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Abstract: Problem statement: In this study, a combination of a classical SlidiMgpde Control
(SMC) and a PID tuning technique with low-pasfilis developed for a position tracking controhof
DC servo motorApproach: The DC servo motor will be used to adjust the thgoangle of the
gasoline engine in our laboratory. To control thgiee speed to be accurate, the servo motor pesitio
has to be controlled preciseResults. Uncertainty and nonlinearity of the servo motortegscan be
surmounted by the sliding mode control while thetegn response can be fine adjusted via the PID
gain tuning. A low-pass filter has been incorpodat#so in order to eliminate and limit amplificatio

of noise due to differentiation in the PID algonithThe stability of the control system is guaradtbyg

the Lyapunov stability theorem. The experimentaltes shown that, the proposed technique has good
tracking performance compares to a PIDSMC and aergional PID technique even without actuator
model. Conclusion/Recommendations. However, the performance strongly depends on pikeeified
control gain in PID portion and sliding functionhdrefore, any self tuning control gain techniques
should be developed further.
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INTRODUCTION robustness. However, the robustness of the sliding
control strongly depends on specified parameters in
Recently, DC servo motors have been widely usedlesigning of the sliding function (Fujisawa and
as an actuator for motion control and direct-driveKawada, 2004).
applications. Examples are as robotic and actuator To improve ability to tuning of the sliding mode
automation process, mechanical motion and othdris. T control, some means of control technique has to be
is because the well controllability features of th€  added. One of the most useful control algorithm in
servo motors and they have adaptability to vartgpes ~ linear and nonlinear control systems is PID control
of control methods. The DC servo motors have beefKelly and Moreno, 2001). It is extensively intetebto
extensively applying in many servomechanismstune control gain by PID method. The popularityP
Therefore, it is very important to study about thecontrollers is due to their functional simplicitynch
position control of the DC servo motors. reliability (Moradi, 2003). The P!D contrpl tuningas
Generally, the DC servo motor systems hava’roposed _for a class of uncertain chaotic systeitis w
uncertain and nonlinear characteristics which digra external disturbance (Chang and Yan, 2005). Themaj

performance of controllers. Based on these reason(é“oﬂcer.n Og the PIE tuning is h|ts trans:(entf behae/t:or
Sliding Mode Control (SMC) is one of the popularet er in the time domain, such as peak of overnoo

. rise time and setting time or in frequency domaiohs
control strategies and powerful control technoldgy as bandwidth, damping ratio and undamped natural

deal with the nonlinear uncertain system (Utkin780 requency (Xu and Huang, 2007).

It is often used to handle any worst-case contror In this study, the PI’D control based on sliding
environment such as parametric perturbations Wwithy,face with a low-pass filter has been adopted to
lower and upper bounds, external disturbancesk-stic control the motion of a DC servo motor to achiefve t
slip friction and etc. Precise dynamic models a0é n desired position tracking performance. The goafois
required and its control algorithms can be easilyachieve robustness of the servo motor system ierded
implemented. Moreover, its advantage is goodagainst system parameter variations and any externa

Corresponding Author: Thana Radpukdee, Department of Industrial Engingeikhon Kaen University, Khon Kaen, Thailand
40002 Tel: +(66) 43343117
55



Energy Rec. J. 1 (2): 55-61, 2010

disturbances. This study will present the systemg —yx (t)-x,(t) - 0,i=1...,m. Note that the subscript
description and the proposed control techniquegdesi
Stability analysis of the proposed control techerigeas
derived in stability analysis. The comparisons loé t S S
proposed technique with a conventional PID and aof_Eq. 2 \.N'” disappear. By considering _Eq. 2 the
PIDSMC controllers that demonstrated faster resgons Uniform ultimate boundedness can be achieved due to
more robustness to parameter variations and externf!® knowledge of the maximum possible value of the
disturbances of the proposed controller than therot horm [[BXX,th(X,)]| (Corless and Leitmann, 1981).
controllers will be presented in results. Then ¢osion ~ However, if the uncertain element can be realizkd,
will be given. control law can be designed. Therefore, with the
o o _ following assumption, the next discussion will dése
System description and definition: An uncer-tain  the technique to against system uncertainty usieg t
dynamic system satisfying the matching conditionfirst derivative of the sliding function for the tehing
(Barmish and Leitmann, 1982) can be described b¥ystem (Radpukdee and Jirawattana, 2008). Then, a

