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SAFETY OF THE EQUIPMENT

The equipment, when used in accordance with thplgapinstructions, within the parameter set fer it
mechanical and electrical performance, should aose any danger to health or safety if normal esgging
applications are observed.

If, in specific cases, circumstances exist in wtaghotential hazard may be brought about by cazeles
improper use, these will be pointed out and theessary precautions emphasised.

Some National Directives require to indicate on eguipment certain warnings that require attenipthe
user. These have been indicated in the specifigdaydabels. The meaning of any labels that mafixssl to
the equipment instrument are explained in this ralnu

Risk of electric shock

PRODUCT IMPROVEMENTS

The Producer reserves a right to improve desigrpanfbrmance of the product without prior notice.

All major changes are incorporated into up-dataticet of manuals and this manual is believed tadreect at
the time of printing. However, some product changbikh do not affect the capability of the equipithenay
not be included until it is necessary to incorpemther significant changes.
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ELECTROMAGNETIC COMPABILITY

This equipment, when operated in accordance wétlstipplied documentation, does not cause electnoetiag
disturbance outside its immediate electromagnetitrenment.

COPYRIGHT NOTICE

© Inteco Limited

All rights reserved. No part of this manual mayeproduced, stored in a retrieval system, or tréttse) in any
form or by any means, electronic, mechanical, ptapging, recording or otherwise, without the prior
permission of Inteco Ltd.
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1. INTRODUCTION AND DESCRIPTION

controlled
valves

manual valves

pump

':"."\" il o
- )

Fig. 1.1 Multitank system

The Multitank System (Fig. 1.1) comprises a numbeiseparate tanks fitted with drain
valves. The separate tank mounted in the baseeo$datrup acts as a water reservoir for the
system. Some of the tanks have a constant crossnsechile others are spherical or conical, so
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having variable cross section. This creates mamlimearities of the system. A variable speed
pump is used to fill the upper tank. The liquidfiomts the tanks due to gravity. The tank valves
act as flow resistors. The area ratio of the valwe®ntrolled and can be used to vary the outflow
characteristic. Each tank is equipped with a Iseakor based on hydraulic pressure measurement.

The Multitank System relates to liquid level cohfpooblems commonly occurring in industrial

storage tanks. For example, steel producing corepaaround the world have repeatedly
confirmed that substantial benefits are gained femturate mould level control in continuous
bloom casting. Mould level oscillations tend ta &treign particles and flux powder into molten
metal, resulting in surface defects in the finaldorct [1].

The goal of the Multitank System design is to stadg verify in practice linear and nonlinear
control methods. The general objective of the cbrdrto reach and stabilise the level in the tanks
by an adjustment of the pump operation or/and sabettings This control problem can be
solved by a number of level control strategies magpdgrom PID to adaptive and fuzzy logic
controls [2], [3], [4].

The Multitank System has been designed to operatie an external, PC-based digital
controller. The control computer communicates \thith level sensors, valves and pump by a
dedicated 1/0O board and the power interface. TRelbard is controlled by the real-time
software which operates in MATLABSImulink RTW/RTWT rapid prototyping
environment.

This manual describes:

e the system,

» the installation of the multitank software,

« the mathematical models and theory related to obakperiments,
e the identification procedures,

* how to use the library of ready-to-use real-timatoallers,

» step-by-step how to design and apply ones own albetin the
MATLAB/Simulink/RTWT environment.

This is assumed that a user has an experiencefLAB and Simulink fromMathWorks
Inc.

1.1 SYSTEM OVERVIEW

The tank system consists of a number of tanks glabeve each other (Fig. 1.1). Some of the
tanks have a constant cross section, while othrersgherical or prismatic, so having variable
cross section. Liquid is pumped into the upper ok the supply tank by the pump driven

by a DC motor. The liquid outflows the tanks onlyedto gravity. The output orifices act as

flow resistors, but can also be controlled from¢benputer.

The levels in the tanks are measured with pregsansducers. The frequency signals of the
level sensors are connected to the digital inplitak@ RT-DAC/PCI multipurpose 1/O board.
There are four control signals send out from tharthdo the multitank system: three valve
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controls and one pump control signal. The apprep®VM control signals are transmitted
from digital outputs of the 1/0 board to the povirterface, and next to the valves and to the
DC motor. The speed of the pump motor is controbgda sequence of PWM pulses
configured and generated by the logic of XILIRXhip of the RT-DAC board.

The liquid levels in the tanks are the system stal@e general objective of the tank system
control is to reach and stabilise a desired lewrelthe tanks by an adjustment of the pump
operation and/or valves settings. For the reaksyshe levels in the tanks as well as the flow
rates of the pump are limited.

To use the multitank system the following softwanel hardware components are required:
* Intel Pentium compatible PCwith:
= Windows 2000/XP,

= MATLAB version 6.5, 7 SP2/SP3, R2006a/b, R2007a, R20@8aR2009a with
Simulink and RTW/RTWT toolboxes (not included),

= 32 bit compiler MS Visual C ++ or Open Watcom H.3MATLAB 6.5 version is
used. The other versions of MATLAB use the buil@pen Watcom compiler and
in this case the third-party compiler is not needed

* RT-DAC/PCI programmable Input/Output board to be installethenPC (included),

* CD-ROM including the multitank software and e-manualspgiiformat).

Manuals:
* |nstallation Manual

« User's Manual

The experiments and corresponding to them measuremts have beer
conducted by the use of the standard INTECO systemd&very new systen

|:> manufactured and developed by INTECO can be slighyl different to those
standard devices. It explains why a user can obtaimesults that are not
identical to these given in the manual.
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1.2 HARDWARE |INSTALLATION

Hardware installation is described in thstallation Manual.

1.3 SOSFTWARE INSTALLATION

Insert the installation CD and proceed step by #te displayed commands.

Multitank System - User’s Manual 10
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2. STARTING AND TESTING PROCEDURES

2.1 SARTING PROCEDURE

Invoke MATLAB by double clicking on the MATLAB iconThe MATLAB command
window opens. Then simply type:

Tank3

MATLAB brings up theMultitank Control Window(see Fig. 2.1).The user has a rapid access
to all basic functions of the Multitank control asdnulation systems from thiglultitank
Control Window It includes tests, drivers, models and applicaéramples.

=] Tanks =15

File Edit Wiew Simulation Formak Tools Help

Tank System
Device Drivers

Fig. 2.1 Multitank Control Windowof the tanks system
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The Servo Control Windowontains testing tools, drivers, models and deppdi@ations. See
section 4 for detailed description.

2.2 BASIC TESTS

This section explains how to perform the basicstesiecking if mechanical assembling and
wiring has been done correctly. The tests haveetpdyformed obligatorily after assembling
of the system. They are also necessary if any iacbpperation of the system was detected.
The tests have been designed to validate the egestand sequence of measurements and
controls. They do not relate to accuracy of theasis}

I=] Tank3_BasicTest ‘:”E”Z|
Fle Edit View Simulation
Format Tools ﬂelp

) Tank Basic Test: Step 1 - |EI|£|

If all tanks are empty go to step 2

else

Open all manual valves starting from the lowest one,
wait until the controlled tanks are empty and go to step 2

[ ex ]

J Tank Basic Test: ;lgl il

Close all the manual valves and go to step 3

[ i |

Fig. 2.3 Message windows for Step1 and Step 2

Fig. 2.2 TheBasic Testsvindow

Seven testing steps are applied. The procedu@s aBer to check the pump operation, three
controlled valves, three level sensors and overflows.

* Double click theBasic Testbutton. The window given in Fig. 2.2 appears.

« The Step 1 and Step 2 prepare system for testing.nvust start tests with empty tanks
and closed valves. After clicking on Step 1 andpStebuttons the messages shown in
Fig. 2.3 are displayed.
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* In the Step 3 you can check if the pump works prigpand if level in the tank 1 is
measured correctly. After clickinfest Pump and Tank 1 Levaltton the pump starts

and works 20 seconds. Then the pump is stoppedhentquid level in the tank 1 is
plotted ( Fig. 2.4).

* In the Step 4 the valve in the tank 1 opens andldiiels in the tanks 1 and 2 are
measured. The measurements are plotted (Fig. 2.5).

-} Figure No. 1 10l =|

File Edit Yiew Insert Tools Window Help
DEedES NAA A/ 2R

Test results of the pump contral and the tank 1 level measurements

Level [m]

Time [sec]

Fig. 2.4 The proper operation of the sensors: levie tank 1 (the pump works and valve 1
is closed)

-J Figure Mo. 1 100 x|

File Edit Wew Insert Tools ‘Window Help
Deda NAA A/ | @D

Test results of the tank 1 valve and level measurements in tank 1 (red) and tank 2{blue)
014 T T T

0.12

0.1

Level [rn]

a 5 10 15 20 25 30 35
Time [sec]

Fig. 2.5 Levels in the tanks 1 and 2 (valve 1 israul)
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* In the Step %he valve 2 is opened and the levels in the tardsd?3 are measured.
Results are shown in Fig. 2.6.

-} Figure No. 1 i =] 5]

File Edit Yiew Insert Tools ‘Window Help
DeEa "A 2/ 2po

Test results of the tank 2 valve and lewvel measurements in tank 2 (red) and tank 3(blue)

0.1

Level [m]

0.04

Time [sec]

Fig. 2.6 Levels in the tank2 and 3 (valve 2 isrogd)

* Inthe Step 6 the valve 3 is opened and the levtle tank 3 is measured. The results are
shown in Fig. 2.7.

-} Figure Mo. 1 i ] |

File Edit YWiew Insert Tools Window Help

IEEFERY YRR

Test results of the tank 3 valve and level measurements in tank 3
0.1 T

0.09

0.08

0.07

0.06

Level [m]

0.05

0.04

0.03

002 i i i i
0 5 10 15 20 25
Time [sec]

Fig. 2.7 Level in tank 3 (valve 3 is opened)
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* In the step 7 the logical limit switches built irttte FPGA chip structure (RT-DAC 4 I/O
board) are tested. The task of these “emergencittises is to turn off the pump if the
overflow in any of the tanks occurs. When the pusipirned off and the level in the tank
falls down under the emergency limit the pump stagain. Close the manual valve in the
tank 1 and cliclOverflow limitsbutton. The pump starts and works until the lenghnk
1 becomes equal to the value pre-set in the FPQA ch

To finish the tests click theump offoutton in theMultiTank Main Windowo set the pump
control to zero.

