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ABSTRACT

This project proposes the applications and performance of Low — pass filter
for anti — sway control of a gantry crane system. The control objective is to control
and reduce residual sway angle of the pendulum by using feed forward approach. An
unshaped bang — bang torque input is used to determine the characteristic parameters
of the system for the design and evaluation of the Low — pass filter techniques.
Experiment results of the response of gantry crane to the input are presented in time
and frequency domains. The effects of the order of the filtered Low — pass filter on
the performance of the system are investigated. Finally, a comparative assessment of

the amplitude polarities of the system performance is presented and discussed.



ABSTRAK

Projek ini mencadangkan aplikasi dan prestasi penapis laluan rendah yang
bertindak menentang kawalan ayunan terhadap sistem gantri kren. Objektif kawalan
adalah untuk mengawal dan mengurangkan baki sudut bandul itu dengan dengan
menggunakan pendekatan kehadapan. Satu input yang tidak berbentuk iaitu “bang —
bang torque” digunakan untuk menentukan ciri-ciri parameter sistem tersebut untuk
mereka bentuk dan menilai teknik - teknik penapis laluan rendah. Hasil keputusan
daripada eksperimen bagi tindak balas gantri kren terhadap input akan ditunjukkan
dalam domain masa dan domain frekuansi. Kesan terhadap beberapa perintah ynag
telah ditapis oleh penapis laluan rendah terhadap sistem tersebut akan disiasat. Akhir
sekali, satu pantaksiran komparatif pada amplitud kekutuban terhadap prestasi sistem

tersebut akan dibentang dan dibincangkan.
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CHAPTER1

INTRODUCTION

1.1 Background

Gantry cranes are very important part of many material handling systems like
lift, move, position, and place machinery, equipment and other large object. It also
widely used in various applications for examples in shipyard, in factories and in high
building constructions. This system tends to be highly flexible in nature, generally
responding to command motion with oscillation of the payload and hook. These
materials are usually heavy, large, and hazardous which cannot be handling by
workers. There are various type of crane that widely used in heavy industries such as
boom crane, rotary (tower) crane, gantry crane and others. Figure 1.1 show example

of gantry crane which related in this project study.

One of the most important aspects to handling the crane is a worker who has
an experience to operate the crane in safe operating manner and procedures. The
swaying phenomenon introduce not only reduce the efficiency of the crane, but also

Case safety problems in the complicated working environment. There are many cases



and incidents regarding on the crane’s accidents. For example, the incident occurred
in United States of America, which is in Hanford Site and Bryan Mound Site in April
1993. The first incident occurred in 28" April 1993, where a crane becomes
unbalanced while the boom was being lowered. The second incident occurred 2 days
later, on 30th April 1993, which while loading the load, the weight of the load caused

the crane to tip forward [1].

Figure 1.1: Gantry Crane

Thus, most of the researchers have been actively to make the crane moving
smoothly without swaying when carried the load. However, there are many
applications that have been used to reduce the sway of a gantry crane such as
mechanical or hydro — mechanical anti-sway systems which increase natural
damping and it generally succeed but both have a high initial and maintenance cost
[2]. Besides that, a vision sensor is commonly used to the weather (heavy rain, direct
sunlight, and so on) which is accompanied with image processing system to detect
the sway angle for reducing or eliminating the sway induced by random trolley
motion. There are some strategies that will be used to control the sway for examples,

fuzzy control [3], neural network [4], non-linear control [5], and so on.



In this project, a different approach will be proposed to reduce the sway of a
gantry crane system by using Low-pass filter. For this purpose, gantry crane has been
chosen in order to achieve the aim. Feed-forward approach will be applied in order to
control and reduce the sway angle of the pendulum. Therefore, an unshaped bang-
bang torque input is used to determine the characteristic parameters of the system for
the design and evaluation of the Low-pass filter technique. The different orders will
be implemented in the performance of Low-pass filter of the system, and experiment

result of the response of a gantry crane input will be presented and discussed.

1.2 Objectives

The objectives of this project are:
) To develop a Low-pass filter techniques for anti-sway control of a

gantry crane system

(1) To study the performance of Low-pass filter with different orders.

1.3 Scope of Project

The scopes that need to be proposed for this project are:

(1) To study dynamic modeling flexible of gantry crane.
(i) To design a Low-pass filter by using 3™ order, 6™ order, and

9" order to perform which orders are effectively reduces the



residual sway angle of the pendulum.

(ii1) To do a simulation studies using Matlab to present preliminary result
of the simulink model of a crane system.

(iv) To do an experiment studies using CEMTool software.

(iv) To analysis the designed control model by using the Swing-up

Inverted Pendulum System hardware.

1.4 Problem Statement

Almost every industry uses a gantry cranc for its material handling
applications. These gantry cranes are mostly equipped with cabled hoisting
mechanism, which are prone to the load sway problems. Sway persists even if a
skilled operator is operating the crane. Because of danger to the ground staff and
ground equipment, these load sways can't be accepted for such material handling
applications. Furthermore, another factor that must be considered is the effect of the
load swing and disturbance on the load will risk hazard in material handling
application of a gantry crane system. Thus, anti-swing control of material handling
cranes is becoming a necessity day by day and many researchers for anti-sway

system have been progressed for a long time after the first appearance of the crane.

Regarding on this matter, this project will focus on developing a Low-pass
filter for anti-sway control of a gantry crane system by using feed-forward to control
and reduce the residual sway angle of the pendulum. The performance of Low-pass
filter by using different orders on a gantry crane model will be implementing to find
which orders can reduce more sway angle of the pendulum. The design control
model can be applied on Swing-up Inverted Pendulum System hardware to get the

result base on the real experiment implementation.



1.5 Thesis Overview

This thesis is a combination of 6 chapters that contains and elaborates
specific topics such as the Introduction, Literature Review, Methodology, Result and

Discussion, and Conclusion.

Chapter 1 basically is an introduction of the project. In this chapter, the main
idea about the background and objectives of the project will be discussed. The full
design and basic concept of the project will be focused in this chapter. The overview
of the entire project also will be discussed in this chapter to show proper

development of the project.

Chapter 2 will be discussed about the literature reviews of this project based

on journals and other references.

Chapter 3 will be focused on methodologies for the development of high

performance low-pass filter for anti-sway control of a gantry crane system.

Chapter 4 will be focused on the experiment result and discussion of
CEMTools software before and after the controller of Low-pass filter has been
developed by using 3™ order, 6™ order and 9™ order. This chapter also discusses a
performance of each order and which orders are more efficient to reduce sway angle

of pendulum base on the experiment results.

Chapter 5 discusses the conclusion and future recommendation for future
works.



CHAPTER 2

LITERATURE REVIEW

2.1 An Overview

In general, gantry crane is the part of the system which has a high demand in
industrial fields because it was very useful and efficient equipment to do all the
heavy works such as transporting heavy load and hazardous materials in building
constructions. Most of the problems that always occur are the trolley on the crane
swaying caused by disturbance on the load or improper operator’s control.
Considering the effect of the problems, the ideas to reduce the sway by the
researchers were progressed actively and then they came out with various
approaches. Thus, a nonlinear coupling control laws for a three degree of freedom
overhead crane system has been chosen using simple PID controller technique [6].
There are two aims in designing the controller, which are designing separately the
two types of controller for this purposes. The first approach is designing anti-swing
controller, which control the swing damping by a proper methods and second
approach is designing a tracking controller in order to make the cart follows the
specified trajectory [7].
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Singhoe and members [8] have proposed an input shaping control to limit
residual vibration by generating command profile which the vibration can be
cancelled. Besides that, the command shaping control mechanism also used to reduce
the oscillation of the payload and it not include the feedback mechanism of close-
loop controllers because the sensor of the signal will not occurred if using the
vibration reduction which ably with a reference signal that will expected the error
before it occurs [9]. Therefore, input shaping command can improves the transient

and steady state response of mechanical system.

Matlab and Simulink have been used to investigate the sway of industrial
crane in order to develop anti-sway control strategies [10]. The model of pendulum
will be accurate with respect to the aspect of the relation of different shapes of load
which limit the angle of the angle at the same acceleration, and the changes of cable
length during simulation or other influences like disturbances of wind. By reviewing
those aspects, it will offers the potential for extensive benchmark test with a different
anti-sway controller and also regarded to be appropriate in order to investigate anti-

sway methods which sufficient for a purpose of simulation.

Another method was discovered by Yong and members [11] to reduce the
sway of a crane which is using a new vision-sensorless anti-sway control scheme
where the sway angle of the load has been estimated with the speed of the trolley.
The speed of the trolley can be calculated with the rotational speed of the trolley
motor. But, the calculated speed of the trolley is not exactly equal to the real speed of
the trolley motor because there is nonlinearity an uncertainty in the mechanical
structure. According to Chang and members, the simulations have been carried with
Simulink to verify performance of the method and it consist two parts, one is the
estimation of the sway angle and the other is the anti-sway control with the
estimation of sway angle. The flexibility of cable crane is one of the parts that has
been considered to suppress the transverse vibration of the load via a domain control
based a control law, Lyapunov’s second method [12]. A vibration is reduced the

System with the sway dynamics that has been modeled as a hybrid partial different



equation (PDE) and ordinary differential equation (ODE) system of a laterally
moving cable. The actuator is given in an ODE, while the flexible cable that moved
in horizontal direction of the crane is given in a PDE. Therefore, the velocity of the
point of attachment of the cable was measured to control the device and enables the

implementation of the control law.

