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Brief overview of 2D CV tasks
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\\I_!)/y Image recognition

(a) Siberian husky (b) Eskimo dog
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Object detection

person
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motorcycle
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Semantic segmentation
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\\I'“//I Classification, detection, segmentation,...

Classification Instance
+ Localization

Classification Object Detection

Segmentation

~ g " > -

CAT, DOG, DUCK  CAT, DOG, DUCK

A /
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Single object Multiple objects

https://leonardoaraujosantos.gitbooks.io/artificial-
inteligence/content/object localization and detection.html
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https://leonardoaraujosantos.gitbooks.io/artificial-inteligence/content/object_localization_and_detection.html
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Image captioning
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A person riding a
motorcycle on a dirt road.

S e onda e dy i eph
' 3

» %
|

Two hockey players are fighting
over the puck.

A group of young people
playing a game of frisbee.

A close up of a cat laying
on a couch.

A herd of elephants walking
across a dry grass field.

http://arxiv.org/abs/1411.4555 “Show and Tell: A Neural Image Caption Generator’
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Somewhat related to the image

A little girl in a pink hat is

blowing bubbles. A refrigerator filled with lots of

food and drinks.

A yellow school bus parked in
a parking lot.

A red motorcycle parked on the
side of the road.

b




Style transfer

https://arxiv.org/abs/1508.06576 “A Neural Algorithm of Artistic Style”
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Other tasks

Recognition of paintings Predicting Image
rainbow tree mountain, elbow, foot, toe apple M e m O rab I | I ty

« https://quickdraw.withgoogle.com/

» https://github.com/tensorflow/docs/blob/master/site/
en/rl/tutorials/sequences/recurrent guickdraw.md

 MemNet, https://arxiv.org/abs/1708.02209

 LaMem, http://memorability.csail.mit.edu/demo.html

Memorability: High
R


https://quickdraw.withgoogle.com/
https://github.com/tensorflow/docs/blob/master/site/en/r1/tutorials/sequences/recurrent_quickdraw.md
https://arxiv.org/abs/1708.02209
http://memorability.csail.mit.edu/demo.html

User Preference Prediction in Visual Data on
Mobile Devices

« Savchenko, Demochkin, Grechikhin, Pattern Recognition 2022
« Savchenko, Kopeykina, RusAutoCon 2019, ITNT 2020

« Savchenko, Rassadin, ISNN 2019

» Grechikhin, Savchenko, IbPRIA 2019 AMSUNG
« Savchenko, Samsung US Patent 2022 S S
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Deep understanding of user characteristics by analyzing user

\\_J images and videos in a mobile device

Singer : Taylor Swift Game : Nintendo Switch

I({‘.\ L 1 n
Sports : Soccer
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S/
l%— //3' User’s profile

Categorizing user’s characteristics (taxonomy, classification,
demographics, hobbies, occupation, lifestyle, etc.) — Generate user profile

Cioses | romacote L e
| Dag

Restaurant Junk fooc

Beach Health - salad and etc. Cat
lracks Sandwich Fisk
Bar Meat Horse

t —— .
Age Ski

Fishing

Golf Gender Museum
Diving Car types Tracks
fennis household Monuments

- adia, 2,
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@ Image recognition problem

It is required to assign an observed image X to one of C classes.
Training set contains N reference images (examples) {X.}, ne{1,... N},
with known class label c,e{1,... C}

9 Fine-tune convolutional neural [ 0w Classiter | [ New Classiter |
network (CNN) pre-trained on ] |
ImageNet, Places, etc. [ . J [ » |

@ Classify embeddings | Prianed |

(features) from one of the [ conLaer ] [ owvieyer |

last CNN's layers: D- [ CNJLa = | CNJLa =
dimensional feature vector I ,, [ :
X=[Xq,..., Xp]. Training set Input Input

IS associated with EreirekedModd NewModel  jndico
embeddings {X,}
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Classifier training using both visual features and results of object

detection

O
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e Sport
e Nature § ¢ ONOES{ Gy T

« Athletic field

v Predicted

Confidences|  Sequential  |Borders Neural cvents

extractor Classifier cluster analysis attention model
" “Grouped photos T
Ensemble — -
(blending) T3 ﬁ
B, v ) GG A S =i Yo A
Sports Sports Sports I
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Example of object detection (1)

