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%%capture

import matplotlib.pyplot as plt # used for visualization
from os import listdir # used to list the contents of a directory

'pip install scikit-image # used for image manipulation
from skimage.lo import imread # used toread a raw image file (e.g. png or jpg)
from skimage.transform import resize # used to resize images

# used to convert an image to the "unsigned byte" format
from skimage import img_as_ubyte
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def resize images(input_folder:str,
width:int,
height:int
):

labels = [] # a list with the label for each image
resized images = [] #a list of resized images in np array format
filenames = [] #a list of the original image file names

for subfolder in listdir(input_folder): # foreach sub folder

print(subfolder)
path = input_folder + '/' + subfolder

for file in listdir(path): # for each image file in this subfolder

image = imread(path + '/' + file) #reads the image

resized = img_as_ubyte(resize(image, (width, height))) #resizes the image
labels.append(subfolder[:-4]) # uses subfolder name without "Head" suffix
resized_images.append(resized) # stores the resized image
filenames.append(file) # stores the filename of this image

return resized_images, labels, filenames



resized images, labels, filenames = resize images("AnimalFace/Image",
width=100, height=100) # retrieves the images with their labels and resizes them to 100 x 100
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# reads an image file, stores it in a variabe and

# shows it to the user in a window

image = imread('AnimalFace/Image/LionHead/1lioni78.jpg')
plt.imshow(image)

image.shape

(169, 169, 3)
gpﬂj“@jmﬂm&ﬁj@mumuilsgx159asﬁmﬁsw1ds_;a_cmgus:
RGB 11 allait (3,31 / puadnl / jas]) &Sl ol giatl Sl s5aall 23 @30 JSiaig (Juss (28,561)

:3 ) 9eaall 0308 (ya J9¥1 Juaall o5 s1 A I eyl adadll podaias ¢ JUL S e

# the pixel at the first column of the first row [162 68 66]
print(image[@][0])
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resized = resize(image, (100, 100))
print(resized.shape)
print(resized[0][0])

(160, 100, 3)
[0.40857161 0.27523827 0.26739514]

RGB &La el giafl @@ ol 100 X 100 sbasl il 3 Lagauma Il Lgama yul 433 9l 5 (0 @0l e
B3 A 6yl 3 pa Lgligai alel (3Sang 150 o dasd il 3 (5S4 (Normalized) L g @3 Sy IS
L!jl:lj1 g,:r_q)_._" &E.Z.u JMJ-L).AEJLEul SLEE s:_..:iLJI

resized = img_as ubyte(resized) (100, 100, 3)
print(resized.shape) [164 70 68]
print(resized[0][0]) [162 68 66]
print(image[0][0])

0
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# displays the resized image

i plt.imshow(resized);
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e = )

violations = [index for index in range(len(resized_images)) if
resized images[index].shape !'= (100,100,3)]

violations

[455, 1587]
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Tiger
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violations[0]
violations[1]

posl
pos2

print(filenames[posi])
print(resized_images[posl].shape)
plt.imshow(resized_images[posi])
plt.title(labels[posi])

cowl.gif
(100, 100, 4)

print(filenames[pos2]);
print(resized_images[pos2].shape);
plt.imshow(resized_images[pos2]);
plt.title(labels[pos2]);

tiger0000O00168. jpg
(100, 100)
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¥

# prints the first pixel of the RGBA image
# a value of 255 reveals that the pixel is not transparent
at all.

resized_images[posi][e][e]

array([135, 150, 84, 255], dtype=uint8)

a3 254(100,100) sLadf 53 IS 5 L gt a1 5,5
(Grayscale) gale sz i3 Guwiis 3yl () e EILH oL
3231 / raual J-L-ﬂl' Gawill g [RGB Gaciny covds
dlasya A sg e Lol ol (Misleading Yellow/Blue)
a3 jgeall e ol 36l IS 2 imshow Al Lgailia sl

b LaSo3lall (Sang (ool -yl

.imshow(resized images[pos2], cmap = 'gray')
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resized images[pos2][0][@]
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# used to count the frequency of each element in a list. Counter({'Bear': 101,
from collections import Counter ‘Cat’: 160,

'Chicken': 100,
label_cnt = Counter(labels) ‘Cow': 104,
label_cnt ‘Deer’: 1063,

'‘Duck': 163,

'Eagle’: 101,

"Elephant’: 100,

‘Lxon*x 162,

Ao 8939 lauell Aeuall Ay) uliSes Lin 'Monkey': 100,
e i [ daudall g Nature) Nat * Nat': 8,
k,éﬁi'tguga_;mhaﬁm@m :P{mda‘f 119,
Pigeon': 115,
'Rabbit’': 100,
'Sheep': 100,
'Tiger': 114,
'Wolf': 100})

ljm{:}.ﬂ;l_-iﬁg]ﬂqjyaﬂu_l:&;ﬁﬂ ;JT.LE;‘U:!}E&:__ELEﬂL}_n@)iiJHjﬁu|PMui:&ulffﬂ Eijm{__gj_'mﬂ

Losic g idasa jpum ilad e gqimig (danlall) Nat Leilgie | 2 3 yuiun 353 ye (o] aadl) Counter ca i<y bl gusdl

'L'!"_EL._QI Lybﬂﬁjw)bmyuh&gj:ai(ﬂutller) ﬂﬁm#aﬁ:ﬂﬂ‘ ﬂﬂuldutsa]ﬂemym&af»ﬁ
ol g
il gl €

(d_i_u!aﬂ) Nﬂtaiaj r "erl ygeaall IS GUILS 4 J.LJ_;'_"LILA‘)..H J.J_nﬂ anijGBAandeULQJLJ == ]! Lt_!n_a_ﬂ ‘f:j_.:u
Apams ud Al ygually *quLquj‘uLam elocd @5l53 0ya

N = len(labels)

resized images = [resized images[i] for i in range(N) if i mot im violations

and labels[i] !'= "Nat"]
filenames = [filenames[i] for i in range(N) if 1 not in violations and
labels[i] != "Nat"]

labels = [labels[i] for i in range(N) if i not in violations and labels[i] !=
o §at" ]
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import numpy as np
X = np.array(resized images)
Y = np.array(labels)

X.shape
(1720, 100, 100, 3)
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from sklearn.model_selection import train_test_split

X_train, X_test, y_train, y_test = train_test_split(

X,

Y,

test_size = 0.20, #uses20% of the data for testing
shuffle = True, # to randomly shuffle the data.

random_state = 42, #toensure that datais always shuffied in the same way

ALl @530l 2 Loa uaas alsa JS cya ygaall ol 5231 o 1 3lnn caled il guondl ygum cilloa oY [ 1a
L]_.JL.E.J) shuffle=True davsg ikt %) Jlea 2 2nls coibin) )l g3l (pa dpaall Jubios I GlI3 (g0 43
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Juls3 gl sl S
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X _train[0].shape

(100, 1600, 3)
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X_train_flat = np.array([img.flatten() for img in X_train])
X _test flat = np.array([img.flatten() for img in X_test])
X_train_flat[0].shape

(30000, )
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from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier

model MNB = MultinomialNB()
model MNB.fit(X_train_flat,y_train) #fits the model on the flat training data

MultinomialNB()

from sklearn.metrics import accuracy_score # usedto measure the accuracy

pred = model MNB.predict(X _test flat) # gets the predictions for the flat test set
accuracy_score(y test,pred)

0.36046511627906974
3l 339 ellaeY xS UL ALl ( Confusion Matrix) 28,01 23 game AL ooee p ) alasll (o s

*%capture
'pip install scikit-plot
import scikitplot

scikitplot.metrics.plot _confusion matrix(y_test, #actuallabels
pred, # predicted labels
title = "Confusion Matrix",
cmap = "Purples”,
figsize = (10,10),
X_tick_rotation = 960,
normalize = True # to print percentages

)
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Er_ar g0 00 005 00 00 014 005 01 0O 00 00 00 01 00 00

Cat10.03 0.21 0.0 00 018 0.0 0.05 0.08 Q05 0.03 0.0 0.13 0.08 0.05 0.02 0.05 0.8
Chicken4 0.0 0.0 |03 004 00 00 004 0111033 00 00 00 015 0.0 00 0.04
Cow 10,23 0.0 003 023 00 00 00 017 01 003 003 00 00 01 00 007
Deer 1 0.0 0,03 0.03 0.06 Iﬂ,ﬂf]. 0.0 003 006 016 009 00 003 00 00 006 003
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( Normalized Values)
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Rabbit 10.04 007 0.0 00 ©OO7 004 011 032 007 0O7 0.0 0.04 004 015 00 0.0

Sheep 10.14 0.05 0.0 0.05 0.09 0.05 00 009 005 00 0.0

0.0
; - 0.2
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from sklearn.linear_model import SGDClassifier

model sgd = SGDClassifier()
model_sgd.fit(X_train_flat, y_train)
pred=model_sgd.predict(X test flat)
accuracy_score(y test,pred)

0.46511627906976744
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from sklearn.preprocessing import StandardScaler

scaler = StandardScaler()
X_train_flat_scaled = scaler.fit_transform(X_train_flat)
X _test flat_scaled = scaler.fit_transform(X test flat)

print(X_train _flat[@]) # the values of the first image pre-scaling
print(X_train_flat_scaled[0]) # the values of the first image post-scaling

[144 142 151 ... 76 75 80]
[ 0.33463473 0.27468959 0.61190285 ... -0.65170221 -0.62004162
-0.26774175]
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model _sgd = SGDClassifier() 0.4906976744186046
model_sgd.fit(X_train_flat_scaled, y_train)
pred=model_sgd.predict(X test flat scaled)

accuracy score(y test,pred)
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from skimage.color import rgb2gray # used to convert a multi-color (rgb) image to grayscale
# converts the training data

X _train_gray = np.array([rgb2gray(img) for img in X _train])

# converts the testing data

X _test gray = np.array([rgb2gray(img) for img im X test])

plt.imshow(X train_gray[0],cmap='gray'); plt.imshow(X train[e]);
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print(X_train_gray[0].shape)
print(X_train[@].shape)

(100, 100)
(100, 100, 3)
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from skimage.feature import hog

hog vector, hog_img = hog(
X _train_gray[0],
visualize = True

)

hog vector.shape

(8100, )
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plt.imshow(hog_img);
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X_train_hog = np.array([hog(img) for img in X _train_gray])
X _test hog = np.array([hog(img) for img in X test gray])

tasasdl Lieall 1aa Jle SGDClassifier o jus oW (S

# scales the new data

scaler = StandardScaler()

X_train_hog scaled = scaler.fit transform(X_train_hog)
X_test_hog_scaled = scaler.fit_transform(X_test_hog)

# trains a new model

model_sgd = SGDClassifier()
model _sgd.fit(X_train_hog _scaled, y_train)

# tests the model

pred = model_sgd.predict(X_test _hog scaled)
accuracy _score(y test,pred)

0.7418604651162791



scikitplot.metrics.plot_confusion _matrix(y test, #actuallabels
pred, # predicted labels
title = "Confusion Matrix", #title to use
cmap = "Purples", #colorpalette to use
figsize = (10,10), #figuresize
x_tick_rotation = 90

);