Besides that, there are some researchers have a different ways to identify the
potential of the methods that will be used for example anti-sway control and position
control of a crane system were separately controlled and applied independently [13].
The system is adjusted to make the position of the trolley are in desired position and
at the same time the velocity response of the load with respect to changes in the
velocity of the trolley is not oscillatory to prevent swaying. A practical and
intelligent control method for automatic gantry crane has been developed by using
nominal characteristic trajectory following (NCTF) controller and fuzzy logic
controller. NCTF can control the position of the trolley while the fuzzy logic
controller is used to suppress the swing vibration when the payload reaches the

desired position [14].

Yang, H.C [15] stated that feed-forward techniques for sway attenuation
involve developing the control input through consideration of the physical and
swaying properties of the system, so that system swaying at dominant response
modes is reduced. This method does not require additional sensors or actuators and
does not account for changes in the system once the input is developed. Filtering
technique approach is also used with proposing forward path command shaper which
functions as notch filter on command manoeuvre. The pendulation of hoisting line of
the boom crane during and after movement will be reduced by developing shape

1nput on the basis of extracting the input energy around the natural frequency of the

System.



The implementation of Delay Feedback Signal (DFS) and PD-type Fuzzy
Logic Controller has been developed in sway reduction of a gantry crane system
which both of the controller provides better performances in level of swaying angle
reduction [16]. The controllers also can handle the disturbances effect for anti-sway
of the gantry crane system. The filtering technique for anti-swaying control by using
infinite impulse response (IIR) filter [17] was implemented with the Low-pass filter
and Band-stop filter with different orders on the rotary crane system in hybrid control
schemes. A Linear Quadratic (LQR) control is used to investigate the effectiveness in
developing horizontal angle position control of rotary crane. The investigation was
show that LQR controls with Band-stop filter provide higher level of sway reduction
as compared to the Low-pass filter. The attenuation of sway in filtering techniques

was increased with the increment of number of filter’s order.



CHAPTER 3

METHODOLOGY

3.1 Work Methodology

Methodology is a chronology of work progress that is usually construct in
flow chart. It also can be a fast review of works which takes a period of time to finish
it. For this project, there are several steps to complete the project besides the
reviewing and study before starting the experiment. In term of work methodology, it

can be summarized as in Figure 3.1.
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Figure 3.1: Work Methodology



3.2  Simulation of A Gantry Crane Model in MATLAB

12

Figure 3.2 shows a block diagram of sway control of a gantry crane system.

The systems are built in the MATLAB/Simulink environment. The system is

simulated to show an output before and after filtered by using 3™ order, 6" order and

9™ order. The responses of the proposed input filter are respectively presented in

Figure 3.3, Figure 3.4 and Figure 3.5 below. The simulated responses are presented

in Power Spectral Density (PSD), amplitudes of sway angle of the pendulum and

horizontal position of the cart.

L

oltpt 1

Befors using filter

[}

Figure 3.2: A Gantry Crane Model
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3.3  The Unshaped Bang — Bang Torque Input Design in SIMTool

The unshaped bang-bang torque input is designed in SIMTool to determine
characteristic parameters of the system for the SIMTool block design and evaluation
of the Low-pass filter technique. After that, the experiment is continued to find the
cutoff frequency without using a filter. A suitable unshaped bang-bang torque will be
designed by using a small value of parameter to reduce the amplitudes sway angle of
the pendulum. Thus, it will make less vibration of the sway angle and the settling
down will becomes longer to obtain reduction of sway angle of the pendulum with

the increment number of filter’s order.
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For parameter settings unshaped bang-bang torque input, the configuration is
show in Figure 3.6, Figure 3.7, and Figure 3.8. For Step 1, the parameter setting was
set as 0.2 s, 1, and 1.5 for starting time, initial value, and final value respectively.
The initial value was started with 1 because the Swing-Up Inverted Pendulum
System has a problem in initializing the pendulum. Thus, the initial value will be
offset of the bang-bang torque input in Step 1. For Step 2, starting time 1s 0.5 s while
initial value is O and the final value is -1.5. It is followed with Step 3 which is
starting time is 0.8 s, initial value is 0 and the final value is 1. The initial value and
final value for each step will be as manipulation variable to show the changes of
amplitude of sway angle of the pendulum. From this observation, the pendulum will

moved slowly with decrement value of initial value and final value of the steps.

' .
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Figure 3.6: Setting of parameter for Step 1
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3.4 Determination of Cut-off Frequency

The Cut-off frequency was obtained by simulation a block design in SIMTool
(Simulation Tool) with an unfiltered bang-bang torque input. The bang-bang torque
command is required in order for the angle of gantry crane position. The first mode
of sway of the system is considered. The responses of the gantry crane system to the
unfiltered bang-bang torque input were analyzed in frequency domain (Spectral
density). These results were considered as the system response to the unfiltered input

and will be used to evaluate the performance of the Low-pass filer techniques.

Thus, the sway frequency of the gantry crane was obtained as 0.883 Hz for
the first mode of sway. The graph of cutoff frequency is shown in Figure 4.18 below.
A suitable cutoff frequency 1s half the sway frequency. Since the sway frequency
must be higher than the bandwidth of the input signal, a cutoff frequency chosen in
this way properly filters out unwanted frequency components. If the cutoff frequency
is too high, those components may not be filtered out. If the cutoff frequency is too

low, it might narrow the bandwidth of the input signal.

In this experiment, the value of cut-off frequency is used without having a
half the sway frequency to obtain a result which is satisfied the theoretical point of
view. The results has been analyzed using a cut-off frequency that half from the sway
frequency and also for seventy percent from the sway frequency, but the result that
using exact sway frequency is more suitable and fulfilled the theory requirements in

order to reduce the sway angle of the pendulum.
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Figure 3.9: Cut-off frequency

3.5 Design Transfer Function Using MATLAB

There are three Transfer Function were designed which used as controllers
for the experiment. The filter is designed by using Butterworth filter or also known
as “maximally flat” in the passband and monotonic overall because the response has
the maximum number of vanishing derivatives at w = 0 and w= oo. Butter designs a
Low-pass, Bandpass, Highpass, and Bandstop digital and analog Butterworth filters.
Butterworth filters sacrifice roll off steepness for monotonicity in the pass- and

stopbands.

A [b,a] = butter(n,Wn,'ftype') designs a Highpass, Low-pass, or Bandstop
filter, where the string 'fiype’ is one of the following. 'high' for a highpass digital
filter with normalized cutoff frequency Wn 'low' for a Low-pass digital filter with
Normalized cyt-off frequency Wn 'stop’ for an order 2*n bandstop digital filter if Wn

i
S atwo-element vector, Wn = [wl w2]. The stopband is wl < <w2.
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A [b,a] = butter(n,Wn,'ftype','s") designs a highpass, low-pass, or bandstop
filter. with different numbers of output arguments, butter directly obtains other

realizations of the analog filter. The configuration using the filter in this experiment

is as follow:

>» [b,al=butter (3,0.88,'low') % For 3rd Ordesr
b =
0.6843 Z2.0530 2.0530 0.6843
a =
1.0000 2.2501 1.7564 0.4683
>x

Figure 3.10: The numerator and denominator source code for 3" order

»> [b,a]=butter(6,0.88," lov'} & For 6th Order

o
n

0.4801 2.8804 7.2011 9.6014  7.2011  2.8804  0.4801

1.0000  4.5450 8.7464  9.098¢  5.3862  1.7181  0.2305

>
\

Figure 3.11: The numerator and denominator source code for 6™ order
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by [b,a]=butter(9,0.88," low') & Frr dgh Orider

03349  3.0039 12.0557 Z8.1300 42,1950 4Z.1950 28.1300 12,0557 3.0139  0.3349

1.0000  6.8300 20.9417 37.7948 44,2111 34,7385 183241 62540 12827 0,118

hos

Figure 3.12: The numerator and denominator source code for 9™ order

3.6  Low-pass filter design in SIMTool

The experiment will used the CEMTool software with using a SIMTool to
design and simulate results by modeling a system to implement the Low-pass filter
techniques. In this section, state space parameters are converted into a Transfer
Function by using MATLAB based on order that will be used. The numerator and

denominator will be transferred in Transfer Function block in SIMTool as a

controller

A filter in this form is easy to implement with the filter function. For
€xample, a simple single-pole filter (lowpass) is
b=1; % Numerator

a=[1-0.9]; % Denominator
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The configuration of Transfer Function in SIMTool model is show in Figure

3.13, Figure 3.14, and Figure 3.15. The figure below shows the block of Transfer

Function which the value of numerator and denominator is obtained from the design

of Transfer Function by using MATLAB.

- [ Continuous : Transfer Function ]

Block Name ~ : |

[ Parameter Setting ]
Numerator

(06843 2.0530 2.0530 0.66843

Denominator

[1.0000 2.2501 1.7564 0.4683]

OKI[K) Cancel(C)

Transfer Function

Help[H)

Figure 3.13: Transfer Function for 3™ Order
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[ Continuous : Transfer Function )

Block Name | Transter Function?

