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ABSTRACT

This paper proposes an orthogonal feature extraction scheme in the deep learning service model for end
devices with limited computing and networking resources. One way to use the service is to use the service by
transmitting the data to be analyzed to a powerful remote server. It may not require a large number of
resources for end devices. However, if the size of the transmitted data is large, many resources are needed for
communication. Besides, when the remote server is located far from the devices, it is unavailable due to
excessive latency. Therefore, it is necessary to reduce the data size without deteriorating the deep learning
performance. In the proposed scheme, the device extracts many low-capacity orthogonal feature vectors, and the
edge server improves the deep learning performance through an ensemble model using the orthogonal feature
vectors. Experimenting on the Fashion-MNIST dataset confirmed that the proposed scheme improves the deep

learning service’s performance while reducing the size of transmitted data.
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Table 1. Notation

Symbol Meaning

/" autoencoder model in feature extraction
model

E encoder part in AE

D, decoder part in AE

OF; /" feature vector
OF (k) | K" element in OF;,
CS(A, B)| cosine similarity between vector A and B
number of autoencoder in feature
extraction model

l length of feature vector

1264

3.1 SXE £5 29

erIE JElolE s} EHdlelE)7}t Zolx]
E5 shgpdhe viREshey Al melE o] 29}
7o) olzr]e} vlzy R ow AL I &
Ho| 2HS He] AAuc} HA sl dloe] b=,
sl Fa, 54 3% 5o 54 Ak 5 olvk
14 Aotal= Au]a mdlAs b ple] 2

EQIFHE o]8sle] shte] sl wlojefel] ds A
T Ak we] SAHEE FE3

Alekehs seld ARl mdller] SAuE 328
913 o] px= a§ 339 3ok

sl dlole] x= wlo] =l 2 Bl o] FUsHA

e, WA EAPSE 2 eETE ARE

Safs) 7k QaE)s] e 7ke] Aol whet

AR 5 AR 2A7E Aol Al LEe)

Frie] FeuESe] A% Amsh o slei]

ElSe] AHshEr). AR A ()3} 2w
L(wn) =L 1 D(EG) -2

Encoder output &
Decoder input % g

Encoder Decoder

7 2. SEQlFr mule] Fx
Fig. 2. Structure of autoencoder model

Input x
v v
AE, AE, cee
"/ e °/Eat)
N
¢/X\‘ v ‘XZ v
Calc. loss

12 3. 54 = wd 72
Fig. 3. Structure of model for feature extraction

www.dbpia.co.kr



=/ dA A

7hie] e el maE 913 A

kI
A
oX,
)
i)
BN
il
N
i

SpEARE Qla EH WAk A el
=R etk M F5E A FHE SRR
R wAo] -0z waEc)
gk Zle]S7ke] AwAe FAl $ALEE
ol-g3te] Asiic. wel A, Bel oigk Akl f4}
v 4] )9 o] Ak

A-B i=1

CS(A,B) = =

Al 1Bl \/Ii(AZ)Q i(Bi)Q

7% 0, Skals] el v fa,w A1l e et

ARKE EAFFAIE Tk fakms] Arhglel
ARGl whebd £AF47F Akshe) SladE
AR FARE7E 0o oo dlek. %, QlzriEe] &9

H

A& 7k ZuE|So] Amgiths jvlolc), SAu

2% Wil o] FRF o] Fof W 2 Eelmr]
o H

Selole} =271 163 n X 7} ), v 7 5
wlEfolli= 0o el EghEe] g7 uliel 0< Alsla
U] A7 | I T ol 5
AR S4uEe] fagte] 0o] obd $1AE 1=
04 S 092 o3t u] dolr}. 2t EA4HEe]
1At SAME] 4 5 00] ofy AETE
Aslel AU, s v SPEle] 1A
= o) 9124 4= % 9lek. weid
Adlolele] 21n B0 A ol A
.