Confusion Matrix
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Panda-q O 0 0
Pigeonq 0 0 0 - 10
Rabbit4 O 0 0
Sheep{ O 0 0
Tiger4{ O 0 0 0 0 1 0 0 0 3 1 0 0 0 0 5
Wolf 4 © 1 0 1 1 0 0 0 1 0 0 0 0 0 0
s 5§ 5§ 5 ¥ % Lt 5 5 %S5 g8 oLo%
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'pip install tensorflow
'pip install keras
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# gets the set of all distinct labels
classes=1list(set(y_train))
print(classes)

print()

# replaces each label with an integer (its index in the classes lists) for both the training and testing data
y_train_num = np.array([classes.index(label) for label im y_train])

y _test num = np.array([classes.index(label) for label in y test])

print()

#example:
*print(y train[:5]) #first5 labels
print(y_train_num[:5]) #first5 labels in integer format



[ 'Elephant', 'Duck’', 'Monkey’', 'Cow', 'Sheep', 'Wolf', 'Tiger', 'Deer’,
'Cat', 'Lion', 'Rabbit', 'Panda', 'Pigeon', 'Chicken', 'Eagle', 'Bear']

['Panda' 'Pigeon' 'Monkey' 'Panda' 'Sheep']
[11 12 2 11 4]
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from keras.models import Sequential # used to build neural networks as sequences of layers
# every neuron in a dense layer is connected to every other neuron in the previous layer.
from keras.layers import Dense

# builds a sequential stack of layers

model = Sequential()

# adds a dense hidden layer with 200 neurons, and the RelLU activation function.
model.add(Dense(200, input_shape = (X_train_hog.shape[1],), activation='relu'))
# adds a dense output layer and the softmax activation function.

model.add(Dense(len(classes), activation='softmax'))

model.summary()

Model: "sequential”

Layer (type) OQutput Shape Param #
dense (Dense) (None, 200) 1620200
dense_1 (Dense) (None, 16) 3216

Total params: 1,623,416
Trainable params: 1,623,416
Non-trainable params: @
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# compiling the model
model.compile(loss = 'sparse_categorical_crossentropy', metrics =
[ 'accuracy'], optimizer = 'adam')

d_lec 2 (model.compile()) asexitlidiag allgKeras i o2 Sl 239 il slael 3l f..;_a;._u.;
LaS Aoy 2o Dalas A59U3 JoieTig 3 oinll g G-ionl g pusll oal ot g S o3 gl A sal 1 (Sl s gin
4.2 Jounll 2 pinga ga

arand! ddo o *:*3"-41-“ 4.2 Jga>

Gl gt (g Ll 39 il 3 Lhasul @ puiit auiit o 3 SIS o
e 2ag! S VA (I Sl (e dume Ao ganl Auiiiall usliall e 3 sadll i3
)_._-,.._,_11 )l aGag 2 gadl .1le Joaai dalall 2 ety Les 3Ll ou...L;:‘._..U_Ld! 3 yluwsnt!
a3 Sparse_categorical_crossentropy : a3 Ll adls eSS alladloaa 2 g (loss)
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model.fit(X_train_hog, # training data
y_train_num, #labelsin integer format
batch_size = 80, #number of samples processed per batch
epochs = 40, #number of iterations over the whole dataset

)



Epoch 1/40

17/17 [===============z======z=========] - 1s lé6ms/step - loss: 2.2260 - accuracy: 06.3333
Epoch 2/408
17/17 [===============z======z=====z====] - @s 15ms/step - loss: 1.1182 - accuracy: 0.7256
Epoch 3/40
17/17 [===============z======z=========] - @s 15ms/step - loss: 0.7198 - accuracy: 6.8155
Epoch 4/40
17/17 [===============z======z=========] - @s 15ms/step - loss: 0.4978 - accuracy: 6.9031
Epoch 5/408
17/17 [====s=s=z==ssszs=zsz=s=====z===] - @5 16ms/step - loss! 8.3676 - accuracy: 0.9388

Epoch 36/40

17/17 [===============z======z=========] - @s 15ms/step - loss: 0.0085 - accuracy: 1.6000
Epoch 37/40
17/17 [==============================] - 0s 21ms/step - loss: 0.0080 - accuracy: 1.0000
Epoch 38/40
17/17 [====s===ssz===saz==zx===z====x] - @5 15ms/step - loss: 6.0076 - accuracy: 1.8006
Epoch 39/40
17/17 [====s===ssz===saz==zx===2====x] - @5 15ms/step - loss: 6.0073 - accuracy: 1.8006
Epoch 40/40
17/17 [========z==m======z===zs===z=z====] - @5 15ms/step - loss: 6.0071 - accuracy: 1.800@
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pred = model.predict(X test hog)
pred[@] # prints the predictions for the first image

1.{'_;1.{*_ [='===='—"=============='—'===='—"====] - E]S zmS;StEp

array([4.79123509e-03, 9.79321003e-01, 8.39506648e-03, 1.97884417e-03,
7.83501855e-06, 3.50346789%e-04, 3.45465224e-07, 1.19854585e-05,
4.,41945267e-05, 4.11721296e-04, 1.27362555e-05, 9.83431892e-06,
1.97038025e-04, 2.34744814e-03, 5.49758552e-04, 1.57057808e-03],
dtype=float32)

predict()ajl_mﬂja;;;ﬁ@iu;_ug@;ﬂ Yiaial 381 ol gaall sklearn aosa oy predict() EJ1J_>.5.TaJ‘fL4.}T_g
Jbels¥ np.argmax() adls alazial (<Sas At ol a2 a_-,,._E)il Ogliadl IS ¥ sl Keras o8 2
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# index of the class with the highest predicted probability.
print(np.argmax(pred[0]))

# name of this class

print(classes[np.argmax(pred[0])])

# uses axis=1 to find the index of the max value per row
accuracy_score(y_test_num,np.argmax(pred, axis=1))

1
Duck
0.7529021558872305
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Prediction Using Convolutional Neural Networks
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: ( Convolutional Neural Network -CNN )
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RGB Guwiiig 100x100 slals 3,80 Jie (100 100.3) alss X_train aagaas

JeS1 X_train adogaae 2 N 500 dwews Jhe Y_train dagaal) 2 N caually
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from sklearn.naive bayes import MultinomialNB # imports the Naive Bayes Classifier from sklearn

X_train_flat = np.array( )

model MNB = MultinomialNB() # new Naive Bayes model

model MNB.fit( ! ) # fits model on the flat training data
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from skimage.color import # used to convert a multi-color (rgb) image to grayscale
from sklearn. import StandardScaler # used to scale the data

from sklearn.naive bayes import MultinomialNB # imports the Naive Bayes Classifier from sklearn

X_train_gray = np.array([ (img) for img in X train]) #converts training data

X_train_hog =

scaler = StandardScaler()
X_train_hog_scaled = .fit_transform(X_train_hog)

model_MNB = MultinomialNB()

model MNB.fit(X_train_flat_scaled, )
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: (Anomaly Detection)
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: (Image Segmentation)
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Understanding Image Content
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Vehicle type: car
Direction: passing
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import matplotlib.pyplot as plt
from os import listdiry

'pip install

from skimage.
from skimage.

from skimage

scikit-image

io0 import imread
transform import resize
import img_as_ubyte

# a palette of 10 colors that will be used to visualize the clusters.

color_palett
'pink’', 'blac

e = ['blue’, 'green’','red’, 'vellow', 'gray’, 'purple’, 'orange’,
k', 'brown']

_al=s) input_folder ;s (Ll gustl_sgg) LHI-Animal-Faces Ll dc gama jaun a0 23101 25
A3 ety 2537 @3 Lgandi 0 yally Jolall sLasl Lgt (595 s Lgia JS @ JaTy i Ly palst] (3LA L)
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def resize images_v2(input_folder:str,

width:int,
height:int,
labels_to_keep:list
)
labels = [] # a list with the label for each image
resized images = [] #a list of resized images in np array format
filenames = [] # a list of the original image file names

for subfolder in listdir(input_folder):

print(subfolder)

path

for

= 1nput_folder + '/' + subfolder
file in listdir(path):

label=subfolder[:-4] # uses the subfolder name without the "Head" suffix
if label not in labels_to_keep: continue

labels.append(label) # appends the label
#loads, resizes, preprocesses, and stores the image.

resized images.append(img as ubyte(resize(imread(path+'/'+file),

(width, height))))

filenames.append(file)

return resized_images, labels,filenames

e e e |
. '
FiF .
Vi



ad.uj.u..l:J‘ lejiljmjjiwﬁfsun EL,_-...J Ol 3Sasg.dcgiia (Unstructured Data) -ﬂ.dn.d'.l)...:uLtLuJI
l.l_ﬁiLa:-.'}’.u.Lu.quSiaMJw@JblﬁﬁﬁMMMﬁhMbuMUJMj

O gall (yadie yadcgama e resize_images_v2( ) s Guulat @i lewstl codgll L]_.J.a..,.lj, ‘L,.HJ.:Jl

resized_images, labels,filenames=resize_images_v2(
"AnimalFace/Image”,
width = 224,
height = 224,
labels _to_keep=['Lion', ‘'Chicken’', 'Duck', ‘'Rabbit', 'Deer’,

'Cat', 'Wolf', 'Bear', 'Pigeon', 'Eagle']
)

BearHead MonkeyHead
CatHead Natural
ChickenHead PandaHead
CowHead PigeonHead
DeerHead RabbitHead
DuckHead SheepHead
EagleHead TigerHead
ElephantHead WolfHead

LionHead

&;mﬁ;mumﬁpﬁ (L@M1 Oasliatl) labels_to_keep ,hantl s dlggam vl i€as
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import random

#connects the three lists together, so that they are shuffled in the same order
connected = list(zip(resized images,labels,filenames))
random.shuffle(connected)

# disconnects the three lists

resized images,labels,filenames= zip(+*connected)
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import numpy as np # used for numeric computations

X = np.array(resized images)
Y = np.array(labels)
X.shape

(1085, 224, 224, 3)

dj_.ibju.gl_uj;ZZd x 224 J'l_ui <l 3 Lé.LdEJj_n..aJs (8 ) g l,DSSJ_q_&E Lg_:l u_.anLtL_u.ﬂ JS & 5 Sty
.RGB )\ gl
Clustering without Feature Engineering jailasf dwid (o aed!

b aca galal d e I Lgia JS Jugamil ¢ gl madn sy aluall o le 3g¥1 asasill 3dgloa 38,5 0
.La2,150,528 = 3 x224 x 224

gmil] il Cya pgil

X_flat = np.array([img.flatten() for img im X])
X _flat[e].shape

(156528, )

X_flat[@] # prints the first flat image

array([1e07, 146, 102, ..., 91, 86, 108], dtype=uint8)

-
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X _norm = X flat / 255
X _norm[0]

array([ﬂ.ﬂlgﬁﬂ?aﬁ, 0.57254902, 0.4
©.42352941])
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*%capture
'pip install yellowbrick
from yellowbrick.text import TSNEVisualizer

tsne = TSNEVisualizer(colors = color_palette) #initializes the tool
tsne.fit(X norm, y) #uses TSNE to reduce the data to 2 dimensions
tsne.show();

TSNE Projection of 1085 Documents
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from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering
import scipy.cluster.hierarchy as hierarchy

hierarchy.set _link_color_palette(color _palette) # setsthe color palette
plt.figure()

