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Real-time OCR na mobilnim
uredajima
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Pojmovi

1. Real-time process

* proces koji se odvija u stvarnom vremenu
2. OCR (optical character recognition)

» opticko prepoznavanje znakova
3. Machine vision

 analiza slike s ciljem da se mogu donijeti neke
odluke na temelju te slike



Nenad Miksa

2012 - danas Lead Software Engineer at MicroBlink

2007 - 2012  FER - racunarska znanost

2003 - 2007  SS Krapina - PM gimnazija

1995-2003 OS Radoboj
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microblink

mobile vision software

Machine vision tehnologija
za mobilne uredaje



Instant rezultat za skenirani
matematicki zadatak




2 puta na vrhu App storea

iTunes Charts

New content arrives on iTunes all the time. Here you can see what'’s new this week
and browse the top 100 songs, albums, TV shows, movies, apps, and more.
Shop the iTunes Store now »

Featured songs Albums Free Apps Paid Apps Books Movies TV Shows Music Videos
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PhotoMath Messenger Happy Wheels Instagram Facebook
Education Social Networking Games Photo & Video Social Networking

Buy Now on iTunes >

YouTube

Photo & Video

Buy Now on iTunes >

Buy Now on iTunes >
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Snapchat

Photo & Video

Buy Now on iTunes »

Buy Now on iTunes >
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Layout from
Photo & Video

Buy Now on iTunes »

Buy Now on iTunes »

H
Pandora Radio
Music

Buy Now on iTunes »

Buy Now on iTunes >
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Google Maps
Navigation

Buy Now on iTunes »
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App Store rank (Education)

9/2015 12/2015

- Photomath
- Duolingo (za usporedbu)



Active Users Apr 7, 2016 - May 4, 2016

Email Export + Addto Dashboard Shortcut

All Users + Add Segment
100.00% Users

Active Users

v" 1 Day Active Users 7 Day Active Users 14 Day Active Users 30 Day Active Users
500,000
250,000
Apr 8 Apr 15 Apr 22 Apr 29
1 Day Active Users 7 Day Active Users 14 Day Active Users 30 Day Active Users

368,454 1,470,968 2,393,662 4,109,062

% of Total: 100.00% (368,454) % of Total: 100.00% (1,470,968) % of Total: 100.00% (2,393,662) % of Total: 100.00% (4,109,062)



blinkOCR

Real-time camera text
recognition SDK for
mobile apps

®

blinklD

Real-time ID card,
driver license &
passport scanning SDK
for mobile devices

blinkbarcode

High performance 1D &

2D barcode scanning
SDK

photopay

Mobile payment data
capture SDK for mobile
banking and payment

apps

photomath

The world's smartest
camera calculator
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Kako to radi?!?




Proces obrade
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Rezolucija
Q45x272

257.040 pixela

. Predobrada slike (image processing)
. Detekcija znakova (object detection)

. Klasifikacija znakova (machine

learning)

. Ekstrakcija matematickog izraza

. Rjesavanje matematickih izraza

(ekspertni sustav)



Ulazna slika




1. Predobrada slike

4x — 3y + z = 2
-2x - Yy — 2z = 2
-x + 2y + 4z = -9



2. Detekcija znakova

] H Byl H 12 = L
2kl 5 Y H 22 = 2
-l H 2y H 42 5 =9




3. Klasifikacija znakova
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4. Ekstrakcija matematickog
Izraza

S H L EE 2
*EREE TR
B2y 4 H B

equals(add(sub(mul(4,x),mul(3,y)),z),2),
equals(sub(sub(mul(neg(2),x),y),mul(2,z)),2),
equals(add(add(neg(1),x),mul(2,y)),mul(4,z)),neg(9))

)




9. Rjesavanje izraza

4 Back to App Store 10:29 ¥ 97% 4 Back to App Store 10:30 ¥ 97%
< Back Solving Steps < Back Solving Steps
(x=1
4x-3y+z2=2
"2X-y-22=2 Substitute y with O because y=0
-X+2y+4z=-9
-3x0+z=-2
Sum it with -2x-y-2z=2 multiplied
X y=0 €)
by 2
X=1
4x-3y+z=2
2X-y-27=2 M O+z=-2
(142%x-2)x+(2+2x-1)y+(4+2%x-2)2=-9+2x2 y=0 .
Xx=1
4x-3y+z=2
-2X-y-22=2 2