[ Parameter Setting ]
Numerator

(96014 7.2011

10,4801}

2.8804

Denominator

[1.0000 45450 B.7464 9.0964

OK(K) Concelll] | HellH) I

Figure 3.14: Transfer Function for 6" Order

|9 FIIR

[ Continuous : Transfer Function ]

Block Name ] * Transfer Function3

[ Parameter Setting |
Numerator

Qenominator
[1.0000 6.8300 20.9417 37.794¢

OKIK) Cancel(C) Help(H) !

Figure 3.15: Transfer Function for 9" Order
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3.7 Bock diagram structure in SIMTool

A complete design of block diagram based on the Low-pass filter technique
for without filter, and with Low-pass filter of 3“’, 6"', and 9" order will be
designed.using SIMTool. The different orders of the filtered of Low-pass filter is
used on the performance of the system, and the experiment result of the responses of
gantry crane input will be analyzed to compare which order are more efficient in

reduction of sway angle of the pendulum.

The specifications responses of cart position includes rise time, settling time,
and overshoot for 3" 6™ and 9™ order of Low-pass filter will be studied and

investigated as a comparative assessment in this project.

Figure 3.16 show a block diagram design using SIMTool without filter. The
block diagram is divided in three parts which a part one is for bang-bang torque input
design. The controller will put between summation of steps and analogue output and
scope. The computer will be connected with 1/0 board of Swing-Up Inverted
Pendulum System to encode the bang-bang torque input without filter or with Low-
pass filter to the Encoder 1 and Encoder 2 in part two and part three that consist of
scope for angle and position. Then, the scope will show the results in CEMTool.
After that, the results are transferred by using “To File’ block to the MATLAB. The
responses for the attenuation of sway of the pendulum, the amplitude of sway angle

of the pendulum, and the horizontal position of the cart were shown graphically in

MATLAB.




24

)

0

- .

gl BT B
: St 7 Bainl PosTtion

Figure 3.16: A block diagram design using SIMTool without filter




CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter is discussing about the result and followed with discussions for this

project which can be divided by five parts:

¢ Simulation results using MATLAB/Simulink
* Experiment result using CEMTool/SIMTool software

* Comparative Assessment
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4.1.1 Simulation result using MATLAB/Simulink

Figure 4.1 show a block diagram of a gantry crane that has been studied to
investigate the pattem of the output in Low-pass filter technique. Butterworth filter has
been chosen to execute with different orders of filter and the performances of each filter

are shows as below:

A:I_,D
IxarsAc+Bu

Seope
y=Cx+Cu S
L !
— '—’ v
I
Step I b+ 3
+
20 Crane
State-spaoz

medel

thets

thetadot

Figure 4.1: A block diagram design of a gantry crane system in MATLAB
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4.1.1.1 Response without a filter

Figure 4.2 shows the responses without filter in frequency domain while Figure
43, and Figure 4.4 shows the responses without filter in ttme domain. These results
were considered as the system response of the unshaped bang-bang torque input to
evaluate the performance of the Low-pass filter techniques. From Figure 4.3 and Figure
4 4, the swing angle of the pendulum and the horizontal position of the cart show that a

significant sway occurs during the movement of the pendulum.

= f ! B T I
@
=) .
2 i
N :
& i
o '
Q ;
3
% 3
a -80 |-
-100
200 — R S i i i HE .
1 2 3 4 5 6 7 8 9 10
Frequency (Hz)

Figure 4.2: Attenuation of sway of the pendulum
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Figure 4.3: Amplitude of sway angle of the pendulum
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Figure 4.4: Horizontal position of the cart
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4.1.1.2 Response with Low-pass filter

Figure 4.5 to 4.13 shows responses with Low-pass filter of 3™ order, 6™ order
and 9" order for attenuation of sway of the pendulum, the amplitude of sway angle of
the pendulum, and horizontal position of the cart. These results show the performance of
Low-pass filter techniques by using a different orders and it has been developed to

reduce the sway angle of the pendulum.

Power Spectral Density (dB)

1 2 3 4 5 6 7 8 9 10
Frequency (Hz)

Figure 4.5: Attenuation of sway of the pendulum for 3" Order
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Figure 4.6: Amplitude of sway angle of the pendulum for 3" Order
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Figure 4.7: Horizontal position of the cart for 3™ Order

b | -
|




-100

-120

31

8

-80

4

Frequency (Hz)

5

6

Figure 4.8: Attenuation of sway of the pendulum for 6™ Order

10

H
I

i

T T I I T T I I T
. ' . 1 H ' . i H
H H : . i . . : H
i H : H ' ' V H v
‘ ' V ¥ : H H H H
H H i H : H : i
H H H ' :
V y i i : '
H I . i :
. - b B —3an [ -
i H H i i 3
i \ H T ' i
i ' i H i i i
i H H H :
H i H i i
. . . . .
H . i I . H
H : i ' H i
H H H H H
........ messssssssradiascsnsan N safam sndee e B e |
............ I i - I J' s }
H i i ' | '
H ¥ i ' H i
H i i i H H
H i ' H :
i H H
' ' v
. + F '
: ' ' i
............................... e T e . srnas ke ne
i v H ' :
H H i i
. ) . . ' L4
. . . . ]
H H H ! H
H i ' | H '
H y H 1 H '
: . ] . ) . .
.................... i == P { L A v gim safee o -
' . . . . . .
' b H ' H : H
P i ' : | . '
i V ' ' ' i '
. H i : '
H H i H i
' 1 ¥ v i
H H 1 H
: H i ! H
= -, e =T sotd .apm -
H H i i i
H H :
' | .
H i '

0.5

1.5

2

i
25
Time (ms)

3

3.5

Figure 4.9: Amplitude of sway angle of the pendulum for 6™ Order



Horizontal position of the cart (m)

32

1 i i i i i i i i i

0 0.5 1 15 2 25 3 35 4 45 5
Time (ms) x 10°
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Figure 4.11: Attenuation of sway of the pendulum for 9™ Order
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Figure 4.14, Figure 4.15, and Figure 4.16 shows a differentiation responses
without filter and with Low-pass filter of 3™ order, 6™ order, and 9™ order. Figure 4.15,
4.16, and 4.17 depicted that the attenuation of sway of pendulum, the amplitude of sway
angle of the pendulum and the horizontal of the pendulum was decreased with the
increment of filter orders. These results has been picked as references study of the
performance Low-pass filter for anti-sway control of a gantry crane systems for the

experiment by using CEMTool/SIMTool software.
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Figure 4.14: Attenuation of sway of the pendulum
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4.1.2 Experiment Result Using CEMTool/SIMTool Software

The experiment results are divided by two parts:

e Without a filter
e With a Low-pass filter

4.1.2.1 Response without a filter

Figure 4.17, Figure 4.18, and figure 4.9 shows the responses of the system
without a filter. These results show that a sway was occurs during the movement of the
pendulum. The amplitude of sway angle obtained 21.16 dB with the sway frequency
0.883Hz, while the amplitude of sway angle of the pendulum and honzontal of the cart
are + 0.342 rad and 73.24 cm respectively.

40 T ; ; ‘ ? ! = e
0 , , : . . . . . .

Power Spedtra Dearsity (dB)

70 R i ¥ ¥ ¥ 0 . S—
(o] 2 4 6 8 10 12 14 16 18 20

Frequency (Hz)

Figure 4.17: Attenuation of sway of the pendulum
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Figure 4.19: Horizontal position of the cart
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4122 Response with Low-pass filter

In these experiment, the level sway reduction of the pendulum in Figure 4.20
show a slight changed for 3™ order by achieved as much as 4.13 dB. Figure 4.21 show a
reduction on amplitude of sway angle of the pendulum is + 0.281 rad compared to
Figure 4.18 which produce a higher amplitude without using a filter. The response of the
cart position show the time for the pendulum to settling down is 2.46 s with zeros

overshoot while the rise time is 1.94 s.

Power Spectral Density (dB)

0 2 4 6 8 10 12 14 16 18 20
Frequency (Hz)

Figure 4.20: Attenuation of Sway of the pendulum for 3™ Order
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When increasing the filter’s order with 6, the results in Figure 4.23 give an
jmprovement which the levels sway reduction become increased to 5.49 dB. The
amplitude of sway angle of the pendulum also decreased to = 0.239 rad in Figure 4.24
whiles the reading position of the cart in Figure 4.25incrased to 73.65 cm and achieved
time to settling down the movement of the pendulum in 2.58 s with zeros overshoot, but

the rise time was increased to 2.03 s from the result of 3™ order.

T 1 T ¥ T T T —

Power Speciral Density (dB)

70 I j i i i | S
o 2 4 6 8 10 12 14 16 18 20

Frequency (Hz)

Figure 4.23: Attenuation of sway of the pendulum for 6" Order
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The responses for 9™ order are shows in Figure 4.26, Figure 4.27, and Figure

428. The level of sway reduction in Figure 4.26 shows a better improvement by giving a

reading 6.90 dB. It has been proved with reducing amplitude of sway angle of the

P

with the result from 6% order.

endulum and the increasing time for the sway of the pendulum to settling down which

i 2.61s with zeros overshoot while the rise time become decreased to 1.99 s compared
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Figure 4.26: Attenuation of sway of the pendulum for 9™ Order
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413 Comparative Assessment

The proposed application of Low-pass filter are implemented and experimented
within the simulation environment of the gantry crane system and the corresponding
results are presented. The control strategies were designed from the unshaped bang-bang
torque input to determine the characteristic parameter of the system for the design and
evaluation of the Low-pass filter techniques. The performances of each order for
attenuation (dB) of sway of the pendulum, amplitude of sway angle of the pendulum,

and horizontal position of the cart are shows in Figure 4.29, 4.30, 4.31, respectively.

