Hardware Interfacing &
Control




PC Based Interface

Microcontroller based
custom Hardware

o
"
IIT Bombay

HEY:



DC motor Control Kit

Developed By

lIT Bombay /

IIT Bombay



DC Motor Control

Speed Set :
soint Motor Driver

Speed
Feedback

Encoder

783

IIT Bombay



DC motor Control Kit
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DC motor Control Kit




DC Motor control using
MATLAB/SIMULINK




Outline

* Experiment No- 1
 Validation of motor model for speed control

* Experiment No-2
e Pl Control Gains for Motor speed control
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Experiment No-1
Validation of motor model for speed control
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Procedure

* Set ts=0.015
e Run the matlab simulink model

* To stop the motor press the reset button on the DC motor kit .
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FOPTD

*+ The First-order Plus Time Delay (FOPTD) model is given by
_AY(S)  Ke tdS
G(S) - AU(S) T Ts+1
gain K ,time constant T and dead time t;
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Apply two-point method for system

*e te3 5, = Time required for the output to reach 63.2 % of the steady-
state value

* 1,3 3 = Time required for the output to reach 28.3 % of the steady-
state value.

oK:

Dif ference in two steady states of output
Dif ference in two steady states of input

* T=1.5(t53,-155 3)

=T, T
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Sample values

** 3, = 0.45 sec
* t,33=0.33 sec
* Au(t) = 20 PWM units
* Ay(t) = 359 RPM
* Using the two-point method

K=17.95
1= 0.18 sec
= 0.12sec {2%
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Transfer function

AY(s) 17.95 ¢0-12s

" G(s)= AU(Gs)  0.18s+1
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Output response

* In the open loop, the plant is brought to equilibrium by applying a step
of 150 PWM units.

* The corresponding speed is around 2000 RPM

* After the motor speed settles, the PWM input is instantaneously
changed to 170.

* As a result, the speed increases to around 2400 RPM.
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Output vs Input
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-xperiment No-2
P| Control Gains for Motor speed control
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Ziegler-Nichols Rule for Tuning PID Controllers

1/RL
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Calculations

* Compute the controller parameters as follows:

T,=3L
R=k/1
Sample values
K. =0.04102
T,=0.825 sec
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Procedure

* Double click on the controller block .
 Double click on PID Controller block.

* Enter the P and | values calculated using the Ziegler-Nichols Rule .
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PID Block
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PID block configuration
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Output

* Kc=0.075and Ti =0.36 sec.
* After the speed settles at 2000 RPM, a step of 400 RPM is applied.

* It is seen that the output follows the set point and the speed settles at
2400 RPM.

* Next, a negative step of 400 RPM is applied.

* It is clearly observed that motor speed decreases and settles at 2000

RPM.
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Output response
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Neural Network Model And Neural

Network Controller for DC Motor

Prof.P.S.V.Nataraj
Systems and Control Engineeering
IIT Bombay




1.How to use Neural Network tools

A\ Neural Network Start (nrstert) [=] @ |l

Welcome to Neural Network Start

Lezrn how to salve preblems with neural netwerks.

Getting Started Wizards | More Information|

Fach of these warards helps you solve a different kind of prohlem. The last panel of
each wizarc generates 2 MATLAB script for colving the same or similar probleme
Exemple datasets are provided f you do not heve cata of your own.

Input-output and curve fitting. l & Fittingapp | ("ftoo))

Pattern recogniion and dassihication.

&¢ Pattern Recognition app (rprtool]
Clustering. [ & Clusteringapp | ("cto0)

Dynamic Time series.

& Time Seriesapp | (1+1och)




2.Network Fitting GUI

s Nesral Firting (o) — s X

Welcome to the Neural Fitting app.
Scive em input-cutput fitting problem wath & two-layer feed-formend neural networc

Ltrwdu tica MHowral Hotwward.
In fitting problems, you want » neural nebwork to map betuween » data cet Mickton Layor Dhtpust Layar
of numenc inputs and 2 52t of NuUMenc targets. l.'l -
Ercriplos ©f Lhn (ype of wotdom valude olenslerg buwe prao o }
Such input varaties ac tax rate, pupil/tescher rato n local schools and
unmcralc . exlenebing cegme omnsun loveh boad un
measurements of tusl consumpticn and speed ;or

pxd-cbngopchcwt » bodyfst Icve! bened mbo‘ymmoﬂs
A Twn-layer feat-‘arnart nerwork with sigmnid hiciden neoarans and Insar

output ncurons ¢ , can fit prulti - dimerzional mapping problomz
The Neural Fitting app will help you celect Sara create and TTain a nenwok, sbit sy woll. given comiclenl dele end envugh reuens inils hidden
end cveluatc #y poformance ung Mmoen IQUErc OTer ard FogroINcn Iyen.
2nalyes
1he natwork sall ba traned with Levenderg- Marquard: backpropazadon
aygurithen . unbess Lhae is nol erough memwry. & which case
scaled conjugate gradient backpropagaton (20wl ba used

‘ To continue, dick [Next].

& Nirural Metwork Star [ M sricome ® x| Nem & Cancel




3.Data set selection

&\ Neursl Fitting (nftool)
) Select Data
“\’ What inputs and targets dofine your fitting problem?

Get Data from Workspace
Teput dates 10 premsemnt 1o the netwodd,
B nputc: i-auj

Tarqet data defirang dezired network output.
‘ | argets none) v |

Semples ere @ [ Natrx columns T B Mateix rons

Want tc try cut this tocl with an example ceta set?

Load Example Data Set

o Sclout lnputs amd tas gota, Usos Jich [Noad

| recurs NesworkStat | MM wescome

S <oncel




4.Network Architecture
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5.Train Network

A Thewwdl S Infvodl]
Train Network
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6.Training Results
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/.Deploy Solution

A Neraral it (rits) EEREE =
Deploy Solution

Geerate deplhey stk versors of your bared rewal retaork.

Applic 3t en Diapiaym.ent
*repace newural netoosk for deployment weh MATLAR Compiler and Budder toals

Geneste o MATLAD furction weh metrs sad cell armsy srguanent sapport e urchan | o\ MATLAS Tunction

Cods Gonetadon
Frepare newral ietwosk for deployment weh MATLAR Coder tooh,

Geonesste s MATLAZ furction with maten-oely srgumaernt: (ne coll am, tuppor): gerFonction | A\ BAATLAR Matrie-Drdy Functisn

Smulink Ceployment
Sirmdete noursl actwedk v Lamudiek ar depley wth Semulek Ceder teoh.
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Graphics
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Comparison between DC Motor

Model and Neural Network Model
« Steady state output
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Random Reference Signal
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Neural Network Controller
Replacing PID

Firction Pt Neur! \etwor

[0 1=} o=l ﬂﬁ@

From Fe PDConmler | Trngderfen  TrENOR
=




Steady state and random
reference signal tracking




Neural Network Controller with DC

Motor
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