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ABSTRACT

With a number of dog breeds nowadays, people may find troubles determining
a dog breed. Itis, thus, an-interesting area to develop a model to perform the task. In
addition, the emerging of deep learning algorithm which enable human to obtain the
learned model for classification problem is available. We propose to develop a dog
species categorization using deep learning algorithm. The process starts with
configuring the deep leraning model. Dog image are used for training the model. The
deep leaning obtained is test using 4-fold cross validation. Our result shows the
accuracy of 31.24% comparing to intuitively 1/15 chance of 15 breeds test. This new
method shows ‘that it is not hard for human to apply this technique to other

classification problem with an significant accuracy improvement
Keywords : dog species classification, image processing, artificial neural network,

deep learning algorithm
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Usznoulumelassaswdasqmaedy  uay LmavauuulmmmﬂmsLLanmiuLUumLau ms
REIVHEAGH m«’\maalé’h'ﬁLﬂu’iﬁmwﬁwamm’iaug‘uaaLﬂsawﬂswwsnmmiaugaﬁmil,mu
Teyaednilussdnsnm Medrautu Uawaimmils annsaunladunnmesussauadng
fioniiniya vr%"a:uaﬂuszﬁuqﬁmﬂuLs'fjmfuawawaai’chvm6‘] w'%amaad%ﬂuﬁuﬁmmgﬂéw
lagilsl nsunumumnefina1vsilinisBouiiagyeusnghldnety Tt
msgdiluniwiemsihimsudniweenmeivin. madeuiiddiniedinduitnmsiidhnwgs
Iumsmmiﬂumﬂaimmuﬂ'13LsausLLUUlmJNaaumamswaumwmmaau

Deep Learning fle yada (algorithm) mﬂaﬁwumLwamil,saussuaqmsawm
ImwﬂmmmvmﬂwmLmaaﬁ]nimuﬁaﬂsumamamauammummqmamimammsama
Ussanmuuuideniuluaueswomyudlsn wazdneds Deep Learning HavnTsiaonsiuaddny
N muazdswenndosdinsiantunn  suawnsihlusesonydunennandy
gunsal wieuinsesulatl anmnsadilenn uazides Inileufuaywdiues digud 23
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IMAGE CLASSIFICATION WITH DNN

Deep Leaming Framework,

Forward Propagation .

RePral ¢ ey e USSR

Backward Propagation

Trained Model

Classification

g‘dﬁ 2.4 MSYINNIUNUAVBITLUY

1) 1As9d519n1591197U299 Convolutional Neuron network
an1UnenIsuyed Convolutional Neuron network t8un1siina ufindnefusiu

lasshguszamitsuumgiidulumsinuindu viseiSenin layer Inedlasiassgone

v
=1

wanesu wazisazduduliinannisudasiliiudadu Fsavdseneudie 3 Tuddy fadl

1) Convolutional Layers azUsznaulumie ANS19EAEL 150 Filter/Kemel 14
L‘fJuéT’gﬂsaﬂuﬂﬁiﬂi@@%’@gﬁﬁiﬁ%’UL%M(lnput) W vundmiminiweights)
fnsesiazi Ul nitlézudnan Tneaitldaglginanmsidansedly
Anuiunw nadnsildaindinsesaziieniy Feature Map Fausiaz Input ves
Feature Map agidauseriu nadwsean(Output) vesusiay Feature Map lagsdl
Wnsvieu ﬁ’aguﬁ 2.5 uay 2.6



Input image  10x10 kernel 3x3 ﬁg’k:’" Feature map 8x
=1 1] [} [T1TE
= ——— =
¢ hocd it £ SRR + Respon:
Convolution _|

24

JUN 2.5 Fuve3n15¥1 Convolutional

Activation

Input image 10x10 kernel 3x3 | "o Feature map 8x8
I
= O
e
|1 Convolution Y T H
- H @
e i
' o |

: r’:f‘i" :r'r
SN

Mhives  onws s,

25

i

5UN 2.6 TUY8IN15911 Convolutional
s ° = n k n—1 n
Inedauntslunisduan Ao hjt= Max( 0, X hy ™ * wi )
h}l = ANYBINAANS(Output) UAaz Feature map
hi~! = dayadildsuun(nput) usag Feature map

W,?j = Kernel/Filter

wMuINMNaINIsLaNNA TN igauldsiely

2) Subsampling Layers [Jun1sanvuinved Input usazduildsudiunmnis
TsuIAIWIN Falinanednannsavile e max pooling, average pooling,

e stochastic pooling. é’ﬂgﬂﬂ' 2.7 28 2.9 way 2.10



BEIEEEEN
8x8

Feature map

Inputimage  10x10

Feature map 8x8x3

gﬂﬁ 2.7 fuvean1sin Subsampling Layers

Lp pooling

Average pooling

Max pooling

28

5U% 2.8 Fuv8In1391 pooling

¥
=1

1A8duNITELNSANUIIRIT

Max-pooling:
P i £ ) 1 SR
hi(x, y)=max oy seninh; (X.7)

Average-pooling:

n it p=ligo il
hJ'(x’y)_I/KZi-eN(x).yeN(y)hj (x’y)

L2-pooling:
n i n=1
hj(x' J’)-“\/erm_‘.)'j,e,\,(y) 7 (

%)



3) Fully Conection %8191nn15%1 pooling AziNLFaNsanuiavunluATeYNe

Input: DEF

L e (v

. Full connection .
Niveg ¥

SU# 2.9 Furasmssia Fully Conection

B m =
5 BN
5x5
5x

10x10
5x5 1x1 1x1

Tonvalibian pool ng cony conv ceny

14x14

ot 18t Staoe classifie itout

6:5
5x5 2x2 5x5 1x1 1x1
U B oo
convalulien pooling cony cony cony

] q:ﬂw- L

| 2x2x2 Ax2x2 2x2x2

Ax12x12  gyox7 ax5x5 Bxlxl  8xlxl

%50 st o 6x5x5
o D s e X
3x16x16  convelution pooking oy conv conv

i 15t stacs ~lassific stout

gﬂﬁ 2.10 N1sviraunanuaby Convolutional Neuron network
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Training Phase

Testing Phase

Weighted |
Hash Code-1 !

