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The Effects of Auto-Tuned Method in PID and
PD Control Scheme for Gantry Crane System

S. Y. S. Hussien, H. I. Jaafar, R. Ghazali, N. R. Razif

Abstract—Gantry crane system is a mechanism in heavy
engineering that moves payload such container from one point to
another. Generally, experienced operators or expertsarerequired
to control manually the gantry position while minimizing the
payload vibration or swing oscillation. Therefore, those
manpower hasto be trained in order to operate the gantry crane
system safely and efficiently. Thus, to overcome this problem, a
feedback control scheme has been utilized in the system. In this
paper, PID and PD controllers are introduced for controlling the
trolley displacement and the swing oscillation in the gantry crane
system. PID controller is designed for tracking the desired
position of the trolley whereas PD controller is implemented to
minimize the payload oscillation. The PID and PD parametersare
tuned by the auto-tuning method. Simulation results have
demonstrated satisfactory response based on control system
performances.

Index Terms—Auto-tuned, Gantry Crane System, PID and PD
Controller, Payload Oscillation, Trolley Position.

I. INTRODUCTION
Gantry crane is widely used in industries for tporting

As an attempt to control the gantry crane systaweral of
control techniques have been proposed. In [3-4dpseh
researchers proposed an input shaping technigeertwol
the swing angle. Nevertheless, these methods coatd
successfully damp the residual swing angle. Not trdt, it is
sensitive to variation in parameters value aboutinal value
and changes in initial condition and external distunce. It
also requires a high accuracy in value of the sygtarameter
to achieve a satisfactory system response. Thexef{6i
proposed a technique based on velocity controlndutie
motion. However, this open loop technique is semsib the
parameters change of the system and incapablertpestsate
disturbances such as wind. There were many ressarbhve
implemented various control techniques in ordecdatrol
the position and payload oscillation. One of thetaaler that
had been proposed was Fuzzy Logic Controller (HEE)It
is stated in [7] that FLC requires a complicatedlsse at cart
which is positioned and load which at swing moméints
much complicated when the implementation in
application due to the hoisting mechanism thatcaurding
gantry crane system. Besides, Linear Quadratic Regu

real

heavy loads and hazardous materials in shippinglsyar (LQR) is used to minimize the sway angle movem8htip

construction sites, nuclear installations and o#pmlication.
A crane consists of hoisting mechanism and a regiefoent
mechanism. The cable-hook-payload assembly is sdspe

that controller approach, LQR is used to elimingte
disturbance effects. However, PID controller ismrsgeod
prospect and widely used in industries and nonitmidlis

from one point on the support mechanism. The suppdpplications to control the system for achieving tesired
mechanism moves the suspension point around thee crautput [9]. However, there have some diffultiesuning the

workspace, while hoisting mechanism lift and lowéhns
payload to avoid obstructions in a track and dept
consignment at the aim level. The crane operatarses a
swinging motion to the loads due to crane accetrand
deceleration during travel. This load swing coutd/dn many

PID parameters. Traditional tuning methods suctnialsand
error is an easy way to tune the PID controlleribig not
significant and satisfactory performances are nargnteed.
Another tuning method is Ziegler-Nichols that islaly used
due to their simplicity [10]. Unfortunately, the wto find the

serious consequences such as damage to the sungungarameters is very aggressive and leads to a targeshoot

equipment [1-2]. Due to this, a lot of time is neddo unload
until the payload stop from swaying. Moreover, tantry

crane need a skillful operator to control manubéiged on the
operator's experience in order to stop the oswmlat
immediately at the accurate position.
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and oscillatory response. This paper presentsahelopment

of an optimal PID controller for control of a namiar gantry
crane system. In this work, the optimal PID pararsetre
obtained from the PID auto-tuning method. A control
structure with PID controller is proposed for pmsitcontrol

of the trolley and PD controller is proposed foe tayload
oscillation. Simulation results have demonstrastétctory
responses with the proposed controllers based atrato
system performances.

IIl. DYNAMIC MODEL STRUCTURE

In this section, a dynamic model of nonlinear gactane is
formed in the case of simultaneous operation fdah bhmlley
moving and payload lifting or lowering mechanisissume
the dynamic model has the characteristics thatdlgtoad and
the trolley are connected by a massless rigid link.
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Fig. 1: Dynamic model structure of gantry crane sytem

The system includes two masses, and m which are the
payload mass and trolley mass. The cable length
supporting the payload mass is represented agyin.Frhe
system is in a 2-D system which in the x—axis arakig
coordinate. The x-axis coordinated as for the maréraf the
trolley in horizontally, which represented as x andxis
coordinated as for the swaying of payload as remtes a$.

