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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. 
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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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CHAPTER I 

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 
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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 28th April 1993, where a crane becomes 

unbalanced while the boom was being lowered. The second incident occurred 2 days 

later, on 30th April1993, 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. 
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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 ofLow-pass filter ofthe system, and experiment 

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

1.2 Objectives 

The objectives ofthis project are: 

(i) To develop a Low-pass filter techniques for anti-sway control of a 

gantry crane system 

(ii) 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: 

(i) To study dynamic modeling flexible of gantry crane. 

(ii) To design a Low-pass filter by using 3rd order, 6th order, and 

91
h order to perform which orders are effectively reduces the 



residual sway angle ofthe pendulum. 

(iii) 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 

4 

Almost every industry uses a gantry crane 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. 
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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 3rd order, 6th order and 9th 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. 



CHAPTER2 

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 [ 1 0]. 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 Y ong 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 
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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 controHed 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 foJlowing (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 

Input on the basis of extracting the input energy around the natural frequency of the 

system. 
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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. 



CHAPTER3 

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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[ Choose title of project J 

l 
I Literature Review J 

I 

I Previous researches I Simulate the crane's model by using Low-
pass filter technique via SIMULINK and 

MATLAB 

~ 
Designing the unshaped bang-bang torque input 

based on Low-pass filter techniques 

~ 
Verification of control model design 

using CEMTool Software 

~ 
I Analysis controller design I 

~ 
l Verification l 

*-
Conclusion 

Figure 3.1: Work Methodology 
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3.2 Simulation of A Gantry Crane Model in MA TLAB 

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 tlltered by using 3rd order, 6th order and 

9th 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. 

3tepi 

.::.,rs.:.:.g 
Fii ter Ce; i ·~r 

Figure 3.2: A Gantry Crane Model 

;::,.fter fi!t .: r e c~ 
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3.3 The Unshaped Bang- Bang Torque Input Design in SIMTool 
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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 I, 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 I 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 is 0.5 s while 

initial value is 0 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 I. 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 ofthe steps. 

---- --------- -- --- . -----

Configure Bl ock Parameter "X'! I 
I 

[ Signal_ G ener at or : Step ] 
,------~--------------------

Block Name: 

[ Parameter Setting ] 

Start time 

Step1 

~~ -----------------------------
Initial value 

h 
; 

Final_ value 
l1.5 
' 

L...-__ oK_(_Kl_----"1 - Cancei(C) J ___ H elp_(H_l _ __, 

Figure 3.6: Setting of parameter for Step 1 



- ----------------------~ 

Configure Block Parameter ~ [ 

[ Signai_Generator: Step 1 
Block Name: 

[ Parameter Setting 1 
Start_ time 

m 
Initial_ value 

----
Step2 

10~------------------

Final_ value 

l-1.5 
' 

OK(K) Cancei(C) Help(H) 

Figure 3. 7: Setting of parameter for Step 2 

[ Signai_Generator: Step 1 
Block Name: 

[ Parameter Setting ] 
Start_ time 

Initial value 

lo.o 
Final value 

f1 

Step3 

~----O_K_(K_l _ _____;;, __ c_a_nc_e_I(C_l _ _..l_ 
Figure 3.8: Setting of parameter for Step 3 
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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 ofcutofffrequency is shown in Figure 4.18 below. 

A suitable cutoff frequency is 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 oft' steepness for monotonicity in the pass- and 

stop bands. 

A [b,a] = butter(n,Wn,'ftype') designs a Highpass, Low-pass, or Bandstop 

filter, where the string 'ftype' is one of the following. 'high' for a highpass digital 

filter with normalized cutoff frequency Wn 'low' for a Low-pass digital filter with 

~ormalized cut-off frequency Wn 'stop' for an order 2*n bandstop digital filter ifWn 
18 

a two-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,a]=butter(3,0.88, 1 low 1
) %For 3rd Order 

b = 

0.6843 2.0530 2.0530 0.6843 

a = 

1.0000 2.2501 1.7564 0.4683 

>> 

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

» [b,a]=butter(6,0.88, 1 low 1 ) ;: For 6th Order 

b = 

0.4801 2.8804 7.2011 9 I 6014 7.2011 2.8804 0.4801 

a = 

1.0000 4.5450 8.7464 9.0984 5. 3862 1. 7181 0.2305 

» 
'--

F" ili •gure 3.11: The numerator and denominator source code for 6 order 
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0.3349 3.0139 12.0557 28.1300 42.1950 42.1950 28.1300 12.0557 3.0139 0.3349 

a= 

1.0000 6.8300 20.9417 37.7948 44.2111 34.7385 18.3241 6.2540 1.2527 0.1121 

» 

Figure 3.12: The numerator and denominator source code for 9th 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 

example, 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. 

1-------------------------------------------

l
·n .,.,.,., .,., '~;(iJ 1 

•• •• •• •• I 

[Continuous: Transfer Function] 

8 lock N arne : l Transfer Function 

[ Parameter Setting ) 

r 
Denominator 

1 [1. oooo 2. 2501 1. 7564 o. 46831 

OK(K) '- Cancei(C) J _ Help(H) 

Figure 3.13: Transfer Function for 3rd Order 



-. 
?? ???? ?? ~I 

[ Continuous : Transfer Function ] 

Block Name : j-T-ra-ns-fe-r-Fu-n-ct-io-n2-

[Parameter Setting] 
Numerator 

Denominator 

1 [1. oooo 4. 545o s. 1464 9. o9s4 

r 

OK[K) Cancei[C) _ Hel~ 

Figure 3.14: Transfer Function for 6th Order 

[Continuous: Transfer Function] 

Block Name : ,....., ---T-ra-n-sf-er-F-un-c-tio-n-3 ----------

[ Parameter Setting ] 
Numerator 

Denominator 

j[1. 0000 6. 8300 20. 9417 37. 794E 

(..._. ____ o_K_(K)~~~- Cancei(C) J Help(H) 

Figure 3.15: Transfer Function for 9th Order 

J 
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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 3rd, 6'1\ and 91
h 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 3rd, 6th, and 9th 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 I/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 I 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 
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!Witroo 

Figure 3.16: A block diagram design using SIMTool without filter 



CHAPTER4 

RESULTS AND DISCUSSION 

4.1 Introduction 

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

project which c811 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 pattern 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: 

u 

Slep2 

axJDt=A:(+BLi 

y= C:<+C~ 

20 Crsr . .: 
SUti:·>pso: 

Swpe 

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 

4.3, and Figure 4.4 shows the responses without filter in time 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 . 
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Figure 4.2: Attenuation of sway ofthe pendulum 
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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 3rd order, 6th order 

and 9th 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. 
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Figure 4.5: Attenuation of sway ofthe pendulum for 3rd 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 of3rd order, 6th order, and 9th 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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4.1.2 Experiment Result Using CEMTooi/SIMTool Software 

The experiment results are divided by two parts: 

• Without a filter 

• 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 horizontal of the cart 

are± 0.342 rad and 73.24 em respectively. 

