AR 2023 4F 4533 % 452 11.167-175

doi;10.3772/j. issn. 1002-0470. 2023. 02. 006

ETHBREN=ZEETEGMNZBEEZHR"

A

e

("

A

AR
("ROAFEREFARAREFRREHARIRTA LT
RLAFIEFETHREN TR ZETER SR LR E

X 4% @
% 2 5 066004)
% 2 8 066004)

i % EASREHGEIANETIHENNREERLX TR TAENNERMELESL
AMERKER, AR EGESIETIHENE T H#AME G E - MR, 4
— A, T HT NEQR A 3 B FEG B H L, &%, FI A A& /R4 (Hilbert)
B ETFRABE; KRG, FIA M Lorenz Bt 2% £ RWMAFF TAEFHREF
By AL T, L AL R B A e, FI A B FRALE xR 46 B 7 R FH AT CNOT 3 15 5 3t
LA & CNOT #1F , EAMAY B, FE R W mEEE, SRERKXH, mE EBRW
HEFERK, B EENEHZAA, B EGNGEEE TR B - TFHENEE

WEELEWE, BARFN T EEMTATE,

Xl WEmw, BELEAS,;, ETHEHEG; TR

0 3 &

BEA 2% 10 % Je AR T~ BOR T ST, B8O
TR AR EAR B AR AR AT H AT ™
A MBS B, ZE S AT Tl U 7 ol 45 ) AL
% POR 2B LR GOE Xt AT fe AL . E1E
T G Y 1 22 T AN IR K i, A 521
T SCAS B 1) e 200 %5 s ME (advanced  encrytion
standard, AES) F1% 45 Jil % 4% #E ( data encryption
stantard, DES) £ | 2| BUAE 9 3L TR IE R S M DNA
BRI s RS BTk et
SERE RIS BOARAN W E 0] A, T T
PLREREHEAT IR AT1HEE, BT L M LR T
AR ES IR b FRBE 7, K 20 i PR B 4 i 1 TR R AT
INEE A L AL S RE S ELAS T i (e 4k

I, 7 R RN 430 3 Fl 26 1 A S
HR[ 8 T4& i A FRQI ( flexible representation of quan-
tum image ) 1 T E KRR AR A 2 AR A o T L

el Or BAR S PR B R AP (S B i T
61 RE O AR AR AT A A Al 22 , 5028 R A RE T 1
IR MG 55 2 AR SCHR[9 ] $2 1 19 NEQR (novel
enhanced quantum representation ) AR S
BB IR AR BAFAE 2 &7 S P AL E A BAF
it 25— A A 2 DGR RS
HEHW—PETEME, -T2 TEMEERR
SIAEYSW AL ShE S e SN PSS VAC R EFSEE
3R LRI 2 A AT AR AL D MCQI ( multi-channel
representation for quantum images) ,

AT T EUG R BT T R N
AR b B St SCHR[ 10 J 48 Y 1 2 T K
AN T Y PR 7 EEEL A R . SCIR[ 11 ] $24h
T 3T Arnold 1 Fibonacei ZF S & T B LA
o BEJE SCHR[12] S T 26 T A R 1A 4 (Hil-
bert) FIRE I A 15 B AL AL . SCER[13 42 T
7S Arnold 8L 5 IR TN 505 i 7B 1E
SEANAZNR R GE 38 58 IE Wy 5 (Y BEALE TR

O  FAMRARFHIIT H (2016040301 ) FiIL4 FRBF-FE 4 (F2022203043 ) BT H |
@  ,1997 4EA: Ab A BFSE 07 ) TR R T RSN  E-mail ; 8644757784@ qq. com,

@ EfEMEH ,E-mail; fe@ ysu. edu. cn,
( Wk H 9 .2022-01-10)

— 167 —



EHARGEIR 2023 4E2 A #5335 452 1)

