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Abstract

The thesis assignment was to build a PID control that was able to control two tanks of water.
The system had to be capable of read a certain value, the value that we speak is the high of the
water. There for, the system should fill the corresponding tank with water, of course, until the
high that was chosen.

A PID control uses tree essentials values to be able to control with precision, they are usually
called: P, I and D. These values can be found by applying some procedures; in this thesis two
procedures were applied. So at the end, we get two values for each constant (PID). In this
thesis these two values are compared in order to choose which method was the accurate.
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1 Introduction

This work is based on a PID control of the level of the water in a tank. The user has the power
to choose a certain level of water and the system has to be capable of adjusting itself in order
to maintain that certain level. To that, a LabView program was built, this program gives the
user the possibility to choose the level of the water, and by constant recalculations(Fig.1),
involving the error generated by the input value and the output value, the output value is
adjusted in order to be closer to the desired level.
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Fig. 1 - PID Loop Control

To do that is necessary to constantly read the input value that in this case is the current level
of the water, and for that the system has the NI USB-6008 acquisition board (Fig.2), that
enables several inputs and two outputs of 5V. This system has two inputs and one output, the
inputs are the two readings of the level of water in the tanks, the upper and the lower tank and

the single output is the voltage that the pump needs to receive in order to start working.
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Fig. 2 - NI USB-6008 Acquisition Board
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As | talked about in the beginning, this system is constituted by a PID control and by that we
know the PID, has explained before; involve several calculations and several constants that
affect the general response of the system. Those constant need to be found and for that we
have several methods, but in this thesis they are going to be used only two of those methods.

These methods involve different procedures but should, in perfect condition give the same
values for the constants, but in practice that is not true, so in the results we are going to

compare them e conclude which one gave a better result.

Once we are talking about two tanks, when the lower tank is being used we have to consider
that the upper tank is being filled with water to, so we have to consider that the upper tank
may overflow, and by that is justified the need of a warning to the possibility of the upper

tank overflow.
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2 Theory

2.1 Feedback Control

The success of feedback control is because this system makes everything faster, more precise
and less sensitive to disturbances. The open loop control, regarding its simplicity, it’s only
advised in system when the outputs and inputs are known and in which there is no disturbance
associated.

In system with feedback control there is a big disadvantage which is the probability of the
system get unstable, for that the correct controller must be chosen, and it must be perfect for

the system that is being monitored.

The basic structure of conventional feedback control systems is shown in Fig.3, using a block
diagram representation. The purpose if to make the variable y follows the Set-point r. For that,
the variable u is manipulated at the command of the controller. The variable d is considered as
disturbances. The disturbance may be any factor that influences the process variable.
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2.2 PID Controller

Feedback loops have been controlling continuous processes since 1700’s. [2]

Today, there are several more controllers, but most of all derivates from the PID controller.
“The PID controller is by far the most common control algorithm. Most feedback loops are
controlled by this algorithm or minor variations of it. It is implemented in many different
forms, as a stand-alon controller or as part of a DDC (Direct Digital Control) package (...).
Many thousands of instrument and control engineers worldwide are using such controllers in
their daily work.” [1]

A PID controller is a controller that includes the proportional element ,“P element”, the

integral element, “I element” and the derivative element ,“D element ",

Defining u(t) as the controller output, the final form of the PID algorithm is:
‘ d
u(t) = MV(t) = Kpe(t) + I{t-/ e(T)dr + fi’dEE(t)
0 't

Where:

Pout: Proportional term of output

K,: Proportional gain, a tuning parameter
Ki: Integral gain, a tuning parameter

Kgq: Derivative gain, a tuning parameter

e: Error =SP — PV

t: Time or instantaneous time (the present)

MV: Manipulated variable
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The figure 3 show the simple structure of a PID controller.

SetPoint Distyrbance

Contraler I

Error
Controller > Plant

+ -

Feedback

Fig. 3 - PID Controller Structure

e Plant — The physical parts of the system that is supposed to be controlled;

e Feedback — from the devices that measure the variable we want to control;

e SetPoint — This is a value, which is converted to a voltage that the process drives
towards;

e Error Signal — Error = SetPoint — Measured;

e Disturbances — A disturbance is all of the things that can drive a system to error, not
considering the error talked above. A disturbance in the system that is talked after is
for example, interference on the electrical system.

e Controller — The controller can be considerate the most important part of this system.
It will read the SetPoint, process the error, and give the output to the Plant. It’s very
important that the system works correctly, and for that there are several methods of

tuning the constant talked above. Those methods are being explained ahead.
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2.2.1 Proportional term
[3] The proportional influence is proportional to the generated error.
The proportional term is given by:

P = K e(t)

The higher the error the higher the proportional control which is clearly seen in the equation.
That conclusion leads us to another one that is that: the proportional control leads the system
to a fast SetPoint. But it has a disadvantage, it has steady-state error, and that error can lead to
an overshoot when the system gets to the SetPoint. One way to avoid it is to increase the

proportional term, but that can led to an unstable system.

