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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

Ipip install scikit-image # used forimage manipulation
from skimage.io import imread # used toread a rawimage file (e.q. 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

aladtl Gl Uity Lgauds slas¥l Lt il Aegama 2 55 nll IS 0585 o)l gl el il sl llams
& @ - s -
shasl Lt 09955 coumes Lgia € moma i (s ud! _ales) input_folder tye jpiallf y a0 AL 2ea

def resize_images(input_folder:str,
width:int,
height:int
e

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): # foreach 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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8y lgid &L s S 5 (B = Blue) 3,¥1 05Ul
S (B05¥ 0l aLidy 5t ¥l (g1 3L eV (11 3LER)
Lad oSl 2l Ol (4 Sasg « (8-bit) o Adled (933100
Sl G @als Liasl 255-0 Gauiill 3 4032555 0 o
0 25 50 75 100 125 150 {Unsigned tl‘lp'"tE} 3L Oy gt
Aliol il Gl 33900 14.2 IS5
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(redaulgdegamma el S culgiall ola (s aaadl = o
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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/lioni78.jpg")
plt.imshow(image)

image.shape

(169, 169, 3)

Ot g don) g9 Aiaciuasg L;J{l#}_..'u.:_ga__u].ﬁ E,JLA:-E__rLlEngEg jﬂ_}&@&&ﬁ_}}@“ﬁ&hk&d;ﬂ.ﬁ
[RGB ol alladt (3531 / il / pemd) @Ol giall I 3gaall 2.3 @301 Sy ( JuuSs (28,561)
35geall 03 (ya Jo¥1 Juuall 0511 e IS e >l pdadl] gl (JUL s e

# the pixel at the first column of the first row [102 68 66]
print({image[@][0])
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resized = resize(image, (1600, 100))
print(resized.shape)
print{resized[0][8])

(100, 100, 3)
[0.40857161 @.27523827 0.26739514]

RGB & )Lall el giall @d la 100 x 100 sbasl il s a@@g%;ﬁh@miw@ﬂ&g
G A1 6 3 e Lgligaa salel 3 Sass 0 150 oy da® il 983 (Normalized) Lgio gl o5 oSy JS
A e sl adadll S e 35LAT Hgy ol

resized = img_as_ubyte(resized) (100, 100, 3)
print(resized.shape) [104 70 68]
print(resized[B][0]) [182 68 66]

print(image[8][0])

0

(e B3] daman (22 (2! J1uSl) RGB oyl @3 Cabins
ASLE Y e g A oW 555l 2 Sagasll @l fye
Lgazms i 311 3 yguall Gelids tiey o] i (e AL
Cre gl 1 g 4.3 SN 2y gla LaS Langung J31 g cnia
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# displays the resized image

1 plt.imshow(resized);

el agadl (o cm shl @litll ilaa polgi e o puill ey 123

\ r gt 14 - 4.3 5.8 Qu@lh}a@nlﬁjjqﬂﬂ;}@ﬂ&_nﬁj}mdi colE 13 Laa

R D Al L L R NP SN = %
(100,100 .3) Gucuiill Aasllas pi

i 20 40 G0 8o

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

violations

[455, 1587]

aJls L_j:ﬂ f‘_j_ﬂ‘:mh‘-': l.l_r.hj vl agesl L BT on “-;:Ua.-:u;.__q_f‘_ P gD 338 'y i_.,._-.n-_n_,.d| t!:nﬂ“ s La L5,
O Gluze pult Hlakadll agdy wblidl dcgama 2 3052 gl Huall psann o L@@;resize_image{)




violations[0]
violations[1]

posl
pos2

print(filenames[posl])
print(resized_images[posl].shape)
plt.imshow(resized images[posl])
plt.title(labels[pos1])

cowl.gif
(100, 1600, &)

0 20 40 60 80
(RGBA) Wity 355y puiaa Wy pun Wl 3 55em 14,4 J5t

.
o print(filenames[pos2]);

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

tiger000OOO0168. jpe
(100, 160)
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S s le - Jy JS Ralad fidd

o 20 a0 60 a0

o K agalis 0550 14,5 K5

# prints the first pixel of the RGBA image

# a value of 255 reveals that the pixel is not transparent
at all,

resized_images[posi][a][6]

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

st Jigs +(100.100) slaf 53 JS 5 Lt 2l 39l
[Gra'-,rscale]gaujzjﬂmsﬁgjlju_t;aml“:dl
35 /el JLial) Gewiilly (RGB Guwaily o
dlay i I oy ay i La ol (Misleading yellow /blue)
oLy gsun Bgps .6 K8 @il ygall e ol a8l IS s, imshow 2 Lgaaded d5g)
ok LS 23lall Siasg s gala -5l

plt.imshow{resized_images[pos2], cmap = ‘'gray')
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resized_images[pos2][e][e]

100

&}m%iﬂﬁ Ejjd.adﬂ'gqjicjbﬂgbmqg]mlﬁﬁﬂth.ﬁﬂ 71_9_3:'. uLL\L_..*..H 3;3;_-1 %Lﬂl_}hﬂ:—lﬂj

