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Abstract

Based on the discrete quantum walk algorithm and pixel blocking algorithm, this paper proposes
a safe and effective quantum color image watermarking scheme. Discrete quantum walk, as the
quantum version of random walk, can be regarded as a nonlinear mapping relationship between
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quantum states and position probability distributions. Its unique mathematical properties, also
serving as an imprint of chaotic behavior, make it an ideal choice for the control bit of the CNOT
gate. In the watermark embedding process, a pixel blocking strategy is adopted, carefully com-
paring the embedding capabilities of pixels within each pixel block, thereby optimizing the visual
quality of the image after embedding the watermark. This scheme not only enhances the security
of the watermarking scheme but also ensures that the image perception is not affected.
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BEE S SRR A, AATTERIRRE =2 AT PR A A (ETE S R, (ELI 2% 22 e i i £ JRURS: 2 H 2
e P2 LA S A AR T R AR R SR AN B M R PR B, XA A N BB AL, SE T e KAl
PUE, TIREF 2L, HBESURELG R, Br B[ [2] BIVE v W 2 RE e —,
W—HInE &2 efRE. IR, miRERr BER2e, ARGIEENE T RR. 7
PG K ENT4] [5] [6152% —FhoA FAS 53 825 1) 5 245 K ENEHR IR BUBAA MR A (0 2 AR, fRAIE 1 34 &
BRI AR E, WIRTCIEIIEHR A BTG X thAh, — B ZIRIE MR A B0 BX R BT
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SCHR[7]-[16]Hh 45 H 1 A\ 2002 4F-2) 2016 4 () —Le& 7 /KENJT 58, e R 1 Lok &
T BB T5. 2016 4F, Miyake 55 A\[17]HR 4% NEQR AL H 1 —Fffili ] fi] SN IURE - rL B O B T
IRIERGKENTT G0 RN RE R, AT S 258 4 I DR K BN EHR B AL, Pt S e 1 T s (A e R A 3
B JRESLE K E GBI BT 8RR, SEsCBEAN T R . %07 BRI R, THRE R IR
FEfi. 2017 4F, Li S8 N[18DASCER[A71EAT 1 ek, e 3 G AIK BT Gt K FE R SO R B
EAFE LR TR 2019 4, Hu S8 N[19]FEH 17— Fdk THE &9 A1 LSB HAMRIL 4 X s 1 K5 K
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2. FXTIE
21 ReRFEGREEFTENPHIHEFRR(INCQI)

2016 4, Jianzhi Sang &5 AT+ [H b HimAT ()81 BIE 7~ 77 NEQR [22] (novel enhanced quantum
representation)$& 7 — T R 5T BUE E T KR JTIE(NCQI) [23]. fEETIFEMLF, NCQI FR—
i 2" x 2" A UG AT LLS A

1= 2 le)el) @

Horp, o) FARMIRG R SIS S, H R sIRoR, e LE:
16,) =| Ry RoGy 1+ GoBy s +-By) @)
R,.G;,B, {01}, j=01-q-1 3)
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%Y €{01}, k=01-,n-1 (5)
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BRI EE R DU LA M

i1 & =¥ ] (Position Space): 7F & T80, AL 8 23 EE H— R0 EEUR) M e SRR, B A
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HT S S IR T g b IEEAT B E . B, %X 2-1 4 TIEARZIRGIN L AT S HoE 1
1B I A

S =3 (|x+1,0)(x,0[+|x-11)(x,1|) 6)
fifi 23 [A] (Coin Space): & /A B2 [M4h, BEUE TEDIEGIN T — DB A XA R
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HAAR EELITEIT .

