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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.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

actaztl oyl 30y Lgrnds SLadl Lt bt Aegana® poaadl S 01683 o5 gl @hactl culialoi collam
slasl Lgd 0005 cuimy L&Lﬁﬁfﬂ#_}#fj{&ﬁﬁ!_@) input_folder -y ssuall | 525 L e !
Hlgeuds (o pall g Jolall

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

labels = [] #a list with the label for each image
resized_images = [] #alist of resized images in np array format
filenames = [] # alist 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/lioni78.jpg")
plt.imshow(image)

image.shape

(169, 169, 3)
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# the pixel at the first column of the first row [182 68 66]
print(image[@][0])
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resized = resize(image, (100, 100))

print(resized.shape)
print(resized[0][8])

(100, 100, 3)

[0.40857161 0.27523827 0.26739514]
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resized = img_as_ubyte(resized)

print(resized.shape)
print(resized[0][©])
print(image[0][0])
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(100, 100, 3)
[104 70 68]
[182 68 66]
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# displays the resized image
plt.imshow(resized);
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violations = [index for index in range(len(resized_images)) if
resized_images[index].shape !'= (100,100,3)]

violations

[455, 1587]

OLIL Hlums pdl pladaill agdy . Uldl dc gama 2 5555 5l Hpuadl aan e Ld.a.u.._dnsﬁresize_image{)

:Lq.g.i.&la‘._ru[g Lq.ﬂb.‘lLui JJE. aﬂL...a}TL\ 4,;;5::}133@]1 [_;:.EL& Tﬂ.ﬂ!.:.ln.'l



violations[0]
violations[1]

posl
pos2

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

cowl.gif
(100, 100, 4)
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.
. nid print(filenames[pos2]);

print(resized_images[pos2].shape);
plt.imshow(resized_images[pos2]);
plt.title(labels[pos2]);
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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][a][0]

array([135, 150, 84, 255], dtype=uint8)
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plt.imshow(resized_images[pos2], cmap = 'gray')
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resized_images[pos2][e][e]
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# used to count the frequency of each element in a list.
from collections import Counter

label cnt = Counter(labels)
label cnt
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I&Erﬂ:_ga-ﬂ__}lﬂfmll douall 435, cliSe Lia

e sgimig (dandall 4l Nature) Nat
g mlEatl, A5shia dads yalic il

>

Counter({'Bear': 101,

“Cat o108,
"Chicken': 100,
"Cow': 104,
"Deer': 103,
'Duck’': 103,
"Eagle’: 101,
"Elephant’': 1080,
‘Lion’: 182,
"Monkey': 100,
'Nat': 8,
"Panda’: 119,
"Pigeon': 115,
'Rabbit': 100,

"Sheep’: 100,
'Tiger': 114&;
'Wolf': 100})
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N = 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[1] != "Nat"]

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

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

X.shape

(1720, 160, 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(

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
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X_train[@].shape

(100, 100, 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[@].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 # 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
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kxcapture
'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 = 90,
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
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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]
[ ©.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 (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 in X_test])

plt.imshow(X_train_gray[0],cmap="gray'); plt.imshow(X_train[0]);
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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])

cagasd! Laenl 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", #colorpalette to use
figsize = (10,10), #figure size
X_tick_rotation = 96
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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()

tPexample:
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', '"Lion', 'Rabbit', 'Panda', 'Pigeon', 'Chicken', 'Eagle', 'Bear']

[ 'Panda® 'Pigeon' 'Monkey' 'Panda’ 'Sheep’]
[11 12 2 11 4]

Anlie olads KA 23 diiac aSl Lt Keras 4o e (Ll ) Sequential 3151 alazial (¥ Ky

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(208,input_shape = (X_train_hog.shape[1l],), 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) ~ Qutput Shape Param #
dense (Dense) (None, 200) 1620200
dense_1 (Dense) (None, 16) 3216

=== = == E= === ]

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, # labelsin integer format
batch_size = 80, #numberofsamples processed per batch
epochs = 48, #number of iterations over the whole dataset

)
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Epoch
17/17
Epoch
17/17
Epoch
17117
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
17/17
Epoch
1FEET
Epoch
17/17