# iteratively merges points and clusters until all points belong to a single cluster
linkage flat = hierarchy.linkage(X norm, method = 'ward')

: . 'd h
hierarchy.dendrogram(linkage flat) L_

o= 35kue (2515) ward
)

plt.show() o2 At day ) 33,0
- ,#ﬁl?mn#urgl v
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 10)
AC.fit(X_norm) # applies the tool to the data

pred = AC.labels_ # gets the cluster labels

pred

array([9, 6, 3, ..., 4, 4, 3], dtype=int64)
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from sklearn.metrics import homogeneity_score, adjusted_rand_score,
completeness_score

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness score(y, pred))

Homogenelty score: 0.09868725008128477
Adjusted Rand score: 0.038254515908926826

Completeness score: 0.101897123096584
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from skimage.color import rgh2gray

from skimage.feature import hog

# converts the list of resized images to an array of grayscale images

X_gray = np.array([rgb2gray(img) for img in resized_images])
# computes the HOG features for each grayscale image in the array

X _hog = np.array([hog(img) for img in X _gray])

X_hog.shape

(1085, 54756)
ELQ—'I—_LHJ_EL;JTUH&}&.MJ‘I :H%Jmh@dﬁn@&nﬁﬁ‘ﬁﬁJﬁﬁui a_I;:.-_U ) ] VL | Y N W
tuasdl Gaeainll s yugaut TSNEVisualizer 3151 G eyl alasll adseiig
tsne = TSNEVisualizer(colors = color_palette)

tsne.fit(X_hog, y)
tsne.show();
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plt.figure()

linkage_2 = hierarchy.linkage(X_hog,method = 'ward')
hierarchy.dendrogram(linkage_2)

plt.show()
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 5)
AC.fit(X _hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity score(y, pred))
print("\nAdjusted Rand score:', adjusted rand score(y, pred))
print('\nCompleteness score:', completeness score(y, pred))

Homogenelty score: 0.4046340612330986
Adjusted Rand score: 0.29990205334627734

Completeness score: 0.6306921317302154
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 10)

AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogeneity score: 0.5720932612704411
Adjusted Rand score: 0.41243540297103065

Completeness score: 0.617016965322667
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VGG16 7350 dujlens 14.22 K2

7355 1 Jgaosll Galuall iyl 2 Lagule coyas cnilll Keras 3385 TensorFlow o€ alusiol (<a;
Agllall ol a¥1 aran 31l 2 Io¥ 3glasll fiamig cdellaial s VGG 16

from keras.applications.vggl6t import VGG1l6e # used to access the pre-trained VGG16 model
from keras.models import Model

2 shall T B AR
model = VGG16() # loads the pretrained VGG16 model - e i
# removes the output layer
model = Model(inputs = model.inputs, outputs = model.layers[-2].output)

olsll @2 @i 10 VGG 2350 Lgallazs il Lgud’ Lok M 20N Aatlatl AL Gzma ! alazll ks
:150 e 45551 RGB
from keras.applications.vggl6t import preprocess_input (1085, 224, 224, 3)

X_prep = preprocess_input(X)
X_prep.shape

&:M39.224 % 2248 Lasleyl Lgias jgn JS 5 ygum (3glads SundgCall gl g LaS Jlas bl JS 2 0 das
312 8,096 (4o (558 doxin 1 5500 S Jagid platall p3gaill alaieiol (S alls dass [RGB ol gl cul 513

X _VGG16 = model.predict(X prep, use multiprocessing = True)
X_VGG16.shape

3&;3.{* [==============================] - 5?5 ZSHStEp

(1085, 4096)

IS (e dalaall oyl (3oacanll Aadlall Jiaas) multiprocessing=True 3saall 2lall poaiada i
Jul Vvl L!JL'JI Lgmfj' bl:.ﬁll ‘AJ-":r_‘l--u:-;t__mq_'lﬂ 5glas JLQSLLJ—_'E"j ;l__gjlj_ﬂ'l_-. PR ijﬂng;l! | BN
:(Vectorized Data)agat! Slalod!

tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X VGG16, labels)
. Jtsne.show();
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linkage 3 = hierarchy.linkage(X VGG16, method = 'ward')
plt.figure()

hierarchy.dendrogram(linkage 3)

plt.show()
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AC = AgglomerativeClustering(linkage = 'ward',n clusters = 4)
AC.fit(X_VGG16)

pred=AC.labels_

print('\nHomogeneity score:', homogeneity score(y, pred))
print("\nAdjusted Rand score:', adjusted rand score(y, pred))
print('\nCompleteness score:', completeness score(y, pred))

Homogeneity score: 0.504687456015823
Adjusted Rand score: 0.37265351562538257

Completeness score: 0.9193141240200559

AC = AgglomerativeClustering(linkage="'ward',n_clusters = 10)
AC.fit(X_VGG16)

pred=AC.labels_

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness_score(y, pred))

Homogenelity score: 0.8403973102506642
Adjusted Rand score: 0.766734821176714

Completeness score: 0.8509145102288217
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from - import AgglomerativeClustering # used for agglomerative clustering
AC = AgglomerativeClustering(linkage='ward', )
X_norm = # normalizes the data

AC.fit(X_norm) # applies the tool to the data

pred = AC. # gets the cluster labels
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import scipy.cluster.hierarchy as hierarchy #visualizes and supports hierarchical clustering tasks

plt.figure() #creates a new empty figure

linkage_flat=hierarchy.linkage( , method=" )

hierarchy. (linkage_flat)

plt.show() #shows the figure
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%%capture

'pip install diffusers
'pip install transformers
'pip install accelerate

import matplotlib.pyplot as plt
from PIL import Image # used to representimages
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# a tool used to generate images using stable diffusion
from diffusers import DiffusionPipeline

generator = DiffusionPipeline.from pretrained("CompVis/stable-diffusion-v1-4")
# specifies what GPUs should be used for this generation
generator.to("cuda")

image = generator("A photo of a white 1lion in the jungle.").images[0]
plt.imshow(image);
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image = generator("A painting of a white lion in the style of Picasso.").
images[0]
plt.imshow(image);
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# pipeline used for image to image generation with stable diffusion

from diffusers import StableDiffusionImg2ImgPipeline

# loads a pretrained generator model

generator = StableDiffusionImg2ImgPipeline.from pretrained("runwayml/stable-
diffusion-v1-5")

# moves the generator model to the GPU (CUDA) for faster processing

generator.to("cuda")

init image = Image.open("landscape.jpg")
init_image.thumbnail((768, 768)) #resizes the image to prepare it as input of the model
plt.imshow(init_image);
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# a detailed prompt describing the desired visual
# for the produced image

prompt = "A realistic mountain
landscape with a large castle.”
image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);
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# generate a new image based on the prompt and the
# initial image using the generator model

image = generator(prompt=prompt,

image = init_image, strength=1).images[0]
plt.imshow(image);
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init_image = Image.open("cat_1.jpg")

init_image.thumbnail((768, 768))
plt.imshow(init_image);
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prompt = "A photo of a tiger"

image = generator(prompt=prompt, image=init_image, strength=0.5).images[0]

plt.imshow(image);
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image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);

(kB ygi A Aiing yall Buyusdl 55 all Bl B
divgla diaingo(yl guadly @l A0l ol da oW T
A1 J30g Aalia¥l 3 jpumlls 4l Basa i Y olol g3 g
Jslos Lula¥1 3 55.mls Liels 915 La zagedll off e
s e £ pad W YIS snlie e dailons

4;#£1Hlﬁ*?jlﬂi}ﬂjiﬂ



Text-Guided Image-Inpainting uﬂ-‘-‘ ALE W 55w ;n.u_;

& PLQ-EAI—T1 d_u-}dld..:....a;_u_u- Q}L-ﬂJJS_uJ!M.ETM!Jm‘El CJ_}.:_'I ﬁ‘.ﬁjnm!gj.cujul JLJ-U _)S_‘;-'I
@) stable-diffusion-inpainting lScasc syl z 35l o a1 |_1._5.i=..1._a-_._r.....r_g A iina b ygun yaddixa

J__;._E}(Maﬂk} iLd»JLLﬁjiM\J_Lcd_a_an_@dﬁ_wJLﬂﬁnfﬂ a2 |i=|j.a:\j¢(_).a.u.u.u _JL:.;.H'}H—
Al Lgabads 31l 3 5mll fya 3ol 2132

# tool used for text-gquided image in-painting

from diffusers import StableDiffusionInpaintPipeline
init_image = Image.open("cat_on_bench.png").resize((512, 512))
plt.imshow(init_image);

mask image = Image.open("cat mask.jpg").resize((512, 512))
plt.imshow(mask image);
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generator = StableDiffusionInpaintPipeline.from_pretrained("runwayml/stable-
diffusion-inpainting")
generator = generator.to("cuda")

prompt = "A photo of an astronaut”

image = generator(prompt=prompt, image=init_ image, mask_image=mask_image).
images[0]

plt.imshow(image);



MMM':an_ua]_gla.‘ ul.—g_a..'l._r...b_-n.ﬂ an_..a_Hs..'h_ﬂaqn_-m

a;_g.:.al' .-‘-:'_...“_-_1[5 ‘._.,_1.“ dla sl ,-_glg_a Liaing ,_.,,..1..TI claall .Injl

HL&&&M)L{.HJ | E_-.u.“ 1..L¢C)-1-4-1L45 4_4.1.@‘}”
.aJ_g...a.”%a;Lsa}“jd.:m.L-nﬂ

5! (San (33 J3l g da gr izl OIS ¢ o p3lgl 2
,._FtﬁT_JL'J' E_LLE.“jd_i_LU 5 yguos Jas +‘:.,_|31j Jao

s las sl 4515 y0ee :4.39 52

init _image = Image.open("desk.jpg").resize((512, 512))
plt.imshow(init image);

mask_image = Image.open("desk _mask.jpg").resize((512, 512))
plt.imshow(mask image);
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prompt = "A photo of a book”

image = generator(prompt=prompt, image=init_image, mask_image=mask_image).
images[0]

plt.imshow(image);
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Computer Vision

' Convolutional Neural
Network - CNN

Diffusion Model
Feature Engineering

Feature Selection

Generative
Adversarial Network
- GAN

Histogram of Oriented

Gradients - HOG
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import random

def create problem_instance(skill_number, # total number of skills
worker_ number, #total number of workers
required skill_number, # number of skills the team has to cover
max_skills_per_worker # maxnumber of skills per worker

):



# creates the global list of skills s1, s2, 53, ...
skills = ['s' + str(i) for i in range(1l, skill number+1)]

worker skills = dict() #dictionary that maps each worker to their set of skills
for i in range(1, worker number+1): # for each worker

# makes a worker id (w1, w2, w3, ...)
worker id = 'w' + str(i)

# randomly decides the number of skills that this worker should have (at least 1)
my skill _number = random.randint(1, max_skills_per_worker)

# samples the decided number of skills
my_skills = set(random.sample(skills, my_skill_number))

# remembers the skill sampled for this worker
worker skills[worker_ id] = my_skills

# randomly samples the set of required skills that the team has to cover
required _skills = set(random.sample(skills, required_skill_number))