The overall result demonstrates that, the performances of Low-pass filter were
achieved for anti-sway control of the gantry crane system. This is evidenced in sway
angle of the pendulum response as shown in Figure 4.30 whereas the amplitudes of sway
angle were reduced with the increment number of filter’s order. The sway angle settled
down higher at 2.61 s for 9™ order with overshoot of zeros compared for 3™ and 6™
orders. The reduction of sway angle can be clearly demonstrated in frequency domain
results as the magnitudes of the PSD at the attenuation of sway of the pendulum were
significantly reduced which shown in Figure 4.29.




45

40 T T = ! = 1 et
: ; ! i i : : No filter
<] S S Sl S S S e o 3rd Order |
: : ; : : : : 6th Order |

- 9th Order

Power Spediral Density (dB)

. . . N B B
0 2 4 6 8 10 12 14 16 18 20

Frequency (Hz)
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Figure 4.31: Horizontal position of the cart

The corresponding rise time, settling time and overshoot of the cart position
response and level sway reduction of the pendulum are depicted in Table 4.2. The results
show that the attenuation of sway in filtering techniques will be increased with the
increment number of filter’s order. For comparative assessments, the level of sway
attenuation of the swing angle using Low-pass filter techniques are shown with the bar
graphs in Figure 4.32. The result shows that the highest level of sway attenuation is
achieved with the 9™ order, followed by 6™ order and 3™ order of Low-pass filter. Figure
433 show a bar graph for rise and settling time of step response with 3, 6™ and 9™
Order Low-pass filter. Bar graph for rise time does not given an increasing pattern but
t‘?mh'ﬂg time show an increasing result and it was verified the experiment theory which
18 the Sway angle of the pendulum reduced with the increasing of the time for the sway

Ofthe Pendulum to settle down.
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Comparisons of the specification response of the cart position are summarized in

able 4.2 for the rise and settling times. It is noted that the Low-pass filter techniques

overshoot. From Table 4.1, the differentiation levels sway reduction of the

sendulum show that the increment of filter’s order has affect the attenuation of sway and
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Figure 433, Level of sway reduction with 3™, 6", and 9" order of Low-pass filter
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filter

Rise Time Settling Time

Table 4.1: Level sway reduction of the pendulum.
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3rd Order
ki 6th Order
+: 9th Order

qure 4.33: Rise and settling time of step response with 3" 6™ and 9" order Low-pass

Attenuation (dB) Amplitude of Honzontal
Butterworth
Filt Orders of sway of the sway angle of the | position of the
ilter
pendulum pendulum (rad) cart (cm)
No filter 21.16 +0.342 73.24
3™ 4.13 +0.281 73.43
6™ 5.49 +0.239 73.65
ot 6.90 +0.207 73.85




49

ble 4.2 Level sway reduction of the pendulum and specification response of the cart

LPF

position
Attenuation | Specification Response of Cart Position
Orders | @BV Of
slmglf;lt:le Rise Time | Settling Time | Overshoot
(s) (s) (%)

3" 4.13 1.94 2.46 0
6" 5.49 2.03 2.58 0
9n 6.9 1.99 2.61 0




CHAPTER 5

CONCLUSION AND RECOMMENDATION

Conclusion

At the end of this project, the application and high performance Low-pass filter

for anti-sway control of a gantry crane system is successfully developed. The

formances of the filter’s order show that the attenuation of sway in filtering
techniques will be increased with the increment number of filter’s order. The
fomparison of the results of the specification response of the cart was investigated with
"!increasing settling time are show the reduction of sway angle to settling down was
fcreased at the higher order of filter. From that observation, the reduction of sway
Mgle will be decreased. The result also depicted that the sway amplitude in the sway
ingle Tesponses was reduced. The higher the filter order shows the capability to suppress
e energy around the cutting edge frequency significantly. Although, there is a
lems using the Swing-Up Inverted Pendulum System because the system were not

and the crane parameter are not stabilized.
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Recommendation

Based on this project, there are three recommendations for the future works:

il.

iil.

The robust and scale gantry crane is used which is preferable to use in the
experiment study.

The feedback control can replace feed-forward approaches because the
feedback control is less sensitive to disturbances and parameter variation.
A sensor will be needed for measuring the position and the load swing
angle if using the feedback control in the future experiment.

For the future application, it is recommended to use the system that has a

vibration.



REFERENCES

1 Crane Safety. Issue No.8: Occupational Safety Observer,
http://tis.eh.doe.gov/docs/oso/0s093_08.html.1993. August: 1 - 8.

2] SK. Yong, S.S.Han, K.S. Seung, (2001). A New Anti-Sway Control Scheme for
Trolley Crane System: A survey. Proc. of IEEE,548.

M. Gutierrez, and R. Soto, (1998). Fuzzy Control of a Scale Prototype Overhead
Crane: A survey. Proc. of IEEE Conf. on Decision & Control, 4266-4268.

4] JA Mendez, L. Acosta, L. Moreno, A. Hamilton, and G.N. Marichal, (1998).
Design of a Neural Network Based Self-Tuning Controller for an Overhead Crane:
A Survey. Proc. of IEEE Int. Conf. on Control Applications,168-171.

Bl H. Alli, and T. Singh, (1998). Passive Control of Overhead Cranes: A
Survey Proc. of IEEE Conf. on Decision & Control, 1046-1050.

°l Y. Fang, WE. Dixon, D.M. Dawson and E. Zergeroglu. Nonlinear Coupling
Control Laws for a 3-DOF Overhead Crane System. Proceedings of the 40th IEEE
Conference on Decision and Control. December 2001. 3766 — 3771.

Zainulazhg, Z., (March, 2005). Modelling and Vibration Control of a Gantry

Crane, Universiti Teknologi Malaysia: Master Thesis



53

] Ww_.E.Singhoes, L.J. Porter, Kenison, M., and Kritkku, E., Effect of Hoisting on the

;8

Input Shaping Control of Gantry Cranes. Control Engineering Practice, 2000. 8:

1159 - 1165.

@] King, S.S., (Novermber, 2006). Command Shaping Control of a Crane System.
| Universiti Teknologi Malaysia: Master Thesis

m;o] Kees, M., Burnham, K.J., A. Dunoyer, and Tabor, JH., (1998). Modelling and
| Simulation Considerations for an Industrial Crane: A Survey. Proc. of IEEE Int.
Conf. on Simulation, Conf. Publication, No. 457: 249-252.

[11] Yong, SK, Han, S.S., and Seung, K.S., ( 2001). A New Anti-Sway Control
Scheme for Trolley Crane System: A Survey. Proc. of IEEE, 548-550.

[12] Chang, W.K., Keum, SH., Member, IEEE., and Gabriel, L. (2004). Anti-Sway
Control of Container Cranes as a Flexible Cable System: A Survey. Proc. of IEEE
Int. Conf. on Control Applications, 1564-1569.

[13] Hakamada, Y., and Nomura, M. (1996). Anti-Sway and Control Position of Crane
System: A Survey. Proc. of IEEE, 657-662.

‘4] Wahyudi, Jamaludin, J., Riza, M., and Momoh Jimoh, E.S., (2007). Control
Strategy for Automatic Gantry Crane Systems: A Practical and Intelligent
Approach: A Survey. International Journal of Advanced Robotic Systems, 4(4).

| Yang H.C,, (April 2006). The Boom Crane Modelling And Development Of Anti-
Sway Control Scheme For Boom Crane Using Command Shaping Techniques.
Universigi Teknologi Malaysia: Degree Thesis



54

M.A. Ahmad, (2009). Sway Reduction on Gantry Crane System using Delayed
g Feedback Signal and PD-type Fuzzy Logic Controller: Comparative Assessment:
A Survey.ICCA. Universiti Malaysia Pahang

MA. Ahmad, M.S. Ramli, R M.T. Raja Ismail, Infinite Impulse Response Filter
Technique for Sway Control of a Lab-scaled Rotary Crane System: A.Survey:
Faculty of electrical and Electronics Engineering, Universiti Malaysia Pahang



APPENDIX A

Figure of Swing-Up Inverted Pendulum System

55



56



APPENDIX B

Manual Pendulum Designer

57



Ll

FixD Bl Ve Bamil) Swemmnlc Al wip TGRS WRRL BN
L ad a3 an e R4 A B 4
e

. ol ] - V -
Frinas 0 | [
e 1 ’ |

Fovd RN

[Figure 217] Completion of the connection from the fine to the block

paving and Deleting Line

Moving Line

[t gou wrart to move the lines kebween blocks, spot and select the line that gecu want
w move vrilh Lhe Lel. butlon ol the wouse, The selected line is displayed wila Lhe blue
are dots, [f yoi move while pressing the left button of Eae mouse on the line that
want to mcve the llue moves along the mouse. Af this time, £ae line can bhe moved
vard, dowaward, Laft and right, "When the line ie moved, the d>t mark that the lins
I8 divided trom ore line and the mark (= that the lines cross remalns ir the orlzinal
osition and are marked again after the comepletion of the liae movement,

ting Line

” How to deete the lin: ketween blocks is the same a5 how b delete He block, Select
» line that you went to delete as pressing the left button cf the mouse end press
it koy on the kevboard, press e icon [C] oo the toobar e press “Edit-Delets’
the menu and tha line that you want to celete is disappear2d, [n additior., you can
e ' thw line ze selocting ‘Celets’ on thz rasnu of the right buston of the moue wrhile
U line iy seleiied,