40 ,-----,-----.-----.----.-----.-----.----.-----.-----.----~ 

. . 
j ..........• ~ •. .. .; ... . . . . . . 
0 0 0 I : - :: ::: ' :: : ::::::::::] : ::· :• :: .. ·. ' - ·-····:--·----

-70 ~--~----~-----L----J-----L-----~--~----~----~--~ 
0 2 4 6 8 10 12 14 16 18 20 

Frequency (Hz) 

Figure 4.17: Attenuation of sway ofthe pendulum 
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4.1.2.2 Response with Low-pass filter 

In these experiment, the level sway reduction of the pendulum in Figure 4.20 

show a slight changed for 3rd 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. 
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When increasing the filter's order with 6, the results in Figure 4.23 gtve an 

iJnprovement 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 em 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 of3nl order. 
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The responses for 9th order are shows in Figure 4.26, Figure 4.27; and Figure 

4
.28. 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 swa)C angle of the 

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

is 2.6ls with zeros overshoot while the rise time become decreased to 1.99 s compared 

w.ith the result from 6th order. 
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4.1.3 Comparative Assessment 

The proposed application of Low-pass filter are implemented and experimented 

within the simulation environment of the gantiy 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 

dowtl higher at 2.61 s for 9th order with overshoot of zeros compared for 3rd and 6th 

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. 
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Figure 4.31: Horizontal position ofthe 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 1hat 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 9th order, followed by 6th order and 3rd order ofLow-pass filter. Figure 

4.33 show a bar graph fur rise and settling time of step response with 3rd, 6th' and 9th 

order Low-pass filter. Bar graph for rise time does not given an increasing pattern but 

settling time show an increasing result and it was verified the experiment theory which 

is the sway angle of the pendulum reduced with the increasing of the time for the sway 

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

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

shown a faster settling time with the increment of filter's order, but the patterns of rise 

time does not shown because of the experiment environment which made the reading 

changed in certain time during the experiment. The percentages of overshoots of the cart 

position responses are zeroes. Thus, it can be concluded that all types of :filters produces 

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

pendulum show that the increment of filter's order has affect the attenuation of sway and 

the cart position become increased but the result for amplitude of sway angle of the 

pendulum was decreased 
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Figure 4.32: Level of sway reduction with 3rd, 6th, and 9th order ofLow-pass filter 
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Figure 4.33: Rise and settling time of step response with 3ro, 61
h, and 9th order Low-pass 

filter 

Table 4.1: Level sway reduction of the pendulum. 

Butterworth 
Attenuation (dB) Amplitude of Horizontal 

Orders of sway of the sway angle of the position ofthe 
Filter 

pendulum pendulum (rad) cart (em) 

No filter 21.16 ±0.342 73.24 

3rd 4.13 ± 0.281 73.43 

LPF 
6th 5.49 ± 0.239 73.65 

9th 6.90 ±0.207 73.85 
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'fable 4.l: Level sway reduction ofthe pendulum and specification response ofthe cart 

position 

--Butterworth Attenuation Specification Response of Cart Position 
Filter 

Orders 
(dB) of - sway of the Rise Time Settling Time Overshoot 

pendulum 
(s) (s) (%) 

3rd 4.13 1.94 2.46 0 

LPF 
6th 5.49 2.03 2.58 0 

9th 6.9 1.99 2.61 0 



CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 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 

Performances 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 

comparison of the results of the specification response of the cart was investigated with 

the increasing settling time are show the reduction of sway angle to settling down was 

decreased at the higher order of filter. From that observation, the reduction of sway 

angle will be decreased. The result also depicted that the sway amplitude in the sway 

angle responses was reduced. The higher the filter order shows the capability to suppress 

the energy around the cutting edge frequency significantly. Although, there is a 

Problems using the Swing-Up Inverted Pendulum System because the system were not 

tobust and the crane parameter are not stabilized. 
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Recommendation 

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

1. The robust and scale gantiy crane is used which is preferable to use in the 

experiment study. 

11 . 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. 

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

vibration. 
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APPENDIX A 

Figure of Swing-Up Inverted Pendulum System 
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APPENDIXB 

Manual Pendulum Designer 
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time that is requ ,red for the slmu ,ation is changed in accordance witl:: the amount of 

calctlla.tiC>c. It is sometimes required to usE! thE! real time for the defined tin:e parameters. 
In Utis ca~ o, ycu can select th ~ s option, 

2.3.2 Execution of Sim.JI ali on 
If ycu complete th.e setup of pe.:amet~rs ~or the s imulatlcn that yvu VTant., you can 

e~a~cutE the slmulatl()!l. There are tl:ree methods to e&ecute the E imulation. 

" Us~ Ment.: : SelP.ct 'Eiiecute-E:ncutf'. 

" Us a Tcclbar : Click tha e s-:ecutior_ icon [£] 
" L1se Short C.Jt : Pre5s FS. 



You cw c~tD cu t.o tho &imulo.tion with thtco rr.cth1>dr; ob()t.'C , It ~ro•J wan t to &top thr 

iallllatiDn during tt1e simulation, press ESC once and the simula.ti•)t: is Etl>pped as the 

:ialll latiDn rc!:ult up to that pc~nt i~ displa~m3. 

2.3.3 Checking Simulation Result 
fhBre iite tb.t BB mathvd~ to pr:>veH s the ~ irnuiat(orl resu Its iu S[MTool, F'iot, yo:.~ n .n 

,e~~ the re :; ul~ iu b~ ~;>titpb. St.!l.vtu.lly, y() U a,;;m itualy~l! i:lli stnu.liu~ •.hU:t Lv CEtviTL>vi 

fbitdly, you can save data as the file . The method to check the result with the grai*J 

UP! SCOFIZ bloc to. r.•r XY Plc•t. 'I'I:e method to &end data to CEMTool uses OUT block 

and thB method to sa.ve data B.& the file us.e& 1'c·_Pile bl cdt., Ea.~h method i~ BKp:B.itnc 

u fDUoWI>. 

(1] seeing Hesult relalecf to the time .axis (Soope) 

1'hP. Rl:l)r•ll hlor:k illmtr~tP.~ thP. r:1;~ngp r,f inr~Jt V"AIIlR nf t.hP. o(l),~ k rP.IAlFHI tr.. timP. vJit~ 

tM IIBP~:. 

I 
Ll ,;g .,j_A 

~rJ~~;~ 

":I . J -·.; 
·: ., 

.. 

... t_ ·-
•·· 
0 I 

U YOU urt up tr..~ parE~.tn&tEtr of the r.nc•d&i bat you onfigur~ and rt:n it., th~ plot 
Window it d' ,_ , , • 1t'llt: L~Pid.!&d as s~li>Wn m [F'tgure 2..2.3) and the graph t& drawn iu accordance 
1t1 tbe r:•rogres5 of tho slr.nulati\ln, The grapr_ scale is initiaJv drawn in accordancE 

th tb.~ condition that thl! ma~ritnutn ~·alu~ a11c thE minimum ~ralu~:> of thP v-a~ris arE 
~fteur e 1 l · Qlt n th~:> blocK. setLtrJ dlalr.gue lx•v. r~. nd wt1~:>n thP simulaticn i; c-e>mplt?t.ed, Its 

li automatic ally set up and the graph. is drawn again in accordance wit ::J. thE 
ftaure'! sr.iiiP. ! f I d h · ~I k ' h '· ' d • : ..1 ftrlh ·· yr..u oa . t P. RCOl'fl , l)r:, tn t P. wort, wtr, tWo Rnr. 110 not set llf• 

1 ina:_ lhP. tninim11m v<~hJP. fi'i'~ the ma:.:irntJO! value r..f the ;;-a){is Are U rind 10 
Cl:iveh· The · refore, wlten the graph is drawr: for the first time, t:1e 7-aKis is Ht up 



rrol'l'l o to 1 [ and the graph ls drawn. 
If ye>u want t e> see n~.>t 1>n.y one graph ut a.lsc· BB'.rBral 0r~.phs in tbB s::..mB bll)ck 

cnodsls, you need to sepa.ratel:r cormect eac h output block to the !iupe bbck as sho1Nn 

In Tfigure 2..l41. Then, each g;aph is displayed i:1 f!m r:J.ot w.ndow as E;hDiT.rn it: [Figure 

~ .?.5]. ft. Is conVP.1iP.nt f11n .t.ion to mRkf!. yon tnrnp<trP. t.h~ inp11t. v.-ich th~ t)IJt.pllt i'!nd t.hP. 

output values as s hi>W.ng several graphs at thE< EE<.me t.irnB. 