:&Ul:._‘l.ﬂ
# 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’: 103,
- 'Duck': 103,
"Eagle’: 101,
'"Elephant': 100,
"Lion': 102,
"Monkey': 100,
o= e e e 'Nat': 8
A g 4 plaiall Zaudl] B3 CliSa, Lia _
‘._,J;f}::.:.j.[a.l._..;:m 5| Nature ) Nat * _E;E”: :11?;]
'J*iﬂhaui“*LJEJJQEF“‘E‘RQLJ_J "Rabbit': 1680,
"Sheep': 1080,
'Tiger': 114,
'Wolf': 100})

iHH“£F=J‘ih;ﬂli?‘ﬂluJ““é;*H'“EJ&EQL”U:aﬁﬁLﬂlQF?EJJJiﬁiﬂﬁcﬂﬁbfhi}*ﬂLrhz:ﬂihﬁna‘ﬁﬂqh“@ﬂi*a
Lootic g dada jain iled e (g5imdy  (Aamlall) Nat Lgilgie Tua 5 juio 30 (e (o)aall) Counter Caisy cilil gus!
.81 Loy s Vs pmado 1Ll yg0m e (g5 ((OUILr) W placie (o8 ol 3 R 020 (el ety o s 2SS 535
Ol Y

(Raedatl) Nataia) Lanis 3 jguall JS IS g« gake Ml oyl 39009 HGBAaquJLQuluﬂﬂlﬁmﬁ_ﬂ
Lgazma it i seally pasbially colalt] elow] @553 0ya

= len(labels)
resized_images = [resized_images[i] for i in range(N) if i not in vioclations
and labels[i] != "Nat"]
filenames = [filenames[i] for i in range(N) if i not in violations and
labels[i] != "Nat"]

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



Slagima A (pagliall @Slgag [Lg.mJj_:LI s9all) resized_images Jugss 2 a bl selasdl Jhas
L..aﬂ._?“_nﬂu_-r_n_).d rtb.a.u P.,J._'r_-_n.u s...._.....L-.H aafyculiadsl g pa Jodall dadgTs Lnn._r_...-..:- {L_;LI-Q-I} Numpy
-:L*-jl|iqjmﬂTng.ALquHJlulqujLuﬂjn_ibLuﬂMdjLﬁﬂ .Lic._'._«--_._..uu..ll (X Y) el ylint |

import numpy as np
X = np.array(resized_images)
Y = np.array(labels)

X.shape

(1720, 1600, 100, 3)

JJ..:._,J:.:LL RGBM E}F;Hﬂjﬂ%w&ﬂ_&_ﬂu_tﬂ L&JL&.&! @M‘ }{QL\L_!.\ Ti_:_g.q:u—.ndﬂ.fac_;j:'u
train_test_split() s alasxiwl Sas uil L (Juuso 315 5 (1) 100 % 100 slasls Lgasa 5 ol gial]
oloal degamag i ydl dogama i.'r” bl dc gama ﬁLﬁJ sklearn dL8a ya

from sklearn.model _selection import train_test split

X_train, X_test, y_train, y_test = train_test_split(

Ky

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 shuffled in the same way

BT (51yafl, 18 o loma (K Cm ppucall ol 2T b 1 ile e il gt} yguim i 3 (5
Juadi ) shuffle=True davzg il 5 Jlme & dsls cmliaylgad! o apaadl s I s 0% 43y
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X_train[@].shape

(100, 100, 3)
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24530,000 = 100 X 100 X 3 4103 pelacus a3 4550 Aas 3!

L1

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[@].shape

(30000, )

oailad duaigh 2 Lol uga 6l Jis (90 Al Cauteai Al 5n L;i‘.__nc_ra_..u@u;m 1;%,.14_:.:.“!;,&.4.‘
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il | Wi |

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 #used to 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
4alol B3 e 25l 2l Confusion Matrix) 280142 5auae U Loma ! plaill (o e

wmcapture
'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 = 98,
normalize = True # to print percentages

)
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from sklearn.linear_model import SGDClassifier

model_sgd = SGDClassifier()
model_segd.fit(X_train_flat, y_train)
pred=model_sgd.predict(X_test_flat)
accuracy_score(y_test,pred)

0.46511627906976744

) i AB% e w33 Dgada JS 5y LeT 335 SGDCIaSSfier ciluae 3
tsal WI aiian 355 G g ULl e 45 e @d ) e

!‘ (St?ndard scaling) Eilayylgn A peu 305la e L1 Jusg Lgide MultinomialNB
paiiad Ayl dallasd i o s acgama sl pe conlin auadslsh Jundl e Hptall Aitine Cagiia
paibad @l AW @IS 2 1 a0l IS Candalls 39a0l ol @B gl (s 3 lans cilily
O3S sy SLLadl Gegama i€ 5, | 4a3 SGDClassifier iw)lsx ol Cag pall (e i LA Jures
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bl @ummdt sklearn aoSa ope (wleal! fq_;u-i'l) StandardScaler 31,1 S eyl pladll ansiew

