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VOLUME ESTIMATION/STIR CONTAINER/LOAD TORQUE/ COMPENSATOR

The magnetic stirrer machine is a mixture of two or more chemical substances.
It is widely used in the industry and the mixtures of some industries that have stirred
constantly throughout the process before it is used. Sometimes the problem of stirrer is
the reducing of liquid in the container and requires the monitored. On the other hand,
measuring devices installed in a container gets decreased performance of stirring the
mixture which incurs additional cost. Consequently, this research purposes estimation
the volume of liquid in the container through the variable of load torque while the
magnetic stirrer machine without installs additional measuring devices. For this reason,

it also increases the performance of the magnetic stirrer machine.
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Motor Speed Control
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111 P,

51/ 5.2PCI Serial Card 11az1U®3A RAPCON

A15199 5. 1EA519821089AA19 9] Y99 RAPCON Board (RAPCON Real — Time Rapid Control

Prototyping Platform for MATLAB/SIMULINK)

Meaning

Magnitude

Unit

Power Supply(Minimum Current)

6—15(0.15)

VDC (A)

Analog Input A0 — A7 Analog 12 Bit

Capture Input CO — C1 Digital 16 Bit

Digital Input DO_d0 — DO d0 Digital

Encoder Input EO — E1 Digital 16 Bit

Frequency Output FO — F1 Digital 16 Bit

Analog Output BO — B1 Analog 12 Bit

Digital Output GO g0 — GO d7 Digital

Pulse Output HO — H1 Digital 16 Bit

Filtered Pulse Output LO — L1 Analog

H — Bridge Output PO — P1 Digital

0 — Supply Voltage, 5 A

Voltage Regulator Output 5(0.25) V(A)

Ground GND 0 v

Sampling Rage Upto15.2 kHz
1. Expansion Slot for Serial Card

2. Serial Crossover Cable
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Duty — Cycle U84 Input Ao
V., = (26 -1V, (5.1)

Taeh w=5/f =6rWeo f Ao Fundamental Frequency 09 PWM 083521719 449.8291 Hz
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1. INTRODUCTION

The RAPCON platform offers a seamless interface between physical plants and Matlab/Simulink for im-
plementation of hardware-in-the-loop real-time control systems. It is fully integrated into Matlab/Simulink
and has a broad range of inputs and outputs. The platform is a complete and low-cost real-time control
system development package for both educational and industrial applications.

The RAPCON platform consists of the real-time control board (hardware) and the associated Matlab
interface (software). The hardware of the RAPCON platform has 8 x 12 bit analog inputs, 2 x 16 bit
capture inputs, 2 x 16 bit encoder inputs, 1 x 8 bit digital input, 2 x 12 bit analog outputs, 2 x 16 bit
frequency outputs, 2 x 16 bit pulse outputs and 1 x 8 bit digital output. The board also contains 2 H-bridges
with 5 A capability to drive external heavy loads. Some inputs and outputs are multiplexed to simplify
the hardware. The board is interfaced to the host computer that runs Matlab through a serial port. The
software of the RAPCON platform is fully integrated into Matlab/Simulink/Real-Time Windows Target
and comes with Simulink library blocks associated with each hardware input and output. The library
contains Analog Input Block, Capture Input Block, Encoder Input Block, Digital Input Block, Analog
Output Block, Frequency Output Block, Digital Output Block and Pulse Output Block. The platform
achieves real-time operation with sampling rates up to 15.2 kHz.

The RAPCON platform has been developed to extend and optimize the real-time operation of Matlab,
Simulink and Real-Time Windows Target. The developed platform is uniquely integrated into Matlab to
achieve real-time operation in Matlab under Windows. The salient features of the RAPCON platform
make it ideal for implementation of hardware-in-the-loop real-time control systems in both educational

and industrial applications.