1/40
[::::::::::::::::::::::::::::::] - 1s 16m5f5tEp - loss: 2.
2/40
[z=================z============] - @s 15m5f5tep - loss: 1.
3/40
[=========:======5=============] - f@s 15m5f5tep - loss: 0.
4/ 40
[z==sscceasssasnassazz=s=a=n===] - @5 15ms/step - loss: @.
5/40
[====:======:====I=:=====::====] - Bs 15m5f5tep - loss: 0O.
36/40
[===================z===========] - @5 15ms/step - loss: B.
37/40
[========================E==E==] - BOs 21m5f5tep - loss: @.
38/40
[==============================] - @s 15m5f5t5ﬁ - loss: 0.
39/40
[==========cscc===c=cs=====c====] - @s 15ms/step - loss: 0.
40/40
[==============================] - Bs 15m5f5tep - loss: 0.
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pred = model.predict(X_test_hog)
pred[@] # prints the predictions for the first image
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array([&.?91235ﬂge—93, 9.79321003e-01,
7.83501855e-06, 3.5034678%9e-04,
4.41945267e-05, 4.11721296e-04,
1.97038025e-04, 2.34744814e-03,
dtype=float32)

.39506b48e-03, 1.9788441/e-03,
LA45465224e-07, 1,19854585e-05,
.27362555e-05, 9.83431892e-06,
.49758552e-04, 1.57057808e-03],

N = i 0o
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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[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_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

¥_train_gray = np.array([ (img) for img im 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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Understandmg Image Content

\_J.:.ﬂliaLg.ll L__g.adl.:_g..l.m degamea id.m_g.ll pers Fn.L:.J‘ Ia.l:r.u...u c_a.wL-n-J| Lol &
ol audazis (IMmage Segmentation )s gual! 4 e 5 aslas’s
> .(Anomaly Detection) EELH1HM1 aLass1s. (Video Segmentation)
gldoladdl sl ausiibddas o8 5,0l (pe cood ! tdagll Hud @laall g W B I colalasiw¥ oyag
glaslall bl blas gl Slas¥l 4 st gl a3, eilily sucld2 el ey (Image Search)
*‘;‘ULH‘J' A2 gaa Lj':"!-‘L.'-‘-.'-.Jaﬂ.?-..i ,E__\ﬂ.LTa.UE_;.g....nﬂ E.&.‘rual1 E_H...aﬂ
o¥ladl e L ASS I Caugs
Jjjh;l__‘..-.ll{:_,_-.‘.n_&_b.%d*:,_‘dl Ay yatl
2 L) elazin) M plisd

FALAY pualiall CaLiSS)
: (Anomaly Detection)

AgLGEN AT s 23 50 Uil ooy o poma elid W1 3pladl JEan
e L s o 40lill @ LgiSes 3l (Similarity Function)
Juas 3 OV 3 pmang «JSAI) g1 o2aH1 g1 wagusd! s Jhe 35501 LeguaSlas
e e UYL corddl W jme ngls Lgie e 3unu 3 )50 p il
3y guall pdadl Ao Slel Lgy (U gl le g vda Bl B! EJ..;EILEJH};UJ}..;J!

cadimiiuall L yglayg 4yl s
Giimes JusLm.B__d*aJhL.a.aJmLAJ!dJI;FIJMI.LJMLdLJJ ddsplo sIliag

: (Image Segmentation)
;LPiUJEEJﬂ"‘ﬂJLFM “'“d_nlq..:_ (o
Sl FLLULE:I-EJ : ,_;.I:L‘..;ji IH:—&J&.H.:.:JSLLMJP_\ Lgmaqtab_;.ﬂd.gam_dﬂu_aaj.nmﬁujiu
a8l e _;.!...d‘ ._L'L...q_;j._’&_.}_a_u.-_ﬂ )S}.aitm#_lg_au_ﬁj [CEHtFDI[i) Er.q.‘!l-ﬂ-ﬂ__}j—l
ol 3 g (Atal yia ;1‘}_&1 i3, | "iﬂ"aﬁm‘;l“}-‘uﬂ-’}:"—“ﬁ sgaiadl ij_pu?‘J}un]! {s_‘I}LaJ ,51) dale
?L'LEJL Bolgalans Y EF“ 1§ i JM‘JLWE%&M!&UJ!M#“JPL}PILG-‘-‘-E':]L’-'-‘-‘-'}U"J-‘..J-’?