# returns the worker and required skills
return {'worker skills':worker skills, 'required skills':required skills}
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# the following code represents the above test
sample_problem = create_problem_instance(10, 6, 5, 5)

# prints the skills for each worker
for worker_id in sample_problem[ 'worker_skills']:
print(worker_id, sample_problem[ 'worker_skills'][worker_id])

print()

# prints the required skills that the team has to cover
print('Required Skills:', sample_problem[ ' 'required_skills'])

wl {'s10'}

w2 {'s2', 's8', 's5', 's6'}

w3 {'s7', 's2', 's&', 's§', °'si'}
ws {'s9', 's4'}

ws {'s7', 's4'}

we {'s7', 'si0'}

Required Skills: {'s6', 's8', 's7', 's5', 's9'}
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Decision Making with a Brute-Force Algorithm
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# used to generate all possible combinations in a given list of elements
from itertools import combinations

L= ["wl'. 'w2':. "w3'- ‘wi']

print(‘'pairs', list(combinations(L, 2))) #all possible pairs
print( triplets', list(combinations(L, 3))) #all possible triplets

pairs [('wl', 'w2'), ('wl', "w3'), ('wl', 'wé'), ('w2', 'w3'), ('w2"',
'ws'), ("w3', 'ws')]

triplets [('w1l', 'w2', "w3'), ('wl', "w2', "w&'), ('wl', 'w3', 'w4'),
('w2', 'w3', 'wi')]
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def brute force solver(problem):

worker_skills = problem[ 'worker_ skills']
required_skills = problem[ 'required_skills']

worker_ids = list(worker skills.keys()) #gets the ids of all the workers
worker num = len(worker_ids) # total number of workers
all_possible_teams = [] #remembers all possible teams

best_team = None #remembers the best (smallest) team found so far

#for each possible team size (singles, pairs, triplets, ...)
for team_size in range(1, worker num+1):

# creates all possible teams of this size
teams = combinations(worker_ids, team_size)
for team in teams: # for each team of this size

skill _union = set() # union of skills covered by all members of this team
for worker_id im team: # foreach team member
# adds their skills to the union
skill_union.update(worker_skills[worker_id])

# if all the required skills are included in the union
if required skills.issubset(skill _union):

# if this is the first team that covers all required skills

# or this team is smaller than the best one or

if best_team == None or len(team) < len(best_team):
best_team = team # makes this team the best one

return best_team # returns the best solution
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# uses the brute-force solver to find the best team for the sample problem
best_team = brute_force_solver(sample_problem)
print(best _team)
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problems with 5 workers = [] #5 workers

problems_with_10_workers = [] # 10 workers
problems with_15 workers = [] # 15 workers
problems _with 20 workers = [] # 20 workers

for i in range(100): #repeat 100 times

problems_with_5_workers.append(create_problem_instance(16, 5, 8, 5))

problems with 10 workers.append(create problem_instance(10, 10, 8, 5))
problems with_ 15 workers.append(create problem_instance(10, 15, &, 5))
problems_with_20_workers.append(create_problem_instance(10, 20, 8, 5))
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import time
def gets solutions(problems,solver):

total_seconds = 0 # total seconds required to solve all problems with this solver
total_solved = 0 #total number of problems for which the solver found a solution
solutions = [] # solutions returned by the solver

for problem in problems:

start_time = time.time() # startsthe timer

best team = solver(problem) #computes the solution

end time = time.time() # stops the timer

solutions.append(best team) #remembero the solution
total_seconds += end_time-start_time # computes total elapsed time

if best team != None: #ifthe best team is a valid team
total_solved += 1

print("Solved {} problems in {} seconds".format(total solved,
total seconds))

return solutions
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gets solutions(problems with 5 workers,
brute force solver)

brute_solutions_5
solver

brute solutions 10 = gets solutions(problems with 10 workers,
solver = brute force solver)

brute _solutions 15 = gets solutions(problems with 15 workers,
solver = brute force solver)

brute _solutions 20 = gets solutions(problems with 20 workers,
solver = brute force solver)

Solved 23 problems in 0.0019948482513427734 seconds
Solved 80 problems in 0.06984829902648926 seconds
Solved 94 problems in 2.754629373550415 seconds
Solved 99 problems in 109.11902689933777 seconds
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Decision Making with a Greedy Heuristic Algorithm
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def greedy_solver(problem):

worker_skills = problem['worker_skills']
required_skills = problem[ 'required_skills"']

# skills that still have not been covered

uncovered_required_skills = required_skills.copy()

best_team = []

# remembers only the skills of each worker that are required but haven't been covered yet
uncovered_worker_skills = {}

for worker_id in worker_skills:

# remembers only the required uncovered skills that this worker has
uncovered worker skills[worker id] = worker skills[worker id].

intersection(uncovered_required_skills)
{ intersections( ) aJll ﬂ.hj

# while there are still required skills to cover
while len(uncovered_required_skills) > 0:

L,J.En.h.zﬂ-éj:_‘-r_“h FRTRES lﬂj.q_'f_q
arax (ye A5 yulall ol Hlgall

o2 53 g gal| JL-;.!ﬂ -;'.l_;Lg.n
<l jlgadl g cworker _skills

- F
best_new_coverage = 0 2Bl @l Al dyalladl
.uncovered_worker_skills

best_worker_id = None # the best worker to add next
# number of uncovered skills required for the best worker to cover

for worker id in uncovered worker skills:

# uncovered required skills that this worker can cover
my_uncovered_skills = uncovered worker_skills[worker_ id]

# if this worker can cover more uncovered required skills than the best worker so far

if Tlen(my_uncovered skills) > best new coverage:
best_worker_id=worker_id # makes this worker the best worker
best_new_coverage=len(my_uncovered_skills)

if best worker_id != None: #ifa best worker was found
best team.append(best worker id) # adds the worker to the solution

#removes the best worker's skills from the skills to be covered
uncovered_required_skills = uncovered_required_skills -
uncovered worker skills[best worker id]
for worker_id in uncovered_worker_skills:
# remembers only the required uncovered skills that this worker has
uncovered _worker_skills[worker_id] =

uncovered worker skills[worker id].intersection(uncovered required skills)

else: # no best worker has been found and some required skills are still uncovered
return None # no solution could be found

+“. e return best_team
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greedy_solutions_ 5 =

gets solutions(problems with 5 workers,

solver = greedy_solver)

greedy_solutions_10

= gets_solutions(problems with 10 workers,

solver = greedy_solver)

greedy_solutions_15

= gets_solutions(problems with 15 workers,

solver = greedy_solver)

greedy_solutions_20

= gets_solutions(problems_with_20_workers,

solver = greedy_solver)

Solved 23 problems
Solved 80 problems
Solved 94 problems
Solved 99 problems

in
in
in
in

0.0009970664978027344 seconds
0.000997304916381836 seconds
0.001995086669921875 seconds
0.0019943714141845703 seconds
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# creates 100 problem instances of a team formation problem with 1000 workers
problems with 1000 workers = []

for i in range(100): #repeats 100 times
problems with 1000 workers.append(create problem_instance(10,

# solves the 100-worker problems using the greedy solver
greedy_solutions_1000 =
solver = greedy solver)

gets solutions(problems with 1000 workers,

Solved 100 problems in 0.09574556350708008 seconds

1000, 8, 5))
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def compare(brute_solutions,greedy solutions):
total_solved = O
same _size = 0

for i in range(len(brute_solutions)):

if brute solutions[i] != None: #ifa solution was found
total solved = 1

# if the solvers reported a solution of the same size
if len(brute_solutions[i]) == len(greedy_solutions[i]):

same_size += 1

return round(same_size / total_solved, 2)

5 pinall g o Jloe Awadl i e praadall el g3l ddela 45 Lal compare () Ul alasiwl Y usj
Slale o5 5500l g Slale yfie Binasdl g Jas

print(compare(brute solutions_5,greedy solutions_5))

print(compare(brute _solutions_10,greedy solutions_10))
print(compare(brute_solutions_15,greedy_solutions_15))
print(compare(brute_solutions 20,greedy solutions 20))

1.0

0.82
0.88
0.85
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def greedy_solver(problem):
worker skills=problem['worker skills'] # worker skills for this problem
required skills=problem[ 'required skills'] # required skills for this problem

uncovered_required_skills = required_skills. () # skills not covered
best team=[] # best solution
uncovered_worker_skills={}

for worker_id in worker_skills:

uncovered worker skills[worker id]=worker skills[worker_ id].

(uncovered_required_skills)
while len(uncovered required skills) > 0:

best_worker_id= # the best worker to add next
best_n EHWEG‘#EI'HEE:{S # number of uncovered required skills covered by the best worker
for worker_id in uncovered worker skills: # for each worker
my_uncovered_skills=uncovered worker_skills[worker_id]
# if this worker can cover more uncovered required skills than the best worker so far

if Tlen(my_uncovered skills)>best new _coverage:
best_worker_id=worker_id # makes this worker the best worker

best _new_coverage= (my_uncovered _skills)
if best worker id!= : #if a best worker was found
best team. (best worker_id) # adds the worker to the solution

#removes the best worker's skills from the skills to be covered

uncovered_required_skills=uncovered_required_skills - uncovered_
worker skills[best worker id]

# for each worker

for worker_id in uncovered worker_skills:

# remembers only the required uncovered skills that this worker has

uncovered worker skills[worker id]=uncovered worker_

skills[worker_id]. (uncovered_required_skills)

else: # no best worker has been found and some required skills are still uncovered

return # no solution could be found
®es, - meseme =
T . return best_team
a9y *.° s B
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Using Python and Optimization to Solve the SMWT Problem

((SMWT) 3astgd 2350 bﬂﬁ'ﬁl#+ma:£lj;m&ij;m}’&;ml omayll plasll aluzil L__,s_q;

& i

import random
# creates an instance of the Single-Machine Weighted Tardiness problem.

def create problem _instance(job_num, #number of jobs to create
duration_range, #job duration range
deadline_range, # deadline range
weight_range):# importance weight range

# generates a random duration, deadline, and weight for each job

durations = [random.randint(*duration_range) for i in range(job_num)]
deadlines = [random.randint(*deadline _range) for i in range(job_num)]
weights = [random.randint(+*weight_range) for i in range(job_num)]

# returns the problem instance as a dictionary

return {'durations':durations,
'deadlines':deadlines,
'weights':weights}
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for i in range(5):# prints 5 random integers between 1 and 10 6
print(random.randint(=[1, 10])) 5
5
10
1
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create_problem_instance(10, [5, 20], [5, 501, [1, 3])

L L
\l I -h_.:!Lg.JJ".J.Lj.qJLjLE\ '
{'durations': [18, 17, 17, 6, 9, 6, 20, 12, 9, 19], N

‘deadlines': [39, 31, 6, 42, 48, 10, 39, 16, 34, 35],
'weights": [2, 2, 3,2, 1, 3, 2, 1, 3, 1]} Oos)) Aiaal e )
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# computes the total weighted tardiness of a given schedule for a given problem instance
def compute schedule tardiness(problem, schedule):

# gets the information for this problem
durations, weights, deadlines=problem[ 'durations'], problem[ 'weights'],

problem[ 'deadlines’]

job_num = len(schedule) # getsthe number of jobs

finish_times = [0] * job_num # stores the finish time for each job
schedule_tardiness = 0 #initializes the weighted tardiness of the overall schedule to 0
for pos in range(job _num): # goesover the jobs in scheduled order