(n is not present in this case and if there is no
uncertainty, the last term on the Right-Hand SRE$)

canonical form as below: controller design and a stability analysis based on
XO(t) = £,X,0)+B (X, ) Un()+Bo(X,Hnn(X,1) 1) Lyapunov’s second method will be presented:
X(to) = Xo e Assumption I: The functions f(X,t), B(X,t) and

n(X,t) are continuous in X for all t. They are all

M) (+) — v (1)) o (n2) (nmy T m ., (ni) P= . .
where,  x™(t) =[x;", x5 ™' RE XTOR, 0= Lebesgue measurable in t (Coddington and

1,2,...,m in whichx® =d“(x ) /dt is the highest order Levison, 1984)

o ] T Assumption Il: The lumped uncertain element is
of the state vector, [l R is time,X = [x,,%,,....X"™] bounded and the maximum possible value of its
0 R" is the state subvector for the nonlinear square norm ||B(X,th(X,t)|| is known
system that forms the global state vector X =. Assumption Ill: The functions f(X,t), B(X,t),and
LXI""’XHT OR r= L”i' m is the number of n(X,t) are bounded by a Lebesgue integrable

function of t

Assumption IV: The desired dynamic function is
bounded andC” class so that the trajectory(t is
smooth and continuous for all t

independent coordinates of; ¥hat are assumed to be |
available for feedback without noise, the subsctipt
stands for belonging to the n-order systemt)u=
[u,....u]" O R™ is the control input,n,(X,t) =
My...Mm" O R™is the uncertain element that forms the Controller design: The proposed of controller is
lump uncertain element BX,t)na(X,t) that enters only described. The definition of the classical slidimgpde
the highest order of the system(Xt) = [f,,....f,]' O  control also recalled. Then a control law will be
R™ is the known nonlinear function ang(E,t) = [b;] determine in order to force the system to reachstay
O R™™ ij = 1,...m is the known control gain on a sliding surface (&) = 0). In the stability analysis,
distribution matrix. asymptotic stability of the proposed control systof
For the system satisfying the matching conditionsEq. 2 has been evaluated by Lyapunov stability
under consideration, the system uncertainty isirequ theorem.
to lie in the image of the known control gain Let s(x) = 0 be the sliding surface which is
distribution matrix B(X,t) (Decarlo et al., 1988). expected to response desired control specificatibis
Therefore, the total uncertainty can be lumped th®o  refers to the definition of the sliding functionlgsne
single uncertain element,(X,t) and the control input and Li, 1991). The sliding function can be defined
must have more influence over the system dynanaie th individually on each sliding surface as:
the uncertainty (Barmish and Leitmann, 1982).
However, for simplicity, only the first order (@ = 1 _d n-lg,
of Eq. 1 will be crz)nsixcljered)f Thus, the syste(m (—:iqr?at S (x ()= (aH\‘) X =1 m 3)
can be rewritten as:

Where:
x(t) =f(X,t)+B(X,t)u(t)+B(X,t)n(X.t) A = A strictly positive constant
x(t,) = x @) n; = The order of the system of interest
0 0
A control task is to make the system sta(é) xo Note that Eq. 3 is continuous i% for all t, so it

track the desired trajectoryyft) so that the error has a unique solution on the sliding surface 6.
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To make the control input and uncertain element:

within the range space of the input distributiontnma
B(X,t) to appear, the first derivative of the stidi
function of Eq. 3 for the jnorder system (higher than
one) can be calculated from:

X 0s,

0% ~ 0%

i n-2
& — 2k = 30 -1) 3
Si = gaf((k) X( - 9™ )§< + ;. 9% ® X (4)
with
G(k) — d (%)
' dt*

where, the superscript k = 1,.;=hhis the order of an
error derivative.

To derive the control law, some of the basic
concepts of the classical sliding mode control &hbe
given and considered on the system with exactlysmno
dynamics (Eq. 2 without any imperfection) and the
sliding function is presented in term of the fiostler as
Eq. 6, from Eq. 3 the sliding function is:
S= X— Xy

()

Then the first order derivative of an error@-in
Eq.5is:

(6)

The best approximation of an equivalent control
(Ueg) is found from Eq. 7 withs= 0 that is:

§ (%)= C(x- %)

Cf + CBUg— C¥, = C (7)
where, C is a positive constant coefficient mxmrirat
It is linearly independent in full row rank and its
arguments equal to 1, which implies that det |€E&)
for any x and t (Utkin, 1978). Then, the equivalent
control law can be rearranged as:
u, = (CB) (—Cf + %)) (8)

Then the position tracking problem can be
considered as the error remaining on the slidinfpsa
s(t)# 0 for all t=0. If the system trajectory has reached
to the sliding surface s(t) = 0, it implies tha¢ ttontrol
law can force the error e(t) to approach the sfdin
surface and then move along the sliding surfac
Therefore it is required that the sliding surfacestrbe
stable, which means lim, e(t) = 0, then the error will
be asymptotically. This implies that response df th
system will track the desired trajectory asymptitic
(Slotine and Li, 1991).
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Fig. 1: Schematic diagram of PIDSMC with an adopted
low-pass filter

