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FE E#

= DR AR A BB K RIS Z R EET B 2 & & HIICHIE L Th 5. = ZICAiE L
TS B AEBIAEE & 8O 2 B TH 5.

A SCOMABIR 72 G MRAIE 3 25 5. 1 DIFEGRZ R 5L 5 720 OIEMIE A2 BIECR & HEUELECR S T
HEE LR TH D, B < O THRM S 5 IEMIEZBECRITBEBEIE Y vV — 7128+ 2 /B
N=VBBZR ETHD. LinL, T2 TIRREMNEZ D 5 70D IEEELECR Y TSR L 72 IER A AR REEL
R T5.

2 mEIE 1 O EE O T KREOE AFER A OIATe 72012 1 L DOEE & 1 # D SLEDHDIAI % 7]
BRI LA THD. | OBEBEOFIC —EIZHDIATZ LICXk - T, BEORRLEANEHRE KEI R
ETAIENTEA.

3 RBIMEEEPICET 2 WS AREZITHT D LZEMNROBIEDO DI, HEOEy P L—r %
HE LR THD. By M U—VREIRW S ATIROERMESTTRE L 22 28R, L bisiET 2 Eig
DOEEELNARE L R DR R H D, LIz TC, mEghorettm EARETE 5.

3 OOMAINZRAEIRAZ FI T AT XLAOHIE, 8, £ L GHEZZ OBigL (72 bz
W T HARRICRER 5.



1.1 BM

Z OO HENIEANE a2 REICKRICZEIBET 5 28 Th D, ME L T L EARBITES
LXEO 2T THD. MXORME D IV LI T 27201, BEASRASEROSA 26 & LTE
EED JEID Z RS 5 [a],[1].

(1) BB EZOF FRET HHE

ZOWEITE, BEMRERP CHE S IHEZENL L, ZOEBIEIFES ICHEINTLE Y. £z,
EEEDNEBELSATDE, ZEHFIUSASNEEBREZEEENEE L-EE THD LT,
FOFEEZELTLEIRNRDHS. LIER->T, ZOMGEEFETIIMEESCZEMOMERIINETH
5. ZhEXLLICHERT 5.

riE

X 1.1 FEBgEZZFOEEEETILS

() B ARSI L Tz 255

EENE = H IR B ICHE SN2V DI D701, B a8 L, B c 8 Lg%
RETDHHAETHS. ZnaXK 12 1IHIRT 5. ZOEAITEENE “FIEzInTh, 841
BERGICHET 2 2L TER . METEL IR TRELOMFHENALETHS. Lz
Do T, fFEHE L TV ARFRIHFIIREMEZ RO LN TE 5.

UL, BERAHZERMEEINTND Z EIFHALNTH L. BWRAHZR Z OGO T2 35
SNTND & =FICHR 2B S D N Em. £, 20X 5 Bk E & OF =8 O NEH
ZHRNGEHD. LI -oT, BEEHICELDEAIALEEDZERTFHEND., 20 L RIGREIZHE
BYECARENFED.

(Ayes

[EaEES M55 C 284 L 7= {5 ZAE LT g A L=
X 1.2 EgEREesIcERl L ezt 554
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(3) BEH M U 7= B & H R R DIA A CIRIET D56

W2 R 5B, EOEM LUIZERE B EREGROFIZHDIAD TRET AL THDH. 0D
Al a2 —"EnME LT, ZOEBROTOREIZK I DIXRETHAH. Lo TH=
FIEZ SNDAHEMENMEL 220, BEMEZED D Z LN TE S, 28 2 BN O P IICH5ICZ
BLIZEBARIN TSI EEmb-E LTYH, ZREMHT 57200132 < ORI RIN D0 5.
Z OffGEEENIATHIQ)OHA LV b EL 2D, Ao bR, B = F Mm@ A Lz B # R 7emifg & fr
HLTWRWNLLTHD.

L, ZOREFIEZARRICT 27O EE LG8 B ENRE G2 G L i b
V. L, (DEQDOGA LV ZEMEOEBWMEETIETH S, ZoFI%EX 1.3 1I26rT 5.

frE

W5 (SR U Tl 2 I A O 72 H R 72 i

W2 L 7-mig A L7 i
X 1.3 WFS 22848 U7-ig 2 35 R EE I OA A TIRIET D56



(@) EHH OB % (BT 550
WS A LT 2 1 720 Tl < BB O 2 BRI 2 BB O TICHD 5 2 L AT E U,
i % 7 DR R AGET 5 = L ST 5. 2 OB & IEET 258 OB %0 1.4 17T

B 1 OBGE NG5 ITA R LT Eig

fmE

TG 2 B 6D IA D T H ) 72 B 4 A5 LT Eifg

B 1 ORF AR L7 EiE FALEZSE 1 OE(E

B2 O E AR L2 BAELEE 2 O
X 1.4 BESICZ8H L7 2 Koz BB Big I DA A TInET 254
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T4 VAN OEAIC LY, BEEOK I 2EGEORE LWEREBR R EERDIBETEDH LD

272> T&E T, —F, Wi-Fi BBENEHES, #TOLRBERy NY—ZICHBRIZT 7 BEATED LD
2720, iAW E LRI RUSATEIENTEDL LIRS TER. LERST, 7413y
—REDBLED DIMmZEET BT 2 EAFROLZEMEZHEEICED R TLR LRV, EOEFFITS
RDTHODHFELE LT, [HRANAT A TRNANS LREINTND.

DOFmCITEAG & 3CE, 7oL 2FTB 1.5 O &5 REREBR LM 1.6 DX 5 7REE LT 72 EOEANE
ﬁ%,%%_,kg_,%é_,méﬁé_&%amkféﬁifké

1.5 [EFREG

A TE®R
1) K4 (MERD
(2) fEpT (BAEES)
(3) JEdR (BEAERE)

X 1.6 BEINLT



28 BHNATAUTEEF

2.1 BEWNATA T DREERE

BHANA T 4> 71%, K5 (cryptography), AT 4/ 7 7 1 (steganography), < L CHE 11EH L

(watermark)?® 3 D2 KB T & 5[2],[3],[4].

I B, BARIIEX—E AR SO 2 DIZpETE 5. B K EIZII—T A5
(Vernam) & DES I 75(Data Encryption Standard D)3 & 5. ZABH % —H75-121% RSA I 75(BA%E4E Ron L.
Rivest, Leonard Adleman, Adi Shamir O FECF) & #5H #h#RET 5-(Elliptic curve)3 5. L EE—EICE &

7-ONRX 21 TH5H.

ZOFTTIE, /=T ARG, DES W7, RSA WY, MMM, 270/ 7774, T L THETE

MUIZHOWT, T OB & BB L O RATCERT & iR ICE~ 5.

/N—F A5 E, DES 55, RSA BFHE, & L CAEHERRRES 518, # 1.1 Q) Tk 7= Hg 2 5 5
TRIET DA ICEUT AREFETH L. TS LT, AT H 7T 7 4 BLXOELEN LILHE 1.1

CWHNIET DARESIETH 5.

HHRANA T 4 7

iz - AT )T T 74 BB L
e - — g INBR & — 5
| |
SR—F I DESHRE=2- RSARS 5 5 R
i s

¥ 2.1

TEHWANA T 4 > 7 DA




UBCTHWD HRE LR EZRO L O IZEHE L TR, HEDZHIZK 2.2 (a), (bIWHIEEZF5T 5.
(1) E3C 0 W 2L bt L TRVl O
Q) Bl WX ER SR 5 2 b
() Wi Wi ks
4 185 EHOZEEDEROFIETH 2 PR Z &
(5) % FEEDZEE AR ET O B2 E = FPNRAP RSB Z &
(6) fRFE : BB =FNEZ LT T b aHET 52 &
(7) F—: WAL EIITE 5 DT DI
(®) HiEFx— : X EE ST OF— LW EE2E ST X =B THLHEDF—
(9) ABAF— P AR AT OF— LW 2 E T X —DNRRLGEOF— T LT 5% —
(10) WEEF— XML T oF—LIE 52 ETTLF—NERLBEOF—TESTLF—
(11) DES : Data Encryption Standard ®O%4 &
(12) RSA : BA%&4 R. L. Rivest, A.Shamir, L.Adleman ® 3 A®DEELF

kAl

Gt 5 % — .
N5 e 57
185

BT 5% —
5%

fii e

Tl
=

[rap—

7 = —

B4 2.2 (a) Mo B HEED X



(13) FhpESCHE « RUPEIC R ET D 30H
(14) FAFEMEG - BPEICBET 2 i
(15) FEBHAREL : W 2 IEHE A BECR CRBH L 7254 D FERUE O R BIER 2K
(16) JEBAGRE AN« BEBHER S D 434 [
(17) BRI - RBHRE A BB &1k L 72AR 5K
72 B BRI TR R DL 5 (T HERE ¢ IR A D
(18) &btk - Bl 2 RBILRE, #Mtiha &R E 252777
(19) By b7 L—r Wit 2 ISR Lz L &, [F—Ey MIBIT S 2 [fHEE
(20) BEFLEifg - £y b7 L — UERERTO B RE O i
(1) EREZETLEE - By b7 L —UiRES O ' T UREOEE
(22) VA 7 7 EG : FEE 72 SCE A O IA 8 T2 H 5
(23) A 77 L - RELE LB S A T 7 R A AR LT E
(24) HXMEE . Fu /T AEBREHEDIAT 1B &R DR O B E R E
(25) WENAT 4 7 Wi - An 7T LG E AT T — (50 FEBIZHLDIAD T Hif
(26) FI/EMIR : fHHANA T 1 v T EHGH DA LT iR
Q7)) FASE AN T« V7 EG LA LI SCE
(28) AT H 7T 7 4 : MENEMAE WG T — & |2 E & Hx CRER SO 2 R B
(29) B EMNL : FAER I Z BT — 7 [THLDIA O CTRAE I MO F1E 2 B3 Hiff
(30) FLTZy MR O/ TALEZ 117 1 51& 324750 i 17 j FNZI 1T 2 i fiE
(1) FEH5 N : B OHEFEEK
(32) PSNR : E"— 7 {5 5% 4t H( Peak Signal to Noise Ratio) (F{iZ[dB])

MAX?
PSNR[dB] =101lo
\4B] = 1010810 = v o (a7

(33) FHEEFREL r : JEHEMMEA KT REE
21 (1(4i-4)(Bij-B))

r= 2 2
S (ay=2°) [l (21 (8-B)°)

(4, B, NIXHEZER)

(4, BIXE#, A, BIXFEHE, NIXEFEL)

< \ A
wE | JRpR) | BEE | fse s gy
i {% oyl e T N i
B Y477 7 ¥
& | | milg [

22(0) ATH 7774 BLOETED LEEEHGED X



22 IN—F LEES

(1) F#H

IN—=F LFEFILF L N— bk« N—=F A(Vernam) BN BLE LTS Th D, FIUM%E, FXERUES
OHEF—K ZHW TR 5L L7275 Ci3NQ.DTH 26 b. 72720, 5@t e y s OHEaGE
FEFN(Exclusive OR)Z KT H D &9 5.

C=M®K 2.1
W55 c #1153 51Xy E A5

M=C®K (2.2)
HETE LM

M=M®K)DK (2.3)
WD NSLOMNHLTHD.

mB, TOXIREEEHIETEXE 1 Ey b PO SET S 2 END A N —ARFF[5][6]& BIHT
ns.

(2) HAEEBR B
8By FOBITHEBRL THL. F-XM =10011010, HEF—K =10101010 &3 5.

R e

C =10011010 € 10101010=00110000 (2.4)
2725, ZORE CZHAxr—K TEST 5 &
00110000 & 10101010=10011010 (2.5)

FERIT DOV —ET 5.

(3) &

O ZOWBEOEFTITEmINCHGAARER N TH D, FBERMEELZ L ONTHD. 2O Ny
J IS £ o T 1949 FRICHEFEMINCREI STV A [8]. T OIS 2k 5. 55 L7k 5124 7= T
PGB R 2 I T T2 &, TOHITITFEXLE —BT 2L ORULTHEET L. Lo LE =HiTTh
IELVAESONE DN HET D720 DOEREZFTA L TRWOT, BEEfpid 52 LIXTERY. OF
v, 3L, ElEF—, LW 3ODEHRD O bLOWE 1 D& T 5720 T, ftho 2 D&
HZEIFTER.

@ 95 1 2OFMNE, B FRICBWTHEEFHREIZEWTS, By FZEIC mod 2 TR LAY
L2 Th DO THEMBNEHETH 5.

(4) FpT

O ZOBFOEINIECEFCESOH B —2HE LTI R b RVAETH L. BEME AT
BHICiE, BEBEEITY) JECH LW EX — 2 AT O MNER D D.

Q@ BEDOTDIIHEEBET HHEICH LB —2E 3572 01F, ZOHiE—%2 Faiichils
LTRSS EN I REENH S,



2.3 DES K&

(1) JREl

DES W% (Data Encryption Standard) (X7 A U 7 [ENARYE R 3 E D T ARERIME L R D557 02 X
LT 2. DES K5 DOREARFH[10][11],[12]Z B~ 5.

RN, 0 & VIR LS NI L E2EHT 8 LFHITHET D 64 By T my 7 2 L2481
D, FD6AEY FEIHIZ32 By FONSG L, RV 32 By FOAESRICHEIT D, 22068
1 BEPE R oAbz Bsa L, 516 Exﬁkhifﬁj'}:) %Exli‘éf BILEZGIFACFIETH LD T, $Hnkk
Pz D BALIZ OV TR 5.

X 2.3 135 n BB BT AR 5L 2R L2 b D Th D 3B n BFEOL 53 Ry DD F E 5 ntl BefED
FEEGFDAT) Lo & LTI SN S.

fin s, & BREOLEFTD LTk D X 5 ITH LS TH ntl BEFEDO AT R & LTHII SN S.
FIDIZHE n BEPED A5 Ro CHE S 32 B ]\U)El%nﬁxfg LD ILIE X —K, A BIELF 125 15 s LT/EL
32 By FOBKIESR PR D. RICS, & Ly OHANGRETNZ & 5. EOREENE ntl BRSO L5
T Ryy1 & LTHAIENS.

A JIE (64bit)
v ¢ v
La(32bit) Rn(32bit)
fn=|3§§;|:(Rn,Kn)
l Helts E’J%ﬁ%i%%ﬂ
Ln2(32bit) Rn+1(§)2bit)
tt'uj]1_[£(64bit)

() Kn:gnEfE o i & —

2.3 %n BPEICRT D DES K51k
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(2) A5ifsE 2R

DES K575 O FEBRZ /2T T /L TITH. ZHUEE Yy NEMN 8 By M T, B 2 BEREDET L[13]
Thb. HEFT—2£21 EFTETDH. BEF(R,LK,) =FR,) @K, &L, TOBMEEf, &35, B
FROIZBIT DGR EHRK 22 LERIET DH.

2.1 HEX—0OE
B el % —
R 1100
o 2 Bt 0010

#22 PBAEOXINE (B =12 O LX)

Ry F(R,)
0000 1001
0001 1011
0010 1101
0011 1111
0100 1000
0101 1010
0110 1100
0111 1110
1000 0111
1001 0101
1010 0011
1011 0001
1100 0110
1101 0100
1110 0010
1111 0000
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O Kk T 2L x
L 7] e kT 5. T7) @ JIS =2— K 110110001 #FDO £ £ IM =10110001L 9%, *
D% DEF SR & 2 2.3 1T,

%23
M =10110001
%1 EREm=1)D L X
L, = 1011 4y MPOERIZSET S R, = 0001
ey & T
L, = R, = 0001
Lpi1 =Ry
Eepxgubi KEIEF D B
fo=FQR,K,)=FR,®K, | R, =00010&t XF(R,)=1011
¥ — & Ot FR BN
fi= F(R1) ® K,
=10116 1100 = 0111
PEfth A Rm B D FEe5y & ORI D
Roy1 =L, ® f R,=L®f
=10116 0111 = 1100
L, = 0001 f R BRI ) R, = 1100
052 BrfE(n=2)D & &
L, = 0001 BB D H ) R, = 1100
oy T
Ly =R, = 1100
Lpny1 =Ry
Eopxgubiit KN FR B
fo=FQRyK,) =F(QR,)®K, | R, =11000 % XF(R,) = 0110
3 % — & O PEfthrEm BN
f2= F(R) ® K,
= 0110 @ 0010 = 0100
PEAth A RR ELAN ey & OPEMAYFRERFN
Ruy1 =L, ® f Ry =L, D f,
= 0001 0100 = 0101
Ly = 1100 EAHOHT R; = 0101
NSRS CERSS
C = 11000101

-12-



@ BEFTLLE

#* 2.3 TH7-KE%S C=11000101 Z*F3CM = 1011000127

N&FK 24177,

BB AL OWIRIE TH 5.

%24
€ = 11000101
52 B (m=2)D & X
Lz = 1100 4y MPOERIZSET S R; = 0101
Iy T
Ry =Ly =1100
Ry = Lps1
KEIF D B Eapxgubii
R, =11000 & %F(R,) = 0110 | f,=F(R,K,) =F(R,) ® K,
il & — & O PGB
fo= F(Rz) ® K,
=0110 @ 0010 = 0100
525y & DYt EE D PEfth A Rm B D
L, =R; ® f> Ly =Ru1 @ fn
=0101 6 0100 = 0001
L, = 0001 f R BRI ) R, = 1100
%1 BefEm=1)D & &
L, = 0001 BB D H ) R, = 1100
Ay e T
R, =L, = 0001
Ry = Lyya
KIIGF D B Eap-gubzi
R, = 00010 & ¥F(R;) =1011 | f, = F(R,,K,) = F(R,) ® K,
3 % — & O Pt FmELN
fi= F(R,) @ K;
=1011 1100 = 0111
5255 & DY EE D PEML AR ERFD
Li=R,®fr Ly =Ru1 @ fn
=1100 0111 = 1011
L, = 1011 EAHOHT) R; = 0001
U ENSEIMEEETED
M = 10110001
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(3) &

O DES W77 /b= U AL 1977 FKEREFRBUM G HALEESLFE FIPS(Federal Information Processing
Standard) [14], [15]& L CHIE SNAB & 5. B — X 2 R ICEHET UL, YEoa Ea—20
FHRRE) TIIMREIC R W A 235 2 L MO RN E .

© W H LA LSBT T vy 7 RO O OHMATER IR & B ORISR Z FIKE LTWDH D
T, N— R =7 HP/IFEEET .

© WE b L OME S O E DN AR T — I 51E L D b EmE TH 5[16].

(4) FHT

O arEa—ZMREom R &Ko TGS IO RIS R L T&E . 72 & 21T RSA Security #1733
1> 1999 4F DES f#fc =2 > 7 A hC, FEEF|H{K EFF(Electronic Frontier Foundation) 3824 72 ) BRZR D
J57C DES O 4Ei@—23 22 Wefi] 15 o Cfifst SNz & WO RENRH L. D7, LV EHE TR L4
7elE B & LU C, AES H5 5 (Advanced Encryption Standard) 3 K [ H S B H LB A [1 7)1 HIE S v D .
@ HLEF—ZRETLOMNERDH Y, BEFTICEENDERERH 5.

© HEH 1 ALZER 1AL THSZEELS O Hailiddhds—i3 1 EE X, Ll N
ADPHHEIARIE LA D 720 T, ld —OfEIINWIN — 1) /28720, @ —NRENRNEI D ICE
Y5 Z LN D

-14 -



2.4 RSAREE

(1) J5#

RSA 5 51% 1977 452 R. L. Rivest, A. Shamir, L. Adleman ® 3 A725BA%E L7-H5 5 [18] T, RSA L3 A
DIXLFThH 5. Z OREFIEITARF —IZ X 2K 51E[19][20L,21]0RERHBI TH 5. Z DR FIEOZR 2N
IR E R BHOREDO BRI A NEE TH H[22],[23]12 L IZESW TS, RSA S DFH A T2k~
D.

