International Journal of Advanced Computer Technology (1JACT) @

ISSN:2319-7900

Speed Control of UGV using Electro Hydraulic Servo
System and Fuzzy and PID controller

Khaled Sailan, Siegen University; Klaus D.Kuhnert, Siegen Uninversity

Abstract

In this paper the electro-hydraulic servo system for speed
controls of fixed displacement hydraulic motor using propor-
tional valve and fuzzy and PID controller is simulated and a
compression between the fuzzy and PID approach studied.
While classical PID controllers are sensitive to variations in
the system parameters, Fuzzy controllers do not need precise
information about the system variables in order to be effec-
tive. However, PID controllers are better able to control and
minimize the steady state error of the system. The results
show fuzzy and PID control strategy which meets preferably
the controlled demands, good real-time performance, fast
response, small over shoot and output of the system also
tracked the input given successfully. All the simulations and
results have been performed in Matlab software.

Introduction

The University of Siegen in Germany working in
the research and development of an autonomous unmanned
ground vehicle (DORIS) project as in figure 1. As it is still a
work-in-progress, a problem has been identified in the de-
signing and implement a speed control system for DORIS_1
and DORIS_2 where a mechanical transmission and Hydro-
static transmission used. An electro hydraulic servo system
developed for DORIS_3 [1].

Figure 1 DORIS_3

Electro-hydraulic actuator converts electrical signal to hy-
draulic power. It is used for delivering high actuation forces
and high power. It is widely used since it has simple con-
struction, low cost small size-to-power ratios and be able to
apply very large torques and forces with fast response time.
Since electro-hydraulic actuator can provide precise Move-
ment, high power capability, fast response characteristics
and good positioning capability, its applications are im-
portant in the field of robotics, suspension systems and in-
dustrial process [2].

The traditional control is adopting usually PID control, due
to simple algorithms, good robustness, high reliability,
which is widely applied to industrial processes of control.
But accurate mathematical model for PID control is needed,
it is difficult for PID control to meet the requirements of non
linear and time variation, there is the great influence owing
to the temperature, the PID controller introduced control
strategy to improve the steady state , which is a simple effec-
tive way but most of the system used is based on the normal
linear PID controller that has the advantages of simple
structure and easy to implement, however, with the hydrau-
lic characteristics of the complex cross-coupled electro-
hydraulic servo systems, the conventional PID control is
increasingly difficult to obtain satisfactory results, the great-
est difficulty lies in the controller parameter tuning is diffi-
cult [3]. Fuzzy control have the advantages of experience
knowledge, skill, direct inference, independent of accurate
math model, simple structure , the conventional fuzzy con-
troller of the two-dimensional is error and error variation
regard as independent variable. Fuzzy logic theory poses a
viable alternative for design of controllers for such systems.
This is so because fuzzy logic based controllers or FLCs do
not depend on the mathematical models of the system. On
the other hand they rely more on the linguistic descriptions
of the cause effect mapping of the plant. Consequently, any
modeling uncertainties or nonlinearities become inconse-
quential. This strategy not only shields the controller Per-
formance from any inexactness of the mathematical model
of the system, but also bolsters it against any unanticipated
change of the operating conditions. So the methodology of
the FLC provides an algorithm which converts the linguistic
control strategy based on expert knowledge into an automat-
ic control strategy, and hence it appears particularly useful in
cases where processes are too complex for analysis by con-
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ventional control techniques, or where the available sources
of information are inexact or Uncertain [4]. The structure of
electro-hydraulic proportional valve system briefly dis-
cussed, transfer function is established and fuzzy and PID
controller is designed and simulated by
MATLAB/SIMULINK. Fig.2 show the structure of electro-
hydraulic directional proportional valve system, which is
composed of detecting element, control module, proportion-
al reversing valve, Motors, Pumps and so on. The control
variable, which is transported by sensor, is controlled by
controlled unit of computer; the voltage signal of controlled
unit is convened to digital proportion of electronics-
hydraulics valve, which can control accurately Hydraulic
Motor in both sides.
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Figure 2 electro-hydraulic proportional valve system