(-1+2x-2)x+(2-2)y+(4+2x-2)z=-9+2x2

4x-3y+z=2
-2X-y-2z=2
(-14+2%x-2)x+0y+(4+2%x-2)2=-9+2x2

Next step == €— Previous step Next step ==






Buducénost -

deep learning




Inception model

State of the art model za
generalni image recognition

Convolution
AvgPool
MaxPool
Concat

@» Dropout

@» Fully connected

@ Softmax

Rethinking the Inception Architecture for Computer Vision (2015)
Christian Szegedy, Vincent Vanhoucke, Sergey loffe, Jonathon
Shlens, Zbigniew Wojna


http://arxiv.org/find/cs/1/au:+Szegedy_C/0/1/0/all/0/1
http://arxiv.org/find/cs/1/au:+Vanhoucke_V/0/1/0/all/0/1
http://arxiv.org/find/cs/1/au:+Ioffe_S/0/1/0/all/0/1
http://arxiv.org/find/cs/1/au:+Shlens_J/0/1/0/all/0/1
http://arxiv.org/find/cs/1/au:+Shlens_J/0/1/0/all/0/1
http://arxiv.org/find/cs/1/au:+Wojna_Z/0/1/0/all/0/1

Faster R-CNN model

Istodobno detekcija i klasitikacija

person : 0.992

horse : 0.993 ¥4

8 bus : 0.996 - . boat : 0.970 s

person :0.92 =

g &=

Faster R-CNN: Towards Real-
Time Object Detection with
Region Proposal Networks (2015)
Ren, Shaoging and He, Kaiming
and Girshick, Ross and Sun, Jian




Photomath Dataset

- 5 milijuna slika jednadzbi = 50 milijuna slika znakova
- Potencijal za skupljanje 500k slika dnevno
- Ruc¢no labeliramo 100 tisuca slika znakova tjedno

- Potencijalno najveci dataset za OCR na svijetu.
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MicroBlinka




Predobrada slike Detekcija znakova Klasifikacija znakova

r ™ 4 ) 4 N ™

Pametno Brzo grupiranje :l‘> IzvlaCenje Brza linearna
binariziranje :> nakupina piksela znacajki E:> klasifikacija

\ y, \ y, - J - y,
~ ™

Duboka klasifikacija

l:> konvolucijskom neuronskom
mrezom

. y,
a N

Duboka detekcija i klasifikacija sa specijaliziranom OCR neuronskom arhitekturom

Ulaz originalna slika --> lzlaz lokacije i klase svih znakova

\ J
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microblink

mobile vision software

Sve to treba raditi u
stvarnom vremenu



Brzina je kljucna

* svi opisani koraci se moraju provesti u
manje od 1 sekunde na slabim
uredajima

e odnosno manje od 0,1 s na jakim
uredajima



Brzina je klju¢na (2)

algoritmi niske slozenosti

C++14

SIMD assembly

* single instruction - multiple data

€]V

 OpenCL, OpenGL, Vulkan, Metal, DirectX



Ali i jednostavnost!

jednostavan API| za korisnike
pristupacna i Citljiva dokumentacija
primjeri integracijskog koda

Java wrapper za Android

Objective C / Swift wrapperi za iOS
SDK javno dostupan na GitHub-u


https://github.com/BlinkID

Savjeti

natjecite se iz informatike i matematike

ucite algoritme

ucite C++, pogotovo inacice C++14 i novije

» svladajte CMake build system

svladajte Git

sudjelujte u open source projektima
svladajte i (barem) jedan VM jezik, npr. Javu

skriptirajte (Bash, Python)


https://www.coursera.org/learn/c-plus-plus-a/home/welcome
https://try.github.io/levels/1/challenges/1

E= Photomath, Inc.
MicroBlink, Ltd.

photomath

nenad.miksa@microblink.com

v
w Hvala na paznji!

microblink
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