H

H

pull Weighted | |3
Hash Code-3 | |2

Weighted push :

Hash Code-2

Query Database
Image Image

x

<F.
5§ EEEEELR]
H ]

H
(s

Query INEDED
Dadabase: [1 [ [T [ ] ]

Binary hash codes
achieved from tanh-like fayer

Weight matrix achieved

from element-wise laver

A

v

A

A

\.

Shared convolutional neural network

32

545
convolution

5x5
2:2 conyolution

average ;u)hng

.mmp ponhng connection

5 12 length of hash code

\\ :lum-m wise

1ull conneetion

e

tanh-like
Iu" layer

‘1J17| 2.11 mim\‘i’]umvmm‘[u Convolutional Neuron network

NFUN 2.11 UaAInINNISNUIIMEaludus199U8In159191 Deep learning

T
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Uszlgviannnisldeu Deep learning

J

lutagduiinisydn Deep leaming inldludinuszdruninune lagazeniaegw 4

ad e 4 o aa o W v 4 [ v 1 a’{
wAluladi Deep Learning Nunleludinused1iu assun 2.12 wagivenanawaludl

Y

sUfl 2.12 Useleminisinisnismsisudidadnuldludagiu

1) usnluniuywd
a1lnasNgni Deep Learning undunumludinyszaniundande nisuenlumniilu

Google+ uax lng Facebook mmimwn‘lwmLmavﬂulmaammumluiwmwm NANMS
uenduuslugrdinannisfinenfiunessiruduius wftenauauiisnenansdin duls
Tmnuusiuginniiu 70% o0 30% e1vvzunannmsmeluyuiilidainng vewudnaulsl

ausanenta Aegun 2.13

JUR 2.13 nsldBnsmsSeuddsdntunisuenlumiuywe
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2) ueningitlailvuyudld
Deep Learning fqmsjwisnednuiliegnade anusausninginadidd auaslaifdIals
ad1ugu famvein lagliiauduuiiiugesls Deep Learning ﬁmaamamm%’lﬂdwﬁa
uan (wileuiiuyweuesifindufiounn) usnunangy Sruyudisreannsaendanaiioon
Nl Deep Learning Aanunsavilst laiifeausdeidinmigy dciffinfdesamnsausn

Il dsgun 2.14

5UN 2.14 mslESnsmadeudiBedinlunisusndsilaifidin

3) wanidedtazuianien
wwAAnang Ae duyudyaddesdnd Aaunsavihliudaunmwideulsiud Iﬂa
hideseonidusliinssduiles insnz Deep Leaming vzfimsiSeuiaingiudeyaialan de
mu*‘uauaﬁiﬂuﬂ’msausmm Deep. Learning Ae Anlernely youtube udwinldanuise
Seuzluniouy fulivdssuaza flaguil 2.15

T

Harc-Puited Noadie Soup wd Geat

EL e * 4 33

37 2.15 msldiBnsmsBeudidsdnlunisuonides
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4) wgnnISILeenNIY

nsuwonnsuaeneldunisrumladn lasussilualadimensuisithe landludidae
Inudeiu wagannsavenlidnd ek uwiiildey duflegiluudhe fgud 2.16

5U# 2.16 mﬂ%ﬁ%‘m3mst%‘&1u§t,%a§ﬂ°lumst,wnm‘%ammma
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2.2 dauvaslusunsunaznenfidnunly
2.2.1 Caffe Deeplearning warlusunsuiiieados
2.2.2 NVIDIA DIGITS
2.2.3 7191 python

2.2.1 Caffe DeeplLearning
Caffe Deeplearning fe N5OUNITYINUVBILANNTINNTUTUNTUTIUDY Deep

learning vi3aiaTetneuszamiiion iunseuiiagldaseuguuuunisidioulusunsy Welvims
e Tusunsufisunuuiianss Juguuuuifeaty shlfdadvuedudnas iesnninldd
nsdieauesldnfifeadoudiiu o19vsuBsunaiutaunsia vieldldudsuas un
Foulisangiu deldSenldldazan suiduuusasuaziethsnisiiaudngaes uay
annsaldeulivansssuuufofineg - Gegnitnmntulng Berkeley Vision and Learning
Center (BVLC) wa Yangging Jia luseminsnmsvilassnsuSagieniiuminedeidsnad

aegu 2.17

Decaf / Caffe

a Berkeley Vision Project

- L

v

31]17; 2.17 gfaiun Caffe Deep learnng
2.2.1.1 99fv89 Caffe Deep Learning
9NN Caffe Deep learning azt3enlduulaaznin Seluuuinassiazdnuus RilAwse
ol
1) uansanndnenssuiaduayuuewwaaduiazuinn sy wuuiiaes
(Models)ineqfuseansarmuazifunisidrswailisandenisldausening miae
Uszaranananslun1svinnuuenauiiwes (CPU) way wulsUszaulanasunsIvin 3
1R(GPU)
2) fanwlusunsufisiisinnadomey
3) 99AA5IUee Caffe Deep leaming  vilvitiuseAnS nwannluniswaun
NAdOU
wazmsldau aunsausznananImunnny 60M sieufu NVIDIA GPU K40 ifien tufle
1 fad3uwil / nw
4) fnsvinnusduiuaegaiu Ao Caffe wag Github
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A15197 2.1 wanInIsIE9U framework A9 lun1snaILa Convolutional Neuron

network
Core Open Pretrained

Framework License language Binding(s) CPU GPU source Training models Development,
~ 2 N Python, ASEE