16bits

Ola{O0|a|lO0Ofla|O0]|a

a|alaq{falp

01010101
a : floating point type data (16bits)
p : position data (8bits)

O3 4. Agdlele] 7] 72 o
Fig. 4. Example of reduction of data size

DS:16n{ J +(n—1)1 3)

3|~

I% 4= EAWES =78 A7 idEE
vehdck FJU% 6HlE B2 5 dHold 87150
o] ohd FEF} XA AgS 3l bl
o] @75 &A= ddlelth

33 Y= 27 24

whe] SAwEI S Sa1ak ARGl sldlole]
gk 257} SeEich Eodst dolg]el sl )2
J9E] 7} 9)7] wldol A|eks ]___ /HH]/\ mdle ol
o= E D]—_'—‘/] L) X

o
S HAs] 3] HEA o g R 7§
o
=

0>, _llm
ﬂ-!lli o
= 4‘“‘

>
Oft
ol
Bu
o
T
>,
11:
EL

®
i mlo
(¢
!

4,
iy o
il
J
i

K Y,
% ru
o
Gl
offt
rm
m
m}‘_
o
2 g
=
<k
Hm

_Y:“ o,
2

el

o

)

R

ndt

N
o

AR .
ISR Al Bl ARgElE o
& LpehiIT S AR alel
22k 3576l AL e B
ZHES P Aeslel AT 2FRANE 2
RAkE whael Al

A
s

TRt
) Y
o 2
19

L

1o oX

3
i
i

Ensemble model

OFV;(x)— Classifier 1 o,
Ei bl
OFV2(x)— Classifier 2 | nsemole L s output
> a0,

Classifier n

=Y oo]—/Ko]—% ne j=4=))

Fig. 5. Ensemble model for classification

OFV,(x)—

1265

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-08 Vol.46 No.08

34 29 5ty

ARkl Apls 2] A48 Held mae
skl AMgeRs SAME 2% 2} ool
Al ek BRde] olek ¥ wle] shre

B Fehemel S 9

Abego] S7E7] o] AT Ale] S Feh
S Sgro] FalE L Al w8 i A
o vjet slelulElsg Mo A Fepemod whe w

£ AR A

41 Mg B

4.1.1 dloje Al

AAeits $1sk Adol AREE dlolE] Al A=,
Al 5 107 e oR olviAlE 7AdE
Fashion-MNIST®|t}. Fashion-MNIST+= 69kAke] &
Sulolelst 1wbge] ElsEdolelz sl o,
7} dolehe 28x28 14 =718] elel A% o]ulA|
SER)

4.1.2 E2YH F=& Y
S 22 wdo] e AREE LRl
I 2F T 7w ¥ 29 Ak 2EqlIy
= dEAE, 29A%, SHAF 5 38 AFew
e}, 7t omQEr)e] LAz Zeo] S
e} Bk mebd] edslze] o] Sy S
Ble] Z7]el weh A=)
de emelze] wde) Qe ¥ & e
3 2GAT ARgste] SAMEES a3k A
Al w2 FEReE AlSelA Sl ARSEr
® 2. 54 % 29 #x
Table 2. Structure of model for feature extraction
# of neuron activation func.
input layer 786 -
hidden layer / Relu
output layer 786 Sigmoid

¥ 3. &) 2d 7=
Table 3. Structure of classification model

# of neuron activation func.
input layer 1 -
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raw data PCA Single AE OFV(n=2) OFV(n=3) OFV(n=4)

"1 m [Dw| g |Dm| g [Dm | g | D | p | D | p | D
32 - - 0.8682 512 0.8632 512 0.8689 544 0.8618 576 0.8574 608
64 - - 0.8719 1,024 0.8738 1,024 0.8805 1,088 0.8825 1,152 0.8811 1,216
128 - - 0.8688 2,048 0.8854 2,048 0.8865 2,176 0.8915 2,304 0.8849 2,432
256 - - 0.8555 4,096 0.8787 4,096 0.8873 4,352 0.8936 4,608 0.8909 4,864
512 - - 0.8389 8,192 0.8743 8,192 0.8898 8,704 0.8982 9,216 0.8886 9,728
786 0.8814 6,272 - - - - - - - - - -
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