%4 Setup of Block Parameter

°f Medellng, kring the blocks to tae work window and conaect, Nest, yeu need to
* the paremetecs that ace set up as tne default in each b.oocx ko make the signal
;‘. YOU want, Dnuble click each Elork with the moutse, ane the diclegne bex For Fhe
- PRtbmeter setup mre displayed ms showa in {Figure 2.0B]. ‘Block Meame’ is the



enpral BN in the dialogue box The number cof parameters below are varied in
p with the functiens of esch block, Enter the appropriate peremeters to use the

sordent
that you want and press “Setup’ button, Then, the setup is completed,

t.ons

Block Paraneter Selif

| Signal_Gererator : step }

Block Name @ | Sep

{ Parameter Setup ]
Stant_time

juu

initial _value

oo

Final_value

[in

I Setupik) l Cancel(Q) J Hela(H) J

{Figure 2.15] Dishgue Box for Block Pammeter Setun

xample 2]

Gonnect each bicek in [Exarrple 1] 10 rnake the configuration as sarre as [Ficure 2.19]

on)

¢ otder Lo connect tie lines sie oot definzd, but congect each block as diagging
| eonnecting as shown in [Figure 2.18], After connecting, eater 1, 2, 3 in turn in the
_‘ ue boz that is displaved 85 you double click Gain block, [Figure 2.20] illustrates
8 completion of setup in the setup dislogue kbox of Gain2 block, The sum block hae
it2e inputs and all have “+  symbol, Then, set up as shown in [Figure 2.01),

Limelts Cdaly Vel Seiti) urasmedy) AUNJISIG Meoce ) teois =i
S I - RIT - J O 5 E

Iip'-lvl'!n

5 Hline'e siwt ;I

S BT
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Lt [LE R
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{Figure 7 19] Exercise to sst up the bbbk line connection resull parsmeters



{ Mathmafics : Gain }

Block Nama ¢ | GainZ
[ Parametes Setup ]
Gain

P
[ sewp) | Cancer© ] Heipgp |

[Figure 2.20) Setup of Gain2 Blck Parametsr

[ Mathmaftics : Sum ]

Block Name  : | Sum

[ Parameter Setup ]
Number_ol_inpuls

£3
Sign.olinputs

1=

[ Sewpv ] cancet©) | Hop) |

[Figure 2.21]1 Setup of Sum Block Parameter

2.3 Configuring and Executing Simulation

2.3.1 Simulation Configuration

After completing the parametec setup of each block, you need to set up the parameter
for the ezecution of simulation, Select "Execution-Setup Exzecution” on the menu, and
you van set up the simulation parameters as shown in [Figure 2.22), The parameters to
et up tor the simulation that yow want are as follows,

[mutaticn Hammesr Sefn 8 Sl - |
Start time © 1]
End Ums : (1
Step slze : i
Simutetion methed : RKa v
Error wlerance [
Time vartable : fr
Real fime i
OK(K) CancellD) | Detauki |

[Figure 222 Dilopue Box to Set up
Parzmeters for Simulation



] Starting Time/Ending Time
(L means Lime L statl aud to eod the simylativn, The uait is “seconds” ané Lhe iuitial

gotup times are D and 10 seconde respactvely,

n

2] gampling Time
(t means the kirie interyal for simolation calcolation, When you minimize the step size,

the peecisicn ©an be increased but e requiced fer simulaton is eztended, The initial

gatnp walne is 001 sar,

(3] How 1o Execute Simulation

vou caa select the calculatlon a.gorithm for simulation ou can sesct one of four
calculatior. slgorithms, RK4{Fungs-zutta 43}, RK2(Runge-kutta 33H, &darms snd Euler,
The simulation tirae is increased in tke ceder of RK4 > RK3 > Adams » EJLER, snd
the precision is increased in the same order,

[A1 Error Tolerance
It ic the walue to adjust the erroc that can be iocluced in the simulation result, The

poaaller the ecror tolerance 5, khe less ercor is included but the longer simelation ticoe ls
required, ‘'he initial setup walue is Je-UUE,

[B] Time Varlables

After the completion of the sicankation, th: wariables of the defined name that includes
the Line thal Lhe simulativn calculation s execuled is ciested in the workspace of
CEMTeceol, These wzriables are used as the time agic srhen woo plot the simulation
result, The predefned name is t,

[6] Resl Time Use

The time that you starts snd ends the defined simulation and the time interval ace not
the real time Lot are calculated respectively during the calculation. Thet 5 to say, the
time that is requ.red for the simu.stion is chenged in eccordance witt the mroount of
Calculation, [ is sometimes reguired to vse the real time for the defined tire parameters,
[n this casp, yeu can select s option,

2.3.2 Execulion of Simulation
It you complete the setup of persnetzrs for the simulsticn thet wou want, you caa
BRecute the simulaticn, There are thepe methods to pxecate the €imulaticn.

» Use ieny @ Seect "Execute-Ezecute’.

* Use Icolbar ¢ Ulick the executior icon
» Use Shert Cat : Press F5,



You cih precute the cimulation with theee meethods obove, [ sou waont ko stop the
gjmulation during tne simulation, press ESC once end the simuletivn is ctopped b5 the
' jation result up o that peint i displaged,

23 Checking Simulation Result

"'I‘hﬂﬂ are three metheds to process bhe simuolation results in S[MTool, Firsl, you can
o the resull in Lk glaph, Secondly, you van analyve s sendiog daw CEMT ol
whirdly, you can save data as the file. The method to check the result with the graph
uses SCOFE block or XY Plet, The method to send data to CEMTool uses OUT klock
i the method to save data s the file uses Teo_File bleck, Cach metheod is pxplaiuec

! Pollows,

[1] Seeing Hesult relaled 10 the time axis (Scope)

Phe eeope black illoskrates the caange of inpnt value of the block related ko trme witk

2 grapt.
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[Figup 223] Displgying Grzoh ueing Scopp Block
t 90U gt up the parawmeter of the rnedel tazt vou configure and ren i, the plot
vw is dieplaged as ehown in [Figure 2.23] and the graph iz dravm io accordance
‘th° Progress of the eimulation, The grapt ecale is initialy diawa in accordance
,u“ condition that the magitaum walue ancd the minimuom value of the y-axic are
®1 in the Block setup dialogue box and when the simuolaticn i completed, Its
: k Rutomatically set up and the greph is drawn sgain in accordance wita the
re3 scale. [F you load the scope block in the work wirdow and do not set nup
-n:-.l;hETminimum wvalup aat the rmagimon valoe of the w-agis are I oand 10

- Theretore, when the graph is drawr. for the First timme, tae y-axis is et up



frott: p to 1 and the graph is drawn,
It you want Eo spe net ony cne graph but slec ceveral graphs in the same kblock
odelB you need to separately connect each outpur block o the scope block s shown
(o [Figure 2.24], Then, each graph is displayed i1 cne piot wodew as shown i [Figuce
| w] [t is convesient function to rake yon eompare the inpnt with the ontpot and the
WP"C values 5 show.ng severel graphs bt the zame time,
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[Fipire 2 5] Nrawing Twn (Gezphe in Cne Windo

|
Seeing Resutt using XY Plot Block

Yeu Want to see nob time value but the status walue of the mmodel thas you want to




L late, yoU can gee the progress of the simulation using XY Plot block. [t you connect
pl°t block to the model, the plot window is displayed as wou check by connecting
A—— block and you can check the progress of the simolation in the plot windov,

' geelng Result using QUT Block

|t you want fto load the simulation result that Is done in SIMTool to CEWToot
cdow and Bnalyze it in detail, you may use the out block. [Figure 2.2B] is the dialogue
hoi Lo get up the block information of the out block, If you enter the variable name that
o want to load from CEMToel in 'Varigble name', press ‘Setup’ button and egecute
. simulation, the cheoge of status velue of the medel that you configure ie recorded in
ne designated variable name b the intecval of the simulation caleulation and it is
wlstered as the variable of CEMT ool

[Block name Selup. S -1 |
{ Output : Out ]
Block name S Out

[Parameter setup]
Varable_name

vl

[ Seup) | Cancel(©) | Help(t) |

[Fiqure 226] Setup of Cadput Variable of QUT Block

Execute the simulation of the wmodel and enter the coramand “list” in the werk window
of CEMTo0l, This command “List” shews the variables list that ace saved in the current
work window of CEMTpol, Thea, you can see the name of wariables that you set op
nd the variable ‘U that vou never enter, (See [Figure Z.27]) Those wvariables ace
eated during the simulation. Time vectors that ace arranged at the defined inteval
0m the starting Hme to the ending time of the simulation ace entered in 't and the
 ~'"' value to the out block that corresponds to pach mowment of the time wvector that is
aved in 't g entered in the warieble name that you enter, Vou can change the natnes
these variables in SIMTool, You can define the name of the wvariable °t" that saves
Hme vector in Time Variable ameng the menus i the dialogue box where you set
P e parameters for the simulation in [Figure 2.22), You con define the name of the
' able that caves the result values as opening the dialogue bog to spt up the blocks
°l the oyt blocks. [t there is no special definition, the predetined “t’ aad “vl ace
“ed a5 the name of the variables,