; \ ··=" ril .~. 
f!l•·· ;-

'v 

'/ ... 

I 

OJ ~lng Reault using )(y Plot Block 
If 

Ycu 'Nant tc' see not time <.ralue but the status •,raluP of the nDcl~l tba: :,.·c·u want tv 



'l
ou can see the progress or tho simu la tion using XY Plot block. It you onnect 

1a1Utate, 1 . lot block to the model , the plot wliHiow is displayed as you check by connecting 
)C'r' p e block and you can check the progress of he simulation in the plot windc.w. 
t~ scOP 

I)) seeing Re8LIIt using OUT 81ock 

11 
pou want t.o load the simulation resul t tha t Is done in S!MTool to CEMToot 

.nnc~ow and analyn it in det.tt.il, you rm.'f use the out block. [Figure 2.,2.6] is the dia.loglle 

bOI to set up the block info rmation of the out block. If you enter the var iable name that 

ou want to toad from CEMTool in 'Varia.ble name', press ' Setup' button and e:.:ecllt.e 

:be ahnulation, the change of status value of the model that you configur e is recorded in 

tbt designated variable m.me a.t the interval of the simulation calculation a.nd i t ls 

reslsltlred as U1e •,ra.rlable of CEMTool. 

[ Output : Out 1 
Bloclr.name 

[Paramete1 setup) 
VariableJJame 
II 

Out 

Cancei(Q I Help(!:!) 

[FiQI)II;I 226) Sij(t.JD of (~Dt.Jt Var~I)J~ of <)l)T Blocl\ 

Execute the simulation e>r the model and ent.1H the commrwd '"list" ir1 tb~ wc·r ~ \Yindc,~v 

or C£rvtTe>ol. This cc·rmm.nd »Ltsr• shc·ws the ~·a.riabl.es list that arB saved in t.he curretlt 

work window ot CE:MTool. Then, you can seB the name of nriables that ~rou set up 

and ttn variable 't' that you nwer enter, (See [Figure l.,~7]) Those nriables are 

treatn d during thE! sitnLllation. Time vectors that are arri1.nged at. the defined intert1al 

hom the starting time to the ending time or the simulation im entered in 't' and the 

l~~put value tc> the out block that corresponds to each moment of the t.ime vector tha.t is 

t&Yed in 't' is entered ill the vari&.ble na.me that vou enter, You can change the names 

ot these \'iHiable s in SIMTool, You can d!!tine the name of the ·:ariable ' t' that sa...-es 

tbt time \7Htor in Time Variable a.mc·ng the menus in the dialogue bog where you set 

Up the Parameters for the simulation in [figure ~.~ZI. You can define the name of the 

•arlable that saves the rewH val!:les as opEming the dialogue bo& to set up the bloclr..s 

roc the out blocks. rr there is no special detinltion, the predeflnE'd •'t' and 'vl" are 

created as the tlllme of the variables. 

C£You can anal)'ze the nrlables tha.t a.re created by the out block in the 'i'!t)rkspace of 

M'l'c.Dl in various wa.~'S. A.s the slt:nple l!){amr;fe, ~·ou can draw the graph using the 

Cfenllland Draw in CEMTool. Enter as follows in CEMTool. 



2
_4 HoW to Configure Models (Differential EQuation by 

MfOOI) 
Ltt'l ce>nfigJre the b[owing step re ~pNm s as the graphic b:ocr.. wich S :tv'lT)•)l, 

G(s) = ;l-'-2s+4 

[1) Stleetlon a.nd Conneellon m 8foeks 

lo order tl) C•)nfigme thE traris f~r tunc:til)n abi)I/B with SlMTc·ol, bring the step tlock 

tnto Sli\IITool work wbdovr from tile input block wirdovr. Ne}:t enter tilE Cl)efficient (!f 

Trao fe r Function that is mDd~l!!d in the cmtlnuDUs time, Sfl~ct the tilnsfer f1.mct.iDn 

blccu th.at t:ansrnit tha out~~.lt in B.cwrdance 1r,ith the inpt.:t Bigcals that a.re er:tered into 

thl bl oc~ in the ceor.tinuous block ·.vindo·..v. Af:er thaJ, l:love the Stc>j:f blocks to thP. 

vrcr~ window· in ordH to wtpu: th~ tim3 gril.pn for the ca.lculiltion n~E:ul:. F':na.lly, 

armge and connect e11u blc•ck. ES shown in lfi&ure Z 2.91. 

·, .. 
~ .3 " li) "' • ~T It ~ 
::Jt_...,.,,,,~ ,.,., •.. : fJ - • ~ 

.. 



parameter Setu,:l 

stod' 
1 

glllg the requir~d blocks tl) thll work window and cc.nnecting them, set up 
a ... f br n 
,..- !XIftPr values of the stE•p blocks and the stope bloek.s as shown in [Flguu.> 2.30] 

lilt para 
... figure Z-.311. 

[ SlgnaLGenerator,..: ..:.Ste.:.:..:....p .:..] ----,.,,-------
Rinr.k NRmP. : I ~fnp 

l P ~~~TAr SR!r rfl ] 
S rulme 

lnitiaLvalue 
0,0 

F'maLvatue 
po 

Setup(]$) Cancel(Q -telp@ 

[Figure 2.30] Step Bleck. F?.!<llmater Setup 

[ Output : Scope ] 
Block Name : I 
{ P<~rameter Smp I 
V_min 
0.0 
V.ma:< 
3 

co t ope 

Cancei(Q Help<lf) 

fall!t anll !:i~l ll[) '[1 ]', nurwn ~tll>L ~.: v~ !Tid~ ul vf th~ lt am fl:! L fuu~li~>u, lu t hii uuuun &oll)L 

fllut iOd ['[1 ,ZJ]', d Emominator colifficia nt, in Dencminator as E hown lrl [Flgur 9 Z-32.1. 

[ Continuous : Transfer Function ] 
Block Name : .,.;.1 __;_.....:..:_:_,T;;.:.ra_;n:...st.,..e-r ... F-un-E""1io_n __ _ 

[ Parameter Setup 
Numerator 
j[ l 
Dsno111inillor 
[1 2 4] 

SB1up@ Cancel(~) Help(J:i) 

(Figun; 232] Transfer Furdi:;:.n B>:x::k. Paranet~;r Slltup 



31 sarnulllt16n setup 

( Atrer comp'.eting tile bloc :t se:IJP, set u t> the s imulatiotl parameter as B?>pla~led in tb.E 

aph :; 3 1 a.s sh•>WD in IFigu:e 2.,331. Se I.e ct RK4 as the numer lc u analvsiE 
P'raS' · ' 
al~orttluu acd dou~ tlw par<Hnater setup window, 

Starttime : u 

End time: liO 

Step elze : jo.Ot 

~ lmulation me:hod 1Htl4 ..!J 

Error tolerance 

llme variable ; 

Reel tlme r 

OK(.I!;) Cencei(C.i Cetault(j;l) 

[Ftgu·e 2.331 SlmUatlqn P~ameter S..tuP 

(41 Exeeutlcn 

Press the Eimu.ation executlor1. button to run tb.e simdatioo And the Btep re!:ponH 

lbat yeou want to obtain is c.s shown in [!7igure 2,J41. 