Caffe BSD C+ MATLAB v’ v’ v’ v’ v’ distributed
cuda-~convnet [7) unspecified C+4+ Python v’ v’ v’ discontinued
Decaf [2] BSD Python v’ v v’ v’ discontinued
OverFeat [9] unspecified Lua C++,Python v~ v’ centralized
Theano/Pylearn2 [4] | BSD Python v’ v’ v’ v’ distributed
Torch7 [1] BSD Lua v’ v’ N v’ distributed

91AR1579 2.1 uanslilfiudn caffe Deep learning fusgansan Tunnsamn

Convolutional Neuron network 111131 framework 9u¢)

2.2.1.2 aanUnenssuvas Caffe Deeplearning

1) nMsdaiudieya (Data Storage)
msdntnudoauagnisdedisteyasnduwuy arrays wuu 4 iR Fa5un31 “blobs”

uadd'

38 Binary Large OBject fie Us#innsnqaaenan 1889 object vesinlafilifeduy Tnadu
N159MUTINAUTENINNUIBUTZANANANa W UN1TYIUTBIRaUNRIL 03 (CPU)  uag e
Uszananarmunsmiin 3 8(GPU) zidunislandayaainnisdaivdaya(disk) Ul Blob
TunsuuassaluCPU wileUszuiana (38091 CUDA Taeaziinsidiaundie CPU Uszanana
gafdsunseiia endauiniszees cPU  llliieuvdnauiuly unuiiniseaess
Uszmnananvsaudasranimiissegnaiie Tagansnsaaineynddemiulusunsasineg oy

Java, Fortran, Python, C, C++, C# slagU 2.18

name: "convl”
type: CONVOLUTION
bottom: "data"
top: '"convl"

.. definitiomi..

top
blob

bottom

5U# 2.18 N1391191uv83 Blob waznsilyuntwilusunsuilsves Blob



2.) FunsTeY (Layers)

Fumsvheuwes Caffe sz dududdnylunisvih Deep learning @99zl 2
dwdunsefuanuimun fe ﬁ’qgﬂﬁ 2.19 Way 2.20

1) AIULUY Forward pass fienisvhauludramiiielsils output senin
2) MIMULUU Backward pass Aensldithmaneifionn Output

YU

Forward:
inference

fw(z)

Y

- | “espresso”
=1 = + loss
v fW( P Backyvard.
learning
o
3U% 2.19 Forward wag Backward
Layer
name: "convl" name, type, and the
type: CONVOLUTION | connection structure
bottom: "data" {input blobs and L/;‘ ":";\J
top: “convl" output blobs) ~—
convolution param | 1
num_output: 20 ’
kernel size: 5
stride: 1 layer-specific :
weight filler { [ parameters |
type: "xavier" @
}
}
- Setup
e Every layer type defines - Forward
. - Backward  ° Nets + Layers are defined by th;qu_jschemz{;

3UM 2.20 N5WlgunMwlusunsuiiarasnisintaudusingg
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3.) FuA3av1euazn 13191 (Networks and Run Mode)

sUuuumM sy ssfumsinuesasesinsuuuasaauysel Wuussanaes
wisetefisududedutoyainannniiiuleya(diskuazAugaludunsdunm asdums
MauuumhgUsrlananalunsinuYesnsummes(CPU) wag niheussulananu
N3N 3 T#(GPU) wuu single switch. ﬁ'ngﬂ*ﬁ' 221

import caffe

e Layer Protocol

class Euclideantoss(caffe.layer):

R == :Iass I nte rface
E: neck input pair e
if len(bottom) (= 2:
raise Exception("Need two inputs to compute distance.”)

Define a class in C++ or Python to
extend Layer.

def reshape(self, bottom, top):

if bottom{@].count != bottom{1].count:
raise Exception(“Inputs must have the same disension:®™)

sciif.:;;+; »‘np.ze‘rc’s’_l’iie(gvztmié}.dnta, dtype=np, float32) Include your new |ayel' type ln a
: network and keep brewing.

top[@].reshape(1)

def forward(self, bottom, top):
self.diff[...] = bottom{e].data - bottem[l].data layer {

top[@].data[...] = np.sum(self.diff**2) / bottom[@].num / 2.
\ 14
type: ‘Python
def backward(self, top, propagate down, bottosm):

for i in range(2): : . : Lol ’pvthon param {

UM 2.21 alusunsuianldlutuiasatiguaznisvine 19aw Cr+ wag Python
Y88 layer

4.)n157AdauULA3a918(Training A Network)

JUuuLeY Caffe aefiamisalunisvhauuaslinnnsgiu aed MNIST Wusimaaeu
og13s MNIST Aa grudeyasuralvaflslussuunisussaanaresnin uonanidsd
gudeyaiiliiusgsunsnasdmiumsvasoulusnumsisouiueandesinsse fgy
2.22 uaz 3UT 2.23

a

train net: "lenet_ train.prototxt"

base_1lr: 0.01

momentum: 0.9

weight decay: 0.0005

max_iter: 10000

snapshot prefix: "1 £ shot"
P P el All you need to run

things on the GPU.

> caffe train -solver lenet solver.prototxt

JUM 2.22 mwildsunsudisnldlunisiseuiuaznimegey




b00000000000000200000
ALY N LY L
L224d222228A232223&2
WP 3233553832A5250,85 33
e Hd 4 duY Gusd g8 EHq g qYy
So 0605585884555 955005
bbbl obeCbabebtboie
2072227t 2007 01t 1 7H
PEETICBEEBYETPILLBYL
NZT 79 TP 7905 95 3 9 A G
Ul 2.23 fegrsgruteyaildlunseuiuaznsnagey

2.2.1.3 m3ldnuluszuulfimnisenee
Caffe Deep leamning lweanuuulianunsaltlavarnvareluszuudfusniseneg

MIUANNALAINTDINAILN TngTaesuszuvuinns Ubuntu guide, OS X guide,
and RHEL / CentQOS / Fedora guide, Windows