B, SCHR[ 14 ] #  FIRTE S Fourier 28 # 45 & 7F —
Rl N T R (518 W DB iU B e € N Wi e
THEAF AT RS RS S A
B ML NG , BAT 22 5Lz 5 o A8
i, UTAFAE, —Sb g H I T T R R g
T L TN BN T vk . 2017 4R SCER( 15 ]
P 7T R LR AL Y B I A R
THER ISR RO . 2019 4, SCHR[ 16 ]
T 7T FROI 5 R A s 50k, FI TR T &
GE77 A B BEAIL 91 %) b7~ BRI A T 8 (37 - T S B
AR A iR B RCR o TR, SCik [ 17 1 )]
FH R ERE s 523 NEQR BESE e, whah, SCiik
[ 18 1K — 4 Henon R 1 M 5 % 0 1) B 131 S ML
A TR P S R T EUR AT I . X L8071k
ST RGBT RIS

AR SCAE A 57 - TN % 07 vk B R L BEXT H
AL TN 25 3k A0 7 22 i 55 S Bus SO S
BRI Hon s 75 X8 — A0 )l $ 7 A6 TR R
M =R R RGN . |, RN A R AR R
(Hilbert) P4 52 3 & 5~ B 2% & L5 AR s, A
Lorenz VRVE RS AE A EALT 51, 4THLE 1R R T
AL | S B 2 B L s B, M T BE LI R
Xt SR 1 R AT Z AR BRI R AT A B 52 4
R4 SEIAL Y B, R B B E N BIR . Ui H
I aE R, BT A i RN vk B
ARy AT S R AR AR AL

ASCHZERATT . 55 1 E s T sk
PEHIRNRTER S i1 MR RN B K 1 Hilbert
EALRBE RIS TN RL R BR 5 2 A
TARESE R TR 3 R R T O B
S TEHEAT A OCHE | BT RN SR SR X e o)
e, BE R A AT 5 4 O SEIE

1 s 5%

e NS R R H IR RS BT RR
BERY P25 Hilbert 50 BEAE B SEIE A S, i) 4
REYIIE X =RP RO uR
1.1 BiERSES#HAEE
1.1.1 # Lorenz IRV RS

— 168 —

i Lorenz 1RV 22 48 H A ) [ G502 F O Bl AL
PEAFARRPE , H™ A R I 21 BE AL BOTR T AR 8
b, SEIE A B BN S, B Lorenz iR
ARG E ST

x =aly —x) +w
3:/ =cx -y —xz ()
z = xy — bz
w = —yz + rw
L, aber WRESHE, Y a =10, b = 8/3,
c =28, -1.52 <r <-0.06 I, RGAL TR
&, U Je Ak - PR 2R AT SR A nT A BEAILIE 31, AR
SR Lorenz IR RGNS E N 0 = 10, b =
8/3,¢c=28,r=-1,
1.1.2 | TEGREE

NEQR &7~ B 4 7 R R BEAS 1 N % 2 ) v
B I i EIR AR R, PR AS SCLA S B R4 T i % | 3k
iy 5T DAER i 5 . X Fh i 7 RIR SRR
J7 i 2 AR AR R KB FIAL B AR R . P
AT R A T SR

RS NEQR /R i, X TR/ R 27 x 2" By JK
JEEMER 1, WL A

22n-1

|I>=%Z|Ci>li>

L C) =1¢Cr'cicy , cefo,1},
k=qg-1,-,1,0
Ly =1yl a) =1y ) o, x50,
Y., 6, € 10,11 (2)
TR TR L Cr eV R BB K
JEH, 2 Al ARoR 27 B E R = A | 0)
FOREMBGIALEE R, IR | x) i KFJrm)
IOLEAG R, | y) At By A B 5 .
1.2 Hilbert 55/%
—A~2" x 2" B EME AT AR AR A — N,
XA R R AR S, JFH A 1 - 27 SRt iR
ZOEGE,

1 2 3 2
2" +1 2" +2 2" +3 2!
Sn = .
2211,—1 + 1 22n,—1 + 2 22n—| + 3 22



XA BT IR A =R T RN S AT

1 2 3 4
fﬁﬂﬁﬂsl _ [1 2],S2 _ 5 6 7 8 )
3 4 9 10 11 12
13 14 15 16
A KA AR R H, R URTE S S, iY—Fh
1 2 15 16
4 3 14 13
58 9 12/
6 7 10 11
F Hilbert B GLk 2T 8L & F R 07 &
HED 4 HAS 5 B 4% IR Hilbert S B E4T HED) | 351
A AR R B A5 8, B AT 5 B AL, X
fif HIRE T H2 1 1 HE B 1Y) Hilbert %8 P4 A2 BUSA
e

