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Abstract This paper presents an enhancement method of document restoration capability which is
robust for security, loss, and contamination, It is based on two methods, that is, encryption and
DnCNN(DeNoise Convolution Neural Network). In order to implement this encryption method, a
mathematical model is applied as a spatial frequency transfer function used in optics of 2D image
information. Then a method is proposed with optical interference patterns as encryption using spatial
frequency transfer functions and using mathematical variables of spatial frequency transfer functions as
ciphers. In addition, by applying the DnCNN method which is bsed on deep learning technique, the
restoration capability is enhanced by removing noise. With an experimental evaluation, with 65%
information loss, by applying Pre-Training DnCNN Deep Learning, the peak signal-to-noise ratio (PSNR)
shows 11% or more superior in compared to that of the spatial frequency transfer function only. In
addition, it is confirmed that the characteristic of CC(Correlation Coefficient) is enhanced by 16% or

more.

Key Words : Encryption, DnCNN, PSNR, Correlation Coefficient, Spatial Frequency Transfer Function

*WAMXRL : M4 XH(sungjae@kopo.ac.kr)
e 20229 2¢ 82 £-YU 20224 3 15¢ AMAREY 20224 3E 21¢



80 AEQHUSSSH=2X| H8H HM23, 2022

1. M2

AX FE 9 dH= ARSoA HoRE FR3%t ol F
sholeh. X HFE A4 T 719 Aol oo £A1
4 75 YxRsAY EAY £ 3= 7ol 7t
o FUSES, oY} B2 IDFF=EY oty 3571
Ho] FEAY AR FEQF F= 59 fHx AR
7} F7¥ekal Stk ERCE ARGEAY oFE fEe
2 JE7L AdE = 59 4 WA feiA B2 A
TE0] AP Sk 53], B o|E S e
sto] st 9 BEodhe oy 71 B2 AAE HeE
7HA AL glo] kaslo] FHIeHA A =oiA feH1-71.

2 =22 JE 9E JE folHE Edgs 4
Sot= ATEN I TG (Spatial Frequency
Transfer Function)®] 484 @S AQkslc} E3t
o84 wdlg 7|29 Digital signal Processing®l %]
|E= o A% AA 28 45 DLDeep
learning) CNN 5= Hlusto] 29 J5-& 7|4sk=
WRES AASITE E3E E =RoA g A9 €
£ 43 ESsPt 7hsotal 40 tigk B9 9<=5t
HokpAo] A85s A+ HE vt 53], HFE
2 349 2 dge 45st HoAR AREstaat
St 4§ Solofl ZHEEo] g 9 &40 gt BY &

gol #8 A7 Ygo= dt

‘Encryption Construction
Object
Fap{w5(0 )} B (ky k)
[ vkt

Generation Pattern

FablFap(w§ e y)} - B (k)™

v (o k)

Reading of Pattem

v (ko ky)

w(key, ley) JPEG, BMP Image Format

TPEG.BMP

TAttack

1. Paint Shop S/W
2. MATLAB S/'W

IPEG, BMP

[Fig. 1] Processing for encryption and decryption
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[Fig. 2] Modeling and Processing for encryption and
decryption
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[Fig. 3] Processing for encryption and decryption
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