2.2.2 Integral term
The integral influence is proportional to the variation of the error on time.

The integral term is given by:
t
Towt = I{i-/ e(T)dr
0

The most important benefit is that this term eliminates the steady-state error, but it has a
disadvantage which is the fact that the stability of the system is affected to. Regarding the

upper equation we can conclude that this integral term depends on pass values of the error.

10
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2.2.3 Derivative term

The derivative term is proportional to the rate of change of the error, as we can see on the

equation below.

The derivative term is given by:

. d
Dout = IidEE'(f}

This term makes an estimation of the future error and by that it can increase or decrease the
speed of correction, because it can work in an early way when there are detected any changes

on the error. This term is very sensitive to disturbances.

If the derivative term only changes with the rate of change of the error, if the error do not

change then we don’t have derivative influence.

11
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2.3  Ziegler-Nichols Tuning

2.3.1 The First Method

The first method is applied to plants with step responses of the form displayed in Figure 8. [4]
This type of response is typical of a first order system, such as that induced by fluid flow. It is
also typical of a plant made up of a series of first order systems. The response is characterized
by two parameters, L the delay time and T the time constant. They can be found by drawing a
tangent to the step response at its point of inflection (maximum sloop) and noting its
intersections with the time axis and the steady state value, as shown in figure number 8. The
plant model is therefore:

Ke—SL

G =777

Ziegler and Nichols derived the following control parameters based on this model:

PID Type K, I:=K/K; I =K/K,
P T o0 0
L
Pl 09L b 0
L 0.3
PID 12.E 2L 0.5L
L

Fig. 7 - Ziegler-Nichols Recipe — First Method

¥ (1) £

Tangent line at inflection point

—»| I e— T —P

Fig. 8 - Response Curve for Ziegler-Nichols First Method

12
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2.3.2 Second Method

The second method targets plants that can become unstable under proportional control. This
technique has to be applied in a closed loop system because this technique requires the use of

the PID controller.
The steps for tuning a PID controller via the 2~ method are as follows;

Using only proportional feedback control:

1. Reduce the integrator and derivative gains to O;

2. Increase K, from a low value, it may vary depending on the system, to some critical
value K,=K¢ at oscillations occur. If it does not occur then another method has to be
applied. Note the oscillations have to be of equal period otherwise they aren’t
reasonable to be applied;

3. Note the value K, and the corresponding period of sustained oscillation, Per.

The controller gains are now specified as follows:

PID Type K, T; I,
P 05k, 0 0
PI 045k, 3 0
1.2
PID 0.6%. B, P,
2 8

Fig. 9 - Ziegler Nichols Recipe — Second Method

13
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LabView- Laboratory Virtual Instrument Engineering Workbench

LabVIEW is a graphical programming environment; it makes possible the readings of values,
and its manipulation.

It work based on VI, Virtual Instruments, each one of them is constituted by the work
environment and the block diagram. The work environment has all of the user «stuff», like
graphic demonstration etc, and the block diagram is where all the programming goes, hidden
from the user. The LabView can run several VI’s at the same time with no interferences
between them, and in each VI program it’s possible to execute several tasks at the same time
to.

Every created data can be storage | the computer or even printed out, or simply thrown away
by the user.

LabView has a bunch of base structure, those structures the programmer cannot change, but

he can use them in several different ways, those structures are called blocks.

This platform made the job much easier because it has many advantages:

e Faster Programming;

e Hardware integration with LabView;

e Advanced built-in Analysis and Signal Processing;
e Data Display and User Interfaces;

e Multiple target and OSs;

e Multiple Programming Approach;

e Data Storage and Reporting;

e Software Services, Training and Support;

e File Sharing and Collaboration with LabView Users Worldwide.

14
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The board that it was used to acquire the signals was the NI_USB 6008, as the follow image

ilustrate.
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Fig. 4 - NI-USB 6008

Important information about the board:

e 8analog inputs (12-bit, 10 kS/s);

e 2 analog outputs (12-bit, 150 S/s); 12 digital 1/0O; 32-bit counter;

e Bus-powered for high mobility; built-in signal connectivity;

e OEM version available;

e Compatible with LabVIEW, LabWindows/CVI, and Measurement Studio for Visual
Studio .NET;

e NI-DAQmx driver software and NI LabVIEW SignalExpress LE interactive data-
logging software.[4]

The National Instruments USB-6008 provides basic data acquisition functionality for
applications such as simple data logging, portable measurements, and academic lab

experiments. It’s powerful enough for sophisticated measrument, other then student use.

