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HANDS ON TRAINING COURSE
ON
IMPLEMENTATION OF IMAGE PROCESSING
CONCEPTS FOR REALTIME APPLICATIONS USING
MATLAB

STARTS ON September 13, 2021

SLOT-| REGISTRATION OPEN

Registration : Rs.150
Course Duration : 24 Hours
Weekend Course (Saturday)

Invited Participants: Third Year ECE, EEE, CSE
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Coordinators Convener Principal
Dr.N.C.Sendhilkumar Prof.k.Ashok Babu Dr.G.Suresh
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Contact: 9443968958,9894145701



SRIINDU COLLEGE OF ENGINEERING AND TECHNOLOGY
DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING
HANDS ON TRAINING COURSE
ON

INMPLEMENTATION OF INAGE PROCESSING CONCEPTS FOR REALTIME
APPLICATIONS USING MATILAB

Date: From 12.09.2021 (6 Week Course, Only on Samrdays)
COURSE CONTENTS

MODULE -1

Durations Topics Eescurce Person

Basics on Image Processing

Introduction 1o Image Processing Tools

Types of Image Representation
Week 1 Waveform and Amplitude Spectrum Dr.G Suresh

False Contouring

Circular correlation between two signals
Assignment-1

Program to Interchage phase between
two images

Program to adjust brightness and
contrast level of an image

Histogram Analysis of an Image

Week 2 Dr N.C Sendhilkormar

Types of noises and removal

Assisnment-2

Bit-plane shicing of an Image

Analysis of Zoom Factors

Week 3 - Dr.G Suresh
Image blending

Assisnment-3

MODULE -2

Durations Topics Resource Person

Program to compute the edges




Week 4

watershed transform

Program for erosion and dilation then
edge detection

Program to separate R-G-B from RGB

Program to separate Missing R-G-B
from RGB

Code that runs converston of color
mmage to YCbCr

Assionment-4

D N .C Sendhilkumar

MODULE -3

Tapics

Resource Person

Week 5

DWT based compression

Impiementation of Arithmetic Coding

Impiementaﬁﬁﬂ of Wavelet Transform

Azzessment -1

Assignment-3

Dr. G. Suresh

Week 6

Implementation of Image Retrieval
Schemes

Implementation of Image Segmentation
Schemes

Azzegzment -2

Conclusion

DrG Suresh
Dr N.C Sendhilkormar
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SRIINDU COLLEGE OF ENGINEERING AND TECHNOLOGY
DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING
HANDS ON TRAINING COURSE
ON

IMPLEMENTATION OF IMAGE PROCESSING CONCEPTS FOR REALTIME
APPLICATIONS USING MATI AB

Date: From 19.09.2021 (6 Week Course, Only on Saturdays)

COURSEF CONTENTS

MODULE -1

Durations Tapics Resource Person

Basics on Image Processing

Introduction to Image Processing Tools
Types of Image Representation
Week 1 Waveform and Amplituds Spectrum Dr.G.Suresh

False Contounng

Circular correlation between two
signals
Assignment-1

Program to Interchage phase between
two 1mages
Program to adjust brightness and

Week 2 contrast level of an image Dr N C.Seashilkumar
Histogram Analysis of an Tmage

Types of noises and removal

Assionment-2

Bit-plane slicing of an Image

Analysis of Zoom Factors

Week 3 , Dr.G:Suresh
Image blending

Assignment-3

MODULE -2

Durations Topics Eescurce Person

Program to compute the edzges




Week 4

watershed transform

Program for erosion and dilation then
edge detection

Program to separate R-G-B from RGB

Program to separate Missing R-G-B
from RGB

Code that runs converston of color
image to YCbCr

Assionment-4

Dy N C Sendhilkumar

MODULE -3

Topics

Resource Person

Week 5

DWT based compression

Implementation of Arithmetic Coding

Implementation of Wavelet Transform

Aszsezament -1

Assignment-5

Dr G Suresh

Week 6

Implementation of Image Retrieval
Schemes

_I_mplementaﬁﬂn of Image Segmentation
Schemes

Azzeszment -2

Conclusion

Dr G Suresh
DrN.C Sendhilkumar
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DEMONSTRATIVE MODE

SIGNAL AND INAGE PROCESSING

Fourier Transforms

Every signal can be wntten as a sum of sinusoids with diBerent amphitudes and
frequencies. The MATLAB command to compute the Fourier Transform and its mvarse
ara regpectively fft and 1fft. for example:

>x =rand(1.10); % suppose 10 samples of a random signal
== y = {ft(x); % Fourier transform of the signal

=1y = ifft{(v}); % mvearse Fourier transform
>> x2 = real(1y); % chop off tiny imaginary parts
>> norm(x-x2). % compare original with inverse of transformed

The fft 1s the abbrewiation of Fast Fourier Transform. This algornithm implements the
discrete Fourier transform to transform data from time into the frequency domain The
study of this algonthm is normally coverad 1n a good linear alpabra course. First we give
an example of the meaning of the Fourier transform before showing how Fourier
transforms can be used to filter noise from signals.

Waveform and Amplitude Spectrum
Suppose we sample a signal durmeg 4 seconds. at a sampling rate of 0.01:

>>dt = 1/100; % samplino rate

== et = 4: % end of the mterval

=>t=0:dtat; % sampling range

=2y = 3*fun(4*2%pr*t) — 5*sm(2* 2*pr¥t); % sample the signal
A natural plot 1s that of amplitude versus time:

== subplot(2.1 1): % first of two plots

== plot(t.v): gnd on % plot with gnd

>> axis([0 =t -8 8]): % adjust scaling

== xlabel('Time (s)'); % time expressed m seconds

>> ylabel('Amplitude'); % amplitude as function of time

With the Fourier Transform we ¢an visualize what characterizes this signal the
most. From the Fourier transform we compute the amplitude spectrum:
==Y = ffi(y): % compute Fourier transform
>>n=s1ze(y,2)2; % 2nd half are complex conjugates
>> amp spec = abs(Y)'n; % absolute value and normalize

To visualize the amplitude spectrum_ we execute the following commands



> subplot(2,1.2); % second of two plots

>= freq = (0:79)(2*n*dt): % abscissa viewing window

=>> plot(freq.amp spac{1:80)): grid on % plot amplitude spectrum
>> xlabel('Frequency (Hz)'): % 1 Herz = number of cycles/second
>= ylabel('Amplituda"); %6 amplitude as function of frequency

On the amplitude spectrum we see two peaks: at 2 and 4. The location of the peaks occurs
at the two frequencies in the signal The heights of the peaks (5 and 3) are the amplitudes
of the sines m the sipnal

SoProgram:

x =rand(1.10): % suppose 10 samples of a random signal

y = ffi(x); % Fourter transform of the signal

iy = ifft(y): % inverse Fourer transform

x2 =real(1v): % chop off tiny imaginary parts

morm(x-x2): % compare ongmal with inverse of transformed
dt=1/100: % sampline rate

et=4: 2% end of the mmterval

t = Oxdtzet; % sampling range

y =3%*:n(4¥2%p1*t) + 5*an(2*2*m*t); 9% samiple the sional
subplot(2.1.1); % first of two plots

plot(t.v); erid en % plot wrth grid

ax1s([0 =t -8 &]): 9% adjust scaling

xlabel{ Time (3)'); % time expressed in seconds
ylabel(' Amplitude’); % amplitude as function of ime

Y = ffi(y); % compute Founer transform
n=size(y.2)2: % 2nd half are complex conjugates
amp spec=abs(Y)/n; % absolute value and normahize
subplot(2.1 2); % second of two plots

freq = (0:79)/(2*n*dt): % abscisza viewmng window
plot(freq.amp spec(1:80)); grid on % plot amplitude spectrum
xlabel(Frequaney (Hz)'): % 1 Herz = number of cycles/second
vlabel(' Amplitude’); % amplitude as function of frequeney

= Filtering Noise from Signals
noise = randn(1 size(y.2)): % randem noise

8Y =¥ + noise; % samples with noise

¥ = fft(ey): % Fourner transform of noisy signal
n=s1ze(ev,2)2; % use size for sealing

amp spec = abs(eY)n; % compute amplitude spectrum
figure % plots in new window
subplot(2.1.1): %o first of two plots

plot(t.ey): gnd on % plot no1sy sizgnal with gnd
axis([0 =t -8 8]} %o scale axes for viewing

xlabel{ Time (3)'); % time expressaed in seconds



ylabel(' Amplitude’): ¢ amplitude as function of time

subplot(2.1.2): % second of two plots

freq = (0:79)/(2*n*dt}; %% abscissa viewing window
plot{freqg.amp spee(1:80)); grid on % plot amplitude spectrum
xlabel('Fraquency (Hz)'): % 1 Herz = number of cycles per second
ylabel(’ Amplitude’): %5 amplitude as function of frequency
figurs % new window for plot

plot(Yin,'r=") % Fourier transform of origmal

hold on %% put more on same plot

plot(eYin, 'bx") %% Fourier transform of noisy signal

fY = fix(eY '100)*100: %% zet numbers < 100 to zero

ifY =affi(fY): % inverse Fourter transform of fixed data
ey = real(1fY);

figure % new window for plot

plot(tey). emdon % plot corracted signal
axis([0 =t -8 8]): %5 adjust scale for viewing
xlabel('Time (s)); % time expressed m seconds
ylabel{’ Amplitude’):

% Matlab code for White Gaussian Noise
cle:

clear all;

close all;

randn('state’' 0);
x=randn(100.1);
subplot(2.1.1)

plot(x)

xlabel('n")

ylabel('x[n]')

end

subplet(2.1.2)

hist(x)

xlabel('x")

ylabel('no of outcome out of 100")
title('white gaussian noise')
fipura

N=100-

nbins=10:

Xmin=-3:

Xmax=3.

ymax=1:



[y xx]=hst(x(1:N).nbins);
debx=xx(2}-xx(1);

bar(xx y/(N*delx))

orid

axis([xmin xmax 0 ymax]);
xlabel('x")
ylabel('PDF_p(x)")
title{'white gaussian noisa’)

1. Consider the following sequence of instruetions:

»> ¢t =0:0.1:10;

*> y1 = sin(2%pist);
>> y2 = pin(20epiet);
>> plot(z,yi);

>> hold on;

2> plot(t.¥2):

Why is the output of the second plot like this? Find a better range for © to plot sin (20+piet) right.
Can you find a good lower bound for the sampling interval in terms of the frequency?

2, Give the MATLAB commands to plot the amplitude spectrum for the signal
70
f(t) =) (20— k) sin(2xkt).
k=10

In addition, plot the waveform spectrom of this sigrial.
3. Make a function to plat waveform and amplitude spectrum of a signal. The function has prototype:

function specplet ( ¢, dt, et, ¥ )

X

% Opens a new figure windoy with two plots:

% the wvaveform and amplitude spectrum of a signal.

%

%¥ On entry :

% t sampling range of the signal;

i de sampling rate;

% et end of the range;

] ¥ samples of the signal over the range t.
%

S0 gpecplot computes the amplitude spectrum of the signal. For the abscissa viewing window you
1nay take hall of the range of t.
Test vour gpacplot with the signal of the previous sssignimoent.

4 With Bt we can decompose a signal in low and high frequencies. Take the exmmple signal from

page 1. As noise we now add a sine of amplitude 4 and with frequency 50. Plot the waveform and
amplitnde spectrum of the new signal. Use fit and itft to remove this high frequency noise,




Example 1:

%sthis program 1illustrates false contouring
cle

clear all

close all

a=mmread('boat.jpz’):
subplot(3.2.1):

mmshow(a)

title("onginal image")

%using 128 gray level

Yafigure.

subplot(3.2 2):
imshow{gravshice(a.128). gray(128)).
title("tmage with 128 gray level')
Ypusine 64 gray level
subplot(3.2 3):
imshow{gravshce(a.64).orav(64)).
title("tmage with 64 gray leval)
%pusing 32 gray level

%efigure,

subplot(3.2.4):

imshow(grayslice{a 32) orav(32)).
trtle('image with 32 gray level’)
%using 16 gray level

Yefigure.

subplot(3.2 5},
mmshow{gravshice{a.16).grav(16)).
title('tmage with 16 grav level')
%ausmg 8 gray level

%figure,

subplot(3.2.6):
imshow{erayslice{a.8).orav(8)).
title('tmage with 8 gray level')

Output:




Example 2:

Ysirequency response
ele

clear all

close all

[ v]=meshend(-p10.09:p1).

z=2*cos(x)-2*cos(v);
surfix v.z)
axis{[-44.4443]D

Example 3:

Ysirequency response
ele

clear all

cloze all

[x v]=meshend(-p10.05:p1):

=2-cos(x)-cos(v):
surfix v.z)
axiz{[-44.44-0354]D

o



Example 4:

%sapplication of circular convolution
x=[10:0 0]

h=[11:1 1]

x1=ff2(x)

hl=ffi2(h)

y1=x1*hl

res=1iit2(y1)

Example 5:%circular correlation between two signals

cle

clear all

close all

x=[5 10:15 20]

h=[3 6:9 12]

hl=fliplr(h}%efold signal along column-wise
h2=flipud(h1)%:fold signal along row-wise
x1=fi2(x);

h3=fft2(h2):

yi=x1.*h3

y2=1fft2{y1)

Example 6:

cle
clear all
close all
%generation of first image A
a=zeros(256),
[m n]=siza(a);
fori=110:140
for 1=110:-140
a(1)=2535:
end
end
subplot(2.2 1)
imshow({a)
%generation of second image B
b=oneas(256):
[m n]=siza(b):
fori=110:160
for =110:160
b(1.3)=0;

end

10



end

subplot(2.2.2)

imshow(h)

%convolution in time domain
c=conv2(a b 'same');
%multiplication in freguency domain
al=fft2(a):

bi1=fft2(b):

cl=al *bl:

d1=fishifi(iffi2(c1));

subplot(2.2.3)

mmshow(c)

title{'titme domain convolution')
subplot(2.2 4)

imzhow(d1)

title{'frequency domain convolution')
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Example 8:

cle

clear all

close all

%generation of first image A
a=mmread('boat jpg’);

v ]



subplot(3.1.1):

mshow(a)

trtle('original 1mage')
b=imrotate(a 45 "bilinear’ 'crop’);
subplot(3.1.2);

mmshow(b)

title('45 degree rotational image')
e=mmerop(b):

Yafigure;

subplot(3.1.3);

imshow(e)

title{'cropped 1mage")

Output:

Example §:

%program to interchage phase between two mmages
ele

clear all

close all

%egeneration of first image A
a=mraad('boat_jpg’).

b=imread('lena jpe'};

ffta=ft2(double(a));

ffib=fft2(doubla(b)):

%%get the mapnitude and phase components
mag az=abs(ffta);

ph_a=angle(fita):

mag b=abs(fftb):

ph b=angle(iftb):



%determine new FFT by interchanging the phase
newiit a=mag a *(exp(1*ph b)):

newfft b=mag b.*(exp(i*ph_a)):

%reconstruct the origmal 1mage using mverse FFT
rec_a=ifft2(newfit a):

rec_b=ifft2(newfft b):

subplot(2.2.1)

mmshow(a)

trtle('original 1magsA');

subplot(2.2 2)

imshow(bh)

title{'original imageB'):

subplot(2.2.3)

mmshow(uint8(rec a))

trtle('phase shifted imageA'):

subplot(2.2 4)

imshow{oint8(rec b))

title{'phase shifted imageB'):
Output:
origingl imaged original imageB

Example 9:
%% Fourier transform of Fourter Transform

cle
clear all
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close all

%sgeneration of first image A
%a=1mread('boat jpa’):

a=imread('lena 1pg'}:

[m n]=siza(a);

b=tft2(a):

Y%spectrum of spectrum
e=(1/(m*n))*fft2(b):
subplot(2.2.1).imshow{a).title("itnput 1mage'};

subplot(2.2 2} imshow(uint8{c)-40) title('spectrum of spectrum');
Quiput:
Input image spactium of spectium

Example 10
%sprogram to adjust brighiness and contrast level of an image

cle

clear all

close all
a=imrzad('lena jpg"):
[m n]=s1ze(a):
b=double(a)+350;
c=double(a}-70:
subplot(3.2.1):
imshow(a)
title("onginal image'):
subplot(3.2.2);
imshow{mint8(b))
title{’brightness enhanced image');
subplot(3.2.3);



imshow{mnt8(c))

title('brightness supressed mmage'):
d=a* 5:

e=a*20:

subplot(3.2.4):

mmshow(uint8(d))

trtle('contrast increased mmage'):
subplot(3.2.5}:

imshow{uint8(e))

title{'contrast decreased image'}:

Bll[.Ellt

anghtress endENSEd IMags

brightn2ss supressed imags cantrast imcreassd mage

confrast decreased imags

Example 11:

cle

clear all

close all

I = mread("tire taf');
K = histeq(I):
subplot(2.2.1);
imshow(I}
title('origmal 1mage’):
subplot(2.2.2):
mmhist(T)
title("histogram of original');
subplot(2.2 3);
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imshow(K)

title('histogram equahizedimage'):
subplot(2.2.4):

imhist(K)

trtle('histogram equalized plot'):

output;
onginal iImags hiztogram of orginal
800
GO0
400
200
0
1] 100 200
hiztooram squalized piot
1000} |
500
i}
0 100 200
Example 12:

% Tvpes of noises and removal
a=mmread('dog 1pg'):;
a=rgbleorav(al:
b=1mno1se(a 'salt & pepper’);
c=mmnoise(a.'gaussian'):
d=1mno1se(a 'speckle'):
%sdefining 3x3 and 5x5 kernal
hil=1'9*cnes(3.3};
h2=1/25*0nes(5.5);
%sattempt to recover the image
bl=conv2(b.hl 'same');
b2=comv2(b.h2? 'same');
cl=conv2(c.hl 'same’});
c2=conv2{c.h2 'same'};
di=conv2(d.hl 'same');
2=conv2(d.h? 'same');

16



figura subplot(2.2.1).1mshow(a).title("original image").
subplot(2.2 2).1mshow(b).title('salt & pepper noise').

subplot(2.2 3 ) imshow{umnt8(k1)). ttle("3x3 averagﬂﬂ filter'),

S'ubplﬂt‘(l";”:}_l_msh@w{umtﬁ{bl}}_uﬂﬂg 5x35 averagmg filter')
%
figure subplot(Z 2 1).1mshow(a).title("original image').
subplot(2.2 2 ) imshow{c).title('Gaussian noise').

subplot(2.2 3).imshow(umnt8(c1)). title('3x3 averagmng filter'),

subplot(2.2 4 ) imshow{unt8(c2)) title{'5x5 averagmg filter')
D4
figure_ subplot(2.2.1).1mshow(a) title('original image').
subplot(2.2 2).imshow(d).title('speckle nﬂiae‘]

subplot(2.2 3 L imshow{mnt8(d1)). ttle("3x3 averagﬂﬂ filter').