3 
Scope 

I 
~ & 

I ··~ 

2 

1.: I 

I ' 
1 ' 

c.~ I 
I 

I 
0 

0 2 ~ - 6 8. 10. 



s. AUTOTool 

AUT01'C>ol is tlu1 usDC-frisndly C-Cc.-de gene:at)r tc.r thB blodr. filss th8t the u~er 

kkJ,l ) I)Y usiu~:; SIMTI.iol, You li:IU t!K~~ul~ Lltll llldHiruf::! !::LUU[iililm it~ uil u;Liy 

:'lJT\.oading to DSP beard l.l&ing C-Codl'! In P.UTO':' (>C•i. In addltic>n, ~'OI.l o; <ln &X:W..l:B the 

rr~ t-Um3 conttol test fo: the real plants tluoJgll inp.lt and •x ltPJt boards. In this 

s&nulalion, we v:.~ll creatE! C-Cocle in the gemrator algorithm usinB AUTOTool, 

&l~WU· "11 J it lu DSP lx.•c.u d iiiJU l'~:t~wlt~ I. Itt~ t:•mL.ul simulil.lil>tl (ut t.h~ ptmclulcnu s:;sl~tH 

ID rsr.l time. 

3.1 How to Use AUTOTool 
Act orjlng to the following t::r oc edm e, ttu block algorlc;hm that the user c ontigure by 

SIM'J'oo. is au~omat i ca.lly ccmvr.rtecl t.t> tr1e commot: C-Cocle and can be d{>Wnloadecl to 
osP bt>ud. Afr.er I";C>r•fignlng thf control algori:hm ancl connecting the ce>mmuni~at. on 

block o: SIMTool in acc:ordo.~H~~ with the pu:pc:;o C>f input rAnd output p:>.rt!;, un• 

AUTOTe>ol in accordance with the tollowing pcocedur~ . Thea , the real-time control 

simulation can be 11Kecuted t:uough the input i;.nd output bc.ards . 

)lcp 1] Algorithm Ccnflgurntlon us.lng SIMT~I 

ConH&urP thB block algor.tb.m using SfMToc•l a2d Eet up each block in acsordancs 

wi~h the pl rpvse, 

ltep 21 AUTOTool Configuration Setup 

Sel,ct 'AUTOTool Parameters· it~ 8UviToo. menu H press SHIFT1 H Then, 

'lfaldwue Interface· window is appearBd as shovrn in [rigurB £..35 ). 

)!!j 

OSP /10 L Ullll.l CJIIIpil~ Mudt< 

r A6-DSPI001 ~DSP rPC 

OSP boc;rd 10 bo~rd 
r- G o~rot r 
r r.~ 
r r 1003 
r (" J 

(" r 

View C co:le (YJ Poromotor cutup(£) 

hFir.l.fl!(f) 



rne setuP in 'Hard~v-arr: Setup WindDW' ls done as follows . 

~ DSP(!O Board : Select th.e ty•pe of DSPl 0 board to use 

~Compile tv1ode : Select DSP fDr the calculation using DSP 

~ DSP Board : Select the type rA DSP board to use 

~ 10 Board : Se I.e ct the type or lnpu t and output boards to use 

~ Paramllt.er Setup : Set up the starting and ending time of simulation and the 

satnpling time 
~View C Code :It shows C-Code that Is created using AUTOTool. 

~ c-Code Genera.tion and CompUe : Ccmrert the algorithm that is configured through 

SIMTool using AUTOTool into C-Code and at the same time, transplant C-Code into 

OSP board. 
Jl; EKecution : Operate the algorithm that is transplanted to DSP board and thetl 

operate the system as awtsring the algorithm that the user configures. 

Select ~RG-DSP[OOI r for DSP{IO board in this simulation, but do not select DSP 

board and input and oo tput boards , 

(Step 3] Execution Time Setup 

Pres s 'Para.meter ' menu and 'Simulation Parameter Setup' window is displaved as 

shown in IF'igure U61. You can set up the starting and ending time of the simulation, 

tbe sampflng tirru and whether to use the time variable and the real- time. 

Sta,.time : 

End time : 110 
S1sp IIZII : f) 01 

Simulation msthoo : 

Error tolerance 

Time variable : 

Realtime r 

Cancel(.!;.> 

jRK4 

Oefault(il) 

[Figur9 2.38] Simulation Param9tlilr S9tup Wlnoow 



4• DSP Function of RG- DSPI001 

AG-DSPlOD l board enables the rapid operation and tb.e real time simula tbn using 

p tunctioll 'I'hls s imulation ex ecutes the wrJrt•l of the pendulum thrt>ugh ttle real 

DS l'"""l~tion th~. t uses DSP ftJnction aod input(output function of RG-DSP!Oll at the 
tltJle B wY 

,aroe t ta:JL 

fT.:;,bl:;. 3.6] DSP Sp~;>::ffic.'ltion of RG-DSPIC01 

Divlsi«a ~CGPlOil 

Ma.in Procesror TMSC1ZDC3Z 
Pc- oceB£Cor O~rating 

Frequeo:y 
EO MH?. 

RCM 12,8 Kbyte 

Memory f\Jocma! SRAM lZB Kbyte ()r 51Z. Kbyte) 

foa&t !ir.AM 2.5& [(byte 

Serial CQntroller 2B5C30 
Comrrunicatio 

r, No, of PDrts 1 

Interface FCIBUS 

5 lnput/Output{Communlcation) Block Setup 

Use the input{ totJtput ftJnction of nG- DGPI OD 1 board u&lng tbe analog1Je vl'tpu t and 

1111logue input blocl-\, the digital input e.nd output block and encoder block among 
Ctlnlnunlcnlion block;; of SUviTool, Let't learn how to uce and cot up each bl1>ck. 

1 Analogue Input & Analogue Output Block Parameter 
The b~ock. thil.t rcc oln~ the ~isntl.l f'eom the pla:1t in S!Miool i~ t-he analosuo input 

hi The block. that transmits the signal to the plwt is the analogue output block.. The 
DW\ngs arB th.e meaning of each block parameter 

lnalogu~ lnJlut Block 

:than~ l_num : Chatme I number(O-;) of lnp.lt(Output boe.rd 
low_vl') itr.tg P. : Mnirnum vDitagP. rP.qllirP.d for tte input(r.ntput board(within the limits 
llh set up iu €~ 

~ hlch _Vol tage : Ma;dmum voltage required br the input(OI.l tpu t board( within the 
th11.t are set up in @) 



~ row. inpu:. : Mairr_um mi!pping lr'C.lue ot '170ltagE that tne input(output board 

~CJ. its to PC 
11 ® histdwut : Ml.:dmum Minimum ma,:;ving value 1>: yo[t:age that till! input/c•utr.ut 

d tran&Ulit~ to PC 
!)OIC 

® Ss!Bction of 'lol:.ag~ Lirrd Select the input ~rcltage limit thiH Is set up in the 

ill(llltfout.put bnrH d 

CZ) Analogue Output Bleck 

~I ehannP.I_nllm : [:h;mnP.I nllmher:n-7; Df rnr.utiOut.put. hor~rri 

® IDW_'I'c•ltagE : Minimum ~!cltage requi:ed for tl:e input/outp:Jt board(•Nithin t rlB limits 

tll&t JU B~t llp in @!) 