O REheFHE 2 HETDL. Thbkp, qr7 5.

@n=p-q, o=@-D(@-D&B<.

@ X k-p+l=e-d ZiHilzTe, deihOD. 72721, KIARE, e, diTFHHET 5.

@ eblnOMER FOEEHTICEINIART—E LTART . ZEHFITdEnOMEZE X — L L T
Bz LTRL.

® BEOEREHIFIZOAMFT—2HVT, EXMERXTHELT D, ZORE C2AMF—0RT
HETHDHZEFITED.

C = M¢ (mod n) (2.6)
® ZEHEEHORES—d i nOMERNTHET . KATEETE 5.
M = C% (modn) (2.7)

RSA B BIEDOEMIEL, XAk 28T —elndily, KEE2EETHMBET—dLnOMN
B8 TH5.

I F TE LB ZIRRD.

K2.6)DCH 5

c4 = (M®)%* = (M) (mod n) (2.8)
ZLT, @b

ed=kp+1=k(p—1D(@-1+1 (2.9)
L7ehRoT, A4 7—OEHMNE

(Med) = M*®P-D@-D+1 = M (mod n) (2.10)
LD,

-15-



(2) A5ifsE 2R
50 EDOOBNZR LW DODDOFESITE Y72 2 T OBEZ XSO 5. T2 & Z1FFK 2.5 O L9 ITkHED
J5. BELEWVEL TBIEE) Z80WET, ) 2HEICERT L EROLHICRD.

05 26 40 03 55 56 02 31 13 70 |
ZLTC, INLOEMEOREIY Fa, 2 #iTidl, BRI LIIRULONR U THDS. £D
B IR 72 BRAE SR B ORI T 20 Z2BET 5720 TH D, T2 TIRHEEIOZD 3IHTT LI
Xz ticdsb. 758

052 640 035 556 023 113 700 |
LD, B, HEOEMEIL2HII/RDZDT, 0D 1 HiZ2BIMLT3HICHZTHS.

K25 OLNRLLFITHIEST b HE

» 01 A 02 ) 03 Z 04 55 05
7R 06 x 07 < 08 b} 09 z 10
S 11 L 12 7 13 t 14 e 15
7z 16 5 17 e 18 < 19 & 20
A 21 iz 22 Y 23 1 24 D 25
i 26 O 27 BN 28 ~ 29 E3 30
E 31 P 32 e 33 H 34 3 35
L 36 ECRE] 37 P 38 EEgE] 39 X 40
) 41 0 42 % 43 e 44 %) 45
) 46 vy, 47 % 48 ZEH 49 ZEH 50
i 51 & 52 < 53 7 54 = 55
=y 56 C 57 7 58 Ren 59 z 60
72 61 B 62 -3 63 < 64 L 65
% 66 ! 67 — 68 . 69 o 70

JR B TR R TZNMEFZ IR © THEBRAHED TV <
© 2 >0OFEHp, qeHETD. 0L E, BT 2HMENR I THLING, FEpLqDFEH 4 Hibh
Rz n X085, 22T, p=31, q=37L0D5.
@ n=p-q=31%x37=1147, ¢ =(p—1)(q—1) =1080L ¥<.
@ KX k-1080+1=e-d Ziiil=Te, daikdbH. 727201, kITARE, e, dIIFEHET 5.

k=1, e=23, d=47 £715.
@ ABF—e =23,tn=11470MZRFOREFICAKT 2. REFIXAF—2 AT, F3Xo 3 H#1
A T 052 640 035 556 023 113 700 | % C =M® (modn) THiE{bT 5. K1 [ 420 360
994 519 325 856 534 | t7eb. Ik, AMF—EFITLIEZEEITED.
® WEX—2LOZEHIIN T LE M=C(modn) THESTDH. EEIX T 052 640 035 556
023 113 700 | &72%. Zz 2 HiOBAEIZIXE) D &30 2 HildE & —8d 5.
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(3) &Ar

O BEMNRE. ZIUT 2 >ORBORE ML RETH D Z EITRRNT 5. AFF—IXAR I T
WHDTHETHR S L TERETED. Ll, B LENREUIAMF—TIIEETE . 2
NEEEFTELOIIMEX—TTTHD. T7hbb, fTHLHFLL TEEFETEIN, HETEHIAE
MEX—Z2FA L TCWDHALETTHD.

@ WXOEHNES THD. ABF—I1TAT 50 THEF—S ZFEICEHEITIEI V. 2 AH R
AR T 254, LEF— R KT 5 &L 2B T 5 X ofEiTb e TLwv. ez
IEN AR EICE AT 256, @F— 0548 TIENWN — D) /2O X NLET /5015 L, &
KD 7 X OEELIT 2N #5721 THte.

@ BIBELETHIZLENTEDLETHD. MEX—TEXERELT DL, ZHITARXF—ThRWVE
WETHZENTERV. ZOWEF T 1B LI, ZNEFHA LTS NIARANTE T THS.

LMo T, MEX —CH L SN B SUIRME X — 2 AT 5 N TRV EERTH Z &N TE 0.
ZDOZENHERY A L OREERT I LICRY, BEFEAELTEHNTES.

(4) AT

B bR L OMESOLFIEE BN L TH D, A MRSV ESCREB O L 5 ITERENSZ WG
WCITALBERF R N R < 72 5.
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2.5 FEMAHh{REES

(1) Jt

BRI 513 Miller & Koblit (25 >C, ZAZNIMIIC 1985 4E L 1987 RICHRE SNTKi 5k
[241,[25]CH D. EHLBLAMF—HRNTH D, K5 BRI 5 0% Ak RS M s b oo N 5 o R
PEIZEES N TV D, HPERQABEM TH - T, Q=n-PEHZIINERENEZ KD L Z &L NES T
RNDNHThHD. —RIH MR SicB 0 oML 1L, Xy =x3+ax+b (ab: EH) OFT
FINHWMMBT, xhz PO ETFRBRERCHD. BTN D IO TR = EAF 28T 721
AUTZR B2 DT, 4a® +27b% = 0L W\ D HllBRGAFZ5%1T 5.

WSROI IAE AR DO TR EN D, B BLdH D WVITE B IFE M iR Lo SoME N LEIZR D,
INEDEFE [26],[271,[28]1,[29],[3011F KD L H IZHAD T EN 5.
()2 WA EZRDGEOMENL, HPE Q%A ED EAM L AEM IR E DR EZRD, Ol L
TR DHR%E R=P+Q L TEDDH. TN #([X 2.4 (a) ITRT.
(2)2 WHER D5 EOMEIL, Z D RPITIT DM & MM MIHR & DR A RO, TORMExfillzBi L
TRFRIZ/R D HR%Z R=2P=P+P L EHDH. Z DT %X 2.4 (b) IZ-7T.
B, TNENOHAEDE R ODEEIRATH 26N,
1) %7225 2 8P = (xp,¥p), Q = (x0,y9) D & &

2
_ [(YP=Yo\ _ _
Xg = (—xp_xQ) Xp — Xq (2.11)
v = (222 Gop = x0) - 7 (2.12)
XP—XQ

)2 mNEP = (xp,yp) T—ETH L X

2 2

xR:CZJﬂ._%P (2.13)
3 2

Yr = ( xzpy:a) (xp —xg) — yp (2.14)

; :
' R
§ {
i t
r
!
:
:
T 3
L
t
¢
/\ o
R=P+0Q -4

(a) 2 MR DGE 1) 2 ER T 546
X124 F5HEROMNE
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PRATHE MR 5 DR B 238~ 5 . FEMFROME A2 W5 TG T 572018, FEpalhs T 2%
ROEELFERNDZ 82T 5. T77bb

y2=x34+ax+b (modp) (7272L 4a®+27b%> =0 (mod p))
Zl =T IEIECH 5.
O I N—T @RS Er, N—ARA N E Py, EEH A BLOZES BOXHF—%TNENA,, B,
LT 5. EREELEZEEOMEX—%2ZTNEha,, byt T 5. N—AKRA b, ABHEF—IFEETRS
A, ZN—7IEEEL, EX X1 SOHIETH L. AT —ITN—AKRA  FOREX—(E LT 5.
T2 bA, =as-Pg, By=bs-PsCh5.
@ EEH 4 1FN—RRA » bPp L ZEH B DARF—HEGB, 2 VT2 2D 5225 5. H 1S
Cy R AUTFES N T oL 5.

Cr=7-Pg 2.15)
@ F2MHC,ZINTHOL b, L LMITEXLTHD.

C;=M+r7r-B, (2.16)
@ EEHFIIZEHIC2ODOEEC, CGEIEETS.
® WEEZ T ZEFILIADOMEX —b2HWT, KR L->TEET .

Ca=bs G (2.17)

BETErHBZIRRSD.
KQINTEKD L HIZEETE, TOEIRHELND.
Co—bg-C,=M+71-By—bs-(r-Pg) =M +7-(bs-Pg)—bg-(r-Pg) =M (2.18)

2L, ~A T ARG TH DT D2 > VAT 5. $720bb, yEFEEp —yD
EICE 2 THAT 5.
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(2) AR

FEATmEMiHTy2 =3 +xThD. £07 T 75K 25 (R T. BT 5 Fpldp =61k
T4, Wb IR TE D EDOMEEIL, y2 =234+ x (mod 61)DBED I3 ERD. FDEEM
26 12T, KL, N—ARA U R Ppads 1 DG NE LTEBEDT X TCORFE A 73 HE2 &K ST
FELTHD. TNEND OS2 2.1 (TR

2.5 R o FEM R

70
13
60 o126 o5 o
25 ®f19
- ' 9|35 |lgl57 ol 73
o6 #1181 - z
>0 1. 22
e2 (@] 21 @] 51 L]
® 63 °
S e P e
I |
40 II60 | |54 L s .8“64
70 o 16 P>
'I X 46
142 ' 24 ®- 36
e ) gl +59 § [T
30 ol 41 @47 ¢/ 15 Tel12 11
| 14 |1 50 938
° o 166
4| @58 128 o_| 44
32 | @ 29
0 ! e 20 — -
20 b T | 2(|) ] 10
¢ | 93 & 65 11 L1 led 40
ol 72 1#]53 o] 1923
' (]
10 56
' SR 55| 1941
® |49 17 $.
| —
o 48
0 10 20 30 40 50 60 70

2.6 K& HIEREE B D AR
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# 2.6 F5H dHREE 50D g D JE A

No. X y No. X y No. X y No. X y
1 59 7 21 23 47 41 7 28 61 54 3
2 5 47 22 45 52 42 14 37 62 56 32
3 17 23 33 14 43 2 16 63 29 48
4 25 24 52 31 44 47 20 64 48 41
5 35 60 25 24 56 45 32 40 65 18 16
6 1 53 26 19 59 46 34 37 66 42 22
7 26 11 27 28 32 47 28 29 67 26 50
8 42 39 28 34 24 48 19 2 68 1 8
9 18 45 29 32 21 49 24 5 69 35
10 48 20 30 47 41 50 52 30 70 9 36
11 29 13 31 2 45 51 33 47 71 6 44
12 56 29 32 14 24 52 45 9 72 5 14
13 54 58 33 7 33 53 23 14 73 59 54
14 13 24 34 41 45 54 27 41
15 38 29 35 37 55 55 55
16 16 38 36 60 34 56 20 7
17 43 7 37 0 0 57 43 54
18 20 54 38 60 27 58 16 23
19 55 57 39 37 6 59 38 32
20 27 20 40 41 16 60 13 37

P BT ARSI J &, K25 MV THEICES A 5L, 105 36 13 32 21 11 02 |
D ZOBIEE yEERE L T DAL T (24,5 (9,36) (29,13) (28,32) (32,21) (26,11) (19,2) |
Thsd. Ihuakslkds.

O Zn—7@ilEiEr =3, X—ZAKRA 2 FEPy =(59,7), EREEBIOCZEEOARIT—2ZTNT
A, = (547), B, =(3560)LT 5. EEEHLZEHFOWEF—ITTNENa; =2, by=5LT5.
@ %1 O EC, 2 RAUZHE SN THL B,

C,=71Py=3-(59,7) = (6,17) (2.19)
@ 2 O FC, % XM E ZEHEDOREF—%2HNTDOL 5. FEIXDHE 1 SUTOFEAE(24,5) & b
% &

C,=M+r7r-B, =(24,5) +3-(35,60) = (24,5) + (38,29) = (48,41) (2.20)
[FIER 72 2 & 2 LD CFETZT D K. B CldRD K D127 5.

[ (48,41) (29,13) (19,59) (14,37) (47,20) (45,52) (29,48) |

@ EEZITZEZIC2ODNEC, CGEIGETS.
® WEEZTTEZEEITADOMET —b 2 HNT, KAUTL > TEZLT 5.

C, — by C; = (48,41) — 5 (6,17) = (48,41) — (38,29) (2.21)
ZITC, YA T ABFEPFNTWLEEIXZOW e E DL D, Tobb, yEEDHE

p—vy=061—29=232 (2.22)
\CEZ TNET 5.

C, — bs - C; = (48,41) + (38,32) = (24,5) (2.23)

ZOEREEBRY KT E, IROLDIZESFTES.
[(24,5) (936) (29,13) (2832) (32.21) (26,11) (19,2) |
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(3) &Ar
AR B ONF —OWEXF—DE X1, RSAKEOZN LY LEVWESITH-TH, RSA K
LREED RV ER TE D,

(4) FHT

Z BT A T iR SRS R O R E WD HETHHOT, EEOEKEZHHICESZ &
X TERNEWIFIRINH L. LBl o THATE 2 EUCHLIRAR D D, ZNEHE LIZOR A Y
— A+ U7 VA RNUREEBIITH D, FEMEER LR OFK Z/EF ##ER D BT R b RS RICfE
HATELIOICHBRLIEBDTHS.

PLEGRART & 72, /N—F AKEE, DES K5, RSA WS, Z L TR aRmREE1Z, & 1.1 () Tl ~7= 1|
BaEREFICER L, ThERITICEOEFRETIHAIHYTLERNAT 4T ThD.
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26 RTHITS5T4

INNBIRRBERATH ) T 5T 4L, RETHRNDEFE» LIT
VITTHD.
AT TT7 410

, B L1 QNTHIYS T B IEHANA T 1

IERNAT AT D1 OTHY, 53 LI WOREBEGCRE CEZTEO B HF
GO T — & ZE# L CHOIATRRHINTH D, BIOBEROFITHDIAD TLE H> DT, FERHB
OMELENREBINTWDZEHEKEZRT LN TEDHIETHD. LER-T, bbbk
INCBINTARE T E 5 51532, 33, -++, 131 TH 5.

(1) JsiEe

73 8 By b OHAFIRERIL 8 Oy h S L—
IZHRE, Rk, HRICOMTE L. —BRICAFEWREGRIL LIy N L — il 3 EE ZIZBND
@i#ML%< TLE Yy M7 L= 2 1 E EBN L EITEHES e 0 R LEED S W O HED B

B ZOMWERIER LI-ONATH ) 757 4 DFHETHS.

LIFETI%, LSB (Least Significant Bit) (ZAHY 3 5/ Mty N7 L —r%2 by N7 L—2 0,
(Most Significant Bit) (Z

YT AR Yy NS L — Ay N L—2 T 2T 5.

CHfRTE D, T —HBROBEIZE, S5

MSB

X 2.7 OF 7 —EgEIRE, fFE, FEOEy N7 L — IR LTEERRE 2.7 THhDH. Faor
Y N7 L= 01CBIT HHBITE L > TBIRD R EAEIC AR D, 2Oy 7 L— 0 ICHERIG R
FHESCE A DIATe Z E N ATREL 72 5. 7B B, Wi XCEDOT « VX VERIT To) & 1) of
HEDETHY, TNONEL DT LML NFIZRIBEEARH L0100 THS.

X127 H¥H72 S

#27 K270y NS L— L HEE
vy b L — &R Red

Green Blue

'y N L—7
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By h7L—r6

vy N7 L—r5

vy N L—24

Ey 7 L—23

Ey L —22

Ey h L —1

=24 -




'y L —20

(a) RLHE LR DDA

WZRELNN D F 7 —HBEOREE Y N T L — 02T AFx—a3— Rk, ke, ks, kg, ks, ky, kq, kol
ERESELES LTHODIADSEEZIER5. DOy N7 L—rOffEOER LFIL, BEROSGE &Rk
2, B TAE 11T 15, b bfA%E NITNIIET D, TAXF—a3—R Tk, ke, ks, ke, ks, ko, ki,
kol ZEHHE Y Rk, B 1 By RTO0REAE Yy h 7 L—2 0D 117 1 5~11T 8 FNZNAIZH DIATe. &
NZEH 28 IT/RT. ALy 7 L—2 0 WNIZ, Fx KN X N/BEDT A% —LFEMHIATeZ LN TE

.

ASCIIa—F

ko kg | ke

k4

ks

ko | kq|ko

L

27
26
25
24
23
22
21
20

Ky Kg Ks Ky Ky Ko K Ky

@7 AF—a— RBHEOIAENLREE Y b7 L—20

P NWDS OO N -

123 456 78 . . .N
LREE Y hFL—r 0ICHDIAENT AF—a— R
28 TAF—a— RzaREEy h7L—2 0 ORI S
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(b) BEE GO IAL ST

WIZ, HEFREM x MO 7 — gz BEFEEN X NO D7 —BERICHEDIATSE 25, HiATedy
EIX ?%mx k7x27+k6x26+k5><25+k4><24+k3><23+k2><22+k1><21+k0><2° ThsbLx,
X 2.9 1ZRTEINE, Tky ke ks, kg ks ko ki ko) D8 E Y Nty N7 L—2 0 IZJEFICHDIAT. 2
NEAZT LRV IRT L, BT —HBEZHOATLZ ENTES. 72720, WHRN x NOEBRIZHDIA
D 5 R KDEFEE Max x Max!Z, l@@ﬁfﬁ‘iﬂi/]\ffﬁéhéﬁ/\ %, Max? < N?/8IZHilfR &
nos.

ETE:4

CIER IBOAD DERE
[] Max?=N?/8

Fﬂ;rqfﬂ_[ﬁ:h X 27+ kg X 26+ Ks ><25'|-\

+ky X 244 Ky X 23+ k, X 224 Kk X 21+ kX 20

< 3 3 B
Z & Ef

X 2.9 FhEEmG 2 0IATe Y
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(2) PR
O MEELZHOIAT L X

W FEE 128%128 DI F—HEOMREBEE v hFL—2 012305 TABC) ZMECEL L THDIALES
Y. F TA) O7 AF—2— R 101000001 #%iHE Y b 1 By MFoRkEary b7 L—r
0 ® 147 1 5I~147 8 FNTHLDIATe. KRIZ, XF [B) O AF—=— ] [01000010) Z/REEy 7L
—2 0D 24T 1 5I~217 8 FINZHEHIATe. RFAIZ, XF [C) O7 A% —=— R 101000011 % 347 141
~3 4T 8 FNTHLDIATe. SUF TABC) ZHLOIAO -GN 2.10 TH 5. ZHNLISOBEHEIE AT T —H
BOBBMHOEFE TEF L.

X 211 OO 7 —HEOREE Yy T L—2 0 O 147 1 51~3 4T 8 FI% (X 2.10 (2R3 HEEICE R L
THLOIADT- I T —BIERX 2.12 THDH. ZOEERNATH ) 7T 7 412X DIERANAT 14 > 7 EigT
b5, K211 L2102 OFEWERIRTHEAIT2DIXRETH A .