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

[144 142 151 ... 76 75 B8]
[ ©0.33463473 0.27468959 0.61190285 ... -0.65170221 -0.62004162
-0.26774175]

lgasmsd @& Gl bl cile gems alaziuls o3lasly s 73se5 cuyas OV (e

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)

eyl oyl da il g 2 Lol frvisd Sasey o) Jaizell (yag @l day (pluod g e Sl Jus
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Prediction with Feature Selection jailas!! ¢ oL ol
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:sckit-image

from skimage.color import rgb2gray # used to convert a multi-color (rgh) 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_grayl[®],cmap="gray'); plt.imshow(X_train[0]);
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bes 75 2l 3 B ypee 4.9 IS8 Rossalia ¥ I 35000 4.8 5
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print(X_train_gray[0].shape)
print(X_train[@6].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, )

- o ® A&
daddiag @Y A GLaS 93 uadl colsl 4 =%a 38 hOg_vector
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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])

saaasd! Lael s JLe SGDClassifier o yas ¥ 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”, #color palette to use
figsize = (10,10), #figure size
X _tick_rotation = 96

3

30
Confusion Matrix
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%%capture j R e o
Ipip install tensorflow tRETaS difiag REDSOTTION

'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 in y_train])
y_test_num = np.array([classes.index(label) for label in y_test])

print()

# example:
print{y_train[:5]) # first 5 labels
print(y_train_num[:5]) # first 5 labels in integer format



[ "Elephant’, 'Duck', 'Monkey', 'Cow', 'Sheep', 'Wolf', 'Tiger', 'Deer’,
"Cat', '"Llon', '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 RelU 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”

i vy g Wi mear i Lt L I e P Rl P e et o LI, PSPyt i L Pl B M0 Gl L o LA Sl WP LR e v~

Layer (type} Dutput Shape Param #
dense (Dense) (None, 2080) 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')
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model.fit(X_train_hog, # training data
y_train_num, # labelsininteger format
batch_size = 80, #numberofsamples processed per batch
epochs = 48, #number of iterations over the whole dataset

)
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pred = model.predict(X_test_hog)
pred[@] # prints the predictions for the first image
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Bs 2ms/step

array([4.79123509e-03, 9.79321003e-01, 8.39506648e-03, 1.97884417e-03,
7.83501855e-06, 3.5034678%9e-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( ) 4. ﬁ:ﬁﬁl@mgulﬁm!ﬁ:ﬁml}m sklearn a:<a (e predict( ) Hl.'&__,.él‘a;Ln.LH
slglb¥ np.argmax( ) aJls alaziul S ddladloia 2 4.1-_H.,il Oaliall € =¥l sl Keras ao€e 2
At 280 olgzaliiaes

# index of the class with the highest predicted probability.
print{np.argmax(pred[0]))

# name of this class
print{classes[np.argmax(pred[8])])

# 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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from sklearn.naive_bayes import MultinomialNB # imports the Naive Bayes Classifier from sklearn

X_trainBflat = npearray( [img.flatten() for img in X_train]

. . S R SR S S S S S - S

model _MNB = MultinomialNB( ) # new Naive Bayes model

model MNB. fit( X_train_flat , y_train

) # fits model on the flat training data
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X_train adgawas 2 o JS .Y _train adgawaaeg X_train adsawae Laa s NUMPY oud Lid gaias clad o

Jies Y_train adgawal! 2. N aally .RGB Gucwiing 199100 sbasks 590 Jes (100:100.3) alss

3 )5 dadadnt) OB g Gy Csomd (I ons | adadt] LaST.X_train dd giine 2N 5 )ygus doous
Y SCRURNG § | POR (I LY W [ PRSP, & DR T PN

from skimage.color import rgbzg rav # used to convert a multi-color {rgb) image to grayscale

preprocessing
from sklearn. = import StandardScaler # used toscale the data

from sklearn.naive_bayes import MultinomialNB # imports the Naive Bayes Classifier from sklearn

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

scaler = StandardScaler()

X_train_hog_scaled = Scaler .fit_transform(X_train_hog)

model MNB = MultinomialNB( )

model _MNB.fit(X_train_flat_scaled, V_.tra'“ )
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: (Anomaly Detection)
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: (Image Segmentation)
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Understandlng Image Content
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%kcapture
import matplotlib.pyplot as plt
from os import listdiry

'pip install scikit-image

from skimage.lo import imread

from skimage.transform import resize
from skimage import img_as_ubyte

# a palette of 10 calors that will be used to visualize the clusters.
color_palette = ['blue','green’,'red’, 'yvellow', 'gray', 'purple’', 'orange’,
'pink’, 'black’, "brown']
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def resize_images v2(input_folder:str,
width:int,
height:int,

labels_to_keep:list

Ji
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 = input_folder + '/' + subfolder

for file im 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
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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'l] !
)

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



S (=eliall) labels, . {L&uzmhLLﬂJ J}ﬁnﬂ)resmed images 15 Jug=3 2 A dll sgdasdl e
Jfatl {H 1'I"r::l ) o - |_)._|_vul| g P II.-:.J_'r_u_..u:\ L,E':‘L'-"J‘ ! .ﬂl_dnglj_.m LaSs.nUMpPY lagiias
:LJ:‘EL;-‘J'J |;||L1L_|.*|.”

import numpy as np # used for numeric computations
X = np.array(resized_images)
Y = np.array(labels)

X.shape
(1085, 224, 224, 3)
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X_flat = np.array([img.flatten() for img in X])
X _flat[0].shape

(158528, )