1.1. Specifications

o Power supply: 6 — 15 V, minimum 0.15 A, regulated

« Interface: 460800 baud, 8 bit data, no parity, 1 stop bit

« Analog inputs: AO—A7, 0 — 5 V analog, 12 bit resolution
o Capture inputs: CO-C1, 0 — 5 V digital, 16 bit resolution
o Digital inputs: D0_d0-D0_d7, 0 — 5 V digital, 8 lines

« Encoder inputs: EO-E1, 0 — 5 V digital, 16 bit resolution

« Frequency outputs: FO-F1, 0 — 5 V digital, 16 bit resolution
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« Analog outputs: BO-B1, 0 — 5 V analog, 12 bit resolution

« Digital outputs: G0_g0-G0_g7, 0 — 5 V digital, 8 lines

o Pulse outputs: HO—H1, 0 — 5 V digital, 16 bit resolution

o Filtered pulse outputs: LO-L1, 0 — 5 V analog

« H-bridge outputs: P0—P1, 0—(supply voltage) V digital, 5 A

« Voltage regulator output: VDD, 5V, 0.25 A, regulated power supply
o Ground: GND, 0 V

« Sampling rate: up to 15.2 kHz

1.2. Requirements

e PC with Windows XP or later and an expansion slot for a serial card

o Serial crossover (null modem) cable

« Matlab R2007b or later with Simulink, Real-Time Workshop and Real-Time Windows Target
o RAPCON hardware (real-time control board) 1.5 or later

o RAPCON software 1.5 or later

o Power supply (regulated, 6 — 15 V and at least 0.15 A without any load)

1.3. Absolute Maximum Ratings

o Power supply voltage: minimum 3 V, maximum 16 V

« Each analog, digital, capture and encoder input: minimum —0.3 V, maximum +5.3 V

« Each analog, digital, frequency and pulse output: minimum —25 mA, maximum +25 mA

« Each filtered pulse output: minimum —25 mA, maximum +25 mA

« Each H-bridge output: minimum —5 A, maximum +5 A

« Total current from/into all inputs and outputs (except power supply, voltage regulator and H-bridges):
minimum —200 mA, maximum +200 mA

« Voltage regulator output: maximum 0.5 A (total)

o Operating ambient temperature: minimum 10 °C, maximum 50 °C
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2. HARDWARE

The real-time control board is based on a dsPIC30F2012 digital signal controller. It has a total number
of 8 x 16 bit inputs and 8 x 16 bit outputs capability. The inputs and outputs can be selected among the
inputs and outputs listed above. The board is interfaced to the main computer that runs Matlab through
a serial port. Two pulse-width modulation driven H-bridges with 5 A drive capability are included on
the board to drive external actuators or loads. The functional block diagram of the board is shown in
Figure 1, where AO—A7 are the analog inputs, BO-B1 are the analog outputs, CO-C1 are the capture
inputs, D0_d0-D0._d7 are the digital inputs, EO—E1 are the encoder inputs, FO-F1 are the frequency
outputs, G0_g0-G0_g7 are the digital outputs and HO-H1 are the pulse outputs; ADC represents the
analog-to-digital converter, DAC represents the digital-to-analog converter, ICM represents the input-
capture module, OCM represents the output-compare module, DIP represents the digital-input port, DOP
represents the digital-output port, QEM represents the quadrature-encoder module and PWM represents
the pulse-width modulator; FLs are the lowpass filters with outputs LO-L1 and HBs are the H-bridges
with outputs PO-P1; and yC is the central microcontroller, UART is the universal-asynchronous-receiver-

transmitter unit and PC is the host computer.

PC
A0 —] UART e !
: | ADC DAC [, 3}
co — — F0
Cl — ICM _L. _r’ OCM [ Fl
uC
| . GO
RO © | pp y L pop : \
DO.d7 — J ‘l‘ > G0_g7
E0.— -Le 1o
" QEM PWM - HI

Figure 1. Functional block diagram of the board.

The layout of the board is shown in Figure 2. The inputs and outputs are connected to the board
through standard pin header type connectors. The pins of all connectors are clearly indicated on the
board for convenience. Access to the on-board 5 V, 0.25 A voltage regulator output is also provided for

external light power supply requirements.
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9 unti |5 55.110: RPM <40960x1 double|
6 68.5421 FH Time Inf
7 £0.802 Evmt Inf___
8 91.9731 3 1.0000e-05
9 1021351 < >
n ~
< > Command History “oax
- o - - ~
Command Window »0a x -cle
>> Bt = 0.01; ~ R = 4.95;
>> Kb = 0.01; [
e e = 10mmss La = 1%10%-3;
>> Time = inf; I=10%-5;
>> Volt = inf; Kt = 0.01;
— >> RPM = inf; o= A AT A
Details fe ooy v |c >
4 Start

g 1. 31,mum‘wufdmuwauamﬂﬂﬁiumuﬂwﬂi a1y Workspace

2.