R N Wb~ oo N -

1 2 3 456 7 8 . . . N

[X]2.10 FESCE TABCl ZHDIADT-RAY Y h 7 L—2 0 D

4 2.11  HDIAZRTO T T —Hifg 212 THHRANAT 1 2 T ER

@ MEXELHETDH X
B 2.12 2B CFIERATBAE LD 213 OFREHTH L. REFNIZHD 4 DOINTED 1 F7]H
NEWZ (o FEAE, p FEER), (REBIFEE, FREABSEME, FOEERHE), Ry h7L—r 0 OEFEE) Th
B 1270 U JEEE, y FEEENTEEALE O (+1) 1T (or]) FIEERT 5. REOHENO ENSE 11T, #3
17, BSATIET AX—a— RO L4 v b Tk ke ks k) 2L, 56217, H41T, H61TIITA 4
'y b Tks kg ky, ko) R 72 20X, 11704 Ew M 10100), 52170 4 £ M 10001,
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AHT 101000001 &7 T AR —a— R [A] 2F£T.
INTWNWBZ L EZHERTE .

DTRETHD. LINoT, FESTENHAE
DT AF—a— RELFICEBR LU TERLIEZONK 2.13 DETERSO

REENTH 5.
## cipher - 3D-FFT — O e
IR BEE =RV ALTH)
D= E 7

&IEH0L finished!

CEEZ  @3=f@ bitplanel(R)

D,D) (078,072 ,058) (0) (1,00 (079,077,038) (1) (2,00 (074,082,038) (0) (3,00 (072,075,037) (0)
4,00 (058,081,024) (0) (5,00 (052,059,025) (0) (&,00 (044,059,023) (0) (7,00 (049,041,028) (1)

D 1) (080,074,040) () (1,13 (075,078,035) (1) (2,10 (074,083,037) (0} (3,17 (070,074,038) (0}

4,13 (058,085,027) (0) (5,10 (044,057,022) (0} (8,10 (041,055,017} (1) (7,13 (042,059,027) (0}

0,2y (084,081,043) (0) (1,23 (075,078,035) (1) (2,27 (074,083,037) (0} (3,23 (072,079,041) (0}

4.2} (058,085,028) (0) (5,27 (044,057,022) (0} (8,27 (037,053,015) (1) (7,27 (035,054,021) (1)

(0,3 (080,082,042) (0) (1,30 (074,081,037) (0) (2,30 (074,084,041) (0) (3,3 1074,080,040) (0}

(4,31 (060,049,032) (0} (5,30 (044,040,024) (0} (8,31 (038,055,017} (0} (7,3} (034,058,021} (0}

(0,4 (080,082,044) (0} (1,4 (077,085,043) (1) (2,40 (078,087,045) (0) (3,4} (078,083,046) (0}

(4,40 (057,064,029) (1) (5,41 (044,054,0200 (0) (8,4 (039,055,018) (1) (7.4} (038,058,023) (0}

(0,5 (073,077,039) (1) (1,50 (073,079,041) (1) (2,50 (074,084,044) (0) (3,50 (074,079,042) (D)

(4,50 (064,072,038) (0) (5,5 (052,043,028) (0) (8,50 (041,055,019} (1) (7,50 (041,057,023) (1)

(0,4 (075,081,043) (1) (1,40 (080,084,048) (0) (2,40 (080,089,051) (0) (3,80 (083,087,048) (1)

(4,60 (072,077.041) (0} (5,40 (094,044,028) (0) {é,4) (039,053,018) (1) (7,8 (033,049,015} (1)

(0,7 (081,099,074) (1) (1,70 (079,095,073) (1) (2,71 (080,093,072) (0} (3,70 (079,090,064 (1)

(4,71 (063,072,048) (1) (5,71 (048,040,032) (0} (8,71 (034,048,021} (0) (7,7 (030,043,013) (0}
A4BC

L7 NUM

213 {212 B4 L RESE

@ MEmEGZHOIAT & X
&: EG5L 64x64 D F1 T —Hifg A % FEgE 256 X256 O F T —Hifg B ICHDIAD HBEZRT. 7
FifE A D 1171 5)~6417 32 FIDOHHEE S 'y b Tky, ke, ks, kg, ks, ko ke, kol %, 775 —[Hif B D
Ey%7v—y0@1ﬁ1ﬂ~mﬁ0%ﬁmm IZHEDIATe. TVAEIRE, Rk, HEOAIAT).
IHIZ, BT—HMBRAD11T335]~641T 64 FIOMBEES 'y ha T —EE B DOy h7L—1 0
D 6517 1 5I~128 17 256 F| DM (ZHLDIA T, %h%%bf_@#zMT&;é

B3 %2256
B %164
. -
- ~_ ;
2 \%;%*;&64 x32x8 o
15 —E1EA \& 6
BE=%64x32x8
—E14B
£ 2.14 W A & Ef% B IZHOIATEA
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2.15 INHROIA TP (R HL 64%x64) TH 5. X 2.16 137 DM & HL6HIA D 7= {4 (M 3E 5L 256%256)
Thd. ZHBATH I 777 4 2HOTERANAT 4 JHBTH D,

R )
7

! { ¥ ‘[r'f | :é-? » \ v .,"\
X205 HOAGER 216 X215 ZHD oA 7 4 o 7

@ HOIADT-HBREFET D L&
HATOATLFIEOWFNETIT) Z LN TE 5. X 2.16 DEENLHE L-HIENRK2.17 TH 5.

X217 [X2.16 7654 L7 i

3) BT
I {4 0> (SR SR RE i 2 DAL TN D 2 & HRERT 2 LN TE 5. Lo, MEX
EORERENEESN TS S LBT LR TES, “D= LR, Hi2.1~Hi 2.4 Tlh7- 8 —F AR
%, DES WSS, RSA WS, HMMRIES L IIRE BARLETHS.

4) %ErT
O S EAZXFT DIERTT.
@ IBETXLEHEHRENFHIRIND.
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27 BFEML

BB UIMEE U2 OB E 2 B O G O I HLD AT EAN ©, IR T4 > 7D 12 Th b,
BOBEGEOHIIDIADTLE D DT, HEBEGERRIN TV NENIESITIIRATE 2. &
LI RERGE AR SN TWA S 2O NANE HI0T 5 20k THEEHIC L D AEHER
THZEaPIEL X5 &THEAN[132, 133, -+ 257]CTH 5.

I, @%éﬂbtx%ﬁ/ﬁ?74@m§£%3o@ﬁﬁﬁ%ﬁﬁa

BT EAMTO BN R 58 TH D, FHBPLIEE=ENHFA R at—LEWBALEYT5 2
& xBTS 2 &%E%&fé@@ﬁ&&mf&é@ LT, ATH T 7 I HMEANERE EIC
RETHZ BN E T HHOIARTINTH 5.

B2 OB, FEEEEBGICHTIERBEEOENTHDS. WIRTRD Z LN TELREBLEZD
WESICRR SN - HEBR O, 60 0EEBN LY BELEB CTH 50, REBRIIH D O\ ARY) TS
NOREEBTHY, BESCHERNOTONLINEEBR THD. ENERGET D7D DEIFAEFFE )
LThd. ZHICK LT, REBIFTEECIER HFEOREBHROZOMEARBER TH-TH LV, &
FROIEZ OO IAENT-REERTHD. ZOTDOFEWNNATH ) 757 4 ThbH.

FEIOBRIT, BTENLEATH ) 777 0 OMERE LT, BRI BEOFENRERD. AT
T 7T 7 4 BED O BN, B 2.0~ 2.4 TR T & 72N—F AWFE, DES Hi%, RSA K5, ¥5
M BRI & RIS T _RCEETH D, TSR LT, BB L TRV EzEETHL. =0
CEEIRERETHD. T2& 2T, B4 PR 2B T DL, EFED» LUSNDOERANA T 1
VU TCIEHRAE LTEREESCHERGARE S ELTLE BN H LS. LrL, ETENLOGE
CIXSEHE R 5 O T, FH A PEE 2 1B L THREREMTR L, A LB T O MG
EHMI L E(BIZ S,

(1) J5et
HIVER L & BAEFEENAICR AN D . BANSHIEREITRD 2 BB TH 5.
@ WS N<N ORBE IS 4 2 ERELBEECR{0;()} () =12, N)TRERT 5. £ OREMFEKam, %
WATHRMNT 5. 77 —EgOLA IR E, wE, Sa0RBREEENENETT 5.
Amn = Z)=1(Zi1 Aij 9m (D) @n () (2.24)
(nLn-—ll, -,N)
@ EEfREEE L, TOERHUREE I FEB K (12RO L 5 ITHDATe. DL ETH#RANA T 4
YV HBHERIET D Z L TED. 2L, MIMEEDFHT 0<k<1, HyldEHEShBH T
0<H;<255 £¥5%.
Hij = (1—k) K;; + k- qa (2.25)

WIZ, FAEFETRO 2 BRECH D, FEMICITHEEOWEE CTH 5.
@ KQ25)ZHWHT 5. aiZOITF O TRMR K PN ET LS LIk Y, T LTRLEZFER
Thb.

a. = Hij—(1-k)K;;

=1 (2.26)
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@ L TRQ22)2WHTS.
A;j = n:1(2§vn=1 a;nngom(i))(pn(j) (2.27)
LLET, REEGAICERELZEGA ZHET D52 LR TE 5.

(2) TEHEFZBRA]
2FHADFERZAT O . WEBGOBFE L D FEEOMBEN R 56 L, FLWEAETHS.

AN BN R DGEDOERTHD.
O HEFEH NxN=32x32 OMEEB (K 2.18)% EREAZBER TRERT 5. ERELBEER{e:()} %

{%qn=J%cfm%%QH4J@J=1zw,Ncb=%,q=1a¢0nquﬁ02®m%6mT%@U

frta, HEORBGREREZNENE LT 5B
T, EBRREAEN T ORI L LT, REEGOBEREICKORE LTS . FREOEE Th
%, FPH[0, 1 DOBELLELECR YD k % B OME rand, 78 0.5 LD KREWRBIE [+1) %, 0.5 L0/hEW7R
I T—1) %, ME®HBO kFFEHOBFERIRET S, ZnaQ.28)ITxRT.
R, = {+Rk (0.5 <rand, <1)
—R;, (0 <randy <0.5)
[FERZR B A ke, FEROBBEMICHITI. AV DEREEECRINIA D LICR] 25 RFITH 5.
@ WICERFEEE &b T5. BErblic®HbEBEK 2.19 ([TRT. TR LB % mEFEHK
128x128 D BEMB O FIZ EFEXT5H. 23220 THD.

(2.28)

X1 2.18 FAEEE {5 X219 #={b X 2.20 ELiEG A BEX L B

LT, X220 ZHEEE 128%128 O FERIZ(Q2.25)T IS W THID AT, I FEGIZE 2.21 T
H5H. FELZEBNRK 222 THDH. ZOBEGREHRNANA T 0 7EBTHL. 72750, XQ2.25DFE
Bkak=1/8L%ET 5.

X 221 71X (222 1EHAAT 42 JE
-31-



@ HEHANAT 4 7 EE O ARG EZFET S, BAEDOTZOIZ, X((226)EXQ2NEHEAE L, BHFEK
% 32x32 12 7. £ LT, Q28R LIZATLEI XIS T 572, HEEEOMIHEEZ & 5. ALK
ER3X 223 THDH. 2O L HIT, REB LD /NS et % AiER L B AICBNIRDIAT HIENE
B LEAME LTERST A vl chishTtng

X1 2.23 F/EWE
WA, FAEE# & h XEE OB NE LWEEOFEREZ R 5.
()ﬁ%@NMbuwus@%Eﬂ%lzmﬁ&ﬁﬁﬁ%@%f@%#é.Eﬁﬁ&%ﬁ%wﬁn%
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3.3 BRGRHRSTROFBEME

B 2 Bl O E % ORI DIATe 72 DIZI1E, DAL B OERAEH CTHIUTFEHTH 51F LIS
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IEHRE AL B R BEBMRES AN (ay, =00 & & ) | EBIURES A

(a;=0DL X))

B 7 — U 5
(DFT)
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polynomial)
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JRBAIFRE A B DFUR NI K E WEM TG OIFERE L S EF L TV DESTH D, EIRD/NE WS
IXEGOIFERBI DI Th D, ZORIRDPRKEWESG E/NS WS RERSL> THREL TV b7 BT,
HGOFERZ I L9 < 720, 2GR OEREEITIZ RIS .

LorL, HEEBZRIOEBIZHDIAD DB RO, ERGEOHARNEHRIFEEE LW LD,
5 OO EMREABECR O TR LLELECR N IS < EHIE A BECRIC L 2 BRSO AR S Rk b2 E
LW TH D E VR D.

-43-



3.4 s&HANGEFIEE
KITITRLIZE DT, ayy = 00 & SHREIELECRINT IS < IEHE AR BIECR LIS 0 R BHARE /546 B
VAR TRV, 2 2C, REBREUN X & TR LT 5 ik E R D, 2o HiEE L TIEME
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bin = X1=1(ZiL1 Bij @m (D)@ () (3.11)
@ EBURED OWHEITRAD K 5 Ik E & 5.
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(2) EFbDITIE
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NHDIGENINIBEDFIENLEE LINVE WS EH A2 Z Z CIEfRICR R 3.

BRI el 2 B ki i qa b B BLIC Ko TRAET L& ETel T5 L, RAN
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qa;; = Inja;;| + e;; (3.13)
CNEREEETHET .
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ZIT, ey hETNIEIRKEGED.
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R= ! 3.16
) (3.16)

1 vN N 2
I (2N, e
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T, FHERBABATENLZEZOEMUERBRRESLZ ENTES.

@ X(6.7), K(6.8), X(6.9)DWHKEZITH. FNEa LT 5.

® LT, ahbEERR A2FEETD. ZOFEFFIKRAO LB Ths. 72771, max{X,),
min{X;; J¥En2n{x,;}oRKE, BoMEE T 5.

{Xij = Zn=1C=1 Gn P (D)9 ()

r Xi]-—min{Xi]-} % 255 (614)

U max{X;j}-min{X;;}

® BB, Y17 7EB COEY N L—r 0Dy MEHiirte, FNHET A% — LRI EHT
HE, BANEMESLIZENTES.
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6.3 HI{EEER
1 K DG O I FAE R 1 K & RRESCE 1 M2 AT “EIFHRANA T 4 > 7 OFEBRF 2R, i

MNZ SRR 2 BET .

(1) &E1
EB oW BMP XL 5. EEOmFEE NxN 1368 256 W3, it 256 Mz L35, Z08
A, R(6.5)D Ul U=65280, (6.6)D VIiX V=0.06251Z725.

(2) BIE 2

ES %%L%ﬁﬂﬂﬁ%ﬂirMmmmmm(WMMmMmmmﬁjﬁ%ELk%@f%é.%@%
LELECR AN OELME S 2 fgsd L Tl <. MERIZITN A ZREL W 5. & 6.1 13F8/E L7z NxN=65536
@@fUﬁﬁ%%m%mﬂoﬁb%k%@ﬁ@@@mﬁﬁﬁ%%ﬁ.%61@ﬁ4:%@@@u8f%
5. ZOEITEBEE 9 TRERE 0.01 DBEEDOTA RO 217 LV /NSRETHDL Z LD, #HEFEL
UL 9% DR THEHITHIL L T\ D Z Lic7e %, BELECRYIZ 256 17 256 SO VEHEIZE L= T T 7
N 6.50)TdhD. Z DELIELERY Z W THESE L- IEREAZBEESE 0,() (i,j=12,256 ) 2
6.50b)TH 5.

6.1 HLELE O MBLEE
BEHUE 0 1 2 3 4 5 6 7 8 9
HE
FEEL

6397 6637 6570 6537 6650 6561 6427 6481 6647 6629

(a) BELELECRAIINC & B 256 X256 175 (bIEEE L 7o IERBUE A2 B ECR 0; (/)
X 6.5 $HIELIRINC X 2178 & IEBLEAZBIHCR

3
BIBZEM D 2 JEREEZ RO L OICHRET D, A 7 7 BRI Yy F 7 L—2 001 By FOEFEZE
MARETD. WOIARFREZRT AF—a— NMEITIREE Yy 7 L—20 D 147 1 5ll~1 17 256 i
2, FFAE Yy h L —2 0D 14T 1HI~11T256 5N 32, £LCHFBEY hFL—r 0D 14171
_66-

(3)

% i

e



Fl~147 256 5 32 fll, &5t 96 il &9 5.

(4) &IE 4

ZOEBRTHWOMEXEIIRBE Y b7 L—1 012 [Sasaki Takayuki (male) |, #kfat > b7 L—1
0 (2 [Aomori (0173-#*-#%xk) | FE Ly h 7 L—2 01T [Good-feeling (cold)] EXiATrZ & &35, %
HE DT 83 (=32432+1NED T AF—a— R Th 5.

(5) XIES

RE %R TLERICIE S €y hoOBFEEREHAWD. REXHEOE Y ME1 L& 5E, By b
¥ DIXAFTD =6127%. D=6& LB ML, K(6.13)0 “HEEHNAT 4 J WG H & h XHE K
ORBIREN 05 L EL R 2l KO DERA LTINS TH S, 1217 L, Z0LE&DFRue /T A G 1%
HiEE2S {0,200 2 721 TRERR S N D IR C, LovbaRe, Sk, Hao@ TR 2 ELIELECRSIT
O HLNDIEBRTHD. FRICERHATLIE Yy M7 L —ViRE#RO 2 Jafisii 6.6 12725,

o 63 o
@

l . ..
| ® ® |
| .. O |
l % o
7777777777777777 ‘ o

| % 32 o
| ® .. |
| .. ® |
: o, o

6.6 FEERIZERHT 2 2 BHEEOEFBEZER(E Y M7 L — UiKER)
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X 6.1 O _FBEEFWNA T 14 > 7 EBOREBERICHITERTOEB L LEEFALTZONRK 6.7 THD.

Q G

Sasaki Takayuki (male)
Aomori (0173—kx—skkkx)

Good-feeling (cold)

v

C
_

6.7 “EfFWANAT 4 > VT EBORIMEEFE(EE & SCEEHRA)

HHERFEDOY A 7 7B CA2FK62I1RT. BZLDOEY N L—r048HmE, By R L—r 00
1AT 1 H~11T 256 HZ#E 2 15 X4 2 i LEIFEE A 255 5 LI RK 2 2O FIcffied 5. 2L 0

D UMLE DN E 1

T, BEWZENEE 0 THD.

#£62 RMELENMEDIAENTZVA 7 7EBCOE Y FTL—20

ZADE Y N L— 0 Eif (LX)
AT 1 HI~1 1T 256 B ZHit 2 fi5 X 81 2 fi% LIBisR A 255 £5 L7 IR (TR X))
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okt
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Wz, MERGZERLEEL, S5y ML —VlnE L in@E g & bl 0 of ey b
TL—0~T7 BE 6.3 I1TRT.

# 63 WmEZEFLEBR QOO Y N L—r

vy 7 L— No. o gas)

By hFL—7

vy N L—26

'y NS L—25

'y h L —4

'y N L—3
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By hFL—r2

By hFLr—1

vy N L—20

YA 7 7 g C EIRERREEEE Q2R LIzAn 7T Alig G O{FBE Yy h T L—r 0~T B
6.4 2R,

#64 AT TAEBRGOEY T L—
vy h 7 L—> No. R

vy L —27

vy 7 L—26
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vy hFL—r5

vy N L—4

vy N L—23

Ey L —22

Ey L —1

'y L —20
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6.4 BHEEER
6.4 D _FEIEWANA T 4 > VRO RIS EAERTICHIT AR E CEAFALZONKN 6.8

Q
=
C
_

AR

’)

2

-

6.8 “EfFWANAT 4 > VB OB (EG & SCEEHAA)

A SN RESCE MOEKETZX 69 ([RT. REHRNOT A F— XA RECEOHLETH
D, TNLSMIERO - DICRE LI HEEATH 5.

i cipher(258) - 3D-FFT — O >
JrAWF) \EE F=FRV ALIH)
0= E 4

BERH

(1) &5 (MR
| Sasaki Takayuki (male] |

(2) fEph (EEEE)

[ Aomori (0173-%x—xxxx) |

(3) fEIA (BEAERE)
[Good—feeling (cold) |

—

L7

6.9 B SCE O AL
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FTE AIE L

AN HIVESZER & AR CRICIG 2 E LIS 5. TomwIc, “EHEHRANA T 1 » 7 EgRMA

ERP TR IS A EZ TG, EO XD RS ARBNBIN D & EER L CHIE & RHEiZ T 5.