311 ERMEFERKK)
(1) EEAEEA N ARE FEAT B EmE e, PP SRR IRIER T EME AP .
r BB B E IR N RA T A T R
), =Ulw), =S(Cei)lv), ©)

o, C RIS 43 R i T A A B T
ST HA N A ANE, 2510 111 2 ESE WM E T RSB E T

(cosa sin@ J
= o (10)
sing —cosd
12,0)(1,0]+|N,1)(1,1| when x =1
S =4|L0)(N,0[+|N-11)(N,1| whenx=N (1)

|x+1,0)(x,0]+|x-11)(x,1| whenx=1N
SR 12 P =AERETCy . Cv MM =MARKELE U, . U, U,, IHEH
REAENE FAER BT — ek R g P .
(cos@1 sing, j (cosa2 siné, ) [005493 siné, J
C,=| . , C=| , Cy=| (12)

sing, —cosé, sing, —cosé, sing, —cosé,
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=$(1®¢;), U,=s(ieC,), U,=5(I®C,) (13)
WAE T Uy, Uy U, 4B RL R BB e, A —A b4 m. JF 1 B IF 885 15 5
ro RiE, B8 aﬁ —BIRENE T U] (el r) ERARE R 14 g Uk %

J,, if m; = 0(i.e., the jth bit of m is equal to 0)

U/ ={U,, ifm, =1(i.e., the jth bit of m is equal to 1) (14)
Uz, if the QW step number j is greater the length of m

EEPIEATE, EALE x AR EBR T MR DR IR -
Plur)= 3 foxel(G) Iw|

ce[o)
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(3) WL 16, KHFET ZRHA—NH IR FERE S, BRI H 2 0 3 255 Z [A] 44,  RIFRAT]
WA HE G e [0,1] WU — ML s, €10, 255} .
5 = floor((tile x10° )mod 256) (16)

(15)

N T RS, BAEER T MATLAB 4 fix, &P,
s, = fix((t, x10° ) mod 256 (17
2%, FEHERE S I NCQIBEAL, P AE4ERE |K)

3.1.2. Fiﬁﬁlﬁﬂ@*Eﬂlﬂ%x)
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e
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3.2. IKEPEBRBIBmANITIZ

3.2.1. HiEERSTR

FEMRANIKEVZ R, A 8RR B E KA 2% 2 GRS, PA— RN 2 X 2" 3R B
B, PR EIR 2" x 2 AME R, BAMEERIREE 4 MEBMENGR. AT RGN RYoh 4
MERIRANRE S, AR IR T HURE BB a8 0 MBS B (il (Y Ja — A& B AT I &
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TR E G DB R ENMERRZ G, BTG RIRT, 2K RERGERE RIRARIER
WEG G FE . Bk, KENEBRIE — MR S SRR B B3, KENEBIE - ME&R
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Figure 1. (a) Carrier image before segmentation, (b) Example of carrier image segmentation
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Figure 2. (a) Watermark image, (b) Carrier image

B 2. (a) KENEMG, (b) HEE%
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FEKENISRIUE AR, 75 2 BB A5 | C) R KBS 8K EIR | CW ) R P51 Ko B AR $RIGS
FEUI T :

W 2 S R A B R B By NCQI AL T (1) & TR |C)

TERAATEIR | C) AR AN KENR A IR |CW ) Z [T R EE 5, MR T EE|X) .

SEFH KX, [EERTEEX).
3.4. KEDEIBHEEDTE

SRICH 7K BT MR PR P R R 48R A o L R PR A 75 P BRI A B 7 R | X) A
PEHIER | K) o #92EALATRIKEN IR | 1) B RErT BLR A A -

[1)=C—not(|K),|X)) - (20)

4, {ARCE

4.1. JKENEEL

TEARFH, St FRIKEIT RIESL M ENL LT TS, Frf SEi07E MATLAB R2014a 4T
SEPR, SRS FH R/ 256 % 256 (1114 Lena. Pepper. Sugar 1 Tree.

Figure 3. (a)~(d) show the original image, (e)~(f) show the scrambled image, and (i)~(I) show the restored image

B 3. (~() N EBER, (-~NABILEWEIR, ()-()AREFHER
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BRI ET R Mot EE, EEWMER T RE P EREN S AEL. EXEZ-ES, BI5E
Rl E7s 7N 0 21 255 YA TG L. EREEIERT, AT RSB EIETE 2 A5 E T K,
B ek BB HO K LG A S B . BT B s TR BB B AL AR AE R EE, FOVE
RE 15 AT 3t S5 ket PR A b 2 MR AL EH B o 4 14 L L VR L% RES 1 DR AN R L AL MR R BT JEL R
A R — Bk, DLHCRIRAEE E I GE T2t . 14 4 45 7 IR A6 R Lena K ELBL G BRI ELRO BT 18

