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YCOBEPHIEHCTBOBAHUE AJITOPUTMA CYNEPIIUKCEJIBHOM
CEI'MEHTAIMU SLIC C UCITIOJIb30BAHHUEM ®OPMYJIbI
OBETOBOTI'O PA3JINYNSA CIEDE2000

CyneprukcesbHas CerMeHTalus 1300paXEHUH CTPOUT HEOOJIBIIOE KOJIMUECTBO CXOIKHX
C TOYKH 3pPEHUS BOCIPHUSTHS CETMEHTOB, Ha3bIBAIOIINXCSI CYNIEPIIMKCEISIMHU, KOTOPHIC 3aMCHSIOT
IIUKCENH, TEM CaMbIM OOJIerdasi HaXOX/ICHHE CETMEHTOB B ciieayronnx craausax. Mcemenyercs
anroput™ SLIC. Ilpennaraercst 3aMeHUThs hopMyny BeruucieHus pasHocT nsetoB CIE76 Ha
6onee ycosepiencrBoBannyo CIEDE2000.

Knwuesvie cnosa: cermentanus, cynepnukceny, nepecermentanus, SLIC, K-means,
CIEDE2000, iiBeToBast pa3HOCTb.
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IMPROVING THE SLIC SUPERPIXEL SEGMENTATION ALGORITHM
USING THE CIEDE2000 COLOR-DIFFERENCE FORMULA

The superpixel segmentation of an image creates a small number of perceptually
uniform segments called superpixels, substituting the pixels, and thus easing the process of
segmentation at the next stages. The Simple Linear Iterative Clustering (SLIC) algorithm that
uses the CIE76 formula for color-difference computation is studied. It is proposed to use the
computationally more evolved and sophisticated CIEDE2000 formula to enhance the SLIC.

Keywords: segmentation, superpixels, oversegmentation, SLIC, Simple Linear Iterative
Clustering, K-means, CIEDE2000, color-difference.
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MODELING AND DESIGN OF A DC MOTOR WITH A PID CONTROLLER
BY MATLAB SOFTWARE

A new method for modeling, analysis and control of the PID controller by MATLAB
software is presented.

Keywords: DC motor, controller, Proportional Integral Derivative (PID), velocity,
angle, script file.

Introduction. Photovoltaic array installations are becoming more prevalent
around the world. Each of these solar parks has an expected lifetime of 20 — 25 years,
and it is vital to maximize the power generating potential during the daily service. The
accumulation of dust particles and debris on the surface of photovoltaic (PV) panels
affects the performance negatively, the same way as on a cloudy day. This is
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especially problematic in arid, dusty environments. There is a need for an automated
cleaning solution to this problem which can service large ground-based solar arrays.
An efficient robotic device can service such large scale parks for cleaning and built-in
auto inspection for panels whilst conserving power and cleaning water when
compared to human crews and current hardware alternatives. Such a robotized
cleaning device consists of a cleaning head that moves over the panels. The cleaning
head is driven by one 90V DC motor in the vertical direction and by a pair of 12V DC
motors in the horizontal direction. To increase the flexibility and mobility of such a
cleaning head significantly, it is necessary to model and develop the optimized PID
controller.

The aim of this article is the development of a new method for modeling and
design of the PID controller for the PV panel surface cleaning robot.

Modeling the DC Motor. This article considers the design of a linear model for
a DC motor, the analysis of the model under the MATLAB software and the
development of a PID controller. The input is the armature voltage }7 The measured
variables are the angular velocity of the shaft w, and the shaft angle 8. The motor
torque 7, is related to the armature current i, by a constant factor K:

T =Ki (1)
The back electromotive force (emf) V}, is related to the angular velocity by:
ae
Vy=Kw=K o 2)

We can write the following equations based on the Newton’s law combined
with the Kirchhoff’s law:

dze do )
F +b E =Ki (3)
R
Lo +Ri=V-K—. 4
Using the Laplace transform, Egs. (3) and (4) can be written as:
Js%0(s) + bsO(s) = KI(s) (5)
LsI(s) + RI(s) = V(s) — Ksf(s) (6)

where s is the Laplace operator. From (6) we can express /(s) and substitute it in
(5) to obtain:

V(s)—Ks6O(s)
R+Ls ™)

This equation for the DC motor is shown in the block diagram in Fig. 1.

