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Abstract— The basic goal of this paper is to acquire the 

values from ELVIS and to obtain the best and suitable 

controller for the cascade process in real time. Primarily the 

transfer function is obtained and the PID (i.e. proportional, 

integral, derivative) values for the transfer function are 

calculated using various tuning methods. The deliberated 

values are executed in laboratory virtual instrumentation 

engineering workbench. 
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I. INTRODUCTION 

PID controllers are a family of controllers.  PID controllers 

are sold in large quantities and are often the solution of 

choice when a controller is needed to close the loop.  The 

popularity of PID controller is that it gives the designer a 

larger number of options and those options mean that there 

are more possibilities for changing the dynamics of the 

system in a way that helps the designer.  A PID controller 

operates the present, past and the future errors present in a 

feedback system  

 
For PID controller, there are thousands of tuning 

methods available and for this process model Ziegler 

Nicholas, Tyreus Luyben, and Internal Model control are 

done. Initially, in the section 3,the process model is derived 

from the real time running process and then in the section 

4,the above specified tuning methods formula are used for 

calculating Kp, Ki and Kd values which are required for 

controlling a process through PID control. 

LabVIEW is a Laboratory Virtual Instrumentation 

Engineering Workbench. This software is ideal for any 

measurement or control system, and the heart of the NI 

design platform. Integrating all the tools that engineers and 

scientists need to build a wide range of applications in 

dramatically less time, LabVIEW is a development 

environment for problem solving, accelerated productivity, 

and continual innovation. It also provides the ease of 

programming graphically, thereby the need of programming 

skills is not necessary. Logical thinking of the problem leads 

to the solution. By this means we can acquire, analyze and 

develop large kind of applications. 

The process values (KP, Ki, and KD) that are found 

from the calculation are simulated in LabVIEW. From the 

software implementation process, various characteristics of 

the process are diagnosed and it is plotted below in the 

comparison chart. 

II. CASCADE PROCESS 

Cascade process is the one which has more than one 

measurement variable and with one manipulated variable. It 

has two main loop namely primary loops and secondary 

variable is given as the set point of the secondary variable, 

which in turn sends a signal to the final control element. The 

process output is fed back to the primary controller and a 

signal from an intermediate stage of the process is fed back 

to the secondary controller. Any changes in the primary 

variable will affect the set of the secondary loop. The 

primary loop is for level process and the secondary loop is 

for flow process. The output of the primary variable affects 

the set point of secondary variable. The disturbance in the 

flow is corrected within the inner loop before it reaches the 

outer loop. Cascade control generally provides better control 

of the outer loop variable than is accomplished. 

 
Fig. 1: CASCADE PROCESS

III. EXPERIMENTAL SETUP 

Our real time process consists of level transmitter, flow 

transmitter, rotameter, computer, cylindrical tank. The fluid 

level in the tank is sensed by two wire sensor and it send out 

to the ELVIS. The flow rate is detected by differential 

pressure transmitter of type capacitance. The synchronized 

system is linked to the NI-ELVIS through D-Connector and 

then from ELVIS it is coupled to PC using RS232 cable. 
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Fig. 2: Experimental Setup 

A. Open Loop Response: 

Initially the level and flow values are transmitted to the NI-

ELVIS using 15pin D-CONNECTOR and it is interfaced to 

the PC. The level and flow values are transmitted in the 

form of current signal (4-20) mA. The current signal are 

converted into voltage using resistor and the voltage signal 

(1.1-5.1) V represents the corresponding voltage level of the 

tank. 

B. Process Identification: 

The process is identified using SK (Sundaresan 

Kumarasamy) method. Firstly the open loop response of the 

system for level and flow are obtained using NI-ELVIS and 

transfer function for the process is determined using SK 

method.  

td=1.3t35.3-0.29t85.3 

p=0.67(t85.3-t35.3). 

By using the over represented formula the transfer 

function of both level and flow transfer functions are 

calculated. At the start the flow rate is placed at 30LPH and 

the reading of both (i.e level and flow) against time are 

noted. 

General format of FOPTD transfer function,  
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The effect for the range of (0-90) cm of fluid level 

in the real time system 
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The outcome for the range of (0-200) mm of flow 

rate in the system 
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C. Design of Controller:                         

Controllers are primarily meant for efficiency related 

problems because controlling comes into a picture when the 

desired solution is not achieved. So, here in our paper we 

enforced the traditional techniques in combination for both 

flow and level in cascade process which is Ziegler Nichol’s, 

internal model control, Tyreus-Luyben. 