A 4 . Y 1 X
1990 tool => Parameter Estimation %zﬂswﬂgﬁmmmmum

11l@ Parameter Estimation UU¥I1919U04 Simulink Nagyimsdszanaua Tae

¥ Control and Estimation Tools Manager =IC!
File View Help
[ W=y =
4 Workspace Task settings
=8 Project - idenMotor & 5E BE-008 RREN & g
2 e
{7 Transient Data Subject:
L3 Varisbles Author:
{8 Estimation
1{g Validation Company:
Description: ~
v
Model idenMotor Open Model Update Task
~
v
Select the nodes below to configure and run estimations.

ﬂ“ﬁ U1 AUNUANLEAIHE1R19UB9 Control and Estimation Tool Manager



3.

4.

¥99 Time/Ts

Click Lﬁ@ﬂ Transient Data => New

ﬂ Control and Estimation Tools Manager
File View Help

a0 Sd|

4 Workspace

Transient data sets

£ Project - idenMotor
N —
[=R=1) Estimation Tack ame roperties

© DI || Nevos:

annab\es
&[5 Estimation
g validation

Description:

[ New Delete Edit...

-New Data node has been added to Transient Data.

>

Transient data sets are stored in this folder. Press 'New' to create a new data set

‘ﬂﬁ Ul. SLLW‘Llﬂ']WLLﬁﬂ\‘lﬁuWI'NGUENﬂ']i!,’dﬁ]ﬂ New Data

L]

File Edit Vi

0le - Data Import

idenMotor
iew Simulation Format Tools Help

B I fsps RBREe

Control and Estimation Tools Manager

Importfrom: | Workspace

Variahle Name Size | Byles | Class =
Input Data| Output Data | State Data

HLa el 8 double > 2

a b 3 dounie Assign data to blacks
= T angs0a. 327680 dauble Block Name Data Time /Ts Weight
ETime 409601 327680 double idenMotor/Out1

Channel - 1 [ 1 [ /-
(@) Assign the following columns to selected channel(sk: |1
() Assign the following rows to selected channel(s): [1:40960]
Import Close Help
Import.. Pre-process.. Plot Data Clear All

- New Data node has been added to Transient Data,

>

Load projects

‘]J‘ﬁ Ul. 6!LWUE’I']W!Lﬁﬂ\‘]WUWINﬂﬁLﬁ@ﬂﬂlm\lﬂHﬂ
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Click New Data => Output Data => Import 101300 RPM 11504 Datattae Timelu
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5. Click Variables = Add =1apnasndosmslszinan = oK

L°] Control and Estimation Tools Manager = =
File View Help

gD aE8d]
i\ Workspace w Select Parameters
& T8 Project - idenblator Select additional parameters to estimate efault settings
3] Estimation Task
- Transient Data Name Size ——

falue:

Referenced by:

& Estimation
L3 Vvalidation

Specify expression (e.g., s, a(3), b{2}):

oK Can. || Hep Apply

Add... Delete v

- Mew Data node has been added to Transient Data,

>

Select the tab panels to configure your estimation parameters and states.

A Y A o
31N U1 7UHUMNEAIH LI 19N TIaDNAL5

U

6. mruavoLaveIalinazlszanua ludiuuey  Default settingsPHUAA

fgAN Minimum 1182 A1GIGAIIN Maximum

ﬂ Control and Estimation Tools Manager - o
File View Help
@0 |S d |5l
[ Workspace Estimated Parameters | Estimated States.
= %J;t - “’:”MT"“L’ Selected parameters Default settings
{2 Estimation Tas|
5 B Torsiert Dot || (TR ~ | | rore
: ] Mew Data L Value: 1.6e-006
+ [ Variables Initial guess: ||
& Estimation < L9
3 valdstion s Minimums |-
<t Masimur +Inf

Typical value: ‘|1

Referenced by:

J UL

idenMotor/Transfer Fenl

-New Data node has been added to Transient Data.