S'ubplﬂt‘(l";”:}_l_msh@w{umtﬁ{dl}}_uﬂﬂg 5x35 averagmg filter')

ﬂl.l! Ellf:

17

original image salt & pepper noise

1
; i
e

L iHc’:HL

Sﬂilﬂlh Bgenring 20 Tociviskopy

W SMPILIDA. 501 580,
Thrahieriomtmamiid] I 0 Cies



original image

Zaussian noise

original image

speckle nojse
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Example 13:

% bitplane slicing
cle
clear all
closzz all
a=1mr=ad('dog.jpg"):
a=rgblgray(al):
subplot(2.2.1)
mmshow(a):
title("onginal image")
[m n]=size(a):
al=input("enter the bit plane number (8 to 1 thatto be removed:"):
s=255-(2n1-1)):
fori=1-m.
for ;=11
aut_I(1.j)=bitand({a(11).5);
end
end
subplot(2.2 2)
imshow{oint8(out I)):title(sprntf(’ plane eliminated 15 %g’ nl))
nl=1nput('enter the bit plane number (8 to 1 that to be removed:"):
s=255-(2"(nl-1)):
fori=l'm_
for j=1m.
out I{t.j)=bitand(a(ij}).s);
end
end
subplot(2.2.3)
mmshow(uint8(out I)):title{ sprntf{’plane eliminated 1s %g' nl));
nl=input('enter the bit plane number (8 to 1 that to be removed:");
§=255-(2Mnl-1));
fori=1'm_
forj=1m.
out_I(1.))=bitand(a(rj).s);
end
end
subplot(2.2 4}
mmshow{pmt8(out I))fitle(zprint(' plane eliminated 15 %62’ .nl)):



Output:

ofginal Image Gth plane eliminated

oth plane sliminated

Example 14:

cle:
clear all:
close all:
arlﬂl_madl‘_‘beat__ipg'}_:azlm_reslze(a_[ﬂ 320);
[m n]=size(a);
p=input('Enter the size you want: '):
for i=1:m %loop to extract every row
for }=1:n %sloop to extract every column
for k=1:p %cloop to control the number of replication
b(1.(3-1)*prk)=al1,)): Yereplication of pixels in row wise
end
end
end
c=h:
[m n]=size(c):;
for 1=1:n %loop to extract every column
for }=1:m %loop to extract every row
for k=1:p %loop to control the number of replication
b((J-1)*p—k.1)=c().1); %ereplication of pixels in column wise

20



end
end
end
imshow(a) title('original image”)
figure. imshow(b).titie('zoomed 1mage’)
xlabel(sprintf{’zooming factor 1s %z’ p))

Output:

woriginal image

=—

zoomed image

zooming factor is 2

Example 15:

a=mmread('lena jpg'):%oa=imresiza(a [64 64]);
zoonung factor=input('enter the zoomng facttor:')..
num=zeoming factor:den=1:
while(num-floos(numj~=0)
num=num*2;den=den*2:
end
[m n}=s1ze(a):sl=num*m:
re=zeros(sl.num*n);
fori=1'm,
forj=1mn.
k=mum*(1-1);
l=mum*(j-1):
re(k+1.1+1)=a(1]};
end
end
=1
while(i<=(31))
=
whils(j<=(num*#n))

21



x=ones(num. num);
for p=1:num.
for g=1-num.
e(p.g)=reli,));
=
end
i=r+1.j=j-num:
end
z=ifft2 (fft2(e) *fft2(x));
I=i-num;
for p=1:num._
for g=1:num_
re(1.)=2(p.q):
1=jr1l.end
i=r+1=j-nmum:end
1=1-num’j=j—num:end
1=t—num:and
if{den=1)
m=den:[p ql=s1ze(re):
a=double(re);
for 1=1:ce1l(p/m).
for j=1:ceil(q/m).
f{((m*)<p)&((m*)}<q))
blij)=re(m*1.m*]).
else bl1)=0:
end
end
end
2lze b=re;end
figure imshow{uint8(h)):

QOutput:

22



Example 16:

% Image blending
cle

clear all

close all
%e=(1-x)a+xb
a=imrzad('lena jpg"):
a=rgblgray(a)subplot(2.2.1):
imshow(a)

[m n]=siza(a);
trtle('Tmage 1');
b=imread('boat jpe');
b=rob2gray(b).

bl=imresize(b [256 256]):subplot(2.2 2):

imshow(bl)

title('Tmage 2"}

¢l=a+bl;

subplot(2.2 3);

imshow{cl)

title{'blended Image'});

x=input({'enter x value!')

fori=1'm.
for j=1m.

e2(Lp=(1-x)*a(1)+x*bl{1 )

end |

end

subplot(2.2.4):

mmshow(c?)

title(sprintfi 'blendad Image of %2 x)):

{lll!Ell'{:
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Example 17:

%sthis program 1s to perform med:ian filtering of the image
cle
clear all
cloze all
a=imread('dog.jpg'):
a=rgh2gray(a);
b=i1mnoise(a, 'salt & pepper’.0.2):
b=double(b};
[m n]=s1ze(b);
N=input('enter the window size:');
out_img=b;
iffmod(N_2}=1)
Start=(N=1)2:
End=5Start;
elas
Btart=N/Z;
End=5Start+1:
end
1fimod(N.2)=1)
limit1=(N-1)/2:

24



hint2=limit];
elae
himat1=(IN/2)-1:
limit2=hmitl+1;
end
for i=5tart:{(m-End+1).
for j=Start:(n-End+1).
I=1:
for k=lmut]:himat2.
for I=-limit1 -limit2.
mat(I=ali+k +1):
=L
end
end
mat=sort(mat);
ifimod(N.2)=1)
out_ime(ij)={mat((N"2}+1)/2)):
else
out_ime(ij)=(mat((N"2)/2)=mat(((N"2)/2)=1))/2:
end
and
end
subplot(1.3.1)
imshow(a)
title('or1ginal 1mape'):
subplot(1.3 2
mmshow{nint8(h))
title('noissy mmage’)
subplot(1.3.3)
imshow({uint8(out_1mg))

title(sprintf{‘'median filtered with window size %gx%g' N)):

Output:

25



ornginal image

Example 18:

%program to compute the edges

ele

clear all

close all
a=mmread('lena jpg'}:
a=rgblaray(a);
b=adge(a.'roberts'):
c=edge(a 'sobel'):
d=sdge(a 'prewitt'):
e=edge(a 'log):
f=edoe(a'canny’);
%sb=edga(a.Toberts');
subplot(2.3.1)
mmshow{a)
title('original image')
subplet(2.3.2)
mmshow(b)
title('roberts')
subplot(2.3 3)
imshow(c)
title('sobel’)
subplet(2,3.4)
imshow(d)

noissy image

median filtered with window size 5
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title("prewitt’)
subplot(2.3.5)
imshow(z)
title{'log")
subplot(2.3.6)
tmshow(f)
title('canny’)

Output:

it st

Example 19:

Uowatershed transform

cle

clear all

close all

a=checkerboard(32):
al=imnoise(a 'salt & pepper' . 0.1):
b=watershed(a 4);
bl=watsrshadial 4):
subplot(2.2.1)



imshow(a).title('original image');
subplot(2.2.2):

imshow({al).title('no1sy mage'):

subplot(2.2 3);

imshow(b).title("watershed of original');
subplot(2.2 4);

imshow(b1).title("watershed of noisv image’):

Output:

wgtzrshad of oogral astarzhed of nsizy Trage

x — }%m % ;'iy E@
& W JP::tr"i ':‘\fi.. Eﬁﬁ_ﬁ
4 & - %@%"m 5% f-‘i%
oy " }%t

Example 20:

%program for erosion and dilation then edge detsction
cle

clear all

close all

a=mmread('sur_jpz’):

b=f111:111:111%;

al=mmdilata{a b):

a=mmerode(a.b};



[k
L

subplot(1.3.1)

mmshowi{a). title('original image’):
subplot(1.3.2) ) -
mmshow(al).title('arode -thinine 1mage’);
imshow(a2) title('dilate-thickening 1mage');
a3=a-al;

a4=al-a

as=al-al:

figure
subplot(1.3.1)
imshow(a3) %otitle(’
subplot(1.3.2)
imshow(ad) %etitle('erode -thining image")

imshow(a3) %etitle('dilate-thickening 1mage’

Output:

arg lil mage o i lilig mage - ey mag

Example 21:

%pprogram to separate R-G-B from RGB
RGB=mmread{'dog_jpg'):

R=RGHB:

G=RGB:

B=RGBHB:

R 2=0;

Ri--3)=0;

G{-...1=0:



Gi-.:3)=0;
B(:1)=0;

subplot(2.2 1).imshow(RGB} title('original image')

subplot(2.2.2

L.imshow({R).title('red 1mage')

subplot(2.2 3).imshow(G).title('creen imagea")
subplot(2.2 4 imshow{B).titl2("blue 1mage')

output:

orginal image

green image

Example 22:

%program to separate Missing R-G-B from RGB
RGB=1mread('dog_jpg"):

R=RGB:
G=RGB:
B=RGB:

R 1=
G- 23=0:
B(:..3)=0

subplot(2.
subplot(2,

subplot(2.2

Il

il

-

.1

-
.-u
i,

).amshow(RGB).title('or1ginal image’)
Limshow{R).title('red missing image")
).imshow(G). title('green missmg 1mage')

red imags

blue image

30



subplot(2.2 4).1mshow{B).title("blue missing image")

original image red missing image

green missing image blue missing image

Example 23:

%Code that runs conversion of color image to YCbCr

%read in image filename

%simimage = input('Enter image file name with extension (like jennifer bmp): ', 's');

%open image file
inimage = imread('dog.jpg'):

%odizplay on screen the image

figure(1). imshow{immage): title('Original Image'):

%the command size returns the size of the matnix/image.
%A semi-colon suppresses the screen output of the variable
%ovalues. while the lack of semi-colon prints it to the screen

siza(mimage)

31



U =rgb2Zycber(inimage):

figure(1), imshow(immage): title( RGB 1mage'):
figure(2). imshow{U}): title("YCBCR Imagea');
size(U)

%Here pick off the 236x256 luminance part of the yeber image
Y =U(,.1)

figure(3). imshow(Y); title("Y part of Image');

31z2(Y)

%Here pick off the 256x256 Cb part of the veber image
CB=U(:...2%

figura(4). imshow{CB): title("Cb part of Imaga'):
size{CB)

%Here pick off the 236x256 Cr part of the yeber image
CRE=U{::3)

figure(3), imshow(CR); title("Cr part of Image'):
s1ze8(CR)

Example 24:

%dwt basad compression
cle

¢lear all

close all
a=mmread('dog jpg’);
[pgrtl=dwt2(a'dbl)
b=[umnt8(p).q;r t];

[pl gl rl t1]=dwt2({p.'dbl");
bi=[pl gl; rl t1]:imshow(b):
% b2=[bl gt

% mmshow(b2):

Output:



Example 25:

%C-'Documents and Settings gsuresh'Desktop Desktop 09-08-2012\codel
%sboat jpg Yelena pz

% This program hides a message image 1n the lower
%bit planes of a cover image
%read in cover mmage filename

covername = input{'Enter image file name with extension (like jennifer bmp): '. 's");

%read in message image filename

messagename = input{'Enter meszage image file name with extension: ', 's');
%sopen cover and message image files

cover = imread(covername);

message = imread(messagename}:;

%odisplay on screen the two images

figure(1). imshow(cover); title('"Ongmnal Image (Cover Image)'):
figure(2), imshow({message) title('Tmage to Hide (Meszage Image)'):
%change to double to work with addition below
cover=double(cover);

message=double(message].