Modeling of Elector-Hydraulic Actu-
ator System

The nonlinear dynamic model of ( EHSS) shown in
Fig. 3, which consists of a hydraulic motor controlled with
proportional valve, and by assuming that the pressure is con-
stant and Fluid inertia is neglected the equations of flow
through the PV are derived from the application of flow con-
tinuity through the orifices of proportional valve and defined
by the following terms [5].
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Q.= C: A2/p(F — PD) (1)
Q.= C: A2/p( — P) @
Q.= Ce A2/p(P; — By) ©)
Q. = C2 Af2/p(P. — By) (4)
Xy f .
Qu=Celdls [2/p(B —(5R) )

Where QL is the load flow through the motor and PL is the
loud pressure. Linearized flow equation, which describes
dynamic behaviour of the proportional valve and around an
operating point, is as follows:-

AQL = KqAXv— KcAPL (6)
8, = C; nd spool JZ/pCh — ) @

. =Ifd wd spool Xv

V2B —R) ®)
Q1 + @2
Q="
E )
PP=PF +P (10)
The continuity equation for each Motor is the same
V, dt,
'?l_frm{fpl_*p::l_'?emﬂzﬂm Gy +EET[, (11)
W dt,
Crm{PL _P::I —QemP — Qmp =~y +E?r (12)
From equation 9,10,11,12
Qp=Dp wy + 0 By +7_tPL 5
28 (13)
Where
o= 0 +1)
The torque equation for motor is given by:-
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Table 1 source of parameters of (EHSS) for velocity control

Tg = Dm(Pl - P:} =

Jm m s+ By wyy + Ty + Ty +7T; (14)
From equation 6, 13, 14 over all TF of the system are given
by:-

Hi. TH."S IIrT:
Y D, %* "D (1 + 2_33':3)
m o= JLVr 24 (j’,,_K:g N B, V, )5 N BEK,, i1
28D, . Dz ' 28D D,z (15)

The transfer function for non load speed is given by:-

A1 _ Dm
X, (5_ RELN 1)
C;::'EZ Cdﬁ (16)

Where @m is the Motor is angular speed and Xois
the proportional valve spool travelling distance and national
frequency and damping ratio are given by:-

= |

! .q .|ir:t;n 1.:"[
B |V _ K. ||_.'3’j’m
EDm_\Jl_,E‘f ! Dr.'ﬂ.-\| Vi

The directional proportional valve TF =

U 1
%0 (o)

The valve —motor system TF =

Hi.

o (5) _ 1 D,
1 i 25.

ety G2 £,

Where U(s) the input voltage and tw,,, (=} is the Motor angu-
lar speed in Laplace transformation.

Sym | Description | Value Unit | Source of
Information

Proportional _ Manufacturer
K valve gain 53+107° | ™V | data

Spool stroke Manufacturer
X 45-107% | data

Valve flow Calculated
Kq gain 1.7 ma/sec.

Valve Calculated
Kee | pressure 0.6 «10-% | melsec.

gain Pa

Spool Manufacturer,
dspool | gjameter 1210"3 | ™M data

DPV angular Manufacturer,
Wy speed 25 Rad/sec | data

Motor fric- Calculated
Tm | tion 2.92 N.m experimentally

torque

Inertia of Calculated
m motor and 45 Kg.m2

load

Total fluid Calculated
vt volume in 76«10"F | me

pipes

Viscous Calculated
Bm damping 0.0051 N.m.se | Experimentally

coefficient clrad | 6]

of

motor

motor i Manufacturer,
Dm displacement | 15,7 « 1p~* | ms/rad | data
B Effective Manufacturer,

bulk 108 = 10% | N/mz | data

modulus

Density of Manufacturer
p the 857 Kg/ms data

Hydraulic

oil

Discharge Constant
Cd coefficient 0.65

Pump Manufacturer
Dp displacement | 56« 19™% | m/rad | data

Motor Manufacturer
w,, | rotational 470 rpm data

speed
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System Description

As shown in the figure down the system consist of fixed
displacement pump drives two fixed hydraulic motors
through two directional proportional valves one for left side
and one for right side .the directional proportional valve and
the motors and pumps explained in [3] .Hydraulic motors
connected to tachometers to measure the wheel speed ac-
cording to the input speed from the input potentiometer
which is connected to two Pedal one is Gas Pedal and one
Brake Pedal .the signal from Tachometer and from the Ped-
als processes in the Microcontroller and voltage send to the
Proportional Valve To correct the spool position.
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Figure3 electro-hydraulic proportional valve system