A ool in various waye, &5 the simple egample, you can draw the graph using the
SMand Draws i CEMTool, Enter as Eollows in CEMTool,



4 How to Configure Models (Differential Equation by

yool)
s configare the Esllowing step responses as the zraphic kiock wrich STl
i
6Ll s2-25+4

taage and connect eaca block es stown in [Figure 2 29],
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p.ram"'e' Setup

nging the requirzd blecks to the -work window and connecting them, set up
1 ¢ values of the step blocks and the scope blocks as shown in [Figure 230]

{ Signal_Generator : Step ]

Rinrk Nama =0 Stap

[ Paramatar Satup ]
Start_time
{6.0

. Initiat_value
[6.0

Final_value
{10

| Setup(K) I Cancel(C) I Help(H) I

fFigure 2.30] Step Block Pammeter Setup

Hicel Farameton Setup 3 1
[ Output : Scope ] — e — =
Block Nams  : | Scope

[ Paramster Setup |}
Y_min
a.n

Y_maz
I3

[ Sewn® | Cancel© | Hebt |

[Fioure 2.21] Scope Bkck Parameder Setup

B sel up (1], nueeralor coeltivient of the lLanse functive, in the numer el
od ["[1,24]°, denorairator costficient, in Dencminater as shown in [Flgure 2,32],

Blici Farameer Satin

[ Continuous : Transfer Functien ]
Block Name  : | Transter Function

[ Parameter Setup ]
Numerator

{11
Denominator

freq
I Setupik) l Cancel(C) I Help(H) J

[Figurs 2.32) Transter Function Bock Parameter Sstup




e '"nuh“Oﬂ Setup

mr

1sorithin ard cloce the pararopter setup window,

Sirnaiation Paramoiet Se

Start ime : ]
End tme : g
Step size : | [
simulation method |HK4 =]
Ervor tolerance [Tes
Time variable : i
Real time  t
OK(K) l Cancel(Ci I Cetault(D)

competing the biocz setp, set up the simuletion parameter as pxplained in the
aph z31 as shown in [Siguce 2.33], Select RK4 as the numericel analysie

[Figus 2.33] Simuation Parameter Setup

Scope

3
i
4
R TR
{
2 F f
I
|
1£F 1
H
|
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I}
o ! A
0 2

[Finure 234] Step Resporse of Tmnsfer Function




a AUTOToO

UTOTO'Z" ic the veer-frisndly C-Code gene-at>c For e block Files that the uzer
‘, s by usiog SIMTuvol, Yuu ven execcle the aesl-lioe sioalalive as diveclly
m.oading to DSP board ueing C-Code In AUTOT vel, [n addition, you van sxecuse the
i-limz coutrol fest for the real plants theoagh inpat and ocatpub boards, (o this
glation, we  will create C-Code in the genacator algerithm uglng AUTOTool,
qoid iL W D3P brawd sud execute Lhe contol simulstiva bt the pendulu systeu
el time,

According to the foliowlng proceduce, the kiock algerithm that the user contigure by
oo, i5 autotnaticelly converted to the commor. C-Code and can be downloaded to
cF board. &frer configuring the control algorihen and counecting the coruraonizat.on
o) SIMTool in aceordazce with the purpese of input and output parts, usc
UTOTeol in amccordance with the tellowing procedurs, Then, the real-time centrol
mulation can be executed taroughn the input end output beards,

p 11 Algerithm Conflguration using SIMTool
Configure the klock algorthm using S(MTool and set vp each klock in accordance
ith the purpose,

lep 21 AUTOTool Conlfiguralion Setup

Silsct "AUTOTool Paremeters’ in SIToo. menu er press SHIFTH Then,
Hardwere [nterface’ window is appeared as shown in [Figure 2.350

DSPAO Luard Contipil2 Mude

© RG-DSPIOD1 ~ L3P ~ PC
CSP boerd 10 board

~ 86 DSPM (3

- ¢ OB

" r 1003

C L

C (e

View C code (¥ I Paramotor smp(ﬂﬂ

C code gencrate
and -U'?'WU(}L) I Fxarita(E) I

[Fipire 2.35] Hariwsre Setip Winoow



e setup o "Hardware Setup Windew' Is done as follows.

DSP{IO Board : Select the type of DSPIO beard to use

p Compile Mpde ¢ Select DSP ter the calculation using DEP
> DSP Board @ Select the type of DSP boatd to use
» 10 Board : Select the type of input and output boards ko use
» paremeter Setup ! Set up the starting and eading time of simuolation and the
sampling time

» View C Code [t shows C-Code that i5 created using AUTOTool,
- ’ C-Code Generation and Cemplle @ Convert the algerithm that is configured through
ool using AUTOTool inte C-Code and at the samne time, transplant C-Code into
DSP board,

| 2 Execution : Operate the algorithm that is transplanted to DSP board and then
operate the system as applying the algerithm that the wser configures.

Splect ‘RG-DSPION]” for DSPIIO board in this simulation, but do not select DSP
gard and input and cutput boards,

n 3] Executlon Time Setup

Press “Parametec’ meau and “Simulation Parameter Setup” window is displayed as
shown in [Figure 2.36]. You can set up the starting and ending time of the simulation,
the sampling time and whether to use the time variable and the real-time,

Stant Gme : ]
End tims : jio
Step size : o
Simulatlon method : [Ara ~]
Errot tolarance |
Time vailable f
Real tme r
[ okgy | cancakQ) | Defau |

[Figure 2381 Simulation Parameter Setup Window



ar-DSPIODI board enables the rapid operatisn and the real bime simuolati>vn using
fanction. This simulation executes the cortrel of the pendulum throngh the real
o glmuletion thab uses DSP function and input{output function of RG-DSPIONI at the

e e

{Tably 3.8] DSP Spocification of RG-DSPICOY

Division RG-DSPLOB
Main Preceseor THASC320C32
Proceseor ;
Crerating BN MHz
Frequerncy
RGbkA 128 € ksrte
I Aemory Mormal SRAM | 126 Kbyte (ot 512 Kbyte)
Fast SRAM e56 [hyte
Serial Controller ZB5C3D
Communicatic
B No, of Ports 1
[uterface ECI BUS

Input/Qutput{Communication) Block Setup

Use the inputfoutput Function of RG-DSPIOD1 board using the avalogue output and
inpat blocz, the digital input and output Block aod encoder block among
imunication blocks of SIMToel, Let’s learn how to use aad set up each block,

Analogue Input & Analogue Output Block Paremeter

biock that recpives the signal Frem the ploat ln SIMTool is the anologue input
g The block that transmits the signal to the plant is the analogue output block, The
“NEE are the meaning of sach block parameter

“Mlogue Input Block

Sel up iy @)

|

»_kih"vmage ¢ Mazimum woltsge recquired For the inputfoutput board(within the
® that o, set up in &)



L fow inpu: Miaircum meppinz veloe of “oltage that the inputfoutput board

high_iput Mbgimum Minimum mapging value of weltage that the input{cutput

trans mits ko FC
Selection of Vol:age Lim.t Select the input weltage limit that is set up in the
- tfputput board

 Anglogue Cutput Bleck

Jthannel_num t Channel nomberil-7; of InputfDutpat beard

b low_veltage : Minimam veltage requiced for the inputioutpat board(within the limite
tat pre BEL UP in @)

high_veltage ¢ Maximum wcltaze requiced for the teputfoutput  boardiwrithin the
lrits that erk SEC Up in (&)

‘ low input @ Mitimum mapping valuz of voltage that PC outputs through the
{agut/output board

‘ high_fopet ¢ Maxioown ceppiug velue ol vollege sl FC ooulpuls Mucugh lhe
gut/output board

@® Selection cf Voltage Limit: Select tae ocutput woltage limit that is set up in the
gut/output board

ymetet Sellily RSB Elcck Pamainster Setia

_ inication * Analogue Input | [ Communicatien : Aralogue Dutput ]
ek Nanz ¢ Analoque Tnput Block Name : | Analogue Cupuwt

i Setup 1 [ Paramster Sewup ]
annel Ny Channel _Num
| 'r
0 bvollage Low.Valtage

E&W_"RGB
‘L%.ﬂu

High tnput

[5d
fange of Hardware Voltage Range of Hardware
g -5 C oV~ -5y~ 5y Cov~5v
=l ~ 10y ol 1Y G -1V ~ 10V C W~ 10V

0Ky Canesl{0) ] Help(H) | | Sewpll) | Cancel(C) | HelpH) j

[Figure 3.£] Analogue Input & Analogue Output Block

* Scaling Principle
Al
Valuz that SIMTeol recewve: depends on the volume of the [nput and ourput



¢ Lhat is rhaaged in accordance with the setup valve of the amalegus icgut o
¥ plock para:reter of SIMTool, Settinz the wolume cf the input and output is called
. This paragragh will ezplain how the volume of input and ootput is chatged in

pepd to know the relation betwezn mazimum and m.timum inputfoutput volizge of
e actual plant{pendulum system or AT servo trainer Kit etc) and the input/outpat
waue oo the inputfoutput board, The inputfoutput reselution of RG-DSPIODL is 165it and
value that RG-CSFIODL can receive is 21'5, that is tv =ay, B5536, The walne that

AG-DSPIODL fs 2%, that is i say, BE536 Thecefore, the inputfoutpat voltage oo
RG-DSPION] is coaverted into B5536 waues(D ~B5535),

le) MinimLm woltage of the planl is -Sv and the maximum inputfoutput voltage is

If the mapping valae for 1Bbit inputfoukpat board s -5e, the woltage is DzD(D) and if
the mapping value is +5v, the woltage (e DxfPeE(55535),