SSDLite+ Faster RCNN+
MobileNet v2 Inception v2

‘-_ v
5 t
.

plant: 380/0:;

9« fast food: 74%
jpizza: 50%

4-1 Bble34HON ceMUHap Mo MalumHHoMy obyveHunto PKH, 2019

Faster RCNN+
InceptionResNet




Example of object detection (2)

SSDLite+ Faster RCNN+ Faster RCNN+
MobileNet v2 Inception v2 InceptionResNet

4-1 Bble34HON ceMUHap Mo MalumHHoMy obyveHunto PKH, 2019




Mobile application (1)

Beeline‘%.all Q3330660 % M1 10:16

High-Level topCategories

Low-level logs v

20 40 60 80

o

Indoors

Locations

—“

Demography

Outdoors

Food

Culture events

Activity

Children

Pets/animals

Fashion

Transport

Sports

Appliances 4

Product/service | 3

Beeline‘f.qll R %30t60 % ™ 1 10:16
RECSYS Indoors BACK
Low-level logs v
0 4 8 12 16 20

museum

archive

booth

living room

table

art gallery

book

wedding

picture

billiard table

server room

basement

lecture/conference

auditorium

dorm room

window

Beeline il [ $30t28 % W1 08:34

54-100

44-54

34-44

24-34

17-24

12-17

Demography BACK

07 14 21 28 35

Male B Female

89pul0sT UnYXziuxutTpNEN
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https://drive.gooqle.com/drive/folders/1rQkJZifq
____ Masterof Computer Vision2022
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https://drive.google.com/drive/folders/1rQkJZifq_89pu0sT_UnYXziuxutTpNEN

I_n/ Mobile application (2)

el

HALNOKANEH R

[)3$30¢59 % )1 10:20

Beeline %3011 % 020 16:14

Sep 8,2018
Sep 25,2019
Sep 11,2018
Jun 27,2018
Aug 31,2019

PREV NEXT BACK PREV NEXT BACK PREV NEXT BACK

g:?/;?:p%lgtgf . photo 10 out of 37

e Private photo
Nizhnij Novgorod, Russia Femliteere bl
no objects found — (gig
scenes: football (0,97); events: sports (0,26); b

: S ; : . cars:Hyundai Rena(0,75)
g[r)lgrttzp(g%tggones.scenes, football (0.94); events: scenes: parking lot (0,52); roof garden (0,12);

child 2: age=1 female white

me: age=29 male white text-DAIHATSU

child 1: age=25 male white ’ (nm' AH OL

text: BAdSIRRU
1AAIH
OLMPBET
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Object detection

stage

arena (performance)
music studio
clothing store

art gallery

booth

television studio
orchestra pit
discotheque
clevator

art studio
museum
amusement arcade

sky

| Eclientside ™ whole pipeline |

guitar

suit

sports equipment
fashion accessory
book

picture frame
sculpture
sunglasses
animal

drum

dress

toy

tower
airplane
drink

doll

snack
swimming
car

food

high heels
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H client side

& whole pipeline
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Fedor Konyukhov

boat
watercraft

suit

fashion accessory |

airplane
art studio
hangar
boat deck
ocean
harbor
beach

[ 16

15
e 15
11
10
=g

41
37

57
53

77
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fashion accessory |

sunglasses

dress |

suit

high heels |
stage |
arena (performance) |

dressing room

art gallery
beauty salon |

clothing store
discotheque

fashion accessory 82

sports equipment 73

suit — 64

hockey 27
discotheque : 26

Beyonce
148
124
108
78
42
43
32
26
23
22
18
e 17

22
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Profiles from Instagram (2)

Gordon Ramsay Disneyland Kehinde Wiley
food 48
fast food 38 toy | 76 picture frame | 60
fashion accessory 31 Sculpture ] 49 quit [e—— 32
43 1
suit 31 dOE . fashion accessory [** 16
. amusement par T
drink 27 pa 81 sculpture [*% 10
bake 24 bakery ShOp — 16 n
Y castle | 15 art gallery 31
pizza 18 i -
palace |mmsss 14 art studio 11
wine 18 |
_ i 5 water pat 9 museum 7
sandwich playground |ess 9
snack e 14
resturant 43 Kim Kardashian
bakery shop 12
delicatessen 3 18 fashion accessory 91
A— d 80
restaurant kitchen e 12 res-s
suit 71
i 51
LeBron James swimwear
brassiere 49
) sunglasses 45
sports equipment | 138 sculpture 43
fashion accessory | 120 high heels [Wsss 32
basketball court 59 discotheque 30
arena (performance) 51 beauty salon |jess— 27
dressing room  |jsss— 27
shoe shop 30