2.3 TROUBLESHOOTING

Problem Solution

Check if the RTDAC/PCI board is properly

installed.
System does not work _ _ ) )
Check if the power interface is “on”. Check(|if

hardware stop button is released.

Check the cable connection between the pump
Pump does not work and the power interface.

Overflow alert — empty the water out of tank.

Check the cable connection between the valve
Valve does not open and the power interface.

Overflow alert — empty the water out of tank.

Check the cable connection between the level
sensors and the power interface. Check if the
rubber pipe is connected to the sensor and to
the metal pipe in the tank.

Level measurements are not correct

2.4 SOPPING PROCEDURE

The system is equipped with the hardware stop pusih It cuts off the transfer of control
signals to the tanks. The pushbutton does not tetithe real-time process running in the
background on PC. Therefore, to stop the task ywme o us&imulation/Stop real-time code
pushbuttorfrom the pull-down menus in the model window.
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3. MULTITANK CONTROL WINDOW

The user has a quick access to all basic functbttze multitank system from thdultitank
Control Window It includes tests, drivers, models and applicaégamples.

Type at Matlab promptank3 command and/ultitank Control Windowpresented in Fig. 2.1
opens.

The Multitank Control Windowontains menu items divided into four groups:

* Tools - Basic tests and Manual Setup,
e Simulation Models,

» RTWT Device Driver,

* Demo Controllers.

3.1 TooLs

The respective buttons in the TOOLS column perftirenfollowing tasks:

Basic Tests checks the fluid levels measurements, DC pumgeraion and
controlled valves operation. THgasic Tests tool is described in details in
section 3.2.

Valve 1 ON- fully opens the valve of the first (upper) tank,
Valve 1 OFF fully closes the valve of the first (upper) tank,
Valve 2 ON- fully opens the valve of the second (middlektan
Valve 2 OFF- fully closes the valve of the second (middlektan
Valve 3 ON- fully opens the valve of the third (lower) tank,
Valve 3 OFF fully closes the valve of the third (lower) tank,

Manual Setup- opens the window giving access to the basic petens of the laboratory 3-
tank setup. The most important data transferrech filee RT-DAC/PCI board and the
measurements of the multitank system as well asisstsignals and flags may be
shown. Moreover, the control signals of three vahaand the pump may be set
manually (Fig. 3.1).

The application contains four frames:

Multitank System - User’s Manual 16



A INTECO
Q/% www.inteco.com.pl

* RT-DAC/PCI board

« Control

* Levels

» Safety levels and flags

The RT-DAC/PCI boardrame presents the main parameters of the PCdbdée Control
frame allows to change the control signals. Theeturliquid levels are given in theevels
frame. TheSafety levels and flagsame contains the maximum and minimum liquid Isye
the state of the safety flag and the state of tleeflow alert.

The Display I/O pushbutton activates the window that presentscihaents of all RT-
DAC/4PCI input registers.

All the data presented by the Tank Manual Setugnaro are updated 10 times per second.

1. Tank3 Manual Setup E”E|g|
RT-DAC4/PCI board Cantral
Mo of detected boards: 1 Walve 1: 1.0000
a|

Board: Board 1 - Valvo 2

alve 2 1.0000
Buz number: 2 |
Slat number: 10 Valve 3 1 o0
Base addess: 54272 / OxD400 |
Laogic werzian: 105 Pump: 00000
Application: Tank 4
1200 driver status: oK _
Lewels [cm)

S afety levels [om) and flags

Curent Maxlevel Minlevel  Activityflag  Overflow alert
Tark1. | 002 [ 2891 | 2767 7 | Safe
Tark2 | 012 | 232 | 2800 7
Tank 2 | 17.04 | 291 | Z7Es ¥
I Beactivale 0
Display 1/0 | Help | CLOSE |

Fig. 3.1 TheManual Setupvindow
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 RT-DAC/PCI board
The frame contains the parameters of the RT-DACH¥@rds detected by the computer.

No of detected boards

Presents the number of detected RT-DAC/PCI boéirtlse number is equal to zero it means
that the software has not detect any RT-DAC/PClrdho&Vhen more then one board is
detected the pull-down board list must be usedeiecs the board connected with the
program.

Board

Contains the list applied for selection of the lmbaurrently used by the program. The list
contains a single entry for each RT-DAC/PCI boandtalled in the computer. A new

selection executed at the list automatically changdues of the remaining parameters within
the frame. If more then one RT-DAC/PCI board iedt#d the selection at the list must point
to the board applied to control the multitank sgst®therwise the program is not able to
operate in a proper way.

Bus number

Shows the number of the PCI bus where the currdaDRC/PCI board is plugged-in. The
parameter may be useful to distinguish boards, where then one board is used and the
computer system contains more then single PCI bus.

Slot number

It is the number of the PCI slot where the cur@itDAC/PCI board is plugged-in. The
parameter may be useful to distinguish boards, where then one board is used.

Base address

Contains the base address of the current RT-DAC/M$2ard. The RT-DAC/PCI board
occupies 256 bytes of the I/O address space ahtbeprocessor. The base address is equal
to the beginning of the occupied I/O range. The $fface is assigned to the board by the
computer system and may differ from computer to pat®r. The base address is given in the
decimal and hexadecimal forms.

Logic version

Displays the number of the configuration logic bé ton-board FPGA chip. A logic version
corresponds to the configuration of the RT-DAC/BGard defined by this logic and depends
on the version of the tank model.

Application

The name of the application taken from the on-bé&@& @A chip. A name of the application
corresponds to the configuration of the RT-DAC/BG&rd.
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I/O driver status

Shows the status of the driver that allows the sxd® the I/O address space of the
microprocessor. The status has to be OK stringthier case the Multi-Tank software HAS
TO BE REINSTALLED.

« Control

The frame allows to set the control signals ofehralves and to set the control signal for the
pump.

Valve 1, Valve 2, Valve 3, Pump

The control signals of the valves and the pump b&get by entering a new value into the
corresponding edit fields or by moving the corregping slider. The control values may vary
from 0.0 to +1.0. The value of 0.0 and +1 mean eesyely: the zero control and the
maximum control. If the valves are considered the zontrol means that the valve is closed
however the maximum control fully opens the coroegfing valve. For the pump the flow
increases when the control value changes fromd2Qa. If a new control value is entered
into the edit field the corresponding slider changespectively its value. If a slider is moved
the value in the corresponding edit field changeweall.

STOP

The pushbutton is applied to switch off all the ttohsignals. When pressed all the control
values are set to zero.

* Levels
The frame presents the levels of liquid in thregs$a The levels are scaled in centimeters.
Within this frame the safety system parametergaten as well.

Safety levels and flags

There are maximum and minimum liquid levels asgediavith each tank. If in any tank the
liquid level is higher then the maximum level th€&-RAC/PCI board automatically activates
the overflow alert. If the overflow alert is actitlee RT-DAC/PCI board switches off all the
control signals. During the overflow alert the vedvare closed and the pump is off regardless
of the control signals.

The overflow alert is disabled if the levels in @hks are lower then the minimum levels. As
during the overflow alert the automatic valves remaosed it is required to open manual
valves to lower the liquid level below the minimuewel.

Max level, Min level

The maximum and minimum levels of the liquid in thaks. The levels are given in
centimeters.
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Activity flag

The state of the flags that enable the safety syfte the respective tank.

Overflow alert

The state of the overflow alert. It displays theFEAMmessage if the overflow flag is inactive.
The ALERT message indicates that the alert sysseaative.

Deactivate / Activate

The pushbutton deactivates the safety flags dfaks for 15 seconds. If the safety flags are
inactive the pumps and the valves operate regarthesliquid levels. The deactivation allows
manual decreasing of the levels below the minimafatyg levels. When the deactivation is in
progress the caption of the button changes fronatileate” to “Activate”. The safety flags
are activated back immediately after the “Activabetton is pressed.

3.2 SMULATION MODELS

In this group some examples of simulation modeésgiven. These models can be used to
familiarise the user with the tank system operatonl give templates for developing and
testing the user-defined control algorithms. Onlye omodel is described below. Other
examples are given in Section 7.

After clicking on theOpen-Loopoutton the model appears (Fig. 3.2).
1ol

File Edt Wiew Simulation Format Tools Help

ODZE& + =8 < 2| » = [ || | B

Tank 3 Open-Loop

Contral

¥

¥

Lewell

b4

¥

Contral LewelZ
StED D

¥

Lewel?

Tank? Model Levels

Ready [100% [ | |odes 4

Fig. 3.2 The triple tanks system simulation model
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The mask of th@ank3 Modelbblock is given in Fig. 3.3. All parameters of ttamk system
model significant for control are available in thigindow. They correspond to the
mathematical model of the tank system.

The description of the parameters is given in teetiSn 5. Notice, that some parameters are
fixed (e.g. geometry of tanks), while other mustidentify and introduced , according to the
current setting of the valves.

Block Parameters: Tank3 Model |

|' Subszystem [mazk]

— Parameters
Initial Conditions [ HTO H20 H30 J:

|1 0.001 0.007 0.001 ]
[C1C2C3)
[[11.08543 8280 - 1E5
[ &lfal Alia2 Alfa3 ]
|[n.5 0505]

Upper Tank [ aw |
|[ 0,250,035 ]

Middle Tank [ b ¢ HZ2max |:
|[D.348 01035]

Lower Tank [ B H3max |:
|[ 0.3650.35]

0k I Cancel | Help | Apply |

Fig. 3.3 Parameters of the model of tank system

An example of the step response of the tank systemlation model is given in Fig. 3.4.

x10°
35

0.08

0.07

/
25 /

;L,'J 0.06

co 2 /

ntr 0.05

ol H1

[m 15 [m]

3/s 0.04

0.03 I
l
J

0 100 200 300 400 500 600 0

. 100 200 300 400 500 600
Time [s]

Time [s]
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0.14

: / 0.1 /
Hp 008 / Ha 0.08
[m] [m /
0.06 / 0.06 /
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Fig. 3.4 Example of the step response simulation

3.3 RTWT DEVICE DRIVER

The main driver is located in thRTWT Device Drivergroup. The driver integrates
MATLAB/Simulink environment and RT-DAC/PCI boardatisforming and transmitting
measurement and control signals from/to the tayksem. If a user wants to build his own
application he must copy this driver to a new model

After clicking theTank System Device Drivepsitton the window shown in Fig. 3.5 opens.