<>

Create a new task in the current project

5109 V1. 8UHUMNUINA T UAVO LIAUDIAIS
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7.

8.

Click Estimation => NEW (%zﬂi'lﬂg New Estimation)

L]

File View Help

Control and Estimation Tools Manager

g0 |aa |E

e Workspace
=18 Project - idenMotor
&) Estimation Task

E\m.ables
-0
Lg validation

Estimations

Name Properties

Description:

[ MNew Delete

Edit...

- New Data node has been added to Transient Data,

>

Estimation node.

‘]Jﬁ U1 9LLW‘Llﬂ1W!Lﬁﬂﬂﬂu1@1\1ﬂ1iﬁ§1\1 New Estimation

Click New Data => Select All

B

File View Help

=03 BE

Control and Estimation Tools Manager

< >

[\ Workspace Data Sets | Parameters | States | Estimation
E %f‘: ) “:E”MT”“: Data sets used for estimation Output data weights
24 Estimation Tasl >y e - - .
[ Trensient Data Transientestimation ™| |glockName  Length Weight
] New Date i 10utt
- [ Variables Petasst el Chennel - 1| 40960/40960 | 1
& [& Estimation New Data ~
- By NewEstimation
8 views
g Vslidation
>
Select All Clear Al

- Mew Estimation node has been added to Estimation.

>

Select the tab panels to configure your estimation.

‘lJﬁ U1. 1ouwuﬂ1wuaﬂwmmqmim@ﬂm@miumi Estimate
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9. Click Parameters => Click 1300 Estimate #21/50d03m 51523101

123 Control and Estimation Tools Manager = =
File View Help
90 6u@
4l Workspace Data Sets Parameters | States | Estimation
e E'“Je“_' denMotor Estimation parameters
=+ Estimation Task
ransient Data Name Value Estimate  Initial Guess  Minimum  Maximum  Typical Va..
[1] Mew Data [ 1.6e-006 O i 1.63e-6 i
- [ variables La 0.00295 ] Lz 3e3 La
&[5} Estimation 295 0 R 5 R
By NeW Estimation | | 256005 O - -
[ views kb 0.0354 O kb kb
g validstion r 00346 O n s
Use Value as Initial Guess Reset to Default Settings Save as Default Settings
< >

- New Estimation node has been added to Estimation.

Select the tab panels to configure your estimation.

= Y o S Y 1
E‘IJVI V1.1 TUHUNNLEAIRHIANMIMHUANADIN T 521

10. Click Estimation => Estimation Option tiafvuasanesnulunsdssununiaa

uals

1y Options - New Estimation - 0O
Simulation Optiens | Optimization Options | Parallel Options
Optimization method
Method: | Monlinear least squares v Algorithm: | Trust-Region-Reflective b4
Optimization options

Diff max change: 0.1

Maximurmn fun evals: | 2000
Diff min change: 1e-008 Maximum iterations: | 200

Parameter tolerance: | 1e-8 Function tolerance: | 1e-8

Display level: Off w Gradient type: Basic

Cost function: SSE Use robust cost

oK Cancel Help Apply

d' o % a R 1T W
g'ﬂ‘ﬂ U 1.IZLLW‘Llﬂ"IWLLﬁﬂQﬂﬁﬂ?‘l’iuﬂi’)aﬂﬂiﬂﬂiuﬂﬁﬂi%ﬂimﬂiﬁ?uﬂi



11. Click Estimation => Show Progress View => Start

» Control and Estimation Tools Manager
File View Help

d0|&d

4 Workspace Data Sets | Parameters | States| Estimation

-8 Project - idenMotor
=) Estimation Task
=3 Transient Data

(T Variables

= [ Estimation
By Mew Estimation
-3 Views

i1-{g Validation

< >

Estimation progress

Iteration Function C... Cost Functi... Step Size Procedure

Estimation Options...

Display Options...

Start

Show proaress views

- New Estimation node has been added to Estimation.