By L= CHREOR R FR L TRIE L

PE[dBYIEERET 5.

7.1 I - BAEREROAIE L@

() FHEL7 —HEIEHRANA T ¢ 7l H (K 7.1) & FE(E K (K 7.2) © PSNR £ L OFHEIRE A H

ETDH. TORENPELTI THD.

72 11

5. BB OMIE S5 EIE PSNR ( Peak Signal to Noise
Ratio, HAAZ[dB] HIE &, FHBEIFREL (coefficient of correlation)ifllE D 2 Fli%HCTH 5. LA TIX PSNR O H

%

X 7.1 ZEEHRANAT 4T EE
#£7.1 “HEHIERANA T 4 7 EISR L S XFEERO PSNR & AHEIREL
R, fkta H
PSNR 24.28 23.94 24.58
FHBATREL 0.991 0.991 0.992
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(2) FEmG A4 (X 7.3) L FEEIE 4 (K 7.4)7 PSNR 1 L OMHEMREZHIET 5. TORENEK 12 TH

2.

73 HEmIE

('
74 FHEEE{R

72 WA EFLEE SO PSNR & FHBEREL

IR, o Se) H
PSNR 11.58 16.15 15.59
FHERfR %K 0.967 0.968 0.968

(3) FHAESCEOREILHAE LI UF CTHERT 5. HAESCEICITRMESCE [Sasaki Takayuki (male)  Aomori
(0173-#*_*xx%)  Good-feeling (cold)] 73X] 7.5 DAREMNITRT L HIZ2EA B E O TIEMICHEI LT
D.

# cipher(256) - 3D-FFT — O ¥

Tr{WF) REE FFRM  ALTH)

D | 4 R E 9
EEEHR

(1) & (MR
| Sasaki Takayuki (male) |

(2] {¥PR (EEHEE)

Aomori (D173- %% —%xx%)

(3) fE1A (BEIERE)
[Good-feeling (cold] |

—_

L7 .

7.5 HAESCE
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KERCHIE LTz —FEIFHRANA T 4 > 7 HEBREFNT 5.
CICIIMBIMRE ST TRl L TW AN Th DH. £

B OEERIT 128%128 B L TH 5.

B 5 IR O L+ 5. BEISER
DU AZR 73R T. 2L, 25

[CITHIT D

ST IEIE S E RS ClDSmA LT 5.

{4 & 7 T O AR BRSO Hril

#7173 _HERANAT 4T
UIN) ) H
A LD E D
THWANA T 1 v T & 0.991 0.991 0.992
77 3 15 O AR BEIAR L
ZE R L[CIDSH D
CHIEFRANA T 4 T EiR 0.933 0.934 0.942
71 X Hi% O FBAFR L

ko, “HEIFHRANAT 4 T EBOEE X2 B
[CITIZE Yy N T L— ZHRE L TR,

7k, BEW

[CIDHE XV F#455/100072 1) ] ELTW 5.

WIT, FBRCHA LIEHAERBR LT 5. fHMIFIEIZERmL(CIO%AE & EkT 5. kT 5HH
ISHEREOATH D, ZOER 7.4 (TRT.
# 74 FAWMG & RGO FHBISRE O ik
IR ) H
AL DT O
[LTRE R VAR 0.967 0.968 0.968
DFH BRI
BEmL[CIDOHE D
PR & FLE R O 0.970 0.970 0.971
FHBEEREL

o, HABEBOEEIZISEH L[C]D
EWEBETHEERNSD LEITE %_iﬁb\t% 9.

A XV IFEE3/1000721F 5L L TWA.
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72 WIAEERDAIE & FH
THEHIERANA T 4 T EBEMEERT T S AT G A, BAEEBRIZED LD R S AEBINE
D 0E LR UHE &R 21T 5 .

(1) S AEB OB
WS AIEBF OB &, BAEBEROEE & BAEGEDOS AT TULTIC

(a) FAEEBOLE

CHEEBANAT 4 VB HOME (1T AND 1 BENLSAEZIT D E, EORENFHABEGRIC S
DESITHND D ERDTH L. “EFBRANA T 1 JHIBH;, a7 T ARG, 7 XEigK;;OM
RRIFURATH 5.

256—2D+1
Gij = HU - 255 KU (71)

GU =QUX2+CU (72)
LIzi3o T, ZHIFHAA T 1 ZERDPAHGZALT 5 &, frERE Tl 0 73521 28I kaic
5.

AH;; = A(Q;; X 2+ Cy5) (7.3)
INEHETDE, BARBRIITIRS ARBEABND.

72 & 21E, mAT n VIOBBEP L S AZZT, HESE T EEGRIZECAQm, N RAE LT T 5.
ZAbiE=(6.7), 2(6.8), R(6.9)% I L TREMREIZE b Aay, & 5 %, & DEHRR(6.14) %I L CTHAER
BIc52%. XoC, BERBOEAALL

A4} = @ (Dpn(DAam, (7.4)
225, bbb, BARBRICITEREAREKe,)DORPBIND Z L2k b.

(b) HAELEOLS
:E%ﬁﬂ4?4yﬁ'@Hmm%iﬁjﬂ®1@%ﬁ&§h%§ﬁfu@ﬁﬁ%m¢ék,#47
BCER(T)DHBEZT 5.
_h%ﬁiﬁék,ﬁéiémﬁ§hﬁ%ﬁﬁﬂé.kkzﬁ,Eyhfv—yoﬁwﬁ%iﬁjﬂ
BEMEAKSAEZT, 08118, HDHWT 1R 0BT 5L, BESNDT AF—UFIIE(L%E
2D, Lo T, MAEXEDSCFIIMECE L B s CPIcB T 5.
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(2) S A FER

HVE L7 ZHEIEHRANA T 4 7GR E AT 3 EEOGU I AFEREITY . THUT 1 mELZSIAT
% [38Rk(a)) ETEHBRIZEY 57T [FER@Ob)), TLTEY N L—r 0D 1By h2BIAT D
[EBR(c)) ThD. LI, BIFRMEORBREL (RE, E, F6) OB TR 5.

[FEBR(a)) 1 BRGSO ER

W S VBEFEN R DA D FERR(@-1) & ER-2)Z1T ) WS ANEIZN T & b 128171285 L 4 5.
72720, D=5 THHNHR(6.13)D H =G + (256 — 2P*1)K /255 DO 2 THIX 192 K/255 (2725, %
LT, {iif& 12847 128 FIIZH1) 5192 K /255D i #EIL (51,54,37) TH 5.

FhR(a-1) . ZHIFBRNA T 1 ¥ VW H 55125 = (83,90,73) % (114,117,100) 12k S A9 5 E R

X, 192/255(% L7 XEEOEFEE (51, 54, 37) 25l &HT 5 &, mu s T AEEG D FEHE
Gi281287° Gigazs = (63, 63, 63) (BT HLETHD. SRR D L, Giag12e7° 2 JEMIEDMFEZE
MHCR T DA 63 ICHSASNIBAETHD. ZOERMEFEOHARK & HATELER 75 OF 2
N

FhR(a-2) . HIFRANA T 4 ¥ VW H 55125 = (83,90,73) %(115,118,101) IZtk S AT 5 E B

X, 192/255f% L7 XEEOEFEE (51, 54, 37) 25l &HT 5L, mu s T AEEG D FEE
Giag1287° Gizgi2s = (64, 64,64) IZZET DGETHD. DFEV, G287’ 2 EHEIEDEIFRZEMIZI T
HIKAE 63 % 1 2B T S AMEIC R 25 A5TH D, ZOEBRBEREOFAEG & HAETELR 7.5
D 3 FNRT.

775 1 HHBELES ADER(@-1) & FEBR(a-2) DRk R
Fzhi(a-1) Fhi(a-2)
THFHRANA T 4 v VB OEFEE A ZHIFWANA T 4 G OB E A
(83,90,73)7>5(114,117,100) {2k & A (83,90,73)%>5(115,118,101) (2L S A

i X ANLE
128 17 128 %]
IROHIN)
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G}

BIW
P 5 (14
THNZKT D
PSNR
k
FHEAGR %L
PSNR=(8.93,14.93,13.27) PSNR=(11.58,16.15,15.59)
FH BE£%%%=(0.089,0.093,0.116) A BEFA$5=(0.967,0.968,0.968)
# re_Gabor - 3D-FFT - O % # re_cipher(256) - 3D-FFT - O %
IrALF) |EE F=FRNV)  ALTH) JrfWE |EE =R ALTH
Dwdl +tBRE 7 Dwdl +tBRE 7
EEIEH EEIEH
(1) =& (R (1) =& (R
Sasaki Takayuki (male) Sasaki Takayuki (male)
A ) 7 (EHES) ) 7 (EHES)
Aomori (0173- %% —%%%x) Aomori (0173- %% —%%%x)
(3) fEIA (BRIERE) (3) fEIA (BRIERE)
Good-feeling {cold) Good-feeling {cold)
L7+ 4 L7+ 4
ZOEBFERIT, ASAVBERENPRKXETH T2 61, WSADOREIXTE A CHAEBBRIZE W
EWVWH ZEERLTNA.
(S S AUHEFAE)—(192/255(% L7 7 FER O W FEfE) = 64 (7.5)

Tbb, BHREARE RBEOLE AKEIIH LT

-79-
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ZTH 7.5 OER@- DO LR @_owf%owbﬁmé Z OFEBRIT 128 1T 128 Fl O HF# A A
&éhbt%ﬁf%é.%h@z_, BRI IERTHD 2 DOERELBEEIC X % #EE
0128 (D) P12 () DERREFF I BLAL TN D 2 O@E%EEQE%&% (2 & D8 0125 (D)P126(NDF D H D & TEH
B PR 126DV D7 T 7 HZNZENK 7.6 D(a), (OIIRT.

7.6 Q1.5 @125(J) & TEHBE AR @1,5(D) 7 7 7

1 BREL S AT K DIEBS 2 DO IEBEA BB OBEARIC 2 D 2 L&, ZEDRDIC, BERL[B]OS
BOEIABITRT. BFIm LB, 2 2D HIEREARER & L TAESNIC Haar BIECR, B2k
SN AIERBE R ZHAE DT ZEIFRANA 7 4 ZEgZHIEL TV D

CEEEANA T 4 BB OS] 1147 121 51O FEE A E FEE (255,255,255 IC W S A LTS E D
WS AR 7.7 (a) Td 2. Haar BB CHERL S NI R AN MHEBLL TWD. —J, %] 23 17 18
FI1 0D 1] F M8 % ] (255,255,255 120 S A L7238 OB S AJEBSE 7.7 (b)) TH 5. #EAIEHELRS
A THERL S VIRV BARR DS BLIL TV 2 DR DD 5.

(a)Haar BI¥UC L D R (b) A2 TERUT L 2 b TR
7.7 BERLBIOBE D 1 BIFEL X A
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MEER (b)) IESHIRICE Y D57 3R
BYOSTENPERDGEDIRO-1)EERO2)ZITH. B OSTATTAENAGRLEALTD.

FBR(b-1) - CHEERANA T o VG E BEIESTBIRIZER Y 5T R

FERFER AR 7.6 17T, ZOERTHEH LI XEBIL2 25 5. K(6.13)D (256 — 2P*1) K /255D
EA192K/255L T 5456 &, 191K/255L T 256 ThHL. MiBHEOLAEZE 1.6 DF 252, hE 0%
B EE 3 NIRRT
7.6 HEIEFBRIZEBD D59 3Eb-1)DORSFR
192 K/255& 3 5455 191K /255¢ 3 555

B HOSLTE
#oy
(hriE 12747
127 5% s
WZhEAEET
15 [Hj58)

A
BLO
PR i 15(7.4)
2Kk %
PSNR
k
FRBEREL

PSNR=(11.75,15.64,16.09) PSNR=(11.75,16.00,16.09)
FHBEFR%2=(0.963,0.104,0.964) FHBE£R%4=(0.963,0.964,0.964)
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#i re_cipher(258) - 3D-FFT - O * #i re_cipher(258) - 3D-FFT - O *
IrAF) BEE F=TNV  AILTH) IrfME |EE =TV ALTH
Dwd +tB2RE 7| Dwd +tB2RE 7|
EEEHR EEEHR
(1) &2 (R (1) &2 (R
Sasaki Takayuki (male] Sasaki Takayuki (male]
=
AR ) 1277 (EHES) ) 1277 (EHES)
Aomori (0173 %% —%x%x) Aomori (0173 %% =% %% %]
(3) i (BEIERE) (3) i (BEIERE)
Good-feeling (cold) Good-feeling (cold)
L7 4 L7 4
FERO-D)OFERIT, H WG O EEFFHIL 0~255 TH DD
(Fad & AR 255)—(192/255f% L 7= 4 X Hitg) = 63 (7.6)
Thd. Lo TEIZ K > TE 2 GO KIE 63 DBFEEIZ/RD ZLRH 5.
LrL, SEBRDb-2)DOFERIE
(A & AMIFEME 255)—(191/2556% L 7= 4 X i) = 64 (7.7)

Thd. £oT, RELBPUEOLE ATITIROAFEEZ & D Z & AR TE 5.

FBR(b-2) :  ZEEEANA T o vV ERE BAELFIRICEY S5 F R

EFRERERTTIORT. ZOFEBRTHER LD XHEBRIZ2 2H 5. K(6.13)D(256 — 2P+1) K /255D
EA192K/255& LIci5a &, 191K/2558 L2602 5 ThD. RiGO%HEER 7.7 DF 2512, %
FOLGEEH 3 HNIRT.

7.7 BAIEFIRICTE Y 53 ER(b-2) DR R

192 K/255¢ T 534

191 K/255¢ T 534

BOVORLT-
#oy
(ML 127 17
127 5% s
WZhEAEET+
15 &)
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FRAz

BLO
R P& HI5(7.4)
(1S oy B
PSNR
k
FHEAGR %L
PSNR=(11.75,16.00,16.09) PSNR=(11.75,16.00,16.09)
A BEIF%$5=(0.963,0.964,0.964) A BEIFR$5=(0.963,0.964,0.964)
# re_cipher(256) - 3D-FFT - O % # re_cipher(256) - 3D-FFT - O %
JrfWE |EE =R ALTH JrfWE |EE =R ALTH
Dwdl +tBRE 7 Dwdl +tBRE 7
EEIEH EEIEH
(1) =& (R (1) =& (R
Sasaki Takayuki (male) Sasaki Takayuki (male)
A ) 7 (EHES) ) 7 (EHES)
Aomori (0173- %% —%%%x) Aomori (0173- %% —%%%x)
(3) fEIA (BRIERE) (3) fEIA (BRIERE)
Good-feeling {cold) Good-feeling {cold)
L7 4 L7+ 4
BB OS5 TERERIL, E600HIATH-TH, WS AIZITROmHEELZ D2 & 23R T

5.

-83 -



[EBR(c)] By h7FL—r00D1Ey hikSAER

By h7L—r 001 By MEFEZRSATLHERTH L. ERITZEIGHRANA T 1 > T EBONE
11T 19 BN O FE (83,93,41) ZMEFEE (0,0,0) IZKSATDH. Thbh, By 7 L—1r 0 OHEFEHE
Z (1,1,1) 75 (0,0,0) ICHEZATHERTHD. ZORRER TSITRT.

#78 By FL—r0D1 By bt SAFERC)DMEFR

W E Atk & AHT

K E ANLE
(W& 14719
F(HROHEINY))

A
BLO
PR i 15(7.4)
2Kk %
PSNR
k
FHBAGREL

PSNR=(11.44,16.13,15.76) PSNR=(11.59,16.16,15.60)
FHBE42%2=(0.967,0.968,0.968) FHBE£2%4=(0.967,0.968,0.968)
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BASCE

g re_cipher(258) - 3D-FFT - | > i re_cipher(256) - 3D-FFT - >
TrE) B/EE =RV ALTH) TrE) B/EE =RV ALTH)
O=E 7 O=E 7

BEIGR BEIGR

71

(1) B2 (1R
Saflaki Takayuki {male)

{2) {ZFr (EEEE)
AdMpri (D173-% % —xxxx)

(3) fEfA (BRIERE)
Gofd-feeling (cold)

71

(1) & (1R

Sasaki Takayuki (male)

(2) fFPR (EFER)

Aomori (0173 - %% —xxx%)

(3) B4 (BRIERE)
Good—feeling (cold)

W AIRAIE 7.8 D 2 FIOFASCEIZENTWD., RENANO T A X —LFH/NICFD BRI
FUICEML TS, By b L= 001 By MAEATT AF—a— REFHICLETESH. LR
ST, AT H )T T 7 4 EITL S ANZK T HIERFIEIR TH S, WA D L, ZOFEBIIHI A
(2t U U 7 RIS 72 5
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73 Evw b TL—UERBEMRORL

By N L—VEBENGLIGEG LYy N L—VIREN WS EETS. £ LT, By S L—
VHRENH DIGEDOHTN 2 MICBWTAHR THD Z EERGET 5. 1 SITKRE Rk S AJEBR 2 7% 3 mi5
fEZ 1 PNCENTEDZ L, 9 1 AT EHEFRNAT 4 T HGEZEHELTELZ2LTHD.

ZOFEBRTHERTNLHEY N L—VlREL Ty N L=V R RO LB LEZ D Z AT
MEBBOEHLEBOE Yy N L—2 4%y NS L—2 0ICBLEZD, By N L—20%%FD
oy hFL—r 1ITBLEZD, By R L—r12F0 Oy hFL—0 2B LERLS, ©
Yy R TL—=0 2%y L= 3B LEAD, ELTEY M L—r3%2Ey FFL— 41T L
BRHZEThD. TOKTEK 171077, 77200, BEHEMHE nyx 2%+ +ny x 21 + 0y x 20 (3
y N — U ERET D I L o THFEME ng X 24+ -+ 1y X 21+ 1y x 20 ([28(LT 5. 72720, n
(i=0,1234) 1T 10 7 M1] OWTINTHDH. 7o, By M7 L — 508 O xS IRLE B o &1
LB DT, FhESCEITX G T 5.

By b7 L—7
Ey b 7L —26
£y k7L —5
v k7L —4 )
'y 7 L—23 )
Ewy k7 L—2 )
v b 7L —1 )
Ew b 7L —20

X 78 BEFEBGOE Y T L— CERET A

(1) K& S AR 2 7% 3 FE O£k

RERUZAE 2R THFMEOENEETARD 72012, 2 2OFn 77 AEgEHETH. 1 DiF
By ML= VIRER ORER & EER S XERE SR LA e 7T ABRT, 5 12013y b
T — UHREATO E LB L D XEBRAEGKR LA 7T AEBRTHDH. ENENDOGEEXBIT 5
72 OIZUR 2T after, before & T ILEIUST 5T 5. By N U—VEE LTESGEO EIFHRANAT 14>
7 G Hgprer i FIRATREND.

192

Hafter = Gafter + EK (7.8)
—77, By b L—VERE L RWEE O ZEERANA T 1 2 VB Hpepore (TIRATR SN D.
192
Hbefore = Gbefore + EK (7.9)

72720, AXEBKITIEY T L—VHEEICER L2V DO T, IRAFOMN 5% LTz,

(L& 12817 128 FICBIT D By F 7 L— VERER OWIZEMEIT Hofrer 128128 = (83,90,73), L& 128 1T
128 FICH1F D By b7 L— VHRERT OB Hperore 128128 = (67,72,55), FNLEIZISIT 2 A F ity
DFFB = Kipg1201% (515437) T %.
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LEDZ EnG, Ra 7T A% Gurreri2s128 = Goefore1zs12s = (31,31,31) ICH S AT 57201,
ZHENERANA T 4 TR A Hyfprer 128128 = (82,85,68), Hperore12s128 = (82,8568 S AT 2.

