oo

%ﬁe’ ?é SOFI& UNIVERSITY
VKV “ST. KLIMENT OHRIDSKI I‘ I - I x
B  EsT. 1888

It

ICT-TEX course on
Digital skills

Topic 8: Introduction to Artificial Intelligence
and Machine Learning

Rt Co-funded by the
LN Erasmus+ Programme
e of the European Union

The course is developed under Erasmus+ Program Key Action 2:
Cooperation for innovation and the exchange of good practices Knowledge Alliance

ICT IN TEXTILE AND CLOTHING HIGHER EDUCATION AND BUSINESS
Project Nr. 612248-EPP-1-2019-1-BG-EPPKA2-KA

The information and views set out in this publication are those of the authors and do not necessarily reflect the official opinion of the European Union. Neither the European
Union institutions and bodies nor any person acting on their behalf may be held responsible for the use which may be made of the information contained therein.



Co-funded by the @A) SOF1A UNIVERSITY
Erasmus+ Programme %Wlf “ST. KLIMENT OHRIDSKI I‘ : I - I gx
of the European Union B estoises

Hands-on exercise

CASE STUDY 2 - THE AFRICAN TRADITIONAL
MOTIFS FABRIC DESIGN
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These slides are part of the Topic 8 on “Introduction to
Artificial Intelligence and Machine Learning” of the course
on Digital skills in Textile and clothing industry.

Check also the main presentation in this topic, as well as
the additional reading resources, available in the ICT-TEX
platform.
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Problem

* New fabric design is quite challenging task, especially when
you need to fulfill some requirements, like adapting traditional
motifs in fabric design, or following the trends in the color
schemes for the next fashion season, etc.

* |n this use case we need to investigate the African traditional
motifs in fabric design and to select different patterns on which
base to be designed new “African” fabric designs

Introduction to Artificial Intelligence and

Machine Learning - Case study 2 ICT-TEX course on Digital skills 4
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* There is a huge variety of African fabric motifs. We will
investigate big data image samples and on which base will be
discovered different typical African motifs

* The designer will use the discovered groups of motifs as a basis
for new fabric design development

Introduction to Artificial Intelligence and . .
ICT-TEX course on Digital skills 5
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Data

We need dataset that
contain images with Africa
fabric motifs

Searching for some open
data sets we identify the
,African Fabric Images” in
Kaggle that perfectly fits the
problem needs.

Please, download the
dataset locally on your
computer.
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& C ® © & httpsy//www.kaggle.com/mikuns/african-fabric 133% e YD RE 6 o e
= aggle Q D |
® Home
Q@ Compete
@ Data I
<> Notebooks Image Dataset of African.Fabric Patternsiand Textiles
@ Communities

n Ayomikun Samuel e« updated 3 years ago (Version 1)
©  Courses ] ] o )
Data Tasks Notebooks Discussion (2)  Activity ~Metadata Download (14 MB) New Notebook :
Vv More
ReGSHy ViGHEd B Usability 6.3 W Tags busi f
Women's clothes and 1 more

EEEN

g8 Clothing dataset (full, ...

African Fabric Images
Women's E-Commerce... Description

Clothes Classification

Context

| needed to work on using GANSs to generate African fabrics but they weren't any available dataset for it. So | had to source for image

View Active Events dataset of African fabrics and wax patterns. Open data was definitely the next step.

https://www.kaggle.com/mikuns/african-fabric

ICT-TEX course on Digital skills 6
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Sample of the African Fabric images
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Framework

* For processing data, we will use
Orange Data Mining Framework — =« s vavers
free software that provides the 5 S
basic Al tools in user friendly Data Miing . . a e

Fruitful and Fun D G

Open source machine learning and data visualization.

format that is appropriate foruse =L
even from non-technical users. -

e (https://orangedatamining.com/ )

Introductlon to.Art|f|C|aI Intelligence and ICT-TEX course on Digital skills 3
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File  Edit \iew ‘Widget | Options @ Help