15
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Fig. 5 - USB-6008 OEM Terminal Assignments

PID Control of Water in a tank
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3 Process and results

3.1 Equipment

Fig. 7- Both Tanks and Pump

Fig. 7 - Sensor Connections = Fig. 8 - Pump

Fig. 9 - General Connections

Fig. 16- Pump Connections

17
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3.2  First Tuning Method

As seen in the theory, the first tuning method implies the step response of the system. The
step response can illustrate the fastest or slowest response of one system, and by that the user
can get access to many important information of the system.

By that, in this method the entrance of the system was a step impulse, characterized by
amplitude equal to two. There was the need of having amplitude equal to two because the
system didn’t respond to amplitude equal to one. After we analyze the step response of the
system we can get the several values needed to calculate the Ky, T; and T4 values, important

for our system calibration.

3.2.1 Upper Tank

The next figure illustrates the LabView program built specifically to the first tuning method,
for the upper tank, the board that we are going to see it’s called the work environment, this

board allows the user to control all of the programs at the diagram block(Fig. 20).

First Tuning Method - Upper Tank

Matia Jodo Rodrigues

Current Yalue
0 Waker Level m

20—
17,5-

12,5~

Water Level

Time

STOR

Fig. 10 - Work Environment Upper Tank
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In the work environment is showed the graphic that illustrates the Water Level in order of the
Time in milliseconds. It is also showed the current value, so we can keep track of the
instantaneous value of the water level not only in the graphic.

The next figure is the so called Block Diagram, it represent all of the background programs
that make the run of the program possible. The grey line around the blocks is a loop control, it
does exactly what a loop control does, it repeats all of the commands until the STOP button is

pressed.

Pump Yoltage
(Skep Impulse)
data

o

Current Yalue

f Wite To File
Water Level Signals
data i —

S

Fig. 19 - Block Diagram of the Upper Tank Tuning

In this program we have an input directly to the pump, this input corresponds to an step
impulse with amplitude equal to two. At the same time the water level is being read and
written into a file. Meanwhile there is an “if sequence” that checks if the STOP button was
pressed, if it was, that means the first condition is true, and then the output is multiplied by 0,
that means that the pump will stop working.

In the next page, at Table 1, all blocks are explained individually to better comprehension,
there are several more print outs that show a lot of important information about the
connection “behind” of some blocks, therefore they are in the Appendix A, in order to get a

nice organization.

19
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PID Control of Water in a tank

Table 1 - Individual Blocks Upper tank Tuning

This block is the correspondent to the Graphic seen in the Fig. 19.
This is called an input block because it only receive information and
do not have an output. Naturally because a normal graphic only
show information.

This block allows the communication between the LabView and the
board. This specific block is connected to the step impulse that
means the board is going to respond to a step impulse entrance.

Sl That entrance takes place in the data connection which is called an

> data input. The output of this block is the voltage going directly to the
pump.

o}-£C This is the structure of a step impulse; the need of a bigger step was

— ] because the system did not respond to a simple step impulse.

Therefore was added a multiplied constant to the signal, that constant
was 2, and it was good enough to make possible a system response.

This structure serves the purpose of stopping the pump from
working. It checks the state of the button STOP, and if it’s true, that
means that the button was enabled, and therefore the pump need to
be stopped. So if it’s that case, the answer for the first equal will be
true, so the input of the if question will be true, and therefore the
output of it will be the constant wired to the true half (the upper half)
and not the answer wired to the false half (the lower half).

That specific answer will be multiplied by the input of the pump
which means if it was 1, the program stays the same, and if it was O,
the pump will turn off.

This is the loop control STOP button. It’s a predefined button that
appears when a loop control is created. It enables the end of the
program whenever the user fells like. The button is wired to a red
square, that square is the real program stopper, and if it receives a
input true it will stop the loop, therefore when the user clicks on the
button one time, the button change its value to true to make possible
the end of the program.

\Water Level

data ¥

This block could look like the second block presented on this list, but
this block is not an output but an input. This block reads the voltage
coming from the sensor that measure the high of the water in the
tank. Therefore is an important part of this program, because the
high of level is an essential data for the PID control. In this case the
data is an input because it is giving the system some information
about the outside values.

TV Vv Vvw

e

\Write To File

Signals

This block of data allows the saving of all values wired to it in an
external file. That file can be opened with the Notepad, and just by
simply copying all values to the excel sheet we can get access to the
graphic.

20
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These are some of the several blocks that are repeatedly used in the several programs ahead,
because we have to have in mind that in order to the PID control function we have to
constantly read the water level and send an output to the pump, only that way we can maintain
a stable level of water. Some of the blocks above need more specification, like connection
diagram and voltage limits, that information is presented on the Appendix A, in order to get a

proper organization.