! a a o Ve a X o X
mu‘wLwumsmmuiwuﬂsz%wsmwmﬂwu AU

1) CUDA v3a andlnenssumsnantdandsnigniamilag NVIDIA Fsagegjuumieae
JngUszasdndnues CUDA e nisidhsndas CPU Usvananayaddsunsviin tiouysn
A3zves CPU lallivhanumdneutiuly unuiini$n9e9vUssananan WS ouanaHan 1w
\issograier Inednideulusunsuanunsnasisyamidsinlusunsugandonsiiag oy
Java, Fortran, Python, C, C++, C# Hudu Tngldy library version 7.0 ﬁ\‘igﬂ‘ﬁ' 2.24

Ul 2.24 dydnwaives NviDia CUDA

2) BLAS %38 Basic Linear Algebra Subroutines e N159aLa3NaNNTNUALIALTILEY
Tun1sAIEUNISHUY matrix-matrix, matrix-vector BLAS  way ESSL  @1u150%7e
Uszndanan lunisusunisaumamisndneans wazdinsdamiounanisynaudiani
vemshlmngauiigaes mssumumadamaniBeulfnty aunsaiSenilsdy
I§a1niislausi3ann FORTRAN, C wazTusunsy C++
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3) Boost fia MslusunsussrMuslUswawesuazinysEavsnmsyuunsiiniie
sosfunisvaiugegn Mliunulusiwdesaiunsaseannusiliiiondidnsaaud
UfuRnsladnlugds

4) OpencCV \Uu Library Tunwn C++ waz Phyton dmsuniswmun TUsuasui
\N&1909nU Image  Processing Way Computer Vision laganunsawmualavg T
seUUUfUAMTIUled uay seuuUfunng Linux

5) protobuf, glog, gflags AvdsnielunsuAgaunnsamanIsldudug

6) 10 libraries hdf5, leveldb, snappy, imdb \JusUuuudeyauaz Library Mty
susuulnddmiunisdaivuaznisinnisdeya

7) CUDA Deep Neural Network library (cuDNN) fa lausiafiugiusasnisilnlass
AYUTTAMINELLUULENEN Y30 Deep learning Aegun 2.25

Images Trained Per Day (Caffe AlexNet)

43M

Caffe (GoogleNet) Torch (OverFeat)

d = a a
3Un 2.25 n1swSeuLiguUseans N muas cuDNN

daudildauly Pythoncaffe wag Matlabcaffe
1) d@m3U Python Caffe A Python 2.7 %38 Python 3.3+
2.) @1915U MATLAB Caffe Ao MATLAB with the mex compiler.
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nsldauluszuuufjifinig Windows
Tuszuudfiinas Windows 214 Caffe Deeplearning Saufufiu TWsunsy Visual
studio 2013, OpenCV uay CUDA mwlusunsuileily fie n1w Cr+ degud 2.26

Property Manager - caffe ¥ 0 X common.cpp

& %] caffe

(Global Scope}

5UN 2.26 n15hine caffe Tusguuufuinis Windows

nsldenluszuufiins Ubantu
lusguuyuRnas Ubantu 9¢ld Caffe Deepleaming saufiufiu CUDA,BLAS,CUDNN

way nwlUsunsuanly fia w1 Python fsguin 2.27

®
.
%
8
.
.
"

235 ms results in 24 ms per recdgnition result

d a 5 Qa wa
JUN 2.27 msinds caffe luszuuufiRnig Ubantu

nsldenluszuuufifnag os X
luszuuUifins OS X 214 Caffe Deeplearning Saufuifu CUDA Tneld Libraly

Yo lUsunsuils C++ Mwilusunsufledild Ao avwn Python faguil 2.28
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Uil 2.28 MsAnm caffe Tuszuudfns OS X

2.2.2 NVIDIA DIGITS
NVIDIA DIGITS fie welfiuasdmsufinlasetig Deep Learning 4031 Deep Learning

GPU Training System (DIGITS) \Jumenduisiiionisasslumalasstratszamiiieunuuin
(deep neural network - DNN) DIGITS vinlv@nunsaoonuuulaTiingUssannifsuniesaies
shumsaevilniAsetngindiesnissisuauule ubldyndeyaiiieiinlassiaussanniitetin
TilalunalpsstneUszammifisululdanu deenanas DIGTS Wulsinugesaauisaniiy

Tranuuurenlndaindulasd NVIDIA
plagUN 2.29

NVIDIA DEEP LEARNING PLATFORM

~ DEPLOYMENT

R

|

Applications

DIGITS Tools

Deep Leaming Frameworks

Systems { Hardware Software

= ol

DIGITS DevBox Titan X System
Management

sUT 2.29 Nvidia Digits
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1) TAs9a519n15%1971U289 Caffe wag NVIDIA DIGITS

Development Deployment

Solver

Network

il Dashboard  HEEESRH & IZ= Classification
; Detection

Urin Segmentation

sUfl 2.30 nw5Iuvee Nvidia Digits

mﬂgﬂﬁ 230 wiseanifu 2 dunou Aedureumsiauiuaznsldny Tnoewd
Interface dwsugldan Fsgldazing Dataset to1lfifolumsiily train aw Mnduqed
nsasraluimalunis train 11w Tne Digits 92¥iAn1s train' Awann Dataset uazluimaitgld
dnlvianl) udIlaniNaesnin é’ae"haehwmgﬂﬁ 2.31 U8y 2.32

CREATE THE DATABASE

New Image Classification Dataset
images

DIGITS creates your training
and validation set for you.

sU#l 2.31 nsa3ns Dataset
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A9E1INITHEAINANIN

Predetions .