Js20(s) + bsO(s) = K
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Vb(s) K
Back emf !
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Fig. 1. The block diagram of the DC motor
From Eq. (7), the transfer function from the input voltage /() to the output
angle 6 is obtained:

Ga(s) = 22 = 2 . 8)

v(s)  s[(R+Ls)(Js+b)+K2]

From the block diagram in Fig. 1, it is easy to see that the transfer function from
the input voltage /() to the angular velocity w is:

Gv(s) =

w(s) K
v(s)  (R+Ls)(Js+b)+K2 "

©)

Creation of a script file for the PID controller. The above transfer function
can be entered into Matlab by defining the numerator and denominator polynomials,
using the conventions of the MATLAB’s Control Toolbox [1]. The transfer function
(8) can be entered in MATLAB as a script file [2].

The M-file pidcontrol.m contains the following values for the motor parameters:
JS/opo1< b/op1< A/oroi< /1 and £ /0r05.

As G,(s) can be expressed in the form of G,(s) % , we can enter these two

transfer functions separately and combine them in series:
aux = tf(l(, conv([L R],[J b]))
Gv = feedback(aux, K);
Ga =tf(1,[10]) *Gv;

In order to model the PID controller, we have to use the function feedback to
create a feedback connection of two transfer functions.

The Control System Toolbox offers a variety of functions that allow to examine
the system’s characteristics.

It is convenient to group the two transfer functions into a single system with one
input, the voltage, and two outputs, the velocity and the angle:

G = [Gv; Gal.

100



We can plot the step, impulse and frequency responses of the motor model.
The well-known formula for the PID controller is given by:

_Uu _ Ki
C(S)_E_Kp'l'?-l'l(ds (10)

where u is the controller output (in our case - voltage V'), e = u, — y is the controller
input (the control error), and K,,, K4, K; are the proportional, derivative and integral
gains, respectively. A block diagram of a basic feedback control of a DC motor with
the PID controller is given in Fig. 2.

1

PID Controller DC Motor Output

\ 4

PID(s) In10ut1

Input

-

Out1 In1

Velocity
Fig. 2. Speed control feedback loop of a DC motor

First, try a simple proportional controller with some estimated gain 100. To
compute the closed-loop transfer function, the feedback command is used. Add the
following lines to the pidcontrol.m file:

Kp = 100;
Gc = feedback(Gv * Kp, 1);
Gc.InputName =" Desired velocity'.

Here Gc is the closed-loop transfer function. To see the step response of the
closed-loop system, enter:

figure(3); step(Gc,0:0.01: 2).

You should get the plot given in Fig. 3. To eliminate the steady-state error, an
integral action must be used. To reduce the overshoot, a derivative action can be
employed. For improving the DC motor characteristics a complete PID controller is
designed.
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Step Response

From: Desired velocity To: Velocity
T T T T T T

Amplitude

0.6

0.4~

0.2

Time (seconds)

Fig. 3. Closed-loop step response with a P controller

Finally, we can edit the pidcontrol.m file so that it contains the following

commands:
Kp =1;
Ki =0.8;
Kd = 0.3;

¢ = tf ([Kd Kp Kil, [1 0]);
rlocus(Ga * C);

Kp = rlocfind(Ga * C);

Gc = feedback(Ga * C * Kp, 1);

figure(4); step(Gc,0:0.01:5)
The rlocus and rlocfind functions are used to select the overall gain of the PID

controller, so that the controller is stable and has the desired location of the poles
(within the defined ratio among the K, K; and K; constants). Note, that the function
rlocfind selects a point on the root locus interactively, and determines the
corresponding gain. If the design is not satisfactory, this ratio can be changed. We

should obtain a plot similar to the one in Fig. 4.
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Step Response

From: Desired velocity To: Velocity
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Fig. 4. Closed-loop step response with a PID controller

Conclusion. This article presents a new method for understanding the effect of
a PID controller in the regulation of a DC motor. The proposed method can also be
extended to other purposes and not only to learning about the DC motor. It can be
used for investigating induction motors, alternators, image processing, etc.
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q.<. 4hbruunNU3UL, 4.9. bUuUSNK3UL, L.Q. UhPULUNU3UL

PID unuSrnLsrnd <UUSUSNrL <NUULLP TUrdhh UNasLUYN/NrULC BU4
ucuunhrUC MATLAB Oruaru3nru eufteh UhnN8nd