The next figure we have the Step Response of the system, considering the Upper Tank.
It’s possible to see that the answer that it’s showed isn’t a perfect S shape, that could be

because the amplitude of the step impulse and could also be due to the nonlinear response of

the pump.
Upper Tank
2
K ‘ Sériel
i J— - T S Série2
16— Série3
Séried
14
Série5
12— e——=Série?
—Série8
5 &
< Série9
=2
68 Série10
y= 2E-05x-0,0142
06 Sériell
Sériel2
04 -
———Sériel3
9.2 —Sérield
Sériels
o
—Sériel6
-200000 -100000 L T 10 200000 300000 400000 500000 600000 700000 800000
—€ Sériel7

Time(ms)

Fig. 11 - Upper Tank Tuning

The x-axis is in millisecond, but in every calculation it will appear in seconds, because it is

the International System. For the Upper Tank we’ve got these values:

N=2+10"K=185cm; L =345;N =-®T = = = 92,55
K =120 =12222 _ 327
p— = L - L 3’4 - )
Ko=32,4
T,=2+34=68
/6,8
Te=1,7

T;=05x%34=17
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3.2.2 Lower Tank

The next image illustrates the work environment of LabView Upper Tank Tuning program. It
1s relative to the first method of tuning. It’s pretty simple and allows the user to run and STOP
the program whenever he wants; he also got access to the current value correspondent to the
water level. The environment of the tuning program for the lower tank is very similar to the

upper tank because both methods are the same; the only change is the tank that is working.

First Tuning Method - Lower Tank

Maria Jodo Rodrigues

Current Malue
] Maker Level m

20-
17,5-

12,5-

Water Level

Tirne

STOP

Fig. 12 - Work Environment Lower Tank — 1st Method
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Waker Level

data

Purp Yaolbage
(Step Impulse)

data

Wite To File

i

Current Yalue

fiz5]

DE

Sigrals
=

PID Control of Water in a tank

Fig. 13 - Block Diagram of the Lower Tank Tuning — 1st Method

The tuning of the lower tank is equal to the upper tank. The LabView program is very similar

the only difference is that the file in which all the values are saved is different of course. The

values of the lower tank are saved in a different file then the values of the upper tank.

This block do exactly the same that the ones before, the pump is getting an step impulse with

an amplitude of 2 and at the same time the level of water is being written in a file, that way

the step response (next figure) can be better analyzed.

All the explained blocks above, are the same for the lower tank tuning program too.

23
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Lower Tank
34
3,2 —Seriel
3 —CErie2
2,8 T T T T T e SE T3
28 —Séried
24 o
—SErieS
2,2
2 —SEriet
@ ol e .
g 1,8 K —< S EriE 7
2 156 — ——Série8
s > o 4T =T Série9
12 7 = : v
1 | _¥=9E06x-00562 |~ Lo —SErie10
08 P || - —Sariell
0,6 // e SEFiR12
04 / : : T - Sériel3
02 ‘ Sérield
0
] Sériel5
L 100000 90000 300000 400000
-Sériel6
T Time (ms)

Fig. 14 - Lower Tank Tuning

Te x-axis is in millisecond but every calculation was made in second because it is the

International System. For the lower tank we’ve got these values: N = 2 * 1075: K = 1,49cm;

L=5,04s:T = K_ 149 _ 74,55
N  2E-5
K, = 1274,5— 17,7
P %504 T
Kp=17,7
T; =2 *5,04 =10,07 T=10,07
Tg=2,52

T, = 0,5%5,04 = 2,52

24
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3.3 Second tuning Method

This method is only for the lower tank, because it’s a method that implies that the system
enters in state of disturbance and that disturbance couldn’t be accomplished in the upper tank.
In this method as said before, the P value is going to be increased until a disturbance is
watched on the system; this system showed an increase and decrease on the level of water,

that difference was always the same, that’s when we know we can calculate the constants

needed.

The next figure illustrates the work environment of the lower tank tuning program.

Second Tuning Method - Lower Tank

Maria Jofo Rodrigues

Water Level -

Instant Water Level

Sek Poink T}:
w0 | = =
]
=
P %alue PUMP voltage
31,00 b,00

Enable Write ko File

STOR
Disabled

Fig. 15 - Work Environment Lower Tank - 2nd Method

In this environment we only needed the graphic to visually control the system status, the
instant water level to have a more precision control. The Pump Voltage is present to, so that
we can see the effect of increasing the P value on the Pump voltage. The set Point is where

the user chooses the water level.
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PID Control of Water in a tank

Select Signals

3

Signals

Signal Quk
¥

¥

PUMP Yoltage

[ ¥
-
(3
o i
Set Point ¥ : i i i
» DAy Assiskank select Signalsz
~/izH da\t}a M Signals
= Signal Uk v
7
H
L3
P 4alus b
» H

data
¥

Inskankt Water Level

123
DE

3
"
o M

Enable 'Write ko File

[ ore [ -

=

E v
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Measurement Fils

» Signals

123
IoEL

PUMP Woltage

L

Fig. 16 - Block Diagram of the Lower Tank Tuning — 2nd Method

The Block diagram above contain mostly the same blocks above, the only difference is the

Select Signals Block, which is explained forward.