Low voltage/High voltage & Low inpulMigh input Setup

low voltage and the high voitags are the parameters that you can seb up the
‘_"" m and razimum wvalue of the vollsge swithin the eoltage limits tha: ace
wliguted on the inpat and output beard among the inpa: warisbles of the anelogne
WUt Bnd output block parameters of SIMTeol, That is bs say, vou can adjust the

.°Utput voltage limite of the plact within the voltage limits of inpat{output board
YNI can select the approptiste waluz for the sdjostraent, However, the vaile may
lﬂﬂﬂmt from the paysical guartizy that you want to calcalate. Therefore, you need
S up the vame to be converted int> the physical grantity that you considec The
‘_‘5-"" that ar2 set up in the analogue input and outout block of SIMTool for this
¢ Are Low [opy; and High [nput, The low input meaas te chysical gaantity for
"«’ Voltage and the high input for the high voltage, In eddition, this parsmete: value
" O have ang liaits For setup,



4.1 pendulum Cart Location Signal Check

eoience Files i pehd_1 bk (XACEMWare\ExperimenfiPendulurmipehd_I.bik)

s 1] Block Cenfiguration

istly configure the blocks in SIMTool work w.ndow as shown in [Figure 4.4], At
polnt, Pulse to cm block is to convert the palse signel of the encoder into the

sislacerment(cm) cf the cart using tae gain block,
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[Figure 4.4] Biock Confgurmtion o See Pendulum Cart Locaiion Signal (pehd_1 bk)

lep 2] Block Parameter Setup

b cart lecation converts the pulse that ic messured by the encoder {nto the length
in the pulse to cm block, The location signal of the cart is received from the
e number 0 so that the encoder block is set up as shown in [Figure ¢ 5],



Elack Haramets) Salug

- [ Comnunlication : Encoder) -

Dlock Name | Encoderl

[ Parameter Satup ]

Channel [ R |
Rasnhs on Multplier SRl >

[ Sewn® | Cancek®) | Hen) |

[Figure 4.5] Encoder Block Setup

8l up M scope bluck frows Lhe windtnurn vidlue -30 W e mexitwm value 30 1o
accordance with the displacement of the cart as shown io [Figute .61 The unit of the
@lplacemsnt i cm,

[ Outout : Scope ]
Dlock Name ¢ | Scozel

{ Parametsr Satup }
¥Y_min

f-3U
Y.max
T

[sewpy | cCancel© | mepr) |

IFipure 461 Scope Bbck Setup

I you set up the encoder block ms shown in [Figure ¢ 5], it is coafigured to receive
duvodet pulse es ¢ mwltiplies, U mesns Lhal the eoveder s coufiguied Lo receive
Ay pulse per rotation of the motor, In addition, the ball screw of the pendiulum system
W07es 1 27cm per rotation so that gain block (Pnlse to em) is set up as '1.27/4DDD', You
opply the Exrmula{d.l) in accordonce with the setup of the resolution multiplice
““il)lll] ileen of he euceder block, AL this point, the multiplier is 1, 2 v 8 aod the
~H0er of encoder pulse that is used in this egperiment is 1,000 pulses.

1.25 - (1)
MNmbevofEncode v Brlsexiditplics

“*P 3] Hardware Selup/ C-code Generallon / Transporiation lo DSP

S'b“ "AUTOTool- Parameter’ in S[MTool meau for the hardware setup and est up
* bardware oz shown in [Fignee 4,7). Set vp the execution bime in the s2tup window



s displaged a5 pressing ‘Parameter Setup’ button of [Figore 4.7], &s shown in
¢ 48], sst up the starting time as D sec, the ending Hme as 20 sec, and the
oling time as 0001 sec,

Hardware interlace

DSP/10 board Compile Mode

 RG-DSPIOD! @ DSP r PC

- DSP board — —~ -— ——~ - 10 board — — — -~
& RG-DSPM 4
- @ R
(o C 1003
o (¢
c @

View C cade () J Parameter setup(P) I

C code genarate
and cor%pile(&) l Execute(C) l

[Figure 471 AUTOToo! Configuration Setup

Start ime : )
End time : |20
Stap size : [D.66T
Simulation method : K4 .
Enmor tolerance |
Time variable : f
Real time =5
[ ok | cancek) | Dstaut@ |

[Figure 4.8] Exgpcution Time Setup

¥ou et up the execution time, press 'C-Code Generation and Compile’ button in
® 47 and convert the blocks that you configure with SIMT ool and transfer it to

00ard, Afrer transtecring to DSE board, DOS window as shown in [Figuce 4.9] is
iyeq,



{Finure 4.9] C-oode Generston znd Compgile

[Step 41 Resull Check
| Aftec completing the teansfec to DSP board, close the wind>w in [Figere 9] aud
change tae mede te IManwal en WMODE that is in the electric part of the pendulum,
Then, turo the pewer oo wnd click “Execution’ button in [Flgute 47) Fluslly, the
graphlc window ix displayed, At thie time, meve the cart Iocat.on as preseing the left
and right button of MOVE, Then, the chaage of the encoder pulse that is genecated in
stcocdance with the cart locatlbon as shown In [Figace 410] e converted as the

lingta(crn) end is displayed es th: graph, In this graph, the w-axis is e (seconds)
and the y-axic is the displacement{cm) Tou can change this graph s moving the cack,

Scope

[Fioure 4.10) Lozstion Sigrst of Perduium Ggt

2 Pendulum Angle Signal Check

t , ; ;
he Pendulum system is cencected be the inputsucput boord as chown in [Tahle



ou can measure the angle signal of the pendulum in accordance with the following

sote) Il you execute enly the lecation centrol experiment ¢f the penduum metor using this

o, you £an skip the experiment in the paragraph 3.2

wrence Files | pehd_2 blk (X\CEMWare\ExparimentiPendulumipehd_2.bik)

step 1] Block Configuration

mlsv. bring the scope block from the output block in SIMTool work window, the
roder Block from the communicetion block snd the gain block frem the operation block
and configure the blocks as ehown in [Figurs 411],
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[Figure 4.11] Biock, Configuration o See Angle Signal of Pendulumipchd_2.blk)

® 2] Block Parameler Setup

e pendulum angle is transmitted thirough the chanuel no. 1 of RG-DSPICO] board,
'Up 8 shewn in [Figuce 412} to receive as Four multiplies,




R E— x|

[ Communicstion : Cncoder )
Block Name g 1] E eooder

[ Paramietor Setup ]

Channel o [ ~]

Resoltlan_Mutipl et : Jut =

[ sempt | CanceltQ) | Heipt) |

[Figure 4.12) Ercoder Block Setup

f eddition, set up bue gaia bleca (Pulse to radion! s showe in [Figure 413] to
dleate tae pendulum nagle or radion, This is brzowse 4,000 pulses are goneroted ia the
oder as the pendulurn rotates otwe and if it iz converted ae the radian unit, it

2x Zet up the scope bleck s the pendulum mevement is indicated up o ebont

[ Mathmatics : Galn ] |

Block Nams G| Fulse to radian
[ Pararncter Setep ]

Gain

{2=pi/40C0

l SaluplK) I Caneei(L) ] Hela(H) l |

[Figure 4.13) Gain Dicck Setup

[ Qutput : Scope ]
Block Narre @ | Scope

[ Parametar Setip
Y_min

]

Y.max

(3

[ sewny | cance¢y | Hewty |

IFigure 4 14] Scape Bkng Setup

' 3] Haraware Setup /C-code Generation/ |ransferring to DSP Board

%t AUTOTool- Forameter ia S[MTocl mean Eor the hardware setup ond ceb wp
b fd‘”am 85 shown ia [Figure 45). Set vup the ezecution bime in the setup wiadow
o deplayed oe pressing ‘Perameter Setup’ button of [Figure 41k), Ae eacwn in



{16), et up the starting bHme as 0 spc, the endlng Hme as 20 sec and rhe

e as D.ODL ser,

ferEed

i)

DSPAQ board Comnpile Mode

€ RG-DSPIODI & DSP e PC
DEP board 10 J0arc

& NG-DEPD! Cquh e 1y

15 © 101

c 1003

[ 3 { i

[ (o

View C code () I Parameter eemp(EZJ

Ce e
il eotey | Evove® |

Figure 4.15] AUTOTool Configurstion Setup

Star, trme 0]
End time ¢ K]
Ster size ! jo.90t
Simulation method F<a ~
Eror rolerance I
Tz variable © I
Aea tme F
[ | canceng: | vetaumD |

Figure 4.16] Exgcution Time Setup

e ¥ou get np the exezution time, prees "C-Code Generaticr and Compile’ butten in
Uk (15} and conwert the blocks that yon corfigure with SIMTocl and transter it to
boar g, After transferring to DSP board, DOS window as saewn o [Figure $17] is

*) The diterent window may be dispayed instead of DOS window as folows in
Mance with CEMWAr: version