%oimbed = no. of bits of messape image to embed 1n cover image
imbed=4;

%oshift the message image over (8-imbed) bits to right
messageshifi=bitshifiimessage -(§-1mbed));

2oshow the message image with only embed bits on screen
Yemust shuft from LSBs to MSBs
showmess=uintB{messageshift):

showmess=bitshift(chowmess §-1mbed):
figura(3).imshow(showmess):title('4 Bit Image to Hide'):

%now zero out imbed bits 1n cover image

COVerzero = COVer;

33



for 1=1:1mbed

coverzero=bitset(coverzern.1.0);

end

%now add message image and cover image

stego = mntS(coverzero-messageshift);

figure(4) imshow(stego ) title("Stego 1mage'):

Yesave files if need to

%4 hat file that was embedded = same as file extracted
mmwrite(showmess 'showmess4 bmp’): %use bmp to preserve lower bats
%pe will get rid of them

Tastego file

mmwrite{stego. 'stego4 bmp'):

ou !Elﬂ':

Omomal imags (Ger Image) 4 =it fmageto Hide

o

Stego image




35



Email Address
mittnraddyZ 07 Sgmaicom
mahzmmedainan20il adiSgmal com
mesieshooodAS@gmsikoom.
gaﬁh?mmimﬂm
sonishEkramsiEih] 57 Bareall com
vemehidhiarreddyT Deggmet oo

.I'.s'urrﬂdjrz‘ﬁmt@;rml oom

sl gmaloom

Tudhesriankatd0li@gmsileom
| manasareddy 15 1 38ensileom

".lmmnainu‘l BX5Eomad cam
Fishwenihi: @gm.;_f_;an
Mnaramt'@'?ﬂgmaiaun'
varshmiamruth=2 23668 gmail com
kU= =T 1@t com
sharcuboonEgmaloom
e2ishnawmpanoillsolyITi@gmall.aom
"T':.rE:.aTEdnﬂu 1 ._@gerallhnm
Marsanl.ahﬁ@gmaul zom
ume-rmb:-.ﬂ‘{'@grsl el
'edu:lw_-.amwlkaﬂﬁgﬂnaulm

nashithamupratBiRomal com
sarEpEiymounik=T Zlﬂgmni.;:u-
's.1r=pa-‘r,unnun|h:12.?.&;ﬂa.“ eam
bnavanyamesnETEgmEdoem -
Grl'in‘:l]p'ﬁrm'g_'@gm.aa com
ﬂ.anlz_ajq'l!-‘lgﬂlﬂ_rg,mallmm
e=hifitheuticaEgmail com
z—s_hu:%_:amnm@gnﬂl'_ﬁmn
Surzpaliyp=rarS5ggmail som
peesthisrcha iifomat eom
rEngaenEpamaEigmail com
nshureddyST4Somed com
':h.a.rdﬂ'iz'eﬁﬂ,lh-'.@gl;'.a-:mm
¥madnokerSi@gmaitcom
'!EUEEﬁiLI'T\EI"ﬁ#::\h.ﬁE'RBI-I com
5=Lrnh|r'rt_'§gm3-' cam
deuskrshnzkanih? E@gm-l cam
"namraqum?@gm.tmm
szEyyrediZimgmailien
sumanthreddybapann agrﬁgm’;m
presthami 333 ‘“Eggrrral BT

2l Ticket Mumber
1.Ed.:ll1.!.ﬂ-1$'§
1ED4TADED
TEDATADLFD

151341.&1:4-_-.u'
ED41ABRNE
1304140405
1ED41ADER
1804140407
1AD41AD4GT
17041 AD433:
1704 120430

{7De1AD205
1A04140400

1EDAADERY
1804520415
1EDS ADgHD

104 1A04F2

17D41A0483
1604 1404.2
$EN41AD4F2
1ED41ATAMS
1EDATAGICE
1EDETADALS
1a04TADe 2

1804140425
T804 1A04HS
1D Api

TEDE LAGaHd

13341-‘11}1"3.:1
l2Da1A04L 2
1804 1R040
TED4TAla00

TED41EDLRY

SED4IADERD
1ED41ADAAS
TED4TACSHE
1EDL1ADAAD
1B0=TADEET
1ED41A04FE
1ED41A04F4
1704 1ABAE
1ED41A0454

Hame of tre Student (2=
SSul
PLvivex wardnan reday
mahzmmed sdnan

WEELESH FLUMAR E0UD
PHRI‘I’NA E-f-HECH
Fansesth Ahh-:h&h P Maik
THALASANIVAMSHDHAS
REETY

- Tharnys kumar reddy
Mzszd| 2=y

Pirls venksts sudheer
Eudipaly manssa
RAMISHETTI VARUN KIUMAR

PLINNA KARTHIK

AMELUTHA VARSHIMNI FOMNNA

O INDRA MR
POLOSY POORNA CHANDAR

Waichnaw

_EJdJna?,l TENSES

SAMALA FTSHAM

P dNESH:'-I:.EMDHA
‘.I"ady‘alz sathis

M Mishitza

S-L'#C‘F.ﬂu ¥ MG..INII-.J-.
EJ'El:-aF'.l MoiniEs

Bhisyani yamsani
F',Emss'rm Enhlh:
Pusaost| Mzrasimba 'Q:su

PR TOU ASHATTH
IZ'..'-L!’LITJ-L“lM"ﬁel

PASULA MWAE"F-
E;:E}_':,- F'E'-'E'

Samasti archanz

RangmeniApsama

HARSAFCLA MiEHARTH

REDSY

R Cﬁ.afﬂaﬁ.a

K‘E:!hrEILIF-‘l BAATHHLIMAR

Paoshanabouna MNavesn H.IJITI.:"

HODAMAR T Ei.l F-‘"'HI'I'H

Elr-u; ksithns bsntn

f-Chanagang

rm\.ﬂui nﬁﬁ."-'ru

nag&rraqa* Surmanin Reddy

I'.'qu.:-l—'va.a Sai Prestham

Department
ECE

ECE

Willing o choose o the Coarse
Y
res
ez
Ve
[ree
ez
=3
Yes
Yoz
ez
T=m
Vas
Yas
Ya=
'1':55.

ez
fz=z

Yes

ez

fes

ez
Yee

Yes

Soniact Numbsr
8380502708
B4ON0TATE
70032
':-1213 m
790528087
7pO53E03ES
uﬁ-.cﬁemn
3303582154
TITITEA0FE
BO5T450583
e o= P
7035706812
2008053954

TAZISE
TEEN0EE3 1
TRES005435

EQ8aEEI024
EElﬁﬂ:rﬂEEE
bﬂﬂ’i{-ﬁ_ﬁﬂ
e 4933'31!
.'.:u.'!]lJDr"w..
E#E-éu_ﬁ_-rt
L'Ltt 1.31351!
DIATIIREED
8512007188

-Eu"-t-ﬂiﬂmlﬂ

B4mmizaTAY
30353841
0O8E487IET
BI04TI4IZ
B303011252
FEIa21224E

TEB050870
E-'EEISEEH 4D
E:':#raﬁ!aaﬁ
DEsE3Y ﬂéBE
moQeizoEg
736B526720

TETAS1EaeE
mazam:.
2309102520



rishiksr=ddyC3 @gmail som
harshzsravili@igmaiocom
kor:datreddy 7 25T gmail com
athumavreddyl 101 Bamad com

Ear':lecpr&ddﬁla@mll =l
:il.*arhasn'é!u@ma: LEGT
TR ShEDLEg @w&mm

azaTernwuh'@gmaiL:mn
SdTEE;-HEnda.dlﬂ. TEgma com
pasulzakhiiZmgmail com

#3733y 14389l cam
ssamhinatiZgmai com

Eﬂa:a;h.imharshﬂéﬁ@gm&: =]

zejstochi 4B Sy mail com
J'lam'lqumah‘ﬂ@gnaﬂcum
bh=eaniysrsanilT@omei com

-3nkithas qdﬁm‘md}@grﬂ.{ o
:lEﬂEﬂHﬂnpr:qui]l@aﬁ}Bam

necrajEZ 44 ZEnmsil com
kERIkImhemamhEsiTgmst.com
goumismEhu 232 gmsil com
medipalyrEnayEgmal com
rSSQEIEE@gma:l oom
{BhuvanasAzT 3gigmallcont
aﬂuﬁmma"‘*‘?.ﬁ@_gmaimm
m"ﬂﬁayslﬂgﬂad.ﬂcm
"'JE"la:ra{!'pEmEnW@gmall em
5..Ij||.'|1'!'3--i|]|:l1 @gm—‘w
pach_inmen—. Qg?nad.nqm

| magipadovarzhith S0 Zgmad com

.arshapmar;a_%@m com
h@gﬁ:a:l.:ﬁm

qhimsa‘&htuk‘-ﬂeaﬁgmarl com

s=3inath reddy$242@nemad oom
va-!—hnaqn Q-o\.liﬁnﬂgmmmm
EE'?"W?E?‘{"E.E“"’;’.”?"F
pamendraraiu T3 3@gmailoom
:aﬁnczagr.&_ﬂj@g:_‘nﬂm
freddyrshith T iams som
ntruhg.r:h !L@manl com

ia’d]HanprEshedbp@gmaﬂ Lo
beihanughiss nagiealoom

'la.g,a'ﬁpal.ﬂni—ryé.n'ﬁgm'u:zn‘

keshaganipratannz123Samall com

enunseddyEEGNRgmail.com
mralfhulﬂﬁﬂcﬁ&-:n_ﬁll oorm

Vet AbiEd
1TCA1AD4T
1TEa 1Al

1244150431
17041 ADADY

TTLIADAAY

TTOA1AD4ET

1E091AD4ET.

1EDARDS
1ECH1ADAGH
17D41AT4ES
+8041 20444
1704140483
1ED41AD4KE
TTDALADNE
1EDe1ADZS

1704140438

16C41AT45T
1_L‘,-41.I!;,|:I4'."3
1804340451

_‘I—EHMIH-EEI

Tr 1AL
1Td 24T
1704140408
1704 ..‘-ﬂ#ﬂ-‘
170140412

‘I"]'.'IlﬂAI:I-tFF'-
1—D-'|"|'“|.E4F_
17DE14045¢
1704480400
130 TACELE
17DL1AD4ED

1004355408

174140408
1ED41A04LE

17041 ARAHT
17414040,

1744788481

1_551#@1'-29-

FDatABEET

1604140457

T LAT4TT
1704 RO4FS

1TDHADLAS

‘EEI 'I.F\u-tﬁ..,
"E—ﬂ-l'IP.I:ISJ-E

MANNLST ALICHIKA BEDOY
Arzwill Venkstz Cnaks Shee
Fzrzhz

MAILA KONDAL REOCY

B ASHINAY RECRTY

BLALL LRI En.l'-NIIE':F‘ ED

K F#Uﬁu'\l r(J..IFFLAH

KaEgin nibsh

AEULA SRRUTHWH
VAMSHIGAR

MANDAT BF«"\.IDEF
'-"FL.L'LJ- F-.!G-HL#.

J*’l'\IGA ALY

Sarmah:

Koppeis Bharath Smhz Heddy

Sial joshi
TAMA bHAEATI-' hlJFu'I.ﬁR
Ehzvan yamssnl

'-Lnd-EIE Ankitha

Fesvan H!aiccsﬂ F!Edd:.'
Gals MNearsz

AL CRNLIRT HEMANTH 41

CSomi Snchua
F'?ar.s]r E=d|‘.1]r M
NUKGLLL ARRLUDH REDDY

Lingaia Bhuvana Sri

Apear Aniith kumar
Biaye
HENAWATH FHA.FEH
I‘F‘\I.ﬁ'l.".nll '-fEI._f“TH TLAIK
!i “ml-jﬂh
MADNFEDD VAREHITH
Sunikara. Har=na pawsna
Me-ge-:sﬂ' Z= ".‘ETEPH
HOLKUGARRL LY S0y
MARTAD SANATH AEDCY
Tnaia FEI:I"B‘I."

Peepsirati =i kearthans
HEDJJCI—H.'%‘:_A MASENDRL
RAJSU
Demshiety Pavan s3i
Anngpursgdy ﬁ‘ﬂhlﬂ"l‘ﬁd'j
LOGITEA AxHIL KUMAR
Dendi:Jeegan Pravash Reddy
u:ﬁ:haw:h FElgnu F3rma
HASA'I'I SaVAN -_ﬁ-\‘-ﬂ;h
P.-;-E:!.aun:-nl F;asarr'_

(7= LEFJ_=. Frianng F:a:b:l.r
I{GF“FL HIm—IL HUNAR

EC

res

Yes

Yes

7RaTOTE385
E121271805
7702281384
7675817261
'crib%;éauét
2374433524
BDBOROZETT
B305528522
Da47r0E348
2331723058
551568351
TogasauEe
2303020434
To3ELgTA
0013007 15&
7038417

nm&nme
2304445540
TIIP041EET
2533316455
[l
SEEgainEzs
840475550
ﬂsa:a“r_m
7130818770
5136385183
Eal..“%hﬁ
FOOETE4527
TROS550545
TEO32837EE
7005028810
BID1B0B415
BEEEazEzn:
TaIaiz045a

SIET45T0SE

2110747787
2182773246
To3g0s4812
$396718812
sz-?masm
ﬂﬁ;ﬂ:ﬂih
."SQ:?HFE{E_&.'.
8301858301
SOTESRENTZ



ksmarsingh28 g gmat.com
nivas nlg@-;_lmwmm

"rmhammdsame-aiﬂzﬁgﬂau} cam

mahslsasazs@gmat com
Wagaaiaﬂga&#ﬂnﬁgmaﬂmm
pauldayake5 1258 amait com
!:'JEnIEEhDﬂ"’@r:LMLnum

hmFsa.ﬂdkyﬂ#ﬁf'male

magdun :HIE:;E'SQ@I‘I‘IE.I.WTH

madkEsyassmstanm@igmas com
EilEmardaEEs SEnmal com
Eﬂhﬂywzﬁgmmn‘
swﬁmareﬂyﬂlﬂ@gmhm

kurcnsizvenkatesh 0T Somatoom

| magdun. samsesiti@iomailoom

E}'ﬂ'{:ﬂﬂ@gﬂl’i| =)
nimireddie@nmas oo

'dabuwenm@nn‘alnum
:hwunsﬂmmnma}ﬁgmaﬂ:um
m&aa:f-iy‘iﬂ'—"@gmaﬁcm
'bbaraqum;muh@gﬂaul COm
bgary#nnﬂﬁn‘ﬁ@gr!ﬂ oo
?eiahrnla_ﬂ]'.‘@;mhqwn
:m;au!é?;?ﬁ'ynaﬂ
?rsﬂfl_}_p'rsﬂ'lﬁgcrall cem
peeathichani Sgmail: tom
SschanoemeoT 2ifgmsil som

-hb}mnlhﬂ‘laﬁ@grr: Loom

ELL"'IEF&WH’&B‘“S@JH‘I:-I' com

Shivarsmaienkil0l t@igmail.oom
BUmIE wﬂﬂ&-ﬁqml com
:ri'wmredugﬁﬁﬁﬂ-ﬁgm? QM
f@#pg:dm‘@g_marl com
..!"mﬂ,’.&j]-h;ﬂﬂ@gﬂ'lﬂfl o
':lhmd'nammaré.r.l'l @gﬁa-l com
-3niinanl 181 2@ pmedoon
poad=TTI2Egmal com
5_|.I'l:IhI‘mL E Qg::f_a.- oo
iﬂm;mmr@;ﬂnall CE
p-:-"pnw.nukwﬂﬁﬁ‘fﬁgmm oo
msnoheToyE 23 Egmalcom
hoggteajmgma s
-oblpe1881@gmail com

VED41ED2ES
18041 ADAT A
1BC4AD4DE
1204120455
+7DA1ApeER
174140420
17041ABR32

osied

1EC21ARCE

TED41ATRS:

17 D‘Tlﬁﬂ-‘-‘lr
'IE'-DHT.GEIL
1704353403
1TDe AN

TRC41 80808

151331#5-1#:
1TRE1ABSGT

ITDLTAD4ME

1804140430
10D41ABACE
1804140468
1TD4nA0ese
'r‘l mg.!. T .l:
1TD41A04N5
TTD41AD4MT
VRO LAGSHT
100120405
1ECdATANT
1ED4EAT420
1a0a3A04TE
100120408
1724150438
1804120420
1EDA1AT45

siscics

1704140405

1BDAAAB40E

1EDS1ATHEE
1ED41=F||'.‘J-4-E1
*E—L‘H*M
1?&4&.&&’#.'-!9
17D31AD4S2
TBDMMHE
1B"D-I1‘AE-I3I:I
1B04TADGE

e rSingh

Maddziz Snnnizs

MG‘I-hﬁ-h'IWI.ﬁ.D SAMEER
htw EAI L‘D‘?‘FI-'F.
Mu;'tagﬂr.atl nags 3;:1!1'.'5
AL USLE A FALR TIAYAKAR
EOGEAVARARL VENKATESH

h:r.— *_-ssm'ihrz Fam
Mz Verketz Samesr
Humzr

I;.'ia_d-ﬁa\larar'r SREm

o .F-ﬁll Fiurmas

rinppua Ramhn

Mznds suskms

Hunchals venkstess
Wadzn Verszts Sames

Wiy

hiEmizha Reddy
TATAVARTHY SATYADATHA
PRANEETH

C. 53 hiranmayl

Wirishiz )

EHARADVYALS ENUMULA

|:=umzn|d| Ceﬂhrr

Ea—_LA L-l.ll.’ﬁ'll'wll

farra ﬁm:ﬁ!mar
TAMGELLAMALLAM RAJL
R Pl—naﬁn
AERRASINNELA PREETH
VELGAPLUR 34l CHANDER
RAQ

Sakputl Niknrs
KCﬂ_KLlLN'—'P.LI ¥ F_lkl-.nul
FJ_LENILII SHAZZ FAM
Gunn Wsrun

Eauurl :ﬁf&f—ns 1=;‘:l]'
Faspolts vikss __

Fanal & EQAMCID
Mlogubely T easfunu

EH MEAHESH

MORKTHALA AN

d EﬂﬂiﬂF‘nﬁ.Eﬁ."
KCDM‘.&F"‘HI S.-ﬂ.l EI:U-rI'H
Anﬁ_-.m Seavani
CHILLWUR) FOCUTTHA

R MANGHAR

Bnggih rajeew rathan
Shargt Chandra

ECE

ECE
ECE

EGE

ECE

ECE
|:I:-I:

T=m
Yes

T=m

T=m

ez

TEm

ez

séogeiasT
106435+ 11
BE43525180
smm0ai
2507057443
095EaGE45
36527612
2100887z
OE40REE5T2
BAe0SiA;
TEzEIe4AN
ga1c1n12-1
7013247808
S187441540
GE4A555ADT
BI01535405
SCHA005458
DE50481740
2304531337
7780575005
2839852873
53508857
g'u-i-:szaam
gsazaa&an:r i
%536‘1.4.