PID Controller

PID (proportional integral derivative) control is one of the
earlier control strategies. Since it has simple control struc-
ture which was understood by plant operators and which
they found relatively easy to tune, it still have wide range of
applications in industrial control. By tuning the value of Kp,
Ki and Kd of the PID controller, the performance of the sys-
tem such as rise time, overshoot, settling time and steady
state error can be improved. Though the output of the system
with this controller will never reach zero steady state error,
Kp or proportional controller is used to assure the output
reach the reference input. Ki or integral controller is given to
the system in order to obtain zero or very small steady state
error. Derivative controller or Kd will improve the speed
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performance of the system. Sometimes derivative action
may not be required since the proportional and integral ac-
tion already produce good output response. The synthesis of
PID can be described by

de ()

5 dt

Where e (t) is the error, u (t) the controller output, and KP,
Kl, and KD are the proportional, Integral and derivative
gains.

There is a wealth of literature on PID tuning for scalar sys-
tems. Good reviews of tuning PID methods are given.
Among these methods are the well known Ziegler and Nich-
ols and Cohen and Coon [7]. Many researchers have at-
tempted to use advanced control techniques such as optimal
control to restrict the structure of these con-trollers to PID

type.

r
ult) = K e(t) +K; f elt) d(t) + Ky

The tuning value of Kp, Ki and Kd are determined by using
the self Tuning tool in Matlab /simulink.

Step PID(s) L—b A g
den(s)

PD Controllr ~ Transfer Fn Scope

Figure4 PID controller in Matlab/Simulink

From equation 16 with the parameters from table 1 the trans-
fer function for the system is given by:-

W (5) 355
= I
Us)  (0.0015 5% 40,925 +124.37s + 1)

Fuzzy Logic Controller Design

Fuzzy logic control is a control algorithm based on

a linguistic control strategy, which is derived from expert
knowledge into an automatic control strategy. Fuzzy logic
control doesn't need any difficult mathematical calculation
like the others control system. While the others control sys-
4
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tem use difficult mathematical calculation to provide a
model of the controlled plant, it only uses simple mathe-
matical calculation to simulate the expert knowledge. Al-
though it doesn't need any difficult mathematical calculation,
but it can give good performance in a control system . Thus,
it can be one of the best available answers today for a broad
class of challenging controls problems. A fuzzy logic control
usually consists of the following as in figure 5 [8]:

1. Fuzzification: This process converts or transforms the
measured inputs called crisp values, into the fuzzy linguistic
values used by the fuzzy reasoning mechanism.

2. Knowledge Base: A collection of the expert control rules
(knowledge) needed to achieve the control goal.

3. Fuzzy interface engine: This process will perform fuzzy
logic operations and result the control action according to
the fuzzy inputs.

4. Defuzzification unit: This process converts the result of
fuzzy reasoning mechanism into the required crisp value

IP | Calculate — Convert o Evaluate Compute oP
error & Fuzzy set Fuzzy Fuzzy
=¥ s rate of definition conrol [ control ’
change , fom mle action

CE

Figure 5 fuzzy logic controller

For a Fuzzy logic control design, the control parameters and
set of terms that describe each linguistic variable must be
determined when designing a FLC. Obviously, the position
in the EHS is the parameter to be controlled in the system. A
two-dimension structure will be used to product fast calcula-
tions. The two input linguistic variables are the error of the
angular velocity “e” and the error change of the angular ve-