FORENDERFEREZEK 79 IRT. FH20NE Yy T L—UREHOBAT, £350ny
L— VERERTOYE TH S.

#2179 Ev FTL—EREORT - RITHBT S HEAEEE & FASCGE

vy b L= VRER OB vy b7 L= CREROYE

ZHIFHRAA

T 4 v i

(PLIE 128 1T

128 F(FROH!
M)

A
BLO
PR i 15(7.4)
2Kk %
PSNR
k
FRBEREL

PSNR=(11.58,16.14,15.58) PSNR=(10.61,16.17,14.53)
FHBE42%2=(0.967,0.968,0.968) FHBEFR%0=(0.248,0.264,0.312)
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#i re_cipher(256) - 3D-FFT - O o i re_cipher(256) - 3D-FFT - O o

JrilE BEE =TV ALTH JrilE BEE =TV ALTH

O H ? O H ?
SEER SEER
(1) &2 (1R (1) &2 (1R

BT Sasaki Takayuki (male) Sasaki Takayuki (male)

(2) fxFr (EFE2) (2) fxFr (EFE2)
Aomaori {0173 %% — sk k) Aomaori {0173 %% — sk k)
(3) 1A (BRAERE) (3) 1A (BRAERE)
Good-feeling (cold) Good-feeling (cold)

71 71

RT9DRT LI, Ar s T AEBONE 128 17 128 FIOMFEDS (31, 31, 31) 12725 K HIZ _HIF
WANAT 4 TEBOBEREEZLSATDHE, By MU — UIRERTOS A TR AR RIS S AJEBRN
RELBENTWS., 2L, By ML —VIREZOGA TR S AENTNTWRY. 2ty b
TU— U EEET LI LI o THEAEEBRRE BN DEENENMLT 206 Th 5. TOHE %,
5.1 THERANSE R TWD A, ZZTIHERTERLTAHD.

By N —VFIRET 5 Z LI X o TERHEFHEIEZR 7.9 D@2 HOICE DL 5. flhiTisE R & [
CEETHDID, EEEEIHEDIAD LD 2 EOHEOBERMEOIAEN LD L. X 7.9 () TIEA
D RIR K a D B TR B qalT (24,6, - - 31 OBEEAE T, EORHGEEKaD B F IR qalx
{32,34,36, .63 DIEFETH 5. L, K79 0b)TIXEADREBFEKaD &1 b%EHqalL{4,8,12,- - +,60}
DOFEHAHEIZ, ED R R aD &1 bf%qal${2,6,10,- - - 62} DEEEICE X b 5.

L7Zid>T, By ML —UlRERIORAEEZ HEE L7277 F7 7 &, By ML —ViREk O R
TALREZ WA L7277 7 H B D, o7 7 7 %X 7.10 O(a), (bIIRT . EERFREKaDHxt
ERARZVEIEAK 7.9 (@) T2 #FTdH 223, b)TIE 1 » FHCEN LI TN .

L7z o T, Au 2T AEBROEFEENAGLILINICELT S E, By ML — VBRI OSA IR
XREBMREIC 2 B2, BAERICKE BRI AEBNENS. L, By N L—VEREZ O
AIITRAREDY NS R B TH 570, REBRUIAVEBNIBN RN LIZRD. Zhidey N7
— VEREDOIRD 1 O TH .

(@t > b7 L—HRERTOSA b By N L—UERER DA
X179 Ev b7 L— U EREFi%OE R
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Ur °
L
°
e I J
2 31 63 ga
[ ]
-U-

(> N7 L — VERERT O S

a
ur °
°
°
HW
2 31 *e 63 qa
°
-Ur~-

by h 7 L— VEEEEOBRS

X 7.10 E» N7 L—ERERT - BOELRHEOEE 7 T 7

Wi, BEFAEREL ga (x5 A O PSNR 38 L OHBIGRE 2 EBRINET 5. EBRFEITRO®E

n.

O#EE % & LA ONE 128 1T 128 FI DM FE(32,36,36) % (0,0,0)~(65,65,65)NEIZZ 2 5
Q@FNTNOMEEEIZ IS 1T 5 EEHGR (X 7.3 2 FAE SO PSNR & HHBIREA HIET 5

By ML= EEROSBAICET SMEM R X 711 @Y. By ML= ERERTOL AT
B AUEMRZK 7.11 (DWRT. 7T 7 ORI &E T{bIREK ga, fitlhiX PSNR & 72 134MHBIfRE CH
L. 2L, Z77F0TRbRA, sk, H0 3 AR oRk/IMETET. 62 ORIEMIZE 7.10,

RI11IZENENERT.

PLEMNG, s E AJEB R < Bl 5355 28
DOy L —VERERITIEE2 v ATHDHZ &
Oty P —VIRER Tl D 2 &

EHERT HI LN TED.
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A
N—

PSNR & fHEER (B R 7 L — VR E ]

14.00

12.00  95000000000000000000000000000000000000000000%° oo

10.00

[ ) e o o
8.00
6.00
4.00
2.00

-
0.00 ""m.
0 10 20 30 40 50 60 70
OPSNRix/ME  ® FHBSRE A/ IME
(@)t Y P L — BGOSR
PSNR & FHBE4R 2L (B> R 7 L — HEER])

14.00

12.00 COTTIIOOSENeeterIeniothn,, | COTONNINtaNienttenin o
10.00 *

8.00
6.00
4.00

2.00

0.00 C'IIl.III.Il'III.lll..hq.r'llﬂ.lli.......'.ﬂhq.. Lo

0 10 20 30 40 50 60 70

O PSNRi/IME  ® FHBAGRE IR /Mt
bty N L —iRERIOSE

X 7.11 By L —UiRERIBIORICBIT 2 & Rk 25 PSNR % 72 13FH BGR 2L
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#1710 By ML —UEREROGAICEIT D ETAREIIRTT 5 PSNR F 72 13FHBIFR K

a PSNR THEREK
q red green  blue PSNRE/ME red green  blue MHERER/IME
0 11.58 16.15 15.59 11.58 0.967 0.968 @ 0.968 0.967
1 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
2 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
3 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
4 11.58 16.14 15.58 11.58 0.967 0.968 0.968 0.967
5 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
6 11.58 16.15 15.59 11.58 0.967 0.968 @ 0.968 0.967
I 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
8 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
9 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
10 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
11 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
12 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
13 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
14 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
15 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
16 11.58 16.15 15.59 11.58 0.967 0.968  0.968 0.967
17 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
18 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
19 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
20 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
21 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
22 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
23 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
24 11.58 16.15 15.59 11.58 0.967 0.968 @ 0.968 0.967
25 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
26 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
27 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
28 11.58 16.15 15.59 11.58 0.967 0.968  0.968 0.967
29 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
30 11.58 16.14 15.58 11.58 0.967 0.968 0.968 0.967
31 11.58 16.14 15.58 11.58 0.967 0.968 0.968 0.967
32 11.59 16.15 15.59 11.59 0.967 0.968 0.968 0.967
33 11.59 16.15 15.59 11.59 0.967 0.968 0.968 0.967
34 11.57 16.13 15.57 11.57 0.967 0.968 0.968 0.967
35 11.57 16.13 15.57 11.57 0.967 0.968 0.968 0.967
36 11.60 16.16 15.60 11.60 0.967 0.968 0.968 0.967
37 11.60 16.16 15.60 11.60 0.967 0.968 0.968 0.967
38 11.54 16.11 15.54 11.54 0.966 0.967 0.968 0.966
39 11.54 16.11 15.54 11.54 0.966 0.967 0.968 0.966
40 11.62 16.18 15.64 11.62 0.967 0.968 0.968 0.967
41 11.62 16.18 15.64 11.62 0.967 0.968  0.968 0.967
42 11.46 16.02 15.23 11.46 0.962 0.963 0.965 0.962
43 11.46 16.02 15.23 11.46 0.962 0.963 0.965 0.962
44 11.66 16.19 16.36 11.66 0.963 0.965 0.966 0.963
45 11.66 16.19 16.36 11.66 0.963 0.965 0.966 0.963
46 10.66 16.46 15.58 10.66 0.938 0.941 0.950 0.938
47 10.66 16.46 15.58 10.66 0.938 0.941 0.950 0.938
48 11.46 18.13 17.02 11.46 0.942 0.946  0.953 0.942
49 11.46 18.13 17.02 11.46 0.942 0.946 0.953 0.942
50 9.85 16.95 15.36 9.85 0.820 0.832 0.870 0.820
51 9.85 16.95 15.36 9.85 0.820 0.832 0.870 0.820
52 11.21 18.84 17.04 11.21 0.828 0.843 0.878 0.828
53 11.21 18.84 17.04 11.21 0.828 0.843  0.878 0.828
54 9.48 16.15 14.38 9.48 0.5618 0.538 0.612 0.518
55 9.48 16.15 14.38 9.48 0.518 0.538 0.612 0.518
56 10.85 17.39 15.57 10.85 0.531 0.556  0.626 0.531
57 10.85 17.39 15.57 10.85 0.5631 0.556  0.626 0.531
58 9.17 15.38 13.65 9.17 0.232  0.244  0.295 0.232
59 9.17 15.38 13.65 9.17 0.232 0.244 0.295 0.232
60 10.61 16.17 14.53 10.61 0.248 0.264 0.312 0.248
61 10.61 16.17 14.53 10.61 0.248 0.264 0.312 0.248
62 8.93 14.93 13.27 8.93 0.089 0.093 0.116 0.089
63 8.93 14.93 13.27 8.93 0.089 0.093 0.116 0.089
64 11.58 16.15 15.59 11.58 0.967 0.968 @ 0.968 0.967
65 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967

CER) ATAMIEIF128171287]
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#£711 vy ML —iRERIOGEIZE T 5 BT AREIZRT 5 PNSR % 72 13AHRER

a PSNR THEREK
q red green  blue PSNRE/ME red green  blue MHERER/IME
0 11.58 16.15 15.59 11.58 0.967 0.968 @ 0.968 0.967
1 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
2 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
3 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
4 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
5 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
6 11.58 16.15 15.59 11.58 0.967 0.968 @ 0.968 0.967
I 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
8 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
9 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
10 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
11 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
12 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
13 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
14 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
15 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
16 11.59 16.15 15.59 11.59 0.967 0.968  0.968 0.967
17 11.59 16.15 15.59 11.59 0.967 0.968 0.968 0.967
18 11.60 16.16 15.60 11.60 0.967 0.968 0.968 0.967
19 11.60 16.16 15.60 11.60 0.967 0.968 0.968 0.967
20 11.62 16.18 15.64 11.62 0.967 0.968 0.968 0.967
21 11.62 16.18 15.64 11.62 0.967 0.968 0.968 0.967
22 11.66 16.19 16.36 11.66 0.963 0.965 0.966 0.963
23 11.66 16.19 16.36 11.66 0.963  0.965 0.966 0.963
24 11.46 18.13 17.02 11.46 0.942 0.946 0.953 0.942
25 11.46 18.13 17.02 11.46 0.942 0.946  0.953 0.942
26 11.21 18.84 17.04 11.21 0.828 0.843  0.878 0.828
27 11.21 18.84 17.04 11.21 0.828 0.843 0.878 0.828
28 10.85 17.39 15.57 10.85 0.531 0.556  0.626 0.531
29 10.85 17.39 15.57 10.85 0.5631 0.556  0.626 0.531
30 10.61 16.17 14.53 10.61 0.248 0.264 0.312 0.248
31 10.61 16.17 14.53 10.61 0.248 0.264 0.312 0.248
32 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
33 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
34 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
35 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
36 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
37 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
38 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
39 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
40 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
41 11.58 16.15 15.59 11.58 0.967 0.968  0.968 0.967
42 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
43 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
44 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
45 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967
46 11.58 16.14 15.58 11.58 0.967 0.968 0.968 0.967
47 11.58 16.14 15.58 11.58 0.967 0.968 0.968 0.967
48 11.57 16.13 15.57 11.57 0.967 0.968 0.968 0.967
49 11.57 16.13 15.57 11.57 0.967 0.968 0.968 0.967
50 11.54 16.11 15.54 11.54 0.966 0.967 0.968 0.966
51 11.54 16.11 15.54 11.54 0.966 0.967 0.968 0.966
52 11.46 16.02 15.23 11.46 0.962 0.963 0.965 0.962
53 11.46 16.02 15.23 11.46 0.962 0.963 0.965 0.962
54 10.66 16.46 15.58 10.66 0.938 0.941 0.950 0.938
55 10.66 16.46 15.58 10.66 0.938 0.941 0.950 0.938
56 9.85 16.95 15.36 9.85 0.820 0.832 0.870 0.820
57 9.85 16.95 15.36 9.85 0.820 @ 0.832  0.870 0.820
58 9.48 16.15 14.38 9.48 0.518 0.538 0.612 0.518
59 9.48 16.15 14.38 9.48 0.5618 0.538 0.612 0.518
60 9.17 15.38 13.65 9.17 0.232 0.244 0.295 0.232
61 9.17 15.38 13.65 9.17 0.232  0.244  0.295 0.232
62 8.93 14.93 13.27 8.93 0.089 0.093 0.116 0.089
63 8.93 14.93 13.27 8.93 0.089 0.093 0.116 0.089
64 11.58 16.15 15.59 11.58 0.967 0.968 @ 0.968 0.967
65 11.58 16.15 15.59 11.58 0.967 0.968 0.968 0.967

CER) ATAMIEIF128171287]

-92 -



(2) —HEEFWANA T 1 7 GO & EEAL

£ 7121Z8y L —VEREORTRICIIT D ZEERANA T 0 v 7B, FAEEG, FASCEE IR
L7=2bDOThHS.

ROPTER D IIHIERANA T 4V TEHBOEEAETHS. Ey M7 L— U H5E%O PSNR &HH
BREOEMEN ey N7 L — VERERTOBIE L W KE B THL. 2o LiE, By M L—igRE
BOTEERANAAT A TEGENE Yy N L= VERERIOZN LV EEE THDL I EEERTS.

ZIZTE, By NL—VERET DL, ¥ TEERAA T 0 VBB EEE IR D DN EEET
%. 152 CREICEMPELECRINC X 2 2 VTR L T 528, BRI WG TR RS,

#£712 By ML — i - BOFTZRICET D ZEIERANA T 4 VG & FERG L FACE
By b L— RO By b7 L— ERE O

CHEEHANA
VAP AL
BLO
77 (X
TONZKT D
PSNR
s
FHBIER S

PSNR=(24.28,23.94,24.58) PSNR=(21.93,21.82,21.69)
FHBE42%0=(0.991,0.991,0.992) FHBE£R%2=(0.933,0.933,0.942)

ARG
BIW
PP 4 (1]
THZHKT D
PSNR
&
FHBIEREL

PSNR=(11.58,16.15,15.59) PSNR=(11.58,16.15,15.59)
FHBE42%2=(0.967,0.968,0.968) FHBE£2%4=(0.967,0.968,0.968)
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# re_cipher(256) - 3D-FFT ~ —
B B/EE =TV ALTH

O X

#i re_cipher(256) - 2D-FFT — O
JrilE BEE =TV ALTH

O

TIEEEEE

Dwdl tB2R5 7|

BAESCE

—

Lr1

BEER
(1) Fe& (MR

Sasaki Takayuki (male)

(2) 1£PR (BEES)

Aomori (0173 %% — ok kok)

(3) 1A (BRAERE)
Good-feeling (cold)

BEER
(1) Fe& (MR

Sasaki Takayuki (male)

(2) 1£PR (BEES)

Aomori (0173 %% — ok kok)

(3) 1A (BRAERE)
Good-feeling (cold)

—

Lr1

2 713 (TR TR R A EHLE ASBEECR TR L &b L2 EE OB (E L) 7.13(c)
T, TNE2IHIZE Yy ML —iGE LR GRE R &R 3R 7.13 (b)) Th 5. iHER &
B BEHMEEBOE Yy N7 L—rOEKEE 713 (d), @©IXENTIAT. T DO % B T (X
I ENZNEDIAD 2GR 7.12 O _HEERNA T 4 VT HGOLE L L THD. EOREAEDE
UVMEET 5.2 THRR7ZZEDIZR 713 E()DEWVICL DD THD. £DZ &%k “HIFHRNAT 1 > 7 H
Bory N7 L— 2 ORERROI T CTHER L THD.

T FERIZR 7.13(A) Z ELOIAD 7o “HIEHANA T 4 VT HRER 712 )0 v B L — A3 7.12(a)
Thod. RT113)EHEDIAD T ZHEIGHANA T 4 7 EBREFR 112 )OOy F 7 L—U 03K 7.12(b) Th
%, H7.120)028BWT, TUXAEROE Yy N L—2 SR, TBIREAT HHHED 2 2Oy h L
—2 4L 6 DMITALE LTS, ZIUTH LT 7.2 B8\ CiE, ZANCALETHE Y 7 L—1F
ET X LRIRERET, ANCAET DI ETBREAT OB TH S, kD=0, WFEGROE Yy N7
L— 2K 712, EANEE T X AR CTHINE ETIRE AT Oy F L —Th
L. UbEoZ s, mEELOHBIIE Yy M7 L — U OREROERMEIZH D LR D.

#1713 By M L—ERE DRSO EEAR LA

vy S L— RS

By T L— AR R

b P T 142

(a) FAPE &
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e ATTRE

(b) HAE% &L

(c) ELEE (= AT

By hFL—
> DER AR

0 10000 20000 30000 40000 50000 60000

0
vy b L—27 8

. ) 0
By hFL—6 8

0
By hFL—r5 8

. 5670
By hFL—r4 6663
9563
. 56556
By hFL—r3 55765
53280
. 42792
By hFL—r2 42900
42330

By b L—r1

By h7L—20

0 10000 20000 30000 40000 50000 60000

0
By h7L—r7 0
0

. 0
By hFL—26 0
0

. ) 0
By hFL—r5 0
0

By h 7 L—1 32971

) 42792
By R =1 42900
42330
32536
£y R =0 32683
32718

(®)

S
=

(58, 58, 58)
(2

T

(12, 12, 12)
(h)

(13, 14, 14)
(@)
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B_bitplane0 B_bitplane1 B_bitplane2 B_bitplane3 B_bitplaned B_bitplanes B_bitplane6 B_bitplane7
G_bitplane0 G_bitplane1 G_bitplane2 G_bitplane3 G_bitplane4 G_bitplanes G_bitplane6 G_bitplane7

R_bitplaned R_bitplanet R_bitplane2 R_bitplane3 R_bitplane4 R_bitplanes R_bitplane6 R_bitplane7

(@) By ML —VERERO “EEFRANAT 4 7 EROE Yy F T L—

B_bitplaned B_bitplane1 B_bitplane2 B_bitplane3 B_bitplaned B_bitplanes B_bitplane6 B_bitplane7
G_bitplane0 G_bitplane1 G_bitplane2 G_bitplane3 G_bitplane4 G_bitplanes G_bitplane6 G_bitplane7
R_bitplane0 R_bitplane1 R_bitplane2 R_bitplane3 R_bitplane4 R_bitplanes R_bitplane6 R_bitplane7

(b) By T L —UERERTO HIEFRANA T 4 T EBROE Y N L—

B_bitplane0d B_bitplane1 B_bitplane2 B_bitplane3 B_bitplane4 B_bitplanes B_bitplane6 B_bitplane7
G_bitplane0 G_bitplane1 G_bitplane2 G_bitplane3 G_bitplane4 G_bitplanes G_bitplane6 G_bitplane7
R_bitplane0 R_bitplane1 R_bitplane2 R_bitplane3 R_bitplane4 R_bitplanes R_bitplane6 R_bitplane7

(c) I XMEf5(192255 5Dy hFL—r

X712 By b7 L—iRERIEO _EIERNAT 0 BB E I XEBOE Y F T L—
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Z O SUIMEANE A EICKREICZ 2 RET 52 L2 A E LIEmXTH L. HEL THDHHEA
TR R 7 & 2T ERR R & SR & X ITRE LT TH 5.