Ecﬂl]ﬂﬂﬂl:‘l
TooEEDzER:

DOALALEEED

u&EH:uEEE‘E-
:r;u;ﬂn:gmu
5130302072
TEA0TE20N0
0351023558
7038876271
B540548310
2121008308
0392368055
3305415583
DE40447334
285831 maz
2106334378
236734218
9702532038
EA3016831
BEE1102328



nagazgil 1 HBgmailcom

l‘.‘mgh'lﬁ‘-mﬂgm_[cum

| bichanathifadav FaT ‘E@;m:—l il som

mrdrenﬂffﬁﬂﬂ@_gn‘ae £CeT
masnyars2 i @gmesi com

gafawman 1REEgmaicom
| mraunik=borrad ] 1@qrﬁail AT

_hmlgmldﬁ-ﬂi-@g'nsll ezm
sehitnirzdiy? 223 email "'Pl"
idivyshaliziZ@pmaitcom
shyammeadgihiGEgmat com
reniegeuliTEgEmS | s
Eﬂmmn!ns’a&@cmaﬂ.cum
soppuminaul41B@gmateem .
:E"-a‘:Sh"‘lﬂ.l‘ll‘l‘l’:—dE'H@mLﬂ.‘dﬂ
mamstindugoudt S pmEitoom

thimmalzabmjithraddyEgmsil com

gurdagouthamreddyfiensil.com
gundagoitramreddyEamsil com
dﬂﬁhrﬂdﬂvdu{nﬁl&ﬁgmar LT
gﬂf‘dﬁasa&vanlpaumr@mall oam
'J.arldunure.'lJﬂl:@gmaal com
rchnfsp—.tm:ﬁd‘,@;mumn
zzikea 245 P gmad cam
Tejuardhant 10@gmail care
ﬂlkyasanmt“.nrrra@mall oo
ﬂna_.rimm-_ﬂgmalu:l:-m
‘zobhashi 45nalu@gmall com

tlna'aﬂik..m‘asalma:am"@wnsﬁlccm

MJEWEH'I"’EddI_ @Q"'ﬁ_llm
sirdhuraman? ﬁﬂ@gmeﬁLcem
beoaimys 'IBDE@gm.tmm
maheshbabukmbZE00@gmad com
larihzexreddyd 11 Eamal com

':;mdmaspjanaredd'ﬂm@gmailm

muppdipramedd HEEgmad com
=g |||?.ghal.rend‘—2§graa_mn
zzisbhinae. mnga@_gm;-._mn
erzhsddigus 181@gmail com
m&amsﬁk*“';éémd com
nna*rwaﬁh.wsl'mﬂaiﬁ-_gma S0
'iavyaﬁlﬂﬂ@gma&l ST
Em"ang-]rfq.-_mﬁﬁgm.a i oo
kwdachepaﬁﬂn@!rad <=l

1ED4120411
1301 AR4IE
E04140474
TTDAADME
1ICA1ADANG
TTD41AD4F4
1904140834

1"341.3111-_-7'

17Da1AD5T
|EDA1ADE3Z:

1eDd140a0s

1EDLLADAMD

EERE
| GCATACEGE.
12D4MD#'3:

TEDd".-cﬂiJ""_

1808120404

1TD41AD43E

TrD41AT450

17041AB2E0

IEEH 1 fuﬁu'rﬁ'."
'I-EE‘.-! 111#.'-
‘?B-P-‘-.Ed-lﬂ
'?J_.I-l'l iD-!E"
VEDM 1 AD44T
10452040
1BD4 1 A2200
170140452
180422847

16D pneT7
'l?Jﬂh-"BﬂC'EI

1B041AD42E.

1TD4140488
17D21A04A%
17041ADELE.
TTD41ADES
1EDasAnaEs

1701 AT

7D AT

r":ﬂTﬁ_M-."L
'IQ-DHT.‘-!]-N"

170414047

17D41AD4I5
180410441

REDROWTHL NAGA EA)

SEAVAN

Senierya Baddu

KADAR! BICARATHI

-..ﬂl‘rl'.‘,"in]" Wani wumar reddy

¥=iz ME‘E'I-_.E F.:-l,I

HARAY ANAFURARL FALLAY|

MARI

EI-:rI'I_ Muurma

F Shivani

DO=g= Eakinl

Btz Divya

HETA MEGHA YAl REDDY
a.l.lpunmn MaﬁEEr ur_-ud

FEGEE Sk

Bsiluri Zupym |

MADALA SAL LAK :-rll'nli‘«-l

HGLL.A FIlA EINEE_I ,:E-L'E

THUAMALS ARHLITH REDOY

EU r:,gq d’..‘ﬂ.ﬂ"i‘-"d'ﬂ FEDE‘r
Eu?ﬁ:lP. -:ESU'—Hl’\H AECTTY
Domals Dinesk Reddy
Gopsitas pavani

FIZNT —ALS MANEN
Fup;srﬂddp .ﬂw.rc,hnr‘a

o3 =3t ehandu

CHILKUS TEJA VARD=AN
REDDY

I:_"KYA_A h.'ith_m'IHFl
KAMIETTY WAy
Jatauath Subhash Nl

SALUVALA SHARATH KU H.:ﬁE.

ﬂHEE'l‘E’Ej'l' _AN.IML&
RARLAN] SI?ﬁHLI
S:IAMTF}IE Baddu

Falawakan Mahech kabu
Htnd Karnesk 13:Id‘_;'

T ssmana

Mugeidi pramod

LANGILI F.-'-.EF-A'I.;'E"«.I!}"\'A
H Sz Abminey Good
Cizazi Mehammad Axaw
Rzheam Siddique.
‘Jerm_m I'n"c;-'.&: Anhlsh&'sc
#‘snEmmn _-.P'reah= frn:.dhm]
- Kau'y.‘a )

Raagarayu Fshu
Gochepaly Saa

zcE
EcE
ECE
ECE
ECE

ECE
ECE

ECE

ECE

ECE
ECE

ECE

ECE

EGE

ECE
ECE

ECE
EcE
ECE

ECE

Yes

ves

Yes

SIIFZETERD
2573831680
ms-uunn

913::!95-'“2‘5%
E-l'-l:ll."-?.:mﬁ-t

BRFE304000

’E3SE_ L13|:I
To7F EWEBE
581!151E

DE000ETET

E340536307

ZEiaTaiEE:
703288155
305563353
5305036304
TIAGTO4E1Z

TO3Z222504

5700303550
£700303588
Ean08 10587
2300855003
5381055084
3303372802
D701088400
EET0dzEIE
7083052335

9110382538
5300101503
7856835412
5491510071
9515501428
25723051680
3306016416
& 1B02E
S704420873
o100eE1 432
+TO236234
0553436774
TodesTET4G
8300058255
9g450 10074
7385052015
7oBE3I5355



'E‘l.ﬁ'al@a‘@maim
Mhh'urdha:ar”h@ml com

| madhaEs hluﬂﬁ@}na&m
E_aﬂm:a;&m‘ﬁ*@maﬂm
emadrurisETEgmai com

| bulyamatashT 225 grai pom
-rum-nnkarEddrhlrE@umaﬂ.m

a-edﬂel:yzseema;a'm@_-;_lmf com
n'uuw[luram:lﬂ@gmae Lom
hs'fﬁ.a:ldymiham Qﬂﬂﬁgnallmm
'mrt:?rk'e:a:hﬂg;ﬂaﬁ eam
menss:asﬁﬂ‘l@gmﬂ oem
ﬂhﬁhmnmﬂa‘q@gﬂal ecm
mnlwﬂEeEBﬂ‘@mTwme
maﬂhl.rnred"yﬂaﬂ@grﬁnﬂmm

pr—rrrore:

1_n.t';='|mmmi'
17041 .nu-t
19541&:43*&

100a1AREIT

1504140483
1ED4'LF-.'H§1
1"[‘:-1 TJ'.EI-tG‘I

_19-D=ITAEJ-'I-'-‘4

TFDAARCD
TiDetADER:
155115:.‘5.94'-‘2

‘I"'EHMB-‘EE-

1ED4120602
TTDA1ADES
17D L ADACT

L'J'\h!u.'lr'ATH th.ﬂHJLT.I.#Jh
B Zinsth

FEELB'H.I-I :I'Iw:

ELan.lRu a't'r’ATEI
Asmezi Madhun
MASESH BRLUKYA

Funinia

EEEI.I'.AG#J‘H DEDEEFYA
pahyi kerEn

KONTHAN L#S‘ﬁ'q HEDCY

HESlﬂi MANE KUNAR

B SNEH*.

W‘@L‘\Eﬁl LH.I"E-IMF«H

MBH]JRU DINYA BREE

MADHLIR! NERAVETLA

ves
Yoz CE427EIETE
Yes 2885002022
Yes TR3ga204ER
e faagmzm-u
Yes 7386770284
ez 121745088
¥as 3noanns4ns
Yas 8542013000
Y5 i 939E317TE4
[ Fe5ITEA1E
Yoz 70413384005
Yes 3374568428
Yes 2305086304
Yex m-ﬂ'ilﬁ-ﬁ[ﬂ
Yes DTOE1E4 15
- AP
Q x8>
=" rji’nc’l PAL
and Technology



SRIINDU COLLEGE OF ENGINEERING AND TECHNDI

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING

HANDS ON TRAINING COURSE
ON
IMPLEMENTATION OF IMAGE PROCESSING CONCEPTS FOR REALTIME APPLICATIONS USING MATLAB
Date: _”EB Hm _um 2021 (6 Week Course, G_._:_, on mm:._:.,_m,..m_.q

T T SR . SHORTUSTEDSTUDENTS I RS S WIS = T R i K
L s : }ﬂﬁw T wﬁﬂ Week 3 Week 4 Week
all Ticket Number | NAME OF THE STUDENT b Week 6
1 18041A04FS | P.VIVEK VARDHAN REDDY p— T PR ouNE~ o —
2 18D41A04E0 | MOHAMMED ADNAN m@“\\ % N VPN :
3 18D41A04F2 | NEELESH KUMAR GOUD z&_\\gm_ E E q
4 18D41A04G0 | PARITALA GANESH _ m : d “ .___
5 18D41AD4ANS | RANAVATH ABHISHEK RAJ
6 18D41AD4LE ﬁnﬁ}m}z_ VAMSHIDHAR
REDDY
7 18D41A04ES | N.THARUN KUMAR REDDY
8 18D41AD4AD7 | MASADI AJAY
g 18D41A04G7 | PIRLA VENKATA SUDHEER
10 17D41A0483 | GUDIPALLY MANASA
11 17D41A04J0 | RAMISHETTI VARUN KUMAR
12 17D41A0408 | ANGOLI RISHWANTH GPUD
13 18D41A04Q0 | PUNNA KARTHIK
14 18D41A04HT | AMRUTHA VARSHINI PONNA
15 19D45A0418 D INODRA KUMAR
16 18D41A04HO POLOJU POORNA CHANDAR
17 18D41A04P8 VAISHNAVI
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\ 19 18D41A04J8 | SAMALA ROSHAN ' m&\/ mc) %\.mrr)
20 | 1BDA1A04F3 P UNESHCHANDRA et | U Cﬁ%&i c;,“,w\wf
21 D41AD4MS | VADYALA SATHWIKA %\ &w \%
22 1BD41A04C2 | M NISHITHA \? ._%fmv Vmwuﬂ i Al a2 |0 gt
23 18D41A04L3 | SUREPALLY MOUNIKA “3,9}4,_.?. q?!if.r aavava] patie
24 1BD41A0AL3 | SUREPALLY MOUNIKA ie%%, fEaHuﬂ 2%&? 4A—>
25 18D41AD425 | BHAVANI YAMSANI @n.ww‘\.n\ @,%nﬁ“\ m.z&ﬁv\\\ w
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L

INSTITUTION'S
INNOVATION
COUNCIL

S P —

-
% Sri Indu
H Cuollege of Engincering & Technolongy
AL i /_5;} UGC Autonomous Institution
LR

Mecoplied urides 3T & L) of 0 Act 1956,
ANITT &

HARL,
Estel 2k Prew v ity AT Tjsbosd b SNTLIH
DEPARTMENT OF FLECTRONICS AND COMMUNICATION
ENGINEERING

HANDS ON TRAINING COURSE
ON

STARTS ON January 2, 2022

In association with TLC

Registration : Free
Course Duration : 4 Week

Weekend Course (Saturday)
Invited Participants: Third Year ECE, EEE, CSE

Restricted to 30 Participants/Slot
Resource Persons: In-house Trainers

Principal

Coordinators Convener
Mr. E.Parasuramu Prof.k.Ashok Babu Dr.G.Suresh

9989575859
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The eastest way for bemnners 1o get started with Ardumno 13 by creaung circwits using a solderless
breadboard. These simple projects will teach vou the basics of Ardumo Uno. elsctromics and

programming  In this tutonal, vou will be creating circuits usmg ﬁe-foﬂawiug_ electronic components:

This mutonal 15 gomg to allow you te jump nght in and start building circwts. If you need some
backeround on the Arduwino Uno board or the tools that are needed. please check out post — Arduinoe Uno

LED
RGBLED
Temp Sensor
Pushbutton
Potentiomster
Motar

LCD screen

For Begimmers.




Getting Started

Before vou can start working with Arduino, you need to make sure you have the IDE software
installed on yvour computer. This prooram allows yvou te wiite, view and upload the:code to vour Ardwno
Uno board. You can dewnload the IDE for free on Ardummno’s website.
Once the IDE 15 nstalled, you will need to connect vour Ardumo to vour computer. To do this, pluog one
end of the USB cable to the Arduno Uno and then the other end of the TUSB to vour computer’s USB
port

Select The Board
Once the board 13 plugged i vou will nesd to open the IDE and click on Toels > Board > Arduino
Uno to select the board.
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Select Serial Port

Next, vou have to tell the Ardimno which port vou are using on your computer. To select the port. go
to Tools = Port and then select the port that savs Arduine.
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Project Code

To complete the projects in this tutonal. vou will need to downlead the project code which are known as
sketches A sketch 15 simply a set of mstructions that tells the board what functions it needs to
peiform. For some of these projects, we are using open-source code that was released by the good people
at Sparkfun and Arduno. Use the link below fo download the zip folder contaimng the code.

Download Project Code — (ZIP File)

Cnce the file has been downloaded, vou will need to unzip extract the folder in order to use 1o



#1 — Test Arduine
The first project 15 one of the most basic and simple circusts you can create with Arduino. This project

will test your Ardumo by blinking an TED that 15 connected directly to the board.

Paris Needed
o (1) Arduno Uno
s+ (1)USB A-10-B Cable
o (1)1LED 5mm
o (1)220 Q Ressstar
Project Diagram

Project Steps

1. Twasta 220 @ resistor to the long leg (+) of the LET).

2. Push the shert leg of the LED mito the ground (GIND) pin on the board.

3. Push the resistor leg that's connected to the LED mito the #13 pin.
Project Code

1. Connect the Ardmno board to vour compuier using the USB cable.

2. Openproject code — Circuit 01 TestArduino

3. Select the board and senal port as optlined 1 earhier section.

4 Chick upload button to send skeich to the Arduine.

#1 —Blink an LED
This project 15 wdentical to project #1 except that we will be bmlding it on 3 breadbeard  Once complets,
the LED should tum on for 2 second and then off for a second tn a loap.

Parts Needed

(1) Arduine Uno

(1) USB A-to-B Cable

(1) Breadboard — Half Size
(1) LED Smm

(1) 220 © Ressstar

(2} JTumper Wires

Project Diagram
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Project Code

1. Connect the Arduino beard to vour computer using the USB cable.
2. Open project code — Circuit_02_Blink

3. Select the beard and sensal port as outlined in earhier section.

4. Chek upload button to send sketch to the Ardmna.

#3—Push Button
[fsing a push button switch. vou will be able to turn on and off an LED.

Parts Needed
s (1) Arduino Uno
s (1)USB A-to-B Cable
+ (1) Breadboard — Half S1ze
+ (1)LED Smm
o (1)220 O Ressstar
o (1) 10K © Resistor
¢ (1) Pozh Button Swiich
s (B) Jumper Wirss
Project Diagram
E - e - ?: - E
I - e e o =

Project Code
L Connect the Arduno board to your computer using the USB cable.
2. Openproject code — Circuit 03 Pushbutton

AR FEGRd FRRE NN RN




Select the board and senial port as outlined 1n earlier sechion
Click upload button to send sketch to the Arduino.