[Fioure 4.17] G—oode Genermtion and Compile

4 Result Check
W completing the teansfec to DSF board, close the window in [Figute 417 and
wep the mode to [Enoal ot BMODE that is o the electric part of the pendalum,
tirn the pewer on and clice "Ezecution” botton in |Figure 4.7], Finally, the
i window is displayed, &t this tine, mewve the cart Iocetinn ax preesing the left
g dght button of MOVE, Then, the change of the sncodsr pulee that iz generated in
sgtince with the cart locatlon as shown in [Figuore 118] is converted ac the
ghfen) avd displaved as the gragt, [nothis graph, the z-asis is Hme (seconds) aad
byeazis is the displacement(cm). Thic graph can ke changed by how 2 person moves

Scope

[Figum 4.1Z) Ange Sgnzl of Pendulum



4 Simulation {Step Response)

rarance Fles : pend_if.m XACEMWare Expenment\Pendulumipend _t. )
peh_Lolk (XACEMWare\Experir enfVS endulumip.chS_t.blk)

o) You need to execute pend tim file in CCMTool wrdow to kad the medals of the
; ‘ndulurn for this 3mulation

wan 11 Conneclion of Step Input Bleck and Cutput Block(Scope, Cut)
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[Figure 571 Stap Response Simulalion Block (peh5_1.bk)

® A Block Setup

*Up the step input block in the klock setap window as shewn in [Figore 58], [r
8¢, the slze of input can be declded a:z you vant, However, the rosglmum
*tmen: :ange of the cart in the perdulum system is ebout 35 cm to the left anc
 Sids Thecetore, it ie recommendakls to eet up the range within 30cm. The step
Sl up frome the ioitial value D Lo mova the carl 30 &fler vne secend, To



o0, &' up the minitaum value of the scope block as D and the magimum vatve &5
ot 5 determired in Eae step. Beb o np bthe magimom oand miairmm valoe of the
tor b.ocE 85 ¢4 and -cd respectively, And set up tie coeftlelent of the franster
tion 8S BHECUCing pend_tim file in CEMTeol command window for the brapster

L w block.

{ Siygnsl_3eruraur : Slep )
Black Namo | Slep

( Parameter Setup ]
Sun_dme

i
In¥ial_valug
Ian

Final value
.

[ sewpp) | camceng: | Hep(t) |

[Figure 58] Step Inpt Setup

Ewcl “ararieter Selup

[ Mutput ! Scope ]
Black Name | Scope

[ Paramater Setup |
v _min

(]

Y_nax

(53]
[ Setopi) ] Carcer©) | Hebap |

[Figurs 55] Soope Blook Setup

% 3] Simulatien Time Setup

Cimuiation Parameter Setup

Start ime : ]

Znd time : 5

Step size jo.cor

Simulation method : [R<d =]
Smror folerance [

Time varlable : ff

Jeal ime =

OK(K) Cael©)  DefauliDy |

[Figure 5101 Simulsticn Time Selup



complete the block setup bo chieck khe step response, you need te set up tha

B time. You caax set up the simulaticn time as you wart, but eet up as 5

" for the simulation. The simulaton interval can be set up es you want,
got up the same interval as the sampling time to use later in the experiment
i

i

4 gxecution and Result Check of Simulation

pl Up 85 D.0D! sec, to be used in the egperiment here,

L the simulation execution button, end the greph window is displayed. After the
"'n of the sitculgtion, vou may checz the graph window as shown in [Figure
| (lose the groph windew ond pxecute the following commancs in CEMTodl,

L rolfl,sim_sten)

o pecute Wie commpnd obove, the simulation result is soaved in the warible
qip and the grapa is gensrated as shown in [Figure 5.11).

Scopo

«

& Files  pend_ie.m (XACCMWareh\Cxperimentiendulumpend _io.m)
pchE_2 blk (X \CEMWars'Experimert\Pendulumipehs_1 blkj

nitial bk DCACE AW are\Fy prrima af\Penduisniminitial RIK)
comp_stepm KACEMNare\Ex perimentiP2nd ulurmicoma_step.m)

uai“‘fulation in the parsgraph 3 shall be completed before the execution of the



‘ "mence files. It the simulation in the paragraph 3 s not executed, the experiment in

s paragraph cannot be executed.

4] Power-oft and Pendulum Removal of Pendulum System

mw check if the power of the pendulum system is off and separate the pendulum
'Q"" pendulum 5ystem while the power is off.

.0 2] Experiment Block Configuration

ﬁgura the experiment bleck as shown in [Figure 5.12] that is the reference file
wls_0. bl using SIMToel in order te get the step response of the actwal pendulum
. Provide the input to the pendulum roter through the analogue ocutput block,
': ¢t the pulse signal that is transmitted Frorm the encoder block into the pulse to cm
ok pnd do the teedback. Theretore, the cart location of the pendulum (s conwvected as

the variable exp_step,

1. M PN G e A e U SR R G M
g viewiﬂ FloakEl it ¥ AL TUTLE  dindowetr  delginh ail) %)
@R W= B BRRO
31 3 st By ‘ra Wik T
F BNk Tist
4 bl PAL O SRS VTR DU HL DI M AT ST 01

o= e R SSCUIE o WO ER 1T TN ST 28 8 it TR T P

:_i
7§
‘m

N crileas et

Haikdt

¥ 512 Step Response experiment Block Gonfigurslion of Pengulum Motor (pchS_2.blk)

', Block Setu p

If You configure the experitnent block, set up each block. Set up the step block as
n [Figure 581 like the setup of the simulation. Set up the encoder block to
= % four raltiplies through the chaooel oumber D, Set up the gain block with the
U5 by o ang get up as 1,27/4000, This aims to convert the puise signal of the
tato the length nnit as considering that the cart moves 1.27cm when the motor
= e, gt up the scope block as shown in [Figure 5.9). Set up the out block to



the pXpErimeEnt result in the wariable exp step Set up the analogue output bleck gs
cuting pend_io.m file in CEMAT ool command window,

4] Hardware Setup and C-Code Generatlon

: Check it the hardware is set vp as RG-DSPICD! in "Hardware Interface’ window that
mpmyed as selecting “AUTOTool- Parameter’ in SIMTool menu. Set up the
, gutlou Hme in the setup window that is displayed 85 pressing "Parameter Setup’
yatton of the window above, Set up the starting time as D sec, the ending time pe 20D
5. gnd the sampling time as D001 sec, After completing the execution tirme setup,
s C-Code Generation and Compile” in “Hardware l[uterface’ window, and convert the
plotk that is configured by SIMTonl to C-Code, Transfer it to DSP beard, &fter

yansterring e DSP board, DOS window is displayed,

5] Power on and Inltlellzatlon of Pendulum Sysiem

#f DOS window is displayed, put IMede switch in the electric part of the pendulum
m to Manual mode and turn the power on, [nitialize the cart lecation as preseing
ITIALIZE  button on  MOVE, Open the refecence File lnitlalkle and  press
expeution-Execution” button on SIMTool menu or the execution icon. Then, convert
switch of the peodulum system to CENTool mede,

tep 8] Result Check

Alter completing the transfer to DSP board and fixing the cart location in the center
the pendulum system is initialized |, close DOS window and press “Execution’ button
‘Hardware Intecface window’, Then, the ecope block [5 connected te make you check
#displacement of the cart, Thersfore, the graph windew as shown in [Figure 5.13] is
ipayed,

Scopel

[Figure 5131 Step Responsg experimert Fesult of
Pendulum Motor



save the experiment resolt in the variable exp_step Set up the analogue sutpot block as
executing pend _ipm file in CEMTool command window,

[Step 4] Hardware Setup and C-Code Generailon

Check if the hardware is set up as RG-DSPIODN in "Hardware Interface” windowr that
ic displayed as selecting “aUTOTool- Parameter’ in SIMTool menu, Set up the
pgecution kime in the setup window that is displayed as pressing ‘Parameter Setup’
botten of the windew above, Set up the starting time as D sec, the ending time ae 20
sec, and the sampling tiee as D001 =ec, After completing the execution Hre setup,
press “C-Code Generation and Compile’ in "Hardware [utecface’ window, and convert the
block that is configured by S[ITool to C-Code, Transfer it to DSP board, After
transterring te DSP beard, DOS window is displayed,

[Step 5] Power on and Inftlalizatlon of Pendulum System

It DOS window iz dicplayed, put IMede switch in the electric part of the pendulum
system to [anwal mode and turn the power on, Initialize the cart lecatien as pressiog
[NITIALIZE button on MOYVE, Open the reference file iInltialbik and press
‘Execution-Execution” button on SI0Tool menn or the execution icen, Then, convert
Mode switch of the pendolum system to CEMTool mede,

[Step 6] Result Check

After completing the transfer to DEP board and fizing the cart logation in the center
as the pendulum system is initialized | close DOS window and prese ‘Execution” button
in ‘Hardware Intectace window’', Then, the scope block is connected to make you check
the displacement of the cart, Therefore, the graph window as shown in [Figure §13] is

displayed,
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[Figure 513] Step Response giperimert Rosult of
Pendulum Motor



{Step 7] Comparison to Simulation Result

Ezecute comp stepan file in CEMTool ¢command windew to corpare the simulation
result to the experiment result, However, you shall run the file only in the ¢ase that
you do not exesuse other simulation, or experiment right after completing the
simulation or the experiment, The graph that the simulation result and the experiment
result are drawm is as shown in [Figure 5.14]. The blue line is the experiment result
and the red line is the simclation result, As a result of comparing the pxperiment result
to the cimulation result, we can recognize that two results are vecy similar,
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[Figure 5.14] Comparison of Simulation experimert and
exprriment Result
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