ARA R Jwﬂwﬁfx‘@‘wfu}ﬁ‘ EJ_;.@ﬂtangu'ﬁ)fS‘wEihQﬁgM‘
e J2a e YIie 4,16 JSall miiagyg 3aumel] 3gdiall

3553 ] B g9 38 5 die Ay yumny

Wehbele type: ca
Direction: af. ||

] P 5|

'l-...-:l..él_.-...:n..:.l I,"!-'Iﬁ- \.Fl?._huful.il"jn.lg_.hﬁﬂ_l 416“.[5:4_..



el
M
s

ssaadl e ol adlic 14,17 s
e i) ,}_‘:}:E_—a 90%5 50%3 40% s 4sLis e ol 350 gouos 4.17 Ljs._:.ﬂ;ﬂ;_td;ju LAt -

e S 3gaiadl Jan 3.100% 5 0% oy 45 L3 ngsgigﬁéjtgﬂﬂlr&&ﬁu}@dl@w

2505 O LaS eIl 35900 2 3l A Lazl (g 09 AN s yud yo dadad e Jatdy a5l 3 teLin 2w e

sgaial Lni :H‘é—.’; I_;EL,L_HLJLJL E_}_g.m&n,i_;h_gﬁ.lﬂld_‘ul.fie :':E E{SD%_.; dﬂ%) E.gJLE.“m ME'&J&ElEJ}.ﬁ.ﬂ!

Cye Bbin Lo gh fras el 3200l 0l oo @ pIlig ccogllall (e Lalas Lgil ol daal catizy LALad oy i J5Y

+l.=_r;'l‘_‘lj! E_l}.g...aj d.!L.f’u.nu‘gﬂ| Jﬂ.d.l,;:_!li" ¢_).qﬁ|&b_94;iu1ﬁ_-l|

M!;MJJ}HJ fl....a.iﬂ_gi L&)JlauulWM;&L&EM}!&U@l&@a;!mJJ 55

L t=--.Jn_'="-“2” s_r_JL..u'lHu!u_,nfn_:).Tbj JM‘MLJ!MJ d_un.un:;ml_g_ﬂ}b F).I.la_khLl.JJ E_t_k)j.ﬂ

Lg.xs.ned.lgﬁcji.m }.J_n}.Ta.! ,_.,.Il,_hu.a.a_”‘qln.ﬂ.ﬂ'_ _unJ1:_1lJ_9.Ta.Jli_aJ1J_n&:thJ d.E_g.Lun.aLJ.aJLm,_,JL

.dJ_g_LLU)_L:d_uJ“uhLuﬂu,nanthynJLmqﬁlLuul LGLE.E

1;&.13J_='.STLJ_..=3L..¢5-P[J$U_.M Jﬁ_\u|u5_u‘_d_|§c_m3.d deajltr:umuh-d_qﬁ.aw_;jﬂmfnm

a.ﬂ.ér_q L‘gﬂ!_)_Tg P e —1..".1..1.."--.1—1__.,....__;_.'..“ | s C_...a_g.u.u_g ;Jaj;d.qu.u,_j.aﬁl p-uLu Fq"‘“u L"H

bzl A s ":';l Oada Lgaiasdy :L_nl..a'h'! bl ralal o

@;US.'J‘:J:L&.E,'IG.E s g2 (Feature Descriptor) ailasdl cawiy alaziul bl Ligs o
AUyl UL prand @ —Gslad! Guyall 2o dde ciayas —(HOG) aga gt Sl uild

omilasdl Auaia (g Ausgiie cilegamme 2 Ao clildl pesd tdiuaall A 7igal alasiul

lh%ﬁ@ﬂ&ﬁ!wjdl%mﬁmlgﬂl (bl gusdl_ 09 y) LHI-Animal-Faces cwlilu e gazes
g it | ?L&ldﬂ‘mlaﬂyﬂuhwﬁ:} geall prasend Aepinll coliml et tLiagl yuyall
I_g.n.a-_n.U».!a..ﬁu_mjLuﬂ W Iia.J.-.q-_u_q.r...n.q.u sy 10a 29 .3y IS l:‘_,_Lquul_g_u-Jl f}""} L,_a.m:-Jlu'_g_uﬂ
ygj-@-"'r:mma:-b-ﬂ—“&m—ﬂ bj-‘-wlr_-m:-uujl-w‘&l 0553 O e Jj—unﬂt—'-u'-'lﬁmu-‘& Lgmw
Aulae adlic 2 Leacsas . MudleLMLuljJ}@J!J@sL,j;j:m sgaiall 2 g idewd’ oyl giadl



Loading and Preprocessing Images L_._J o) LI laa g ygual! (Jeamd
:L:Jj.ll Lg:u-JLu__g J_g.uaj1 Jra=il ,I:-_t:a.-_'.....E.....,g:.Jl QL_GSJ.[ E,.Tt‘dl E,_:-_.n)_ﬂ t!nil! L] v

k%capture
import matplotlib.pyplot as plt
from os import listdiry

'pip 1nstall scikit-image

from skimage.io import imread

from skimage.transform import resize
from skimage import img_as_ubyte

# a palette of 10 colors that will be used to visualize the clusters.
color_palette = ['blue','green’,'red’, 'yellow', 'gray', 'purple’', 'orange’,
'pink’, 'black’, 'brown']
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Loama Jtiy 3y S 1535 S0 1035 Ll B eyl ol (o g s s Ll LS LWL

i

g 339

def resize_images_v2(input_folder:str,
width:int,
height:int,
labels_to_keep:list

i
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 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
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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']
)