X_flat[0] # prints the first flat image
array([107, 146, 102, ..., 91, 86, 108], dtype=uint8)
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X norm = X flat / 255
X norm[@]

array([0.41960784, 0.57254902, 0.4 . ..., B.35686275, 0.3372549
B.42352941])
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dhmcapture
'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
iamport 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')

hierarchy.dendrogram(linkage flat) o 3okae (2513) ward
plt.show() e
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 18)
AC.fit(X_norm) #applies the tool to the data

pred = AC.labels_ # gets the cluster labels

pred

array([9, 6, 3, ..., &, &, 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 rgb2gray

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)
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tsne = TSNEVisualizer(colors = color_palette)

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



TSNE Projection of 1085 Documents

Pigeon
Rabbit

i
=
=

dpdliall g5 14,20 €5

;J!}.ﬂluﬂu."aj:-.ju.nfqr_ﬂqL#};ﬂ@'%&b@@bhﬁdﬂiu_n@'mﬁT it guaT] | 1:.1._&?1_1:
J:.Lhﬁiul._.#l 3..:3.4.?_1. ,-‘_.-;J.ﬂ‘r_.f'...ﬂ ;q_...._)Jl nT'.L..u:-. Q;ﬂ M;‘:jﬁ M_g....n.a.a_g Tﬂ::-....'a!_? .,EELE‘:)‘;.E:M| U,l_ﬁ

plt.figure()

linkage_2 = hierarchy.linkage(X_hog,method
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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from keras.applications.vggl6 import VGG16 # used to access the pre-trained VGG16 model
from keras.models import Model

i pmall s Y e a0

model = VGG16() #loads the pretrained VGG16 model ( - RS i )
# removes the output layer

model = Model(inputs = model.inputs, outputs = model.layers[-2].output)

Ololl @i azmi 2 Jia VGG16 7 3ga Lgallay il Lgreads Aucu a1 A0 531 At Lall I oms ol dail] 3ula
150 o (553! RGB

from keras.applications.vgglfé import preprocess_input (1885, 22&, 224, 3)
X_prep = preprocess_input(X)
X_prep.shape

b}ﬁj+2243{ 224 th_"aLl.lT Lgia E__;!_g_..al_ﬁ ;Ej_g_na,;:ngqule;mi_g:bj l:.gi . gt LaS J—Tﬁ:ﬂlil_d__uj! L]S_EUT ds %
302 84,096 (ya (1580 dne ) 5530 JS i) pdaial] 3 gaill alitianl (Sas IS sang [RGB olsl il 53

X_VGG16 = model.predict(X _prep, use _multiprocessing = True)
X_VGG16.shape

(1085, 4096)
I3 (s ddaall a pedd (3aaaatl Asdlall Jadi) multiprocessing=True saaull dsdlall yiitie Jasd

_‘;.__15@:1.]:{:?.”_"..” g—T‘q)"'H c_Ja.EJ.l ‘a..léd_..u;&g:_ﬁﬂ Ej_[au'-. JL“SEJ—..':",? *l.éj'j:'“-." aaaaall J.j_..aﬂ a;iLg_'s:r_El.H 4_|.Lu..:-
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tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X _VGG16, labels)
tsne.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 = &)
AC.fit(X_VGG1e)
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))
Homogeneity score: 0.8403973102506642

Adjusted Rand score: 0.766734821176714

Completeness score: 0.8509145102288217
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From sklearn.clustﬁr

port AgglomerativeClustering # used foragglomerative clustering

pred = AC. |3 bEIS # gets the cluster labels
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import scipy.cluster.hierarchy as hierarchy # visualizes and supports hierarchical clustering tasks

matplotlib.pyplot

import as plt

X_norm = x_ﬂatfzss # normalizes the data

plt.figure() # creates a new empty figure

linkage_flat=hierarchy.linkage( x—norm , method=" ward &

| dendrogram
hierarchy. (linkage_flat)

plt.show() #shows the figure
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Generating Images with Generative Adversarial Networks (GANs)
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waecapture

'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 GPUSs should be used for this generation

generator.to("cuda"”)

image = generator("A photo of a white lion in the jungle.").images[@]
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[8]
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[6]

plt.imshow(image);
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# tool used for text-guided 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.jpeg").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);
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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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Image

Image Generation

Image Preprocessing

Network Layer
Recognition
Stable Diffusion
Standard Scaling

Visual Data
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A Working Example: Optimization for the Team-Formation Problem
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import random
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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 # max number of skills per worker

):



# creates the global list of skills 51, 52, 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(1l, 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 im 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', 'sB', 's5', 's6'}

w3 {'s7', 's2', 's4&', 's5', 's1'}
wih {'s9', 's4'}

wh {'s7', 'sa4'}

we {'s7', 's10'}

Required Skills: {'sé', '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

P[Pt St W3t it

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

pairs [('wl', 'w2'), ("wl', 'w3'), ('wl', 'w&'), ('w2', 'w3'), ('w2',
'wd'), ("w3', 'wd')]
triplets [('w1l', 'w2', 'w3'), ('wl', "w2', 'w&'), ('wl', 'w3', 'ws'),
('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 in team: # for each 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 []1 #15 workers
problems _with_20 workers = [] #20 workers

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

problems_with_5 workers.append(create_problem_instance(10, 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, 8, 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() # starts the 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