EEEGB

SUN 2.32 628819 TUHASHAN TN

Ava3 NVIDIA DIGITS

Wuns train 0N vedA3etneusasvigLuuuTsan #3e deep learning Tag
fmsadegiudoyaldlag AlexNet uay GoogleNet Fsdrusensldnunuuisu
Hunsatrduraildnuieuassngs  Tnensinndunoufinmesuagiondii
UTBDS

finnsdan13nIs train nmiivatnvaneiftelfinuseansnmlunnsldan

Digits 1Junsldaiums Train amdtiie esaninisesniuy Interface il
nulade

wanslAiunsEUIUAITNISINUluaIUA199 04 Digits
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av o d v
2.3 3UYNINYIVDY
v dgmiiaynisdanunaneiugatalaeiznisindinadnedu givela

a

MN13ANYINANWITEAe ey U miiiawiine7eadeaunsaasuansedrAgannienansn
WneTadlaneil

2.3.1 Dog Breed Classification Using Part Localization U84 Jiongxin Liu LasAy
mu‘i%’aﬁtﬂuﬂwsLauﬁ%‘ﬁlﬂumﬁwmﬂmgj‘ummw‘[ma‘]mﬂ%’mnwmnwmmaq
gﬁmma3é’nwmsﬁﬁmsﬂsﬂﬂgaaﬂuwamwwluﬂwsé’mwmaﬂwy:maanwwﬁu’uq Togluauddeil
{Aselivinismaaeulnemslianeiuguesgiuiunsdinnaey Seazuanddiifiuin wnl sivia
miLLEJﬂ%”uéaumaamwﬁﬁmmaamﬁmﬁ’uwmmsmﬁ8Lﬁ'wsz%m%mwlumﬁwmwyﬂéf
\iosanndnwazvesiudiuvesnmuiaznnisianumiiousy uronsazdanuuanateiuld
{Ade3aldasagunsusnadntuin Tasaiimslisuuuudnuarresmeius gy uaznsld

Y

Dee

Fudrwlunivesady Buidiglunisnenuaziusoutiisvam iefiagldlunisedure
Snwaszvoenld Tngismsdansuisdsuturesdudiurosnin iy e1avgvinludiuves
Tunihdeu wresuvhludiumsie Musu way Bidsesdinglflumeiusianzianzas
wefidumshelunisulanwdiundsdngaeg mduiilddmatszauanudisa lumsia

NUIANYNIN 67 % 10 Yavasteya Nl 133 areiudgiv Jeavudseeniduninls 8351
AWl fagun 2.33

s U

5UN 2.33 n1sdwunaneWugaialagds Part Localization



25

2.3.2 Bird Species Categorization Using PoseNormalized Deep Convolutional Nets
(M3Fuunsrenugvasunlagldisnis Deep Convolutional Nets) U84 Steve Branson

wazAY
mu%’aﬁ%Li‘JumsﬁﬁLauaam{]maﬂssu’lums%’wmmmgmaqmwﬁﬁiwazLﬁaﬂﬁqq
Taoifsaziinsldaantnenssulunissuunussianuasareiusuosun anngusieeha un
200 aneus  Fausznouludae 788 nm Tnsandnenssuiigniunlilunisidedasidu
an1dnenssuidquantdlunisdanuiany lnsanitnenssuifideliiunldie
Convolutional neural network IngftagtiunsiFeusvesiedosdnsiumanieidszam
Wiew §Adeldvihmsdunningunuudiiunsiesisilusesudisn wiouatuiiduneuns
pose-normalized azuansliifiuis andnuvazuazduszdugeiifauandaniainianalal

Va v

donAReRzaNTainUldATIdn NaveIn1INAABIYediTe Fruandliiiugl n1sUTulse

1 t%

YA USRI INTIAUTEIANTANNYNABININNITIEN SNBUNIN (75% LBURU 55-65%)
feguN 2.34

&

Classify

o ° Y] vas ;
3U#1 2.34 msduunangiusun neld35ms Deep Convolutional Nets
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3.1 Tasead1an99i9uveedsn1siteuiiBeaningly Nvidia Digits

YymewiilfunmsihnisiSeudiddnunldlunmsduuniudairuazidunisfinu
fana5 Nvidia  Digits 1nafaglaInsiun19v191ur9952UU Deep  Learning Tumauns

uuniugadulagldvenus Nvidia Digits AlAseas1anisvinau segunt 3.1

Deep Learning Framework

Digits Training Data

Forward Propagation

Trained Data

Repeat

Backward Propagation

Dogs

Classification

E‘Uﬁ 3.1 ANFINUYDY 52 UU Algorithm Deep Learning

103U 3.1 suanInInsInveszuuludunauidnisuennin ale3sves
Algorithm Deep Learning lngaglitunsuliuaume 2wAssvinn1sideude AU Server 983 119

P Y o o | [ [ a a v v < o = 17 1
NVIDIA islavinisieusie Ay Server WuiSeusasudn Nagyiins Train doya Tuduwes
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Digits tudiusionn ludiuilazdnisdsguan Misideants  Train Whluuszaiananiy
Algorithm %84 Deep Learning udiszuufagirgunimiu lviinis Train fu Jeyayn
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3.2 SIWABYAIDNITNMUT (Software Specification)

6§ W 1

Tuduvesszuunsiuuniugaivazutaneazunsonduassdiumeiu dufdensialid

3.2.1 grudayanianldlunisiln (Train)

Y

lumsduunmeiusaiulngisnisnisdousidedniu 914 Nvidia Digits Tu
nMIduunaeiug uagthgiudeyasuniwiugaiv 133 aeiugairananuide
Dog Breed Classification Using Part Localization %nmaﬁmv‘iﬂﬁzﬁuﬁaaéw
WUggIvN 133 aneiug mdeiiies 15 anenuglunisnagau aewugas 80
sUnm  wazivuasiidlunsaaeudmsiei 3.1

A19197 3.1 Yesewusvasgvkazsanidlunsnasgeau

eV GERLTIIG Yoanuwug uauguninluns
Train
001 Affenpinscher 80
005 Alaskan malamute 80
006 American eskimo dog 80
014 Basenji 80
027 Bloodhound 80
032 Boston terrier 80
034 Boxer 80
036 Briard 80
039 Bull terrier 80
044 Cane corso 80
046 Cavalier king Charles spaniel 80
056 Dachshund 80
057 Dalmatian 80
076 Golden retriever 80
087 Irish terrier 80