BearHead MonkeyHead

CatHead Natural 3 paall Gagliall o0a
ChickenHead PandaHead Lgal ozt @l Al
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)
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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)
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X_flat = np.array([img.flatten() for img in X])
X_flat[e].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[0]

array([0.41960784, 0.57254902, 0.4 . +.., 0.35686275, 0.3372549 |,
0.42352941])
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wmcapture
'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')

hierarchy.dendrogram(linkage flat) e 3ylue (2315) ward
plt.show() o
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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, ..., 4, 4, 3], dtype=int64)
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from sklearn.metrics import homogeneity_score, adjusted_rand_score,
completeness_score

print('\nHomogenelity score:', homogenelty_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();
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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

P 55*_;}" JLaaSW g bl fya l_}S'__}jLﬂ-.‘l_]LJ‘J.u_ul_,h& ?Ladﬂ_uuuq_,_...,ﬂlqu_ﬁu;l_} ET";_;.M&& LaS 4
JM‘.&_#JJ-GMWE!Q!J!}@“HE u_aLE‘_ILgJJJJLqﬂLLnSlJ_wELE-ﬂJM_}JbAH |u_h;‘_!4_1
muwlmwc_dLmiuﬁa(Pure) ay Lalic »:-L..ul_j duds



Clustering Using Neural Networks d.cuaall OIS ol doniwly acesxd|
ngﬁ;}@:lwﬂ;dw;ﬂ_aﬂ: [h@luwnuuwlwtuwl)M@i.:mcam Al e
dodall seiad ailiasdl duais I da bl fygs LJLdLh.ﬁ-ﬁ.&JLiﬂl|J5d_aJ|tm;uLg.&ma+MJJ|MLaj Lgdmlia);lea g

Ladyguo e g rraculd il aglas Clj_-uﬂ‘:f{Extractnrs]uuﬁmmmbﬁjj_ﬂﬂt_..q_—._.n._a_»_.i.‘-:-:dl G5l st oy a
o] Jleell 2.5 55 Cdlamg }Lgb 539 dulaall 2 (8 400l o L,S.q_,_.;“Lm dgalizll Hpall pramil cilaglall oda alusiuls
- TN [ym r;_g_;,_”- Ao —Gslaall puyatl ..ﬂ‘_t_.....aj.d! @i LaSy— cltd I Al th_ﬂu..auL.a:u J_al:-.‘,_a-_._....l! sl
ol B Biiia Le3l I TFL&MJMLLGLDA.&;}U;{;.J;JJJJ!;J!MU&H :Jia (Descriptors) Slaw gl
h_,_qﬂL.mem_:u:p_Lur&aJMLd_mﬂw! ; H_,}_-.Ja_._-hl_,u_; MJWMPJ_SLJLPJL&M&
u_,uw;1Jjum1hmylmumqu|ﬁJd_LwFLaJJ!@_,MM!ﬁi,m 1ju_ugfuy1_ume1um.n
L&émwl&dliﬂmuh& .::..L:,Ia_t_a-_l..u.m" U3 ua=ily 5499 da0 )_.51 =5 Al 595 Les

:(Dense Layer) 4a..5t 45 dal|
dadydanll ol AN 2 450 oo
JSo Al Az datl 2 utl Ll S Lega
o Al 2 dati s il 2l
A all B sl ppa el s LAY 53
Azdall 2 aEal i ASsN B aG bl
Bilaiy 535ma Ay Ualgy Ayl
(Activation Function) Jacciati alis
2350 aadatl I Al 0 el e

Adledl e AL ade

:(Pooling Layer) auesxi! dada
fh‘uﬁ&,&@l&&ﬂ‘l%?ﬂ
Ll 2yl sla¥l Jota

RER RGN Y

:(Dropout Layer) ¢ Lad¥i da.da
Lo yh il paiied a3 A3k s
Z-abls degenl 73500 2 Hapazill
aac o Liadl 50 b 050 Agmandl el
85483593 IS UM Al 2 339 g0