1f 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



ile gasl Q,_E:_qj,l Jadadl Glasd &}&11 sg-ally :J_'H.” daayylgag ANl olia gJLH'-H ‘:'-":-'A)'J‘ H:nﬁ.“ 1=J_1|'_-I_l.u='l
(Jlse_ 5,20 ) 10-workersy . ( Jlse_ a.ues) 5-workers ;s L‘_jgilj il Lagliil oF Ll bl
:(Slale_ cp piie ) 20-workerss . (Shele_ yée duwex ) 15-workers,

gets solutions(problems with_5 workers,
brute_force_solver)

brute_solutions_5
solver

1]

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 1n 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( ) &l .r&hi:

# while there are still required skills to cover

e Jadd ool Sy degama
while len(uncovered_required_skills) > 0: i

prex (e dS yiliall il hlgall

33 | laadl ol
best worker_id = None # the best worker to add next ?‘f‘l "‘5“’!‘-?'“'1 JL*I:J :"::P‘
# number of uncovered skills required for the best worker to cover = J!'ﬂ""" et T
best _new_coverage = 0 2 Ryl @ Al dygllasl!

.uncovered worker_skills

for worker_id inm 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 len({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: # if g best worker was found
best_team.append(best_worker_id) # odds 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

return best_team
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greedy_solutions_5 = gets_solutions(problems_with_5_workers,
solver = greedy_solver)

greedy_solutions_18 = 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 in 0.0009970664978027344 seconds
Solved 80 problems in 0.000997304916381836 seconds
Solved 94 problems in 0.001995086669921875 seconds
Solved 99 problems in 0.0019943714141845703 seconds
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# creates 100 problem instances of a team formation problem with 1000 workers
problems_with_1000_workers = []

for 1 in range(100): #repeats 100 times
problems_with_1000_workers.append(create_problem_instance(10, 1000, 8, 5))

# solves the 100-worker problems using the greedy solver

greedy_solutions 1000 = gets_solutions(problems_with_1000 workers,
solver = greedy_solver)

Solved 100 problems in 0.09574556350708008 seconds
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def compare(brute_solutions,greedy_solutions):
total_solved = @
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 pually o JLse Lowadill sde uusdall cntiaaylginll Aulela a5 Lat compare () Al odl alusiwl (¥ S
Shale 5y yZally Slale jle duaddly (Sl

print{compare(brute_solutions_5,greedy_solutions_5))

print(compare(brute_solutions_10,greedy_solutions_160))
print(compare(brute_solutions_15,greedy_solutions_15))
print{compare(brute_solutions_20,greedy_solutions_20))

1.0

0.82
0.88
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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. copv () #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]. interSECtiﬁn

(uncovered_required_skills)
while len(uncovered_required_skills) > 0:

best_worker_id= N one # the best worker to add next

best_new_cove I‘aéé;ﬁ ~# 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 len(my_uncovered_skills)>best_new_coverage:

best worker_ id=worker_id # makes this worker the best worker

best_new_coverage= Ifarl (my_uncovered_skills)

#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_

wtersecttl

skills[worker_i ncovered _required_skills)

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

return N one # no solution could be found

return best_team
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Using Python and Optimization to Solve the SMWT Problem
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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 durationrange
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)]

1]

# 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
print{random.randint(+[1, 16]1))
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‘ I L (g s gl Gllad l
$ ‘diTat@ens % [18, 17, 17, 6, 9, 6, EE, 12, 9, 19],

'deadlines': [39, 31, 6, 42, 48, 10, 39, 16, 34, 35],
'weights':

(2%, 3, & §; 379, 2.3 1]}

S i (3350 a AU e B il cnlin )yl g3l Gt ol Jgorom (g B9 it LI Il el (S
tsmjbjbdl&_jl_mm:ﬁmLg;ﬁa.:.:-wﬁPLglll_ﬁuicﬁifu Lg.aLglé_gJ:—_gM!MﬂlJﬂ

&}uziluglEJLd1¢5L¢Q§44411dujéL

# 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): # goes overthe jobs in scheduled order
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job_id=schedulelpos] # 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

3oade 310 A e A1 ois (eStiuug o J ol ot @ia) compute_schedule_tardiness( ) a1l 1:.1.5.-_“._..;f.m
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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 sofution 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

fevalutes 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 = 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, 201, [5, 30], [1, 3]1)

brute_force_solver(sample_problem) [
{'schedule': (@, 2, 1, 3, 4), (.E:E.:.HEMLHEUBJ )( (1edl Luaal s )
'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 = lambda j: heuristic(j, problem))

# evaluates the schedule
tardiness, finish_times = compute _schedule |tardiness(problem, schedule)

# returns the resulfts 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, 0, 2],
'tardiness’: 124,
‘finish_times': [15, 26, 32, 48, 571}

Jsad) 2 Lews )5 51,3 3Ll e algll o)l3sl oplael 2 a5l Mlouy Yoo 20 21 Gulas

# 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)
welghted_greedy_sol

{'schedule': [3, 2, 1, 4, 0],
'tardiness': 89,
'finish_times': [15, 24, 35, 41, 571}
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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 =

new_schedule

swap_selector(best_schedule)

= best_schedule.copy() #create a copy of the schedule

# swaps jobs at positions pos1 and pos2
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 js better than the best one so far
if new_tardiness < best_tardiness:

LglS JLAL 1as 2 Lot | Oy
# the new_schedule becomes the best one e Lesde jﬂ,,._n o Jghon
bESt__EChE‘L:]U].E = I'IEW_SEhEElI:ﬂ.E Jils ¢ SLET 3 yba
best_tardiness = new_tardiness
best_finish_times = new_finish_times

e—hﬁyﬂiﬂihhﬂgd:J'
J gt

# returns the best solution

return {'schedule’:best_schedule,
"tardiness':best_tardiness,
"finish times':best finish times}

= i
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def random_swap(schedule):

job_num = len{schedule) # gets the number of scheduled jobs

posl = random.randint(®, job_num - 1)} #seamples a random position
pos2 = posl
while pos2 == posl: #keeps sampling until it finds a position other than posl

pos2 = random.randint(@, job_num - 1) #samples another random position
return posl, pos2 #returnsthe 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, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,

41, 571}
{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish times': [15, 21, 30,
41, 571}
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#Dataset 1
problems_7 = []
for i in range(160):
problems_7.append(create_problem_instance(7, [5, 201, [5, 501, [1, 31))

#Dataset 2
problems_38 = []
for i in range(100):
problems_30.append(create_problem_instance(30, [5,20], [5, 581, [1, 3]1))



Compare() Function di,Lat| 431

).gj:u .il-ﬁ.nd.l.l.un_'chLu dogamad oM AL LEJJ-J J:..” uqu!PJS CCII'I"IFI'EI"E[J a_Jlat Ul_dl 1:...5:.1-_1_1..-..;

Lj.«Lu.Ll U8 Al ) LSy el icjmiu}&ail JE ol f MJJIPLELML;JJL;,LLJ dacugia
Y ﬁ.! ql.:.)_m 59alls Jod! Aiayslen alaziol 40lSal il use_brute alaill

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

Huses 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, 1080)['tardiness'])

results['ls-adjacent-wdeadline'].append(local_search_solver(problem,
weighted _deadline_heuristic, adjacent_swap, 10008)['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]))

:LegalS problems_30 5 problems_7 «.LLudl ic gazea g cOMpare () als alasiul oY 24

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-weighted_deadline 8527.61
ls-random-wdeadline 6647.73
ls-random-deadline 6650.99
ls-adjacent-wdeadline 6666.47
ls-adjacent-deadline 6664.67
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91=9x8x7xb6x5x4x3x2x1=362,880.
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def brute force_solver(problem):
# gets the information for this problem

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

problem[ 'deadlines’']

job_num = len(duratlonﬁﬁnumber of jobs

# generates all possible schedules

permutations

all_schedules = itertools. (range(job_num))

best tardiness = float(® lnf ")

e e — o —

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

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

best_tardiness= ta rd iness

best_finish_timess= fi n iSh_times

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

"finish_times':best_finish_times}
280
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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( duratlonS# gets the 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_sqlpv:glEm, 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 max_iteratiﬁns

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

# chooses which two positions to swap

pnzlﬁ%’é P—S E!g;t?!est_sc hedule)

new_schedule = best schedule. co pv ( )# creates a copy of the
scoiduia B Bl Swel® N 00

# swaps jobs at positions posl and pos2

new_schedule[posl], new _schedule[pos2] = best _schedule[pos2], best_
schedule[pos1]

# 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

new_schedule

best_schedule =

# returns the best solution

return {'schedule':best_schedule,
"tardiness':best tardiness,
'finish times':best finish times}
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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, 16, 23, 15, 7, 7] #values of available items
weights = [5, 10, 19, 8, 11, 2] # weights of available items
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40 # knapsack capacity

=
|

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

x = [] #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[1] for i in I))

# adds the capacity constraint to the solver
solver += xsum{weights[i] * x[1] for 1 in I) <= C

# solves the problem
solver.optimize()

<OptimizationStatus.OPTIMAL: 0>
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total _weight = 0 #stores the total weight of the items in the solution
total_value = @ # stores the total value of the items in the solution



for i in I: # foreachitem
if x[1i].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[1i]

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

item 0 was selected
item 2 was selected
item 3 was selected
1tem 5 was selected
total weilght 34
total value 65
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import random
import numpy
from i1tertools 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 1,7 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,1i] = distance
dist_matrix[i,j] = distance

# returns the distance matrix, location ids and the startstop vertix
return dist _matrix, lecation_ids, random.randint(®, num_locations - 1)

85}4J£g£;*=g+d;qﬁilt;Lgl&ELigifgEALHJ;LjdyliﬂdasquJlEJLﬂlUQLHlUrFJJ+HEbhjll?4&;*e
:ZDJ 5 o cﬂ!ﬁ W] W &EL....A_E 'C_E!j‘“'

dist_matrix, location_ids, startstop = create_problem_instance(8, (5, 20))
print(dist _matrix)
print(startstop)

[[19. 17. 15. 18. 17. 7. 15.
[19."9@%.15. 18. 11. 6. 28. 5.
[17. 15.%@w17. 15. 7. 5. 11.
[15. 18. 17.%@w19. 7. 7. 16.
[18. 11. 15. 19.“9@e.17. 20. 17.
[17. 6. 7. 7. 17.%m15. 14.
[ 7. 20. 5. 7. 20. 15. %90 14.
[15. 5. 11. 16. 17. 1l4. 14i. G

colabinat) fas 5 ladll dadl o) das¥
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Creating a Brute-Force Solver for the Traveling Salesman Problem