Master of COiliputer vISiul 2uzz
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Facial processing and emotion recognition

» Kharchevnikova, Savchenko, Peerd Computer Science 2021

« Sokolova, Savchenko, AIST 2017, 2019, ITNT 2018, OMNN 2020
« Demochina, Savchenko, ICPR Workshop 2021

* Churaev, Savchenko 2021

Master of Computer Vision 2022 24



Facial processing tasks

Det?_Ctlo_n Anger 0.02838

e Verification Contempt 0.01186
- . Disgust  0.00047

« Identification Fear 009209
.. . Happiness 0.00659
 Recognition of emotions, age, gender, By onta
race, . Sadness  0.00001

Surprise  0.74426

Input photo or video sequence

I— \ B,

o
=
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Emotion analysis and engagement prediction in videos

https://www.youtube.com/watch?v=kORwkI-Oqg70

Machine Learning and Artificial Intelligence Technologies Worksho! )



https://www.youtube.com/watch?v=kORwkI-Oq7o

/j AFEW (Acted Facial Expression In The Wild)

<
4
2
HAUADH, OBATENLCK
2

&4

« # of emotions: 7 (Neutral, Happy, Sad, Surprise, Fear, Anger,
Disgust)

« Training set: 773 short video clips

« Validation set: 383 videos

https://sites.google.com/view/emotiw2019
27



https://sites.google.com/view/emotiw2019

VGAF (Video-level Group AFfect)

« # of classes: 3 (Posmve Negatlve Neutral)
e Training set: 2661 videos

 Validation set: 766 videos
https://sites.qoogle.com/view/emotiw2020

Machine Learning and Artificial Intelligence Technologies \Works
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https://sites.google.com/view/emotiw2020

# of engagement
levels: 4 (0 -
disengaged, 0.33,
0.66, 1 - highly
engaged)

Training set: 147
videos (~ 5 minutes)
Validation set: 48
videos

https://sites.google.com/view/emotiw2020

Engagement level

Machine Learning and Artificial Intelligence Technologies \Works
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CNN (Convolutional Neural Networks) and domain adaptation: Deep faces

Large training set of celebrities (VGGFaceZ2,
CASIA-WebFace, MS-Celeb-1M,...)

Representations

Fully

Dee

P connected

CNN
layer

G 1; _ut_' Convolutional i-ll;e_eply leamed: Label :I);ezhz:t_ea: Loss

e g Feature Learning :_ Features : Prediction | | Labels | Function

[Wen et al, ECCV 2016]

Machine Learning and Artificial Intelligence Technologies Workshop 20
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Video frames

-
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[ //’ Analysis of video conference

Input video MTCNN

Face detecti 7 ...5 - Face identification
i — a(‘;;,rzm;;’“ (EfficientNet-B2)
an. - & grouping

EfficientNet I

l eR1280

STAT

encoding
Emotional feature extraction

A 5120
l ER (EfficientNet-B2)
. N— sl v ]

Classifier | i e YT

Coxi(l) 1
Emotion —— - | 1) x1) v
Linear SVM : x1(2) x,(2)
STAT features (m;an/std/min/max) STAT features (mean/std)
X1, X2, eeey Xy x(1), x(2), ..., x(T)
Individual emotion classifier STAT features (mean/std)

Group emotion classifier

v

Positive

Happy Sad Happy Neutral Fear

Machine Learning and Artificial Intelligence Technologies Workshop 202



Ry

kj Android demo app

HALUMOHANEH R
yiou

Emotions Open...
Detect face (MTCNN)
Age and gender
Emotion (TF)

Emotion (Torch)

PREV NEXT BACK PREV NEXT BACK
photo 47 out of 246 photo 285 out of 1295
Private photo Public photo
latitude=0,000 longitude=0,000 latitude=0,000 longitude=0,000
footwear (0,39) no objects found
scenes:beach (0,41); boardwalk (0,29); scenes:stage (0,71);
age=25 female white age=33 female asian
age=38 male black age=25 female asian
age=27 female white age=24 female asian
child 2: age=2 male white age=13 female asian

age=34 male black text:

text:

11 e < [l @) <

Master of Computer Visio 2
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Food classification and restaurant
recommendation

 Miasnikov, Savchenko, ICIAR 2020

Master of Computer Vision 2022 33



Food detection and recognition in a gallery of mobile device

N
Scene recognition

v

“Food / non-food”
classification

Food detection

Vv

Region filtering and
extraction

N

Food recognition

v
Predicted categories

Gastronomic preferences I I I I I I I .