E!TankS_DevDriv & -
File Edit Mjew Simulation Format  Tools  Help

D|ﬁn%|%ﬁ|ﬂﬂ|b?lhtemal _

=10l %]

Tank 3 Device Driver

: |—., |
Pump 1 Lewel 1
Il'HI l:
“wilwe 1 ! Lewel 2
© e+ LA =
“alve 2 = /) Lewvel 3 =
: “alve 3 > ﬁ Hert

Tankz

Flioow | | |odes &

Fig. 3.5 Tanks systeievice Drivers
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The driver has four PWM inputs. The first inp&ufnp controls the DC pump. The inputs
Valvel, Valve2andValve3control the valves of the upper, middle and Iaagks. There are
three analog outputs of the drivéevell, Level2 Level3and one digital outpuilert. Each
analog output represents the liquid level in tmk @isplayed in metric units.

The frequency signal of the level sensor is prestab the metric units inside the device
driver block (Fig. 3.6). Each level sensor is ddxat by two parameter§&ain andBias (see
Section 5.1). These parameters should not be ctangele the device driver. To modify a
parameter of the level sensor characteristic cthreefollowing commands should be type in
MATLAB command window:

>> aux = tank; % Creating objecux of thetankclass

>> set(aux,’ScaleCoeff’,[0.0380 0.0380 0.0380 0.0)]); % Changing the Gain
parameters. The first value of the vector corredpdn theGain parameter of the upper level
sensor characteristic, etc (see section 5).

>> set(aux,’'Bias’,[0.0020 0.0020 0.0020 0.0 0.0]); % Changing theBias parameters.
The first value of the vector corresponds to Bias parameter of the upper level sensor
characteristic, etc.

Example. ChangeGain parameter of the upper level sensor charactetsc034 andBias
parameter of the lower level sensor characteristic0021

>> aux = tank;

>> OldGain = get(aux,’ScaleCoeff’); % Reading the olain parameters

>> OldGain (1) = 0.034; % Modifying the firsiGain

>> set(aux,’ScaleCoeff’,0ldGain); % Writing the new parameters
>> OldBias = get(aux,’Bias’); % Reading the olBias parameters
>> OldBias(3) = 0.0021, % Modifying the thirdBias

>> set(aux, Bias’,OldBias); % Writing the new parameters

This way can change parameters only temporary.hBoge them permanent the parameters
must be saved in theTankV2PU_Coeff.m4file. This file is located in the
matlabroot/toolbox/Multitank/mdirectory. The parameters are read from this Tile see the
variables stored in this file type the commands:

>>|oad -mat TankV2PU_Coeff.m4
>> who

Your variables are: TankBias TankScaleCoeff
>>size(TankBias)

ans= 1 5

Length of theTankBiasand TankScaleCoeffariables is 5. Only three elements are used but
five must be stored (the two last elements aregyespfor future using).
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The command to store permanently new parametasfiglows:
save matlabroot/toolbox/Multitank/m/TankV2PU_Coedff. TankBias TankScaleCoeff -V4;

+
>
C P Level 1

Tank 1l Bias Tank 1 Scale
+
- |
Level 2
Tank 2 Bias Tank2 Scale
gimin
_DDD L [imp/lOm# P+ | .
| S— -C- --—>_ -ll
Level 3
RT-DAC Tank 3 Bias Tank 3 Scale
Frequencies
+
- pl- —
Tank4 Bias Tank4 Scale -€vel4
+
-C- +—Ppp|- 5
Tank5 Bias Tank5 Scale -€vel®

Fig. 3.6 The level sensor characteristic curvetliib the device driver (Tank4 and Tank5
are not used)

Do not make any changes inside the original driveiThey should be made
only inside its copy.

The C source code of the all components of theedrig included in th®evDriv directory.
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3.4 DEMO CONTROLLERS

In this group the preprogrammed examples of tin& t@ontrol systems are given. These
demos can be used to familiarize the user withtdh& system operation and help to create
the user-defined control algorithms. Before startam experiment real-time executable file
must be created by pressiimgols/Real-Time Workshop/Build Mod&m in theTools pull-
down menu.

Due to similarity of the examples we focus ourriten on one of them.

After clicking on theRelaybutton the model of simple, relay-controlled taystem appears
(Fig. 3.7).

E!TankS_Relay =]

File Edit Yiew Simulation Format Tools Help

DISES| BR[| Fiea  S@sSiH BE S ®

Tank 1 Relay Controller

¥YYy

Pump Caontrol

Relay
0 “alve 1
T
T

Ready |100°% [ [ lodes 4

Fig. 3.7 Control system with relay controllers

Notice, that this model looks like a typical Sirmilimodel.The device driver given in Fig.

3.7 is applied in the same way as other blocks fiteenSimulink library. The only difference
consists in applying the Real Time Windows TalgXWT) to create the executable library
which runs in the real-time mode.

The only goal of the control is to stabilize thquiid level in the upper tank by the relay
controller. The valves control signals for the uppeiddle and lower tanks are set to: 0.6, 1.0,
1.0 respectively. The mask of thieelay block is given in Fig. 3.8. The characteristic
corresponding to the relay controller is preseimdeig. 3.9.
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Block Parameters: Relay k|

—Relay

Qutput the zpecified 'on' or "off value by comparing the input to the
specified threzholds. The ondoff state of the relay iz not affected by input
between the upper and lower limitz.

— Parameters

Switch an point: = A
[0.15 5
. . 21
Switch off point; K]
014 g
o
COutput when an; s Y
[ z o
Output wehen off: ) ‘ >
| : 0.14 0.15 Level [m]
1
| E— Show additional parameters ---------------
(] I Cancel | Help | Apply |
Fig. 3.9 Relay controller characteristic
Fig. 3.8 Relay controller parameters curve

Notice, that the control generated by the contrdi&es two values: 0 and 1. The switching
limits are 0.15 m and 0.14 m. It means that thaididevel will be changed between these
limits (except beginning of experiment, relative #oitial conditions) with the speed
corresponding to the operation of DC pump &alvelfixed settings. (equal to 1 and 0.6
respectively).

« To prepare data acquisition click tA@ols/External Mode Control Panelitem, after
click theSignal Triggeringoutton. The window given in Fig. 3.10 opens.

* SelectXT Tank, setSourceas the manual option, makm when connect to Target
option and close the window.

e To start experiment choose thieols pull-down menusn the Simulink model window.
The pop-up menus provide a choice between predefieens. Choose thBRTW Build
item. A successful compilation and linking processfinished with the following
message:

Successful completion of Real-Time Workshop buddguiure for model Tank3_Relay

If any error occurs then the message corresportditige error is displayed in the MATLAB
command window.

* Return to the model window and click t8emulation/Connect to Targeption. Next,
click theSimulation/Start real-time codeem.

Multitank System - User’s Manual 26



A INTECO
Q/% www.inteco.com.pl

) Tank3_Relay: External Signal & Triggering ;IQILI
Signal selection
P.
""""" | Iv Select all
Clear &l |
& on
£ aff
Trigger signal |
;I Go to block |
Trigger
Souice: Imanual j Mode: Inormal j Trigger signal Fart: |1 Element:l any
. Purmp Cantral ;l
Duration: [ 12000 Delay: |0 =]
¥ Am wihen connest to target Direction: Im Lewel: I 0.4 Hald-off: I a
Revert | Help | Apply | Claze |

Fig. 3.10 External Signal & Triggering window

« After while observe the plots in the scope andkcBtop Simulatiomfter some time.
The results of the experiment are shown in Figl3.1

x10°
10 T T T T — T T 7
I | I I I I I I
-—t+-—-1f—-——"14-"--1-—-""1F -
I | I I I I I I
] A [ | | W | | p— I
I | I I I I I I I I I
/2 N AT | NI | I | NESN | IR | (I [ I I
I | I I I I I I I I I
o | | | | | | | | | | |
4 S i e Bl 1 it T | it et | it | i Mt 1 Cli I I I
= I | I I I I I I _ I I I
S S5t 11 A T [ E | | |
5 I | I I I I I I g [ [ I
g /) AN WU NN | N N | I ) I | | |
5 I | I I I I I I I I I
P WA A | (N A | NS | AU N | SR, | I I |
I | I I I I I I I I I
I | I I I I I I I I I
i A R | it | e | i | i i 1 Cl I I I
I | I I I I I I I I I
=14 --f-——1"—-1F - -t [~ [ I I
I | I I I I I I I I I I I I I I
o — 41— - + + + . | | | I I | | |
1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Time [s] Time [s]

Fig. 3.11 Results of the relay controller demo-teak-experiment.

The liquid in the upper tank starts from 0.0 m lemsd oscillates between 0.14 m and 0.15 m
levels. The DC pump control signal is the squareena the range [0, 1].

Parameters, characteristic curves and plots givemithe manual and
introduced into Simulink demo models are only examigs.

Therefore, it is recommended to identify the currehsystem parameters
before starting own experiments.
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4. MATHEMATICAL MODEL OF THE TANK
SYSTEM

Modern methods of design of advanced controllemalys require high quality models of the

process. The classical procedure of a model denedapconsists of the following steps:

development of the mathematical model based onighg$ the process,
simplification of the model and/or its transfornaatiinto a standard form,
development of a simulation model,

tuning of the model parameters (identification),

practical verification of the model.

—>q
inflow
PS [ !
IHl
&
PS
Hz
G,
PS
DC pump C;

@

Fig. 4.1 Configuration of the multitank system
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In the next sections we will execute the stepsrgafeove for the multitank system.

Ligiud levels H,,H,,H3in the tanks are the state variables of the sy¢f@m 4.1). For the

tank system there are four controlled inputs: tigmflow q and valves setting€, ,C, .C;.

Therefore, several models of the tanks system eaanblysed (Fig. 4.2), classified as pump-
controlled system, valve-controlled system and pwalipe controlled system.

a)
q > Hy,
Tank system > H,
input Hs
output
C1
C.
Cs
parameters
b)
—>
c, —» Ha
Cl 3] Tanksystem |,
2
—>
Cs I
parameters Tq
c)
q
H
1
C »| Tank system L »H,
C —————» Hs
C; ——————» »

Fig. 4.2 Models of the tank system as: a) pump+otletl system, b) valve-controlled system
c)pump/valve controlled system.

Several issues have been recognised as potenfi@diments to high accuracy control of
level or flow in the tanks:

» nonlinearities (smooth and nonsmooth) caused lpeshaf tanks,
 saturation-type nonlinearities, introduced by maximor minimum level allowed in tanks,

» nonlinearities introduced by valve geometry and fttynamics,
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* nonlinearities introduced by pump and valves irquiput characteristic curve.