(Dense Layers) aadst Sladal!
(Pooling Layers) asesitiolads ®
(Dropout Layers) sLad¥iolads
Audies Aads alwil @3 AL Basg e Js¥1 Gyl 2 Al 320 2
{(Word2Vec) asit! 3 delSH 7354l o dme Auds e &35 (e AigSa
A gazma e Lipuun dasill ) ZalSH 73903 033 Aol A5 25 Bl IS i
.(Google News) Ja,aju.inL.ﬂ.muumuJ;J}m|Laﬁ.suuLu
l:-Jlde&_;JL?;niL@1 LwLa.._Md_._}_t.llm.n.eJl;_.LS_._hdlc.aLum
,I:-Lg,n 2_dal ozl pady 2 VGG16 z3g0d lds Lle 33ggall AP
S A e 3ailE A iec 3 slene VGGL6 z3gad ping ¢ syl e oyl
Ao 33 el ge 12 5503 Sy daila 5 5 e s Lo im0 Ly 301 Lpsmall
sag. (ImageNet) guall ASes ens Bipiill Hyeall a3 € lily degans
sl e (58 VGG 16 73 g0dy Aol (sl bl de gazea (95 el
3031 0gh e 350l 3uB (e yui€ Sk ¢ty Loa Aatusl ¢ pagliall clieg
Aon gl Aln el B 3 Aol AL AN )52 e g3 pgaal oye Bl
e g513 45Lg LaiS Al Linyl VGG 16 73905 atiions 4.22 JSIIS
gl ade 2 Lgllaol 183 j00 S Jhaid duias A5 fnandis Tws L8Y 1 Ay
rorail VGG 7 3g0d LS5 ySay S eniill 118 elngas « (Output Layer)
gl Catintd JoW1 2 @l il (e @i )1 e gl
Liiie Ciys 501 VGG6 7340l Jon €
ﬁ.ﬂ.d:_,.ﬁin.n.ﬁlﬂ;.ﬁ»?‘d.a.dnﬂd::ul_u.ﬂtcj}.uﬂw?ﬁﬂudnd.mle
FRTREN] C)J'_ll-
ol Galudl #3501 - (Truncated Model) c.hl?llia_g.q.'a.'ll [;_s_-..;j..ul e
Sbly degema & 390 S gl t—dia 3 Y| dalall coalatal
Capaadiy Eenng YT 251 4l g30e e I (2olilgunl 252 ) Animal Faces

a3 e Al il gl ppad) (S pamitl i @



Jaall —> —>

Conv1-1
Conv1-1
Pooling
Conv 2-1
Conv 2-2
Pooling
Conv 3-1
Conv 3-2
Conv 3-3
Pooling
Conv4-1
Conv 4-2
Conv4-3
Pooling
Conv5-1
Conv5-2
Conv5-3
Pooling
Dense
Dense

Dense

VGG16 ises dyjlees 14.22 K5
7395 Al Jgmmsll mlaadl usudl 2 Lagule cubas onlll Keras &asag TensorFlow 4 alusiol ((Sas
Agllal |l go W pras 3l il 2 T9¥l Bolastl frawig cdellaidly VGG16

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

P e, TR O

model = VGG16() # loads the pretrained VGG16 model ( - A gt kG e )
# removes the output layer

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

N1l @ i« Jie VGGL6 zivges Lgullaty il Lgrand w1 20 g1 At Lall I eyl gl by
115 0 o 0y5S3 RGB

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

i3M3.224 % 224 Laskal Lgia 3550 JS 13 350 (1g5lalg Suasng Coll gl g LaS Iy nlilid| IS8 ol daay
302 4,096 (ya (1580 dxe ) 5330 JS i) pdail] 3 gaill al il Sas IS sayg (RGB olsll cilsia

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

(1085, 4096)

I (s Adaall p pedd (3aaaall Asdlall badi) multiprocessing=True sl asdlall yiite dawid
_‘;.__15@:-]&,.”_111 g-"!"-'“)"'n ‘-___la.E.U ‘-:..,J.:ﬁ_..u;&gﬂl 5glas JL“SEJ—:ELE +l:g__-;|5_“|.ﬂ_; saaaal! ;euall QL@.‘;_ELU ) S
:(Vectorized Data ) agait ! &bl

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 import AgglomerativeClustering # used for agglomerative clustering
AC = AgglomerativeClustering(linkage="ward', )
X_norm = # normalizes the data

e mEw EEE EEE S EE DS PN PR S R SR . EEm

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=" 5

hierarchy. (linkage _flat)

plt.show() #shows the figure
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'pip 1install diffusers
Ipip 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 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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Image-to-Image Generation

with Text Guidance
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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)) # resizesthe image to prepare it as input of the model

plt.imshow(init_image);
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# o 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))

a plt.imshow(init_image);
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prompt = "A photo of a tiger”

image = generator(prompt=prompt, image=init_image, strength=0.5).1images[0]