Here, we have the PID block already present, because this tuning method is characterized by

eliminating the Integrate and Derivate influence of the system and slowly increasing the

Proportional influence in order to see a disturbance on the system. As we can see there are

being saved three different variables to a file, the upper tank level of water, the lower tank

level of water and the P value.

D e o, + x
b

un Add Channels  Remove Channels
{38 Express Task | 2 Connection Diagiam

Vokage Upper

Vokage Loner

Configuration | Triggering | Advanced Tiring

T o
;

‘Vatage Upper
Vokage Lower 1

tings
Mode
1 Samele (On Demand) v

&
Hide Heb

[ )

Measuring
Voltage

Fig. 17 - Connection Diagram - 2nd Method
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Has it’s possible to see, there are two

channels being used in the same

program. When this happens, we get
the need to separate them into different
paths. And that it’s possible with the

next block showed.
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F
Select Signalsz
* Signals
Signal Cuk v
W

This block has the figure number 28 to complement it, this makes
possible to in the same program acquire two different signals and

separate them to two different paths.

B Configure Select Signals [Lower Tank Signal]

Index

Select Signals

Unselected signals Selected signals

Signal Mame

122

Index Signal Mame

|>

0

Signal 0 1 Signal 1

Signal 2

Signal 3

Signal 4
Sond's

N sl Wi

Signal 6

Signal 7

l OK ] [ Cancel ] [ Help

Fig. 18 - Select Signals Configuration

As we can see this blocks shows all the channels available and the user only choose the one

he would want to read values.

Next is shown the acquired values in form of a graphic, and as it’s explained in the theory

part, the period of the wave is very important. This wave illustrates the ups and downs of the

water level; those ups and downs are the disturbance that we were looking for.

3,15

3,05

2,05

Water Level

2,9

2,85

2,8

2,75

P value = 35
&4 L A 4
Prc
— SEriel
Série3
5000 10000 15000 20000 25000

Fig. 19 - Graphic for the lower tank - 2nd Method
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The figure number 29 shows de disturbance in the upper tank and the value P, it’s the period

of the wave, that give us information to calculate the K,, T; and Tq values. P, = 44,00s

K, = 0,6 * Pygpe = 0,6 x35 = 21

_ Pc 44,00 -
7200 20
P.. 44,00
T = —= =
a7 g 8,0 >>

28
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3.4 1st Method Vs 2" Method

It’s possible to see that the first and the second method result in different constant values, for
that it’s also possible to use both of the values that were obtained and compare them in order
to see which method created the most accurate values.

For that we simply use both values, and monitored the response of the system to them. By
simply compare them we can see which of them had a better response on the system, and by

that is possible to affirm which tuning method is better, for our case.

1st Method Vs 2nd Method

1,8

1,6 e
1,4 7?" = %
1,2 /

i /":f‘/ e 2nd Method
0,8 /

e ]st Method

0,6 /

Set Point
0,4 -
0,2

Water Level

0 500 1000 1500 2000 2500

Time (ms)

Fig. 20 - 1st Method Vs 2nd Method

Looking at the figure number 22 it’s possible to see that the first method shown an overshoot
by the SetPoint, that it’s talked in the theory part, it could be happening because , as we can
see the value of P is lower comparing to the second method. And it’s known that to avoid an
unstable system the programmer can lower the P value but that can lead to an overshoot like

the one we have here. But a higher P value can also lead to an unstable system.
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Table 2 - Tuning Methods - Constant Values

1° Tuning Method

2" Tuning Method

K, 17,7 21
Ti 10,07 7,195
Ty 2,52 1,79
Table 3 - Constant Influence on the system
To Big To Small
The system may start The system can have less
< oscillating. sensitive and don’t respond.
It responds to pass values so it can overshoot the SetPoint.
T Eliminates the residual steady-state error.
If the system is exposed to
- high levels of interferences | It slows the rate of change of
d

the system can become

unstable.

the controller output.

As it’s possible to see there are no perfect values for this kind of controls, the values are

dependent of the system and also of the user choices.

The user can choose what kind of response he wants to his system and by that choose the

constant values.