® blSil_\·clt.:~.ge : Ma:dmum 7C•ltagE required f)r the lnput(output board(>'~rlthln th~ 

lttlts ttlat ae set up in @) 

$ lowjnput : Mir.imum rna[.>t)ine v~.ILJ? c•f vc•lrae:~ that PC outputs thrNlE:;h th~ 

[llj:~t(outpu t boat d 
Sl hl;!h_iupt;t ; rvli:t.X. il!lUill l:li:.( .. pin~ '/iiiUE! or volt<:ge lhil.l PC l)l~tput~:; lhtuugh Ltl~ 

input( output boac d 
® s~lectie>n d Voltae;e Limit: SPLPct t:u Nltp.lt •.nlti![::E' limit that is s~t up in thP 

i~.ut/ou put bot'lr d 

[ Corrmunlt bon • ~aloou&lnput I 
like Na·n~ : I Analogue Input 

I Pt~imQter Setup ] 

Cancei(Q 

(' rN-5V 
r fN- IOV 

HelpC.tll 

X 

[ CommLnlcatlon : An;~looue Output] 

Block Name : I Analogue Output 

f Parimeter Se:u11 l 
Ch;maeL.Num 

1-5 
H19h-Vo~tase 
I~ 
Lo·, JQPLI 
I o 

Voltage Range fJ Hardware 
r-fN-W <"'rN-5V 
r. -10\1- IOV r fN-IDV 

Serup(t) Cancel(.!:> He!J)Qi) 

(Figure 3.-'] Analogue Input & Analogue Output Block 

X 

5.2 Seeling Principle 
l'llt 

Yalu~ that Sl!viTc·ol me ~tres depends en the volume or the Input and output 



tbat is (hOl.nged in acwrdance with the setup •Talue of the artak,gm it:t::ut or 
90_uge bloC~ para:r.l!ter or S IMTocll. SEt tin~ the V'C>lume cf the input and output is c ailed 

oJtplu Thls par~gra~h will n:plain how the \'Dlume of input ;:md e>utput is chat:ged in 
SCJ og. 

d•nce with the pa.rameter that is s~ t up in the analo~·J? inp..lt or t)Utp~,;t b.ock of 
a:ttof ~ 

SIM'fool. 

5.2.1 Relation between Voltage Limil and lnpui/Output Board 
We oeed to k.neow the relatiC>n bet!i?e!ln rru.:~imum and m.nimum. in~lt(output. l!th.@e of 

tilt aetual ~an~:p1mdulum svstem or AC servo trainer Kit etc.) and the input{(lutpJt 

n.ue on the inp..lt{output l;:.l)~.rd. Tb.e iuput/output resl)lutio:J. .;:.f RG-DSPIOOl iE 16:/it and 

lbt value that RG-CSPIOOl can rece i11e is 2 1~. that is ro E ~Y. 65536. Tbe valuE that 

RG-DSPIOOl is 2 Ui, tha.t is to Sii.?, &5536 Ttmefore, the input(output 'll)lti!gt on 

RG-DSPIOO I is (;01119rt~d ir1to 655 36 ~la~ues(V ··J6553 5). 

(Exarrq:lte) MinillLm voltage of the pla11 is -5v and the maximum input/output V)ltage is 

•.91. 

II tbs mapping nlJe for 16bit input{outpJt board is -5~, thE volta.ge is OKD(O) and if 

tbf mappng value is +5v, the P?c.ltage is Di{fm(S5535). 

5.2.2 Low voltage/High voltage & Low inpui/High input Selup 
Tba low voltage ;mel the high I!O'.t~g~ are the parameters that yoll can set up the 

mhirnum and rr.aximum ''alue (lf t11e voltage '~·ithin tlte ~Toltage limits tha; are 

c:.~ tlgqred on the inpJ' and output beard among the inpJ; nri&bles c·f the am.logu e 

ir(..ut and output blc·cl~. r;a.rameters of SIMTool, That is to say, you can adjust the 

~oUt/outpu t lfOitagJ! limits of the plar.t ·<Pithin the voltage li:rcits of input/output I'.A:oa.rd 

lld Yoil can select the approprlate v~L.E! for the adjustment. How·ever, the valL:e may 

be d~feren t from the pivsical quanti:s• th:~.t you want tc· calculate. Therefore, you need 

tt let up the 11a·.ue to be conll£!rted int) the ptwsical qt:en~it7 that you consider ThE 

Plrarneters tha.t Br~ &Et up in the ana.logt:B input and output block of SIMfool for this 

fiJ:PGse a.re Low lnr-:u: a.nd High Input. The low· input mea1s the !1J.rsical qnntity br 

"- low Voltage B.n:l the high input for the high \rc;.ltage, In B:l :lition, this parBmete: value 

not ha11e arw lir:1its for setup. 



3.1 pendulum Cart Location Signal Check 

[StfP 11 Bloek Cenflgurstlon 

Firstly con1igur ~ thE< blocks in S[ M'I'ool work •N.nclow as shown in IFigu:e Ul. At 

this point, Pulse to em block. is to ce>n•.,rert the pJ!sE sign~l of tb.e encoder into the 

dis~ac ement(cm) cf the cart •~sing tie gain block, 

fllerk llot 
" I '•rP <:" , :J 

·i lit : {itt[:. :!ti••J 

' -l '' •i·l!·:d 
• ~~! r~!\ !"· J · t.~ l·~ f .: l 

- ~ !·· ·•d:· l l•· · 

.. •c :_ t,1a~ . .-: ;j '" '' 1 ;, ~ ~ 

.-. .)' ~: ll'ilf• ~I! 4. ~·1 ·~· 1 :..t·J:: ~ 

• : [i::/J tl'-ll' 

'I} I " li11 1 •l ~II) I ~ 

R•iojl 

!Step <I 81oek Parameter Setu~ 

'"'···· ~~l'flt 
IJ ~. 

~ .; t , . . 

i'"l' c lo·:• r• 

The cart location congerts the I:.Uise that i~ measured bsr the encoder lntC> the len8th 

kin) in tb.e puis e to em block. ThE lc·catlon s[gnal oc the cart is r ece lved frcom the 

<IIanne I number D so that the et1r cdEr blDck. is set up as s hDwn in [Figure 4.51. 



" 
- [ Comnl.lnlcatlon ; Encoder l 

Clot . N~ rn ~ r------,-En--c-od~e-.rl ____ _ 

lo 

• 1.-•1 

Setuo(K) CanceKC) Helo(H) 

Ssl up llll! !l!:')(,-'1! bluck rwUl Ull! Uliuimum va.lut~ -3D Lu lh~ llliiXLIUUtll Vi:ILUII 30 ln 

accor dance witb tb.e dlsplacermnt .:.f the cart as sh()Wn in lt'"igure U 1. Ttl~ unit or the 
displac t>mPnt is ern. 

[ OUt:lut : l:cooe 1 
Olock Nam~t :j,... ----.,.-3-co-J-.e 1;-----

[ Panmetar Satup ] 
VJnln 

VJnax 

Setup .19 cancei(Q Help!t!) 

!Figura 4.61 Scops Bbck SatLfJ 

I you set up the llncoder bloc~ &5 sheown in [Figure Ul, it is ceoo.figured to receio;re 

l[w Hlltodt!t puls!! c.s t ruu ltipli!!~. It rm~us Lhal lhi:! I:!Ut.: 00111 is t l)(lfi!;!,Utl:!t.l lu ll:!~:~i v 1:! 

t,UOII pulse pP.r rotr~tion r>f the mot.Dr . In addlt.ion, the hall screw of the pendlllurn systP.m 
111601 ~ S U7cm pt?r rc.tatlon !>o that e,aln block. (P1.1lst? tc tm) is sPt up as '1.~7(4DDD'. Yt1U 

tan D.p(>ly the brmulil(U) in accDrdo.ncc with lhc setup Df thc rc:;l.>lu~illn rnultiplior 

(ruulliply) il~tu u( lhe ~1nut.l~t bl~:~~k. Al lhis pvint, Lbl' uwlliplil'l is 1, ~ ~·t 4 ;mtl lh~ 
number ot erHodec pulse that is used in this e&:periment is l,O DO pulses . 