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 im all_routes: # foreach route

(]

0 # total distance in this route
startstop # current location

distance
curr_loc

(]]

for next loc in route:
distance += dist_matrix[curr_lec,next_loc] # adds the distance of this step
curr_loc = next_loc # goestothe nextlocation

distance += dist_matrix[curr_loc,startstopl # goes to the starstop 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
return [startstop] + list(best route) + [startstop], best_distance

startstop 35« R sl @ﬁl JS <Ly permutations() 315 %_,.ﬁ.'l Sl e Biadiles A A
L e ainaislgiy uple JS a2 LaSls ygla o ooy Y £ Jualiall (ye saied (aBgally 33001
O « (LaBgilly 33 LT ) startstop p3se 38 0 a 3411 H189.39.25.15.0 a3l 50 sl ey esls 151

o LS A foslall 2l

for route in permutations({1,2,3}):
print(route)

(12 3)
(1. 35 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, 0, 6, 31, 73.0)

pd 2 LgnJJ|j;J|aJ_¢L9.LEJ‘hT whd|wjj.d|iwj;ﬁ4u_dl&ﬂ!&ﬁ!&um_}ﬂphjl};ui:
_5L..-.|.15- N sl 515 Lol 3de Linse l_*’lLl.t.al ..Lu!_,..uml,ju,.!-ﬂ' JJ..r.L_f'AT a:r).u.q..aﬂJ_g:g.U ELJ"JS_MM
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Using MIP to Solve the Traveling Salesman Problem

Ao ¢ Lisl e o (TSP) Jaaatl ‘LJH.!.S.......nLJ_:J (MIP) alaliad | domumual | 3lae ¥ doma 5 f.!_s_-.u_w':?
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arr = numpy.full((4,4), @) #creates a4x4 array full of zeros [[6 0 0 8]

[6 080 0]
print(arr) [6 00 0]

[6 60 0]]
arrleo, 8] =
arr[3, 3] =1 [([1008]

[6 60 0]
print() (0660 0]
print(arr) (6 601]]

e Lol a8l ol e WLED] pras luustitertools oSt oy product( ) ;.I;.'ﬂi PP PRV P D
JEL e

ids = {8, 1, 2}
for 1, j in list(product(ids, ids)):
print(i, 3j)
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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() #createsasolver
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 i, j im transitions:
x[1, j] = solver.add var(var_type = BINARY)

il paall Gy 350l NXN @y NUMPY d2gd0n0 LY numpy.full() ) 314 Gl ome ! pladll a szt

Xoas L
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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,3]#x[1]1[j] for 1,J in
transitions))
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# for each location id
for 1 in location_ids:
solver += xsum(x[i,j] for j in location_ids - {i

1) # exactly 1 arrival
solver += xsum(x[j,i] for j in location_ids - {i}) ==

# exactly 1 departure

I
I
i el
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# adds a decision variable for each location
= [solver.add_var(var_type = INTEGER) for i im 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
Tf 1 1= §°
solver += y[j] - y[1i] >= (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-=f) is included in the route
for i, j in transitions:
x[i, 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 im transitions))
# Arrive/Depart Constraints
for i in location_ids:
solver += xsum(x[i,j] for j in location_ids - {i})
solver += xsum(x[j,1] for j im location_ids - {i})
# adds a binary decision variable for each location
y = [solver.add_var(var_type=INTEGER) 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 i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >=(N+1)=x[i,j] - N
solver.optimize() #solves the problem
# prints the solution
if 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 _loc].x == 1: #ifxvalue 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
if next_loc == startstop: # exitsifroute returns to the startstop
break
return best_route, solver.objective_value #returns the route and its total distance

# exactly 1 arrival

1
1 #exactly 1 departure
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same_count = @
for i in range(100):
dist_matrix, location_ids, startstop=create_problem_instance(8, [5,208])
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
if distl == dist2:
same_count += 1
print(same_count / 100)

1.0
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import time

start = time.time() # starts timer

for 1 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() # stopstimer
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

lﬂcatinn_id!‘.c!catlon—lds - { StartStop h

# generates all possible routes (location permutations)
o, BETMULATIONS ocation_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

6 # total distance in this route

_Sta_rt_sto E # current location

Il

distance

curr loc

for next_loc in route:

dist_matrix
distance += ____:___[curr_'luc, next_loc] # adds the distance of this step
curr_loc = __next_—l_(?c__ # goes the next location
distance += dISt—matrlx [curr_loc, tartStOp ] #goesto

back to the startstop location

if distance < best_distance: #ifthis 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
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def MIP_solver(dist_matrix, location_ids, startstop):

Model

solver.verbose = @ #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_

solver = () #creates a solver

~ (location_ids, location_ids))

N = lenf{location_ids) # number of locations

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

¥ = 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[i, j] = solver. add__var (var_type= BINARY )