Here we are comparing two different kinds of values; the red ones were calculated trough a

program in open loop control, and the blue ones were calculated trough a closed loop program

control, it’s important that the user knows it.

But the both of them were compared with in a closed loop control; the programmer just

inserted them into the PID values of the PID control, and saved the answer of the system in

order to be possible to compare them.
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3.5 Main LabView Control Program

The next figure illustrates the work environment of the main control program in LabView.

PID control of the Water in a Tank
Maria Jodo Rodrigues

—

Fig. 21 - Work Environment - Main Control Program

In this work environment, the point was to keep it simple and useful. As we wanted to control
only one tank at a time, the button on the right upper side of the screen enables the tank that
the user wants to work with. If the user drags it to the left he will work with the upper tank, if
the user drags it to the right he will work with the lower tank.

The upper tank system is really simple; it has a button in which the user can specify the water
level that he wants and the right above tank shows that high in a more practical point of view.
The current value is showed in the upper tank in the middle of the screen, right next to him is
the PID values needed to work with the upper tank system.

The Lower tank system is also simple; the only difference to the upper tank system is that in
this one we need to have a warning to the risk of the upper tank overflow. That’s what that
light is doing there, the light lights up if the upper tank shows any risk of overflow.
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The next image is the block diagram of the main control program, for the upper tank.

MFalse ~]
Upper Tark oper Tank N
Lower Tarik _m?r an :
| I H
I .................................... :
Set Paoint Upper Tank 2 .mLiurrent Yalus I Write To File ]
I -
e 23 g Slg\lja|5
s
Set Point Upper Tank,
5
Y fotyd L1230
i ’ ’
‘Water level - w
data v b " 4
7 Pump Volkage
" data
...........
d ¥ Pump Input
Upper Tank W
i Stezed =
o Signals L} K
i signalout ¥
i [+
B[ ]E: M E
b Lower Tank
Signal
B Signals
Signal Out v
174 L===&

Fig. 22 - Main control program - upper tank

In order to be able to control each tank at a time, we need to create a case control; a case
control verifies if a control variable, chosen by the user, is on a certain value, that value
correspond to a case situation, that situation is chosen once again by the user, and depending

on it, it depends the answer of the system.

So in our system, the button wired to the interior square, “Upper Tank Lower Tank”, controls
the case situation, if it’s true the lower tank system starts working, if it’s false the upper tank
work instead. This is a simple way of enabling and disabling certain parts of program blocks
of data.

The next table there will be explained each and one of the blocks of data, how they work and
what do they do in this specific program. It should never be forgotten that both systems, upper
tanks system and lower tank system, are in a loop control, in order to be able to repeat all of

these functions until the user fells like stop them.
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‘\Water level

data »

This block has been showed before, is capable of reading
input coming from outside. This means that the sensor, that
measures the water level, is connected to the board. This
specific block is acquiring sensors information, the sensor
for the upper tank and the sensor for the lower tank. In
order to separate information we use the next block.

Lower Tank
Signal
» Signals

Signal Qut ~ »

Upper Tank
Signal
» Signals
Signal Qut  »

This blocks, are able to separate signals, with block named
before we can read two signals, and then connect the Data
output to the Signals input of this block. By doing that we
are presented with a window that gives us the possibility to
choose which sign we want to use. The Signal Out
connection give us the sign that we chosen before. This
block was used because the LabView didn’t allow having
two acquisition blocks, two blocks like the first one

showed.

Upper Tank
Lower Tank

.............

Ipper Tank, Lower Tank

This button is used to control the case structure, if it’s true it
will activate the lower tank system, if it is false it will
activate the upper tank system, and of course, deactivate the
other system. The upper image is the block image, and the

lower is the environment image.

This is a button that control the water level the user wants,

the user just need to turn it around to the wanted value.

The upper figure is the block image, and the lower figure is

the environment image.
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®. simple PID.vi Front Panel

File Edit View Project Operate Tools Window Help

| 13pt Application Font |v!| ;Hv‘

gboo | Ee0 |

The figure above it’s the PID block, to this block is wired the P, I and D value, the Upper and
Lower Limit, the SetPoint value, the Process Variable (the current value of water level), and
the Output value. This PID block does all the calculations needed so there is only the need to

wire all the values that he need to.
It is a predefined block of data, that the LabView program has available for its users, so

therefore there is no need to create one from the scratch, knowing for sure that these one

functions perfectly.
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The next image is the block diagram to the lower tank.

