be reprogrammed for the FPGA, this time the structure of 

the system could remain the same but had to be changed to suit the FPGA. 

The final and working queuing and level selection code works by reading the external buttons, when 

a button is pushed and element corresponding the level for that button is put into an internal FIFO 

on the FPGA. The FIFO is a buffer that works like a queue and stores the element in the order of First 

In First Out until the element is read and removed from the queue. The element is the read from the 

FIFO and the corresponding level is selected. The code for the buttons and enqueuing of elements is 

shown in Fig. 4.28 and the dequeuing and Set Point selection in Fig. 4.29. 

 

 

Fig. 4.28 Queuing and level selection code. 

The three stacked while loops to the left in Fig. 4.28 are where the three buttons are read from pin 

11, 13 and 15 on PORT A. The default state of the button pins are true and while a true value is read 

by the enqueue loop an empty true case is executed and nothing happens. When a button is pressed 

the pin is pulled to ground and a false is read by the enqueue loop. The false case then puts an 

element of the corresponding button into the FIFO. Shown in Fig. 4.28 is the enqueue loop for the 

first level, Level_0, the code for the other two floor looks the same except they read from their 

corresponding pin.  

The extra code in the enqueue loop is to prevent multiple levels being queued for a single button 

press. It was problem before implementing this code that the FIFO would be filled with elements 
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form a single button press since the FPGA reads the button value extremely fast. Even with this code 

the occasional level was queued twice but this is handled in the dequeuing loop. 

 

Fig. 4.29 dequeuing loop and set point selection. 

The dequeuing works by checking the FIFO for any remaining elements, if no elements were found 

the case is true and an empty case is executed. When there are elements is the FIFO they are 

dequeued one by one and if the previous element is the same as the current it is discarded in an 

empty case at the set point selection. When an element that is not the same as the previous and 

corresponds to one of the levels that case is selected and the set point is updated to the height value 

of that level in the Set Point variable. There is also a delay added when a set point is written to make 

the elevator wait a short time at each level instead of just rushing from level to level if multiple 

elements are queued. 
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5 RESULTS AND DISCUSSION 

 

5.1 FPGA OPTIMIZATION 
 

As discussed in the FPGA theory section the FPGA has a finite amount of space for code to me 

implemented. Different functions require a very varying amount of space. During the development 

the code on the FPGA got way too big to compile so some optimization had to be done. Most of the 

optimization done was to remove unnecessary object on the FPGA front panel and use the lowest 

possible integer size for all calculations and variables.  

This feature of the FPGA was known beforehand but it wasn’t expected to run into a problem that 

the size of the code was too big. This was mainly because of the inexperience with FPGAs and coding 

on them. The final FPGA utilization, shown in Fig. 5.1, had only 4 of the total 4400 slices unused. 

 

Fig. 5.1 Final FPGA utilization. 
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5.2 PID TUNING 
 

To tune the PID controller the Ziegler-Nichols method described in the theory section was used. To 

prepare the system the derivative gain was set to zero and the integration gain was disabled with the 

disable integration control on the RT front panel. After this the proportional gain was increased until 

the system was set in oscillation, this occurred, shown in Fig. 5.2, at a KU value at 4 and a resulting 

oscillation period of about 0.5 seconds.   

 

Fig. 5.2 Oscillations during the tuning with Ziegler-Nichols method. 

The PID parameters could then be calculated with the scaling coefficients and the resulting PID 

parameter can be shown in Table 5.1. 

 Kc Ti Td 

Ziegler-Nichols  2.4 0.25 0.0625 

Åström-Hägglund  1.4 0.385 0.095 

Table 5.1 Resulting PID parameters from Ziegler-Nichols method with Ziegler-Nichols and Åström-

Hägglund coefficients. 

When testing these parameters with the full PID active they did not give a satisfactory result. There 

was a lot of overshoot or the elevator got very choppy when it got close to the set point. After some 

manual tuning the result was much better and the elevator ran smoothly to each level and with only 

the occasional slight overshoot. With the manual tuning the proportional gain was about halved form 

the Åström-Hägglund result and the derivative time was increased significantly, the derivative time 

was kept almost the same as the Ziegler-Nichols result. The final PID parameters is shown in Table 

5.2.  

 Kc Ti Td 

Manual Tuning 0.6 1.6 0.06 

Table 5.2 Final PID parameters after manual tuning. 
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The output range of the PID was set to 300 for the upper limit and -160 for the lower. The reason for 

the differing magnitude in the limits is because the load on the motor is very different when going up 

versus going down. With these limits the travel of the elevator was very smooth and controlled. 

The resulting elevator system was very satisfactory and is well below all the limits set in the 

specification. Three graphs of the elevator changing levels are presented in Fig. 5.3, 5.4 and 5.5. The 

time scale in the graphs are 10 ms per value and there are 1000 values in the timeline so the graph 

window goes 10 s back in time. 

 

Fig. 5.3 Elevator system from Level_0 (100 mm) to Level_1 (400 mm) then back to Level_0. 

 

Fig. 5.4 Elevator system from Level_0 (100 mm) to Level_2 (700 mm) then back to Level_0. 



45 
 

 

Fig. 5.5 Elevator system from Level_1 (400 mm) to Level_2 (700 mm) then back to Level_1. 

 

All the graphs show a very smooth ride for the elevator with some small measurement jitter on the 

process value caused by the elevator shaking a little bit during movement. 
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6 CONCLUSION AND FUTURE WORK 

 

The elevator control system works well and has achieved the specified parameters set in the 

specification so in that regard the project was successful. The PID tuning had to be manually tune 

when the Ziegler-Nichols method didn’t give a satisfactory result. This can mostly be attributed to 

that this system is not very well suited to be tuned by this method but since no time could be spared 

to develop a mathematical model of the system manual tuning gave the best result. 

The myRIO has been a very capable system to implement this project on and LabVIEW is a powerful 

and easy to use tool to develop systems of this nature. Recreating parts of the program presented in 

this report or the whole system, with some guidance, could be a good student project implemented 

in a suitable course. 

The things to improve in the system is mainly a better motor that can be controlled to a much higher 

degree and developing a model of the system so PID parameters can be calculated with a higher 

precision. A better and more accurate measurement sensor could also be used, maybe a different 

kind of sensor for example an optical sensor. A future limitation of the myRIO would be the size of 

the FPGA if further functions were to be implemented. Some optimization of the FPGA is still possible 

to do for example convert variables to the fixed-point data type. The code could probably be 

improved in a lot of other places too but the one presented in this report is the solution that seemed 

best at the time. 
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