Nljg
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job_id=schedule[pos] # schedule[pos]is the id in the 'pos’ position of the schedule
1f pos == 0: #ifthisis the job that was scheduled first (position 0)

# the finish time of the job that starts first is equal to its run time
finish times[pos] = durations[job_id]

else: #forall jobs except the one that was scheduled first

# the finish time is equal to the finish time of the previous time plus the job's run time
finish times[pos] = finish times[pos-1] + durations[job_id]

# computes the weighted tardiness of this job and adds it to the schedule's overall tardiness
schedule_tardiness += weights[job _id] * max(finish_ times[pos] -
deadlines[job_id], ©)

return schedule_tardiness,finish_times

5aaiaslal Aslies At pia (yeSag  Jalasnll @21l compute_schedule_tardiness( ) a1 i:..:_i._u;u
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A3 (5 puidaat! SISIEEL] aud  Jozabi for schedule in itertools.permutations(job_ids):

AT (393 5t oLl AUS S gy Loalsul! print(schedule)
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import itertools
def brute_force_solver(problem):

# gets the information for this problem
durations, weights, deadlines=problem[ 'durations'], problem[ 'weights'],

problem[ 'deadlines’]
job_num = len(durations) #number of jobs

# Generates all possible schedules
all_schedules = itertools.permutations(range(job_num))

# Initializes the best solution and its total weighted tardiness
best_schedule = None #initialized to None

# 'inf' stands for ‘infnity’. Python will evaluate all numbers as smaller than this value.
best tardiness = float('inf')

# stores the finish time of each job in the best schedule
best_finish_times = None #initalized to None

for schedule in all_schedules: # forevery possible schedule

#evalutes the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

1f tardiness < best_tardiness: #thisschedule is better than the best so far
best_tardiness = tardiness
best _schedule = schedule
best_finish_times = finish_times

# returns the results as a dictionary

return {'schedule’':best schedule,
‘tardiness ' :best_tardiness,
'finish times':best finish times}
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)

sample_problem = create problem_instance(5, [5, 20]1, [5, 301, [1, 3])
brute_force_solver(sample_problem)

{'schedule': (0, 2, 1, 3, 4),
'tardiness': 164,
"finish times': [5, 11, 21, 36, 51]}
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def greedy solver(problem, heuristic):

# gets the information for this problem
durations, weights, deadlines = problem['durations'], problem['weights'],
problem[ 'deadlines’]

job_num = len(durations)# gets the number of jobs

# Creates a list of job indices sorted by their deadline in non-decreasing order
schedule = sorted(range(job_num), key = laqua j: heuristic(j, problem))

# evaluates the schedule
tardiness, finish_times = compute_schedule [tardiness(problem, schedule)

# returns the results as a dictionary

return {'schedule':schedule,
‘tardiness’':tardiness,
'finish_times’':finish_times}
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# returns the deadline of a given job
def deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job
return problem[ 'deadlines'][job]
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greedy sol = greedy solver(sample problem, deadline_heuristic)
greedy_sol

{'schedule': [3, 1, 4, 06, 2],
'tardiness': 124,
"finish times': [15, 26, 32, 48, 57]}
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# returns the weighted deadline of a given job
def weighted _deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job
return problem['deadlines'][job] / problem['weights'][job]

weighted_greedy sol=greedy solver(sample_problem, weighted deadline_heuristic)
weighted_greedy sol

{'schedule': [3, 2, 1, 4, 0],
"tardiness': 89,
"finish times': [15, 24, 35, 41, 57]}
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def local search solver(problem, greedy heuristic, swap_selector, max_
iterations):

# gets the information for this problem
durations, weights, deadlines=problem[ 'durations'], problem[ 'weights'],
problem[ 'deadlines']

job_num = len(durations) # getsthe number of jobs
# uses the greedy solver to get a first schedule
# this schedule will be then iteratively refined through local search

greedy sol = greedy solver(problem, greedy heuristic) # the best schedule so far

best schedule, best _tardiness, best finish_times = greedy sol['schedule'],
greedy _sol[ "tardiness'], greedy_sol['finish_times']

# local search
for i in range(max_iterations): # foreach of the given iterations

# chooses which two positions to swap
posl, pos2 = swap_selector(best_schedule)

new_schedule = best schedule.copy() #create a copy of the schedule
# swaps jobs at positions pos1 and posZ2

new_schedule[posl], new schedule[pos2] = best schedule[pos2],
best_schedule[posi]



# computes the new tardiness after the swap
new_tardiness, new finish_times = compute_schedule_tardiness(problem,
new_schedule)

# if the new schedule is better than the best one so far
if new_tardiness < best tardiness:

LeiS JLRI 108 2 Jomt) O3l
# the new_schedule becomes the best one s Lgale ) Mo Jolo
best_schedule = new_schedule :
best_tardiness = new_tardiness
best_finish_times = new_finish_times
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# returns the best solution

return {'schedule’':best_schedule,
'tardiness':best_tardiness,
"finish_times':best finish times}
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def random_swap(schedule):
job_num = len(schedule) # getsthe number of scheduled jobs
posl = random.randint(@, job_num - 1) #samples a random position
pos2 = posl
while pos2 == posl: #keepssampling until it finds a position other than posl
pos2 = random.randint(©, job_num - 1) #samples another random position
return posl, pos2 #returns the two positions that should be swapped
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def adjacent swap(schedule):
job_num = len(schedule) # getsthe number of scheduled jobs

random.randint(@, job num - 2) #samples a random position (excluding the last

posl
one)

pos2 = posl + 1 #gets the position after the sampled one

return posl,pos2 #returns the two positions that should be swapped
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print(local_search_solver(sample_problem, weighted_deadline_heuristic, random_
swap, 1000))

print(local_search_solver(sample_problem, weighted_deadline_heuristic,
adjacent_swap, 1000))

{'schedule': [3, 4, 2, 1, 8], 'tardiness': 83, 'finish times': [15, 21, 30,

41, 571}
{'schedule': [3, 4, 2, 1, 6], 'tardiness': 83, 'finish times': [15, 21, 30,
41, 57]}
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#Dataset 1
problems_7 = []
for i in range(100);:
problems_7.append(create_problem_instance(7, [5, 20], [5, 501, [1, 31))

#Dataset 2
problems 30 = []
for i in range(100):
problems 30.append(create problem instance(3e, [5,20], [5, 5e], [1, 3]1))
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from collections import defaultdict
import numpy

def compare(problems,use brute):
# comparison on Dataset 1

# maps each solver to a list of all tardiness values it achieves for the problems in the given dataset

results = defaultdict(list)
for problem in problems: # foreach problem in this datset

#uses each of the solvers on this problem
if use brute == True:
results['brute-force'].append(brute_force_solver(problem)

['tardiness'])

results['greedy-deadline’].append(greedy solver(problem,deadline_
heuristic)['tardiness'])

results['greedy-weighted deadline'].append(greedy_
solver(problem,weighted deadline heuristic)['tardiness'])

results[’'ls-random-wdeadline'].append(local_search_solver(problem,
weighted deadline_ heuristic, random_swap, 1000)['tardiness'])

results['ls-random-deadline'].append(local_search_solver(problem,
deadline_heuristic, random_swap, 1000)['tardiness'])

results['ls-adjacent-wdeadline'].append(local_search _solver(problem,

weighted deadline_heuristic, adjacent swap, 1000)['tardiness’'])
results[’'ls-adjacent-deadline'].append(local_search_solver(problem,

deadline_heuristic, adjacent_swap, 1000)['tardiness'])

for solver in results: # foreach solver
# prints the solver's mean tardiness values
print(solver,numpy.mean(results[solver]))

:Legal€ problems 30 ,problems 7 <Ll s compare() Uiy al ozl o3 {
9 | e gazma pe E O¥l San

compare(problems_7,True) brute-force 211.49
greedy-deadline 308.14
greedy-weighted _deadline 255.61
ls-random-wdeadline 212.35
ls-random-deadline 212.43
ls-adjacent-wdeadline 220.62
ls-adjacent-deadline 224.36

compare(problems_ 30, False) greedy-deadline 10126.18
greedy-welghted _deadline 8527.61
ls-random-wdeadline 6647.73
ls-random-deadline 6650.99
ls-adjacent-wdeadline 6666.47
ls-adjacent-deadline 6664.67

278



09398 al.idt AlSdia Jomd (Aol Camadt s ghua (71 ¢S g ¢ pulSia| (ATaLica) O S L DR | K. W) [N o
Bl gtl AT

Salge pud e Jaidd il g Buusl g1 ATMT (59 gl Plol.ill WS e Wil (J gland!) iSall J gluiomt! 3ae @S o

Peop _a®®
e, —=
..'.-. E E._'E-;n-'.'

-
. * @8
"‘.._‘l.:hu“!'?l

pl —ill aylig

&,

M%Z%ﬁ#hMHMHu
2025 - 1447




(2 pad| adadll JloS| IS (ps s o] atsu Gyl Bl ol AMdJﬂ-J.a-L'r aq,.a.ll.'.‘_j..-:- s )yl 3 L.,.m.t’l o
d.u.d'h'l PRPRES (g ERWE ) EAT) § ﬁan.al1 a_g.aﬂﬂ.ﬂ.ﬂlpMu.m._,ILd\

def brute force _solver(problem):
# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem[ 'weights'],

problem[ 'deadlines’]

job_num = len( ) # number of jobs

# generates all possible schedules

all_schedules = itertools. (range(job_num))

# initializes the best solution and its total weighted tardiness

best_schedule = # initialized to None

# 'inf' stands for ‘infnity’. Python will evaluate all numbers as smaller than this value.

best_tardiness = float(' )

# stores the finish time of each job in the best schedule

best_finish_times= # initalized to None

for schedule in all_schedules: # for every possible schedule
#evalute the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

if tardiness<best tardiness: # this schedule is better than the best so far

best_tardiness=

best_schedule=

best _finish_times=

# return the results as a dictionary
return {'schedule’':best schedule,
'tardiness':best_tardiness,

ﬂ‘-ﬁgﬂ . 90®
SSes . -« o088 '‘finish_times':best_finish_times}
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def local_search_solver(problem, greedy_heuristic, swap_selector, max
iterations):

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],
problem['deadlines']

job_num = len( )# gets the number of jobs

# uses the greedy solver to ﬁéf ﬁ}:‘?sﬁtﬂs'{:hedu!e.
# this schedule will be then iteratively refined through local search

greedy _sol = (problem, greedy heuristic) #remembers the best

schedule so far
best_schedule, best_tardiness, best _finish_times=greedy_
sol['schedule'],greedy sol['tardiness'],greedy sol['finish_times']

# local search

for i in range( ): # for each of the given iterations

# chooses which two positions to swap

posl,pos2= (best_schedule)

T R R R T ST

new_schedule = best_schedule. - ()# creates a copy of the

schedule -

# swaps jobs at positions pos1 and pos2

new schedule[pos1l], new schedule[pos2] = best _schedule[pos2], best_
schedule[posi]

# computes the new tardiness after the swap

new_tardiness, new_finish times = compute_schedule_tardiness(problem,
new_schedule)

# if the new schedule is better than the best one so far

if new_tardiness < best_tardiness:

# the new_schedule becomes the best one

best_schedule =

e e e e e

best_tardiness

# returns the best solution
return {'schedule’':best _schedule,
oee, L e® 'tardiness':best_tardiness,
®o,e ° o S 'finish_times':best finish_times}
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Mathematical Programming in Optimization Problems
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'pip install mip #install the mip library

# imports useful tools from the mip library

from mip import Model, xsum, maximize, BINARY
values = [20, 10, 23, 15, 7, 7] #valuesof available items
weights = [5, 10, 19, 8, 11, 2] # weights of available items
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40 # knapsack capacity
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range(len(values)) #creates an index for each item: 0,1,2,3,...

solver = Model("knapsack") # creates a knapsack solver
solver.verbose = 0 # setting this to 1 will print more information on the progress of the solver

= [] #represents the binary decision variables for each item.