PID Control of Water in a tank

Upper Tank
Lower Tank,

J[Trus v pf

data Heg

H

Upper Tank
Signal

i Signals

B

Set Point Lower Tank

Set Point Lower Tank 2

Signal Qut ¥ E
i vi E
i

i+ M

Lower Tank.
Signal
B Signals

Signal Qut ¥
¥z L,,,,=E

Upper Tank Risk
to Crwverflow

P - Lower

Upper Lirnit

e

Lower Tank

Current Yalue

ay

Write To File

> Signals
&

0
-
»
i ¥

Pump Yolkage

t data
=

Purnp Input

Fig. 23 - Main control program - lower tank

This control is equal to the previews one, the upper tank system, the only change is in the

overflow controls, because when the lower tank is working it’s important to verify if the

upper tank is overflowing, and for that it was included certain specific blocks, explained next.

This set of data it’s called the overflow control. It will

compare the water level of the upper tank with a defined

number, in this case 19, and if it’s equal or greater it will

multiply the SetPoint by 0, and by that the pump will stop

working. If it is not equal or greater to 19, it will multiply

by 1 and nothing changes.

Upper Tank Risk
to Overflow

:'
’TFI

This system is verifying the level of the water of the upper

tank, and if it’s equal or greater than 17 it will light up the

light, in order to warn the user about the risk of overflow.
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4 Discussion

For the upper tank the values are really good, they do not are very different from the usually
values, for the same system. The answer illustrated on the graphic, should be a perfect S
shape, but that wasn’t possible due to non linear response of the pump. Anyway, we were able

to calculate the L value the same and get a conclusion.

On the lower tank we were able to consider two tuning methods, and by that we could
perfectly compare the values obtained in the two. The first method it’s the same for the upper
tank, all the values were obtained through an open loop control program, and they were like

was expected.

In the second method all values were obtained in a closed loop control system, using already
the PID controller, but setting the derivative and integrative influence to zero, and then by
increasing the proportional term we were able to see when the system enter the oscillation and
calculate the two other constants. They were different from the first tuning method but that
don’t necessarily means that something is wrong. Just means there are two different results
that could work in this system, and depending on the answer we want.

And actually they aren’t so different from each other, they are quite similar but even then they
have quite different answers on the system, the first method cause an overshoot by the
SetPoint, that it’s expected because a lower value for the proportional influence can cause that
kind of answer on the system. That «big» overshoot that is presented for the first tuning
method doesn’t exist for the second tuning method and it’s due to the higher value of the
proportional influence, but that doesn’t mean that the second tuning values are better than the
first ones, because a high proportional value can lead to an unstable system, and sometimes

there are system that cannot become unstable.
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About the program that was used, LabView is simple to use and every program that was built
had the point of being simple to use by the user and avoid being too complicated to see and
comprehend. And with LabView that can be quite easy, due to the several decorations and
even the because of the buttons, tanks and other animated and interactive gadgets.

It’s a very fast and powerful tool, and made the programming much easier. The possibility of
using figures in the shape of a tank, and the animation of the tank increasing the water level
and decreasing gave and extra something to the work. All the buttons were very useful and
they will simplify the work of the user.

The board NI USB-6008, is also very simply to use, it’s perfectly functional with the
LabView, every connection and functionality of the board were active. The board has two
outputs of 5V, and several inputs. All configuration associated to the board is easy to make

and very fast.
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5 Conclusions

As we were able to see depending on the tuning method the results may change a bit, that
doesn’t mean that any of them are wrong, just different. And to different values we have
different results, and by that we have to analyze which response is the better for the system
that is in use.

It’s easy to see that a PID control can be applied to many feedback systems, when the need to
constantly control a system variable appear the PID control it’s a good solution. Quite easy to
use and create. It only requires the need of tuning, but even that isn’t so hard to do. There are

quite good information about it, so should not be hard to do it.

Talking about the LabView programming, it is also very simply to use. Besides the help that
any programmer can get by just asking a LabView Professional, the actual program has a help
menu that gives good and important information about every block of data, with that any

programming get’s quite easy to complete.
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Appendix A

Appendix A is for all the extra images that do not are essential to the full comprehension of

the report.

The next figure, illustrates the channel chosen to the readings. The blue line shows that the
input will be a VVoltage, on the Physical Channel: Analog Input Number O with a maximum of
20V and minimum of OV. In this configuration step it is possible to run the channel and see if

Upper Tank LabView Program

it’s working properly.

v e e, + X

Run Add Channels  Remove Channels.

| {8 Evpress Task | £ Connection Diagram

Yoltage

Configuration | Triggering | Advanced Timing

Devifail
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INSTRUMENTS

{5 Express Task | 4 Cormestion Disgram |

PID Control of Water in a tank

Connections List
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1EPinCombicon/3

Vg

Fig. 24 - Express Task Upper Tank Tuning

The Fig.23 clearly illustrates the connection to the board, there is being used the channel