# objective function: minimizes the distance

solver.objective = minimize

e -

__(xsum{dist_matrix[i, 3] = x[11[j] for
i, j in transitions))

# Arrive/Depart Constraints
for i in location_ids;:

solver += xsum( K[I!J] for j in location_ids - {i}) == 1

solver += xsum( X1J,! for j in location_ids - {i}) == 1

# Adds a binary decision variable for each location

y = tsotver. 3AA_VAF __ var type- INTEGER ; ror ; 1n

location_ids]

# Adds connectivity constraints for transitions that do not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids -
{startstop}):
if 1 !'= j: #ignores transitions from a location to itself
solver += y[3] - yli] >= (N + 1) * x[1, 3] - N

solver. 1 Op_tl mlze _. __( ) # solves the problem
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from controller import Robot *

import numpy as np  # used for mathematic operations W

import os # used for folder creation r = T "
import cv2  # used for image manipulation and human detection s il el ASe g5t
from PIL import Image  # used for image object creation i Sl (2ig235) Robot 2a
from datetime import datetime  # used for date and time .3 panaal) 3 y3lall s @Sl L&Ejua_g

.

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

1 d RS W0 | Y
class Mavic (Robot): N (’ dgllacdl mlasell ol pne
k. vioellaadl g sl Luuzels

# 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 (Constants) Calgall a i =

K_ROLL_P = 50.8 # P constant of the roll PID !

K_PITCH_P = 30.0 # P constant of the pitch PID it s JRERC RS el
‘..:‘ :,.n.hu__ ‘:31!:3 ij')—_!hjll

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]
for motor in motors: # mass initialization of the four motors
motor.setPosition(float( 'inf'))
motor.setVelocity(1)
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def

def

self.current_pose = 6 = [08] #X Y Z yaw, pitch, roll
self.target_position = [@, 6, 0]
self.target_index = @
self.target_altitude = 0

4il3929 (X Yo Z) 3 pacaal g gl
(! Y 5laa¥) aLayY)

move_to_target(self, waypoints):

# Moves the drone to the given coordinates

# Parameters:

# waypoints (list): list of XY coordinates

# Returns:

# yaow_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]: #initiglization
self.target position[@:2] = waypoints[0]

# if the drone is at the position with a precision of target_precision
if all([abs(x1 - x2) < self.target_precision for (x1, x2)
in zip(self.target _position, self.current_posel[8:2]1)]):

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[6] - self.current_pose[@])
angle_left = self.target _position[2] - self.current_pose[5]
angle_left = (angle_left + 2 = np.pi) % (2 = np.pl)
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
vaw_disturbance = self.MAX_YAW _DISTURBANCE * angle_left / (2 = np.pi)

pitch_disturbance = clamp(
np.loglB@(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 = @
pitch_disturbance

=@
yaw_disturbance = 0@
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# specifies the patrol coordinates

waypoints = [[-30, 201, [-60, 30], [-75, 0], [-48, -10]] -—)

# target altitude of the drone in meters

self.target_altitude = 8

r"
(e et Llas) waypoints
while self.step(self.time_step) != -1: e 6! sl Aol
# reads sensors k. 8 el 3 illall 4

\

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:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypolnts)
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_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_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 ¢ LiS|
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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 yg«all dxflae
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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(cameraImg, (3, 240, 400))
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# creates RGE image from merged channels
img = Image.new( 'RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameraImg[1], cameraImg[@]))

Joalak auzios all evtColor () adlul plazinly gbayll zyusll G 3l Jugsd oy sty
g3layll suntl I a1y i ¥y 3581 cye olgi¥ st 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)
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# 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, @, @), 2)

current_time = datetime.now()

print{current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_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)
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def run(self):

# 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()

roll_disturbance = 8
pitch_disturbance = @

yvaw_disturbance = 0

# specifies the patrol coordinates

waypoints = [[-30, 28], [-608, 30], [-75, 6], [-46, -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:

yaw_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()

# checks if image is successfully retrieved
if cameralmg:



# reshapes image array to (channels, height, width) format
cameraImg = np.transpose(cameraImg, (2, 0, 1))
cameraImg = np.reshape(cameralmg, (3, 240, 400))

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

# 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, 6, 0), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_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_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)
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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!”)

@  If not os.path.exists(folder_path): else:" =it oot pdadll o 23050 Goyb (e
dal slily 3% 5,00 2 "0s.makedirs (folder_path)" a1 Jautt pass
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class Mavic(Robot):
# Constants and variables omitted

def init_ (self):
# Initialization code omitted for brevity
self.last_detection_time = datetime.now()

run(self):
# Main loop code omitted for brevity
while self.step(self.time_step) != -1:
# Detection code
current_time = datetime.now()
time_since_last_detection = (current_time - self.last_detection_time).
total_seconds()
if time_since_last_detection >= 10:
self.detect_human()
self.last_detection_time = current_time
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def detect human(self):
# Detection code omitted for brevity
roll, pitch, yaw = self.imu.getRollPitchYaw( )
current_time = datetime.now()
print(current_time)
print{“Found a person in coordinates [{:.2f}, {:.2f}] with roll {:.2f}, pitch
1i.2F); and yaw {:.2f}"
.format(x_pos, y_pos, roll, pitch, yaw))
# Saves annotated image to file with timestamp
current_time = current_time.strftime( “%Y-%m-%d_%H-%M-%5")
filename = f"detected/IMAGE_{current_time}.png”
cv2.imwrite(filename, img)
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