# for each items creates and appends a binary decision variable
for 1 in I:
x.append(solver.add_var(var_type = BINARY))

# creates the objective function
solver.objective = maximize(xsum(values[i] » x[i] for 1 in I))

# adds the capacity constraint to the solver
solver += xsum(weights[i] * x[i] for i in I) <= C

# solves the problem
solver.optimize()

<OptimizationStatus.OPTIMAL: 0>
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total_weight = @ #stores the total weight of the items in the solution
» “total_value = 0@ #stores the total value of the items in the solution
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for 1 in I: #foreach item
if x[i1].x == 1: #if the item was selected
print('item', i, 'was selected')
# updates the total weight and value of the solution
total_weight += weights[i]
total value += values[i]

print('total weight', total_weight)
print('total value', total_value)

item © was selected
item 2 was selected
item 3 was selected
item 5 was selected
total weight 34
total value 65

:10+25+430+15=80¢5li 1€ 3¢ 4< 26 1 55 ) alla L W13 2151 0455
Al Ll -ﬂa.:uu_ﬂ a."n_g.w_ﬂjx.h.as a.l:-ljaﬁ lu..Ln‘_]S ﬂJlﬂ)JUS—Q—Ad—JJL J...aslj.mj

- a
Jesall aSlut AlCie e 3205 :5.7 K

25 30 S " E : - P o
5 . 3 a;l_abidamjia_;w_._,u1 | PR ".'ETJj-?,"—‘:U f:!‘;"'"n AL e 2] 5 s
LEJ ?_!a.” .1:1_1._-5 Qm,;:_}—ﬂbwjl a—E—‘L‘:LJJLLJ‘q:"::"LTéh aﬁ'ﬂLz.a:i'ﬂj;;ﬁﬂM?"!

ol L dminga 5531 3 gl OIS s Lindl o 3
| LN | Jj.!a_.....:fui*,i1 jJ_!iﬂ sl (Vehicle Routing Problem) Cils J21 jluwe asoisn AlS dia 'y aunis @
Jo i o ia¥ ol I deglaatl 3 dlan ¥l Aol l Julas J15 2 oM anll Gy o Legaml cslaasdl ol bl gl
ablail pen g Juo il calaas s A b sl cilaasdl gl b
elid STl s yall uﬂil @J_!ijl sl=! (Pickup and Delivery Problem) e.lauddisa S wy s dia [y et
(33231 sl ciloss Lglaglas Ja sy 3405 131 g ] ol 291 o giliad! (Joasi) @lass (<85 5 Josd)
eelaad! Jaill sileas g @5l dndall culausdl g
cl ezl 3 e A iia Jolus slel (Train Timetabling Problem) &f ezt delge 4l gus S dia [y o™
LeLaihs Jaingon )l palt JUaatl alusn ool ¢lasng Wl asdl I 5ealatl 2y Julas Yo 2 sl €03, 53
A gl s Lupasd! Al 2]

" $

Joxl) aald) Al ie
Traveling Salesman Problem

oMSLEL oye (Traveling Salesman Problem - TSP) JF‘&lE;LJI 2
daglla A< B a9 Alalisell Lo imiall 31 eVl Emayus Lol (S5 3 e
gnmijnﬁwdﬂgwwfbdﬂmu dS.q.»;'....;...nyﬂ ..Ll-l-"-i'—l-'l'L_.,-l-"Ll
85005 5.7 U Hhumus Aol 2 hiaall Sgas @3 Lé-'-“usl 3503 55K 0l 099
*leS:.-.-.-.llﬂ.Lmu.n
CraBga O oy 5 Aaln g 3yl s LB 5 Bisa (33) 3505 S S
) (aload!) 2t Falont] e 3gm sl 03,0 Jiady Lagin yieall (el cy
d L\ AUC 2 a1 Sl 2 Lyt Loy 31511 033 03 JUAL 1282 peall s

;ﬂSlhl

286



.ﬂ)JJ 1_9.“ sae 4l adl d—'—"—"ﬁ Jj_vr-_nﬂ El._nﬂd.ig_u.qu_nd_ﬂ-_-.u.! r.l_-.u.ﬁjuﬂ_d! u.ﬂ;ﬂfl'&b.ﬁ.“fb.&ﬂ.m‘gh
ﬂr‘m;u Cadiga o ol Aaliatl g yum3VI ABLiall o 3,50 i Al Bliag (L3 L3

225l QAQSMEQJS@_}EM1 dalell Jods | dalill dagina
(25e IS Ol gie ) Bpsaall aBlgll yaglic dcgama @
(apsall g 33UaIY1) Startstop page el dutl HLady anlgis Gaplall Ll s 2olias sSs g2 234l @

import random
import numpy
from itertools import combinations

def create_problem_instance(num_locations, distance_range):
# initializes the distance matrix to be full of zeros
dist_matrix = numpy.zeros((num_locations, num_locations))
# creates location ids: 0,1,2,3,4,...
location_ids = set(range(num_locations))
# creates all possible location pairs
location_pairs = combinations(location_ids, 2)
for i,j in location_pairs: # for each pair
distance = random.randint(*distance_range) # samples a distance within range
# the distance from i to j is the same as the distance fromjtoi
dist _matrix[j,i] = distance
dist _matrix[i,j] = distance

# returns the distance matrix, location ids and the startstop vertix
return dist_matrix, location_ids, random.randint(©, num_locations - 1)
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dist_matrix, location_ids, startstop = create_problem_instance(8, (5, 20))
print(dist matrix)
print(startstop)

[["8.19. 17. 15. 18. 17. 7. 15.]
[19. " ©».15. 18. 11. 6. 206. 5.]
[17. 15.<@w17. 15. 7. 5. 11.]
[15. 18. 17.919. 7. 7. 16.]
[18. 11. 15. 19. " @u».17. 20. 17.]
[17. 6. 7. 7. 17.9@8%.15. 14.]
[ 7. 20. 5. 7. 20. 15. @u.14.] Sl gl e A o B
[15. 5. 11. 16. 17. 14. 14.98%]1] .{diSt_matfiK[i.i])Lg.......&i‘_:.”;._.b.lhl;__-..n
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Creating a Brute-Force Solver for the Traveling Salesman Problem
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from itertools import permutations

def brute force solver(dist matrix, location_ids, startstop):
# excludes the starstop location
location_ids = location_ids - {startstop}
# generate all possible routes (location permutations)
all_routes = permutations(location_ids)
best _distance = float('inf') #initializes to the highest possible number
best_route = None # best route so far, initialized to None

for route in all_routes: #foreach route
distance = 0 # total distance in this route
curr_loc = startstop # current location

for next_loc in route:

distance += dist _matrix[curr loc,next_loc] # adds the distance of this step
curr_loc = next_loc # goes to the next location

distance += dist _matrix[curr_loc,startstop] #goes to the starstop location

1f distance < best_distance: # if this route has lower distance than the best route
best_distance = distance
best_route = route

# adds the startstop location at the beginning and end of the best route and returns
return [startstop] + list(best route) + [startstop], best distance

startstop aage ol dasy Kl 3,0 S Lasy permutations( ) 51a1 Al a1l 392l Ja dua,lex NP
B S Aan il Gl JS 3l 2 LaS1s y gl o oy 5¥ £ Jnlatl (o ana ol (adgall g 35UaIY)
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for route in permutations({1,2,3}):

print(route)
(1l 2; 3)
(1, 3, 2)
(2, 1, 3)
(2, 3, 1)
(3, 1, 2)
(3, 2. 1)
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brute force solver(dist matrix, location_ids, startstop)
([3, 5, 2, 7, 1, 4, 6, 6, 3], 73.0)
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Using MIP to Solve the Traveling Salesman Problem
dain ﬁ-ll_l.u.l-l L X :{TSP} J‘g_'hul" ELJl alsS le LJ_-J (M[P] Adalisnll domiomuall alae ¥ WJJ‘:J.J:LMET

J_;:-_.JJ Eul Miu;qjjﬁjmjmﬁﬂ all i B }lsl':.b.ﬁ_‘ﬂ_l.r.dléJ

M'wlﬁ!.’:ljjﬁ C,—"j"’i.ﬂjl IHPJJ]%IJMJLIJ JKJI QJLUJH)JJ_MQJ_L@J'E_JAJJ
Oy—auias Jandl yla 1 gslesx, cals 1| NX(N-1) L,jl_...ud._ﬁ.q.lh_ﬁ"l_a.u'm sae gl aalell b aNouely,

d;-.ll%dLE.'uﬂ' lMEJ"":*UE 'UL__gjL...uI!js..u|.5|JLJJJ Mg, jcjjﬂu_lllgjﬂ LJ.nJLE.'u'ﬂ
Jieca o Lan o [i,j] Amma pull Laeatl oo sl 2 5L NUMPY Lagiine 2, aliall | MMJPJHQS.@;

:th'-.l'

arr = numpy.full((4,4), 0) #createsa4x4 array full of zeros [[6 6 0 0]

[0 0 0 0]
print(arr) [6 0 0 0]

[0 @ 0 0]]
arr[6, 6] = 1
arr[3, 3] = 1 [[1000]

[0 0 0 0]
print() (666 6]
print(arr) [0 0 6 1]]

a2 ALl a3l ol VLSS aes lustitertools 2211 oy« product( ) 31 Y omadl plasll anst
UL S

ids = {@, 1, 2}
for i1, j in list(product(ids, ids)):
print(i, j)
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from itertools import product # used to generate all possible transition
from mip import BINARY
from mip import Model,INTEGER

solver = Model() #createsa solver
solver.verbose = 0 # setting this to 1 will print info on the progress of the solver

# 'product’ creates every transition from every location to every other location
transitions = list(product(location_ids, location_ids))

N = len(location_ids) # number of locations

# creates a square numpy array full of 'None' values
x = numpy.full((N, N), None)

# adds binary variables indicating if transition (i->j) is included in the route
for 1, ] in transitions:
x[i, j] = solver.add_var(var_type = BINARY)

<l y el ¢4 323 NXN @ ey NUMPY d3520ma < LEY numpy.full() 3131 sl el pladll adziin
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# the minimize tool is used then the objective function has to be minimized
from mip import xsum, minimize