3.2.2 Input / Ouput Specification

1) Input : Amwusaaidesmsnsumnguamlunguittnunaaey 1 ngu
wag g1uteya 3 naulunisin ,

2) Output : uanaduguninuaziesidudiiuaiug 5 Sufu nounanaaia
#799)
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3.3 JUABUNISIAY

Fevhmswssugiudeyaiduiiseuiesudmeiavinlivinmaasuiefiagm
Fsilinaiuiugiigalastsnisuisuiuidneundh teduuuamsunniluiaun
Tusudugsoly Tnenistinmgivuimageuauusiugiveslunatiuagldis cross
Validation Fafumsindiaya N-1 galilidmiunsailuna wasdoyaduilindel fdmiu
n1SMAEBY YIuauAsUSIUIL N fasiatnaguil 3.2

k-fold Cross Validation Scheme (k=4)

B Test

] TrainingE

1. Run 2_Run 3. Run 4. Run

-

|
o

3‘11171' 3.2 n15v11 Cross Validation

3.3.1 manssugiudeyalidmsunistinuasnagau

Tunsvaaeuiiasiitnsmldlnethgudeyaiindenls 15 aeugady
T 80 gunmanuunlusenidu 4 nqu Tneusiaznguazdszneusiae 15 aetudaiy way
seugas 20 5U uaniIoEegUN NS 3.1 Wagthanihnsinadu ( Train ) Tnsusag
afilumsvaseuasudsadoyaduteyailslummageumnugnies wazyadeyaldlunis
Seudvoundos Tnswhanilndy 3 nqy uasvadou 1 nagy ¥IUIUATY 4 ndu Fanw

Fudeyanladnngusiail 3.8-3.11
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FosneRugvasgivuaziegegunwiildlunisiinuaznageu

N |

nsAndeniugadeniunldlunis Train - wagnisnagouiu laviinisidenann
Qi P

ANYULNNNIEAINYDIGUVAN PN IRl ANULANAIIAY fo dvu (dv1n dan dthea &

9

WA ) ATNENITY YR dnwarluy (yan ¥ad) waednvuzvesdin an aun Wusu uag

wansfegagunmgruiithanld dsgun 3.3-3.7

5UM 3.4 feggiuiiug Basenji, Bloodhound, Boston Terrier



3UN 3.7 faeegiviug Dalmatian, Golden retriever, Irish Terrier
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3.3.2 YUABUNISENIULAE

i

JunpunISHNazYINIsinuasnageulnelirenmuIsuay Nvidia Digits lun1sdnuwun
gy wagludunsunismageuanuuivgivedunatazilunmsinaninugndesainms
naaewUIBuguAUIBneuni Iagldn1svi Qross validation fansuusteyasanidy 2

du Wngdnusniuasfudeyaiudslidmsumsilndeyauazaui2 dulidwmsunaaeu fd

1) nauil 1 ngudl 2 wagnguit 3 TihinnisSeusueaeies was nguil 4 THimsnaaey
2) nauil 1 ngudl 2 uazngud 4 1innsSeudveandes way nawil 3 1ihnsvnaeu
3) nguil 1 ngudl 3 wagnaud 4 IivihnsiSeudveandes uay nguil 2 Iivhnsvaaey
4) nguil 2 ngudl 3 uaznaudl 4 lvimsiSeudueandes uay nguil 1 1ivhnsvaaey

1) airlunalddnsuiingunin lagly NVIDIA DIGITS
thgwdeyaiilsinsenliunihnisinlugsensiuaslagld Nvidia Digits F4 Digits
Ao Dataset 7ldlunasadrslumalunis Train sUnW laevineusauiy Framework
Caffe lefla¥nsgrudoyagunmidnlulu Dataset - w01 DIGTIS  2gdinastinly
Uszunanaly Caffe  LaZLAAINANITIMUNYUTELANDONUINIUNG Interface VB

DIGITS @sdlns#uiun1snIinaIu 4 Yumeu fagui 3.12

- Nesi msge Casttcanon hiade! W teie) 1
s 7 s

Process Data Configure DNN Monitor Progress Visualization

JUM 3.12 n5eUIun15N15¥ieIuaes DIGITS
NSEUIUNISAISYILYBY DIGITS wiueanidu 4 dunsu AagUN 3.12 Al

1) Process Data A® Tupaunsuszananateyanlaviinisadne Dataset gUmWLmVL’?

[

wuau 2 dau eeil
@ ]

1.1 Training Data Ao Msaeuliiasevislun1sduunlszianuesing dgui

Y

915




1.2 Validation Data A N130529a8UUsEAVENINYRITRLAUALIATYNY
AagUN 3.13
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2) Configure DNN fAs msiuunaa1snegluasetis laeld Dataset Nlaasald

Flagui 3.14

U

st 20526
D i e Data Transtonmations
ek ARG : o e
L
Subiract Mesn Fioa
*'9
dare b
Soivar Optices
Tsining apoch -
S paeae Netwar Orats e mags Wizw
e
» Ladat Ouigingl papar {1999
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Adu et
o
Validathun fteinel (i epochist Lot 4
£ o
Fassoim sowl
L
Faonch wloe
— o
St typ
s ™ a
Base | g Rat
@
Shaw taend T3k 0 opfins
Hodel hams
o
— - ¥ = =

SUN 3.14 n19vuTuneu Configure DNN

1) Monitor Progress A8 NISAAMINAIILAUALA 1ed51Y Dataset LLag

Model @5

1) Overfitting A9 N157 Model 7l4a1nn1514 Training Data set
A1A1Ugnaadluntsusvanaaaidauegs waiileululdiy

[

{oyya Test Data set liAANUgNADIA Faguil 3.15
2) Underfitting A 157 Model Al@annnns Training Data set &