Select the tab panels to configure your estimation,

d' Q' 1 QU
3N V1. 13UNUMNLEAINTIENNTU ST AR S

Y

Default View - Plot T (Parameter trajectory) : =

File Edit View Insert Tools Desktop Window Help

DOES [k [ARTDE |2 0|80 -

Parameter Values

La

Trajectories of Estimated Parameters

o
-]

Default View - Plot 2 (Measured and simulated)

|| |File Edit View Insert Tools Desktop Window Help

]

NEWS [ [\ WDEL-S[0H 8D

Measured vs. Simulated Responses.
New Data

so0f

outt

Ampltude

200

100

Hterations

Time (sec)

84
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L) Control and Estimation Tools Manager - 0
File View Help
o0& d|El
ﬂawksum Data Sets| Parameters | States | Estimation
£ Bl Project - ider
o ton Tk Estimation parameters
&1 Transient Data Name Value Estimate  Initial Guess Minimum  Maximum  Typical Va..
~[}i]] New Data I 1.59¢-006 o | 1596 | 1636 1
L Variables Ls 0.0029 vl La 2.9e-3 3e-3 La
e[} Estimation R 5 ¥ R 29 5 R
- EBp New Estimatior c 4.6e-005 [¥] < 44e5 4.6e-5 c
= views kb 0036 4 kb 00349 0036 kb
It Default View | it 0034 o3 0034 0035
&g Validation
Use Value 2 Initial Guess Reset to Default Settings Save as Default Settings
< >
Estimation completed. 2
v
Select the tab panels to configure your estimation

517 v 1.150numnwmsuaadmanlsn Tlsunsudszuna'ld

U

G‘i’mﬂ5611aq53°u°u:uam'a5"11/1%’\I1ﬂimamaﬁ”lﬁ’mﬂizumﬂﬁ’ﬂyai Ao
| =1.6x10°kg.m? / rad, K, =0.0346N.m/ A, K, =0.0354V s / rad
L, =2.95x10°H,R, =4.95Q,¢c = 4.5x10°N.m.s / rad
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o 9 o a s ~
1. ‘V]Tﬂ15’ﬁiNLHJiJi]1E1’E]\1°VINﬂiLl&5]?’H?f@]i‘l/mﬂﬁﬂ’mﬂmmuwll’i]ﬂlﬁ]ﬂI‘]Jillﬂiil

Simulink Tuaauvealilsunsy MATLAB awaaslugili At

ia

Torque 1 radfsec RPM E
B l.s+c
Kt RPM

Out1

h 4

/\/Vw

Signal Constraint

A o a 4
E‘]J‘VI AL.1 UUUADINNAUAFTATUDITEUY

1 9
2. szuuinnsaniaulsneue sdwls fe L, R, 1,c, K., K, K, uag K, ug

9 o Y 1 Y A (3 4
t’fﬁ’iiﬂﬂﬁﬂigllWmﬂWW’JLLﬂﬁﬂ$ﬁ13\l1iﬂﬂigh1mﬂ11m7‘lﬂ\1 2au1ls ﬁﬁ) Kpuaz Ki Lﬁ@\iiﬂﬂ

' Y o J o a A
La, Ra, l,c, Kt e Kb'ﬂﬁTUﬂTLLﬁ’J N13ANTDIUNITUNIHUADUWNUNTEUUANNAN 1D

ANMNGTOUINNY 600 RPM

3. dsznamdalsvesszunlasldasosiovealisiuniy MATLAB ludiuueq

Signal Constraint TagDouble — click 1917 Signal Constrain Block ARG N Signal Constraint

window

)] Block Parameters: Signal Constraint
File Edit Plots Goals Optimization Help
SEHS|RAKNE|» =0 |2

Irput to Pl_TunningSigral Constraint

-]

Time (sec)
Entforce signsl bounds |:| Track reference signal

gﬂﬁ AL.2UAUNINLULEAN Signal Constraint Window
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4. fmuagiuuuvesdyann Output NABINTTIAY Fedyanuvzgnisauliog

Y

luvouwanmmua msmuuaveUvaveddaaIMIag  Click Goals => Desired Response

fMUA Rise time, Setting time 1A %Overshoot AUVDULUA

) Desired Response - O

'3:::3' Specify reference signal

(®) Specify step response characteristics

— Step response specs

Initial walue: 0 Final value: G600
Step time: 0

Rise time: 1 | % Rise: 90
Settling time: |5 % Settling: 5
% Owershoot: 10 % Unclershoot: |2