# objective function: minimizes the distance
solver.objective = minimize(xsum(dist matrix[i,jl*x[1][j] for i,j inm
transitions))

daza 3y 350 ol IS 55103 (yand 3l ool gl 3 sadlsndl ol STl Y] 2 35 tasl o gy
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# for each location id

 for i in location_ids:
solver += xsum(x[i,j] for j im location_ids - {i})
solver += xsum(x[j,i] for j im location_ids - {i})

1 # exactly 1 arrival
= 1 # exactly 1 departure
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# adds a decision variable for each location
= [solver.add_var(var_type = INTEGER) for i in location_ids]
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# adds a connectivity constraint for every transition that does not include the startstop
for (i, j) im product(location_ids - {startstop}, location_ids - {startstop}):
# ignores transitions from a location to itself
if 1 !'= j:
solver += y[j] - y[i] >= (N+1) = x[i, j] - N
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from itertools import product
from mip import BINARY,INTEGER
from mip import Model

from mip import xsum, minimize

def MIP solver(dist matrix, location_ids, startstop):
solver = Model( )# creates a solver
solver.verbose = 0 # setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location
transitions = list(product(location_ids,location_ids))
N = len(location_ids) # number of locations
# create an empty square matrix full of 'None' values
X = numpy.full((N, N), None)
# adds binary decision variables indicating if transition (i->j) is included in the route
for 1, jJ in transitions:
x[1i, jl=solver.add var(var_type = BINARY)
# objective function: minimizes the distance
solver.objective = minimize(xsum(dist matrix[i,jl#x[i][j] for i,j in transitions))
# Arrive/Depart Constraints
for 1 i1n location_ids:
solver += xsum(x[i,j] for j in location_ids - {i})
solver += xsum(x[j,i] for j in location_ids - {i})
# adds a binary decision variable for each location
y = [solver.add var(var type=INTEGER) for i inm location_ids]
# adds connectivity constraints for transitions that do not include the startstop
for (i, j) im product(location_ids - {startstop}, location_ids - {startstop}):
if 1 != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >=(N+1)+*x[1,7] - N
solver.optimize() #solves the problem
# prints the solution
1f solver.num_solutions: #ifa solution was found
best route = [startstop] # storesthe best route
curr_loc = startstop # the currently visited location
while True:
for next_loc in location_ids:# for every possible next location
if x[curr loc,next locl.x == 1: #if xvalue for the curr_loc->next_loc transition is 1
best route.append(next loc) #appends the next location to the route
curr_loc=next_loc # visits the next location
| break
i s if next _loc == startstop: # exitsif route returns to the startstop
Aty break
| -, xeturn best_route, solver.objective_value #returns the route and its total distance

= 1 #exactly 1 arrival
1 #exactly 1 departure
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same_count = 0
for i in range(100);
dist matrix, location_ids, startstop=create problem_instance(8, [5,20])
routel, distl = brute force solver(dist matrix, location_ids, startstop)
route2, dist2 = MIP_solver(dist matrix, location_ids, startstop)
# counts how many times the two solvers produce the same total distance
1f distl == dist2:
same_count += 1
print(same count / 168)

1.0
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import time

start = time.time() #startstimer

for i in range(100):
dist matrix, location_ids, startstop = create_problem instance(20, [5,20])
route, dist = MIP solver(dist matrix, location_ids, startstop)

stop=time.time() # stops timer
print(stop - start) # printsthe elapsed time in seconds

188.90074133872986
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from itertools import permutations

def brute force solver(dist matrix, location_ids, startstop):

# excludes the startstop location

location_ids = - 4 }

I S O S SN N S S S . L S . . S S S S . S S

# generates all possible routes (location permutations)

all_routes = ( )

best distance = float('inf') #initializes to the highest possible number

best_route = None # best route so far, initialized to None

for route in all_routes: # for each route

0 # total distance in this route

distance

# current location

curr_loc

for next_loc im route:

distance += [curr loc, next_loc] #adds the distance of this step

# goes the next location

curr_loc

distance += lcurr_loc, 1 #goesto

back to the startstop location

if distance < best _distance: # if this route has lower distance than the best route
best _distance = distance

best_route = route

# adds the startstop location at the beginning and end of the best route and returns

®e a®® " i
aaf’:“. return [startstop] + list(best route) + [startstop], best distance

- . -
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def MIP solver(dist matrix, location_ids, startstop):

solver = () #creates a solver

solver.verbose = 0 #setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location

transitions = list( (location_ids, location_ids))

N = len(location_ids) # number of locations

# creates an empty square matrix full of 'None' values

x = numpy.full((N, N), None)

# adds binary decision variables indicating if transition (i->j) is included in the route
for i, j in transitions:

x[1, j] = solver. (var_type= )

# objective function: minimizes the distance

solver.objective
i, j in transitions))

(xsum(dist matrix[i, j] = x[i][j] for

# Arrive/Depart Constraints
for 1 in location_ids:

solver += xsum( for j in location_ids - {i}) == 1

R R e e e

solver += xsum( for j in location_ids - {i}) ==

# Adds a binary decision variable for each location

y = [solver. (var_type- ) for i in
location_ids]

# Adds connectivity constraints for transitions that do not include the startstop
for (i, j) im product(location_ids - {startstop}, location ids -
{startstop}):
if 1 != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >= (N + 1) = x[1i, j] - N

14 solver. () #solves the problem
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* Licensed pnder The Apache Lice
¥ pou moy pot use this File ewce

¥ You may abtoim @ copy of the L
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* Unless required by epplicabLle
distribwted under the License
* WITHOUT |AERANTIES OF CONDITIO
i * fap the License For the specif
* lisitotions under the License.

* Description: Simplistic drome
¥ - Stabilire the robot wsing th
¥ = Use PID techrique fo stabily
* = Use g cwbic function applied
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* = Comtrol the robot vsing the
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7 'i Raadlmersectnan "rosd infersecionill]”

21 kool en-uble_mlli:in{amidmce = falsej
52 beol enable display = false;
53 bool has_gps = false;
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. : g =k E'E = - 57 whbeviceTag camers;
* @ CuvedRoadSegment “read(11) T rrne]

28 Lt camera_width = =1
B9 int camera_height = -13

¥ W@ StraightRoadbegment “road(12)

TIT

CunvedPoadSegment “road{13)
| StranghtFocadSegment “road{14)°
Ea | CurvedFRoadSegment “road(15)
5 il Brws "wehicle®

¥ @ GenericTraMficLight "genenc traffic light

B8 double camers fow = -1.8;
61

B /S SICK lassr

63 WabeviceTag sick;

B4 int sick_width = -1;

» @ CrossRoadsTealficLight "eross road traffic light” Qi Abia: sick range = -1
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8 int display width = @;

Fl int display_height = &;

72 WhInmageRef speedometer lmage = NULL:
A

ok S GRS

75 WhDeviceTag gps)

A8 double gps coords[3] = {8.9, 8.8, 8.8}

Selection: BEmwXS (Robot)

Mods  Masz  Position  Valogiky

excluding descendants

FAEE 2000 kg o a 77 double gps_speed = 2.8;
H r - | : 7B
density: 202.769 kg/m™3 .(Field editor) Ja=!l ; y=a B / misc varichles
- B8 doubile speed = 8.8
CoM; |nelative | 12075 0 0. ‘Bl double steering_angle = @.@;
= " , #2 int manual_steering = @;
.04 2 S4a.89 23 bocl avtcdrive = true;
Imesrtia rari; 447354 0 B4
A EEITI TN 85 void print_help() {
43461 :L‘-"ll d'-,..l-.l:}h ':"'"'iLI' “BE printf{"fou can drive this car!'yn®};
: &} printf("Select the 30 window and then use th
.(3D window) e
Canzale - All 0 mE

INFO: autondmous_vehicle: Starting contreller: “CiProgram Files\Webotsprojectswehicles\contrallers\autonomous_wehiclehautonomous_wehicle, exe”

INFO: generic_traffic_light: Starting controller: “C:\Program Flles'Webots'projectshobjects\traffichcontrellers'generic_traffic_light\generic traffic light.exe™ 18 18 r
INFO: crossroads traffic lights: Starting controller: "C:%Program Files‘Webots'projects\objects\traffichcontrollers\crossroads traffic_lights\crossroads traffic_lights.exe"
setting speed to 5@ kafh

You can drive thiz car!

Select the 30 window and then use the cursor keéys to:

[LEFT]/[RIGHT] - steer

fUF]/[DB] - accelerates/slow down »

aamuyiuatb s g
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(3)

Packapes installed successtully

Installed packages: ‘openov-python’

opencv-pyth...
downloads 241M

OpenCV on Wheels

Pre-built CPU-only OpenCV packages for Python.

Check the manual build section if you wish to compile the bindings from source to enable additional modules

such as CUDA.

Installation and Usage

1. If you have previous/other manually installed (= not installed via pip ) version of OpenCV installed (e.g.
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MNew 4

@ OpenWorld... shift+ O .
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Open Recent World »
Open Sample World... )
Save World Ctrl+Shift+5
Save World As...

) Reload World Ctrl+ Shift+R

m Reset Simulation Ctrl+Shift+T

D) New Text File Ctrl+N

@ Open Text File... Ctrl+0
Save Text File Ctrl+5

B} Save Text File As...
Save All Text Files

Q) Revert Text File Ctrl+R
Print Preview...
Print... Ctrl+P

& Open World File
«— L » This PC » Documents > AlZ2_U3 Drone » worlds e O Search worlds
Organize New folder B~ @ @
MName o Date modified Type Size
# Quick access .
ﬁ drone_world.whbt 30/3/2023 11:35 mp WET File 5KB

¢ Creative Cloud Files
[ This PC

e Network
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from controller import Robot *
import numpy as np  # used for mathematic operations
import os  # used for folder creation

import cv2  #used for image manipulation and human detection i il zabi 2 A8 gguns
from PIL import Image  # used for image object creation adsioi 3l (<s:9;) Robot aia

from datetime import datetime  # used for date and time Fagsial 3 s5llall o @Sauil) Lgasi yla

# auxiliary function used for calculations
def clamp(value, value min, value _max):
return min(max(value, value _min), value_max)

' ; bl sl ol
class Mavic (Robot): o Ligllaodl =lagadl ol 0
,‘&;,JLLqJ13~;al+L.u:=U

# constants of the drone used for flight

# thrust for the drone to lift

K_VERTICAL_THRUST = 68.5

# vertical offset the drone uses as targets for stabilization
K_VERTICAL_OFFSET = 0.6

K_VERTICAL P = 3.0 # P constant of the vertical PID
K ROLL_P = 50.0 # P constant of the roll PID
K_PITCH P = 30.6 # P constant of the pitch PID

(Constants) cul g3l 14.:_:.-_1...5
! o st JS5 35 gl
J1__;,.E:u...¥|=_gd1)._|ln.”
MAX_YAW_DISTURBANCE = 0.4
MAX_PITCH_DISTURBANCE = -1

# precision between the target position and the drone position in meters
target_precision = 0.5

def __init__(self):
# initializes the drone and sets the time interval between updates of the simulation
Robot. init__(self)
self.time_step = int(self.getBasicTimeStep())