Fig. 25 - Connection Diagram Upper Tank

Tuning

number 0, that means the connections 2 and 3 are used, positive and negative.
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[ £ DAQ Assistant 3
0w ol a. X F
Run Add Channels  Remove Channels Hide Help
~ | | BBack ﬂ x
[ o] [ apply Value ta Al = a
Yolkagetut 1,1 = Generating
0 L Current or
Voltage

You can genarats two

Configuration |Trigger\ng

Advanced Timing

main kinds of signals
for channals:

Channgl Settings

)3

Hie Detals

Physical
Order | Channel
[ Devl/aol

>

&
Tirning Settings
Generation Made Q Sannples ta Write Rate {Hz)
1 Sample (On Demand) - ‘ 100 1k

* Single samples,
including DC
signals—When
generating single
samples, you can
use softvars or
hardvare timing (if
available) to control
when your device
generates a signal.

Multiple samples—
Use multiple
samples to generate
an AC signal, such
as a sine vave, Also
called buffered
anzlog output,
generating multinle
samples involves
tha fallmwina stans:

==/

This is the list of virtual
channals. Right-click a
virtuzl channel to
renams it, changs the
physical channal
=szccisted vith it, or
remove it from the list.
If an exclammation

v

point (1] appears next
to a global virtual
channel, the channel
has been delsted.

Fig. 26 - Configuration Pump Input — Upper Tank

This is the screen to the configuration of the output to the pump; it’s possible to see that we

got access to the channel of the Analog Output Number 1, which means that the connections

15 and 16 are used. It’s very important that in the Generation Mode we choose: 1 Sample on

demand, which is because we only want one sample when the user demands.

B! Configure Write To Measurement File [Write To File]

File Name

|Ex\Nova pastalprojecto\PRATICAILEITURAS

COMPARACAO lower .lvm
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(%) Save to one file

[Jask user to choose file
Ask only once
Ask each iteration

If afile already exists

(3 Rename existing file

) Use next available file name

(O Append to file

O Overwrite file

() Save to series of files (multiple files)

| settings...

File Description

File Format

(@ Text (LvM)

O Binary (TDMS)

O Binary with XML Header (TDM)
[“]Lack file For Faster access
Segment Headers

(O One header per segment

() One header only

() No headers

X Yalue Columns
© One column per channel

© One column only
(& Empty time column

Delimiter
@ Tab
O Comma
[ Aitvenced,s
| T e

Fig. 27 - Write to File Configuration Form— Upper Tank

In this figure we the
configuration of the save to file
option. The File name option let
us choose the path where to save

the file. All of the other option
can be chosen by the
programmer, and mostly

regarding appearance.
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e Lower Tank LabView Program

All the preview images are the same to the lower tank has said before. The only change is in
the name of the file that saves all the values.

ne o + X H Q|
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Channel Settings an
- : [Fig) savetoHTML...
1) eoal® [ [ g ]|
| e NATIONAL
su INSTRUMENTS
i cHe
vavefor
Vg
|
)
Tining Settings
Acquisition Mode Samples to Read Rate (Hz)
1 Sample (On Demand) v 1k 1k
|
Fig. 28 - Express Task Lower Tank Tuning Fig. 29 - Connection Diagram Lower Tank
Tuning

As we can see, even the connection diagram is equal to the connection diagram of the upper
tank because we are talking about two different programs, if they were in the same program

this couldn’t be possible. Here again the maximum voltage is 20V and the minimum voltage
isOV.
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Fig. 39 - Configuration Pump Input — Lower Tank

The previews image is the configuration form to the pump Input; here we can see that the
channel that was used was the number 1, which means that the inputs 15 and 16 were being
used. The next image show the configuration form of the Save to File block, it’s equal to the

upper tank form the only that change is the path and the name of the file.

P! Configure Write To Measurement File [Write To File]
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Fig. 40 - Write to File Configuration Form — Lower Tank
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Appendix B
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Next it will be presented all of the non necessary figures; essentially they illustrate the

connection needed in the board. These images are regarding the Main Control Program.
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Fig. 30 - Connection Configuration

The next images are the connection diagram. They illustrate the connection to the board.
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Fig. 31 - Connection Diagram - Upper tank

Fig. 32 - Connection diagram Lower tank
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The next images represent the select signal talked before. We have on the left side all of the

signals available, and on the right side we have the signal that we want to use.

B Configure Select Signals [Lower Tank Signal]

Select Signals
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Index Signal Name
0 Signal 0
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Fig. 33 - Select signal 1
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Fig. 34 - Select signal 2
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Fig. 35 - OutPut Configuration

B! Configure Write To Measurement File [Write To File]
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Fig. 36 - Save to file Configuration

The above image is the configuration window to save to file. This window allows us to

change the path of the file and its name.