Practically in the sliding mode, the equivalent
control input (Eq. 8) is described when the trajectis

. nearly s(t) = 0 (Jafaroet al., 2005), while the PID

control is determined when s(® 0 (Jafarovet al.,
2005). Refers to the PID illustrated in Fig. 1,agivthe
coefficients K, K, Kp O R" are strictly positive
constants and lets the tracking error in a closep |
control system to be “e”. If the control gairn,K;, Kp
are properly chosen, it implies that lime = 0 and

it means the closed-loop system is globally
asymptotically stable (Wadt al., 2004). The error “e”
can be defined in terms of physical plant parameter

(9)

e=w-— uy

Where

wy = The desired signal

w = The output signal (angular displacement) frowe t
measurement of a plant

Intuitively, the error in PID and sliding mode
function are similar, except that the sliding fuantcan
take all error dynamics (errors derivative) inta@ent.
Therefore, any imperfection occurred in systems tdue
the PID could be coped by the sliding control.

The imperfection can be explained as follow. The
initial state response of the PID controlled syssamh
that the transient behaviors such as peak of owetsh
rise time, setting time which occurs from the desig
parameters in the PID controller are not suitaibleus,
it remains the errors on the controlled system. e\,
these can be reduced by adopted low-pass filtéhd¢o
PID controller.

As stated earlier, the sliding control can improve
the PID control, The proposed control algorithm lgou
be sliding mode control with PID controller gathvéth
the low-pass filter as illustrated in Fig. 1, thtle
control inputs y, Us, Up. can be written as:

t

u ()= [y (T)e*dr (10)



Energy Rec. J. 1 (2): 55-61, 2010

Then the initial output trajectory is not on the

t
Up (1) = [ U (T dT (11)  sliding surface s(t), the controller should be desi
° such that it can drive the output trajectory inte t
sliding surface s(t) = 0. The output trajectorydenthe

N v condition that it will move toward and reach thilisig

Uo, (1) _luD (Ne™dT (12) surface, is said to be on the reaching phase.

_ Stability analysis: The Lyapunov theorem has been
Where: . chosen to prove the stability of the proposed adntr
YI' = ,_IA__Iow—pass filter frequency system that the error response asymptotically

= Time

convergences to the sliding surface if the corlral u

is constructed to satisfy the condition ot <o . Lets

Thus, to satisfy the reaching condition, the caintr 4 Lyapunov function candidate as:

input based PID tuning with sliding mode controh dee
derived in term of the control inputas Eq. 13, Then 1
argument “t” is omitted for simplicity from now on. Vo= ESTS (7)

— -1
U= g (CB) (UpL + UL + UpL) (3)  With time differentiation to yield

From Eq. 13 it can be rearranged as: V=s's (18)

U= (CBY[-Cf+CX ~ U, ~ U~ ] (14 From Eq. 1 and 6, where= x- %, thus:
In order to eliminate the imperfection of the PID . . o
and the well known chattering phenomenon, which may¥ =S CIf + B(CB) (-Cf+ Cx — (4 -
occur from switching action of SMC. The continuous u.— W, ) —ksaf y)+ CB —x]
control function would be chosen as in the work of _ &
Slotine and Li (1991). Thus the control input frdey. . SE(wr w+ ) —ksfty+ o8 (19
14 can be rewritten as: S'S= —Sksdty+ OB { u+ W+ ol
V<0
U = U (CB)Y (UpL + Uy + Up)-(CB) 'ksat(Y) (15)
From Eg. 16, since the assumptiohdV are
or satisfied and available global state vectat R™ has no
disturbances, the asymptotic stability of the error
_ 1 . response along sliding surface from the control iaw
U= (CBITECH+ Cx- (o + 4+ 4, ) ksatly)]l - (16) Eq. 16 can be guarantee as longvas 0. In this case,
when ||5ksat(Y)||> || CBy — (Wb +u+Up) || Additional-
The schematic diagram of the proposed control lawy, the continuous term ksat(Y) has been selected
from Eqg. 16 was shown in Fig. 1 and then Y in & | commonly as in SMC problems to avoid chattering of
term of RHS of Eq.16 is a vector whose componergs a the control force and to achieve stability.
yi = §/@; and @; is the boundary layer width, k is Consequently, the desired response depends on the
positive constants,[KR". such that: selection of the constantsKK;, Kp and k which have
to be suitable from experimental adjustment.

