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A Noise-Tolerant Hierarchical Image Classification System based on
Autoencoder Models
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ABSTRACT

This paper proposes a noise-tolerant image classification system using multiple autoencoders. The development of deep learning
technology has dramatically improved the performance of image claossifiers. However, if the images are confaminated by noise, the
performance degrades rapidly. Noise added to the image is inevitably generated in the process of obtaining and fransmitting the
image. Therefore, in order to use the classifier in a real environment, we have to deal with the noise. On the other hand, the
autoencoder is an artificial neural network model that is trained to have similar input and output values. If the input data is similar
to the training data, the error between the input dafa and oufput data of the autoencoder will be small. However, if the input data
is not similar fo the tfraining data, the error will be large. The proposed system uses the relationship between the input data and the
oufput datfa of the autoencoder, and it has two phases fo classify the images. In the first phase, the classes with the highest likelihood
of classification are selected and subject to the procedure again in the second phase. For the performance analysis of the proposed
system, classification accuracy was tested on a Gaussian noise-contfaminated MNIST datfaset. As a result of the experiment, it was
confirmed that the proposed system in the noisy environment has higher accuracy than the CNN-based classification fechnique.

= keyword : Image classification, Deep leaming, Machine leamning, Autoencoder, Noise

1.4 £
1 Department of Computer Science, Korea Military Academy, FZ Y o] &3l olm|x] A7 7|&o] 343 &
Seoul, 01805, Korea. DS 3 AJo] 2 121 gols] ST B 3}
* Corresponding author (jklee64@kma.ac.kr) Ejoq A4, =A9 4] i }4 ;] :?bﬂ 134
[Received 25 June 2020, Reviewed 7 August 2020(R2 18 Sepiebmer W3] AL o] Fo AL ATk G AEE AT HEA
202(;Ri4 IgIoveri]dber_]—ZO%g), Acif]:g:ed 2;Dec§mber 2023] o ¢l ga\d 714<¢l CNN(Convolutional Neural Network)<
ze 3 3 2A|8t%T)3) HRER
R EEL e PRREAN AN WIERA a9 w2 12 olnA Ag dnezl
7 B ERES G ATL) FTATATRY A0 S Hlgl] G o doly HAE HAHe] Ave & FA
2. (No. 2019R1G1A100303012)
Journal of Internet Computing and Services(JICS) 2021. Feb.: 22(1): 23-30 23