DOI: 10.12677/csa.2024.145128 200 THENUER 5 N H


https://doi.org/10.12677/csa.2024.145128

K5, |56 R 7 454 T sugar. tree A1 pepper B &L EMGHIE T &l XL GRS 3.2 Fih
RHENL ARG, KEFEEIHEER 8. X451 Em T AR R T EIG E AL
IRRERS A AR BT B b ey, NIRRT RGBSR 1 2 4k

aEEEE R
2000 . . . : . ’
§1ooo ll 4
0 . - .
-50 0 50 100 150 200 250 300
BERE
1000 ﬁjﬁi@iﬁﬁﬁ@

X 500 ]

2 Aechefiihe e ]
0

-50 0 50 100 150 200 250 300

B

i A 7

(@) R EZ 1000 i i i i
§ 500 “ -

%o 0 50 100 150 200 250 300
BRBEE

(o) R RBE A

4 BT
400 : :

0,

-30 0 50 100 150 200 250 300
FwE
400 a3 By B

1]

-50 0 50 100 150 200 250 300

» , BEBRE
— A 5465 3 P15
) EFLERK =
ﬁZOO J
-050 0 50 100 150 200 250 300
BERBAE
() R EBETE
Figure 4. Histogram of Lena image
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Figure 5. Histogram of watermark image sugar after scrambling
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Figure 6. Histogram of watermark image tree after scrambling
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Figure 7. Histogram of watermark image pepper after scrambling
7. IKENE% pepper BELGEFE

4.2. BEBERA

®

Figure 8. Embedding experiment results: (a) watermark image, (b) carrier image, (c) carrier
image after embedding watermark

El 8. MALWLER: (a) KENEMR, (b) HIFEIR, () MAKENEMHEEL

EAFESEI T, AZLL Lena. Pepper. Sugar Al Tree PUANEMGAE ALK, #E47 T K BN RN .
R BE B PPt /K BN BLIE R B B A, T 45 14 L (RGB-PSNIR) 2 FH T 1A% 7K B % A0 i o 22 [30]
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PSNRqs = (PSNR, + PSNR;, + PSNR; ) /3, (21)
MAX ? MAX
PSNR, =10log,, ———— = 20log,, ——~-, X €{R,G,B 22
X 90 "y roE 90 fase { } (22)

8 LA Lena K MM, &M E R TR ANKENRT/E 1) Lena & . JEExfEL, mTOAMERS], kG
FERLDE B IR IR 3 AR AL, SR TR UE B T AT i th R RN T SR AE DR e MG i ot & 7 T A s
(ITERE. 22 1 R4St 1 IX DU EAR EURAE RN K B S IR IEEAE A5 1 LE (PSNR)E - X SU3U{ B $2 3t 1%
TR ARV, AT PR EIIE T A EE BT H AR K B R N 7 BAMY B A R AL ROR, At 4
T AR AT

Table 1. Experimental results of simulation experiments
%1 HESROTRER

BAREE IKEN RGB-PSNR
Lena Pepper 56.4591
Lena Sugar 56.5702
Lena Tree 56.7287

Pepper Lena 57.1023
Pepper Sugar 56.9806
Pepper Tree 57.2542
Sugar Lena 56.9905
Sugar Pepper 57.0100
Sugar Tree 57.2019
Tree Lena 56.7842
Tree Pepper 56.6948
Tree Sugar 56.7963

5. B4

AR T —Fh QIR R B G T EEOKETT 5, %77 Z L NCQI By RERL, JF i &
P FENE R %, 1E55 3 THENIR TKENAIEEL. WA LR BUGERE . O 1 38iEJ7 SR A SEH]
PERITERE, ASCAES 4 9, i MATLAB “F &, 3T 7SR K. SKiesf Remibm] 7R
TUEAET, AT RAIILT, MHBCREZE . FalES —RIOE, 77 RAERGL IR 4R
FE AL B, X RS AR ATy SR SE PR B A B AT S 2 A AT SR A

E&WE

JEHHTEEE AT R T H (KM202010015009); b 5 B[] 27 g /4 24 25 [ 22 4 (B 7 OB R HoR) B B
FARHE I H (21090123010); LT R 272 fe 7 4F 5B H (Ea202411).
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