4.1 LAMINAR OUTFLOW OF THE IDEAL FLUID

The laminar outflow rate of an “ideal fluid” from &nk (Fig. 4.3) is governed by the
Bernoulli law. This equation is obtained by a sienphlculation of the potential and kinetic
energy of the fluid [5]

Q = HSy2gH, (5.1)

where:
S —is the output area of the orifice,
L - is the orifice outflow coefficient.

inflow
:a Jo=Ccons!

v

Ho

A

! ! level O
S,p.q

Fig. 4.3 Outflow of “ideal fluid”

4.2 MODEL OF A CASCADE OF N-TANKS

Assuming the laminar outflow of an “ideal fluid” fca cascade of n-tanks, the model
describing dynamics of the process can be obtdigedeans of mass balance

—1=q-C,H
at qQ-Cyhy

dv.

V. < c, . -c.H, 2
dvn:Cn—l |_ln—l_C:n |_ln’

dt

where:
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V1, Vs, ..., V,, = fluid volumes in the tanks,

Cy, G, ..., G, —resistance of the output orifice,

Hi, Ho, ..., H, — fluid levels in the tanks,

g — inflow to the upper tank.
From equations (5.2) we obtain

dv, dH .
_1_1:q_C1H11'
dH, dt

dv, dH, . .

2 —CH% -CHE, 5.3
de dt 1" "1 2V 72 ( )
Do o — ¢, e —CHE
dH, dt

As mentioned above, for the laminar flows the awtflrate from a tank is governed by the
Bernoulli law. In this case&=1/2. For the real configuration of tanks, tubes and es|uf
turbulence and acceleration of the liquid in thbetican not be neglected, a more general
coefficientsa; are applied.

4.3 NONLINEAR MODEL OF THE THREE TANK SYSTEM
PUMP CONTROLLED SYSTEM

Using the equations (5.3) fae3 the nonlinear model of tank system from Fig. 4.2 i
obtained

dH, _ 1 g-— L CHE

dt  B(H) B(H)

dH, 1 . 1 p
= CH* ————C,H}" (5.4)

dt  BH,) ~ ' BH,) °°

dH, _ 1 CH - 1

dt  B,(H,) Bs(H,)

CoHy"

where:
H; - fluid level in thei tank,i = 1,2,3.
L(H;) - cross sectional areaidfank at the levaH;, defined as:

,Bl(Hl) = aw - constant cross-sectional area of the upper tank,
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H . : :
B,(H,)=cw+—2-bw - variable cross sectional area for the middlk,tan

2max

,83(H 3) = W\/ R* - (R -H 3)2 - variable cross sectional area of the lower tank,

C, - resistance of the output orifice iofank,

a, - flow coefficient fori tank.

Geometrical parameters [cm] of the tanks are gindfig. 4.4.

Himex=35
w=3.5
a=25
6:31. 5
L—D ~
A
Hmax=35
=3.5
« 7
c=10
R=36. 4
MFSkQ
/]
3 A
H=35

Yy

Fig. 4.4 Geometrical parameters of the tanks

Let us assume that pump-control system is considere
Rewrite the right sides of equations (5.4) in texf F( x,q) =[ F,,F,,F,] , where

1 1
F.(a,H,) = - CH™
A TCAMIVICN
1 Q. 1 a
F,(H;,H,) = CH;* - C,H,? (5.5)
B,(H,) B,(H,)
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bt ochr-—1 ¢
Bs(Hy) Bs(H3)

The model (5.4), for given initial conditions arahtrol, describes the dynamics of the process on
the set omodel-admissiblstates

F;(H,, Hy) =

as
3H3

O ={H,:8(H;)20H, >0}, i =123,
while process-admissiblgtates of the process are usually determined as

OF ={H,:0<H, <H, .} i=123.

Remark 1The shapes of the tanks are such regular théirtbgonsF, ,F, ,F, are continuous and
differentiable or1" .

Theadmissible set of the contrial given in the form
Q:{q: Osqsqmax}

Remark 2In the most cases the sepobcess-admissiblgtates can be obtained as a closure of the
set of admissible states of the modef:=T" .

For the model (5.4), for fixed| = g, we can define arequilibrium state (steady-state points)
given by

Ho ={H,: Fy(ap, H.)=0..F(H . H,)=0i=23} q0Q H,007
The equilibrium states can be calculated from thagons

q, =CHE=C,H¢ =..=CH%, (5.6)

or

Assumption 1
Any admissibleg, the corresponding, is state-admissible.
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In the laboratory practice this assumption candbéesed by a proper setting €f ..C,
parameters.

4.4 LINEAR MODEL OF THE TANK SYSTEM

Taking into account thRemark 2the linearized model is obtained by the Taylgrasion
of (5.5) around the assumed equilibrium state

%=JHh+Jqu (5.7)

where:
h=H-H, is the modified state vector (deviation from tlg@iébrium stateH ),

u=g- qois deviation of the control, relative ),

Jg, Ju are Jacobians of the function (5.5):

; :[dF(H ,q)} 3 :[dF(H ,q)}
H q .
d_| H=H0 9= m H:H0 A=

Then x nmatrix Jy takes the following general form for the cascafde-@anks

ﬁ 0 0 0
M,
ﬂ OFZ 0 0
M, dH,
Jy = 0 17,28 @ 0
OHz 3 )
0 0 0 OTF”
L OHH_H:H0

For n-tank system the Jacobian matrices are in theviotig form
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_ij:—al al 0 O
(Hyo) ™ Bi(Hyp)
G a, -G a, 0 0
— 1-a 1-a.
‘JH - (Hlo) 1‘ﬁ2(H20) (HZO) : ﬂZ(HZO)
O 0 Cn—l an—l B C;_a an
L (H(n_l)o)l_%?l ﬂn(HnO) (Hno) " IBH(HI']O)_
— 1 -
£.(Hy)
0
.=l
- O -

The linear model can be used for the local stglalitalysis and for the design of local controllers
of the pump-controlled system.

4.5 DEFINITIONS OF CONTROL TASKS

Under theAssumptions the following example control problems can be falated.

Pump-controlled system, open loop control

For a defined objective function find a control)g(ansferring the system from a given initial stat
H °to a given target statél ' in a minimum time, while satisfying:

O< q(t)S qmax
OS Hl(t)S Himax'

Example: time-optimal control [6].

Close-loop control of pump-controlled system (Fig. 4.5

For a defined objective function find a feedback ntad (linear, nonlinear)
q(H,,H,,H,)stabilizing the system at the given desired dthfe while satisfying:

O<q(t)sqmax

O<H,(t)<H

i max "
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—pController |______y] Tank system G Ha,
H C2 > H2
W Cs » Ha

Fig. 4.5 Pump controlled system, closed loop

Valve — controlled system (Fig. 4.6

>
—__ p|Controller EzI »| Tank system > El’
f 2
4 v W S Hs
g=const >

Fig. 4.6 Valve-controlled system, closed loop

For a defined objective function find a feedbackten C (H, ),C,(H,),C,(H,), stabilizing

the system at the given desired staté, while satisfying:

0<C(t)<C,

I max

O<H,(t)<H

i max "

The target (desired) state is usually selectechassteady-state (equilibrium) point of the
process.
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5. IDENTIFICATION

The identification of the triple tank system consithe following steps:
* liquid level sensors characteristic curves,
e DC pump characteristic curve,
» proportional valves characteristic curves,
» identification of parameters of the mathematicatlgio

The identified parameters and characteristic curaes used in simulation and real-time
experiments (see Section 7).

Parameters and characteristic curves given below ah introduced into
Simulink demo models are only examples.

Therefore, it is recommended to identify the curreh system parameterg
before starting experiments.

5.1 S$NSOR CHARACTERISTIC CURVE

All three tanks are equipped with piezo-resistivespure transducer (and the appropriate
electronic interface) for measuring the level & Hguid. The pressure sensors provide a very
accurate and linear frequency output — proportidoalhe applied pressure of liquid. The
characteristic curve of the level sensor which dbscliquid level versus frequency can be
essential consider as linear:

Level = GainFreq — freq_biak (5.1)

The parameter of the sensor characteristic cumdeabtained by measuring the liquid level
and the corresponding frequency output for at Ieastpoints anditting the characteristic
curve.

For instance, the measured levels of liquid andesponding output frequencies of three
sensors (Tankl, Tank 2 and Tank 3) are shown iteTab
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Fig. 5.1 presents an example of approximation abthby identification methods for Sensor
1 data is given in Table 1.

Table 1
Level sensor 1 sensor 2 sensor 3
[m] freql [HZz] freq2 [Hz] freq3 [Hz]
0.05 2805 2795 2743
0.15 3507 3486 3419
0.25 4192 4177 4084

Sensor 1 characteristic

0.3

0.25

0.2

0.15

Level [m]

0.1

0.05

|

|

l
- |
2400 2600 2800 3000 3200 3400 3600 3800 4000 4200
Sensor output [Hz]

Fig. 5.1 Pressure sensor characteristic. Red pomgasurements, solid line—fitting line

When Table 1 is transferred to MATLAB the commapalyfit(freql,Level,1jor sensor 1
gives: a=0.0001441888640 b=-0.35485358425418in the linear fitting equatior:evel =
a*Frequency +h Comparison to equation 5.1 results:

Gain_ 1 =0. 000144188886GhdBias_ 1 = 2461.03124248978
Similar procedure gives for sensor 2 and sensolil@ing values:

Gain_2 =0.0001447178002andBias_2 = 2449.5

Gain_3 = 0.0001491390860&andBias_3 = 2409.56077554064
To store permanently the identified parameterddhiiewing commands must be executed:
TankScaleCoeff = [Gain_1 Gain_2 Gain_3 1 1]; Tarddi[Bias_1 Bias_2 Bias_3 0 0];
save matlabroot/toolbox/Multitank/m/TankV2PU_CoeffiadkBias TankScaleCoeff -V4;
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5.2 IDENTIFICATION OF VALVES

The bottom outflow of each tank is equipped witle ttontrolled valve. The valves are
adjusted using the PWM signal from the power i@tesf Fig. 5.2 shows characteristic curve

of one of the valves. Fig. 5.3 demonstrates howotltlow depends on the level, for a given
control signals.