Sai( Y) _ {y| If ‘yl‘ 51
sgn(y) if  otherwise MATERIAL AND METHODS

where According to the schematic diagram of the
experimental setup in Fig. 1, the propose of cdieirds

to control the angular movable of a dc servo metar
MATLAB-simulink programming and the
implementation of there technique is shown in Fg.
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DC supply 1 is supply voltage to potentiometer dbou RESULTSAND DISCUSSION
6.5 V. which using for notify the position of dcrge
motor and the power-amp able to generate the Some experimental results are provided here to
current(current of PWM signal) about 80 mA for slypp demonstrate the performance of the proposed tewéniq
to signal-control line of dc servo motor. DC sup@@ly Figure 4 shows the response of the system from the
using for supply voltage to VCC-line of DC servo different control techniques. It has been found tha
motor. The signal control directed to the power-ana  performance of PIDSMC is better than conventional
DAC card which it generated by algorithm of conteol  p|p technique. The transient of PIDSMC technique ca
by MATLAB-simulink programming. The simplified ¢ setties down after 3.3 sec while the respomse fhe
block d_iagram for implementation shown ir_1 Fig.. Ian PID has large overshoot and settles down afteséc2
from Fig. 1 bf"‘SEd on Eq. 2 can be simplified a”Notice, that the performance of the PIDSMC with an
parameters as in Table 1. 100 adopted low-pass filter is better than the conwerti
Then the low-pass filter can be-as— . PID and the PIDSMC techniques. The response from
s+200 the proposed technique has tiny transient statehnits
response can be approach to steady state afteset.7
Note that these techniques have equivalent parasnete
For their control input signal, the PIDSMC input
signal is smaller than the PID as illustrated Bigvhile
the residual of error in term of uncertainty asvaman
Fig. 6 behave in the same manner. This means hbat t
response of the PIDSMC can be reached to the desire
state faster than the PID due to the sliding famcs(t) of
the PIDSMC is close to 0 more than the conventieial

rPowcr-amp DC supply 2

200
PIDSMC and low-pass

130 l ‘ L’\
(A PID

DC servo motor

Angular ol motor

. . . %' 7N N
Fig. 2: Implementation for the angular displacement = '°[ /" lér— Refeence/™ /|
control of the DC servo motor R TA ,--"
sotl 1Y N N/ i 3l
| s w
. | \PIDSMC )
0 5 10 15 20

Time (sec)

Fig. 4: Angular displacement of the motor by PID,
PIDSMC and PIDSMC with low-pass filter.

10

PIDSMC

Fig. 3: Block diagram structure for the angular -

. PIDSMC and low-pas:
displacement control of the DC servo motor e

Control inpu

Table 1: Parameters for implementation

Implement constant i fl /\/\ /
L1 N ~—

PID with SMC (propose technique) PID (conventional) 0 emd = - e

. 5000 0 5 10 15 20
Kp 30 30 Time (sec)

K 450 450 . .

Ko 1 1 Fig. 5: Control input of PID, PIDSMC and PIDSMC
) 20 - with low-pass filter
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£ay , response settles down after 1.7 sec an@ $aster than
the other techniques.

CONCLUSION

-s0] tuning and sliding mode control with an adopted-ow

pass filter for a position tracking control of a B€rvo

A e AN, A G ! . motors. The nonlinear uncertain servo motor system
2 0 s 0 has been steered to desire position by virtueiding

mode control and the high frequency chattering was

i i , ) , eliminated by the boundary layer technique. Thé tas
Fig. 6: Residual error in term of uncertainty sigo& ¢ he PID is to perform when s(@ 0 while the

PID, PIDSMC and PIDSMC with low-pass gqyivalent control input is described when the
filter trajectory is nearly s(t) = 0. Moreover, a low-péler
has been adopted in order to limit the amplificatid the
Obviously, the performance of the proposed controhoise that may occur from derivative portion in EH®.
technique is better than the PID and PIDSMC. T&is i From the experimental results, the proposed
because the proposed technique have stability ttechnique has good tracking performance and itteas
recovers the disturbance in small time due to tharansient behavior at initial state better than the
derivative effect has been alleviated by the lowspa conventional PID and the PIDSMC.
filter. Refers to the experimental results in Fgg, the However, the controller strongly depends on the
residual error signal has smaller overshoot orllation  specified parameters in the designing control fionct
than the PID and PIDSMC. According to the Therefore, any self tuning for the control paramete
experimental results, the proposed technique cashould be studied in the future.
confirm the actual implementation with high preaisi
Note that large overshoot at the initial stateuocc ACKNOWLEDGEMENT
from the initial error and the gain of the conteolivhich
is learned from the convergence rate of the syste
response. Too large values of the learning gaims ¢
deteriorate the good transient response of theersyst
Therefore any suitable parameters should be adjlste
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