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1.72 trillion

photos are taken
worldwide every year,
which equals 54,400
per second, or 4.7
billion per day.

By 2030, around 2.3
trillion photos will be
taken every year.

Some Numbers

12.4 trillion

750 billion

136 hillion

images are on Google
Images. By 2030,
there will be 382
billion images on
Google Images.
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Just like to HEAR is not the same as
to LISTEN, to TAKE PICTURES is not
the same as to SEE




© Apa yang dilihat oleh komputer?
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Apa yang dilihat oleh komputer?
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Apa yang dilihat oleh manusia?




Bagaimana manusia melihat?

Right Hemisphere

(opposite side) Occipital Lobe

Visual
Cortex

; Chiasm Lateral
Optic Nerve Geniculate Nucleus



® Bagaimana manusia melihat?

Human Vision

Interpretation:
—  Spoon, bottle, ball,,
screw, book, etc




Bagaimana manusia melihat?

Computer Vision

Interpretation:



Bagaimana manusia melihat?

Computer Vision

Interpretation:

Trained

defined




Recall Machine Learning ©\@/

) Data (input)
Human Designed
Program
Model /
algoritma
. Data (input
Trained (input

Program




@\/@ Recall Machine Learning ©\@/

Program

New Data
. Data (input
rained







oG
(g
Features Model
Hand
Engineere d Trainable

How to obtain features in image data?



tures pixels

L

Cd

y

Computer onl




Simple example: color marker trackin

How to detect the ball
in this image?

Just find any pixel that
equals or is close to this
color:

B R:234,6:31, B:63




@ Simple example: color marker tracking

Weakness:

* Depends on individual
pixel

» Possibility of other
objects with same color

 Lighting may affect color




Features in images depends on
combination of pixels

Deep features:
gradient, texture, shape, etc



Visual Descriptor

o2 G

Descriptor Description Model

Pixel-Level Descriptor

Patch-level (Local Descriptor)

Region-Level

Global Descriptor




Color

Dominant color
descriptor (DCD)

Scalable color descriptor

Color structure
descriptor (CSD)

Color layout
descriptor (CLD)

Group of frame
(GoF) or group-of-
pictures (GoP)

Visual Descriptor

Texture

Homogeneous texture
descriptor (HTD)

Texture browsing
descriptor (TBD)

Edge histogram
descriptor (EHD)

Shape

Region-based shape
descriptor (RSD)

Contour-based shape
descriptor (CSD)

3-D shape descriptor (3-
D SD)

Motion

Motion activity
descriptor (MAD)

Camera motion
descriptor (CMD)

Motion trajectory
descriptor (MTD)

Warping and parametric
motion descriptor (WMD
and PMD)

Location

Region locator
descriptor (RLD)

Spatio temporal locator
descriptor (STLD)




é Alternative: Using filter
©

o Filtering is one of image processing techniques
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Convolution |
Filtering

Prewitt Operator
(Edge Detection)




Input image

Convolution
Kemel
1 -1 -1
—1 8 =1

—1

—1

_]__

Feature map




How do we choose the right
kernel to obtain useful
information?



@ Viola-Jones Framework (2001)

First Facial
Recognition
Scan through
images using

combination of

- [Nl Ea®




Deep Neural Network

PN
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Flattening lose

information about relation
between rows
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@\/@ Understanding Convolution ©\@/

Fully connected:
To detect every
possible
combination of
features




Why not just like
this?

Not every feature is
related




If we assume that
only adjacent
features are
related,

We can imagine a
sliding kernel to
compute it




Kernel

If we assume that
only adjacent
features are
related,

We can imagine a
sliding kernel to
compute it




If we assume that
only adjacent
features are
related,

We can imagine a
sliding kernel to
compute it

Kernel




This process is
called (1-D)
Convolution

In neural network,

the kernel
28 contains weights
of the layer, so it

is trained, rather

than predefined
Output

And the model is

called (1-D)

Convolutional

Neural Network ™ ——
(CNN)

AL




The same is true for 2D Convolution

gamnws

NE A

Information in a patch can be obtained

Also, rather than predefine the
filter/kernel, it can be trained



Traditional Machine Learning
o

Features Model

Hand Engineered Trainable

Deep Learning

Trainable



A Typical Convolutional Neural Network (CNN)

Convolution Pooling Convolution Pooling -
-
-/Af,.:,\,,, (F
0 -

Y —
K" G

Kernel
Input Image Featured Pooled Featured Pooled Flatten

maps Featured maps maps Featured maps layer
o * e
Feature Maps Fully connected layer
| Feature Extraction J \ Classification J brobabilistic

distribution







Acquisition

.]_,—[ Analysis }

Extraction of

meaningful features
puter

fromimages

(EV). o
{ ]—'7 4[ Interpretation }
)
Process through an

. i study / tools to gain high-level produce prediction or
algorithm to obtain understanding of digital understanding
Images/videos

Get digital images using
Sensor or camera

useful images



Full Process of CV

Camera/sensor

Digital image

\Z
Image Feature
. Processed
procession Image extractor /
techniques J Descriptor
|
\Z

Image

Description /
features

Interpreter
Model

Prediction




O CV in Deep Learning Paradigm

Scene —>| Camera/sensor ——> BRbTelie]Rlp ko[

|
V

Interpreter .