http://dx.doi.org/10.7472/jksii.2021.22.1.23



QE0IAM J|8te| &30l Zelst HEE o|n|x] A2
o] St} thAl wall, HolE e 5 (feature)S A5 H o2 o] ZFOZ IR BFNE AL 74 2/ EF
FEoth 7|E ¢ EHEC velHe 5H& AMEAt AHE THEIA onAE BFSE WAlolth o] & T3
Ay FEdof ata, FEH SHo whe} ojwA EF A CNN 7[uke] ®577]0) vls) =& £/ I @43
ol A #HS-Hrhks dAE CNNS 58 2oy, Aok AR BF771Y d5 Al AR Fg ol
2] Irx e g 2 AE-F A (convolution) AlZ} = Hol| A &AfEe A7 Aok
(pooling) AIZ& WHEAH O R S35t dolEle] AFH HAgoll 93 #5777 A5 AsHE S8 A% F i
EAES FE312, & A4 AZ(fully connected layer) A W Ao st BF7 Ede FASE B0
S 538 omAE R o B =S F A Wy slgste 202 g
CNN 7|Whe] gedS &85 7]&e] B0 F ofn| LEQFYH RS o] &3] ol Z1g o]n|A] B/
A B7FY /&) A FAHATE CNN7|REY] o]n| A 2"& Aoketh EFY Hulo] S AL o]n]
2 BF 7]1€9 AlexNet[3]¢] 201230) ImageNetoll o} & AEZY 5T, S A &8l o]w Ao O
R OFES 154%7HA] 250 CNN9| 448 95 o 2d S A 0l fAkd Rolth A
Stk ©]%  VGGNet[4], GoogleNet[5], ResNet[6], Ze 2 Aol £38HA] &= om Ao Ygk By ¥k
DenseNet[7], MobileNet[8], SENet[9], NASNet[10] 5 CNN dYzH A oE Aolth AtstE Alié% o] g
7|uke] SE-2 Wy BdEo] oldo} HuEoH, & HAE ol &3t Fg olnAdl Ut £/ HIT=E I
Ae olu A BF FAlel oA "HEd Edo] <17k AN B QENTE BY g<5A] °JH gloE TS
olmlx] ¥F 5o vgrie AsS e itk AHE517] W] RSDAECNN3 ©2] 8] ALEH &
olp|R] B-7719] Ae HolHd TIFH 25 ko= olp|x 9] FF Ao W Bd 459 9FEA o] gtk
o <A Ak 4= Ak T3 Y vlolEdl el 9l B =FS g3 o] AL 23 Aetshe
S FE gtk ol oluXE 53 Adstes FA oA ANz 8 FALAY LEIIHY tieiA Auk
IAHO R FFo| A7k Futel gl LEHEOIE} A7 3, 3FdAE Zﬂ%}% Al ZEl ] olmlA] 7 Aol
olm|Ae] EFHE o]2E °V-Jo}°4 olE FAIBIAL o]n| sl M FAHOZ HArgsich 4730l A A etsls Al2E
A5 BF3 280 B77)E oluRo] TEH Fe= 9 S AEE %H *E‘ HE I CNN 7]6ke] 71HE3}
BEFE S Aol A weld 257 o4 o) vyt pixEte 2 53 A2E Wt
H A7} g o] ze] oA LA ATHE B/ A
S At Fukel glok T3 ol o 2de] 45 2. eETY 27
Az Hel Ao ofgd = rh11-13]. wheby
BRI AT TR P SR e B AOIAE A AR R FHLAY O
A oo tHfz 4ol A e = oo gtk o - e
A7 o T 7heka] Av )
Feol ot #5771 A5 Ast TAE A Adsh] fg o - . .
LEQFHE B d¥gte] Yt fAkE A=
Wy A 7R YHE AE} A WA g2 2 N . o
= 8hr3le H] A L= 85 (unsupervised learning) FE2] <1
2714 o]n|AE YHslr] Aol 2L A AsH= Aot ZAATo|th 18 1S QEIAL 7B T2E Ue
G311 & 2 medin) ), 71412 gassin ag -
IE = A PEE ALE5= A o] A =
IE] S 7:‘/5:‘?} a‘i# AHESHE A, Feol H7tE BAHO T QEFLE 9T (encoder) f(+)S} T
2 e A tME FUsA FEH7 i S

2 EAEL 3 d3kblurring) A7) = T4 o]
QITH14l. 3 S uAl A7), A7), Hejs B A
o Z317] otk webd Fes GE RUE FH5t

A A AT AL FHAHOE 4% FYol ofth
2ug Astst

|

$o2 PHEY 299 4R
1509 283t ] S8 4,

F T (decoder) g(+) ¥
TER" Eq, a3 @]
At 2.

z= f(z) ER™, n>m

_ Sudipta 5= CNN Fd3} QEClFH y=g(f(z))ER" )
FE ] ol ZQlgh olnA] #5F E 9l RSDAECNN

S Aotatgthl5]. $ 439 @So] HrhE ojuA 7 LERQIFHE 2R3)H 7ol xs}yo] LAE SA¥FE
e LEJFTHSG AR oA R sHd QEQITY Aofstal STt Hav HERE, vxy) 299
24 2021. 2



22213 7[Hte| FHS0|

Lol3t B

O[0IR| 2F AlAH

XERN yERN

ZERM

Encoder Decoder
f(.) a()

(e]elelele)

(e]elelele)

(ag 1) 712 REQZHS| 1=
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(Figure 2) The structure of basic denoising autoencoder
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G B
n Number of class

Number of selected classes in the first
classification phase

m
T; Training data for class i

x /T Input data / Ouput data
z; i" pixel value of data x

T Noisy data
T Data with inverted contrast
AE; 1-AE trained with data of class i
AE; 2-AE trained with data of class i and j
L, Loss value of AZ;
L;; Loss value of AZ;

Noise factor

y
PC(z) Predicted class for =
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(a) Original image (b) Noisy image
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(Figure 6) Original image and Noisy image
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(Figure 8) Output images of autoencoders in the
second phase of the proposed system
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