R

#4 — Potentiometer
Using a potentiometer. you will be able to control the resistance of an LED. Tuming the kaob waill
increase and decrease the frequency the LED blinks.

Parts Needed

(1) Arduino Uno

(1) USB A-to-B Cable

(1) Breadboard — Half Size
(1)LED Smm

(1) 220 © Ressstar

(1) Potentsometer ( 10k Tnmpot)
(6] Jumper Wires

Project Diagram
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Project Code
1. Connect the Arduno board to vour computer using the USB cable.
2 Openproject code — Circuit 04 Potentiometer
3. Select the board and senial port as outhined in earlier section
4. Click upload button to send sketch to the Ardumo.

#5—Fade an LED
By using a PWM pm on the Arduino. vou will be able to mncrease and decrease the intensity of brightness
ofan LED.

Parts Needed
o (1) Ardomio Usio
(1) USB A-10-B Cable
(1) Breadboaid — Half Size
(1) LED 5mm
(1) 220 0 Resistor
s (2} Jumper Wires
Project Diagram
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Project Code

Connect the Archuno board to vour computer using the USB cable.
Open project code — Cirenit 05 Fade

Select the board and senal port as outlined in earlier section.

Click uplead button to send sketch to the Ardmno.

e b b e

#06 — Scrolling LED
This proyect will blink 6 LEDs, one at a tume, in a back and forth formation. This tvpe of circunt was
made famous by the show Enight Rider which featured a car with loopme LED:.

Parts Needed

(1) Arduno Uno

(1) USB A-to-B Cable

(1) Breadboard — Half Size
(6) LED Smm

(6) 220 & Resistor

7} Jomper Wires

Project Diagram
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Project Code

L. Connect the Ardutno beard to your computer using the USB cable.
2 Open project code — Circuit 06 Serolling
3. Selact the board and senal port az outlined tn-earher section:
4. Click vpload button to send sketch to the Arduno.
#7 — Bar Graph

Usmg a potentiometer, you can control a senes of LEDs m a row. Turning the potentiometer knob wall
turm on or off more of the LEDs:

Parts Needed

s (1) Ardume Uno

¢+ (1)USB A-to-B Cable

» (1) Breadboard — Half Size

+ (1) Potentiometer — Rotary

+ (I0NLED3mmm

o (10)220 Q Resistor

o (11) Jumper Wires

Project Diagram
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Project Code
L. Connect the Ardutne board to your computer using the USB cable.
2. Open project code — Circuit 07 BarGraph
3. Selact the board and senal port az outlined tn-earher section:
4. Click vpload button to send sketch to the Arduno.

#8 — Multiple L¥Ds
Thss project will pse 8 pins on the Arduino board to bhink § TEDs at the same time.

Parts Needed
(1) Arduino Uno
(1) USB A-10-B Cable
(1) Breadboard — Half Size
(8) LED Smm
(8) 330 Q) Ressstor
(9) Jumper Wires
Project Diagram
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L Connect the Arduno board to your computer using the USB cable.

2. Openproject code — Circuit 08 MultipleLEDs

3. Select the board and senal port as outhned i earlier section

4  Click upload button to send sketch to the Arduino.
#-RGBLED

This project will be using an RGB LED to scroll through a vanety of colors. RGB stands for Red, Green

and Blue and this LED has the ability to create nearly unlimited color combinations.

Parts Needed

(1Y USB A-to-B Cable

(1) Breadboard — Half Stze
(1) RGBLED

(33330 Q Resistor

(3) Jumper Wires

Project Diagram
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Project Code
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L. Connect the Ardutne board to your computer using the USB cable.

2. Open project code — Circuit 09 RGBLED
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3. Select the board and senal port 2s outlined 1o earlier section
4 Chck upload button to send sketch to the Arduino.

#10 — Photoresistor
A photoresistor changes the ressstance a circurt gets based on the amount of light that hits the sensor. In
this project, the brightness of the LED wll increase and decrease basad on the amount of light present.

Parts Needed
s (1) Arduino Uno

----------
----------
----------

LR R}
EEEr

s (1)USB A-to-B Cable

+ (1) Breadboard — Half Size

+ (1)LED 5mm

»  (1)330 Q Ressstar

s (1) 10K © Resistor

¢ (1) Photoresistor

s (B) Jumper Wirss

Project Diagram
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Project Code

Connert the Arduno board to vour computer using the USB cabla.
Open project code — Circuit_10_Photoresistor

Select the board and senal port 2s outlined 1n earlier section

Click upload button to send sketch to the Ardutno,

el R o

=11 — Temp. Sensor
A temperature sensor measures ambient temperatures of the world around i In this project, we wall be
displaving the temperature in the senal monitor of the Arduine IDE.

Parts Needed

(1) Ardumo Uno

(1) USB A-to-B-Cable

(1) Breadboard — Half Size

(1) Temperature Sensor — TMP36
(3) Jumper Wires

Project Diagram
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Project Code

L. Connect the Ardumno board to your computer using the USB cable.
2. Openproject code — Circuit 11_TempSensor

3. Select the board and senal port as outhned 1 earlier section

4 Click upload button to send sketch to the Arduino.

#12 — Tone Melody
The project will use a piezo buzzer speaker to play a ittle melody

Parts Needed
« (1) Ardomo Une
+ (1) USB A-to-B Cable
o« (1) Breadboard — Half Size
s (1)Piezo Buzzer Speaker
o (2) Jumper Wires

Project Diagram
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Project Code

Connert the Ardwno board to vour computer using the USB cabla.
Open project code — Circuit_12_TonelMelody

Select the board and senal port 2s outhined in earlier section

Click upload button to send sketch to the Ardutno,
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#13 — Servo
In this project, you will be able 1o sweep a serve back and forth through sts full range of motion.

Parts Needed
o (1) Arduno Uno
e (1)USB A-1o-B Cable
» (1) Breadboard — Half Size
e (1) Servo
s (6) Jumper Wires
Project Diagram
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Project Code

L. Connect the Archuno board to vour computer using the USB cable.
2 Open project code — Cirenit 13 Servo

3 Select the board and senal port as outlimed 1n earhier section.

4. Click upload button to zend sketch to the Ardmno.

#14 — Motor
Using a swrtching tragsistor, we will be-ablz to control a DC motor. If evervthing 1= connectad cormrectly,
viou should ses the motor spinmng.

Parts Needed

(1) Arduno Uno

(1) USB A-to-B Cable

(1) Breadboard — Half Size
(1) DC Motor

(1) 330 © Resistor

(1) Dhode I1N4148

(1) NPN Transistor

(6) Jumper Wires

Project Diagram
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Project Code
1. Connect the Ardmno board to vour compuier using the USB cable.
2. Openproject code — Circuit 14 Motor
3. Select the board and senal port as optlined n earhier section.
4 Chck upload button to send sketch to the Arduino.

#15— LCD Screen

An L.CD i5 2 liquid crystal display that 15 able to display text on s screen. In this project. yvou should see
the words “hello.world!™ displaved on the screen.  The potentiometer 15 usaed to adjust the contrast of the
dizplay.

Parts Needed
o (1) Arduno Uno
e (1)USB A-1o-B Cable
s (1) Breadboard — Half Stze
o {(1)LCD Sereen
¢ (1) Potenttometer
o (16) Jumper Wires
Project Diagram

Project Code
1. Connect the Ardumno board to vour computer using the USB cable.
2. Openproject code — Circuit 15 LCD
3. Select the board and senial port as outhined in earlier section
4 Click upload button to send sketch to the Arduino.



Troubleshooting
» Make sure yvour board and sertal port 15 selected 1nthe IDE. To do this, plus your board 1n and go
to Teols = Board =Arduine to select vour board Next, go to Tools = Port =Com (Arduino) to
select vour serial port
s The long leg of the LED is the (—) posttive and the short leg is the (-) negatrve. Make sure the
cerrect leg of the LED 15 1 the proper pin of the Arduino or breadboard as directed.

» It can be easy to put a component or jumper mnto the wrong pm on the Arduine or the
breadhoard. Double check the correct pin 13 being used.

Experiment 1: Tum an LED

Tum an LED on for one second, off for one second, and repeat forever.

vord setupl)

{
pinMode(13, OUTPUT):

]

void loop()

i
digntalWrite(13. HIGH): // Tum on the LED
delay( 1000); |/ Wart for one second
digital Wirnte( 13, LOW);  // Tum off the LED
delav{1000); (| Wait for one second

}

Experiment 2; Turmns on and off LED

Tums on and off a light emuthing diede{LED) connected to digmtal
pin 13, when pressing 2 pushbotton attached topin 2

The circmit

* LED attached from pin 13 to ground

* pushbutton attached to pin 2 from =3V

* 10K resistor attached to pin 2 from ground

* Note: on most Arduinos there 15 already an LED on the board
attached to pin 13.

|/ set pin numbets
const it buttenPin = 2; the number of the pushbutton pim
constint ledPin= 1% the number of the LED pin

{/ varsables wall change:
it buttonSeate = {; ' wariable for readmng the pushbutton status

vioid setup() |
/! inttialize the LED pin as an output:



pinMode{ledPm_ OUTPLT),
/mttialize the pushbutton pin as an mput:
pinhode(huttonPin, TNPUT);

b

vioid foop() {
[l read the state of the pushbutton value:
buttonState = digitalReadibuttonPin);

check 1f the pushbutton 15 pressed.
(af it 15, the buttonState 15 HIGH:
if (buttonState = HIGH) |
dimtalWrte{ladPin. HIGH]);
}elze {
!/ tam LED off
digrtalWrite{ledPin. LOWY;
}
I

Experiment 3: Display RGB LED

const int RED PIN=1£;
const int GREEN PIN=10;
const imt BLUE PIN=11;

const it DISPLAY TIME = 1000; // used m mamColors() to determine the
/! lenzth of ume each color 1s displayed.

vord setupl) (Configure the Arduino pins to be cutputs to drive the LEDs
{
pinMode(RED_PIN. OUTPUT):
pinMode(GREEN_PIN, QUTPUT);
pinMode(BLUE_PIN, OUTPUT):
1
i

void leop()

mamColors(); '/ Red, Green, Blue, Yellow, Cyan, Purple. White
showSpectrum(); |/ Gradual fade from Red to Green to Blue to Red
}

it ittt et Pt b bt R b Rttt st e P EE PRI LR EE L R Lt tEd
* void mamnColors()

* This function displays the eight "mam"” colors that the RGB LED

* can produce. If you'd like to use one of these colors 1n vour

* own sketch. you can copy and paste that section into your code

0 5 B 5 0

void mamColors()

{
{all LEDs off
digital Write{RED PIN, LOW):
digital Write{ GREEN PIN, LOW),



digitalWrite(BLUE_PIN. LOW);
delay(DISPLAY TIME):

digital Wrste(RED_PIN, HIGH).
digital Write{ GREEN_PIN. LOW);
digital Write(tBLUE_PIN, LOW):
delay(DISPLAY TIME):

Green
digtal Write(RED PIN, LOW:
digtal Write{ GREEN PIN, HIGH);
dimtalWrte(BLUE, PIN. LOW):
dalav(DISPLAY TIME):

/| Blus

digital Write(RED_PIN. LOW):
digutal Write(GREEN PIN. LOW):
digital Write(BLUE,_PIN. HIGH)-
delay(DISPLAY TIME):

I/ Yeltow (Red and Green)
digital Wrste(RED_PIN, HIGH);
digital Write{ GREEN_PIN, HIGH):
digital Write(BLUE_PIN. LOW);
delay(DISPLAY TIME):

Cyvan (Green and Blue)
digrtal Write{(RED PIN. LOW):
digitalWrite{GREEN_PIN, HIGH):
dizital Write(BLUE_PIN. HIGH):
delay(DISPLAY TIME):

// Purple (Red and Blue)

digital Write(RED PIN. HIGH):
dietalWnte{( GREEN PIN. LOW);
digntalWrite(BLUE, PTN. HIGH):;
delay(DISPLAY TIME):

Whits (turn all the TFED= on)
digital Write(RED_PIN. HIGH):
digital Write{ GREEN PIN, HIGH):
digital Write(BLUE_PIN. HIGH):
delay(DISPLAY TIME):

¥
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* voud showSpectrum()

-

* Steps through all the colors of the BGB LED, displaying a ratnbow.

* showSpectrum{) calls a functien RGB(int color) that translates a number

* from 0.to 767 where 0 =all RED, 767 =2ll RED

k3



* Brealang down tasks down into morduoal functions like this
* makes your code easter to follow, and it allows.
* parts of vour code to be re-used

T T T N T T T e

vioid showSpectrum)

{
for(intx=0:x<=787. %)
i

RGB{xY; Increment x and call RGB{) to progress through colors.
delay(192); | Delay for 18 ms (1 100th of a second) - to help the "smoothing"
}
}

__'**I_ijt*ltﬂllﬁﬁi_ﬁ*#*I_it*ltﬂ*ﬁﬂffﬂtitﬁ T TR T R TR A O O RO R R
* vod RGB(int color)
k3
* RGBi===) displavs a single color on the RGB LED.
* Call RGB(==) with the number of a color you want
* to display. For example. RGB{0) displays pure RED. RGB{(253)
* displays pure green
-
* This fonetion translates a number between () and 767 116 a
* spectfic color on the RGB LED. If vou have this number conmt
* through the whole range (0 to 787), the LED will smoathly
* change color throuzh the entire spectrom.
bl
* The "hass" numbers are:
* 0 =purered
* 255 = pure green
* 211 = pure blue
* 767 = pure red (again)
-
* Numbers between the above colors will create blends For
* example, 640 is midway between 512 (pure blue) and 767
* (pure red). Bwill give vou a 36:30 mix of blue and red,
* resulting in purple.
L T T 0 T 0 T ] 0 T T T T
void RGB{int color)
{
it redIntensity;
it greenlntensity;
it blueIntensity,

color = constrain{coler, 0, 767). // constram the mput valize to a ranse of values from G to 767

/1f statement breaks down the "color” into three ranges:
if (color==25%) | RANGE 1 (0 -23%) - red to green
|

redlmensity = 253 - ¢olor;  // red goes from on to off

ereenlntensity = color; | green goes from off to on

bluelntensity = 02 ! blue is abwavs off
1
]



else if {color<=311) / RANGE 2 (256 - 511) - green to blue

(
redintensity = 0; " red] 18 always off
greenlntensity'= 311 - color; [/ green on to off
bluelntensity = color - 236; blus off to on

i

else (RANGE 3 (>=512) blueto red
P

L
redIntensity = color - 312; 'red off toon
greenintensity =0 green 15 always off
bluelntensity = 767 - color: blue onto off

}

[ "send" intenstty values to the Red, Green. Blue Pins using analogWinite()
amalosWrits(RED_PIN. redlIntensity);
analogWrits(GREEN PIN, greenintensiiv);
analogWiite{BLUE PIN, blueIntensity);
¥

Experiment 4: Dancing LED

it ledPins[] = {23456 7.8.9); // Defines an array to store the pin numbers of the 8 LED=.
/! An array 15 like a list vanable that can store multple numbers.
Arravs are referenced or "indexed” with a number 1n the bracketz [ |. See the examples in

[ the piahiode() functions below.

void setup()

i
(/ setup all 8 pins as OUTPUT - notice that the list 1s "indexed" with a base of 0.
pinhode(ledPins[0].OUTPUT); - ledPms[0] =2
pmMode(ledPins[1.OUTPUT); | ledPins[1] =3
pinMode(ledPins[2].OUTPUT); / ledPinz[2] =4
puiMode(ledPins[3] OUTPUT); | ledPms[3] =3
prMode{ledPins[4]. OUTPUT): | ledPins[4] =&
pinMode{ledPins[3] OUTPUT); | ledPins[3] =7
pinModelledPins[6].OUTPUT ). . ledPins[6} =3
pinMode(ledPins[ 7LOUTPUT). || ledPins[7] =9

)

voud loop()
(

[/ Thas loop() calls functions thatr we've written further below.