LbpYuwjwgywsd E PID Ynuwnpnitipp MATLAB Spwagpwjht thwpbph dhongny dnnbjwyn-
pbnt, ytpndtnt b nGywywpbint unp dbenn:

Unwugpuyghti pwnbp. hwunwunniu hnuwuph wndhs, Ynuinpnitn, hwdwdwut huwnbg-
nnn nhptintiugnn, wulynit, ulnhugn Suyj:
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I'.l'. KHPAKOCHIH, B.I'. XAYATYPSH, JI.I'. KHPAKOCSH

MOAEJIMPOBAHUE U PASPABOTKA IBUT'ATEJIA IIOCTOAHHOI'O
TOKA IIUA-PET'YJIATOPOM C IOMOIIBIO ITPOI'PAMMHOI'O ITAKETA
MATLAB

IIpencraBieH HOBBIII METOA Ul MOJAEIUPOBaHuUs, aHanu3a u ynpasienus [1W/]- pery-
JIITOPOM C IOMOLIbI0 IporpammHoro nakera MATLAB.

Kniouegvie cnoga: npuratenb MNOCTOSHHOIO TOKA, KOHTPOIUIEP, MPONOPLUOHAIBHBIA UH-
Terpupyomuil TudhepeHIUPYIONIHNA, YTOI, CKPUIT-(Qai.

<S8 681.5.015

U.q. UursABUL
LNUP3NhEENLENP NMULULUGESPEMP SLUKUSUUL CLIKULNAR 2AUPULPT

Nwnwtwuhpyb) GU mwppbp ninpuubpnd pndthynyebpubph quwhwwdwt swhwuhy-
ubpp: Unwownlyby £ dingub] pndihjnypbputph wwpwdbnpbph quwhwndwu punhwung sw-
thwuhy, npp huwpwynpnienit Yuw oguwagnpdnnht dbY pyh dhongny quwhwwnb nyjuw
pndihjnetiph punhwupwwu swihwuhop, win pYnud* wpwgwagnpdnigniup, hhonnnipiniuubpp
b wyu:

Unwugpughtt pwnbp. pndihnypbpubph wwpwdbwpbp, swihwuhy, wdnndwnwgywd
hwdwlwpg, guwhwwndwt swihwuh):

Lbkpwénipyniu: Unopjw Yjwupnid Yphpwnynn tnwpptp ninpunubpnd wnyuw Gu
ognwgnndynn uwppwynpnwdubph hwdwp gnpdwyhgutn: “Hpwug dh dwup swih-
Jnuwd Gu ElEhupwkubpghwih dwiuuny, dh dwup' hgnpnyeywdp, dh dwup' npuk gnp-
Sdwlgny b wyju: Opphuwy, pdoyulwu ninpuinud wnlw Bu wwppbp, win pYnd’ wpjuu
swihdwu dh owpp gnpdwyhgutip, Ywd ghntwlwuubph gnpénwutiniejwt puwquyuw-
nnid' H-gnpdwyhgp [1] swihwuhs £, npp hnpéndd | dhwdwdwuwl swihb) ghnuw-
Ywup Ywd ypndGunpph hpwunwpwyywsd woluwnwupubph wpryniuwybunnysniut ni
wqanbgnipjwu gnpdnup: Quithwupop hhdujwsd £ ghnuwywuh wdkuwowwn hnnuub-
nny hnnwdubph pwqgdnigwt b niphy hpwwnwpwynuubpnud npuug dbgpbpdwt
pwtiwlh Ynw: Snpdwlhgp Yupnn £ Yhpwnyt bwl ghntwywutbph fudph® pwduh,
hwdwuwpwuh, Gpypp wpryniwwybunnypuu b wgnbgniejwt quwhwndwu hwdwp:
H-gnpdwlgh qunwthwpp 2005p-htu: wnwewnyb £ wdbtiphlwgh $hahynu &npg <hpop
[2] (Uwu Yhbgnh hwdwuwpwy, Ywih$npupw), npwbu gnpdhp’ quwhwuinbint hw-
dwp wnbuwlwu Shghluwinud qpunywéd Shghynuubiph woluwwnwupp, b wju Gppbdu wu-
Juwunud &u <hpgh gnpdwlhg Yud <hpgh phy:
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