Sattings

_ Reset Widget Settings_
S et u p DI] Data Add-onz_
D F‘i /o k

Cav Fil

gt | [ prr—

* The core version of Orange &

o
Z ‘Orange3-Bicinformatics 430
Z Orange3-Educationa: 033
. . . . . Data Table  PaintDg | |[] Orange3-Expisin 020
a S no2 e
contains basic functionalities onIy. T
- = =
Z Ovanga3-Prototypes 0142
° ; Orangs3-SingleCell 140
|+ Ovange-Spectroscopy 057
You need to install some add-ons g o
Z Oranga3-Texmable 318
Z Cranga3-Timesarias 034« 035 Update
Orangs3 3271

Orange attd-on far sumereting freguant itmosts and sssosiation ries mining.

for Image processing. e —— °

P E Image Analytics
* Please, before start ensure that - —
. . — ) & Cal =2
Image Analytics panel is installed e D -
:;TrF:Wtrt:# | Images Viewer Embedding
1 Save
Images
Introduction to Artificial Intelligence and ICT-TEX course on Digital skills 9
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Select Top Level Directory X
* Create “New Project” = Zg ! New«b::m B T - e
* Select from “Image ™ Projects o e match your search
Analytics” toolkit the & Onebre
widget “Import Images” f:j;fbjects
e Set the source folder to ;Ehmp
be the one that contains ;Zj::"’a"s
your datasets = Pictures
- et |
Folder: | africa_fabric
mport Images Select Folder Cancel

For more information about this widget: https://orangedatamining.com/widget-catalog/image-analytics/importimages/

Introduction to Artificial Intelligence and

TE Dici : 1
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Step 2

To inspect the content
of the loaded dataset
can be added widget

“Image Viewer” and
“Data table” widget
from panel Data
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Image Filename Altribute =
[ B v
[ '
= ;f‘; l@ Titke Attribute
p B mageneme v
&/ Image Viewer
b 4 Image Siz=
5. [ |
! /
@ 7 . Data {
/ —{E&
Import Images . |
Data Table
B Data Table
1 S— mage 0008 0010
::S?Mm:!m o g et origir icheva/Desktop/I
No target verisbie type image
DBl 1 o001 0001jpg 7204 64 54
2 0002 0002jpg 048 64 64
Varisbles 3 0003 0003,jpg 6691 64 64
Show varisbie Isbels (i present) 4 0004 0004jpg 7018 64 64
[ Visusiiz= numeric valums 5 0005 0005 jeg 5790 64 64
Coor by instance claszes & 0006 0006jpg 7228 64 64
7 0007 0007jpg 7821 64 64
PR s 0008 0008jpg 7493 64 64
Select ful rows s 0009 0009jpg 6495 & &
10 0010 0010jeg 7191 64 64
11 oon 0011jrg 6649 64 64
12 0012 0012jeg 6690 64 64
130013 0013jeg 7415 6 64
14 0014 0014jpg 6330 64 64
15 0015 0015jeg 3009 64 64
16 0016 0016jeg 6734 64 64
17 0017 0017jeg 6234 I 64
Restore Orignel Order 18 0018 0013jeg 3264 64 64
19 0019 0013jpg a7 64 64
S Aitomatically 20 0020 0020jpg 7950 64 64 v
EFla | 9w B
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* To identify similarity between images we can used Image Embeddings widget, that
uses pretrained Deep Learning models over ImageNet data set. (http://image-
net.org/index ). For this study we will use InceptionV3 - Google’s deep neural
network for image recognition.

* To view Image Embeddings can be used Image Grid widget. Note that more similar
images are positioned more closely in the grid

* The Image Embeddings transforms the images features to vectors. Those vectors can
be explored through Data Table view. Please, note that there are generated 2048
new columns representing features with numeric values.