0K Cancel Help Apply

3‘1J“I/dl AL3UHNUNMNNITNHUANITADUAUDIVBITLUY

5. 13)a Tuned Parameters 91NN154000 Optimization => Tuned Parameters Tunrhang

Y [
U84 Signal Window 310174 Click Add tHenmsiimesndeamssuuaa

)| Tuned Parameters = =

— Tuned parameers —— _—
A Bl AddParameters - &

Select wiorkspace varishles

Specify expression (e.g., 5.x or al3));

oK Cancel Help
Add. Delet= w

QK Cancel Help

319 A1.4UNUNINUETAINT Add Parameter



6.

7.

MruaveLvavesINmes A lumstSudaann

<)} Tuned Parameters - o
— Tuned iarameters —  — Optimization Setting
o) RMamme: Ki
Kp
Walue: 0.1
Initial guess: Ki
Minimurm: -Inf
aximum: Inf
Typical value: Ki
Tuned
Referenced by:
PID Controller -
W
Delete v
0K Cancel Help

{ [ a 14
E‘IJVdI ALSUNUNNHEAINITNUUAVDVUANIT NN DT

Click => Optimization => Simulation Options MOMMUAIENT Optimization

& Options
Simulation Options | Optimization Optiens | Parallel Options
Simulation time

Start time: | 0.0

Solver options

Type: | Fixed-step v

Fixed step size:  |0.0001

Stop time: | 10.0

Cancel Help Apply

Y |

31N A1L.6UNUAIMNIAKUA Options YBINTT Optimize

89
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. A 4 o A A o ' A s A ]
8. Click 1 Start Button 1 Optimization menu Mol NMIUTuuaInlmes o 1w

ad

9

ey luveuaNMrua

& Block Parameters: Signal Constraint - o |
File Edit Plots Goals Optimization Help
SHe|AKRE [ »r = |2
[T ——
a0
700
600 "77
e
a0
2
&
200
100
0
-100
o
T p B ‘ 5 5 ; s a o
Time (sec)
Enforce signal bounds  [] Track reference signal

U

JUN AL 7URUMMLEAIMIRRU AUV IT R Tu YR VA

? Y 9 [ 1 A A Y (o ]
ﬂ'lﬂuullﬁﬂ\iﬂ'l']llﬂ']'ﬂ’iu’]ﬂ']ﬁ‘ﬂ']\‘]']uﬂlﬂﬂjﬂﬁllﬂﬁﬂl!ﬁgllﬁﬂﬂﬂ']w'lﬁ'lum’ﬂﬁ/l"lﬂﬂﬁﬂlmx‘]

4 Optimization Progress = B
R £ & A -
max Directional First-order
Iter S-count £ix) constraint Step-size derivative optimality Proceduare
] 1 1] 0.1738
1 10 0 0 .0B42 1] 0.00364
Successful termination.
Found a feasible or optimalSolutionm, withinethe specified tolerances.
Ki =
0.0898
Kp =
0.0158
v

v 4 g £ o
gﬂﬁ ALSUHUMNUEAIHIN Optimization Progress WeoaFaumsiau



aulsvesszuuaruguuuuil lef IaannsdsulaeldTUsunsy Simulink Response

Optimization Ao
K b = 0.0158
K, =0.0998
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Volume Estimation in Stir Container Using Load Torque Compensator of

Magnetic Stirrer Machine
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Abstract

The magnetic stimar machine is a mixture of two or more chemical substances, It is widely used in the
industry and tha mixtures of some industries that have stirred constantly throughout the process before it is used.
Sometimes the problem of stirer is the reducing of liquid in the container and requires the monitored. On the
other hand, measuring devices installed in a container gets decmased peformance of gtirring the mixture which
incurs additional cost. Consequently, this research purposes estimation the volume of liquid in the container
through the variable of load tomue while the magnetic stirer maching without installs additional measuring
devices, For this reason, it also increases the performance of the magnetic stirer machine.,
Keywords: Magnetic Stirrer Machine, Load Torque, Estimation
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