55 %10 ® Valve characteristic
Measured outflow /
[m3/s] 5 /
/
45 A
4
35

3 v
/

2 /

/
/

0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
PWM control signal [-]

15

Fig. 5.2 Controlled valve characteristic

025
02...
015

0.1

Fluid lev el [m)

nosd.

[

“na

10

150 06

) Pt control signal [-]
Outflow time [s]

Fig. 5.3 Time characteristic curve of the valve
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5.3 IDENTIFICATION OF PUMP

The system is equipped with DC pump providing kigtransportation from the lowest tank to
the upper tank. The goal of the DC pump is to adhesinflow to the upper tank according to
the control signals.

The DC pump is supplied from the power interfaceabyappropriate PWM control signal.
The frequency and pulse width of the PWM signal barset using thBWM function from
the Tank Class in MATLAB (see section 9) or by isgttparameters of the DC driver in
Simulink.

The DC pump experimental characteristic curve (big.) represents dependence between
outflow and (in n¥s) and the pulse width value of the PWM contrghsi.

The inverse averaged experimental DC pump charsiiteccurve can be applied in the
control-loop “look-up table” of LQR real-time cootler example, (Section 7)

X 10 Pump Characteristic
1.2

0.8

0.6

Volume [m3/s]

0.4

0.2

Control [-]

Fig. 5.4 DC pump characteristic curves measure®¥M frequency 300 Hz
(PWMPrescaler=3land 12-bit modg
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5.4 IDENTIFICATION OF PARAMETERS OF THE TANKS

For fixed valves settings the following parametgrthe mathematical models of the tank
system (Section 4) have to be identified experimgnt

G- resistance of the output orificeidaank,

a,-  flow coefficient fori tank,i = 1,23.

For each tank the outflow experiment has been pwdd, the data are collected and the
characteristic curves has been fitted to the data 6.5). For this purpose FMINS procedure
from MATLAB Optimization Toolboxvas applied for the objective function given as

2= 3w, 3 (H (D)= Hi()Y

where:

H, (1) -are the measurements fotank ati-time point,

H,"(i)-are the simulation results fkitank,

Wi — is a weighting coefficient fdetank.

H"(0)
]
Model
'Hm(t)
Experimental H(t)ﬂ Identification
data R criteria
J
A\ 4 c
Optimisation
FMINS a
Co Oo Initial value

Fig. 5.5 Principle of tank parameters identificatio

Finally, the parameters given in Fig. 5.6, Fig. &id Fig. 5.8 were found (example).
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Fig. 5.7 The middle tank identification: C2
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Fig. 5.8 The lower tank identification: C3
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6. REAL-TIME CONTROL EXPERIMENTS

In the following section a number of control expegnts is described. Each experiment
consists of the simulation phase and real-timeg@has

The consistence of simulation and experimental refis are achieved only if a
proper identification procedures has been appliediicluding both the static
and dynamic characteristic curves of the process).

6.1 DESIGN OF LINEAR CONTROLLER

The tank system demo presented in this sectiors agtt the control taskeach and stabilize
the levels in tanks at steady-state poigibldan adjustment of the pump operation

The steady-state points can be calculated usingpthmula from Section 4. The design of the
continuous LQ controller is presented below. Foegy small value of the sampling time the
response of the discrete system converges to gpmomee of the corresponding continuous
system. It is just our case.

The linearised dynamical model of the triple tapktem is described by the linear differential
equations (see Section 4):

ah_ An+BU, (6.1)
dt

where the matrice& andB are as follows:

—= 0 0
awH; ™
A= Clal ~ C20’2 0
cb 7 HET wosb 7R
H 2max H 2max
0 C.a, -Cya,
L W\/Rz_(Hsmax_Hs)zH;_az W\/Rz_(H3max_H3)2H;_a3_H=Ho
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whereHy is equilibrium state of the nonlinear tanks system

1

B=| 0|,
0

andh=H-Ho is the modified state vector (deviation from tly@igbrium stateH ),
U=g- qois the deviation of the control relative to frogy.

A typical quadratic cost function has the form

3()=2 [N (1)QRT) +u (7 RYT)]dr. 62)

where:
« Qis a nonnegative definite matrx=0,Q=Q",
« Ris a positive definite matri®>0,R=R" , in our cas® is a scalar,
- The pair(A B) is controllable.

The weighting matrice® andR are selected by the designer but they must sdhisfabove
conditions. This is most easily accomplished byosiragQ to be diagonal with all diagonal
elements positive or zero.

The LQR optimal scalar contral is given then by:
u =-K'h (6.3)
whereK’ is the optimal state feedback matrix.

The optimal control problem is now defined as fa#o find the gairK such that the feedback
law (7.3) minimizes the cost function (6.2) subjextthe state equation (6.1). The optimal
feedback gain can be obtained by iterative solutiothe associated matrix Riccati equation:

SA+ A'S-SBR'B'S+Q=0

To solve the LQ controller problem thgry function can be used from tidatlab Control
System ToolboxX he synopsis dfyry is: [K,SE] = Iqry(A,B,C,D,Q,R).

The LQ control simulations and experiments werdgoered for the following parameters:

e C1= 1.0057e-004 , C2 = 1.1963e-004, C3 = 9.898085.These values reffers to
fully open manual valves.

» Desired levels and control valué$; o= 0.1425m, H, o= 0.1007m, H3 o= 0.1500m, and
the corresponding steady- state in-fla@@d = 3.7958e-005n"/s.
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» The starting pointH;(0)= Hx(0) = H3(0)= 0 m,

1 00
* The weighting matrice® andR: Q=0 1 0|, R=15000000
0 01

The optimal gain matriX for considered parameters was calculated as

K™ =[0.1983e-3 0.0765e-3 0.0496e 3].

Simulation

The LQR simulation can be performed from TrankSystenMultitank Control Windowby
invoking LQR from the grouBimulation ModelsAfter clicking theLQR block the following
window opens (Fig. 6.1).

Tank 3 LQR Controller

Control

»
>

Levell »

Levell]

»

Level2 »
> >

Level2

Saturation

Level3

\ 4

Levels

H30

H10

H20

H20

H10

H30

|+I||+I||7+ |

Fig. 6.1 The Simulink model for the LQR controller.
Notice that the control signalgs u + QO
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The steady-state desired valdgo, Hzo, H3zp and QO were introduced into constant blocks
H10, H20, H30, Q@espectively (see equation 5.6), as well as thienap gain vectoK (gain
blocks K1, K2, K3. The identified parameters of the model as wslltlze starting point
(initial conditions) can be set by double clickiting Tank Modeblock (Fig. 6.2).

5] Function Block Parameters: Tank3 Model x|

—Subsyztemn [mazk]

—Parameters
Initial Conditions [ H10 H20 H30 ;
|[EI.EIEI‘I 0.0071 0.007 ]
[CIC2C3]

[c1cz2ca]

[ Alfal Alfa2 Alfa3 |
[[050505]

pper Tank [aw ]:
[[0.250.035]

biddle Tank [ bz HZmax |
[[0.348 01 035]

Lower Tank [ B H3max ]:
|[0.365 035

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

Ok Cancel Help apply

Fig. 6.2 Mask of th&ank Modeblock

The simulation results are given in Fig. 6.3, Fgl, Fig. 6.5 and Fig. 6.6. The levels have
achieved the desired value after 520 seconds ajppatey.
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4 e | | | | | |

T T T T | | | | |

35 ! | ! | 0 ! ! ! | !
200 300 400 500 600 0 100 200 300 400 500 600

time [m] time [m]
Fig. 6.3 Pump control signal (simulation) Fig. 6.4 LeveH; (simulation)
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600

time [m] time [m]

Fig. 6.5 LeveH, (simulation) Fig. 6.6 LeveH; (simulation)

Real-time experiment

The LQ experiment can be performed from thltitank Control Windowby
invoking LQR Experimenfrom theDemo Controllerggroup. After clicking on the block the
following window opens (Fig. 6.7). ThEank Modelblock is replaced by the drivers block
(see description in Section 3). The inverted charetic curve of the pump is represented by
it Look_Up Table.

Tank 3 LQR Controller

Control

T T
) / Control A . Level 1
i (s

DC Pump
Valvel _I_T!L—,

Characteristic
\ |
| = 1 Level 3
It )ﬂ 1
4 . [ =]
P———— -

Valve3

\ 4

A\ 4
\4

\4

i

Level 2

B
A4

i

Terminator

H30

H30

H20

L L HTtJ

Saturation H20

Coptrol

H10

H10

Fig. 6.7 LQR real-time controller
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The results of experiments are given in Fig. 6i§, 6.9, Fig. 6.10 and Fig. 6.11.

6.5

control [m3/s]
IS o
o a0 0 o
H1 [m]

IN

w
0

[l
|
| ! |
I I I
0 100 200 300 400 500 600

time [m] .
time [m]
Fig. 6.8 Pump control signal Fig. 6.9H; level
01 A N o
0.09} — - — — L T - ‘M———'—W————f
oosl A ]
S A (A
| | |
EO06F i e Eil Bty E
T 005 ~f--po - - R P
00ab oo N S
| | |
003 f---t--mmd oo - e T
L A I ——
| | |
0.01 L L L
0 300 400 500 600
time [m] time [m]
Fig. 6.10H; level Fig. 6.11H3 level

6.2 FUZzZY CONTROLLER

In this section we demonstrate how to develop alitdfezzy inference systems “by hand”,
using Fuzzy ToolboXrom Mathworks. The following steps are essentiathe design of a
fuzzy controller:

« selection of input/output variables,

» scaling the variables (if necessary),

» definition of membership functions for all variable“fuzzification”,
* development of the inference mechanism — fuzzysyule

» selection of the “defuzzification” strategy,

» re-scaling the variables (if necessary).
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There are two methods of building a fuzzy controlieteractive using the graphical tool and
automatic using the clustering and adaptive neurayf mechanism. There are also two types
of fuzzy inference system: Mamdani and Sugenohis $ection we focus on the Mamdani
inference system edited interactively. This appnoa@akes possible to understand in a direct
way consequences of modifications being introduced the inference mechanism and
membership functions.