. g, = [\ 7], -

H (H, +4'E)"
((H" +3 x4"E)™ (H, +2 x4”En)T)
n AEEL

(4" + 1)E, —Hij)

n+l

( H
(H, +4'E,))" (H, +2 x4'E))"

n HAEL
(3)
For o RIERRE H R R Y R AR R
N R HY R R 2 R H S R R 0
¥,
1.3 ZREFERGMEEZX
Pt R R AR R 1R

R I R {Ef;og;};
A
Y Y
NEOR¥% #t g 2]
A
A Y
BTER B LR frFEL
A_r A
Y
Hilbert & #l HE LB
| £

1 mZEEXERER

TR UG B R il NEQR 1 [R5 1]

FAA KRR B SE B T BB L SR e, L
Lorenz R R A U BEHLT ST AL TR E T Y
BLU , SC AL L s e Je , A £ B AL I 4500k
R h BT MR T CNOT 3R IR TR P 51 52 31
F CNOT #:4E , 15 855 o E&
1.4 E=F Hilbert REEL

TESEAT B 8 FLZ T, 0K 5 A IR 5 4 ik
NEQR Fn g, =l (4) FirR .,

22n-1

| I> = 217,12 l Ci> ®| l>’| ci> :l ci'lil.”cgc?>5
i=0

e (0,1} (4)
it Hilbert L4510 3 MEF45
551 ¥4 . W B AL Initialization (k) o P A K
BIRSER 2" x 2" B A BUG 2 x 20 A
KR 2 x2 58, fEEFREh i, 5
Xy IR T 2840 ] AR, AR R 454 I AE «,
Saxpsyn,, S, B, x,, Hy, T HH,
W52 BB TGS odd (k) o 24 n A EN,

)%ﬁﬁ(A o

%L—i%ﬁ%ﬂ(
BT (T

A B ) -
o KX

C D

TR 3 PR,

(1) FIHE P18 v, 5y, , SRIG 1732
AR TR b o, REEHIOL, y, 2 HARL,

(2) AT EI S T HRAE, Foh, y, S
B, Sy, MU, vy Sxg,y, Sayyeeyy,, G,
113846,

(3) #4701 ZHEAETTHRME. My, MO x, H 1
B, o X 1 X oo Yy g U

553 WA AREUEE even (k) o Y n W B%LT,

)%ﬁﬁ(A B

%L—ﬁ%%%&( )
D T

hr J.
cC D
TR 3 PR,

(1) AT T4, Hod y, RSN, «,
SEHBML

(2) SEATEEHI S T4, Hovb ) o, S 45T
B, M, MU, vy Sy, vy S,y S, 3
173848

(3) #HAT0 1 ZHAETTHRAE, My, A1 2, N0
B, ¥ gy vy e Vit Xy U,
— 169 —



EHARGEIR 2023 4E2 A #5335 452 1)

1.5 BEEFMNELL

TR 707 B ELAY R 3 IR

551 2 A HBEVLECE BB Lovenz IRTE RS M
WIE, b 20 e (-40,40), y0 € (-40,40),20 e
(1,81),u0 e (-250,250), FI-¥ 0 {HH AABIR
RG24 A BENLT S S I B U 5O 51 X, 25
FUGRST R M x N, MIBEHLF SIS M x N x 8,
I8 5 BUS R AR5 11 NEQR BIHR 1,

X = mod(floor(S x pow2'),8) (5)

552 L KBEHLT I M x N MK R 8 1
B BB R UOCE 1 0 ~ 7 HIBENLEL,

55 3 45 R T A8 ) e HR A A 4 HE B
WS 5 1, HEAT A, Sl S BR 1Y 1, ke B L
MR, BRI IGY H7,6,5,4,3,2,1,07,

A MRS A 9 [0,2,7,6,4,1,5,3 ] I B EL
= HL I 257
==
[[org - -
o oy
I coyp——2
| j/i llco)!
eyl l 4
:|C?): Ilc’s>i
7 ey X
AR pij|
e x «
||C_2)! :| ,-/i ]
Lo @
jlet——
| | IlCi>'
||C,l-)>| t
L ent
e d
¥,
1X.)