(4.1) 

latep 3] Hardware Selup/ C-oode Generallon I Transporlallon lo DSP 

t~alac t ' A.U'l'OTool- Parameter' in Sl lvffoDI menu for thD hardware se tu~ and EBt up 

hnrdwarn ill: ~he>wn in [Fif:pJrc 4. 71. Set up the c1w cut ion time in the r;~tup window 



Is displayed as presslng ' Parameter Setup' button of [figure 4.71. P.s shown in 
that 

re A B] sat up the star tins time as 0 sec,, the Emding time as ZO &llc, and the lfi8U ... I 

sJIIlP!Ing ti!llJ! as 0.001 sec. 

DSP/10 board Compile Mode 

r RG-{)SPIOOI r. DSP r PC 

- DSP board - ·-- - -·-, - 10 board --- - -·-· -- ·-: 
r. RG-DSPOI r 
r r. w 
r r 1003 

Parameter setup® 

E><ecule(f) 

IFigull'! 4 7) AUTOTool Configur-ation Sl;'lup 

StartUme: 0 

End time: I~ 

Step size: 1o.oo1 

Simulation method : jRK4 ..:.] 

Error tolerance 

Time variable ; 

Real time ~ 

Cancel~) Detau~<ll> 

[FigU1'9 4.8] EJo:BOJtk:ln TimE! $1;'11Jp 

Albr You set up the execution time, press ' C-Code Generation and Compile' button in 

re UJ and con~ert the blocks that y-ou configure with SI~IITool and transfer it to 

board, After transferring to DSP board, DOS window as shD,Nn in [Figure 4.91 is 
Yed, 



[!tep 4] Re91.1 II Cheek 

Attar cc•mplBting tlu trmsfH tc. DSP beoa.rcl, cleose th£> wind)w in [Figcre (,9] a.nd 

cbange t1e mode to rJJanual c·n IVIDDE that is in tb.e ele:tric part of the pEndulum, 

Tbeo, turn th~ (X•"WIH l)ll ~.n:l dlr;k. 'EKeclltil)n' button in [Flgi.H~ 4 n Finally' U!e 

eraphlc windc:.w is dis~iayHI, At this timr., mt>vr. thE< cart locat.on as preseing thE! left 

and right button of I•IIOVE, Then. the char1ge of the ~nsoder pt:lse that is generated in 
ICtNdance with the cart LCocatlon as shown ln [Flg!Jre 4.1 0] lE con1rerted as the 

langtn(cm) a.nd is clisplayed as tin graph, ln this graph, the K-aKis is time (seconds) 

llld the ~·-axis is thE' displacement(,:m) Yoo can clla.r1ge this grai)h as meoving the cart. 

30. 
'3coFe 

20. 

l\ ~~ 1\ 
10. 

0 

v t/ ~~11 · 10 

-~0 

~ -30 • 
IJ. 5. < 0. 15. 20 

3.2 p 
endulum Angle Signal Check 

n thJl i:>DndLllUITl :::y~;tom ir. cont:cctcd tc• the inpiJt(t)UCput boord i)_r; :::hov,rn in [Tcd:·lD 



I 
you can measure the angle slgn~.l of the pendulum in accordance "With the following 

"" orde r. 

~e) 11 you execute only the location control experiment of the pendulum motor usin~;~ this 

texl. you can skip the experiment in the paragraph 3.2 

Refe rence Files : pch4_2 .blk (X:\CEMWare\Expariment\Pendulum\pch4_2.Dik) 

(Step 11 Block Configuration 

flrselv. bring the SCOI."le block from the output block in SIMTool work window, the 

rocoder block. from the communication block &nd the gain block from the operation block 

and cDnfigure th~ blocks B.B shc.wn in [FigurB Ull. 

/'i ., T·" ., ~ ... I .,. ,, ., , .,. 

I :"II - Itt • · <£ "' 1' " .: •• · 
0~~~·~ -,...Aj ..,.... . , ., 
P,Un11.1d1j-:; <1 ~I ,: I I'll 

1'f•l 1• · 1 I 
I ~~ [.:~y:J~1~ ~~~d 

, _. ~'· • .1r St !Ill. . • 
• # J I '. I II. ( "I 
• •1 I l lf 1i' ' •I I 

" I ~ -:p I .• 1 

• • .., ' 1 ~ru, 

~I t lJJ 

1·· 1-·•w]-
~ · ... f. .o t~ I f( ,.• I 

!Fi~;~ure 4.11] Bloc~; (/.)nfi~;~uratkm to SE!E< AngiE! Signal of P£llldulum(pch4_2.blk) 

!Step 21 Block Par.!ll"nn'Jter Setup 

" 

1'hP Pendulum angle ls transmitted through t.he channel no. 1 of RG-DSPlODl bo~.rd 
Stt Up B.s shc·wn in [Figure 4.1 Z] to receitre as four multiplies, 



[ Conmunic '~on : Cncoder J 
Blocr:Narne r-----F~r•:~;Jr,:-, -----

[ P ar...,.ootor Sollip l 

Chann"l 

flaso/utbn_tv'ultpler 

CanceiCt.> Helpll!J 

[Fi!;IJf6' 4.1~] Er.r;.;rd~r Blocl~ S1:1tup 

tD additie>rt, set lJP bE gain blc·C:<'> (Pulse to radian) as slwwr: in [Figr.;re t b ] tc. 

inclcato t:'lc pcndrJlum rr1glc Ll~ rLo.dian. Thic ic bc~o·J~r' ~.000 pulcc~ ilro g~ncrLo.tNl b tho 
tocotler as tb£< penclul•Jm rvtat.et on•:e and if it i; convr~rted a~ tbe radian unit, it 

bf<t>llll!~ 2.T. Set up th.e scope block BE the ~;:·endulum mo'i'ement is indicEo.ted up to RbOLlt 

zr as sho1,1m In [FIgurE U H 

[ Mathma~cs . Ga/1 I 
B~ckName : ~~ ~---~P:-u~ls~e ~to~r~3d~l~an~-----

( P~rornctor Sckp ) 
Gain 

[ Output : Scope ] 
Block Narn : ~~ -----"""8"'"c-.c-p-e -----

[ Par;:~m!!l~r S~tq1 
V.min 
IO 
Y .max 

Cancel( C) Help( H) 

31 Hardwa~ Setu~ [C-CJ:>de Generation/ 1 ransferrlng t.o OS~ Hoard 

~~elnc t 'AUTOTc.ol- Po.ramoter' h S[[vTI'c>c·l monr.1 f,n the h1rdvn.re setup o.nd cet •Jp 

bard·ware as sho·m1 h [F-igure 4.51. Set up the eKBcution time in the setup wiado•;v 
i8 d:Epleyad aE: prPEE:ing 'f!'er~.meter Satq:: button c-f [I-igurs U bl. Ar. E:aown in 



1 t6l !:et up thE ~t~r tlng tlme as D ~!'!c ., the P.ndlng lime as ~.U sec and thP. 
lf&t.ll'~ . . . 

_..,~ · ,., LiUJil ~~.~ 0.001 !:>el. 
·~lloe> 

OSP,10 board 

r RG-DSPIOOI 

t!SP bo~rd 
r- nG-O~PO 

r 
r 
r 
r 

1,1ew C code ('.[! 

Sti r. hnt~ ; 

End thlO 

Ste~ gi~a : IO] lil 

StTILI ~on meti!OII • 

Error 101era 1ce 

lll l ~ Ydll b l~ • 

A t m !j v 

Cancei<.C.: 

CoilPDe Modv 
r. OSP r PC 

10 :Joarc 
r .· 
r-am 
r IOC3 

r ' " ·' 
r 

(R~4 

)etauftiiD 

:rigtTil 4 .10] EX~t..tion Tim~ Setup 

~ler !"ou set up the exe:ution t ime, pr~Es T-CodE Generatior. and Compile ' but tcn iu 

llrt U 5] and corNert thl! lJltltks that !lOll wr:figt.:re 'IIIith Sl lv.T'fJtl and transfH It t1> 

~p bGard. Arter trarlsferr ing to D3 P board, D03 window a& &:lv'Nn (n Wigure U 7l i~ 
·~~YM. 