[l We've disabled some of these by commenting them out (puthnz

/" 1n front of them). To try different LED displays, remove.
the /" 1 front of the ones you'd liketo run, and add """

((1n front of those vou don't to comment ouf {and disable) those

/| lines.

oneAfterAnother(); // Light up all the LEDs in turn

//oneOnAtATime(); Turnon one LED at a time



pinePong(); Same as oneOnAtATime() but change direction once LED reaches edee
marcues(}; Chase lights like you see on theater signs

//randomLED(): | Blink LEDs fandomly
}
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* oneAfterAnother()
.
* Thiz function turns all the T EDz on. pauses, and then tms all
* the LEDS off The function takes advantage of for() loops and
* the arrav to do this with minimal typing
ittt bt PPt P bl R E R tE R st PES LR EELE SRS EL L EE BT LR R T
void cneAfterAnather()
{ + -
it index;
it delayTime = 100; // millisecends to pause between LEDSs
make this smaller for faster switching

(/ Tum all the LEDs on:
for(index = 0; index == 7; index =++index) | step throogh mdex from 0 to 7

i
digitalWrite{ledPins[index]. HIGH);
delay{delavTime);

i

Turn all the T EDs off:
for(index = 7; 1ndex >= 0 ndex = —index) // step through tndex from 7100

{
diztalWrrte{ ladPins[index]. LOW);
delayvi{delavTime).

Y

B

¥
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* oneCnAtATime()
-

* Thi= function will step through the LEDs, lichting only one at
* anume It turns each LED ON and then OFF before gomng to the
*pext LED).

ST R T D T A D9 D6 R 6 R T DT T O A D80 DR R T 50 T T O N AE DR T 8 T 0 T A 09 D6 T 0 T O A 09 R R O L

void oneCnAtATime()
{
it mndex;
int delavTime = 100; // milliseconds to pause between LEDs
make this smaller for faster suntching

for(index = 0; index == 7; index=-+—index) | stepthrough the LEDs, from 010 7

;
1



dimitalWrite(ledPins[index], HIGH), | tum LED on
delay(delayTime); pause to slow down
dimital Wirnte{ledPins[index]. LOW); / tum LED off
H
)
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* pingPong()
b

* This function will step through the I EDs, lishting one at at
* time in both directions. There 1s no delay between the LED off

* and tuming on the next TED. This creates a smooth pattern for
* the LED pattern:

R K R R R K N N N KRR R A RN KRR W

voud pmgPong()
{
mnt index;
it delayTime = 100,/ mulliseconds to pause between LEDs

for{index = 0; index <= 7; index=-+mindex)} / step through the LEDs, fromGto 7
|
digitalWnte{ledPins[index]. HIGH); / um LED on
delay{delayTime); pause to slow down
dizitalWrite{ledPins[index]. LOW), / tum LED off
i

for{index = 7; mdex == (; index= —ndex) // step tiwough the LEDs, from 7to D
1

digtalWnte{ledPins[index]. HIGH); ' turn LED on
delavidelayTime); pause to slow down
dimtalWrite{ledPins[index]. LOW); // turm LED off
)
)
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. .

marguee()
-

* This function will mimic "chase lights" like those around
* theater signs

R T T R T T T T R e

voud maraues()
(
it inedess
mt delayTime = 200, // mulliseconds to pause between LEDS

Step throush the first four LEDss
{ (We'll light up one in the lower 4 and one in the upper 4)

for(index = 0; index <= 3; index—) |/ Step from 010 3
dimtalWite{ledPins[index], HIGH), /| TomalEDomn

digitalWirte{ledPins[index+4]. HIGH); /' Skip four_ and turn that LED on
delav{delayTime); Pause to slow down the sequence



dimitalWnite(ledPins[index], LOW). Turm the LED off
digtalWinte{ledPins[index—]. LOW}; | Skip four, and turn that LED off
}
}

it ittt e Pt b bt R E R EE A St PES LR EELELEETEEEL L E BT LR T

* randomLED()
b

* This function will tom on random LEDs. Can you modify it so 1t
* also lights them for random times?
L T T 0 T 0 T 0 AT T e
void randomLED()
it andey;
it delayTime;

mdex = random(S); // pick a random number between 0 and 7
delayTime = 100;

digital Write{ledPins[index]. HIGH); / tum LED on

delay(delayTime); pause 1o slow down

digital Write{ledPins[index]. LOW); // tum LED off
)

Experiment 5: Running Motor

const it moterPin = 9; // Connect the base of the transistor to pin 9,
Ewven though it's not directly connected to the motor,
we'll call 1t the ‘motorPin’

voud setupl)
pinMode(miotorPin. OUTPUT), // set up the pin as'an QUTPUT
Serial begm{D600): /f mutialire Senal communications

}

void loop()

{ |/ This example basically replicates-a blink, but with the motorPin instead.
mt onTime = 3000; / mulbiseronds to tum the motor on
mtoffTime = 3000; // mulliseconds to turmn the motor off

amalogWrite(motorPin, 235), /| turn the motoron (full speed)

delay{enTime): delay for onTime milliseconds
analogWitte{motorPin, 0). |/ tumn the motor off
delay(offTime); delay for off Time mulliseconds

/| Uncomment the functions below by taking out the . Look below for the
code examples or documentation.

{ speedUpandDown( );
/| senalSpeed();

T

i



'/ Thas function accelerates the motor to full speed.

/! then decelerates hack down to a stop.
voud speedUpandDowmi()
|
it spaad;
mt delayTime = 20, // mulhiseconds between each speed step
!/ accelerate the motor
for{speed = 0; speed <= 255; speed—)
(
analogWiite{ motorPin speed); /| zet the new speed
delavi{delavTime); /| delay between spead steps
H

/| detelerate the motor
for{spead = 255; spead >=0; spead--)
f

L
analogWrite{motorPin spead); set the new speed
delavidelayTime). delay between spead steps
3
]
Input a spead from 0-255 over the Senal port
voud senalSpeed()
{
mt spead;

Senal pnntln{"Tvpe a speed (0-233) into the box above.");
Sental println(“then chck [send] or press [retum]"™);
Senal printin(); // Prnt a blank hine

/! In order to type out the above messaze only once,
/we'll run the rest of this function in an miinte loop:

while(troe} // "true” is always true_ so this will foop forever
{
/| Check to see1f incoming data 15 available
while (Serial available() = 0)
{
speed = Sersal parselnt(); (/ parselnt) reads m the first integer value from the Serial Monttor.
speed = constrain(speed. 0, 253); /' constrains the speed between 0 and 235
because analogWiite() only works in ths range.
Sertal print("Setting speed to "), /| feedback and prints out the speed that vou entered.
Senal pntln{speed);
analogWrite{motorPin_ speed); | seis the speed of the motor
}
3
]

Experiment 6: Potentiometer

tnt sensorPin = A0, |/ select the input pin for the potentiometer



it ledPm=13; |/ select the pin for the LED
int semsorValee = @; |/ vanahle to store the value coming from the sensor

voud setupl) §
/I declarethe ledPmn az an OUTPUT:
pinMode(ledPin, OUTPUT);

1

1

voud leop() {
read the value from the sensor:
sensor'Value = analogRead(senserPin};
turn the ledPin on
dimtal Wrrte(ledPin. HIGH);
I/ atop the program for <sensorValne™ mulliseconds:
delavizensorValue);
[/ tum the ledPm off
digital Write(ledPin, LOW);
/! stop the program for for <sensorValue> milliseconds:
delay{sensorValue):
)

Experiment 7: Scrolling LED

it timer = 100; / The higher the aumber, the slower the ttming

void setup() {
/! use a for loop to minialize each pin as an output
for (int thisPin = 2; thisPin < 8; thisPin—) {
pinMode{thisPin OUTPUT);
)
}

voud loop() {
[/ loop from the iowest pin to the hichest:
for (int thisPin = 2; thisPin < §: thisPin—) {
'/ turn the pmoonc
dimtalWnte{thisPin_ HIGH},
delay(timer);
/! turn the pin off
digital Wrnte{thisPin. T.OW):
H

/| loop from the highest pin to the lowest:
for (int thisPin = 7; thisPm >= 2; thisPin--) {
'/ turn the prmonc
dimtalWnte{thisPin, HIGH);
delay(timer);
/! turn the pin off
digital Wrnte{thisPin. T.OW):
H
}



Experiment 8: Potentiometer

int sensorPin = AQ; // select the input pin for the potentiometer

it ledPin=13;  //selectthe pin for the LED

it senserValue = 0: // vanable to store the value coming from the sensor

vioid setup() |
[ declare the ledPin as an OUTPLUIT:
pinMode{ledPin. OUTPUT);

¥

void leop() {
read the value from the sensor;
gensorValue = analogRead(sensorPin);
(/turn the ledPin on
digrtal Write{ ledPin, HIGH);
/| stop the program for <sensorValue™ nullhiseconds:
delay{zensotValue):
/! turn the ledPm off:
digntalWrite(ledPin. LOW);
/| stop the program for for <sensorValue> milliseconds:
delav(senzorValus);

Experiment 9: LED with PWMAL

mtled=9: '/ the PWM pin the LED is attached to
wnt brightness=0; |/ how bright the LED 15
it fadeAmount=3; |/ how many points to fade the LED by

/! the setup routne runs once when you press reset:
voud setup() {
[/ declare pin 9 1o be an outpot
pinMode(led, OUTPUT);
,
i

|/ the loop routine runs over and over again forever:
void leop() {

/I set the brightness of pin 9:

analogWrite(led, brightness);

!/ change the brightness for next time through the loop:
brightness = brightness — fade Amount,

/! reverse the direction of the fadng at the ends of the fade:
if (brightmess <=0 || bnghtness >= 233} {
fade Amount = -fade Amount;

}
" wait for 30 mullisaconds to see the dunmng effect

delav(30);
}



Experiment 10: To measure the temperature sensor's
! stemal pin.

const it temperaturePin = Al

viord setup!)
{

Senal begin(9600); /Tmtiahize senal port & set baud rate to 9600 bits per second (bps)
b

voud loop()
(

fioat voltage, degreesC. degreesF; (Declare 3 floating point variables

voltaze = getVoltage{temperaturePin); /Measure the voltage at the analoz pin
gegreesC = (voltaze - 0.5) * 100.0; \/ Convert the voltaze to degrees Celsius
degressF = degreesC = (90 [ 5.0) - 32.0; /| Convert degrees Celsius to Fahrenheit

[ Now pnint to the Senal momitor. Remember the baod must be 9600 on vour monstor!
These statements will print lines of data hike this:
{"voltage: 0.73deg C: 22.75deg F: 72.9¢"

Senal pnnt{"voltage: ")
Senal pnnt{voltage):
Sental pont(" deg C: ");
Serial print{desreesC);
Senal pnmt{” deg F: ");
Senal pnntin{degreasF);

delav(1000); // repeat once per second (change as vou wish!)
T
i
tloat getVoltage(int pin) Function to read and retum
floating-point value (true voltage)
/lonanalog pm

return (analogRead(pin) * 0.004882814);
Thisequation converts the 0 to 1023 valoe that analogRead()
[ 'returns, 1mto 2 0.0 to 5.0 value that is the true voltage
" being read at that pin
¥

/| Other things to try with this code:
Turn on an LED if the temperatre 1 above or below a value:

F.ead that threshold value from a potentiometer - now vou've
' created a thermostat!
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1. Foreground Background Extraction

cle:

close all:

clear;

“aRead Backezround Image

Background=timread(backsround jpg').%cBackeround=rgbl gray(Backeround};
Background=tmresize(Background [160.1607):
PoRead Current Frame

%ex]=size{Background);
CurrentFrame=immread('onzmal jpe"): Y CumrentF rame=rgb? gray(Cumr=niFrame)
Cunenﬂm&ew&sﬁeﬂ:u{mﬂfrme:[lﬁﬂ 1607):;
%eDasplay Background and Foreground
subplot(2,2_1).imshow{Background) title( BackGround');
subplot(2.2.2):imshow(CurrentFrame) title{' Current Frame');
“sConvert RGB 2 HSV Color conversion
[Backeground hsvlFround(rgbZhsv{Backeground)).
[CumrentFrame hsv]=round(rgb2hsv(CurrentFrame)};
Out = bitxor(Background _hsv, CurrentFrame _hsv);
%Convert RGB 2 GRAY

Out=reb2gray{Out);

foRead Rows and Columns of the Image

[rows columns]=s1ze{Out);

%eConvert to Binary Image

for =1rows

for =1 columns

if Out(ij) >0

Bmarylmage(ij}=1:

else

Bmaryimage(1 1)=0.

end

end

end

oA pply Median filter to remove Nowse
FilteredImage=medfilt2(Binarylmags_[3 3]):
®sBoundary Labzl the Filtered Image

[L num]=bwiabel(Filteredlmage);
STATS=remonprops(L. all');

cc=[];

removed=0:

2 aRemove the noisy regions

for =1lmum

dd=STATS(1) Area;



if (dd < 3000

L(L=—=2)=0;

removed = removed + -

num=mum-1;

slzs

end

end

[L2 num2]=bwlabel(L);

%% Trace remion boundanes in 3 binary 1mage
[B.L.N.A] = bwboundaries{(L2}:

Salhsplay results

subplot(2,2.3). smshow(L2):title( BackGround D=tected’):
subplot(2.2 4). imshow(L2)fitle{ Blob Detected’);
hold on:

for k=1:length(B).

if(~sum(Afk.2)))

boundary = B{k}:

plot{boundary(:.2). beundary(:. 1), 't LineWidth' 2);
for =find(A( k)

boundary = B{l}.
plot{boundaryv(:.2). boundary(: 1},
end

end

end

(1 []

L EaneWidth' 7):

2. Round Object Detection

%RGB = imread(’10.bmp'y;

feaRGB=tmread("E:"D Dnve Files 03.11 2014\epsiba phd' Project Coda\fusion of local global
estimiation'project\Codas'snaps\075 3pg’),

imshow({RGB):

I=rgb2graviRGB);

threshold = gravthrash(]);

bw = im2bw{Lthreshold);.

imshow(bw)

%5 remove all object contaming fewer than 30 pixels

bw = bwarcaopen(bw, 30};

%o fill a gap m the pen's cap
se = strel('dizk’ 2);
bw = 1mclose(bw se);

“p fill any holes, so that remonprops ¢an be vsed to estimate
%% the area enclosed by each of the boundanes

%obw = 1mfill{bw hales"):

hgure;



imshow(bw)
[B.L] = bwboundaries(bw, noholes');
figure;
% Dusplay the label matmx and draw each boundary
imshow(label?reb(L, @jet. [5 5 3]))
hold on '
for k=1lengthiB)
boundary =B{k];
plot{boundary{:,2), boundary(:.1). W, LineWidth', 2)
end
stats = regronprops(L. Area’ Centrond');

threshold = 0.94.

%0 loop over the boundaries
for k= 1llength(B)

%o obtamn (X.Y) boundary coordinates corresponding to label 'k
boundary =B{k}.

%0 compute a simple estiimaie of the object's penimeter
delta_sq = diffiboundary)."2;
penimeter = sum(sqri{sum{delta_sq.2)))

%0 obtain the area calculanon comresponding to label k'
arca = stats(k) Area;

% compute the roundnass metric
metrnic = 4*p1®area/perimeter 2;

%o display the results
metric_string = sprntf( %62 2f metric);

%% mark objects above the threshold with a black circle
if memnic > threshold

centroid = stats(k).Centroid.

plot{centroid{1 }.centrowd(2 ). ka');

=nd

text(boundary(1.2)-35 boundary{1.1 13 .metric_stnng.'Coler’ v,
FontSize 14 FontWeight'.bold’);

end

ntie([Metnics closer to 1 mdicate that ..
'the object 15 approtimately round']};



3. Edge object detection

cle:
clear all;
k=mput(Emter the file name’.'s"); % input unage; color image
im=mmiead(k}:
iml=rgh2sray({im):
mmnl=medfilt2(im1.[3 3]); %eMsedian filtering the 1mage fo remove nose%s
BW = adge(im]1_'sobel’); Yefinding edges
[imx amy}=size(BW).
msi=[0 00 00;
01110,
011180;
01110
00000:];
B=conv2{double(BW).double{msk}); “oSmoothing tmage to reduce the numiber of conneciad
components
L = bwlabel(B.8):% Calculanng connected components
mx—max(max(L))
2% There will be mx connected components Hére U can give a value between 1 and mix for L or
m a loop vou can extract all connected components
o If you are using the attached car image by grving 17.18,19.22 77 28 to L you can extract the
number plate completely.
[r.c] = find(L=17);
e=Jrcl:
[sx syl=size(rc),
nl=zeros(imx.imy);
for =1l=x
x1=rei1 1),
vi=rc(i2)
nl{xl v1)=235;
end Y Storme the extracted image 111 an aray
figure imshow{im);.
figure imshow{mm1);
figure imshow{B);
figure imshow{nl.[]):

4. Content Based Image Retrieval

[flename, pathname] = wigetfile(™ bmp, Pick an Imase’);
a=imread(filename);
figure{1 ), imshow{a};

Xli=a:



[r cl=size(X1):;
a=X1(z:1);
b=X1(:-2):
=X H=.3)
[r cl=sizefa):
M=r*"¢c;
N=reshape(a.[]1 M])
N=double(N);
=1l
for i=1:-M
pl)=N{1)/M;
end
P=sum({sum(p)):
HSVmap! =rgb2vycber(X1);
froure(2 ) amshow(HSVmap1):
fid = fopen( database txt');

resultValues =[]; %o Besults matree.
resultNames = [}

=1 0% Indices..

y=ids

while 1

imagename = feetl(fid);
if ~izschar{imagenamie). break. end %o Meaning: End of Fale

% [X. RGBmap] = imread{imagename);
% H&Vmap = reblhsv(RGBmap):
[X] = mread(imagenams);
figure(3).imshow(X).
HS5Vmap =rgb2veber(X);
figure(d) imshow(HSVmap):

[D1.D2D3] = quadratic1(X1. HSVmapl. X. HSVmap);
resultValuesl(1) =D
resultValues2(1) =D2;
resultValues3(1)=1D3;
resultNames()) = {imagenams};
1=1+1;
1=l
end

frlose(fid);
[sortedValuesl, index1] = sort(resultValuesl), 9 Sortad results . the vector index
[sortedValues2, index?] = sort(resultValues2);



[sortedValues3, index3] = sort{resultValues3); %o is used to find the resulting files.