2 BEFTEEIERK

1.6 RIEEFAH#
IR A 8 3 AR, BRI vk
551 2 FIHBENLECE BB Lorenz 1R R G219
WME, i 20 € (-40,40) ,90 € (-40,40) ,20
(1,81),w0 e (-250,250) , ¥ WI{EH A BRI R
g4 R SBENLT S S IR U BT S X,
X = mod(floor(S x pow2'), 2) (6)
552 0 B 1 BTS2 ARRAEXS 1, #EAT
% AR EEIR 1, 2RI ERIAL A X
fefit, BRI 3 R,
— 170 —

53 0 X 1L #51T A B2 AR EAE, HE8 Lorenz
RIRG AW M x N + 8 BFF X, FbA7 R A8k
HEFA X, ,

X, = mod(floor(X, x pow2'®), 8) (7)
v
||C7): = *
| J| ITC7\-: A
||C5\l |t %
| j/ | T
I Lojleo é
il ey ——1
i 4 e D
IlCHy——— 3
II o :IC?>, N m
|C I i
R D .
lCh——7 . &
i 2y an
:|c:>: 1 % "
j | !
F et ©
A e —
T o—
1Y)
[X)

B3 REETMAYE

BESEBEALYE , S FEET M x N A, X R Y
8 N EHEATICE E HES A3 BB EEE [ 0,7 ] TE
WA FEHLEL, HI R RAEBEHLY B WY 5 4h it
FHM(7,6,5,4,3,2,1,0], %0 EHLF3 X, A[2,1,
5,7,4,0,3,67 4% BE BRI P X6F B 20 0y 1) 2 17
PEAT S BRI TY B, N T RE R A T
BRAE B8 B9800 6,3,0,4,7,5,1,2 ], i
A7 — 5 B A 15 2R A B TR =07
H S Bos BB 4 FiR,

Fan
3

aQ
£
Sy
a
N

fany
A~

a
o
~~
fany
Ay
a
Ay

o
U

9
E
~N
fany
hvy
oD
\voy

4 EFMTEY AER

2 R E %

fifp A A R T S TR B 0 R, R R



X AR BT R =R BT R I BRI

1 3 J2ne i E A A 3 2

512 YRR

L HCH B Sy ) AT R AT A B Bl
I

552 2 KL B L I S 1) E AT BT A5 3467
Bl R

% 3 )2 4% MR Hilbert ¥ &LIAYE R I Iy W) #E47 7]

TR AR KR
fif s B R AN A 5,
b #8Lorenz M s
e g R4 itk u: S
K
< Y _
‘ ) Hl
[y B2 S
P Eg NEE
fr B RL 5 "
Y T I

5 BMEEERER

)i

3 R E S e R AT

3.1 IR

SR AR AR E R Lena, R K/ K 256
x256 R | JEEUE % 1B FN ik 25 A 1 6 BT
HT 1] 6 TR I B0 1 o 42 PEIR B 005 5 R Gt i
IR EMGAR S et i) T 15 B M b 3 D 4 11 15
B IR IR AT T
3.2 FATEMREESH

ARSI B PAdE T Lorenz 1R 2R 4 4]
W NS, WK = {20, y0, 20, w0}, 20 €
(-40,40) 50 e (- 40,40),20 e (1,81),u0 e
(=250, 250) ,x0 .0 1 20 (R4 1077 | w0 (12
KH10-2, B, BHAEEBKNN S = 2.56 x
10¥, TCHkiE 288 FAF TR iR, B 2k,

(o) fEE IR

6 EFEEK. MEEGMEZEK

3.3 HEMGEEREMEST

AHARAR 25 140 & 1 BT LA e A 26 R Bk 174
Wi, XISk ok Uk, A OC R BRI R A SRR R
LRVE A DG AR BT — 1 B 1, MG
FHOCHERRAR . S 5 % [ 78 3 A7 Tl A DG R 4K
W1 PR, Hob SCHER[ 1S TRISCHR 17 ] 24k T4
Tl 0 RO S, SCER[ 19 ] 2 5 TR
RO RGN Sk A R IR 2 S E S