Introduction to Artificial Intelligence and

ICT-TEX Digital skill 12
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* The dataset of images for African fabric stains is
already preprocessed and ready for application of
ML methods

e Separation of the dataset on similar images is a
clusterization task, that is a type of unsupervised
learning

LA
N
|

l
o

Introduction to Artificial Intelligence and
Machine Learning - Case study 2

.':_"_;; Unsupervised

Distance File
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Hierarchical
Clustering

Manifold
Learning
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Distance
Transform...
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Clustering Methods
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Agglomerative

O i
r

. CLUSTERING
METHODS

DENSITY-BASED

Divisive

CONSTRAINT-

BASED

Introduction to Artificial Intelligence and
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* Because we do not know in advance to how many groups should be
clustered dataset, there are the following options:

— To find the distances between different images, using some distance metric
and then to use hierarchical clustering

— To explore and evaluate different numbers of clusters using density-based
clustering

Introduction to Artificial Intelligence and

ICT-TEX Digital skill 1
Machine Learning - Case study 2 ¢ course on Digital skills ®
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Distance metric

f: A X A — R is called metric if

a) f(a,b) = 0 foreacha,b A
b) f(a,a) =0

c¢) f(a,b) =f(b,a)

d) f(a,b) +f(b,c) = f(a,c)

Introductlon to.Art|f|C|aI Intelligence and ICT-TEX course on Digital skills 17
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Two vectors:
a=1{a,a,......,an}
b={b, b, ......,b}
Function p(a,b) = number of a, # bi , i=1,2,...,n1is
called Hamming distance.

( number of corrections, necessary to be made in order two vectors to be
the same)

Introduction to Artificial Intelligence and

ICT-TEX course on Digital skills 18
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Example 1

a = (010,1,1,0,0)
b = (1,0,0,1,0,1,0)

p(a,b) = 4

Introduction to Artificial Intelligence and

TE Dici : 1
Machine Learning - Case study 2 ICT-TEX course on Digital skills 9
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Example 2

011 111

001 101

010 110

000 100

Introduction to Artificial Intelligence and

TE Dici : )
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Applications

* The Hamming distance is named after Richard Hamming, who
introduced it in his fundamental paper on Hamming codes Error
detecting and error correcting codes in 1950.

* Itis used in telecommunication to count the number of flipped bits in a
fixed-length binary word as an estimate of error, and therefore is
sometimes called the signal distance.

* Hamming weight analysis of bits is used in several disciplines including
information theory, coding theory, and cryptography.

Introduction to Artificial Intelligence and

ICT-TEX Digital skill 21
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a=(x1,y1)
b= (x2,y2)

points in Cartesian Coordinate system

Euclidean metric

h(a, b) =\/(x1 -%,) + (Yi—Y.)

Introduction to Artificial Intelligence and

Machine Learning - Case study 2 ICT-TEX course on Digital skills 22
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Euclidean Distance

h(a,b)

b(x2,y2)

<<
N
1
I
I
1
I
I

x1 X2
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Example
Map showing the direction of the nearest town for each location.

Copyright images. Source: https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/understanding-euclidean-distance-analysis.htm
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(Hamming on 256 bit codes)  (Hamming on 64 bit codes) (Euclidean distance)
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Examples

R =¥ mﬂll

Figure 2: Retrieval results for two CIFAR-10 test images using Hamming distance on 256-bit and
64-bit codes, and Euclidean distance on bag-of-words features. Red rectangles indicate mistakes.

Copyright images. Source: https://www.semanticscholar.org/paper/Hamming-Distance-Metric-Learning-Norouzi-Fleet/1e05247708515d45166ef96a153f4e22811aa2c6/figure/2
Published in: NIPS 2012, Hamming Distance Metric Learning, Mohammad Norouzi, David J. Fleet, R. Salakhutdinov
Introduction to Artificial Intelligence and
Machine Learning - Case study 2
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Manhattan distance
Manhattan distance between two points e P2
pl = (x1,y1) J
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p2 = (x2,y2)
d(pl,p2) = |x1 — x2| + |yl — y2| »

Also called city block distance and taxicab geometry

Image source (License - Public Domain): https://en.wikipedia.org/wiki/Taxicab_geometry#/media/File:Manhattan_distance.svg

Introduction to Artificial Intelligence and

TE Dici : )
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The similarity metric between two vectors

Cosine distance dg = (Wa1, Waz, -, Wan) and

db = <Wb1'Wb21 "',an>

A
{3 is defined as follows:

da da.db
s(d,,d;) = cos(0) =
(da, dp) = cos(0) =y

Where

6 [EA =JW§1+W§2 bt we,

tz dg * dp = Wa1Wp1 + WaaWpo + = + WenWhp

Thus cos(@) = 1 iff both vectors are exactly the same, and
cos(6) = 0 for totally different vectors.