The proposed fuzzy controller for the tank systeas three inputs and one output (control).
The input variables are the following:

dH, =H,, - H,, dH, =H,, - H,, dH, =H,, - H,, where:

HlO Hl
H, =| H,, | desired levelsH =| H, | current value of levels.
H30 H3

The presented fuzzy controller uses Mamdami infezesystem. The Control Surface (Fig.
6.12) is generated with three membership functardH;, dH,, dHs for input signals, three
membership function for control signal (Fig. 6.88)d 27 rules presented in Table. 6.1.

x 10°

Pump Control [m3/s]

dH1 [m] dH2 [m]

Fig. 6.12 Pump control surface verslk$ anddH, input signals
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Fig. 6.13 Membership function foiH,;, dH,, dHs and pump control signals

Table 6.1. Rules for fuzzy controller

No.

Rule

© 00 N oo 0o b~ W DN B

N
N — O

13

If (dH1is Maximum) anddH2 is Maximum) anddH3 is Maximum) then®Pump Controis Minimum)
If (dH1is Maximum) anddH2 is Maximum) andqH3 is Medium) thenRPump Controis Minimum)
If (dH1is Maximum) anddH2 is Maximum) andqH3 is Minimum) then Pump Controls Minimum)
If (dH1is Medium) anddH2 is Medium) anddH3 is Maximum) thenRPump Controls Medium)

If (dH1is Medium) anddH2 is Medium) anddH3 is Medium) thenRPump Controis Medium)

If (dH1is Medium) anddH2 is Medium) anddH3 is Minimum) then Pump Controis Maximum)

If (dH1is Minimum) and dH2 is Minimum) and §H3 is Maximum) thenRump Controis Maximum)
If (dH1is Minimum) and dH2 is Minimum) and §H3 is Medium) thenRPump Controis Maximum)
If (dH1is Minimum) and dH2 is Minimum) and §H3 is Minimum) then Pump Controis Maximum)
If (dH1is Maximum) anddH2 is Medium) andqH3 is Maximum) thenRPump Controis Minimum)
If (dH1is Medium) anddHZ2 is Maximum) andqH3 is Maximum) thenRPump Controis Minimum)
If (dH1is Maximum) anddH2 is Medium) andqH3 is Medium) thenRPump Controls Minimum)

If (dH1is Medium) anddH2 is Maximum) and@H3 is Medium) thenPump Controls Medium)
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14 | If (dH1is Maximum) anddH2 is Medium) andqH3 is Minimum) then Pump Controis Medium)
15 |If (dH1is Medium) anddH2 is Maximum) anddH3 is Minimum) then Pump Controis Medium)
16 |If (dH1is Minimum) and §H2 is Medium) anddH3 is Maximum) thenRPump Controis Maximum)
17 |If (dH1is Medium) anddH2 is Minimum) and §H3 is Maximum) thenRPump Controis Medium)
18 | If (dH1is Minimum) and §H2 is Medium) anddH3 is Medium) thenPump Controlis Maximum)
19 |If (dH1lis Medium) anddH2 is Minimum) and dH3 is Medium) thenPump Controis Maximum)
20 |If (dH1is Minimum) and §H2 is Medium) andqH3 is Minimum) then Pump Controis Maximum)
21 |If (dH1is Medium) andqH2is Minimum) and dH3 is Minimum) then Pump Controis Maximum)
22 | If (dH1is Minimum) and §H2 is Maximum) anddH3 is Minimum) then Pump Controis Medium)
23 | If (dH1is Maximum) andqH2 is Minimum) and §H3 is Minimum) then Pump Controis Medium)
24 | If (dH1is Minimum) and §H2 is Maximum) andqH3 is Medium) thenRPump Controis Medium)
25 |If (dH1is Maximum) andqH2 is Minimum) and §H3 is Medium) thenPump Controis Medium)
26 |If (dH1is Minimum) and gH2 is Maximum) andqH3 is Maximum) thenRPump Controis Medium)
27 | If (dH1is Maximum) and@H2 is Minimum) and §H3 is Maximum) thenPump Controis Medium)
Simulation

Simulation of the fuzzy control is performed foetfollowing parameters:

Desired levels and control value$l;;=0.096 m, H>;=0.166 m, H3,=0.172
0o=34.33e-4 n¥s.

The start pointH;(0)= H,(0)= H3(0)=0.0 m.

Before running the simulation and experiment wintthe MATLAB Command Window:
>> Tank3_Fis = readfis(‘Tank3_Fis’);

The Tank3_Fis.fisfile (so called FIS matrix) is loaded to the MATBAvorkspace and can

m,

be used byruzzy Logic Controlleblock. The simulation model of the fuzzy controlie
given in Fig. 6.14 and Fig. 6.15.
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Fuzzy Controller

Control .
»
Levell -
»
g Level2 g
g Control e
Saturation
Level3 .
»
Tank3 Model Levels
Saturationl
_+t_ H10
- 0.096
Fuzzy Logic _l
Controller
Saturation2
] H20
T M
- 0.166
+ —
Saturation3
00 ] H30
0.3433e-4 - 0.172
Fig. 6.14 Real-time fuzzy controller
Block Parameters: Fuzzy Logic Controller |
—FI5 [mazk] [link]
FIS
— Parameters
FIS File or Structure:
[Tank3_Fis

k. I Cancel | Help | Smply

Fig. 6.15 Mask of th&uzzy Logic Controlleblock

The examples of simulation results are given in Bi§i6, Fig. 6.17, Fig. 6.18 and Fig. 6.19.
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Time [s]

Fig. 6.19H; level

Time [s]

Fig. 6.18H; level
readfis('Tank3_Fis");

time Experiment

The fuzzy control experiment can be performed friiva Multitank Control Windowby

invoking Fuzzyfrom the Demo Controllersgroup. In the model of the control system (Fig.

6.20) theTank Modeblock was replaced by the driver block.
Before running experiment the FIS matrix must badkd using following command in

MATLAB Workspace:
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Fig. 6.20 Tank system fuzzy controller

The results of experiments are given below (Figlg.
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Fig. 6.21 Results of fuzzy control experiment
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7. PROTOTYPING AN OWN CONTROLLER IN
RTWT ENVIRONMENT

In this section the method of building your own toher is described. Th&eal Time
Windows Targe{RTWT) toolbox is used. Section 9 shows how to teeTank software.
Here we introduce the reader how to proceed irRfR&/T environment.

Before start, test your MATLAB configuration by building and running an
example of real-time application. Real-time Windowsl'arget Toolbox includes
the rtvdp.mdl model. Running this model will test he installation by running
Real-Time Workshop, Real-Time Windows Target, and lie Real-Time
Windows Target kernel.

In the MATLAB window, type
rtvdp

Next, build and run the real-time model.

To build the system that operates in the real-timoele the user has to:

» create a Simulink model of the control system widohsists of th&ank Device
Driver and other blocks chosen from the Simulink library,

* build the executable file under RTWT (see the ppprenus in Fig. 7.1)
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E!TankS_Rela'r y .:.!_QJEI

File' Edit ‘iew Simulation Format | Tools Help

DS E& § 5| Daasxbren. b | RE T @
Simulink debugger..
Look-up table editor,..
Diata class desigriet. ..
Model discretizer. ., I Ie r
Real-Time \Workshop Options. ..
External mode control panel,.. Build Made| CErH-B
i Bulld subsystem.,
Fixed-Point settings. .. _ l:f
; ; Generate SERunchony
Linear analysis. .. —
L
Repatt generator. .. I
Requirements management interface. .. >
| .
Ll
Purmip Coritral ] ¥ 1 ] 1 hank
L — | [Levell ™
o, 0.055+1
Relay ' a Filter 1
e “alve 1 ¥ Lewel 2 1
—|L—_'+7 005
05s+1
A b
“alve 3 g : '||_eue|3 Filter2
wialwe 3 | ey ) Hert
- -
Tankz
Generate RTW code |100%, lodes o

Fig. 7.1 Creating the executable file under RTWT

» start the real-time code to run from tBienulation/Connect to targend the
Simulation/Start real-time cogaull-down menus.

7.1 CREATING A MODEL

The simplest way to create a Simulink model fortdrek system is to use one of the models
included in theMultitank Control Windowas a template. For example, fhank3_Relaycan

be saved as thdySystem.mdbimulink diagram. ThéySystenSimulink model is shown in
Fig. 7.2..
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File: Edit Wiew Simulation Farmat Tools Help
DieH2| &+ BB 202 b _ﬁriEHtemal "'i|@l‘_*,|n i &
I
Tank 1 Relay Controller
-
L
L
e
| .
L
>
—
Pump Control = :h ] = 1 Tank
| e [t T T psse
Relay m s a Filter 1
. walve 1 L n Lewal 2 1
I—I—i_‘%‘li 0.05:=+1
. “alve 2 » + -2 '|,_we|3 Filter 2
. Walwe 3 ! 'ﬁ Hert
= - ]
Tank? .l‘
Ready [100% [ | lodes v

Fig. 7.2 ThavlySystenSimulink model

Now, you can modify the model. You have absolueediom to develop your own controller.
Remember, not to delete tieank3 driver model. This is necessary to support the data
communication with the PCI 1/O board.

Though it is not obligatory, we recommend you tavke the scopeT@nkblock in Fig. 7.2).
You need a scope to watch how the system runs.rQtteeks in the window are not
necessary for a new project.

Creating your own model on the basis of the oldmXa ensures that all internal options of
the model are set properly. These options are medjtio proceed with compiling and linking

in a proper way. To put the Tamkevice Driverinto the real-time code a special makefile is
required. This file is included to the Tank softear

You can use the most of the blocks from the Sinkulibrary. However, some of them can
not be used (sedathWorksreferences manual for details).

The scope block properties are important for appatg data acquisition and watching how
the system runs. Th&copeblock properties are defined in the Scope properthydow (see
Fig. 7.3). This window opens after the selectioriheScope/Propertiesab. You can gather
measurement data to thatlab Workspacenarking theSave data to workspaadeckbox.
The data is placed und¥ariable nameThe variable format can be set as structure arixna
The defaultSampling Decimatioparameter values set to 1. This means that each measured
point is plotted and saved. Often we chooseltbeimationparameter value equal to 5 or 10.
It is a good choice to get enough points to desctite signal behaviour and to save the
computer memory.
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J ‘Tank' parameters =] =] )} 'Tank' parameters o ]

Tip: try right clicking on axes

General | Data histnr_l,ll Tip: try right clicking on axes Generall Data history

Axes

Murber of axes: I ] [~ floating scope
Time range: I an v Save data to workspace
Tick labels: II:u:ttu:um awis only VI Yariable name: I TankD atg

Format: IStructure with time j

[w Limit data poirts to last: I 12000

S ampling
D ecirmatian j |1

Ok | Eancell Help | Apply | Ok | Eancell Help | Apply

Fig. 7.3 Setting the parameters of 8wpeblock

When the Simulink model is ready, click tfieols/External Mode Control Paneption and
click the Signal Triggeringoutton. The window given in Fig. 7.4 opens. SE¥E Scopeset
Sourceas manual, sdburation equal to the number of samples you intend to cpllaaed
finally close the window.