By RED
fid = fopen(colourResults B Coo', "wr'); 99 Creats a file: over-write old onses.
fori1=1:10 %% Store top 10 matches

tempstr = char{resultNames{mdex1(1))):
fermtf{fid. Yes's | tempstr);.

disp{resultNamezs(1ndex1(1)));
disp(sortedValuss1(1));
disp(’ );
end
frlosefid);
% GREEN
fid = fopen{'colourResults G Coat’, 'wt'); %3 Create a file. over—wnte old ones.
fori=1:10 U Store top 10 matches

tempstr = char{resultiNames{index?(1)));
fprintf(fid, 'Yes'r’, tempstr);

disp(resultNames(index2(1))):

disp(zortedValues2(1)):
disp( ).

end

frlose(fid):

%a BEUE

fid = fopen('colourResults B Cxt’, 'w); % Create a file, over-write old ones

for1=1:10 % Stor= top 10 matches_
tempstr = char{resultNames{mdex3(1)) )
ferntf{fid. Yes's | tempstr);.

disp{resultNamezs(index3(1))).
disp(sortedValues3(1)):
disp( )

end



felose{fid);
Yaretum:

disp(Colour part done._");
disp('Colour results saved.."):
disp{"},

%% displavResults1((colourResultsR mt', 'Colour Results ¢ 7},
2a displavResulis1('colourResulsGixt’, 'Colour Results & ');
%o displayResultsi( colourResultsB.txt'. 'Colour Results b _");
%o displayResults] (‘textureResults_rixt’, Texture Results ¢ ).
% displavResults ) ('texturcResults g txt’. "Texture Results 2..7);

flename="colourRfesults B C.mt';
fid = fopen(filename):
1=1 %% Subplot index on ths figure

while 1

imagename = fzetl{fd);
if —ischariimagename), break, end % Meanmg End of File .

[x: map] = imread(imagename);

% subplot(4.5.1);
if I=1;
subplot{3.10.1);
%  figure()
mmshow(x);
end

if =2

subplot(3,10.2);
imshow{x};
end

if =3
subplot(3.10.3):
imshow(x);

end

1 =1
subplot(3,10,4):



imshow(x};
end

if =5
subplot(3.10.5):
imshow{x};
end

if =6
subplot(3.10.6).
mmshow(x);

end

if =7
subplot(3.10.7):
imshowix},
end

i =%
subplot(3,10.8).
mmshow(x);

end

if =9
subplot(3.10.9):
imshowix},

Lg

i =10
subplot(3,10.10).
mmshow(x);

end

1=1+1:
end
felose(fad);
2a displavResulis1(textureResulis b.txt. Texture Results b.');

%% 0%5 %% 0% % %6 0% %07 %e 0% %6 6% %6 0% % 0% %6 0% % %6 6% %6 %60 6% % 0%

filename=colourResults G C tet'’:

fid = fopen(filename);



1=1; %o Subplot index on the figure

whule 1
imagename = foetl{fid);
if —schar{imagename), break, end % Meaning- End of Fila

[x. map] = imreadimagenams);

%% subplot(d.3.1);
if =1;
subplot(3,10,11);
imshowix},

end

ifti—12
subplot(3.10.12);

immshow{x};

end

if =3
subplot(3.10.13);
imshow{x);

end

=

subplot(3.10.14);
imshow{x);

end
ifi—>5

subplot(3.10.15);
imshow{x).

end

if =6

subplot(3.10.16);
imshow({x);

end

ifi=F
subplot(3.10.17);
imshow(x);

end



=8

subplot(3,10,18):
imshow{x):

end

1if =0
subplot(3.10.19);
mshow{x);

end

Fi=10
subplot(3.10.20):

imshow(x):
end

%0 subimage(x, map)

Y% mmshow(x):

2% =xlabel(imasename);

i=1+1:
end
felose(fid):

%o displavR esults] (MtextureResults botxt'. Texture Resnlts b..");
filename=colourResults B Comxxr';

fid = fopen{filename);
=k %% Subplot mndex on the houre
while 1

imagename = feetl(fid);
if ~ischar{imagzename). break, end % Meaning- End of File .

[x. map] = imread{imagenams});
%0 subplot(4.3.1);
f =l

subplot(3.10.21);
imshow(x);
end



ifi=—2
subplot(3,10,22):
imshow(x);

=nd

1if =3
subplot(3.10.23);
imshowi{x};

end

ifi—4
subplot(3,10.24);
imshow(x};

=nd

if =3
subplot(3.10.23);
imshow{x};

end

1if 1—=0
subplot(3,1026):
imshow(x);

=nd

=
subplot(3.10.27);
imshowi{x};

end

1f i—8
subplot(3.10.28);
imshow(x);

=nd

1if =3
subplot(3.10.29);
imshowi{x};

end

1f =10
subplot(3.10.30);
imshow(x);

end



%% subimage(x, map);

%o imshow(x);
%  xlabel{imagename);
t=1+1;

Eﬂﬂ:

felose(fid):
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Intreducing Virtual Breadboard Windows App
The Virtual Breadboard { VBB ) modem App for
the Windows Umiversal Platform (UWP) uses the
Floent Design System modelled on the Windows
Paint 3D App that we all know and love.

In VBB the main desizn area

(1) 15 a Desion Sheet where you lavout Virtual
Breadboard circunts which can be wartwalized by
powenng on the circmt (2). The menu (3) opens 2
navigation view where standard file dialogs along
with examples. tramings and account management
can be accessed. While destoming the toolhar nbbon
(4) selects the design mode which shews context
zensitive tool panes m the right hand panel (3)

Main functional remions of the App
1. Design Sheets: Are where you design your
Breadboards
2. Power On-Power Up the circuit to start the
interactive Virtualization
3. Memu: Open and save projects: find examples
and take traimne and access your account
Tools Ribbon : Access the tools for ediing and
manamng vour project from the tools nbbon
Tools Pane : Tools from the Tool: Ribbon are
accessed from the Tools Pane
Avatar Hardware
Your real microcontroller 15 inserted mto a Virtual
Breadboard via an Avatar Hardware interface
Your mucrocontroller cannot tell the difference
between wirtual or real
Other real compenents can also be connected to
vour microcontroller creating mucro-maxed-reality.
App Menu Navigation View
The Menu Navigation view slide out panel provides
access to the file management, account, settings and
other management features,

.J' =

LN

The platform workspace environment features:
1. File Menu:New, Open. Save, Save as file

options

2. Remotfy: Publish viteal hardware to the
Cloud

3. Student Manager : Create and manage student
accounts

4. Export: Export and exchange VBB designs in

SVG and KiCad formats

Examples : Browse reference examples for

guickstarting a project.

6. Traiming : Awards based trammng system for

getting started.

Kevboard Shortcuts : Awards based tramng

svstem for getting started

8. Software Store : Make In-App purchases from
the Software Store

9. Hardware Store - Browse the available Avatar
mnterface modules.

10. What's New :Displays the Splash Screen
which coatains news and quack access tntonals.

11. Learn and Feedback - Access Documentatiomn
YouTube and Codel ab Tutorials and Forum

12 Account - Account status and login.

13. Settings - Project wade  settings and  App
mformation.

Ly

Files

Virmzal Breadboard projects are storad m VBB
files. Standard file dialogs are wsed to open and
save VBB files.

New

Click New to create a New blank project If vou
already have a project open you will be prompted to
save the project before the New project 1= created
Open

Click Open displays the Cpen pane!l with tools to
open existing project If vou already have a project



open vou will be prompted to save the project
before the existing project 1s opened.

Browse Files : Click to open a file dialog to

locate xbh files to open

2. Import Previous Project - Click to open a folder
dialor to locate and import project folders from
earhier versions of VBB

3. Recent Breadboard Files : A listing of recently
used vbb project files. Click a project from the
list to open directly

Save

Saves the current project to the currently selected

whb file If this 15 the first time vou are saving the

project the Save as will be activate instead.

Save as

Click to open a Save File Dialog to provide a new

name and locatton for your vbb file and save to the

new file

Remotify

Wirdkiwn Yove App Cloud Prowtion Bromeeses

Ha—-szc% =i "" |
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Remotify i1s:2 publishing system that enables virtual
circults to be published to the internet and played m
a2 Browser

You can think of Remonfy as a Cloud File and
Folder manager where the Files are VBB Projects
and the folders are Groups of VBB Projects
Remotify manacer maintains a tree hewrachy view
of the Groups and Projects.

The basic procedure 13

1. Create Group

2. Add Project to Group

3 Publish Group or Indimidual Projects in the
group

4 Paste the publish Link to the browser

When publishing url link 1s cop:ed to the clipboard
which can be used in a Browser to Play the virtual
hardware projact

HTMILS WebPlayer

HTML

The WebPlaver 15 a lightweiglht Hitml javascrpt
client that connects a HimlS Canvas renderer to a
docker container mstance of the Net CORE version
of the VEB runtime connectad over SionalR: The
docker comtamner 15 hosted as an Azure contamer
instance and spun up on demand per user 2235100 50
all users have their own dedicated instances giving
consistent scaleable performance for each user
Despite bemg an economucal approach there 5 a
cost associated with hosting cloud sessions and
hence the basic subscriptions covers development
and casual personal use of the WebPlaver only. If
useage ‘grows bevond fair use a seperate usage
based sushenption wall apply.

HTMLS Canvas currently works on the latest
versions of

o Chrome

+ FEdge

Published Group

When a group 1s published a urd will be saved to the
clipboard. The url can then be pasted directly to a
browser or an alternate such as notepad. The url can
then be shared by email or 3 link 1 a conmtent
management svstem When the url = opened or
pasted into a browser 1t wall load the group access
page with
the Name, Description and Thumbmail taken  from
the group editor fields and the projects.

There are two types of Browser view

» Collections of Groups

» Collections of Projects



Group Collections Viewer
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When a published project 15 opened from a Group
view of by directly pasting or linking the project url
the project will load imto a project Viewer. If this 12
the first project accessed 1n 3 browser session then a
sesston comtamer will be spun up which currently
takes around 30 seconds. In the Tuture standby
containers will be used to reduce this mnal spin up
time_If when switching to a new project within the
same session the browser uses can track the current
session and reuses the same contamer. Hence there
15 no addmonal spm up tme when switching
betweeni projects as long as the same browser
wimndow 15 used and standard navigate back buotton
15 used to navizate the sroups collection hewrachy
Each session has a time limat after which 1t will
expire. This can depend on the user account.

Project Viewer Load
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Subscnption - A  subscrption and  Virtual
Breadboard accounmt i required to activate
Remotify

Remonfy :Remoufy i1z accessed from the
Navigation View Menu

WebPlayer Play Lists : The root directory of the
web eroup collections

4. Group : A Group 15 a collection of Groups or
Projects

Project - A Virtual Breadbeard Project stored 1n
a Group

Group Project Toolbar - The Toolbar of the
currenitiy selected Growp or Project

Current Project : The VBB project currently
open when Remotify Menu was selected

1. Subscription Status

To actrvate the Remotify Manaszer requures -

b2

Lid

[

o



¢+ PRO or CLASSROOM Subscniption

e Virtual Breadboard Account

For more information zboui accounts see here
> Account

If not activated the Remoufy Manager will show
the followino message

2. Rematify AMenn

Remptidy 15 accessed from the Nawigation View
Mem This

3. WebPlaver Play Lists

The oot remotify group contams all the Group or
Project collections. There can be only groups or
projects ‘at the same level of the heirachy
The Name; Deseription and Thumbnait] are not
editable for the root remotify group.

Function

Adds a mew Groop Child to the root
directiory

& Publishes the project. makne 1t public and
: copving a2 url link to the clipboard

UnPublishes the project making it private

and not visible mn the browser

&

4. Group

A Group 1= a collection of Groups of Projects.
When selected a group will be hichlishted with a
blue strip n the hetrachy and the group information
will be displayed in the Group pane

5. Project

A Virtnal Breadboard Project stored m a Group
When selected a project wall be highlichted with a
blue stp im the hewachy and the projeet
information will be displaved in the Project pane.

f. Selected Group/Project Toolbar

6.1 Selected Group Toolbar

The Group definion 15 edited m the Group Pane.
The Name, Descriphioncan be edited to be
displaved m the Browser Group Viewer to inform
the nature of the projects 1 the group

The Thumbnail 15 also. editable and mmust be a

290x200 pne ymage

Icon Function

Adds a new Group as a child of this
group.

Decrements the selected group
order moving it up one place in the

list

Increments the selected sroup order
meving 1t down one place m the list

Deletes the selected group if empty
removing the group from the cloud

Publishas  the projact. makmmg it
public and copying a url link to the
elipboard

UnPublishes the project makins ot
povate and not vissble m the

browser

Opens a dualog to select an
250x200 pnz tmage to be the new

thumbaail

B Save C Saves the new group definihon to
R th: remotify cloud.

6.2 Selected Project Toolbar

The Project definition 15 viewed in the Project Pane.
The Name, Descoipion are coped over from the
Info desiznsheet 1n the VBB Project The remoufyv
project can be opened and later saved directly to the
remotify cloud making remotfy a type of cloud
drive for VBB projects. The toolbar tools are used
to manage the visility and membership of the
project mit’s group.
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Icon Funciion

Decrements the selected project
order moving it up one place mn the
list

Increments the selected project
order moving it down ons place in
the list

Deletes the selected project
removing if from the cloud store

Publishes the project making ot

ﬂ public and copving a urd link to the
chiphoard

UnPublishes the project making it

E private and not wisible m the
browser

| Oper P Opens the remote remotfy project

as the current project

Opening Remote Progect
When opening 3 remote project the title of the
roject will be prefixed wath remotfy.

El | remotify,/Blinkvbb | - Virtial Sreadboard

-

When a remoufy project 15 saved 1 1t will be
updated directly i the cloud. In this way remotdy
acts as a cloud dove for VBB proiects

7. Current Project

When navigating to the Remonfy Manager there 15
a project currently open in the backoround. A

snapshot of this project 15 shown in the Cument
Project pane. The Name and Summary are taken
from the project mnformation of the current project
and the Thumnal s automatcally generated from
the active Breadboard. The Project tools are used to
connect the project with 3 Remotify- Group.

Icon Function

- Add Project to the currently selected

group

Troubleshooting

» Frefox does not seem to work with the way
VBB uses the HumlS Canvas at this time.

» Projects should be single Breadboard projects.

s A Grovp should contain only projects or groups
but not both otherwize the web plaver will not
function correctly.

Roadmap
+ FESP326§ 15 not corrently available - hackend
version needs to be updated.

+» Connect Avatars to Remotify Browsers via
RasP: Server to create remote labs

Student Manager

Classroom admumistrators use the Student Manager

to create and manage Student Accounts. The task of

the Student Manager 1s to enable an Admunstrator to

register Student Accounts by following these steps.

1. Edst or import the list of Student Names

Set a password for all Students

Chick the Remister Students Button

Notes:

Student Names should be unigue names.

The password should be umque o vour

classroom.

Student names and accounts can be changed

and updated as requured

+ Students losgzed on when remstrations are
updated will have to logon azamn.