12 1 s wT A in s T A OC R BGE IR T
HAIN R B AT 2 R B, DA 2 kA R
PRI SR

%1 Lena Bl&HIHXREL

ER K- TH X FER

Bl 0.9819 0.9586 0. 9430
T el -0.0001 -0. 0002 -0.0006
SCHR[15] 0.0005 -0.0042 -0.0055
CHk[17] 0. 0049 0. 0069 0.0013
SCiER[19] 0. 0060 -0.0138 0.0014
SCHR[20] 0. 0004 0.0013 -0.0023
k[ 21 ] 0.0075 -0.0055 0.0187
k[ 22] 0.0027 0.0018 0.0029

[ F, 3% B AL L B T Lena K8 ) 2000 %f
ALZRXT, 43 K OSE 3 B A 3 AT W A
Kot A AN 7 s,

— 171 —



EHARGEIR 2023 4E2 A #5335 452 1)

i1 7 iR, B AR R 3 AN T5 10458 3R AL bR K JEE
EREURIEA S A0, I B4R 3 4> J7 R R A

PR BEAEL 3 A R B 2 59 oA, U6 4 S R A 4%
A7 I LA BAT ARG,

300 L w300
% 250 A 2 250 E 250
= 200 X 200 = 200
= = %
£ 150 150 S 150f .
=100 | 17 100 =100 |G
ERE o~ L o50 | ZosofE
Y- S 5 olF
0 100 200 300 0 200 300 0 100 200 300
(e, WAEFRI A AE (x, Y)AA BRI FEAE (o, y)ABRR IR B £
(a) BHSOKE 771 (b) IS E T (c) B3R 77T
300
a 300 s 300 ﬁ
% 250 oy, 4ok % 250 _’;_:" % 250
K 200 (5 = 200 2 200
2 2 200 Ry =
£ 150 £ 150 5 150
% 5 i
= 100 = 100 = 100 f
- + = .
T 50 > 50 =50
= > e +
T 0 BalERsnihe: 0 5 0
0 100 200 300 0 200 300 0 100 200 300
(e, ) AARI IR BEAE (e, ) AEARI R BEAE (o, Y)AEFRI IR A
(d) F K I7 1) (e) BEILEHETTI () 2300 FLR 7 )

BEl7 Lena fHMEREXEEKRS S

3.4 NPCR #0 UACI & %7

Fbds 2 MR SR A AR R S I ME, e R
[ AR SO 2R R Sy e, Xt 2
fI4% 2% i 28 % ( number pixels change rate, NPCR)

HE = (7) B,
NPCR(P, P,) Zﬁvz Z | Sign(P, (i j) —P,(i )]
x 100% (7)
Horp Sign( + ) AT SRREL W1(8) IR,
1 x >0
Sign(x) = 10 x =0 (8)
-1 x <0

FCEE 2 R PG I o7 B A% 3 B, TSR E
I 2208, SR THEE AR R A B S 22 S
I RZEAA (255) 19 HUAE 9 7 448, 3l & )3 — 16
5 AL 38 B (unified averaged changed intensity, UA-
CD) JHEAAN

1 & &1 PG, ) -PG, )|
UACI(P,, P,) = mz ; 255 -0

x 100% (9)

2 5 T NPCR F1 UACI AR 45 5 ik

2 DRI BRI, % MG 5 TR bR G 22 Sl il
— 172 —

Ko W52 R, Frig it A9 58k 2 NPCR 5
UACT P HAR A R0 505 S He i AR, Ui
BA RAFRY I BOR LT

%2 NPCR F1 UACI it 45 82

fibs BOBMH SCER[20] SCER[21 ) SCAk(22 ] ASCRE
NPCR/% 99.6094 99.5900 99.0127 99.6800 99.6098
UACI/% 33.4635 33.5000 33.6872 37.0100 33.4332