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

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.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);
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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,

images[0]
plt.imshow(image);

image=init_image, mask_image=mask_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 Generation

Image Preprocessing

Network Layer
Recognition
Stable Diffusion
Standard Scaling

Visual Data
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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 1 in range(l1, skill_number+1)]

worker_skills = dict() # dictionary that maps each worker to their set of skills
for 1 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 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' 'sB' “'s8* 's5'}

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

wh {'s7', 's&'}

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

Lm0l St w3 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', 'wa'), ('w2', 'w3'), ('w2',
'wh'), ("'w3', "w4')]
triplets [('wl", "w2', 'w3'), ('wl', 'w2', 'w&'), ('wl", 'w3', 'ws'),
('w2', 'w3', 'wi4')]
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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(l, 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 == MNone 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 []1 #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(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_28_workers.append(create_problem_instance(10, 20, 8, 5))
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import time
def gets_solutions(problems,solver):

total_seconds = @ # 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
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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 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( ) a1 ‘,.415
»__,.E.Ldn.ﬁﬂg‘gl‘!u' FEERES a.ﬂ}q;!;n
e (e dS yidiall ol gl

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

23 bt =l
best_worker_id = None # the best worker to add next E’&l "'ff“} JT ;lﬁ“‘
# number of uncovered skills required for the best worker to cover = -’f'é"‘" J ke L
best_new_coverage = @ o2 Ryl @ Ll dygllasl!

.uncovered worker_skills

~

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 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_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 i1n 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 i 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_10008 workers,
solver = greedy_solver)

Solved 100 problems in @.89574556350708008 seconds
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def compare(brute_solutions,greedy_solutions):
total_solved = @
same_size = @

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 Liaadll sle auadall cntiaeylginll dulela a3 lat compare () Aol alwseiwl o3 S
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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_28,greedy_solutions_20))
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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 im 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_new_cove I‘Elé;: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 1len(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) # 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 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

return best_team
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Single-Machine Weighted Tardiness (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 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
print(random.randint(+[1, 18]))
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create_problem_instance(10, [5, 20]1, [5, SE], [1

E 31
| L gl e gedl Gl )
{*durations': [18, 17, 17, 6, 9, b, EE, 12, 9, 19],

'deadlines': [39, 31, 6, 42, 48, 10, 39, 16, 34, 35],
‘weightss [2,:3; 3; 2 Iy 3,9y 1.3 113
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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 = [8] * 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 over the 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
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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)

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), (w N 50 i )( sl Lueal e )

‘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 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, 0, 2],
'tardiness’': 124,
'finish_times': [15, 26, 32, 48, 571}
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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)
welghted_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): # for each of the given iterations

# chooses which two positions to swap
posl, pos?2 = swap_selector(best_schedule)

new_schedule = best_schedule.copy() #create acopy of the schedule
# swaps jobs at positions posl 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 is better than the best one so far
if new_tardiness < best_tardiness:

LS TLELY (s 2 Jand | O3 goum
o lgude Jgasd !l oy J gl

# the new_schedule becomes the best one
best_schedule = new_schedule LR T
best_tardiness = new_tardiness el o ”?’h
best_finish_times = new_finish_times s L pAR % MISLA § ek |
Jgand!

# returns the best solution

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

& 4 .
LaguilSa Jos o sens 1 laall Jgudond] 2. ol s cviagen £ Ll Al e A0 Le 30001 1 11 3k

def random_swap(schedule):

job_num = len(schedule) # gets the 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 pos1

pos2 = random.randint(@, job_num - 1) #samples another random position
return posl, pos2 #returnsthe two positions that should be swapped
Joaadl & on sy elaetia (ol g die gv._“l..q.gi rn_}"l_dl Lasloals el M..-.; =] I =W | i LW S R
Ol J0: 3: 1: 2] ¢a I:Lg.n{q:\Ji HL}SJZM Loecuit] Alad! Jaaadl HlS 130 I e e Laglalad
2<>1 4 1<>3 3 3<>0 dazd (s A 111 ¥l
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, @], 'tardiness': 83, 'finish_times': [15, 21, 360,

41, 571}
{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish times': [15, 21, 30,
41, 571}

i) algll JLas! Liejls +EE';E,_!;L_:..H ety UL g [3 842 1:0] dause |isaa) 7 ! _,_51.,_",’
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#Dataset 1
problems_7 = []
for i in range(100):
problems_7.append(create_problem_instance(7, [5, 201, [5, 501, [1, 31))

#Dataset 2
problems_30 = []
for i in range(100):
problems_30.append(create_problem_instance(30, [5,20], [5, 501, [1, 31))
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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

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, 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]))

:LeglS problems_30 5 problems_7 —LLutl ic gazs po cOMpare () als alasial oY Us_.{:

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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def brute force_solver(problem):

"ﬂ-,*l’I

‘-'#I

L ™ .

