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An Effective Controller Design for Networked
Control System
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Abstract : Thenetworked control system plays animportant roleinindustrial applications. Inindustrial application,
communication network is introduced between plant and controller and communication networks introduce a
new probleminto feedback control loop. Thestudy is mainly focused ontheefficient controller design. Controller
is the main part of the networked control system. The basic components of NCS are sensors, actuators, and
controllers. Sensors are used to sense the control signal from the plant and send this control signal to the
controller, then controller process this signal and transmit it to the actuator, actuator retransmits this signal to
the plant. The stability and performance of the system can be improved by a suitable controller design. In the
networked control system design process, time delay and stability are a major concern. The time delay and
performance of the system can be improved by a suitable controller design. Experimental results showed that
the proposed controller can supersede the existing controller if proper design is used.
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1. INTRODUCTION

During past two decades, point to point communication architectures has been successfully used inindustry
for control system. But thistype of communication control systemisno longer suitableto meet new requirements
of technologiesand availability of network connectivity. If afeedback control sysemisclosed through areal-time
network or acommunication channel iscalled as networked control syssem (NCS). The basc components of
NCS are sensors, actuator, and controller. Sensor isused to sensethe control signal fromthe plant and send this
control sgnd to the controller, then controller processthissignal and transmit it to theactuator, actuator retransmits
thissignal to the plant asshown infigure 1. In thistype of system, dataaretransmitted in the form of packets
through the network. The main purposeto introduce communication network in control syssemisto minimizethe
wiring of the system, maintenance, and systemflexibility and suppleness

Dueto theseadvantages, NCS became more popular in practical applications. The networked control system
iswidely used in manufacturing automation, electronicsfactories, robots, advanced aircraft and electric vehicles
[1]. Theintroduction of acommunication network inthe control closed loops makesthe analysisof NCS complex.
The mgor issuesthat occur in NCS aretime delays, packet lossesand limited bandwidth [2]. Therearetwo types
of time delay, variabletime delay, and constant time delay. These parameters degrade the system performance.
Many researchers have paid attention in these parameters. They designed many controllersto improve the
performance of the system. Dong Yue [3] presented a delay dependent approach for acontroller design. They
considered both networked induced delay and data packet dropout. Vojtech Vesely [4] proposed aLMI based
algorithmto resolve the problem of the robust output feedback controller design. M.B.G. Cloostermanet.al [5]
derived aLMI conditionsfor robust stability of NCS under the condition of uncertainty, timevarying and bounded
timedeay. L. Zhang et.a [6] desgned alinear quadraticregulator (LQR) for astate variable modd of the networked
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control system.SabaSdalehi et. a [ 7] proposed aLyapunov-Krasovskii function to design amode dependent static
output feedback controller. They considered both sensorsto controller and controller to actuator delay. A BMI
(bilinear matrix inequality) approach is used for stability of NCS. Yugang Niu et. d [8] designed adliding mode
controller. To designdiding controller they firstly introduced estimation method to compensate packet dropout.
Xiao-Ming Tang et.al [9] proposed a novel model for NCS with networked induced time delay and packet
disorder. An augmented state space model wasobtained using novel model of NCS. Inthis paper, wefocused on
controller design for compensating different delays of the networked control system which areintroduced when
dataaretransmitted through the network. The network whichisused in thissystemis Ethernet [10].
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Fig. 1. Networked control system.

The controller design basically depends on theavailable information. The proposed controller isdesigned
by considering the effect of time delay within the network. The paper isorganized asfollows: NCS model is
detalled insection-(ii). The proposed controller designispresented in section-(iii). Simulationand resultsdiscusson
arediscussed in section-(iv). Section—<v) concludethis paper.

2.NCSMODEL

Inacomplex feedback control systemif system components sensor, actuator and controller areconnected via
communication channel isknown as anetworked control system. Therearetwo typesof networked structure:
Hierarchica Structure and Direct Structure. Thehierarchicd Sructure sysemhas many subsysems. Every subsysem
hasits own sets of sensor, controller, and actuator. The controller of the subsystemis connected to the main
controller throughthe network. Thefunction of the main controller isto caculate thereference signal and send it to
the plant inthe formof packets. But indirect structure dataistraveled directly fromthe controller to plant through
the network. Thecommunication channe formsthedirect connection between controller and plant. For successful
implementation of networked control system, different protocolsare available. Datanetworksare different from
the control networks. Some properties of the network are responsible for system performance. The system
performance will be degraded dueto responsetime, accessdelay, transmissontime, packet sizeetc. Inthis paper,
weuseadirect Sructurewheresensor, actuator, and plant directly connected to the controller throughacommunication
network. The main motive of thisresearch paper to analyze the effect of proposed controller inthe presence of
delay inthe networked system. Time delay maximum and minimum limit of delay can be decided by the controller.
Thepresenceof delay degradesthe performance of the system.
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Thetotal timedeay present in networked control system[11, 15]
1. Datatransfer delay fromsensor to controller (t.)
2. Controller processing timedelay (t.)
3. Datatrangfer delay from controller to actuator ()
Tota communication delay of networked control system
T, = Tt 1.t Ty (@)