-} Tank3_Relay: External Signal & Triggering o ] |

Signal selection
Block

w Select al

[Elear &l |

% on
) off

-

Trigger signal |
LI Go to block |

Trigger
Source: Imanual j bode: Inormal j Trigger sigria! Fort: | 1 Element:] any
; Pump Cartral d
Cruration: | 12000 Delay: | i] ;I
I Am when cannect to target Directior. [risra 7] Levet [0 Heldof: [0
Hevertl Help | Apply | Cloze |

Fig. 7.4External Signal & Triggeringvindow
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7.2 CODE GENERATION AND BUILD PROCESS

Once a model of the system has been created the fowdthe real-time mode can be
generated, compiled, linked and downloaded intddhget processor.

The code is generated by the use of Target LangGag®iler (TLC)(see description of the
Simulink Target LanguageThe makefile is used to build and download dbjédes to the
target hardware automatically.

First, you have to specify the simulation paranstdéryour Simulink model in th8imulation
parametersdialog box (Fig. 7.5). Th&®eal-Time Workshopnd Solvertabs contain critical
parameters.

-} Simulation Parameters: Tank3_Rela M I=[ES|l -} simulation Parameters: Tank3_Rela o ] 4

Solver Workspacelx’Dl Diagnosticsl Advancedl Heal-TimeWorkshopl

Solverl W’orkspacelx’Dl Diagnosticsl .&dvancedl Fieal-Time ‘woaorkshop

Cat IT t confiaurati J Build Simulation time
ategony: | Target configuration 2 |
Start time: I 0o Stop time: I 3333
Configuration Solver options
System target file: I thin. o Blowse...l - -
Type: Ileed-step j IodeE [Darmand-Prince] j
Template makefile: I tanks_win_ve.tmf
Wil @i I pe— Fixed step size: I 0.0 tode: ISingIeTasking 'l
[~ Generate code only Stateflow options... |
Output options
IHefine autput j Frefine factar: I 1
ak. | Cancel | Help | Apply | ak. | Cancel | Help | Apply |

Fig. 7.5 Real-Time Workshop tags of tBenulation parametemnenu option (MATLAB 6.5)

The system target file name rwin.tlc. It manages the code generation process. The
tanks_win_vc.tmfemplate makefile is responsible for C code germratising the Visual
C/C++ compiler.

The Solvertab allows you to set the simulation parametersef parameters and options
are available in the window. THeéxed-step sizeditable text box is set to 0.01 (this is the
sampling period in seconds).

The Fixed-stepsolver is obligatory for real-time applications.If you use an
arbitrary block from the discrete Simulink library or a block from the
drivers’ library remember, that different sampling periods must have a
common divider.

If the Matlab 7.0.4 or higher version is usediedtparty compiler is not requested. The built-
in Open Watcom compiler is used to create real-gxerutable code for RTWT.

The Configuration parameterpage for MATLAB 7.04 is shown in Fig. 7.6. Noticenat
rtwin.tmftemplate makefile is used. This file is defaultedar RTWT building process.
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ﬂ Configuration Parameters: Tank3_Relay,/Configuration il
Selack: — Target selection
- Solver Swyztemn target file: |[pETgs Browse... |
- [ ata Import/E sport
- 0 ptimization Language: C j
& Diagnostics Description: Feal Time ‘Windows T arget
- Sample Time
i Data Integrity —Documentation
7 Conversion [~ Generate HTML report
i Connectivity _
Compatibiliy ™| Launch repart after, code aeneration completes
‘- Model Referencing -
- Hardware Implementation [ B4l process
- Model Referencing TLC optians: I
[=- Real-Time Workshoj
: 2 M ake command: |make_ltw
i~ Comments
Syrbals Template makefils; |rtwin. tmf
- Custom Code
i Debug 4'
i Generate code onl Build
= Real- Time Window. . r Y

Ok I LCancel | Help | Apply |
Fig. 7.6 Configuration parameterpage for MATLAB ver. 7 and above

The Start timehas to be set to 0 (Fig. 7.5). The solver methasl to be selected. In our
example the fifth-order integration methedde5is chosen. Th&top timefield defines the
length of the experiment. This value may be set targe number. Each experiment can be
terminated by pressing tt8top real-time codbutton.

If all the parameters are set properly you cart ster real-time executable building process.
For this purpose press tigiild push button at the Real Time Workshop tag (Fi§), 7or
simply “CRTL + B”. Successful compilation and limgj processes generate the following
message:

Model MyModel.rtd successfully created
### Successful completion of Real-Time Workshdd procedure for model: MyModel

Otherwise, an error message is displayed in the M¥E Command Window.
In this case check again your MATLAB configuratiamd simulation parameters.
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8. DESCRIPTION OF THE TANK CLASS
PROPERTIES

The Tankis a MATLAB class, which gives the access to lafl features of the RT-DAC/PCI
board equipped with the logic for the tank moddie TRT-DAC/PCI board is an interface
between the control software executed by a PC ctenmnd the power-interface of the
multitank system. The board contains the followbhacks:

e PWM generation block — the FPGA logic generates up to six signals. PWEM
prescaler for each PWM block determines the frequei the corresponding PWM wave.
The PWM waves control up to five valves and the pufrhe default prescaler value is 31
which is equivalent to the PWM wave frequency equal305Hz. This frequency is
recommended for the valves and for the pump. TheMPblbcks can operate in two
modes: 8-bit resolution and 12-bit resolution. Tt&ebit mode is selected as the default
one. In the 12-bit mode a single PWM period corsta#i®95 impulses of the output
prescaler frequency. The time of logic output $set by a number from 0 to 4095. In the
8-bit mode a PWM period contains 255 impulses ef diatput prescaler frequency. The
time of logic ‘1’ is set by a number from 0 to 255e 8-bit mode is used for high speed.
The 12-bit mode gives a high accuracy,

» Digital inputs are responsible for reading the algrfrom frequency sensors of a liquid
levels. The input is proportional to the liquid éévTheTankclass converts the value read
from the D input to the level expressed in meters.

All the parameters and measured variables fronRI®OAC/PCI board are accessible by the
appropriate methods of th€ank class. The object of th&ank class is created by the
command:

object_name = tank;
Thegetmethod is called to read a value of the propertyefobject:
property _value = get( object_name, ‘property_name’
Thesetmethod is called to set new value of the given ertyp
set( object_name, ‘property _name’, new_propertyu&3|

Thedisplaymethod is applied to display the property valuesmtieobject_names entered
in the MATLAB command window.
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This section describes all the properties offthekclass. The description consists of the

following fields:

Purpose Provides short description of the property
Synopsis Shows the format of the method calls
Description Describes what the property does
Arguments Describes arguments of the set method

See Refers to other related properties

Examples Provides examples how the property carsbé

Multitank System - User’s Manual

64



A INTECO
@% www.inteco.com.pl

8.1 BASEADDRESS

Purpose Read the base address of the RT-DAC/PCI board.
Synopsis: BaseAddress = get( TankObj, ‘BaseAddress’ );

Description: The base address of RT-DAC/PCI board is deterthimeoperating system.
Each Tank object has to know the base addressedbdhrd. When a Tank
object is created the base address is detectednatitally. The detection
procedure detects the base address of the firsbRTAPCI board plugged
into the PCI slots.

Example: Create the Tank object:
TankObj = tank;
Display its properties by typing the command:

Safety flag:
Safety alert:

1 1 1 1 1]
1]

TankObj
Type: Tank bj ect
BaseAddr ess: 54272 | D400Hex
Bitstreamver.: x202
PV [ 4095 0 4095 4095 0 0 ]
PWVPr escal er: [ 1 31 31 31 31 31]
PWWMbde: [ 1 1 1 1 1 1]
Val ve: [ 1 1 0 0 0]
Punp: [ 1]
Scaling coeff.: [ 0.0001 0.0001 0.0002 1.000 1.000 ]
Zero level bias: [ 0.002 0.002 0.002 0.000 0.000 ]
Fr equency: [ 2430 4746 3143 0.000 0.000 ] [Hz]
Level : [ 0.029 0.238 0.171 0.000 0.000 7] [m
Saf ety nmax.: [ 0.306 0.306 0.306 0.306 0.306 ] [n
Safety mn.: [ 0.297 0.297 0.297 0.297 0.297 1 [mM
[
[

Read the base address:
BA = get( TankObj, ‘BaseAddress’);
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8.2 BAs

Purpose The bias level of the liquid level measuremeiitse bias values are equal to
the levels read from the A/D converters when thikdsaare empty. When a
new value of this property is set the new biasesstored in a file for future
use.

Synopsis B = get( TankObj, ‘Bias’ );
set( TankObj, ‘Bias’, NewBias );

Description: The bias value is subtracted from value obthinem the A/D converter to
obtain the bias-less level value.

See ScaleCoeff

Examples: see Section 3.2

8.3 BTSTREAM VERSION

Purpose Read the version of the logic design for the RTEMRCI board.

Synopsis Version = get( TankObj, ‘BitstreamVersion’ );

Description: This property determines the version of the doglesign of the
RT-DAC/PCI board. The tank systems may be diffeeamtt the detection of

the logic design version makes it possible to chiédke logic design is
compatible with the physical model.

8.4 PWM

Purpose Set and get the duty cycle of the PWM waves.

Synopsis PWM = get( TankObj, ‘PWM’);
set( TankObj, ‘PWM’, NewPWM );

Description: The property determines the duty cycle of theNPWaves for the valves
and for the pump. The first PWM channel is respaesfor the pump
control. The remaining five channels are applied¢datrol the valves. The
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Example:
See

NewPWM variable is a 1x6 vector. Each element of thesetove
determines the parameters of the single PWM wave Values of the
elements of this vector can vary from 0 to 255 d 8-bit mode is used, and
from 0 to 4095 if the 12-bit mode is selected. Vhkie 0.0 means the zero
control and the maximum means the maximum control.