ANNGNFBTRENTRAT FegUN 3.15

Overfitting

Underfitting

Loss is not increasing
but the accuracy is not
Loss continues to improving
decrease with training

data but increases
with validation

I\ sl
‘»‘._ -
_u}

g‘dﬁ 3.15 wawe9 Overfitting tay Underfitting
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3) Visualization Ao N13a519N MNBANKINUTELAN MBENRIFUN 3.16

convi

=
3UN 3.16 msuenusztannn
a v iy Y] £
L3UAUNTS train MWL A15ENLUAAINGIUTEYA
As197w NVIDIA DIGITS wiusni1svinsrueanidu 2 dau sadl

1) 158514 Dataset

Wunsihgiudeyaunadie Dataset Nladnlivavinisiln Waldvinnasinsa

Caffe wag Nvidia digits &1 aziSenldyngrudeoyalunis train 2w lagldnein

5000 faguil 3.17

o
T

£

Qf Home
‘ Hew Datasel Neve Modget
ﬁ Datasets Wdgws - Models [ irsges - |
E In progress In progress
Sg% 5q-Pro-6300-MT: ~/igits 2.0
d Completed A A

)

"

sUfl 3,17 14 miosh Dataset 483 NVIDIA DIGITS
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Datasets Models
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o None « None

sU7l 3.18 wiusnves Dataset

mﬂgﬂﬁ 3.18 WAAIVIUSNYBY NVIDIA DIGITS uazilaiuusenay ﬁagﬂﬁ 3.19 uaz 3.20
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Home

Datasets
in grogress

Compietes

Create your Dataset

Main Console

Madels
In proprss

Completed

Configure your Network

Mew image Classification Mode!
New image Classification Dataset e 2
=3
Choose your dataset

network, modify one,
or create your own

U 3.19 dhuservemiinisnaes DIGITS

CREATE THE DATABASE

DIGITS creates your training
and validation set for you.

Image directory

. on host machine
images

JUN1 3.20 s g uteya
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9N5UN 3.20 uansviusnved dataset azuwvsoanilu 2 diu Ao dau Create

! d' o v v Y = ¥ [ N
Dataset fAodufiazigiudeyaunasislunalasnisidnfia Path vesgiudeya fgui 3.20

waraIun 2 Aan1sas19lumalunis train 1aeiin Dataset 9ndui 1 unly

nsiuaAIa1sNeldlun1sasie Dataset

New Image Classification Dataset

Sop3r3te validation mages feider
Separste test im3ges folder

~gdoufl 1

Datasst Name

-

Create your dataset/

Input Data Format

/path/to/images/
-0/

=

d o ! !
JUN 3.21 N1IAUUAAIATSY

NNFUN 3.21 uansmasivuaasneglunsase Dataset 8 3 dundng sl

[

= A a s v o v 2
1. dun 1o WIATIHLABINABDINITUNYIUA Train Iu Dataset

1. Image Type (Usglnngunaw au & w3a 1126)

e U

Image Encoding (IlWann)

Image Size (YuAFUNINWYDY Dataset)

=] & ) i o 1% %
2. daud 2 fle dnigunwisegudeyagniiull

1. Training Images (IWﬁLﬂ@%ﬁLﬁUEUmW)

Resize Transformation (Yu1a7iRaIN15USU)

3. d79uf 3 Ao N1599UB Y Dataset wazn1s Create Dataset liO¥iNN1S train

ilevhmsiuuaeisingSeusesudazuansmiins Train sunw aguil 3.22




Job Information

NNFUN 3.22 Wanamntinnis Train a1 aausiegeisil

o

Create DB(train

Job Information

Job Directory
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Image Type
Color
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Create DB (train)
Input file (before shutlling)
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Folder
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intalzed al 01:08:12 PM (1 seconat
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eate DB (train) Ruwviog «

timated time remaining: 6 minutes, 40
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* Running at 01:08:16 PM

eate DB (val) munng -

rmated time remaining: § minute, 31
congds

a101:08:12 PM (3 seconds.
ngal 01:08:16 PM

o v , o !
g‘U‘VI 3.22 »uU1N1S Train AZENIUZATTNINIUANE

1) Job Information fie eSuigdeyasvesgiudeyanldinnisasng Dataset 13

2) Job Status A9 LEAAANILEAITIINIULAZAISUSZUNaNaYee Dataset

panundunsnlivisianisiuiu Dataset Alevinnsenlvangaly

a2

3) Create DB ( Train ) A8 UUMBUNITASIY Database ¥30A1S train LLANIHE

.

Job Stat
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A [ 1Y) o v 1] @ a
WiaUseananaasaualayle Dataset Aindouldanu AaguN 3.23

Home

New Model
Models T
Classification

New Dataset

Datasets Vo

In progress In progress

None None

Completed Completed
Dag
Submitted: Tue Mar 08, 12:35:54 PM
Status: Done after 10 seconds

d 44 'ﬂ' o ¥ b % 124
UM 3.23 wihusnidlevhmsasasandouldau
NFUN 3.23 WBNTUNIMININITUAN L INTEY Dataset Fawuaidu 2 diu aadl

| = | !
d7u 1 Ap @ Dataset AxUAANEN1ULYDS Dataset M4

Ao o

1) In" progress fio @UNAAIUTZNIONA LUAMNIANIULIT Running 138

None

1 d ] U ¥ v
2) Completed flo d@ufinnisuseinanaasaiaibarnsauldanu aziand
40114731 Done

' a = | v
d9uN 2 As drnisasialuea
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4.1 awsudruvaenisasslumanas Train sUn lagld NVIDIA DIGTIS

Deep Learning Framework

Forward Propagation
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25n13ANAY Caffe waz Nvidia Digits

Tupeumsas  Caffe uasdnAadsniiesves Nvidia Digits dldsusaniinisas

SBUUUURNS Ubuntu \deneu 91nuuaginisasdiusnglilaeld Terminal daguil 1

v

da‘ al'o [ a’lj
TREA GO RISEA OS]

1) syuuUuRnis Ubuntu 14.04 LTS

2) n15m989 Nvidia Gefroce

EEEES)