The F indicates the force of driving motor in thelley

whereas the torque represented as T.

Ill.  LAGRANGE EQUATION

From the previous study [11-13], it is shown thagtange
Equation are frequently used to derive the modéi@fjantry
crane system. Therefore, in this paper, the mattiemha
modeling of the system derived from the Lagrangsaéqgn.
The Lagrange function is given as (1).
T-P 1)
where:

L :Lagragian function

T : Kinetic energy

P  : Potential energy

Qi : Nonconcervative generalized force

gi :Independent generalized coordinate
The kinetic energy and potential energy of the wisylstem
are:

Therefore, the overall model for the system are:

(m, + m, )%+ m,1d cosd + Bx - m,1 6% sin &

_VKtz_KeKtzzx (8)
Rr, Rrp2
m,I%cos@ + m,1?d + m,gl sind =0 9)

f

IV. PID CONTROLLER

PID controller is a control feedback mechanism cular,
which is widely applied in industrial control syste PID
controller involves three-term control which is the
proportional (P), the integral (I) and the derivat(D). PID
controller is utilized to compute an error valuetlze conflict
BEtween a measured process variable and a desirpdist.

It also applied to minimize the error by correctthg process
control inputs.

- de 10
u(t) er(t)+KiIe(t)dt+Kd + O (10)

u(t) =K, e(t)+T1ije(t)dt 4T, %(t) (11)

In the PID controller, there are three parametdriswneeded

to be tuned. One of the parameters was proportgaial K,

in the proportional controller. This controller Htae effect of
reducing the rise time and Steady State Error (SBE}he
percentage of the overshoot (OS) in the systergfs In the
integral controller, Kas the integral gain, also decrease the
rise time (1), but it will eliminate the SSE of the system. Bve
though it eliminates the error, but the percentigbe OS is
increasing and it will affect the Settling Timeg(Rs well. In
order to improve the performance of the systemivdgve
gain, Ky in the derivative controller is introduced. This
controller will take action to improve the trandien
specification and stability of the system. The ef§eof the
each of the controllers on a closed loop system are
summarized in Table 1.

Table 1: PID Controller Properties

Effect of Performance
T= 1ml[x2 +1%0% + 2x 9cos€]+ Em2>'<2 ) T ik 0S SSE
2 2 Decrease Small Increase Decrease
P = -mgl cosé 3) Change
Constructing (2) and (3) in the (4) and using laage Decrease Increase Increase  Eliminate
Equation as in (4). Small Decrease | Decreasge Small
Change Change
d| oL _ oL _ 4)
dt E E =Q In order to gain the high stability and short tiansresponse

The following equations of motion can be obtained a

(m, + m,)x + m| & cosé + 2l G cosé + Bx
-mJlé’sind = F
m,I%cos@ + m,1 %4 + m,gl sind =0 (6)
The force in the (7) derived from the DC motortet trolley
as in (5).

®)

(M
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of the system, the correct gain value must be pbthfrom
the PID tuning. Even though it is only three cohtro
parameters, but to adjust the parameter referrdtetdable 1
are difficult. Therefore, many methods are impletadnin
order to obtain the best parameter of PID controlle

A. Auto-tuning Method

PID tuning is the process of finding the valuegpotional,
integral and derivatives gains of a PID controterachieve
desired performance and meet design requiremens. P
controller tuning appears easy, simply determirthregset of
gains that to ensure the best operation of thaalbstheme is
a complex text. Traditionally, PID controllers an@ed either
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manually or using rule-based method. Manual tuniethods
are iterative and time-consuming and if used witdware, it

can cause damage. Rule based methods also hawvesseri

limitations as it does not support certain typeglaht models
such as unstable plants, high-order plants or phaith little
or no time delay. The PID controllers can autonagifcdune
in order to achieve the optimal system design aedtrthe
design requirements. The process to tune the pszesnef
PID controller by using an auto-tuned method isrshim Fig.