The values of the PWM property are equivalent to the internal
RT-DAC/PCI board values. The most convenient way taontrol the
pump and the valves if use th&alvesand the Pump properties.

set( TankObj, ‘PWM’, [ 1024 1024 2048001 );
Pump, Valve, PWMPrescaler, PWMMode

8.5 PWMPRESCALER

Purpose

Synopsis

Description:

See

Example:

Determine the frequency of the PWM waves.

Prescaler = get( TankObj, ‘PWMPrescaler’ );
set( TankObj, ‘PWMPrescaler’, NewPrescaler );

The input frequency for the PWM channels is équwa40MHz. This

frequency is divided by the counter (called premgalwhich creates the
PWM base period. ThdewPrescalewariable is a 1x6 vector. Each element
of these vectors determines the parameters of iiglesPWM wave
frequency. The valid prescaler values are numbenrs 0 to 65535. The
frequency of the PWM wave is calculated from therfola:

f

fown = xtal for 8-bit mode,
(prescaler+ 1) [1255

fowm = o for 12-bit mode.
(prescaler+ 1) 4095

The recommended working conditions of the pump andthe valves
require that the PWM waves frequency is approximatly equal to 300Hz.
In the 12-bit operating mode this frequency correspnds to the prescaler
value 31 and should not be changed.

PWM, PWMMode

To set the prescaler value equal to 31 for alRWaVI channels execute the
command:
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set( TankObj, ‘PWMPrescaler’, [ 31 31 31 3131]);

8.6 PWMMODE
Purpose Determines the 8-bit or 12-bit PWM mode.
Synopsis Mode = get(TankObj, ‘PWMMode’);

set( TankObj, ‘PWMMode’, NewMode );

Description: The PWM blocks can operate in two modes: 8-b#ofution and 12-bit
resolution. The 12-bit mode is selected as theuttefae. In the 12-bit mode
a single PWM period contains 4095 impulses. The tohlogic output ‘1’ is
set by a number from 0 to 4095. In the 8-bit mod@VEM period contains
255 impulses. The time of logic ‘1’ is set by a henfrom 0 to 255. The 8-
bit mode is used for high speed. The 12-bit modega high accuracy and is
selected as the default mode for all the tank enjests.

The NewModevariable is a 1x6 vector. Each element of thesetovs
determines the operating mode of the single PWMewahe value of O
selects the 8-bit mode and the value of 1 selbetd 2-bit mode.

See PWM, PWMPrescaler

Example: To set the 12-bit PWM generation mode execute énencand:
set( TankObj, ‘PWMMode’, [11111]);

8.7 VALVE
Purpose Set and get the control value for the valves.
Synopsis PWM = get( TankObj, ‘Valve’);

set( TankObj, ‘Valve’, NewValveControl );

Description: The property determines the control value fore tivalves. The
NewValveControlvariable is a 1x5 vector. Each element of thesgove
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See

Example:

8.8 RUMP

Purpose

Synopsis

Description:

See

Example:

determines the control for a single valve starfiogn the upper tank. The
values of the elements of this vector can vary fohto 1.0. The value of
0.0 means the zero control and the vale of 1.0 m#@maximum control.
If the control is equal to 0.0 the valve is closkdt is equal to 1.0 the valve
is fully opened.

Pump, PWM

To open only the upright valve execute the follogvaommand:
set( TankObj, ‘Valve’,[10000]);

Set and get the control value for the pump.

PWM = get( TankObj, ‘Pump’);
set( TankObj, ‘Valve’, NewPumpControl );

The property determines the control value fore tipump. The
NewPumpControlariable is a scalar. Its value can vary from @.QL.0.
The 0.0 value means the zero control and the 1u@vaeans the maximum
control. If the control is equal to 0.0 the pumpstgpped. If it is equal to 1.0
the outflow from the pump is the maximum.

Valve, PWM

To establish the 0.5 value control to the pump eteethe following
command:

set( TankObj, ‘Pump’, 0.5 );

8.9 SALE COEFF

Purpose

Return and set the scaling coefficient of theuitiglevel measurements.
When a new value of this property is set the nealirsg coefficients are
stored in a file for future use.
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Synopsis SC = get( TankObj, ‘ScaleCoeff" );
set( TankObj, ‘ScaleCoeff’, NewScaleCoeff );

Description: The values obtained from the A/D converter andtiplied by the scale
coefficients to obtain the levels expressed in nsete

See Bias

Example: See Section 3.2

8.10 TIME

Purpose Return time information.
Synopsis T = get( TankObj, ‘Time’ );

Description: TheTankobject contains the time counter. Whehaakobject is created
the time counter is set to zero. Each referentegdimeproperty updates
their value. The value is equal to the number dliseconds past since the
object was created.

8.11 S\FETY FLAG

Purpose Return the safety level flags.
Synopsis SLF = get( TankObj, ‘SafetyFlag’ );

Description: The 1/0 board applied to control the multi-tassstem processes the liquid
level measurements to avoid the overflow. For e@etk maximum and
minimum liquid level is defined that turns on arffitbe safety alert flag. If
a safety flag is active the level in the approgrig@nk influences the safety
alert. When the level in a safety-active tank egdsehe maximum level the
pump and the automatic valves are turned off. Tdgrol is set by the I/O
board to zero regardless of the control value seuat from the
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See

MATLAB/Simulink environment. The system returns tine normal
operating mode if all levels in safety-active tariitd under the minimum
level. Such a safety algorithm allows to avoid the liquicbverflow only in
the case when the manual valves are closell.they are not closed the
overflow may occur.

This property returns five safety flags.

SafetyMax, SafetyMin, SafetyAlert

8.12 SUFETY M AX

Purpose

Synopsis

Description:

See

Return the maximum allowed liquid level.

SLF = get(TankObj, ‘SafetyMax’ );

When the level in a safety-active tank excetds maximum level, the
pump and the automatic valves are turned off. Tdwgrol is set by the I/O
board to zero regardless of the control value seat from the
MATLAB/Simulink environment. The system returns tine normal
operating mode if all levels in safety-active tamgc below the minimum
level.

This property returns five maximum levels.

SafetyFlag, SafetyMin, SafetyAlert

8.13 SFETY MIN

Purpose

Synopsis

Description:

Return the minimum liquid level that deactivates safety alert.

SLF = get( TankODbj, ‘SafetyMin’ );

When the safety alert flag is activated theteysreturns to the normal
operating mode if all levels in safety-active tariitd under the minimum
level.

This property returns five minimum levels.

Multitank System - User’s Manual 71



A INTECO
@% www.inteco.com.pl

See SafetyFlag, SafetyMax, SafetyAlert

8.14 SFETY ALERT

Purpose Return the safety alert flag.
Synopsis SLF = get( TankObj, ‘SafetyAlert’ );

Description: When the level in a safety-active tank exceddsmaximum level the pump
and the automatic valves are turned off. Such d¢mmdi trigger the safety
alert flag as well. The control is set by the I/@ald to zero regardless of
the control value sent out from the MATLAB/Simuli@nvironment. The
system returns to the normal operating mode (tHetysaalert flag is
inactive) if all levels in safety-active tanks geldv the minimum level.

This property returns 0 value for inactive safetgrtaflag and 1 value
otherwise.

See SafetyFlag, SafetyMin, SafetyMax
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8.15 THE TANK CLASS QUICK REFERENCE TABLE

Property Name

Description

BaseAddress

Read the base address of the RT-DAC/PCI board

BitstreamVersion

Read the version of the logic design of the RT-DIRACV board

PWM

Duty cycle of the PWM channels

PWMPrescaler Prescaler values of the PWM channels
PWMMode Mode of the PWM channels

Valve Control values of the valves

Pump Control value of the pump

ScaleCoeff Frequency -to-level scaling coefficients
Bias Frequency bias levels

SafetyFlag Safety function flags for the tanks
SafetyMax Maximum safety function levels
SafetyMin Minimum safety function levels
SafetyAlert Safety alert flag

Time Return time information
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9. How TO CONFIGURE THE COMPILATION
SETTINGS PAGE

In Fig. 9.1 theSimulation Parameterpages is shown. Th8imulation Parameterpage
parameters contains the system target file, th@heer makefile and the make command. The
system target file and the make command are the sanin the case of RTWT models (see
the rtvdp example from RTWT toolbox). The template makefdea dedicated file which
builds real-time applications for the tank system.

J} Simulation Parameters: Tank3_Relay =01 x|

Sulverl Wu:urkspau:el.-"[ll Diagnusticsl .ﬁ.dvancedl Real-Time Warkshop

Category: I Target configuration j Ewaild |
Configuration

System target file: I rhiie, i Browsze, . |

Template makefile: I tanks_win_ve.tmf

b ake command: I make rha

[T Generate code orly Stateflow optiotis. .

k. | Eancell Help | Spply

Fig. 9.1Simulation parameterngage for the MATLAB 6.5 and MS Visual C++ compiler
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-} Simulation Parameters: Tank3_Openloop - |EI |£|

Sl:ulverl Wnrkspacela’l:ll Diagnnsticsl .ﬁ.dvancedl Real-Time “Woaorkshop

Cateqgaory: I Target canfiguration j Build |
Configuration

Swyztern target file: I rhwirn Hi Browse... |

T emplate makefile: I Tanks_win_wate trof

bdake command: I make rha

[T Generate code only Stateflow options...

k. | Eancell Help | Apply

Fig. 9.2Simulation parametergage for the MATLAB 6.5 and Open Watcom compiler

In the case when Matlab version 7.0.4 or highesigeris used the Open Watcom compiler is
applied. This compiler is included on Matlab inktadn CD and is installed automatically.

The appropriat€onfiguration Parameterpage is shown in Fig. 9.3.

m Configuration Parameters: Tank3_Relay /Configuration il

— Target selection

Select:

- Solver Systenn target file:lm Browse... |

- [ ata Import/Export

-0 plimization Language: | C ;I
[=-Diagnostics Drescription: Feal-Time Wwindows Target
- S ample Time
-+ Data [ntegrity —Documentation
CDWB[S',DTT I~ Generate HTML repart
- Connectivity .
.- Compatibilty I | Launch report after, code generation completes
- Model R eferencing -
- Hardware Implementation [~ Buid proe:
- bl ndel R eferencing TLC optians: I
[=-Real-Time Warksho
- Comments P Make command: Imake_ltw
- Spmbols Template makefile:|rtwin.tmf
-+ Cuztom Code

- Diebug .
Generate code onl
- Fieal-Time Wwindom... r ¥ Build |

’TI Cancel | Help | Apply |
Fig. 9.3Configuration parameterpage for MATLAB ver. 7 and above
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