locity «8e” The output is the voltage signal to proportional
valve. First, the two input variables must be defined in terms
of linguistics. The error in angular velocity is expressed by a
number in the interval from -6 to 6. There are five linguistic
terms of the error in angular velocity: negative big (NB),
negative (N), zero (Z), positive (P), and positive big (PB).
Similarly, the fuzzy set of the error change of the angular
velocity is presented as {NB, N, Z, P, PB} over the interval
from -6 to 6. Finally, the fuzzy set of the output signal is
presented as {NB, N, Z, P, PB} over the interval from -3 to
3. The knowledge base for a fuzzy controller consists of a
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rule base and membership functions. It is reasonable to pre-
sent these linguistic terms by triangular-shape membership
functions, as shown in figure 8. An expert’s experience and
knowledge method is used to build a rule base [9]. The rule
base consists of a set of linguistic IF-THEN rules containing
two antecedences and one consequence as expressed in the
following form:-

Ri, j,k :IFe = Ai AND [Je = Bj THEN u = Ck

Where1=i =5 1=j= 5 and 1 =k =5, The total number
of IF-THEN rules is 25 and is represented in matrix form,
called a fuzzy rule matrix, as shown in table 2.

The decision-making output can be obtained using a maxim
fuzzy inference where the crisp output is calculated by the
center of gravity (COG) method. A set of fuzzy rules is
shown in the table 2. The fuzzy rules in the center of the
table are related to the steady state behaviour of the process.
When both the angular velocity error (e) and the change of
angular velocity error (X¢) are negative, the angular velocity
is high the set point and is moving further away. In response
the control action should be negative such that it will reduce

the angular velocity error. While the ““¢” is positive and the
“e” is negative, the piston is moving toward, and then the
control action should be low enough to slow down the ap-
proach to the set point. The designed fuzzy set of the fuzzy
controller accounts for this asymmetry as well
[10],[11],[12]. With two inputs and one output the input-

output mapping is a surface. Fig.9 is a mesh plot of a rela-

tionship between e and Ae on the input side, and controller
output side. Fuzzy sets and fuzzy rules of a FLC in Fig. 6, 7,
8 and table Il are developed by Matlab/simulink, as shown in

Fig. 10.
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Figure 6 fuzzy member function of the error
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Figure 10 fuzzy member function of the fuzzy output

Table 2 fuzzy rule sets of (EHSS) for velocity control

Ae ) NB N Z P PB
NB NB NB N N pa
N NB N N pa P
Z N N pa P P
P N pa P P PB
PB Z P P PB PB

Simulation results

The simulation block diagram of position closed loop step
response of fuzzy control is showed in figure 10 for electro-

hydraulic system.

INTERNATIONAL JOURNAL OF ADVANCED COMPUTER TECHNOLOGY | VOLUME 3, NUMBER 5




International Journal of Advanced Computer Technology (I1ACT)

Precision, figure 12 and figure 14 are simulation results of
curve tracking control of conventional PID and fuzzy with
given the same amplitude, frequency is 50 Hz sine signal.
We can see that as a given frequency of sine signals for
Fuzzy controller the steady state error is big and the control
algorithm are slightly worse, but in comparison, PID control
effectively reduces the time lag, response speed and accu-
racy are better than fuzzy control. The response to the step
input shown in figure 11 and figure 13 .Figure 11 shows the
best response to step input with kp=55.8 ,kd= 28.4 and ki
=24.3 and figure 13 shows the response to step input for the
fuzzy logic controller with more rising time with time delay
.Figure 15 shows the compression between the Fuzzy and
PID controller for our system.

rate s M
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Step Integator
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Figure 10 simulation block diagram of EHSS
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Figure 11 Response of PID controller with step input
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Figure 12 Response of PID controller with sine input
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Figure 13 Response of Fuzzy controller with step input
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Figure 14 Response of PID controller with sine input
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Figure 15 Response of PID and Fuzzy controller with step input

Conclusion

In this paper, the fuzzy and PID controller of electro hydrau-
lic directional proportional valve system is Modeled and
simulated , on the basis of that the dynamic open-loop simu-
lation step is done by MA TLAB/SIMULINK. The result
show that the system have the high response speed, the short
transition time, obsolete overshoot, which can meet the re-
quirement of real time control and have the strong robust-
ness of variation of load.
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