# gets and enables devices
self.camera = self.getDevice("camera")
self.camera.enable(self.time _step)

self.imu = self.getDevice("inertial unit")
self.imu.enable(self.time_step)

self.gps = self.getDevice("gps")
self.gps.enable(self.time_step)

self.gyro = self.getDevice("gyro")
self.gyro.enable(self.time_step)

self.camera pitch_motor = self.getDevice("camera pitch")
self.camera pitch_motor.setPosition(0.7)

self.front_left motor = self.getDevice("front left propeller”)

self.front_right motor = self.getDevice("front right propeller")

self.rear left motor = self.getDevice("rear left propeller")

self.rear right motor = self.getDevice("rear right propeller”)

motors = [self.front_left_motor, self.front_right _motor,
self.rear left _motor, self.rear_right motor]

Lae for motor in motors: # mass initialization of the four motors

* 000 motor.setPosition(float('inf'))

o motor.setVelocity(1)

i)



def

def

self.current pose = 6 * [0] #X Y. Z yaw, pitch, roll
self.target position = [0, 0, @]
self.target_index = 0
self.target_altitude = @

move to_target(self, waypoints):

# Moves the drone to the given coordinates

# Parameters:

# waypoints (list): list of X,Y coordinates

# Returns:

# yaw_disturbance (float): yaw disturbance (negative value to go on the right)
# pitch_disturbance (float): pitch disturbance (negative value to go forward)

if self.target position[0:2] == [0, 0]: #initialization
self.target position[0:2] = waypoints[0]

# if the drone is at the position with a precision of target_precision
if all([abs(x1l - x2) < self.target precision for (x1, x2)
in zip(self.target position, self.current pose[0:2])]):

self.target _index += 1

if self.target_index > len(waypoints) - 1:
self.target_index = 0@

self.target position[0:2] = waypoints[self.target index]

# computes the angle between the current position of the drone and its target position
# and normalizes the resulting angle to be within the range of [-pi, pi]
self.target_position[2] = np.arctan2(

self.target position[1] - self.current pose[1],

self.target position[@] - self.current _posel[@])
angle left = self.target position[2] - self.current pose[5]
angle left = (angle left + 2 = np.pi) % (2 » np.pi)
if (angle_left > np.pi):

angle_left -= 2 * np.pi

# turns the drone to the left or to the right according to the value
# and the sign of angle_left and adjusts pitch_disturbance
yaw_disturbance = self.MAX_YAW DISTURBANCE * angle left / (2 » np.pi)
pitch_disturbance = clamp(
np.logl0(abs(angle left)), self.MAX PITCH DISTURBANCE, 0.1)

return yaw disturbance, pitch_disturbance
run(self):

# time intevals used for adjustments in order to reach the target altitude
tl = self.getTime()

roll_disturbance = 0
pitch_disturbance
yaw_disturbance

= 0
0

E = ]
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# specifies the patrol coordinates

waypoints = [[-36, 20], [-60, 36], [-75, 6], [-40, -10]]
# target altitude of the drone in meters
self.target_altitude = 8

while self.step(self.time_step) != -1:

(52t LLsy) waypoints
sabai g2 jlinalls dsladl
5 yuuaall 3 ,5la1l d s

# reads sensors

roll, pitch, yaw = self.imu.getRollPitchYaw()
X_pos, y_pos, altitude = self.gps.getValues()
roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

1f altitude > self.target altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)

tl = self.getTime()

# calculates the desired input values for roll, pitch, yaw,
# and altitude using various constants and disturbance values
roll_input = self.K_ROLL_P * clamp(roll, -1, 1) +

roll_acceleration + roll_disturbance
pitch_input = self.K PITCH P # clamp(pitch, -1, 1) +

pitch_acceleration + pitch_disturbance
yaw_input = yaw_disturbance
clamped difference altitude = clamp(self.target altitude -
altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K_VERTICAL_P =
pow(clamped difference _altitude, 3.0)

# calculates the motors' input values based on the
# desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
+ yaw_1input + pitch_input + roll_input
rear_left _motor_input = self.K_VERTICAL THRUST + vertical_input
+ yaw_input - pitch_input - roll_input
rear_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self.front_left motor.setVelocity(front left motor_ input)
self.front_right motor.setVelocity(-front_right motor_input)
self.rear_left_motor.setVelocity(-rear_left_motor_input)
self.rear right motor.setVelocity(rear right motor_input)

robot = Mavic()

_robot.run()
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# time intervals used for adjustments in order to reach the target altitude
tl = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()

Creating a Folder il ¢ LEG)
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# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected"”

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder_path):
# creates the folder if it doesn't exist already
os.makedirs(folder_path)

print(f"Folder \"detected\" created!")
else:
print(f"Folder \"detected\" already exists!")

Image Processing 5 jguall 4 lxe
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B "self.getTime() - t2> 5.0"

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:

# retrieves image array from camera
cameralmg = self.camera.getImageArray()
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# reshapes image array to (channels, height, width) format

cameralmg = np.transpose(cameralmg, (2, 0, 1))
cameralmg = np.reshape(cameralmg, (3, 240, 400))
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# creates RGB image from merged channels
img = Image.new( 'RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameralmg[1], cameralmg[0]))
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(g3l il I ey s W15 35591 (e ol oY1 5531 COLOR_BGR2GRAY

# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)
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# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml')
humans = human_cascade.detectMultiScale(gray)

a_?-'" -1.‘1_513‘;3.«;:

A sl sgasdl jgee cBli) e J15.:6.19 s



ASEIR o gl MZiony Fpcual) SN il g%
Drone Report and Saving of the Detected Images
ooy 3535 allas o by ol Sl el dslgil 2Lyl
asaailaaeg, Weailagtalde g despen & ol oy A aada
alell 2 350l da da gy gy 80 K& Bl aS| wie (Console)
) Jagedilad gl
e | WG U2 (RN VLN (Y DY (P [ humansé.;:i! A 93
esdlbaz qj_.f HJkﬁ_;Jh-ingé.l.x.‘H_.lld_.;:.ﬂ
ol oy Eas gl Y sXzasl as: sl puiiadasyl Ala il gs
I | PP o Lafall & sgl il 3 ool $3gm55.0000 B 5y
Jabai il o 5e ey gl h s W zg5 I L1385 Julat cuall
Il 53055 y5umll 2 539 mgll culal SV pran 2 .delis)lg
il yaiia I A Hla i o355 Julatwes 2l rectangle()
Aagladl gyl dugl3ll 2 JEan Ll le 3 ygall
Ol Julatiall cp o (X+W. y+h) aula 21 et 30l (X )
Julat il (a0 da s S5 Ao gl 3 ygemll 2 g 1din ye g Jula il
.2 dus 59 (B=255. G=0. R=0) 3,3

chficilaed ;'lJ:EL::E'ZDdLi ‘;1.1:-_Lub;_y\.-]'|:d|u.aﬁ_9ﬂ_5c_uu1 tl:n.“,.mbf_‘).a_dlial.b.tﬁ_}n.l.m

e pugeil u.djiaf_-.ull ﬂq}_'an.” | W Y i.r” EJL;.::}‘L PS:-.:.H P g Lg.l.:Ll.EjdatEtImE HUW{ ) 411 ad!
Lgal ¥ (_ )ELJ..:_..;.J! i_tL[:u_..nHj( )LJLJI‘_,LL:_)_....H CJJ!@&)E&MEJ&).EJLJJH_?EJLJ'W‘JJM
aJl J! f»j..ﬂ.t ‘u—”JSJL“"S! s g nImWFItE{ } a1l JJl f.\l.ur_r_:.uLl KIESY iLgla.a_-Liq_uiq_l ‘ j.a:-_].! alll {q_,_..l (e ;JJS
mju daiin 3olels getTime( )

# loop, through detected human images, annotates them with a bounding box
# and prints a timestamp and an info message on the console
for (x, y, w, h) in humans:

# the image, the top left corner, the bottom right corner, color and width of the rectangle
cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, 0), 2)
current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"

.format(x_pos, y_pos)) I- I

L

# saves annotated image to file with timestamp
current_time = current_time.strftime( "%Y-%m-%d %H-%M-%S")
filename = f"detected/IMAGE {current time}.png"
cv2.imwrite(filename, img)

t2 = self.getTime()

#.‘IJ.‘IJJL—QJ.‘LE{ Zf}_,.m).t.“ l.J_'r_....-..l;q.n.'- a_nu.a.l.TldJ.mJ.uJ'lgﬁ
Oaolbasa ¥l alusil @i Lisg oyt yie h_}.n.uL'\- 2 (floating number)
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def run(self):

# time intervals used for adjustments in order to reach the target altitude
tl1 = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()

roll_disturbance = @
pitch_disturbance = 0

yaw_disturbance = @

# specifies the patrol coordinates

waypoints = [[-30, 20], [-60, 30], [-75, o], [-40, -10]]
# target altitude of the drone in meters

self.target altitude = 8

# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected”

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder path):
# creates the folder if it doesn't exist already

os.makedirs(folder_path)
print(f"Folder \"detected\" created!")

else:
print(f"Folder \"detected\" already exists!")

while self.step(self.time step) != -1:

# reads sensors

roll, pitch, yaw = self.imu.getRollPitchYaw()

X_pos, y_pos, altitude = self.gps.getValues()

roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

if altitude > self.target altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yvaw_disturbance, pitch _disturbance = self.move to_target(
waypoints)
tl = self.getTime()

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:

# retrieves image array from camera
cameralmg = self.camera.getImageArray()

g f- i # checks if image is successfully retrieved
| if cameralmg:
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# reshapes image array to (channels, height, width) format
cameralmg = np.transpose(cameralmg, (2, 0, 1))
cameralmg = np.reshape(cameralmg, (3, 240, 400))

# creates RGB image from merged channels
img = Image.new('RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameralmg[1l], cameralmg[0]))

# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)

# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml')
humans = human_cascade.detectMultiScale(gray)

# loop, through detected human images, annotates them with a bounding box
# and prints a timestamp and an info message on the console
for (x, y, w, h) in humans:

cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, @), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, vy _pos))

# saves annotated image to file with timestamp

current_time = current_time.strftime("%Y-%m-%d_%H-%M-%S")
filename = f"detected/IMAGE {current time}.png"
cv2.imwrite(filename, img)

t2 = self.getTime()

# calculates the desired input values for roll, pitch, yaw,
# and altitude using various constants and disturbance values
roll_input = self.K_ROLL_ P * clamp(roll, -1, 1)

+ roll_acceleration + roll _disturbance
pitch_input = self.K_PITCH_P * clamp(pitch, -1, 1)

+ pitch_acceleration + pitch_disturbance
yaw_input = yaw_disturbance
clamped difference altitude = clamp(self.target altitude

- altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical _input = self.K VERTICAL P » pow(clamped difference altitude, 3.0)

# calculates the motors' input values based on the desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST

+ vertical_input - yaw_input + pitch_input - roll_input
front_right _motor_input = self.K _VERTICAL_ THRUST

+ vertical_input + yaw_input + pitch_input + roll_input
rear_left_motor_input = self.K_VERTICAL_THRUST + vertical_input

+ yaw_input - pitch_input - roll_input
rear_right _motor_input = self.K_VERTICAL_THRUST + vertical_input

- yaw_1input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self.front_left_motor.setVelocity(front_left_motor_input)
self.front _right motor.setVelocity(-front right motor_input)
self.rear_left_motor.setVelocity(-rear_ left_motor_input)
self.rear _right motor.setVelocity(rear right motor input)
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