# 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: # 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=

best schedule=

best_finish_times=

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

"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 get a first schedule.
# 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 i1 in range( }: # for each of the given iterations

# chooses which two positions to swap

posl,pos2= ~ (best_schedule)

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

# 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

best_schedule =

best tardiness

# returns the best solution

return {'schedule':best_schedule,
‘tardiness':best tardiness,
‘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, 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
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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

x = [] #represents the binary decision variables for each item.
# for each items creates and appends a binary decision variable
for i in I:

x.append(solver.add_var(var_type = BINARY))

# creates the objective function
solver.objective = maximize(xsum{values[i] * x[1i] 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 _weilght = 0 # stores the total weight of the items in the solution
total_value = 0 # stores the total value of the items in the solution



for i in I: #foreach item
if x[1].x == 1: #if the item was selected
print{‘'item', 1, 'was selected')
# updates the total weight and value of the solution
total_weight += weights[i]
total_value += wvalues[i]

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

item 0 was selected
1tem 2 was selected
item 3 was selected
1tem 5 was selected

total weight 34
total value 65
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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 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,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)

8 (reuiny oy o Syl 5L RS S (e Bomaad ¢ LY UiaLaw 335190 AN ILSS eyl adait] aaiet oy
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dist_matrix, location_ids, startstop = create_problem_instance(8, (5, 20))
print(dist_matrix)
print(startstop)

[ E19. 17. 15. 18. 17. 7. 15.
[19."9@.15. 18. 11. 6. 20. 5.
[17. 15.%@17. 15. 7. 5. 11.
[15. 18. 17.9@W19. 7. 7. 16.
[18. 11. 15. 19.@a17. 20. 17.
[17. 6. 7. 7. 17.%@m15. 14.
[ 7. 20, 5. 7. 20. 15. %m14.
[15. 5. 11. 16. 17. 1l4. 14i.
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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

B # total distance in this route
startstop # current location

distance
curr_loc

(|

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

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« o b @ﬁl JS <LayY permutations() 3151 &_,.ﬁl -t e S I AEEL P
JU i o gy Gyl IS Bl 2 Ll ygli o3 ooy a5 2 Jasliall (e i ((caBynlly 33LLSYI)
O3S0« (aBgilly 3M LT ) startstop adse 38 0 a341) (189.39.25.15.0 3150 3 e gl elsad @sls 131
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for route in permutations({1,2,3}):
print(route)

(1,
(1,
(2,
(2,
(3,
(3:'
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brute_force_solver(dist_matrix, location_ids, startstop)

([3, 5,2, 7,1, 4, 0, 6, 3], 73.0)
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Using MIP to Solve the Traveling Salesman Problem

Ao ¢ Lad) ooy . (TSP) Jaat! "Ld‘nd.liq.u.n,_]_\d (MIP) alalisd | domumual | 3lae ¥ doa 5 f.!m'ﬂ
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arr = numpy.full((4,4), 0) #creates a4x4 array full of zeros [[6 0 0 0]

[6 60 0]
print(arr) [0 00 6]

[e 0 @ 8]]
arrle, @] =
arr[3, 3] = 1 ({100 6]

[6 6 0 0]
print() (66 00]
print(arr) (6 6061]]

e calaimell a8l gl LG ares luwst itertools assil (e product( ) ;.I;.'ﬂ! PP PRV PES D
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idsc=d8y 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() #creates a 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
¥ = 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)

el puaall ¢y 33end NXN @oesey NUMPY d3g80m0 <L25SY NnUMpY.full() 510 galoa) = pd| plasll At
X as L
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Sy lae ¥ oo dist_matrix[i,j] o x[i,j]=1 s gu Lol 2 JLa¥l 5l @3 1305 X[i]] Layl 3 5l
Lgﬂh-ﬁ eid yiw 2 dist_matrix[i,|] ﬂ....ai.. <l

# 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,j]l#x[1]1[]j] for 1,j in
transitions))

i Bl 3L 31501 S 3505 e 1 ool gl a3l s ST Y1 A 39t o
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# for each location id