Master of Computer Vision 2022 34
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Restaurant recommendation

Master of Computer Vision 2022

Scenes/Events
dining room (0.31) wedding (-0.51)

Objects
Food:0.768
Fast food:0.473
Fireplace:0.422
Fast food:0.407
Snack:0.398
Table:0.389
Snack:0.313
Snack:0.304

YELP label classification
food (0.86)

YELP photo classification
has_alcohol (0.93)

Select city for recommendation Las Vegas

Scenes/Events
restaurant (0.62) birthday (-0.06)

Objects
Food:0.692
Furniture:0.604
Bottle:0.602
Plate:0.518
Chopsticks:0.480
Fast food:0.459
Table:0.412
Plate:0.393
Tableware:0.361

YELP restaurants
has alcohol (0.92)
has table service (0.97)
YELP cuisine
Chinese (0.31)
Japanese (0.22)
YELP labels
food (0.99)

Recommended restaurants

Name Cuisine

Red Plate Chinese
Sake & Rol G Japanese,Sushi Bars
Ichi Belle Japanese Asian Fusion

Bar Charlie Japanese

Tetsuro's Savonara. Aloha. Going Away Uyve At Japanese Cunrv o Japanese

Stars

5.0
5.0
5.0
5.0
5.0



Understanding advertisements

Savchenko, Alexeev, Nikolenko et al, COLING 2020
36



WWEF anti-deforestation ad
Topic: environment.
Sentiment: alarmed.
Symbols: environment.

Master of Computer Vision 2022 L

Audi ad: a new bad boy on the block
Topic: cars

Sentiment: inspired

Symbols: n/a.

http://people.cs.pitt.edu/~kovashka/ads/

37
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Symbolism in Image Advertisements

danger accident dangerous accident injury harm accident

spicy alcohol destruction hot spicy spicy hot spicy
oy, 995

TEQUILA'REALLY HITS

THE SPOT. ESPECIALLY
ON THE 401.

Master of Computer Vision 2022



OCR (optical character recognition)

Maybe all that raven
wants is to wet its

beak in a'cold glass of milk.

poe me-a glassof milk?
-

Master of Computer Vision 2022 B

Tesseract Maybe all that raven wants is to wet its beak in a’cold glass
Smith (2007) of milk.

poe mea lo EISsTo) aU eg
EAST+7esseract | Maybe are Gein) eu SH Hostel S to wet its ake cold Me TS

Kopeykina and
Savchenko (2019)

10a milk. eee me glass 0) aa Penal see

PSENet
Wang et al. (2019)

Elle that eV WM eMey iy is 10 Wed Mey in beak — Ey
milk. of (eek glass — ranlll@a a me al eee) glass be at
jeffreycombs-com

EasyOCR Maybe all that raven poe me a glass ofmik? beak in a cold
Jaided AT (2020) glass ofmik. wants is to wet its seen 3t jefieycomlzesolm
Charnet MAYBE ALL THAT RAVEN WANTS WET ITS BEAKIN

Xing et al. (2019)

COLD GLASS MILK POE GLASS MILK? SEEN ATJ
COM

CloudVision
Otani et al. (2018)

Maybe all that raven wants is to wet its beak in a cold glass
of milk. poe me a glass of milk? seen at jeffreycombs.com

39



Multi-task CNN
(EfficientNet B3)

SAVE THE
LAST SLICE

PIZZA
DOMINO'S

ANINITIATIVE
DESAI www

Aninitiative by

Y Sthefate Desac | wwwdesigneratwork net
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00 hdd danger 2 i
20 » | environment 9 |
txt +A’img g i
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b L ® | halloween m,:
L Input image
4
Object
Image- A
b aa;ge?:l detection-
predlctlon based
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Text-based
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[ Linear ensemble J

1
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