Z DOFSLOMBIN 2K EIT 3 25 5.

B 1 ORISR 2 NS0T B 72010V 5 EME A BIER 2 BRI DI L 1A Th 5.
% < OXRCCHRI S5 T HEABIEGR I BBIN 7 L — 7 1B 5 S AR — LB & Th
b LinL, T2 TIHRENE D 5 I HRBLEGRIIN HHEE L7z R ABIHR 2 BT 5.

%52 OFFEIE 1 OB D PUIZREDIE NG A I OIAT 72 DIZ L EOMD AL Z FREIC LTZR TH
5. 1 BOEBOPIZLEICHDATL Z LICE > TRABRE KEISETHZ LN TED.

ZLTHEIORMIIELEBOE Y N L— U ERETHHRTHDH. By T L—ViREIC L - T,
ZHIERANA T 4 R T SEEGICT 2R EG L. ZHUTE = K DR AR D DIT&AL
S, F7r, WEAMEEBIGICT 2082155, LovL, ZotkES Mo i mEE G oBE 721
WCHEAT 20 THY, MESCEOHIAMMEICH L TEIE Yy b7 L— VREOZ R0,

HIFE U7z ZHEIEHANA T 1 > 7 IS IA F - REEE IR S AT L CIPE TR <, FSpESCE
X E ATk LTI 59 . FARE R 3 & AN TRVERFR Y, FUEE & o & (L #iPE 2 BRE L CHL
DIADTNDENH Th D, WS ABFEENELRALBEI - RERBETH L2 6 IXR S DR
FEAEZIT R,

ZHUTH LT, MESCETR S AWK LTI, TOHEBE, By 7 L—2 0 (LSB)D 1 /XA kR
FEXEDOT AFx—a—Re 1xf 1L THWDEDT, 1 By hOFESWMINEOEEMELEDT A
F—a— FOEIRZ LRDIMNLTHD. LER-T, ZTOMIO _EEHENAT 4 7 HBITES A
MtPEAS TR & S9N E O & S OB Th 5.

B E ATHPEDS — 5 TIZIR AT TIEFIN L WO WEIZ SO Z EBRFNRGELHD. Thae T T AN
REOBLAN O A THD, BELTOLMERKL, FAZRETE 2HERE TR, EREG
ZDOHLDTHD. LEEN-T, BB SNTOEANRFESIND T —RIDRNES S )5,
MELEZILTEDO SO TEALRETCERE SR ETHLHAENE L, BANFFES LT,

Lo T, APRE SN TWVRHELENKIS AICHNZ EITHHBETHLEVRD. £z, W

ICBUE e I, WSAZZTENENEERT D2DOICARRILEbHD.

INETHETELLITHERNAT 4 73 OEINRH L. EOHIfTbEETHD &1
WAT—R—ERDD. ZOmXO EHIEFRNAT 4 T HBLETOE) THD. Eﬁiﬁﬁﬁﬁﬁ&
SABBIK L THRWVIMEEZ 52 L ThHhDH. &<, WS ADMBHEN K E REUEZR S 1 XL E Al
DEBNIE A EHAFBICENTIRVWETHS. L LERE LTE, RoN7mFEZERH L2&®

-97 -



BB R A DA =D, —BEOBRAICERTI T o YOR R WERD .

LSBT TEERANAT 4 HBEB LOEAEROEE 2 L —BICEEEICTS 2 ENEERD.
Fio, WHRREEZ N ST 5720 _12&@ﬁ@@%UE%wﬁ#é%ﬂwwﬁﬁ%ﬁ*@Ehé.m
BI£R2LS° PSNR LIS O F I 22 LB IE OB N BB CTH 5. 72 & 21E, BB OBE % v 5 HiEH
BRI K D i ik b CTh 5.

B, 2D ORI OEK DI E IO S WERANA T 1 T HENA L SN b D &
ELTND.

-98-



SHE M

[A] fax AR B, JISFH B “EZZREECR THO< 2850 L7, BEEEET BIFEEOEE, Vol. 30, No. 1, pp.
1-12,2018

[B] 14K &g, KA F17: “Constructing Digital Watermark Based on Orthogonal Functions”, 2018 5th
IEEE International Conference on Cyber Security and Cloud Computing (CSCloud)/2018 4th IEEE International
Conference on Edge Computing and Scalable Cloud (EdgeCom) (China), pp.140-143, 2018

[C] Hex A FEsE, R 17 “BEELECRIITHOLK 2 ZEHFWRANA T 14 77, HRQP S 256
75,Vol.8, Vol.8, No.1, pp.11-19, 2020

[D] xR F=s, JISFM B "= EE & LB < 07, BEERE I BIFE MRS, Vol. 31, No. 1, pp. 1-8,
2019

MRS

[a] xR Pe: “EARRRERICE 2B FEN L5 0 240, LB iSRS (GARTRT),
2017/2/20

[b] fEx K [EsE, R 1T 3 EEEN LS EMOHAEICET 2 EENEE, EXBERTER
AESGEA RS (BLRTRT), 2017/8/24

[c] xR Bz, B 217 “BERZEATHO D HEHEFE» L, HHRUBEFEET X varyT v
V7Y m— g RS (RREITR ), Vol.2018-DCC-19 No.5, 2018/6/16

[d] xR FEsE Kl BT BHUEETHO< 2 —EHE ZEHOE 5, THHALE T 4
NarT Yy ) =g SRS (RAER), Vol.2018-DCC-20, No.7, 2018/11/7

le] Pex K BEzz, R BT “f5@AA T 4 7 EGBOmBEL”, RO TET o2 a T
7 ) m— g UHFES (BEMRBEBEET A T2 RET IR E), Vol.2019-DCC-22, No.6, 2019/6/8

SEEE

[0] EHETT, “bX =2 VT 115 5B, 2016 4
[B] BUEHE—, “BHT 12U X AE7, 2016 4

[y] /bEFO—HI, “=WRcEEGiRaEsERm", 2016 4

-99.



S5 3K

[1] OECD Guidelines for the Security of Information Systems and Networks TOWARDS A CULTURE OF
SECURITY, 2002
[2] Hardikkumar V. Desai: Steganography, Cryptography, Watermarking: A Comparative Study, Journal of Global
Research in Computer Science, Volume 3, No. 12, 2012
[3] Tej R. Joshi: Hardware of watermarking Based on DCT, International Journal of Engineering Development
and Research (IJEDR), Volume 2, Issue 1, ISSN: 2321-9939, 2014
[4] APRHIEZ: [HFHREX 2V T ¢ OILFERN ~8F 55 7iF~, NTT Facilities Research Institute, Annual
Report No. 29, 2018
[5] R. Ganesan, K. Vivekanandan: COMPARATIVE ANALYSIS OF HIGHER GENUS HYPERELLIPTIC
CURVE CRYPTOSYSTEMS OVER FINITE FIELD FP, ICTACT Journal on communication Technology, Vol. 02,
ISSUE 01, 2011
[6] A. Michael Froomkin: THE METAPHOR IS THE KEY: CRYPTOGRAPHY, THE CLIPPER CHIP, AND
THE CONSTITUTION, Published at 143 U. Penn. L. Rev. 709, 1995
[7] C.E. Shannon: A Mathematical Theory of Communication, The Bell System Technical Journal, Vol. 27, pp.
379-423, 623-656, July, October, 1948
[8] C.E. Shannon: Communication Theory of Security Systems, N. J. A. Sloana and A. D. Wyner, editors, Claude
Elwood Shannon: Collected Papers, IEEE Press, pp84-143, 1949
[9] C. Paar, J. Pelzl: Understanding Cryptograph Chapter 2 Stream Ciphers, Springer-Verlag Berlin Heidelberg,
2010
[10] Olivier Bonaventure: Network Security, Department of Computing Science and Engineering Université
catholique de Louvain (UCL), 2008
[11] EHE, <D LT WIEFB, K HHRR, 2000
[12] AROKIERE, <BURRE5 AT, SE#AL, 2017
[13] KA, PUETRIE SO L7, A RHE R, 2018
[14] Federal Information Processing Standard Publication: GUIDELINES FOR IMPLEMENTING AND USING
THE NBS DATA ENCRYPTION STANDARD, 1981
[15] National Institute of Standards and Technology: The Economic Impacts of NIST’s Data Encryption Standard
(DES) Program, 2001
[16] Awakash Mishral, Deo Brat Ojha: SECURE E-MESSAGING SCHEME USING SYMMETRIC KEY
ENCRYPTION -EHDES, Journal of Global Research in Computer Science, Vol. 1, No. 3, 2010
[17] National Institute of Standards and Technology, “Announcing the Advanced Encryption Standard (AES)”,
FIPS Publication 197, 2001
[18] R. L. Rivest, A. Shamir, L. M. Adleman: A Method for Obtaining Digital Signatures and Public-Key
Cryptosystems, Association for Computing Machinery (ACM), 1977
[19] PRk 16 4FEEG ARG R BR R S HEtE 3¢ (FEFRalRs| (E C) Bt O A EAMEIC B
T O AMANITE) FAE ARSI A, (W) B AT LB = (AR 17 £8), 2005
[20] Kavita Rawat, Mr. Shambhu Sah: A Study- To Combined Cryptography and Steganography Methods,
International Journal of Computer Science Trends and Technology (IJCST), Vol. 4, Issue 5, 2016

-100 -



[21] AERIE—ES: 1 # (5 - AT L) -3 #w (B=8im) 5 = AR, SErddiErs [
WeN—2Z ], ver.l,2010
[22] 5% Bif: BE5—/NFREMBE 7 COERE— BFPHENE, & 44 5, 2015
23] R FH: U2 WS 7 v 3 U X A OEBRIREMN, $N0LEE J.ISSAC, Vol. 12, No. 4,
pp- 9— 17,2006
[24] Victor S. Miller: Use of Elliptic Curves in Cryptography, Exploratory Computer Science, Advances in
Cryptology - CRYPTO '85, LNCS 218, pp. 417-426, 1986
[25] Neal Koblitz: Elliptic Curve Cryptosystems, Mathematics Of Computation, Vol. 4X, No. 177, pp.201-209
JANUARY IW7. PAGES 203-209
[26] =AWl 1 B (B5 - A7 L) -3 #w (WEEER) 7 = FHARRE S &7 U 7, EFE#R
BIETS THE~—A] , ver.l,2010
[27] YR EK, M B, B R, e BIE, R B BEEE AT oMo L £

FHE R, SIS PSR G A, Vol. j82-A, No. 8, pp. 1269-1277, 1999
[28] ‘EHL FE-: FEM ARG S, BOERAENTITSEITRESUEK, 1098 &, pp. 138-146, 1999
[29] N ARFN: ARECE: & A P iERET 5+, kashio_tomokazu@ma.noda.tus.ac.jp
[30] ZRIRKE: By baA & & o T E S5 HEATAM, ¥R 29 £ CITP 7 4+ — 7 L/JUAS
T KRR R R TEERE R, 2017
[31] A. Menezes, P. van Oorschot, S. Vanstone: Handbook of Applied Cryptography, 1996
[32] SHRIKANT S. KHAIRE, SANJAY L. NALBALWAR: Review: Steganography — Bit Plane Complexity
Segmentation (BPCS) Technique, International Journal of Engineering Science and Technology, Vol. 2(9), 4860-
4868, 2010
[33] Koichi Nozaki, Michiharu Niimi, Richard O. Eason, Eiji Kawaguchi: A Large Capacity Steganography Using
Color BMP Images, Proceedings of ACCV’98, pp. 112-119, 1998
[34] Abbas Cheddad, Joan Condell, Kevin Curran Paul Mc Kevitt: Information hiding-enabled data transmission
framework, International Journal of Information Studies, Volume 1, Issue 3, PP.159-164, 2009
[35] Ravi Saini: Comparative Study of Current Image Steganography Techniques, International Journal of Recent
Research Aspects ISSN: 2349-7688, Vol. 5, Issue 1, pp. 308-310, 2018
[36] N.F. Johnson, S. Jajodia: Exploring steganography: Seeing the unseen, IEEE Computer, 1998
[37] J.C.Judge: Steganography: Past, present, future, SANS Institute 2000-2005
[38] N. Provos, P. Honeyman: Hide and seek: An introduction to steganography, IEEE Security and Privacy, pp.
32-44,2003
[39] Hieu Van Dang: A Perceptual Data Hiding Technique for Color Image Protections, University of Manitoba
Department of Electrical & Computer Engineering, 2012
[40] {02 —: BPCS-Steganography O JFiEH(Bit-Plane Complexity Segmentation (23 < 77— & O HIA
), KIT AT H ) 757 4 W7 v—7,2019
[41] S. Lyu, H. Farid: Steganalysis Using Higher-Order Image Statistics, IEEE Transactions on Information
Forensics and Security, pp. 111-119, 2006
[42] D. Kahn: The Codebreakers: The Story of Secret Writing, The Macmillan Company, 1973
[43] Ashikali M. Hasan: IMPLEMENTING SECURITY LAYERS ON FILE SYSTEM, Journal of Theoretical
and Applied Information Technology, pp. 137-139, 2010

-101 -



[44] Gustavus J. Simmons: The prisoners’ problem and the subliminal channel, pp. 51-67, 1984

[45] Yvo G. Desmedt, Shuang Hou, Jean-Jacques Quisquater: Cerebral Cryptography, David Aucsmith (Ed.):

Information Hiding 1998, LNCS 1525, pp. 62—72, 1998

[46] T.L. Thomas, Al Qaeda and the Internet: The danger of “cyberplanning”, Parameters, US Army War College

Quarterly-Spring 2003. Available from: www.carlisle.army.mil/usawc/Parameters/03spring/thomas.pdf.

Robert Hossal: The Evolution of al-Qaeda’s Strategy after Afghanistan

[47] Chet Hosmer, Christopher Hyde: Discovering Covert Digital Evidence, WetStone Technologies Inc., DFRWS

—2003. www.wetstonetech.com, 2003

[48] Julio C. Hernandez-Castroa, Ignacio Blasco-Lopezb, Juan M. Estevez-Tapiadora, Arturo Ribagorda-

Garnachoa: Steganography in games: A general methodology and its application to the game of Go, Computers and

Security, Elsevier Science, 25, pp. 64-71, 2006

[49] Andrew Rukhin: Testing Randomness : Physical Generators and Statistical Procedures, National Institute of

Standards and Technology, Technology Administration, U.S. Department of Commerce, 2017

[50] W. Bender, W. Butera, D. Gruhl, R. Hwang, F.J. Paiz, S. Pogreb: Applications for data hiding, IBM Systems

Journal, Vol. 39, NOS 3&4, pp. 547-568, 2000

[51] T.D. Sairam, K. Boopathybagan: Computational intelligence-based steganalysis comparison for RCM-DWT

and PVA-MOD methods, https://doi.org/10.1080/00051144.2019.1579434, 2019

[52] Raju, Mohit Dhanda: Improved LSB Steganograhy Technique for grayscale and RGB image, Journal of

Engineering Research and Applications www.ijera.comISSN, Vol. 4, Issue 10( Part -2), pp.36-38, 2014

[53] Allen Tom, Anu V Thomas, Jerin Jose, Maria Jose, P. Darsana: Hiding Host Image using a Cover Image,

International Journal of Engineering Research & Technology (IJERT), Vol. 3, Special Issue 05, 2015

[54] Neha Saxena: Complete Study On Different Methods For Producing Stegoimage, IILTEMAS ISSN 2278 —

2540, Volume II, Issue VI, pp.66-72, 2013

[55] Mamta juneja, Parvinder Singh Sandhu: Improved information security using Steganography and Image

Segmentation during transmission, Computer Science and Engineering Department, Rayat and Bahra Institute of

Engineering and Technology (RBIEBT), Sahauran (Punjab), India

[56] H. Farid: A Survey of image forgery detection, IEEE Signal Processing Magazine, 16-25, 2009

[57] A. Cheddad, J. Condell, K. Curran and P. Mc Kevitt, A secure and improved self-embedding algorithm to

combat digital document forgery, Signal Processing, 89, pp. 2324-2332, 2009

[58] N.F. Johnson and S.C. Katzenbeisser: A survey of steganographic techniques, Information hiding techniques

for steganography and digital watermarking, pp.43-78, 2006

[59] Khan Muhammad, Jamil Ahmad, Muhammad Sajjad, Sung Wook Baik: Evaluating the Suitability of Color

Spaces for Image Steganography and its Application in Wireless Capsule Endoscopy, IEEE, 2016

[60] Yoan Miche, Patrick Bas, Amaury Lendasse, Christian Jutten, Olli Simula: Une méthodologie pour la

Sélection de Variables pour la Stéganalyse A Feature Selection Methodology for Steganalysis, traitement du signal,

volume 26, numéro 1, pp.13-30, 2009

[61] Abednego Jaya Setiawan, dan Sari Wijayanti, M.Kom: PERANCANGAN APLIKASI PENGIDENTIFIKASI

DATA BERDASAR METADATA PADA PLATFORM ANDROID, JURNAL TEKNIK INFORMATIKA UDINUS,

2013

[62] Ruchi Jain, Piyush Singh: EMSEMBLE APPROACH FOR HIDDING DATA IN STEGANOGRAPHY,
-102 -


http://www.wetstonetech.com/

International Journal of Application or Innovation in Engineering & Management, Vol. 3, pp.327-330, Issue 10,

2014

[63] M.H. Shirali-Shahreza, M. Shirali-Shahreza: STEGANOGRAPHY IN PERSIAN AND ARABIC UNICODE

TEXTS USING PSEUDO-SPACE AND PSEUDO CONNECTION CHARACTERS, Journal of Theoretical and

Applied Information Technology, pp.682-687, 2005

[64] E.T. Lin and E.J. Delp, A review of data hiding in digital images, IS&T’s 1999 PICS Conference, pp.274-

278, 1999

[65] Jessica Fridrich, Miroslav Goljan, Rui Du: Reliable Detection of LSB Steganography in Color and Grayscale

Images, SUNY Binghamton, 2001

[66] S.Balusamy: Authentication of Grey Level Images using a Watermarking Scheme, SSRG International

Journal of Computer Science and Engineering (SSRG-IJCSE), volume 1, Issue 1, 2014

[67] Eugenijus Margalikas, Simona Ramanauskaité: Image steganography based on color palette

transformation in color space, EURASIP Journal on Image and Video Processing volume 2019,

Article number: 82, 2019

[68] Jessica Fridrich, Miroslav Goljan, Dorin Hogea: Steganalysis of JPEG Images: Breaking the F5 Algorithm,

Proceedings of Information Hiding: 5th International Workshop, pp. 310-311, 2002

[69] Ki-Hyun Jung, Kee-Young Yoo: Data hiding method using image interpolation, Computer Standards &

Interfaces, CSI-02600, 2008

[70] R Anushiadevi, Kolluri Chennakesava Vinay, Majety B V S K Sita Ram, Katta Bala Anil Kumar, Katti

Krishna Murthy: IMPROVED LOSSLESS DATA HIDING SCHEME USING HISTOGRAM OF ADJACENCY

PIXEL DIFFERENCE, International Journal of Pharmacy & Technology, Vol. 8, No.3, pp.18239-18246, 2016

[71] Aswathy Soman, Sowmya K S: International Journal of Advance Research in Computer Science and

Management Studies, , January 2015, ISSN: 232 7782, Vol.3, Issue 1, pp.276-278, 2015

[72] Pasquet Jérome, Sandra Bringay, Marc Chaumont: Steganalysis with Cover-Source Mismatch and a Small

Learning Database, European Signal Processing Conference 2014, Lisbon — Portugal, 2014

[73] Vlado Kitanovski, Marius Pedersen: Detection of Orientation-Modulation Embedded Data in Color Printed

Natural Images, MDIP, Computational Color Imaging, 2018

[74] Balakrishnan Ramalingam, Rengarajan Amirtharajan, John Bosco Balaguru Rayappan: Stego on FPGA: An