2.
Identifving plant model from input-output test data

¢

Modeling PID controllers in MATLAB using PID objects
or in Simulink using PID controller block

v

Automatically tuning PID controller parameters and fine-
tune the design interactively

:

Tuning multiple controllers in batch mode

v

Tuning single-input single-output (3I50) PID controller as
well as multiloop PID controller architectures

Fig. 2: The process of auto-tuned method for PID
controller

V. CONTROLLER DESIGN
The purposed controller consists of PID controlfer

(tetadot]
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Fig. 4: Subsystem in the gantry crane system

The parameters of the dynamic model show in Table 2

Table 2: Parameters of gantry crane system

Parameters Values
Payload mass (m1) 1 kg
Trolley mass (m2) 5 kg
Cable length (1) 0.75m
Gravitional (g) 9.81mfs
Friction (B) 12.32 Ns/m
Resistance (R) 2.6
Torque constant (Kt) 0.007 Nm/A
Electric constant (Ke) 0.007 Vs/rad
Radius of pulley (rp) 0.02m
Gear ratio (2) 15

VI. RESULTS AND DISCUSSIONS

position control of the trolley and PD control the payload The simulation results have been compared and siisduin

oscillation control. The gantry crane system modkl
simulated with the development of mathematical &goan

this section. Fig. 5 shows the response of opgndgstem for
the trolley to achieved desired position which is Without

(8) and (9) by using MATLAB and Simulink environnten implementing controller, whereas Fig. 6 shows #sponse

Simulink blocks that consist of the mathematicalattpn are
shown in Fig. 3 while Fig. 4 shows the subsystethégantry
crane block.

postion

Desired Position

\i

J—0—

ilation
Sep PID Controllr Oscilaio

Gantry Crane Mode!

oscilation
PD Controller

Fig. 3: Gantry crane system through simulation
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Position {m)

of open loop system for the payload oscillationhaitt
implementing controller.

Open loop System in Trolley Position
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Fig. 5: The open loop system in trolley position
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Open-loop System in Payload Oscillation
1 T T T T

Oscillation (rad)

Time (s

Fig. 6: The open loop system in payload oscillation

Fig. 7 and 8 show the performance by adjusting th 1}

parameters of PID controller (KK;, Ky) to control the trolley
position in order to achieve the desired positidwictvis 1 m.
Moreover, Fig. 9 and 10 show the performance bysiitig

the parameters of the PD controller,{K 4 to minimize the

payload oscillation. Table 3 and 5 show the valde c

parameters in PID and PD control while Table 4 @rsthow
the transient response of the system.

Performance of Trolley Position when Adjusting PID Controller
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Fig. 7: Performance of the trolley position when aplisting

PID controller

Performance of Payload Oscillation when Adjusting PID Controller
0.03 T T T T T

Oscillation (rad)

Table 3: The parameter value by adjusting PID contoller

Parameter Value
Ko 1.0295
K; 0.0007425
Kqg 21.6322

Table 4: The performance by adjusting PID controlle

Response Value
Settling time, T (S) 115
Overshoot, OS (%) 24.4

Steady-state error, SSE (m) 0.00

Performance of Trolley Position when Adjusting PD Controller
T T T
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Fig. 9: Performance of the trolley position when aplisting
PD controller

Performance of Payload Oscillation when Adjusting PD Controller
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Fig. 10: Performance of the payload oscillation whe
adjusting PD controller

Table 5: The parameter value by adjusting PID contoller

Parameter Value
Kps 2815.4133
Kas 0

Table 6: The performance by adjusting PID controlle

Response Value
0 50 100 Ti:“.zl](s) 200 250 300 Angle (rad) 00185
Fig. 8: Performance of the payload oscillation when Time (s) 188
adjusting PID controller
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[13] Jaafar, H.l., Mohammed, Z., Jamian, J.J., Abidirk.A, Kassim,

VIl. CONCLUSION : ; ; C
A.M., Ghani, Z.A., “Dynamic Behaviour of a Nonline@antry Crane

PID Tuner provides a fast and widely applicabl@l&rdoop.
With this method, the PID controller parameters ¢smn
chosen to achieve a robust design with the desesgonse

time. When launching the PID tuner, the software = i

automatically computes a linear plant model frone th
Simulink model and designs an initial controlleheh, the
controller can be adjusted manually in the PID tlssed on
the design criteria in two design modes. The twoenputes
PID parameters that robustly stabilize the systeastly, it
will export the parameters of the designed corgrddlack to
the PID controller block and verify controller pgmfnance in
Simulink. PID and PD controller is used to conttbe
position and reduce the payload oscillation in atiyacrane
system. The controller is constructed in closedpla@nd
insensitive to the parameter changes in the systénough
the simulation results, it is shown that the pregobsontroller
is effective in achieving the desired position whilinimizing
the payload oscillation. However, by using the autted
method, both of the controllers are incapable totuyed
simultaneously. Therefore, for future work, an atbed
approach should be implemented in the system tocowuse
this problem.
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