D. Ziegler Nichol's Method: 

It is introduced in 1940's which made a big impact among 

the control engineers regarding the control of a process 

using PID technology. Ziegler Nichol's is a kind of 

technique which provides the improved performance, ease 

of use, low cost. Even though, it is widely used due to the 

stability concern engineers used it reluctantly.  It is a 

heuristic tuning rule which attempts to provide the efficient 

values for the process containing PID controller 

E. Internal Model Control: 

The Internal Model Control (IMC) structure provides a 

suitable framework for satisfying these objectives. IMC was 

introduced by Garcia and Morari (1982), but a similar 

concept has been used previously and independently by a 

number of other researchers. Using the IMC design 

procedure, controller complexity depends exclusively on 

two factors: the complexity of the model and the 

performance requirements stated by the designer. The goal 

of this article is to show that for the objectives and simple 

models common to chemical process control, the IMC 

design procedure leads naturally to PID-type controllers, 

occasionally augmented by a first-order lag. Furthermore, 

the proposed procedure provides valuable insight regarding 

controller tuning effects on both performance and robustness 

in control and estimation theory. 

F. Tyreus-Luyben: 

Tyreus-Luyben have suggested tuning parameter rules that 

results in less oscillatory responses and that are less 

sensitive to changes in the process condition. It is also one 

of the most widely used techniques in industries. 

IV. PERFORMANCE ERROR CRITERIA 

A. Mean Absolute Error (MSE): 

The mean absolute error is a common measure of forecast 

error in time series analysis. The mean absolute error is one 

of a number of ways of comparing forecasts with their 

eventual outcomes. Well-established alternatives are 

the mean absolute scaled error (MASE) and the mean 

squared error. These all summarize performance in ways 

that disregard the direction of over- or under- prediction; a 

measure that does place emphasis on this is the mean signed 

difference. 

B. Integral Time Absolute Error (ITAE): 

Integral Time squared error is a measure of system 

performance formed by integrating the square of the system 

error over a fixed interval of time; this performance measure 

and its generalizations are frequently used in linear optimal 

control and estimation theory. 

http://en.wikipedia.org/wiki/Forecast_error
http://en.wikipedia.org/wiki/Forecast_error
http://en.wikipedia.org/wiki/Time_series_analysis
http://en.wikipedia.org/wiki/Mean_absolute_scaled_error
http://en.wikipedia.org/wiki/Mean_squared_error
http://en.wikipedia.org/wiki/Mean_squared_error
http://en.wikipedia.org/wiki/Mean_signed_difference
http://en.wikipedia.org/wiki/Mean_signed_difference
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C. Integral Absolute Error (IAE): 

Integral absolute error is a computer program which fits a 

sample to a certain outcome to show the closeness of the 

fitness measure of the computer results to the target 

expression. Integral absolute error is error taken absolute 

and added over time is used to measure system performance 

and normal 3 mode control systems. 

D. Integral Square Error (ISE): 

Integral square error is error from an output, squared and 

added (integrated) over time (in continuous systems) is used 

to measure system performance in applications of optimal 

control and estimation.  

V. RESULTS AND COMPARISON 

A. Block Diagram: 

 
Fig. 3: Block Diagram 

B. Front Panel: 

 
Fig. 4: Front Panel: 

C. Legends: 

PRIMARY SECONDARY COLOR 

TL IMC PINK 

ZN ZN SKY BLUE 

IMC TL LEMON YELLOW 

IMC IMC WHITE 

TL TL ORANGE 

ZN IMC GREEN 

ZN TL TURQUOISE BLUE 

TL ZN DARKBLUE 

IMC ZN RED 

Table 1: Legend 

VI. CONCLUSION 

From the various analyses of the tuning techniques of PID 

for cascade process, it is evident that the TYREUS 

LUYBEN-TYREUS LUYBEN is found to be best controller 

in the combination of level and flow process. The orange 

curve which is plotted in the above comparison graph is the 

TL-TL combo. Based on the above interpretation of data 

and graphs, the system reacts faster for Tyreus Luyben than 

other tuning methods. 
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