~) The -:lltlerent WindO'lll may t>e diSplayed Instead of DOS window as ToiiC'~Js in 

Otn.~nc e wnh CEM'Aoar~ '\'Ersion. 



~ A88Uit Check 

~1 t(lm(letitl.g th~ trans fer to DSf bDiH d, clos~ the v:rlnd ow in [Figure U 7! and 
e the mode te> Ma.nual on lv10DE that l!> in the electric part of the pend'.llurn. 

IbiD. turn th~ rc•wer on B.nd clic~ 'EzECut[on' btltton in !Figme OJ. Finally-, thB 

~c winde>w is dis!Xa.yed, At this time, mo~.r~ the cart l!)cetic·n a.s pm~sing th~ left 

riah t button of MOVE, Then, the cha.ngfl of the encodH pulE:e thBt is gell9rated in 

ttdmce with the •:art loca.tlon a.s s~own in [Fig:.m UBI is conl7f'rted a~ the 
bCcrn aud dlspl:1ytd a~; the e;rt~r.:h . In thi~ graph, the ~;-a~:is i~; Urm (s~cvnds) and 

J·tKis ls the displacement.(cm). Thi~ graph can be cbanged by hov.r il. person ml)ves 

urt. 

Scope 
45r-------------~-------------, 

4 

3.5 

7 5 

1 ! ~~ifi.J 
I v 
I 

2, 

1 . ~ 

1. 

0.5 

0. ~_.--~----~~----~----~ 
0. 5, 10 !5. 20 . 

[FigtJn;l 4.18) Ange Sgr.;;l (.•f PGnduh.Jm 



Simulation {Step Response) s. 

Referenr.£ F les : pend _If. m (X:\CEMWare\Exper~ment\Pendulum\pend_tl.m) 

pch-5_1. oil·: (..X:\CEMW<lra l£xpcrirrcnt~cndulum1t-ch5_1 . bll() 

tt~:t) VOL: need to e:<ecute pe1d_tl.m f1le in DEI\.'Ifool wrdow 10 J.:;.ad the mc-del:3 "C>f 1t,e 

pendulu f<?f this s mula! ion 

fBttll 11 Connection of Step lnJ)ut Block and Output Block(Scope, Out) 

contigure tile reference file pcb.5_1.blk tCJ be t:Je closed loop using t:le transfer functior. 
bl~ct.(r~t~ca n:: ~ tiiB pch1_3.bltJ ot cbe puwt.Jlucn me>te>r that is conti~t:r9d by S]viToc·l it: 

lhJ regrap:l 5 . ~.1 of Chapter t1. as shown in !Figure 5)1. Use the s tep block t.o insert 

tbt tep inr;u t into ti".E model or ttu penducurn rnoto1 9.tld (<·nnect he out bl(>dt in or dec 

rocompar£> tnP sltn1Jia :lon rHmt to t.h~ Pl;:;-erlrnEut result. 

r l' E<11V •t:: , .... IJ_ , . d ;L • " ' • ~ • • ,, .. ·, ' ::a• 
\9 :_~ -l # E'l . • " · ~ · •. ~ .. (I • 

1 •• , 
.. r rlf I .,J, I 

fW't t•t I I ~~ fit : Jt 

.. ~ ·.· 
"'IDZ'' bc;l 

r:~ 

••• 

~ Block Setup 

~tt Up the step in?Ut block tn tlw blc·c~ sctJp v,rind~>•r.- as sh!>lffn in [Figure 5.8]. lr. 

tasp, thp size eor Input can bl? d?cid~d B yeou v.rant. Homver, th@ ma;chnutr, 

emB n: :a.nge Df the car t in the per:dulum s)'Stem is eoout 35 em to tn3 left a.nc 
Sldg TherefMB , it is recc·mmendal::l~ to Bet up tits n .nge wctb.in 30cm. Th9 tep 

S~l II(J hom tltl:! initial Vi!lUI:! 0 l.o rno·1~ lltP. t:ilrl. ~O r : rn i'JI.~r L>n~ !;P.r:onrJ. lr: 



utorl, se t up t h~ mlnlmum vatu~ ot the scope bloc~ a.s D aml the ma:{imum \TBll.le as 

.~!hilt if' dP.tP.rminHI in t'1P. !itP.p. SP.t np t.h R mOlx-irnnm And mhirnom ·.niJJP. nf t~. P. 
Ill r bock. as t4 and -1:( respeetlvely. Fwd set up t~!e cc·eftlcleut c.f tile transfer 
11111 te . 
fillet! on as e:n~cu:ing pend_tt.m file in CEMT(-o[ comm'lnd windo\N tor tile transfer 

luP'tlon blvd·-;, 

{ Slyll<fi_::JttHJI ... <', : Sl•l! l 
BbckNi:lmo : ,...I.;......:_:.... __ ..,S"to::-~-----

( Paramfter Selup J 
St~n..lm~ 

[ r)utput ~ Scop.- l 
Block Nam 1.....-----.:-sro--o~-. ----

[ Parameter )erup 
'I_ ,;n 

Help!Jl) 

[Figurr; .S.O] Soop~ Blocli. Setur:: 

3] Simulation Time Setup 

~tart time; 

::nd time: 

3tep size : ID.CO! 

Simulation method • 

:rror tolerance 

Time variable : 

ieallime r 

IR<4 

Dttldult(Q) 

[Figum 5.10] Simulmiol TiffT< 5Biup 



complete the bloc~ ~etup to check thE 5tep res!X'llSe, you need to set up th~ 

J01 t:""e You ca:1 set up the slmulaticn time as 'IOU war..t, but set Ut:• as 5 
1.on .... • , • . • •· 

tor the simulation. The s1mulat.on interval can be set up as you want, 

-# ser up the sam~:> interval as the sampling tirnP to use lat~r in the l!:{periment 
~r, 

115 58
~ up as D.ODl sBc, to bE used in thB eKperirmmt hBre . 

.(J Execution and Re&~lt Check of Simulation 

1 the !1lmulatil)n eKecution button, rnd tt.e graph window is di5pl!!yed. After the 

""rton of the sin:ulo.tioo, you mav chec~ the graph window as shown in (Figure 

l Clr.JC thu gra.ph windDw and o ~recute tlw follc-wing comma nell in CEMToot, 

~V es:ecute tho tcmmo.nd oboc.ro, tho r;imu b.tion rosu lt is ~: avod in the VD.r b.blll 

1rp and the grap:1 i> ~&enerated as stwwn in [Figure 5.11 I. 

S:..JpC 
35. ,---------'---------. 

:30. 

15. 

10. 

··s. 

~o. 

I 
0. ~--~,~--_.----~----._--~ 

0. I . 3. 

experiment 

Files pen{!_i(:o.m (X:\CCMWare\Cxperiment\Pendulum\pend_i:;>.m) 

Pl:h5_2. blk (X:\CEM'A'are'Experimentlpendulum1pch5_l bll<) 

hili;! I hlk [.x:\GFI\.'MI>HP.\FXpRJimF! 11\PP.Ilf1llillm\initi:ll hlk) 

comp_Siep m CX:\.DEMWare\Exoerlment\P:mo u lum\Com:J._step.m) 

Qimu lati()n i1 the paragraph 3 .shall be completed before the executiQn of the 



nee files If the simulation in the paraoraph 3 is not executed, the experiment in 
rerere 
fliS paragraph cannot be executed. 