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

¥j € i Jlaml IS0 s ad sl I35 (e JLat¥l Glaial ois sunusd| 5l a0l il it alaiiwl (S
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# adds a connectivity constraint for every transition that does not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids - {startstop}):
# ignores transitions from a location to itself
ir L = 13
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
¥ = 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[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 im transitions))
# Arrive/Depart Constraints
for 1 in 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 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[i,j] - N
solver.optimize() #solves the problem
# prints the solution
if solver.num_solutions: #ifa solution was found
best_route = [startstop] # stores the 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

= 1 #exactly 1 arrival
= 1 #exactly 1 departure
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same_count = @
for 1 in range(100):
dist_matrix, location_ids, startstop=create_problem_instance(8, [5,20])
routel, distl brute_force_solver(dist_matrix, location_ids, startstop)
route?, 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)
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import time

start = time.time() # starts timer

for 1 in range(100):
dist_matrix, location_ids, startstop = create_problem_instance(28, [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

]

1
=ty
'l_l.ri_ﬂ

location_ids

# generates all possible routes (location permutations)

all_routes = ( )

e e L AN I Ly Ny

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

@ # total distance in this route

distance

curr_loc # current location

for next_loc in route:

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

curr_loc # goes the next location

distance += [curr_loc, ] #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):

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 = m__“m_"m“"““"_““_(xsum(dist_matrix[i, j] = x[i]l[j] for
i, j in transitions))

# Arrive/Depart Constraints
for i in location_ids:

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

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

# Adds a binary decision variable for each location

y = [solver.
location_ids]

~ (var_type= ) for 1 in

BN N D N R SN D N S S SN = N D NS S N SR S S S S

# 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] - y[i] >= (N + 1) * x[i, 3] - N

ey po®
T .o solver.

L ™ .

() #solves the problem
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Brute-Force
Solver

Constraint
Programming

Greedy Heuristic
Algorithm
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Integer
Programming
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Problem Solver

59411 S Ara) )l o>
Al yat)

d3al) dove 5!

ALY i B 55

+

B TWE

dndioe o dua),l g

Aomomaal | lae ¥ dma g

WS iia S dea))lgs

el ava-

Mathematical
Programming

Mixed Integer
Programming

Optimization
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from controller import Robot * 1

import numpy as np # used for mathematic operations

import os # used for folder creation 4 y i N

import cv2  # used for image manipulation and human detection e q‘sﬂ-‘iﬂ-ﬂ el Aue ggiond

from PIL import Image  # used for image object creation Tun.-:w-_i..;:.h.;,h:,:..tl (=2g2a;) Robot aia

from datetime import datetime  # used for date and time a;m;:ﬂa UL W Lt s
Siamalc cmet X 23

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

i d | abitadl ol il
class Mavic (Robot): " (’ M}ﬂmdhdﬁyifa:;yu
k. dmllaally b Lol

# 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 s 2

K_ROLL_P = 50.8 # P constant of the roll PID e

K_PITCH P = 30.0 # P constant of the pitch PID il sy Sl 39 gl
a1y o pulal

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(8.7)

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

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

413939 (Xe Yo Z2) 3 pacual g g

L

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[@8:2] == [0, @]: #initialization
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_pose[0:2]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[®] - self.current_pose[@])
angle_left = self.target_position[2] - self.current_pose[5]
angle_left = (angle_left + 2 » np.pi) % (2 * np.pi)
if (angle_left > np.pil):
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.logl@(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

= 0
yaw_disturbance = @
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# specifies the patrol coordinates

waypoints = [[-30, 20], [-60, 30], [-75, 0], [-48, -10]] -—)

# target altitude of the drone in meters

self.target_altitude = 8

(G plal! Lolas) waypoints
while self.step(self.time_step) != -1: AP
# reads sensors @ B el 35Ul 4

\

roll, pitch, yaw = self.imu.getRollPitchyYaw()
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_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)

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()
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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 jsal | 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 RGB image from merged channels
img = Image.new('RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameraImg[1], cameraImg[@]))
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# 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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Drone Report and Saving of the Detected Images
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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, vy), (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))

i

# 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 = @

yaw_disturbance = 0

# specifies the patrol coordinates

waypoints = [[-30, 28], [-60, 30], [-75, 0], [-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:

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
cameraImg = self.camera.getImageArray()

# checks if image is successfully retrieved
if cameralmg:



# reshapes image array to (channels, height, width) format
cameraImg = np.transpose(cameraImg, (2, 8, 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:

cvZ.rectangle(img, (x, y), (x+w, y+h), (255, @, 6), 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)

+ pltch_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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