t1

I i Artificial Intelli
ntroductlon to. rtificial Intelligence and |CT-TEX course on Digital skills 27
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Pearson

Correlation SX - DY — )

T =
A Pearson correlation is a number R2Y) _ V)2
between -1 and +1 that indicates to \/Z (X =% \/Z(Y Y)
which extent 2 variables X and Y B
are linearly related. Where X is the mean of X
variable, and Y is the mean of
Y variable

Introductlon to.Art|f|C|aI Intelligence and ICT-TEX course on Digital skills )8
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Examples

1
0.9
0.8
0.7
0.6

Y 05
0.4
0.3
0.2
0.1

0

0 0.2 0.4 0.6 0.8 1 12

Weak/ no correlation

Introduction to Artificial Intelligence and
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0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 0.2 0.4 0.6 0.8 1 1.2

Medium positive correlation

Large negative correlation
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Spearman
correlation
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A Spearman rank correlation is a number between -1 and +1 that indicates
to what extent 2 variables X and Y are monotonously related.

Introduction to Artificial Intelligence and

TE Dici :
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A Dis.. 7 bt

* For measuring distances, we A Dist{  Distances between
select the widget Distances o
and a distance metric Distances \

Di=fmmc= Mefric

* You can explore different [ —— >
distance metrics e 2

pr—

* Please note, that the e
calculation of distance e
metrics can take some time. e
Introduction to Artificial Intelligence and ICT-TEX course on Digital skills 31
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! Distance Map — O *
B Blu=-Magenta-Yellow
Law: |
The Distance Map widget .
allows to visualize the — S
distances between
images. - T
. Distance Map !.::
It easily can be seen that
there is a high variety of ’
image in the dataset and 2
E-
there hardly can be l
distinguished some v
clusters.
TER | S B
Introduction to Artificial Intelligence and |CT-TEX course on Digital skills 32
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Hierarchical clustering
widget partitions the
images in clusters.

You can explore different

Linkage and Selection
parameters

Introduction to Artificial Intelligence and
Machine Learning - Case study 2
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= Hierarchical Clustering

saouEsi

=

Hierarchical Clustering

Link \
|'|'|':ig|'l:n'.‘l vl |E-:r_
_— )
|En.|rr|:r-u1i:m Vl
Sruming
(®) Non=
() M degth: |10 =
Serd Autometically
Salection
5 Manul
C Tyl
foom

v

1 1 1

N

400

?EB | wse [ 1ose
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To explore and evaluate different
numbers of clusters using density-
based clustering we can use k-
Means widget

Because we do not know the
number of clusters, we can specify
a range in which will be explored
the value K and the result models
will be scored.

The best model is the one with the
highest score.

In the current example the best
model is for K=2, i.e. 2 clusters

Introduction to Artificial Intelligence and
Machine Learning - Case study 2
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Like in Step 9 we add data
table and image viewer widgets
for manual inspection of
clusters.

For such rich dataset, splitting
the images in two datasets,
means that only some of the
features are taken in
consideration. It is quite difficult
to determine the similarity by
the fabrics design in these two
clusters.
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Discussion
e The results of ML clusterization models show that the best result have:
— Metric: (Absolute) Pearson

— Linkage: Complete
— Selection: Height ratio: 75%

* The huge variety of patterns, needs the dataset to be splitted in too
many clusters.

* The results of demonstrated ML classification models are promising and
show that the task can be solved with satisfactory precision for stain
detection in fabric manufacturing.
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* The material of these slides is based on the following resources:

— Applications of Al in Textile Industry
https://frontier.cool/blogposts/importance-machine-learning-textile-industry

— Orange widget catalog:
https://orangedatamining.com/widget-catalog/

— Orange Data Mining Framework:
https://orangedatamining.com/

— Distance Metrics:
https://medium.com/analytics-vidhya/various-types-of-distance-metrics-
machine-learning-cc9d4698c2da
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