3.PROPOSED CONTROLLER DESGN

Thispaper aimisto investigate the suitable controller for the networked control system. The structure of
controller paid animportant roleto control severa processes of the plant. The plant posessomeguidelinesto the
controller. The selection of controller dependsonthe best possible performancethat can be achieved by the well-
tuned controller. Inthis paper, we aredesigning digita PID controller to control the plant performancein the
presence of constant time delay. Fromtheliterature of timedelay analysis, it isproved that PID controller [12] are
stable when time delay existsininput and output.

PiD controller in continuoustime

1t de(T)
ut) = Kp(e(®) +— | endr+T, == @
Where e(t) istheerror signa whichisdefined as
e(t) = r(t) —y(t) ©)
Herer(t) isthereference sgnal and y(t) isthe controller output.
PID controller trandfersfunction  G(g) = K (1+ %+ ST, J 4
STi

Thenthereation betweenP, |, D and coefficientsare Proportional (P) = Kp Integral (1) = Kp/ sT, Derivative
(D)= Ky /T,

The controller performance can be controlled by these three parameters. These parameters can be tuned
using auto tuning.

Thediscretizationisdoneat discretetime-instants, tk =kh,

Discrete PID controller at timestep k

Td KpTdN
69 = kp et + -1+ 5B+ T U, e

Hereh=samplingtimeand N = fllterlng factor

4.SIMULATIONAND RESULT DISCUSS ON

To verify the performance of proposed controller designlet us consider plant transfer function
1.32 ©
(s+0.4621) (s+ 0.1799)

Asdiscussed abovethe PID controller congst of threetuning parameters. By proper tuning thevauesof PID
controller parameters comesout to be sz 0.121, K;=0.0231, K ,=0.0347.

Discreteformof PID controller with sampling period h=0.1 sec

0.8162 z> —1.38620.5742
G2 = 21 (7)

Tax np k) k= 1)} )

G,9 =
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Themode issmulated in MATLAB/True Timetool. I nfollowing Smulationsweassume Ethernet-type network
wheretransmission of amultaneous messagesisdecided based on package priorities. Inturetimetool, we sdlect an
Ethernet network for communication. At first, the performance of NCS can be analyzed in the presence of total
delay inEthernet. Thereference sgnd isstepped sgnd. Thecontrol system performanceisevauated with respect
to thereferencesignal. Infigure 2 network schedule givesthe proper valuesfor each of thetransmitted sgnals
through the network. The controller schedulefor sgna transmissonis showninfigure 3. Theactuator and sensor
scheduling isrepresented by figure 4. Figure 5, 6 and 7 showsthe measured signal performancewith areference
sgnd indifferent sampling periods and control performance.
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Fig. 2. Network schedules.
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Fig. 4. Sensor /Actuator Schedule
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Fig. 6. Control performance of system with sampling 0.020 sec
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Fig. 7. Control performance of system with sampling 0.010 sec
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In our smulationwe change the sampling period from 0.010sec to 0.030 sec. From smulationit isclear that
communicationisoverloaded and performance of the system decreases. Aswe can seefromsmulation resultsthat
control system performance degraded if we areincreasing the sampling period. PID controller parametersare
good enoughfor overal system performance.

5.CONCLUSION

| ntegrating communication networksinto control systemsreplace point-to-point communication architecture
but onthe other hand NCSsbring several issueslike network-induced delaysor packet dropouts. For designing
better control systemit ismandatory to know the behavior and characteristicsof NCSs. Inthisstudy adigital PID
controller isdesigned for networked control system. It isassumed that thetime delay induced in networked system
isconstant. The parametersof PID aretuned via proper tuning processwhichisbased on process model and
desired closed loop responses. The simulated result provesthat the designed controller can make the system
gable. Truetimetool isused for network smulation.
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