Deep Learning CV

Mg)

oa— e —

However, recently any model that is
trained by images is CV model

A

Output
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Computer
Vision
l

Recognition
Model

Object
Detection

Image

Segmentation [}

| Image
Classification

Pose
Estimation

Generative
Model

Image
Generation

Image
Enhancement

Drawing |

mw Style Transfer |l g
Bl mage to Image
translation

Anomaly
Detection

Activity
Recognition

Object Tracking

©




Recognition Model

Semantic Classification Object Instance

Classification = Segmentation + Localization Detection Segmentation

DOG, DOG, CAT DOG, DOG, CAT

TREE. SKY

N i N /. > & /
% & Y ' Y
Single Otyect No objects, just pixels Single Ovject Muttple Oobject







Emotion Detection




Instance Segmentation




Pose Estimation




Sign Language Recognition




The Digital Dance Lesson
MOVIES, 3DTV, &
ANIMATIONS

PHYSICAL THERAPY

SMART
ENVIRONMENTS

= VIDEO
ANNOTATION

SPORT MOTION
ANALYSIS

Microsoft Kinect
GESTURE-BASED
INTERACTIVE GAMES

INTELLIGENT
DRIVER
ASSISTANCE

ADVANCE HCI

ASSISTED LIVING

 ahin
Fall detection

Interactive Balloon Game

SURVEILLANCE

“Keeping hands on the
wheel & eyes on the road”

AUTONOMOUS
MENTAL
DEVELOPMENT

first person view

Driver Intent to Brake
Situational Need for Braking

Nood for System to Alert Driver

Intelligent brake assistance

bird's eye third person view:

baby  top-down
camera camera




Object Detection + Instance Segmentation

Person 0.98
person .86

| R
LS {
,- Peraciy . Ji3; !
backpack 0.97 [ SpeESONSERED
A persan o8
\ hackpack 0.53
e

o

bicycle 99/9 y

U /
bicycle 0.85

e o




Generative Models

Source A: gender, age, hair length, glasses, pose

\~
Source B: o
everything Result of combining A and B

else




Style Transfer







Image Translation

Zebras _ Horses

e 3 = 5
horse —> zebra :



Image Translation




-F)

Image Translation (Dall




An astronaut playing basketball
with catsin space as a
children’s book illustration

A bowl of soup that looks like a
monster made out of plasticine

Teddy bears shooping for
groceries in ancient Egypt




Image Completion




Some applicative use case
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lying-in-bed, suffering-great-pain,-day-after.
day,” and* week* after* week," till* he' was.
worn - quite- tlrin," he began- to* recover: so.
as'to'be:able‘tohobbleupon ‘crutches.

23..After- this- sad- misfortune,- James.
could- neither- run- nor- play- With- other.
children,- but- used- to- sit,- all- day- long..
wishing- that- he- had- been- more- attentive.
to-hismamma’s request.§

24 .It- was- cause- of* great- grief- to-Mrs..
Cooley-to-see-her-little-son-in-this-unhappy:.
condition;- and- she- often- regretted- that.
she-had-permitted-him-to-grow -up-so-stub—.
born-and-obstinate .y

ABSURDITY-OF PRIDE §

1. EVERY ' man, let his'state:and - condi—.
tion*in-life:be:what" tliey: may,* depends-on.
those around-him- for- assistanceand - sup—.
port.Y

2.-Men-in-a-very-low-estate,-may-do-us.
a- great- deal- of- good, - and- we- often- want.
their- help.- Maﬁg- animals- save- us- much..
labour- and- trouble,- and- supply- vis- with.
many-comforts.§




Parking Occupancy Detection




Road cond

ition monitoring




Medical Imaging

2018 Oct 23

Img Tm: 14:23:53
2\ ®

Name: John Stiles
Age: 78
DOB: 05/12/42




Defect Inspectlon_"




Barcode & Label Reader




PPE Detection
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Resting Chicken

Resting Chicken

Livestock Monitoring

2sting Chicken

Resting C.
Resting Chicken Resting Chicken

Resting Chicken

Eating Chicken Eating Chicken  Resting C

Eating Chicken
Resting Chicken

Resting Chicken
Resting Chicker: Resting Chicken

% Resting Chicken
esting Chicken Resting Chicken

icsung Chicken
Resting Chicken

“Resu‘ng Chicken

b Chicken
Resting Chicken
F
ety Resting Chicken
Resting Chicken
F Resting Chicken

.
»

Resting Chicken
Resting Chicken

Resting Chicken

Resting Chicken

Drinking Chicken
Resting Chicken

Drinking Chicken
jen

Drinking Chicken R a.chicken

Resting Chicken

Restina Chicken

. . Resf
Eating Chicken
Eating Chicken

Eating Chicken

Resting Chick:
) = Eating Chicken
Eating Chicken

Resting Chicken

£
Resting Chicken

Resting Chicken Eating Chicken

£

Resting Chicken
Resting Chicken

Eating Chicken

Resting Chicken

Resting Chicken Resting Chicken

Resting Chicken




Plant Disease Detection

. @) Leaf Scorch &
i
\ o 4|8y f/
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@ Lcaof Scorch

. Leaf Scorch




@ Surveillance Monitoring




People Counting




Automatic Replenishment
ol

o= e ,“
Mlssmg product Missing pmduct 1

&~ PRl
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Vehicle Tracking




Mineral Identification

basalt: 99%

.
© = vy B ESTIMATED BASALT UORUNE
. S RS 0.656 :
CUBIC INCHES

ite quar
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CUBIC INCHES
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Thank you
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