3.5 EABESH

BT BT DL B I EUR B IR BE 3 A bl . %
T MGk UL, B 5 (8] 53 A1 B 1 5 T 5 R i
U, Lena &5 % K& B9 21 2% % (red green blue,
RGB) =@ EL 7 K&l 8 fizn ., &l 8 Wl X Lt
G2 1 e 1Y =388 B BRI DU Y T h R
1Y IR PEAR 3 AT AN 2] OB A W R I Eh , B 2 58
T s R W BEAE o3 A B 1 5] OB 3K 2%,
3T DA R A ST T L BB S T
i, BAR e,
3.6 EHAGRMELSW

B R 43 BT 2 2R 43 A 224 im 285 1 P % 6 fie
B, AR SR AR T VIR AR RE A L M A A



X AR BT R =R BT R I BRI

PR . FEANREAR S RA RS SR AT T,
T/ INAS PR, D6 B 8 Rk 4 s ) e P B

1200 1000
1000 800
800
< & 600
€% 600 P
400
& 400 &
200 200
9 100 200 % 100 200
KEEAH KA
(a) LenaR (b) Lena G
1000 350
%00 300
¢ & 250
~ 600 % 200
i &
& 400 150
100
200 50
%% 100 200 % 100 200
P KPEAH
(c)Lena B (d) INZ=R
350 350
300 300
250 250
< 200 :k\; 200
%
& 150 g 150
100 100
50 50
0 0
0 100 200 0 100 200
KA KIE AR
(e) IN%EG (f) In%B

B8 mEMBEEATE

XF PRI FE R 20 | 0| 20 BUE 4y
SN 1077 7E w0 BU(E Lk 107" X E&
PEATR S f s R AN 9 R, AT ORIl 4%
B AN IR 2 10 "2 il o A 0 1 2 1
ER R UG BT B4 0 2 S U
3.7 EEREHH

B—REUR B ER A i Gt B AR A 5 B
5, R RS BT AR T 19 2 ORI

H=- gpm log,p (i) (10)
XHL LR USRI BE S8, p (i) oK @
LA

XFT L = 256 WK EEREDLIEMER 15 B0 H ry 3
WA R 8, 23 R T JRIE S hns E (a5 1
T4 NS E A, B2 3 AT A B

W EE AR R N 500 S B A, D W2
5 BEBIT AR AR ol

() BAREIE (b) LEH %

(c) xOFE R %A (d) yOk& iR 2% 4

() 20 R %A
B9 ZHEBESH

(f) wOHES IR % 41

x3 ERESW

5 B JE Jnag &
SCHR[19] 7.4436 7.9983
SCHk[20] i 7.9978
SCHk[21 ] Ji 7.9564
SCHR[22] b 7.9938
SCHk[23] Jc 7.9941
ARSCHE 7.7760 7.9989

4 £ i

ARSCHE T —Fh w8 RN 7% . %
L BRI 3 2, 73 R A R AR R HES
A BRIy 51 BEA T e L o7 B RL A B S HAS 2

— 173 —



AR IR

2023 4F2 H 533 % 21l

IR . 5 ERVEUE 7 A 2 W1, i PR B AH 5%
FROEAR, w1 R, s R R K s & H
— AP A AR (R B (E, B R AR
LAVERIAIATIE, HAnS ik se e T i1 - v ik
e B0 T 2 MGs R R RYE, (B0 fE AT
Hilbert J [ HES I 2 46 2% KA 18], HHESI A [# €
ML, B 5 B . DRI, T i BE AL A 5 Bk
FCENL T — LI

S% 3k

[ 1]

[10]

MIRZAEI O, YAGHOOBI M,IRANI H. A new image en-
cryption method ; parallel sub-image encryption with hyper
chaos[ J]. Nonlinear Dynamics, 2012, 67 557-566.
CHAI X L, CHEN Y R, BROYDE L. A novel chaos-
based image encryption algorithm using DNA sequence
operations[ J]. Optics and Lasers in Engineering, 2017,
88:. 197-213.

HUT, LIU Y, GONG L H, et al. Chaotic image crypto-
system using DNA deletion and DNA insertion[ J]. Signal
Processing, 2017, 134 234-243.