Terminal UXTerm

gﬂﬁ 1 Terminatiuszuuﬂﬁﬁjams Ubuntu

'
[ [V

1. ymsoneanssuy tneldeds aedl

-sudo apt-get update
-sudo apt-get dist-upgrade

v g
v < U v

2. AnduaTedlddnlu wu gcc viseyaudaniwilusunsu Tngldmdasadl

-sudo apt-get install -y gcc g++ gfortran build-essential \
git wget linux-image-generic libopenblas-dev python-dev \

python-pip python-nose python-numpy python-scipy
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Y [

ARy CUDA Tagvinnisamuluannaudinm lde&anad

-wget

http://developer.download.nvidia.com/compute/cuda/repos/ubuntu1404

/x86_64/cuda-repo-ubuntul404 7.0-28 amdé4.deb

-sudo dpkg -i cuda-repo-ubuntu1404_7.0-28 amdé4.deb
-sudo apt-get update

[

3.1 Wennulvanasawaivinnisiiane CUDA Taaldmdasial

-sudo apt-get -y install cuda

[

farUane leeldadensil

-echo -e "\nexport PATH=/usr/local/cuda/bin:$PATH" >> .bashrc
-echo -e "\nexport LD_LIBRARY_PATH=/usr/local/cuda/lib64" >> .bashrc

4.1 YNA1S reboot S¥UU

-sudo reboot
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I
v 1 [

MNSARMSAINAIBELAaZATIERU GPU Ineld@dasadl

-cuda-install-samples-7.0.sh ~/
-cd NVIDIA\_CUDA-7.0\_Samples/1\ Utilities/deviceQuery
-make

-/deviceQuery

[
(% (Y]

AUlan CUDNN wazhnss Ingldmdasad

-wget https://s3-eu-west-

1.amazonaws.com/christopherbourez/oublic/cudnn—6.5-linux—x64-v2.tg;

-¢zip -d cudnn-6.5-linux-x64-v2.tgz

-tar xf cudnn-6.5-linux-x64-v2.tar

-sudo cp cudnn-6.5-linux-x64-v2/cudnn.h /usr/local/cuda-7.5/include/
-sudo cp cudnn-6.5-linux-x64-v2/libcudnn* /usr/local/cuda-7.5/lib64/

s

Anea git Taelarmasnadl

-sudo apt-get -y install git




8. anulvanuazinia Caffe lnaldrasnad

76

-git clone https://github.com/BVLC/caffe.git

-cd caffe

-sudo apt-get install libprotobuf-dev libleveldb-dev libsnappy-dev
libopencv-dev libhdf5-serial-dev protobuf-compiler

-sudo apt-get install --no-install-recommends libboost-all-dev
-sudo apt-get install libgflags-dev libgoogle-glog-dev liblmdb-dev
-sudo apt-get install libatlas-base-dev

-sudo apt-get install python-dev

-sudo apt-get install awscli

-cp Makefile.config.example Makefile.config

-vi Makefile.config
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8.1 axlﬁmaé’wéﬁqgﬁﬁ 2 glfudesnnadeuiniinisdaldenu CUDNN wiolsi

(USE_CUDNN =1 ) éddlaifimsideldlifionaTeamune ‘4 oon udatuiin

USE_CUDNN := 1
CUDA_DIR := fusi/local/cuda
CUDA_ARCH :=.-gencode arch=compute_20,code=sm_20 \
-gencode arch=compute_20,code=sm_21 \
-gencode arch=compute_30,code=sm_30 \
-gencode arch=compute_35,code=sm_35 |,
-gencode arch=compute_50,code=sm_50 |,
-gencode arch=compute_50,code=compute_50
BLAS := atlas
PYTHON_INCLUDE := fusrfinclude/python2.7 \
{usr/lib/python?2.7/dist-packages/numpy/core/include \
Jusr/local/lib/ python2. 7/dist-packages/numpyj/core/include
PYTHON_LIB := /us/lib
WITH_PYTHON_LAYER :=:1
INCLUDE_DIRS :=$(PYTHON_INCLUDE) /usr/local/include
LIBRARY_DIRS:= $(PYTHON_LIB)./usr/local/lib fusr/lib
BUILD_DIR := build
DISTRIBUTE_DIR := distribute
TEST_GPUID := 0
Q=@

e = = i e =

o
Y A a

3Ul 2 uansidsiTnnasivie Makefile config

PUN “:q’ (N15990)

9. Bunlduazasne caffe Ineldrdasail

-make all -j8

-make test

-make runtest

-sudo In /dev/null /dev/raw1394

-echo "export
LD_LIBRARY_PATH=/usr/local/cuda/|ib64:5LD_LIBRARY_ PATH" >>
~/.bashrc

-sudo apt-get install linux-image-extra-$(uname -r)

-sudo reboot
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9.1 wiéi’waﬁwéﬁqgﬂﬁ 3 DegNAes
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[

10. Auilvian @3N uazAnds Digits 1aastu 2.0 lngldmdemad

-wget https://s3-eu-west-

1.amazonaws.com/christopherbourez/public/digits-2.0.0-preview.gz

-tar xvzf digits-2.0.0-preview.gz

-cd digits-2.0/

-/install.sh

-cd caffe

-sudo apt-get -y install —no-install-recommends libboost-all-dev
-make all --jobs=8

-cd ../digits/

-sudo In /dev/null /dev/raw1394

-sudo pip install -r requirements.txt

-mkdir /home/ubuntu/data/mnist -p

-python tools/download_data/main.py mnist ~/data/mnist
-apt-get install linux-image-extra-$(uname -r)

-echo '[DIGITS]' >> digits/digits.cfg

-echo 'caffe_root = /digits/digits-2.0/caffe' >> digits/digits.cfg
-LD_LIBRARY_PATH=$LD_LIBRARY_PATH:/usr/local/cuda/lib64

J/digits-server -D

11. Bulgaudsnnes Ingldaidesad

-cd digits-2.0

-/runme.sh

191 port http://0.0.0.0:5000
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