11 power-off and Pendulum Removal of Pendulum System 

firstly, check if the power of the pendulum system is off and separate the pendulum 

thJ pendulum sy-stem while the p<>wtH is off. 

21 Experiment Block Configuration 

contigure the experiment blc·c.k as shown in [Figure 5.12.] that is the reference file 

using SIMToot in order t.o get the step response of the actual pendulum 

Provide the input tc. the pendulum motor thre>ugh the analogue output block. 

~nver t the pulse signal that is transmitted frorn the encoder block into the pulse to em 
It ll!ld do the feedback. Therefore, the cart location of the pendulum ls converted a.s 

3] Bloek Se1u p 

out block. to thl? seope bli>ck to save the experitmmt result 

: ;!If).:~~~~;;: \';>i- 'i'4-'i'llllit-. ;' 'JI 'J ;.','11;:;;"'1,.! ~~~ .... J.. •. Ut. U,i,/•~1 

.... :' II:' I .. i' J • ,I J: , ~:I ~ t !.l •.. I ·. -;IlL J( •I.' . .t -l 

:..:.: .. ' ... ,.. )-------.!•~ 
::_ .. :' ;.J 11. .. ~ J V.;~'..;r 

h 

'.,;()~~ t 

~ You configme the e:r.periment block., set tiP e~ch bloc:k.. Set up the step block as 

In [Pigure 5.8 I like the setup of the simulation. Set up the encoder block. to 

ll> fom multiplies through the channel number [1, Set up the gain block with the 

Putse to em and set up as l,Z7(dODD. This aims tD cDn\-'l!rt the pulse ~ignal of the 

lntD tbll length unit as considering that the cart mi>VIHl 1.2-lcm when the motor 

Ollce. Set up the scope block as show11 in Wigure 5.91. Set up the out block tD 



~ tne eKPNiment result in the IJiHlable exp_step. Set up the analogue outp.lt block a.s 

~tuting peod_io.m file in CEMTool command window. 

(SieP 4) tlardware SetuJ'l and C-Code Generation 

CflBck it the ha.rdwar~ is set up ~. s RG-DSPfOOl in ·'Hardw~. re lnterfa.CE{ ,;~,indc·w tha.t 

displayed as selecting 'A.UTOTool- Parameter' in S[~vrrool menu. Set up the 

,sacutlon time in the setup window that is displayed as pressing 'Parameter Setup' 

tutton c.f tbe \'tindow abo~'B. Set up the startlng titne as D sec:., the Bnding time as 20 

tiC. and the sampling time as 0,001 sec, After completing the execution time setup, 

~c es 'C-Code Generation and Compile' in 'Hardwa.re fnterfa.ce ' window, and con vert the 

(1)'1!. that is configured b!l SlMTool to C-C()de. iransfer it to DSP bc·a.rd, After 

transferring to DSP board, DOS window is displayed. 

:sttP 51 Power on and Initialization of Pendulum System 

tt DOS window is displayed, put Mode switch in the electric part of the pendulum 

t9SI&m tC> Manual mode and t1Jrn the pe>wer on. Initialize the cart locatie>n as preSE:ing 
tWTlALIZE button on MOVE. Open the reference file lnlt.lal.blk a.nd press 

Emutlon-Execu t.lC>n·· button on S IMI'oc·l menu or the eKe cutie>n icC>n. ihen, convE!rt 

\ de switch of the pendulum system tl) CEt'v1Tool mc·de. 

:step 6] Result Cheek 

Alter wmpleting the transfer to DSP board and fl~ring thE' cart location in the center 

II the (:fndulum system is initialized , close DOS window and press 'Execution' button 

'Hard ware lnterfacs window', ThBn, the scope block ls connected to make yeou cneck 

displacement of tne cart. ib.erefore, the graph windeow as shown in [Figure 5.13] is 

~ayed . 

35 
Scope1 

30 

25 

20. 

15 

10 

5 I 
0 

0. 1. i 3 5 

(Figure 5 .13] St9P R~pons9 EIXP91'1mrml. Rli!SUit -of 
Penoulum M.1tor 



<.avP thE! NCPE!fiment result in the variablE! P.i-:p_step. Set up the analogue outr..ot block. a.s 

ezecuting pend._io.m file in CEMTool cot'nmand windc·w. 

[Step 4) tiardware Setup and l>Corle Generation 

Check if the ha.rdwa.re is set U~· 11s RG-DSP!OOl in ·'Hardw11re lnterfan{ ~Nindc·w that 

is displayed as selecting 'AlJTOTool- Parameter' in S[~vTfool menu. Sr~t up the 

P&ecutiNl tirne in the setup window that is displa:;red <IS pressing ' Paratmter Setup' 

buttc·n ot the windviH abo~re. Set up the startlng time as D sf!c., the ending time as 20 

sec, and the Sil.mpling timr: as 0,001 ser::, After comr-~eting the eKecution tirm.1 set•JP, 

press >C-Code Generation a.nd Compile ' in ·' Hardware [nterfa.ce ' window, and convert the 

blr)ck t.ha.t is configured b)l' S [MTool to C-Code. Transfer it to DSP bc·a.rd. .l'..rte r 

transferring tC> DSP board, DOS window is displayed. 

[Step 51 P-ower on and Initialization .of Pendulum System 

[f DOS w·inclO\II,r is displaved, put Mc·de switch in the electric part of the pendulum 

E: ~7st.em tc' Manual mod~ and turn the power on. Initialize the <:~.rt. le>cat.ion as presr.ing 

fNfT!liLIZE button on MOVE. Open the rererence file lnltlil.l.blk il.nd press 

'Execution-EgEtcut.ie>n' but~on on S!fVIToc>l menu or the eKec:ution icc.n. Then , contl ert 

Mode switch of the pendulum s;ntem to CEI\t1Tc.ol mc·de. 

[Step 6) Result Cheek 

After ompleting the transfer DSP oard and fi:{iog the art location in the enter 

as the r.endulum system is i oltiali~ed , close DOS window and ess 'E:ocec ution' button 

In ' Hardware Interface window'. Tb.en, the scope bleock ls onnected to make you check 

the displacement of the cart. The reflm, the graph window as shown in [Figure 5,13] ls 

displayed. 

Scope I 
35~------------~----------~ 
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20 
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10. 

5 
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(Figur~> S 13] stl:lP Rasp:::ms~;~ lil.~PGrlm6'nt R~;~Stllt of 
PBndulum Mo1or 



(Step 1) Comparl90n to Simulation Result 

Exe<;ute comp_step,m file in CEMTool c:;ommand window t¢ ~Ol;lpe.re the simulation 

:result to the ex~iment result. However, you shall run the file only in the c:;ase that 
you co not exe-:u:e other simulation. or experiment right after completizls the 

simulation or th3 exr;eriment. The graph that th3 simulation result and tha exreriment 

result arg dra'Wll :is as shown in [Figure 5.1H Tne blue line Is the e:<periment result 
and the red line is th.e sirnt:lation result. As a result (')f comparing the e:{perlrnent result 
tC> the simulation result, we can recC>gni~e that twC> results are "'IHY' similar. 

Step respo1se compan~on 35. ,_ ___ ......;..._......;... __ ..:......_ ___ ___, 

30. 

_,..., 25 
E w 
-~ 20. 
c 
0 

~ 15. 
0 a. 

10. 

5. 

2. 3. 
time (sec) 

4, 5. 

[Figure 5.14] ComoorisOn of SimulatkJn 8XP8rimlint ~rd 

lii)W~riml3'0t RF.lsv~ 
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