» Only one smdent can be logzed onto -each
student name at a tine.

Student Accounts

Student Accounts are surtable for school vse where

there arc often privacy concerns. A Student license

only wses a nickname and 15 mamtasined by

classroom admimistrator so there 15 no student

information. email or microsoft account information

stored with.a Student Account A Student Account

has full acecess to VBB except with only 2 few

restnctions:

Stodent Account Restricted Access!

s  Siodem Manager

- = "":""J!"I



+ Remotify Publishing
+ CDEK Publishing
Student Manager Tools

1. Classroom Subsenpton A Classroom
subscniption 15 required to activate the Stodent
Manager

2. Student Manager : The Studemt Manager =

access from the Studemt Manager Navigation

Aemu

Student Names - The Stoudent Manager

maintains a list of edmable student names

representing a class

4. PassPhrase : A shared password s created by

editing the password textbox

Imiport Student Names Button : Imports a list of

student mames

6. Export Student Names Bufton : Export the

current list of students can be d using this

button

Register Students Butten - Create a Virtual

Breadboard Student account fer each named

student with the shared passphrase

1. Classreom Subscription

To activate the Studemt Manager reguires two

accounts.

» Aicrosoft Classroom Subscription

o Virtual Breadboard Account

For more information about accounts see here

- Account

If not activated the Smdent MManager will show the

following meszaze.

Laa

LN

Studert Marager

&

Alicrosoft Classroom Subscription

The Mhbcrosoft Classroom Subscription account
manages the subscription mformation. There are 4
classroom subscriptions available to st different
class sizes of 107030 and 60 students. These
subserniptions are annual subscription and we have
parmered with Microsoft using thew In-App
purchasimg system to sumplify the agmstion,
umvoscing, localised sales taxes and management of
these licenses. When vyou start the Virfoal

Breadboard App vour account information 15
already known from your Microsoft Windows 10
Logen and so the subscription information 15
quenad automatically nsing this account.

A classroom  subscniber will  have  the
CLASSEOOM narme shovm m their Account stutus

Classroom 10* Subscriber [ 366 days |

Note ; There are actually 2 account reguired to
work with the Student Manager so if only the
subscriphion account 15 available ** 15 shown mn the
status name 1o show the account is only partially
activated

Virtual Breadboard Account

The Virtsal Breadboard Account manages the
access to Virual Bresadboard Cloud backend. The
Student Accounts are registered in the cloud which
enables students to logon from any location For
more information on creating a Virtual Breadboard
account see - Account

When both accounts are registerad vour account
status will display CLASSROOM without the *%
showing the CLASSROOM account 1z fully
activated,

room 10 Subscrber [ 366 days |

2. Student Manager

The Student Manager 1s access from the Navigation

Memu.

3. Student Names

An editable collection of student names 15 managad

by the Student Manaper

» Cheking a name will highlight the text ready
for edmng

s Use the Arrow kevs to navigate between names

4. Pass Phrase

A single password is shared by all users. The

Password should be longer than § letters and should

be easy to remember but not super obvious

3. Import Student Names

To make 1t easy to mammtan class lists you can

tmport a named list of students.

+» Should bea txt file

s One student per line

» Ifmore students are in the list than are available
irt the subseniption the list will be truncated.

6. Export Student Names

To make 1t easy to mamntam class lists vou can

Export a named list of students.

» The file wall be ot file

»  One student per line



7. Register Students
Registers the current list of Student names creating

a umgue account for each student.

I vou have smdents names that are not umigue or
there 15 soine other error then you will recerve a
Warning,

H the registration is sucessful vou wall receive a
suCcess message

VBBLO1
Contents:

s Imteractive



Toggle a Switch

A 3 pin swiich has two pessible confiourations: Tt
can connect the command center pin with the left
pin or the nght pin. When connectad to one pin the
other pm 1= disconnectad or open circuit The
switch postion toggles to show which pin iz
connected to the center pin.

Award : While Powered Up locate the Tozgle
Swatch and chick the component on the switch
location The posttion of the switch shider wall
toggle and the altemnate circust will be completed
toggling which 1. E ) 15 actrvated.
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Rotate a Potentiometer

A potentiometer 15 3 vanable resistor which when
you rotate the dial 1t’s resistance changes wiuch
chanpes the output voltage of the central pin
Virtual Breadboard models the voltage output of the
potentiometer voltage divider winch can be read by
instruments like the dimtal voltmeter and v 1sualised
by components hike the L E.1 which are sensitive 1o
analog voltage levels:

Award: While Powered Up locate the
Dotentiometer and press and hold the mouse dovn
on the potennometer dial. Rotate the dial around the
ceater for the full ranpe of voliaze values. To
receive this reward vou need 1o exercise the full
potentiometer range. You will see the LED dim
when the wveltage 1z low and brighten when the
voltage 15 high.
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Advanced TIP: VBB 1= not an analcrg PSPICE
simulator but nstead models high level crrcuit

behaviour. For example a PSPICE simulator will

model the redoced L ED curremt and bandgap and

deduce the LED should dim but VBB niedels

common ciecunt behaviours directly,

Junctions

Learn how to join links with junctions

Junction Mode

Links are dreawn between component pins: However

there 1s often the nead to link multiple pins together

on the same wire. You can draw multiple 1ndmvidual

wires from pin to pin but vou can also vse junciions

to stmphfy circust lavout and make ft easier to

understand what the connections are.

Award: Select Junction Mode from Wires ToolTab

Place Junctions

When in Junction Mode the cursor changes to a
cross-hair and when the cursor 15 pressed a junction
1z:placed at the cursor location. Junctions should be
placed at the end pomt of 2 wue and a wie
segment. This joins all the wires into 2 single wire.
Award: Place a junction at each of the 3 wire-t-
jonctions



Exercise : Power Up and Verify

When correctly placed the wire becomes a single
wire leading from the DIP power source to the LED
lights. All the LEDS should light up when the LED
ts mthe “on’ position.

B_I T L]
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Wire Links
Wires
Wires link component pins to form circuits. Real
breadboard “wires” are usually coloured with plastic
protection and are stnpped back to wire only at the
ends. Virtual Breadboard (VBB) wires are the also
only active at the ends and snap to pins at either
end. When successfully snapped the wire thickens
slizhtly to gne a visual cloe the link has been
successtully made.
Enter Wire Mode
Wire mode ts a desizn mode and 15 set from the
Wires tool tab. When m wire mode the cursor
changes to a colored cross<hair and cursor actions
draw Wires
Award - Select the Wires Tab and press a colored
Wire Button to enter Wire Mode

Draw a Link

A link 15 active only at 1t's ends but ot can have
multiple “jount’s along 1t's lencth to enable better
lavent orgamszation than just have a wire runmng
from end to end. Links are drawing by clicking the
jounts with the l=ft button then either clicking the
right mouse button to end the link at the last
joint or double clicking to make the current jomnt
the final link

Award Drawalink rom DIP pin 1 to LED pin 3
avoiding the obstacles with pin joints. To ger this
award you need to hnk the correct pins (DIP Pin 1,
LED Pin 3).

=

Change the Link Color
I vou change vour mund about the color-of the hink
you can chanoe it by first selecting 1t erther in move
or select mode. When selected the links properties
will be shown mn the properties pane. Select a new
color from color property

Award Select a link and change 1t's color

Exercise : Practice makes perfect
Repeat the previous step drawing 3 hink from DIP
Pin 2, to LED pm 2. This time use the altemative
link ending. So 1f you usad nzght chick method, vse
double click thi= ime. Or of vou uzed double click
use the nght click method this time.




Reposition Link Corner

When tn Move Mode links can be moved around in
several differemt wavs You canm meove jomits
sections or move the link as awhole.

Award: Enter move miode and drag a comer of 2
link smiove it around and then drop 1t back in place.

["\' 2 IR

Reposition Horizontal Link Segment
I you drag a link section fiom the muddle of the
section mstead of the comers the whole section will
move. If the section 15 honzontal 1t can be moved
vertically.

Award: Drag a horizontal hink section up and down
vertically and then drop 1t back 1n place.

h-!-{r}-e- *» O

Reposition Vertical Link Segment

If the link section 18 veriical it can be moved
horizentally,

Award: Drag a verical link secuon left and nght
honizontally and then drop 1t back 1 place,

b’i‘ﬁ--ﬁ-— s 0O
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Moving Links

You can also move a link either as part of a group
or as a sngle hnk by dragoing with the right
mouse button

Award Drag the whole unattached link using the
right mouse button and attach 1t the DIP pmn 3.

N
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Exercise : Reorganise Links

A neatly orgamized layvout ss easter too understand.
Practice vour new skills to re-armange the lavout
into a neater arangement

h_-itE— . LT |

Aoving Components

Moving Components

Virtual Breadboard (VBB) components can be
moved around a design by draoging and dropping
them while 1 Move Mode

Select Aove Mode

Wove mode( ShortCut V)is one of the Edior
Design Modes which can be selected from the Ednt
mode toolbar. Move Mode 15 used when vou want
to move components around

Award: Enter move mode by selecting the move
icon from the mode toolbar

f5 e o thne G Pom

Move Component

When in move mode components can be dragged
and dropped mnfo position by pressing and holding
and moving to the new locatton. VBB dynamucally
calculates the connections the component 15 making
with other components and highlights the shared
pin contacts This 13 2 useful visual gmde for
making sure components are correctly connected.
Award: Draz and Drop the LED to the left most
Wire resistor comfiection using the confact pomt



highlichting to make sure the LED 15 correctly
alizned.
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Cﬂp"i and Paste-
Use Copy and Paste to  duplicate  the  currently
selected breadboard clements. Copy copies to the
Clipboard and Paste creates new versions of the
copied components with a small offset to the
originally selected elements and selects the newly
created elements:
The Select toolbar comtamns functions that work
with the currently selected elements mcluding Copy
and Paste.
Award: From the Selected toolbar first press Copy
and then press Paste to duplicate the LED
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_—h:h anced Tlp_ {“ap} stores the cumrently selection
te the Clipboard and can be pasted to other
Breadboards in the project or even Breadboards in
other Project.

Move Duplicate

Move the duplicate LED to the next resistor lmk
connector pomt
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Copyv and Paste with ShoerfCut kevs

In the prm‘mus award the Copy and Paste functions
were activated from the toclbar. The VBB App 15
destened with tourhsereens in mind so all functions
are available with touchable sizad buttons.

However for kevboard vsers Copy and Paste have
well defined shortcut kevs 1n wandows || Function
ShortCut | Copy | CTRELC | Paste| CTRL-V | Cut
CTRL-X

These shoricuts can often be faster to use when
working in deskiop environment.

Award: Copv and Paste the duphcate L ED using
the short cut kevs by first selectine 1t then nsing the
CTRL+C to copy it and CTRL+V to paste i
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Move Dup[lcate 2

Move the second duphicate LED to the next
resistor link connector potnt inline-with the first two
LEDs
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Group Selection Append

In an earlier award a group of components were
selected by drawing a selection window around the
whele gronp You can also create proups by
appending new components to the group by holding
dovwn the SHIFT kev and then selecting other
components to add to the selection group:

LN ]
Ly

- .



- - - - W -

- & = - & & =
- - - & ® ® - W - @ W .
- - - - - - - - - - - -
- - - o e - > - - & & =
- - - 8 = = . - - e = =
- w - & ® ® -' - & & =
- = - & W W lq - W w W
- -l - = = = -l - -

Group Move

Moving a group of selected elements can be much
faster than moving components one at a ume. To
move the whole group hold down the SHIFT kev
and press and hold one of the selectad components.
You can then drag and drop the group. You can also
use the right mouse bution without the SHIF T key.

1
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Power On First Customised Circuit

FRepeat the previous steps 1 steps to practice the

copy and moving components

When ready wvou can then Power Dﬂm}fﬂur

circuit 1o fest 1
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Schematics

Schematics

Schematics are abstract representations of physical
components. Tt can be easier to understand how a
cireut functions when represented 1o schematie
format Often schemantics are wvsed to descnibe a
circusts netlist in a separate desizn step. In Virtual
Breadboard (VBB) Schematics and Breadboari

components are merged intc one desion sheet

creating hvbrid desiens where all the mformation

about the desien 15 1n one place.

»  Components with the same 11 are linked

» Components  have  schematic breadboard
feprezentations

¢+ When a circuit has a schematic and breadboard
component with the same ID the schematic
component creates the netlist for the breadboard
component.

Edit ‘ID" property

When a component shares the same T property

the pin the pins of both componenis are linked with

virtoal links.

Award * Edit the property of the LED to be D1

8 -
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Common 1T} Common Netlist
Components with the same ID share a netlist
between them To see this copy and paste a
component with the same TD and Show the Nets to
see the dden links between the components.

Exercise: Dugplicate LED D1 and Show Nets

Edit “Lavout’ properiy

The Layout property determunes which tvpe of view
of the component 15 rendered. So far vou have only
seen the Breadboard lavout Many components also
support a Schematic lavout.

Award: Select the duplicate LED and set 117s layout
property to Schematic



Fxercise : Repeat the previcus steps

Repeat the above steps for the Resistor ® Edit the
esister propesty to be R1 Copy and Paste the

Resistor Set the duplicate Reststor lavout property

to be Schematic

Wire Up the Schematic

When the schematic twins are wired to form vahd
circiits the matching Breadboard component twin 15
also wired with the same netlist

Award: Snap the schemane elements together to
form a powered LED cireuit

Exercize : ‘Power Up’ and verify

At muntime only the Breadboard component 15
activated. The schematic component can be used to
create an understandable netlist but ot does not
participate m the runtime circiit.

Mote: Cne advantage of this approach 15 the
physical Breadbeard compenents can be placed
anvwhere withowt the confusion of connecting
wires running all over the place:

Exercise: Power Up the crowt and venify the
LED brightens as powered by the virtual links

D50 Basics
D50 Basics

he Digital Storage Oscilloscope (DS0) 13 an
ential tool for visualising and analysing ctrouits.
this traming yvou will leamn the basic steps of
addinz a D8O to vour progect and hinkwo 1t to a
ptobe.

The D50 Design Sheet

The DSO has two clements, the DSO desion shesat
and logic probes. The DSO design sheet 15 used to
visualise the signals and confisure the tnggers and
tmebaze view parameters. Probes are Breadboard
components and are inseried imte Breadboard
circusts to capture signals and are hinked to the SO
o send and visualize the captured sienals.

Award - Add a DSO Dezaign Sheet to the
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Viewing the DSO

Like all Design Sheeis the DSO needs to be
dragged and dropped into a view pane to actually
view 1t. This allows different confisuranons of
circutts and instrument views to be created and
easily switched between

Award - Dras and Drop the DSO Design sheet into
the bottom view panel




Attaching a probe

To capture signal data to display m the DSO vou
add oneor more probes to the circurt.

Award -Add a probe and link it to the frequency
Denerator
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Power On to start tracing

The default mode 5 Trace Mode whach
continuously captures signale with the current
timebase setiings. The siznal sampled will be the
siznal shown Without a trigzer thers 15 no specific
event that starts the samplins and the signal will
appear to jitter.
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A Trigzer 15 a spectfic svent that the sampler waits
for before 1t begins to sample the signal. The effect
of this 15 1o place the signal m known location on
the screen allowing wisual comparnison with
previous stonals better suited for detecting signal
changes.

Tngoers are a property of the probes. When
powered up the probes in the Breadboard are
scanned and added to the DSO Tnggers panel
Thesz tropgmers are lomcally ANDd together to
create 2 single filier trigzer event

Erngg- Event Description
: Tre if this signal s
I LOW LOW
Iz True if this signal 1s
RISING Rising Edge
|
- True if this signal 15
Is HIGH HIGH
| Is
= 2 Tme if this =ignal s
ESLLE\ Fallmz Edge
|

Award .:E‘lmngv:— the Trigger to Rising Edpge to
stabilise the siznal

Tri e
or g2 Event Description
Daont - ;
= Not used in filter
cafe

™

L = L

Setting the Timebase

The Time base i the amount of time shown by each
grid unit in the IS0 display. Changing the Time
base has the effect of zooming 1n and out of the
signal.

Award :Change the Time base zooming the display
1n and out

Signal Analysis

The DSO 15 used 1o sample and display simals 1o
assist 1 circuat analvsis and troubleshooting For
example vou can us2 it to visualise and measure the
frequency generated by 2 frequency generator.
Exercise : Change frequency by aliding the shiderof
the frequency generator and wisualise the siznal
changes in the DSO
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