IWT Approach, Scientific World Journal, 2014

[75] Jessica Fridrich, Miroslav Goljan, Rui Du: Detecting LSB Steganography in Color and GrayScale Images,

IEEE, Multimedia and Security, pp.22-28, 2001

[76] N.Vinothkumar, T.Vigneswaran: Steganographic Method Image Security Based on Optimal Pixel Adjustment

Process and Integer Wavelet Transform, International Journal of Advanced Research in Electronics and

Communication Engineering (IJARECE), Vol. 2, Issue 3, pp.261-264, 2013

[77] Dalia Battikh, Safwan El Assad, Thang Manh Hoang, Bassem Bakhache, Olivier Deforges, Mohamad Khalil:

Comparative Study of Three Steganographic Methods Using a Chaotic System and Their Universal Steganalysis

Based on Three Feature Vectors, Entropy 2019, 21(8), 748, https://doi.org/10.3390/e21080748

[78] RajaK B, Shankara N, Venugopal K Ra, L M Patnaik: Steganalysis of LSB Embedded Images Using Variable

Threshold Color Pair Analysis, International Journal of Information Processing, Vol. 1, No. 1, pp.30-39, 2007

[79] Shanqing Zhang, Shenggqi Su, Li Li, Qili Zhou, Jianfeng Lu, Chin-Chen Chang: An Image Style Transfer
-103 -


https://link.springer.com/article/10.1186/s13640-019-0484-x#auth-1
https://link.springer.com/article/10.1186/s13640-019-0484-x#auth-2
https://link.springer.com/journal/13640

Network Using Multilevel Noise Encoding and Its Application in Coverless Steganography, Symmetry 2019, 11(9),
1152; https://doi.org/10.3390/sym11091152, 2019

[80] Tom’a’s Pevn'y, Jessica Fridrich: Merging Markov and DCT Features for Multi-Class JPEG Steganalysis,
Binghamton University, State University of New York

[81] Richa Khare, Dr. Kuldeep Raghuwanshi: A REVIEW OF VIDEO STEGANOGRAPHY METHODS,
International Journal of Research in Advent Technology, Vol. 2, Issue 1, pp.447-451, 2014

[82] Niels Provos: Defending Against Statistical Steganalysis, Center for Information Technology Integration
University of Michigan, technical report, 2001

[83] N. Provos, P. Honeyman: Detecting steganographic content on the Internet, Center for Information
Technology Integration, University of Michigan, technical report, 2001

[84] A. Westfeld: F5-A steganographic algorithm High Capacity Despite Better Steganalysis, IH 2001, LNCS
2137, pp. 289-302, 2001,

[85] Samir Kumar Bandyopadhyay, Suman Chakraborty: IMAGE STEGANOGRAPHY USING DNA
SEQUENCE, Asian Journal Of Computer Science And Information Technology1:2 India, pp. 50 — 52, 2011

[86] J. Fridrich, M. Goljan, D. Soukal: Perturbed Quantization Steganography, ACM Multimedia and Security
Journal, Vol.11, No.2, pp.98-107, 2005

[87] Kaushal Solanki, Anindya Sarkar, B. S. Manjunath: YASS: Yet Another Steganographic Scheme that Resists
Blind Steganalysis, ONR # N00014-05-1-0816, University of California Santa Barbara, CA 93106

[88] Manoj Nagar, Pinky Brahmbhatt, Dr. M. Sarada Devi: DETECTION OF TAMPERING IN COLOR IMAGE,
International Research Journal of Engineering and Technology, Vol.02 Issue 02, 2015

[89] Rajendraprasad K, Dr. V. B. Narasimha: Steganography Images Detection using Different Steganalysis
Techniques with Markov Chain Features, Global Journal of Computer Science and Technology: G Interdisciplinary,
Volume 15, Issue 3, Version 1.0, 2015

[90] Nidhal Abdulaziz, Abdullatif Glass, K. Khee Pang: Embedding Data in Images Using Turbo Coding,
Department of Electrical and Computer Systems Engineering Monash University, pp.88-92

[91] Hayfaa Abdulzahra Atee, Robiah Ahmad, Norliza Mohd Noor, Abdul Monem S. Rahma, Yazan Aljeroudi:
Extreme learning machine based optimal embedding location finder for image steganography,
https://doi.org/10.1371/journal.pone.0170329, 2017

[92] Vijay Kumar, Dinesh Kumar: Performance Evaluation of Modified Color Image Steganography Using
Discrete Wavelet Transform, Journal of Intelligent Systems, Vol.28, Issue 5, https://doi.org/10.1515/jisys-2017-
0134

[93] Kolsoom Shahryaril, Mehrdad Gholami: High Capacity Secure Image Steganography Based on Contourlet
Transform, ACSIJ Advances in Computer Science: an International Journal, Vol. 2, Issue 4, No.5, 2013

[94] M. Kharrazi, H.T. Sencar and N. Memon, Performance study of common image steganography and
steganalysis techniques, Journal of Electrical Imaging, 15 (4) 1-16, 2006

[95] Rui S. Rodrigues, Diogo M. Lourenco, Sara L. Paulo, Joana M. Mateus, Miguel F. Ferreira, Francisco M.
Mouro, Jodo B. Moreira, Filipa F. Ribeiro, Ana M. Sebastido, Sara Xapelli: Cannabinoid Actions on Neural Stem
Cells: Implications for Pathophysiology, MDPI Emerging Topics in (Endo)Cannabinoid Signalling, 2019

[96] M.Vijay, V.VigneshKumar: Image Steganography Method Using Integer Wavelet Transform, International
Journal of Innovative Research in Science, Engineering and Technology, Vol. 3, Special Issue 3, 2014

-104 -



[97] Jan Kodovsky, Jessica Fridrich: Influence of Embedding Strategies on Security of
Steganographic Methods in the JPEG Domain, Department of Electrical and Computer Engineering, Binghamton
University, State University of New York
[98] Amer A. Al-Lehiebe: Ciphered Text Hiding in an Image using RSA algorithm, J. Of College Of Education
For Women, vol. 26 (3), 2015
[99] Shaik Rahamtula, K. Veera Swamy: An Improved Face Recognition using Dimensionality Reduction
Technique, International Conference on Electronics and Communication Engineering (ICECE), 2012
[100] Gumma Prasad, V.Sathya Narayanan: Data Hiding Scheme For Side Match Vector Quantization and Arnold
Decoding, International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering
[101] Saeed Toosizadeh, Seyyed Mohammad Reza Farshchi: A Hybrid Steganography Algorithm based on Chaos
& BPCS, Department of Electrical Engineering, Mashhad Branch, Islamic Azad University (Mashhad, Iran)
[102]  Ashish Chawla, Pranjal Shukla: Comparison of Arnold and Matrix Rotation Using DWT Image
Steganography, International Journal of Scientific & Engineering Research, Vol. 5, Issue 2, 2014
[103] Y. Srinivasan: High Capacity Data Hiding System Using BPCS Steganography, Submitted to the Graduate
Faculty of Texas Tech University in Partial Fulfillment, 2003
[104] Jeremiah Spaulding, Hideki Noda, Mahdad N. Shirazi, Michiharu Niimi, Eiji Kawaguchi: BPCS
Steganography Using EZW Encoded Images, Digital Image Computing Techniques and Applications, 2002
[105] Jessica Fridrich: Application of Data Hiding in Digital Images, Tutorial for the ISSPA’99, Brisbane,
Australia, August 22-25 1999.
[106] Zhenhao lud, Wei Xie, Baosheng Wang, Yong Tang, Qianqian Xing: EasyStego: Robust Steganography
Based on Quick-Response Barcodes for Crossing Domains, College of Computer, National University of Defense
Technology, Changsha 410073, China, 2019
[107] Deo Brat Ojha, Ramveer Singh, Ajay Sharma, Abhishek Shukla: A Model of Anonymous cum Idiosyncratic
Machiavellian Mailing System using Steganographic Scheme, International Journal of Computer Applications Vol.
8, No.14, 2010
[108] C.C. Chang, W.L. Tai , C.C. Lin: A Reversible Data Hiding Scheme Based on Side Match Vector
Quantization, IEEE Transactions on Circuits and Systems for Video Technology, Vol.16, No.10, pp.1301-1308, 2006
[109] 1Rajani, Muhammad Tauheed Khan: Data Hiding In Digital Image Processing Using Steganography: A
Review, International Journal of Engineering Development and Research (IJEDR), Volume 2, Issue 3, ISSN: 2321-
9939, pp.2994-2996, 2014
[110] S.P. Maity, M.K. Kundu: Performance Improvement in Spread Spectrum Image Watermarking Using
Wavelets, International Journal of Wavelets, Multiresolution and Information Processing Vol. 9, No. 1, pp.1-33,
2011
[111] T.Tuncer, E. Avci: BRAILLE ALFABESI TABANLI OLASILIKSAL GORSEL SIR PAYLASIMI METODU,
BRAILLE ALFABESI TABANLI OLASILIKSAL GORSEL SIR PAYLASIMI METODU
[112] M.W. Chao, C.H. Lin, C.W. Yu, T.Y. Lee: A high Capacity 3D Steganography Algorithm, IEEE Transactions
on Visualization and Computer Graphics, Vol.20, No.3, 2009
[113] Xinbo Gao, Cheng Deng, Xuelong Li, Dacheng Tao: Geometric Distortion Insensitive Image Watermarking
in Affine Covariant Regions, IEEE Transactions on systems, Man, and Cybernetics-Part C: Applications and
Reviews, Vol. 40, No. 3, 2010

-105-



[114] Cheng Deng, Xinbo Gao, Xuelong Li, Dacheng Tao: Local histogram based geometric invariant image
watermarking, ELSEVIER Signal Processing 90, pp.3256-3264, 2010
[115] Ranjan KUMAR Arya, Shalu Singh, Ravi Saharan: A Secure Non-blind Block Based Digital Image
Watermarking Technique Using DWT and DCT, IEEE International Conference on Advances in Computing,
Communications and Informatics, 2015
[116] Y. H. Yu, C.C. Chang, I.C. Lin, A new steganographic method for color and grayscale image hiding,
Computer Vision and Image Understanding, 107, pp.183-194, 2007
[117] M.S. Drew, S. Bergner: Spatio-Chromatic Decorrelation for Color Image Compression, Technical Report,
School of Computing Science, Simon Fraser University, Vancouver, Canada, 2007
[118] M. Saenz, R. Oktem, K. Egiazarian, E. Delp: Color Image Wavelet Compression Using Vector Morphology,
Center for Education and Research Information Assurance and Security Purdue University, West Lafayette, CERIAS
Tech Report, 2001
[119] S.J.Banerjee, M.Azharuddin, D. Sen, S. Savale, H. Datta, A K. Dasgupta, S. Roya: Using complex networks
towards information retrieval and diagnostics in multidimensional imaging, naturesearch, PMID: 26626047, 2015
[120] M. Galar, A. Jurio, C. Lopez-Molina, D. Paternain, J. Sanz, H. Bustince: Aggregation functions to combine
RGB
color channels in stereo matching, Optical Society of America, 2012
[121] M. Kutter, F.P. Petitcolas: A fair benchmark for image watermarking systems, Electronic Imaging ’99,
Security and Watermarking of Multimedia Contents, Vol. 3657, San Jose, California, U.S.A, 1999
[122] Balakrishnan Ramalingam, Rengarajan Amirtharajan, John Bosco Balaguru Rayappan: Stego on FPGA: An
IWT Approach, The Scientific World Journal, PMID: 24723794, 2014
[123] Micah K. Johnson, Siwei Lyu, Hany Farid: Steganalysis of Recorded Speech, Computer Science
Department, Dartmouth College, Hanover
[124] Samir Kumar Bandyopadhyay: A Proposed Method for Image Steganography, Research in Medical &
Engineering Science, ISSN 2576-8816, 2018
[125] Shafi Goldwasser, Mihir Bellare: Lecture Notes on Cryptography, MIT Computer Science and Artificial
Intelligence Laboratory, Cambridge, Massachusetts, July 2008
[126] Jishen Zeng, Shunquan Tan, Bin Li, Jiwu Huang: Large-scale JPEG image steganalysis using hybrid deep-
learning framework, Shenzhen University 518060 China
[127] Mohammed Al-Mualla, Hussain Al-Ahmad: Information Hiding: Steganography and Watermarking,
Etisalat College of Engineering College of Engineering, P.O.Box: 980, P.O.Box: 980, Sharjah Sharjah, UAE
[128] Abbas Cheddad, Joan Condell, Kevin Curran, Paul Mc Kevitt: Towards Objectifying Information Hiding,
School of Computing and Intelligent Systems, Faculty of Computing and Engineering, University of Ulster, Derry,
2010
[129] A.Nikolaidis, I. Pitas: Region-Based Image Watermarking, IEEE Transactions on Image Processing, Vol.10,
No.11, pp. 1726-1740, 2001
[130] A. Nikolaidis and I. Pitas, Robust Watermarking of Facial Images Based on Salient Geometric Pattern
Matching, IEEE Transactions on Multimedia, Vol.2, No.3, pp.172-184, 2000
[131] Yu-Guang Yang, Qing-Xiang Pan, Si-Jia Sun, Peng Xu: Novel Image Encryption based on Quantum Walks,
naturesearch, Scientific reports, PMID: 25586889, 2015

-106 -



[132] Nidhi H. Divecha, N. N. Jani: “Image Watermarking Algorithm using Dct, Dwt and Svd, National

Conference on Innovative Paradigms in Engineering & Technology (NCIPET-2012) Proceedings published by

International Journal of Computer Applications® (IJCA), 2012

[133] VLR Fffe, =i ke BgROEERE S 2FH LeE TR LG, - HHEE 2w 0GE

A, Vol. J82-A, No. 7, pp. 1083-1091, 1999

[134] J.-P. Linnartz, T. Kalker, and J. Haitsma, “Detecting electronic watermarks in digital video,” in Proc. 1999

IEEE Int. Conf. Acoustics, Speech,and Signal Processing, vol. 4, Phoenix, AZ, pp. 2071-2074, 1999

[135] & {2, AH7E {51 DCT (R0 7 v v 7 B ZHIM LB 1&d UL, B EaulE v aim
&6 D-II, Vol. J83-D-II, No. 7, pp. 1620-1627, 2000

[136] %H BT, #F sE—, A0 Fh 2 M L TREREFENP LY AT L, BEFHH

LT SGEE A, Vol. J84-A, No. 5, pp. 624-632, 2001

[137] HZIK W7z, B Ak T u DAV ESUEERIR LB B LR, B REE

EmCHEE A, Vol. J84-A, No. 8, pp. 1037-1044, 2001

[138] Yiiksel Tokur, Ergun Er¢elebi: SPREAD SPECTRUM AUDIO WATERMARKING SCHEME BASED ON

PSYCHOACOUSTIC MODEL, Gaziantep University, Electrical & Electronics Engineering, Turkey

[139] iI% P, SR BAKE: ARG B E & LT O PEREFHE (2> W T, T e

EMOSCEE A, Vol. J84-A, No. 10, pp. 1272-1281, 2001

H

f

paflll

&

4

=

mm

[140] Hardikkumar V. Desai: Steganography, Cryptography, Watermarking: A Comparative Study, Journal of

Global Research in Computer Science, Volume 3, No. 12, 2012

[141] P.Gitanjali, R.Manikandan: A Novel Approach for Parallel Encoder by Pixel Bit Manipulation, International

Journal of Engineering and Technology (IJET), Vol 5, No 1, 2013

[142] ZEAK Fo, AT #—: DCT R ONMERMEICES S EFE2 L, B REREF2MIGE A,

Vol. J85-A, No. 3, pp. 322-333, 2002

[143] Joshua R. Smith, Barrett O. Comiskey: Modulation and Information Hiding in Images, Proceedings of the

First Information Hiding Workshop, Isaac Newton Institute, Cambridge, Volume 1174, 1996

[144] KA E, fAFE F7lE: DCT % AW %7 L OFIRIEY AR O, B imE v
76 A, Vol. J85-A, No. 4, pp. 451-459, 2002

[145] Weiming Zhang, Shiqu Li: Security Measurements of Steganographic Systems, ACNS 2004, LNCS 3089,

pp.- 194-204, 2004

[146] Brian Chen, Gregory W. Wornell: Quantization Index Modulation: A Class of Provably Good Methods for

Digital Watermarking and Information Embedding, IEEE Transactions on Information Theory, Vol. 47, No. 4, 2001

[147] Pierre Moulin, Joseph A. O’Sullivan: Information-Theoretic Analysis of Informations Hiding, IEEE

Transaction on Information Theory, Vol. 49, No. 3, 2003

[148] Ofer Zeitouni, Jacob Ziv, Felh, Neri Merhav: When is the Generalized Likelihood Ratio Test Optimal?,

IEEE Transactions on Information Theory, Vol. 38, No. 5, 1992

[149] Young-Han Kim, Arak Sutivong, Styrmir Sigurj onsson: Multiple User Writing on Dirty Paper, IEEE ISIT

2004, Chicago, USA, 2004

[150] Wen Chen, Shuichi Itoh, Junji Shiki: On Sampling in Shift Invariant Spaces, IEEE Transactions on

Information Theory, Vol. 48, No. 10, 2002

[151] Vikrham Gowreesunker: EE 8510: Multi-user Information Theory Distributed Source Coding for Sensor

-107 -



Networks: A Coding Perspective

[152] Ingemar J. Cox, Matt L. Miller, Andrew L. McKellips: Watermarking as communications with side
information, the Proceedings of the IEEE, Vol. 87, No. 7, pp.1127-1141, 1999

[153] Frank Hartung, Martin Kutter: Multimedia Watermarking Techniques, Proceedings of the IEEE, Vol. 87,
No. 7, 1999

[154] VL& @&, =ik BE: AHBERIAAE & LT RO W T, s
Vol. J85-A, No. 11, pp. 1273-1283, 2002

[155] A.Z.Tirkel, G.A.Rankin, R.M.van Schyndel, W.J.Ho, N.R.A.Mee, C.F.Osborne: ELECTRONIC WATER
MARK, Scientific Technology, 21 Walstab St, E. Brighton 3187, Australia

[156] A.Anitha Rani, A.Kirthika: A Novel Digital Video Watermarking Algorithm for Video Authentication.,

RS A,

Huu

International Journal of Scientific & Engineering Research, Vol. 4, Issue 5, 2013

[157] Nidhi H. Divecha, N. N. Jani: Image Watermarking Algorithm using Dct, Dwt and Svd, National Conference
on Innovative Paradigms in Engineering & Technology (NCIPET), 2012

[158] Brian Chen, Gregory W. Wornell: Quantization Index Modulation: A Class of Provably Good Methods for
Digital Watermarking and Information Embedding, IEEE Trans. Inform. Theory, 2000

[159] 7!@7 FEA, FIE R By T —F A MIALARER U = —7 Ly MEBE) LIE, -1
155250 CRE A, Vol. 186-A, No. 2, pp. 160-167, 2003

[160] Hiiseyin Abut: EE658 ADVANCED DSP APPLICATIONS and DATA COMPRESSION TECHNIQUES
For Speech, Image and Video Coding, http://anadolu.sdsu.edu/abut/Courses.html, 2006

[161] Meir Feder: A Note on the Competitive Optimality of the Huffman Code, IEEE Transactions on Information
Theory, Vol. 38, No. 2, 1992

[162] Thomas M. Cover, Joy A. Thomas: Elements of Information Theory, John Wiley & Sons, Inc., ISBN 0-471-
06259-6, 1991

[163] Neri Merhav, Tsachy Weissman: Coding for the Feedback Gel’fand—Pinsker Channel and the Feedforward
Wyner—Ziv Souce, IEEE Transactions on Information Theory, Vol. 52, No. 9, pp.4207-4211, 2006

[164] Ashish Khisti, Uri Erez and Gregory Wornell: Writing on Many Pieces of Dirty Paper at Once: The Binary
Case, ISIT 2004, Chicago, USA, June 27 — July 2, 2004

[165] Hia jk, ) HE: A7 ¥ —T7HEMEICHE S A —T 4 AEB~DEFE» L, Bl
2FmCEE A, Vol. J87-A, No. 6, pp. 787-796, 2004

=

mm

[166] Jonathan Scarlett, Vincent Y. F. Tan, Giuseppe Durisi: The Dispersion of Nearest-Neighbor Decoding for

Additive Non-Gaussian Channels, Laboratory for Information and Inference Systems, Ecole Polytechnique F " ed’

erale de Lausanne

[167] Feng-Wen Sun: Decoding Techniques and A Modulation Scheme for Band-limited Communications,

geboren te Heilongjiang, China, 1993

[168] Ingemar J. Cox, Matt L. Miller: ELECTRONIC WATERMARKING: THE FIRST 50 YEARS, the

Proceedings of the IEEE 2001 Int. Workshop on MultiMedia Signal Processing, 2001

[169] Zoran Duric, Michael Jacobs, Sushil Jajodia: Information Hiding: Steganography and Steganalysis, Center

for Secure Information Systems George Mason University Fairfax, VA 22030, 2004

[170] Pierre Moulin: Fundamentals of Watermarking and Data Hiding, ISIT Tutorial, Seattle, 2006

[171] Zhicheng Wei, Hao Li, Jufeng Dai, Sashuang Wang: IMAGE WATERMARKING BASED ON GENETIC
-108 -



ALGORITHM, IEEE, ICME, pp.1117-1120, 2006
[172] KH IE#, %ﬁ% R, IF B2 DCT 25 &2 58 L7 7 7 X NVEFEAbICE S EFHEN L
1EBLE{E 225 S0E A, Vol. 187-A, No. 6, pp. 797-804, 2004
[173] Saraju P. Mohanty, K.R. Ramakrishnan, Mohan S Kankanhalli: An Adaptive DCT Domain Visible
Watermarking Technique for Protection of Publicly Available Images, University of South Florida Tampa, FL 33620
[174] PR Enfd, EH 2 27—V L REREASOMEZ b OB &0 LFE, EFEHEET
76 D-1, Vol. J88-D-1, No. 12, pp. 1750-1759, 2005
[175] Ingemar J. Cox, Matthew L. Miller, Jeffrey A. Bloom, Jessica Fridrich, Ton Kalker: Digital Watermarking
and Steganography Second Edition, 1999
[176] M. Kuttera, F. A. P. Petitcolas: A fair benchmark for image watermarking systems, Electronic Imaging *99.
Security and Watermarking of Multimedia Contents, vol. 3657, 1999
[177] Kieran G. Larkin, Peter A. Fletcher, Stephen J. Hardy: Tenacious tagging of images using the complex
correlation of hyperbolic chirps, Canon Information Systems Research Australia, 2013
[178] S. Voloshynovskiy, S. Pereira, T. Pun, J.J. Eggers, J.K. Su: Attacks on Digital Watermarks: Classification,
Estimation-based Attacks and Benchmarks, University of Erlangen-Nuremberg
[179] FAg ¥, B3 E—, 0K s, Wb JERES: Wi %) LISx3 5 RATHY71E 5 OFBIC
O U — A8, B IFHIEE TGS D, Vol. J89-D, No. 2, pp. 237-249, 2006
[180] Hn3E 723, UJZIK Bt TIAN—LEEEEBE L2 T oY REICET 2%, &
135 WA 1S 25 SCRE D, Vol. J189-D, No. 12, pp. 2536-2542, 2006
[181] LA 2=, AT mllE, Al 7%, 2B &z B JHEHCrmA~7 bR Z R L 72 R i R
Fh Uit 2 & SENEE %2 L, B -IEHiBE 7= GGE D, Vol. J90-D, No. 7, pp. 1755-1764, 2007
[182] Yun Q. Shi, Zhicheng Ni, Nirwan Ansari: Stirmark Attack Resistant Fractal Transform-based Information
Hiding, Department of Electrical and Computer Engineering New Jersey Institute of Technology Newark, NJ 07102,
USA
[183] dbAl &, HH EAL, A @l BHRZEM~0 Ny PV — 27 EEMHBEEFE) LEEORKHRRY
R O e, -1 (S 25 SCRE D, Vol. J91-D, No. 11, pp. 2605-2615, 2008
[184] Shouyuan Yang, Zhanjie Song, Zhijun Fang, Jucheng Yang: A Novel Affine Attack Robust Blind
Watermarking Algorithm, Symposium on Security Detection and Information Processing, 2010
[185] Hoong-Cheng Soong: Applying Yellow Colour Markings as Low-level Security Watermarking of Grayscale
Photocopied Documents, International Conference on Information and Knowledge Management (ICIKM), IPCSIT
vol.45,2012
[186] JiFT %, = H 1H—, & %ufb HE Bk, Ak L B-%h LEGE 2 v JPEG H o
FRERMF 2L, B IHSBE SRR SEE D, Vol. J92-D, No. 9, pp. 1672-1676, 2009
[187] Vijaya Kumar. Kurapati, Venu Gopal. K, M.Nagaraju: Multiple Watermarking Techniques using Visual
Cryptography for Secured Copyright Protection, International Journal of Scientific & Engineering Research Volume
4, Issue 1,2013
[188] AFH HE3E, 2K BEKR, AH I, /&ﬂﬁ b HHE LIZB T 2 AL BAKIZXT 2 H K
DERAWTEEEYGE, B IS WIEE R OGE A, Vol. 193-A, No. 3, pp. 171-180, 2010
[189] Chengyou Wang, Heng Zhang, Xiao Zhou: Review on Self-embedding Fragile Watermarking for Image
Authentication and Self-recovery, Journal of Information Processing Systems, ISSN: 2092-805X, Vol. 14, No. 2,
-109 -



pp. 510 —522,2018

[190] Megha Goell, M. Chaudhari: SECURED DATA HIDING BY USING EXTENDED VISUAL

CRYPTOGRAPHY, International Journal of Research in Engineering and Technology, Volume 03, Issue 11, 2014

[191] Ching-Sheng Hsu, Shu-Fen Tu: Digital Watermarking Scheme with Visual Cryptography, Proceedings of

the International MultiConference of Engineers and Computer Scientists, Vol. 1, 2008

[192] A. K. Singh, A. A. Mohanty, R. Sharma, S. Dixit: Internet Service Provider : Review paper, International

Journal of Electrical Electronics & Computer Science Engineering, Special Issue — ICSCAAIT, 2018

[193] S.Rathod, R. Jadhav, D. Pawade, H. Sonkamble: Visual Cryptography Schemes Using Secrete Sharing:

Survey Report, IICST Vol. 4, Issue Spl - 1, 2013

[194] <FPE JELHE, JIAT IEAf: 27 BUEEE T 1 fZ)é‘lEﬂﬁ;HE%a‘—Tﬂ/:I U X LR ONRER Y

2 — U U 7N K D85 OMRERN, & 1EHEE S OGE A, Vol. J96-A, No. 7, pp. 452-461, 2013

[195] Xiaodan Jiang, Zheming Lu, Xiajun Ding: A SEMI-FRAGILE BLIND WATERMARKING SCHEME FOR

COLOR IMAGES BASED ON VISUAL CRYPTOGRAPHY AND DISCRETE COSINE TRANSFORM,

International Journal of Innovative Computing, Information and Control, Vol. 13, No. 5, 2017

[196] Mr.Thorat N.N, Mr.Patil P.P, Prof. Thakur Ritesh ,Ms.Kiranmai B: Visual Cryptography Schemes for Secret

Colour Images Sharing, International Journal of Engineering Research & Technology (IJERT), Vol. 2 Issue 11,

2013

[197] Sathiya K, Senthamilarasi K, Janani G, Akila victor: International Journal of Emerging Trends &

Technology in Computer Science (IJETTCS), Volume 2, Issue 2, 12013

[198] Carlo Blundo, Alfredo De Santis, Moni Naor: Visual cryptography for grey level images, ELSEVIER,

Information Processing Letters, 75, pp.255-259, 2000

[199] & &, it BRIL, @if ma, (UM FEse U BAEABE 2 v 2 (IR E %D LoD

W AERE, T HaE 5 i oCGE D, Vol. J96-D, No. 1, pp. 183-194, 2013

[200] Chao-Wen Chan, Yi-Da Wu: A Visual Information Encryption Scheme Based on Visual Cryptography and

D-H Key Agreement Scheme, International Journal of Computer Science and Network Security, Vol. 8 No. 4, 2008

[201] RV {2V, /NEF W BT L LR AW IR O W S Ak omes, B FiusErEe
@ SCEE D, Vol. J90-D, No. 6, pp. 1483-1494, 2007

[202] fEIE RRIL, thHP FogR, BRET Zh, S M, FH B RPTREE L Vi TEE G E L
EELRERF T 2, (BB R R SCRE, Vol. 44, No. 8, 2003

[203] /J\ijﬁj' Ao, B SRR SR RRE BEESAMICL D 2 EEEA~OE T HEN LO—FA, [FRL

PRAES5R SCRE, Vol 42, No. 3, 2001

[204] EEET Fh, Hil O, 2 B, BHO E—-, B B ExK B, FE E WEMRFEICESL

HELAERF 7 2, B 2R SCEE, Vol. 41, No. 6, 2000

[205] Maneesh Kumar: Study of (2, n) — Threshold Visual Cryptography Scheme using Different Techniques,

International Journal of Science and Research (IJSR), Volume 3, Issue 5, 2014

[206] Sruthy K Joseph, Ramesh R: Diverse Visual Cryptography Schemes: A Glimpse, International Journal of

Engineering Research & Technology (IJERT), Vol. 4, Issue 07, 2015

[207] ¥4 1EF: AT H ) 777 4 REFHENPLOTEEZFIH LIZEBR Y 7 A L A~OIFHROM DAL L

ZOFIEIZHOWT, FHRLHSS, 4T RIT 07T I 72 RY T A, 2006

[208] A3 F-FRE, P PR BCRmME L sRL L 7c BB e A U LD EFEN L O—HE, B

-110-



AL PR 7233 SCRE, Vol. 40, No. 12, 1999

[209] Rafael C. Gonzalez, Richard E. Woods: Digital Image Processing Third Edition, Pearson Prentice Hall,
2008

[210] Anil K. JAIN: Fundamentals of Digital Image Processing - Image Representation by Stochastic Models -,
PRENTICE HALL, Englewood Cliffs, NJ 07632, pp.189-232

[211] R.Charanya, T. Vijayan: Halftone Visual Cryptography & Watermarking, International Journal of Scientific
& Engineering Research, Vol. 4, Issue 5, 2013

[212] Vijaya Kumar. Kurapatil, Venu Gopal. K, M.Nagaraju: Multiple Watermarking Techniques using Visual
Cryptography for Secured Copyright Protection, International Journal of Scientific & Engineering Research Vol. 4,
Issue 1, 2013

[213] Ingemar J. Cox1, Gwena“el Do"err, Teddy Furon: Watermarking is not Cryptography, University College
London Adastral Park, Ross Building 2, Martlesham IP5 3RE, United Kingdom, 2006

[214] C. E. SHANNON: A Mathematical Theory of Communication, Reprinted with corrections from The Bell
System Technical Journal, Vol. 27, pp. 379423, 623-656, 1948.

[215] JOSEPH P. CAMPBELL, RICHARD A. DEAN: A History of Secure Voice Coding: Insights Drawn from
the Career of One of tile Earliest Practitioners of the Art of Speech Coding, Cryptologic Quarterly, DOCID: 3860926
[216] Anuj Kumar Sharma, Shiv kumar: Resource Allocation in Cognitive Radio Network using Dirty Paper
Coding, National Conference on Future Aspects of Artificial intelligence in Industrial Automation (NCFAAIIA),
pp-28-30, 2012

[217] Krishnamoorthi R., Sheba Kezia Malarchelvi: Image Adaptive Watermarking with Visual Model in
Orthogonal Polynomials based Transformation Domain, International Journal of Information and Communication
Engineering, 5, 2, 2009

[218] Anumol Joseph, K. Anusudha: Robust watermarking based on DWT SVD, International Journal of Signal
& Image Processing, Issue. 1, Vol. 1, 2013

[219] Franc,ois Cayre, Caroline Fontaine, Teddy Furon: Watermarking Security: Theory and Practice, IEEE
Transactions on Signal Processing, Supplement on secure media III, 53 (10), pp.3976-3987, 2005

[220] J.E. Vila-Forcena, S. Voloshynovskiya, O. Kovala, F. P’erez-Gonz alezb, T. Pun: Worst case additive attack
against quantization-based data-hiding methods, University of Geneva Department of Computer Science
Switzerland

[221]  ArunaVaranas, G.Ravi, D.Veerender: RRW -A ROBUST AND REVERSIBLE WATERMARKING
TECHNIQUE FOR RELATIONAL DATA, International Journal of Professional Engineering Studies, Volume VIII,
Issue 4, 2017

[222] Ingemar J. Cox, Joe Kilian, F. Thomson Leighton, Talal Shamoon: Secure Spread Spectrum Watermarking
for Multimedia, IEEE Transactions on Image Processing, Vol. 6, No. 12, 1997

[223] Salahuddin Swati, Khizar Hayat, Zafar Shahid: A Watermarking Scheme for High Efficiency Video Coding
(HEVC), PMCID: PMC4140792, 2014

[224] Teddy FURON, Pierre DUHAMEL: An Asymmetric Public Detection Watermarking Technique, THOMSON
multimedia R/D France

[225] Chinmay Tirthgirikar, Onkar Kajale, Jonny Tahilramani, Wasudeo Rahane: Enhanced Mechanism for
Protection and Detection of Digital Watermarks in Digitized Data, International Journal for Scientific Research &

-111-



Development| Vol. 3, Issue 01, 2015

[226] Teddy Furon, Pierre Duhamel: An Asymmetric Watermarking Method, IEEE Transactions on Signal
Processing, Vol. 51, No. 4, 2003

[227] #ex A BE=e, JISFH IR BERBECR TOL 28 FiEH L, EEREJIBIR HSCEE, Vol.30, No.1(49),
2018

[228] RvE =W, o Bk v=—7 Ly MR LB EHERE O T2 O OB AF 1k, L
23 CEE, Vol. 38, No. 3, 1997

[229] HUBERT ZIMMERMANN: OS1 Reference Model-The ISO Model of Architecture for Open Systems
Interconnection, IEEE Transactions on communications, Vol. COM-28, No. 4, 1980

[230] Chun-Shien Lu, Chao-Yong Hsu: CONTENT-DEPENDENT MULTIPURPOSE WATERMARKING
RESISTANT AGAINST GENERALIZED COPY ATTACK, IEEE 0-7803-8603-5/04, 2004

[231] H BREAT, 65 #h—, B = FEERECTLOOY 2 —T7 Ly NEHE W TZE &)
L ROz aVERH, A ALHEF 250 3GE, Vol. 38, No. 12, 1997

[232] Wade Trappe, Min Wu, Z. Jane Wang, K. J. Ray Liu: Anti-collusion Fingerprinting for Multimedia, IEEE
Transactions on Signal Processing, Vol. 51, No. 4, 2003

[233] Marc Chaumont: Ensuring security of H.264 videos by using watermarking, “Mobile Multimedia/Image
Processing, Security, and Applications 20117, Part of SPIE’2011, Defense, Security, and Sensing, Orlando USA,
2011

[234] Eugene T. Lin, Edward J. Delp: Temporal Synchronization in Video Watermarking, IEEE Transactions on
Signal Processing, Vol. 52, No. 10, pp.3007-3022, 2004

[235] AR B, EE PAME, R A B oL ERGEMT 2R Lol &0 LT, IFHAE
2, AT AAET 2T MESTERILE 26-7,2001

[236] Matt L. Miller, Gwena“el J. Do"err, Ingemar J.Cox: Applying Informed Coding and Embedding to Design
a Robust, High Capacity Watermark.

[237] A HERL, ARFE B TiE EEHERED 2D OB LEO N— R B —~DEL OHDIAL,
HALPEA 250 3CRE, Vol. 36, No. 8, 1995

[238] AT HERL, ARFE BTk EVEMECRED 720 OFISCRIRISCEA~ O B4 E W O HIA L., L
Fax, B 50 [EICERR 7 AT A E RS, 3-203, 1995

[239] K HERE, Pl LK, B&SF I, AT B, EIH A U T —ERO 2 SOES ORRIZES
W T SRR BTETES G D R E 75 LT, #2336 3G, Vol. 49, No. 3, 2008

[240] U4Ey A EYER D, W Bl 7 —BR~O R ERFREFE) LORE, HH
PRPE25R SCRE, Vol. 40, No. 12, 1999

[241] BH SEK, BEA Bk, A8 508 Bd0 LN 2 HW 2 BHE R 5L O R ALBLA~ DI R IZD
W, TEBALELSES BFZERES, IPST SIG Technical Report  2008-AVM-60 (6), 2008

[242] QIBIN SUN, SHUIMING YE: A CRYPTO SIGNATURE SCHEME FOR IMAGE AUTHENTICATION
OVER WIRELESS CHANNEL, International Journal of Image and Graphics, Vol. 5, No. 1, pp.1-14, 2005

[243] Susie J. Wee, John G. Apostolopoulos: SECURE SCALABLE STREAMING ENABLING TRANSCODING
WITHOUT DECRYPTION, IEEE International Conference on Image Processing, Thessaloniki, Greece, 2001
[244] S. C. Cheung, Dickson K. W. Chiu, Cedric Ho: The Use of Digital Watermarking for Intelligence
Multimedia Document Distribution, Department of Computer Science and Engineering, Hong Kong University of

-112 -



Science and Technology, 2008

[245] Edward J. Delp: Digital Watermarking: An Introduction, Purdue University School of Electrical and
Computer Engineering Purdue Multimedia Testbed Video and Image Processing Laboratory, 2003

[246]  Abdelmgeid A. Ali, Ahmed H. Ismail: Cryptography Based MSLDIP Watermarking Algorithm,
International Journal of Computer Science and Security (IJCSS), Vol.9, Issue 4, 2015

[247] EH I, B SR, B B, A4 S EEs LEDR A Az JPEG Bt 1b, fEE
HR2 AFEEAE, 2007-AVM-58 (11), 2007

[248] T (&8, BB fRiZ, A BF ZEMGEGIENC PN LB S 1 ko7 — U =& H# a2 fv e
B4 T LHRDIAZE, LR, 4 —7 4 A B ¥ a7 MEETEHILEE 35-9,2001

[249] #E72, HHEHK, "JPEG&MPEG [Xfif Tihons 2 B LM, A AREEHREE, 1999
[250] RILEENR, JRH, METIEABIECRIEMIAR, a7 HARE, 2011

[251] mfGREN, "EECY, ERESEAE, 1968

[252] Ming Li, Qian Liu, Yanqing Guo, Bo Wang: Optimal M-PAM Spread-Spectrum Data Embedding with
Precoding, Circuits Syst Signal Process (2016) 35, pp. 1333-1353, 2016

[253] Roland Kwitt, Peter Meerwald, Andreas Uhl: A Lightweight Rao-Cauchy Detector for Additive
Watermarking in the DWT-Domain, Dept. of Computer Sciences University of Salzburg Austria

[254] Mya Thidar Kyaw, Kyi Soe: A New Scheme of Neural Network and DCT-Domain Based Digital
Watermarking, International Conference on Advances in Engineering and Technology (ICAET"2014), 2014

[255] =g W Ul = fiff, HOREROR SRR, 1993

[256] L.R. Rabiner, R. W. Schafer ((i Rk A& #R): BEFE DT 4 ¥ XU EHLB( - TF), 2wk, 1983
[257] D.Gabor : ”A new microscopic principle”, Nature, 1948

-113 -



	01 doctor論文(表紙･目次)(本審査)
	02 doctor論文(本論)(本審査)