FARAH M, GUESMI R, KACHOURI A, et al. A novel
chaos based optical image encryption using fractional Fou-
rier transform and DNA sequence operation| J]. Optics
and Laser Technology, 2020,121; 105777.

R R R T 5 1) A I S AMP B /N
SRR RG], mHAREH, 2019,29(4) .321-
328.

SPEPH 5k 80M, A, 45 BT IRMGOK ENH R 20k
[J]. BRI, 2021,31(2) :148-162.

CARAIMAN S,MANTA V. Image processing using quan-
tum computing[ C] /2012 16th International Conference
on System Theory, Control and Computing ( ICSTCC).
Sinaia: IEEE, 2012 1-6.

LE P Q, DONG F Y, HIROTA K. A flexible representa-
tion of quantum images for polynomial preparation, image
compression, and processing operations[ J]. Quantum In-
formation Processing, 2011, 10(1) : 63-84.

ZHANG Y, LU K, GAO Y H, et al. NEQR: a novel en-
hanced quantum representation of digital images [ J ].
Quantum Information Processing, 2013, 12 (8). 2833-
2860.

ZHOU R G, SUN Y J, FAN P. Quantum image gray-

— 174 —

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[21]

code and bit-plane scrambling[ J]. Quantum Information
Processing, 2015, 14(5) ; 1717-1734.

JIANG N, WANG L. Analysis and improvement of the
quantum Arnold image scrambling[ J]. Quantum Informa-
tion Processing, 2014, 13(7) ; 1545-1551.

JIANG N, WANG L, WU W Y. Quantum Hilbert image
scrambling[ J]. International Journal of Theoretical Phys-
ics, 2014,53(7) ; 2463-2484.

X 4s A, BE T IR B 00 A A 1 LS
WL AN TR SR, 2016,38(11) 12227-
2233.

N X ARAE. IR AT 2 B Fourier A5 41 &
A E(T]. HENL TSN, 2018,54(17)
214-220.

R, PR, BT R AR O R 6 R A A
TERMLY]. BT 51E R, 2017,39(2) :489-
493.

sifdt, FE IR, BT IR IE RS0 R E R % Rk
[J]. PUREsCil K4, 2019,54(2) 421427,
SRUEARG VPR, R IR, e TR R 6 SLIR (4
FUGmE k)], BT T2, 2019,36(1) :15.
JIANG N, DONG X, HU H, et al. Quantum image en-
cryption based on Henon mapping[ J]. International Jour-
nal of Theoretical Physics, 2019, 58(3) : 979-991.
DAIJ Y, MA Y, ZHOU NR. Quantum multi-image com-
pression-encryption scheme based on quantum discrete co-
sine transform and 4D hyper-chaotic Henonmap [ J ].
Quantum Information Process, 2021, 20(7) : 246.
WANG SC, WANG CH, XU C. An image encryption al-
gorithm based on a hidden attractor chaos systemand the
Knuth-Durstenfeld algorithm[ J]. Optics and Laser Tech-
nology, 2020, 128 105995.

ALBAHRANI E A, MARYOOSH AA, LAFTA S H.
Block image encryption based on modified playfair and
chaotic system[ J]. Journal of Information Security and
Applications, 2020, 51; 102445.

FEOL WAL, e, A T AR DNA S it (% 14
BRI B B[], ER KRS, 2021,44(7) .
55-63.

WANG B, ZHANG B F, LIU X W. An image encryption
approach on the basis of a time delay chaotic system[ J].

Optik, 2021, 225; 165737.



XA BT IR A =R T RN S AT

Research on three-layer quantum image encryption algorithm

based on hyperchaos

LIU Shuai* ™ , DENG Wenbo " , LIU Fucai™ ™
( " Engineering Research Center of Ministry of Education for Intelligent Control System and Intelligent Equipment,
Yanshan University, Qinhuangdao 066004 )
( ™ National Defense Key Discipline Laboratory of Mechanical Structure and Material Science
under Extreme Conditions, Yanshan University, Qinhuangdao 066004 )

Abstract
The proposal of a quantum computer with efficient computing power greatly reduces the security of image en-
cryption algorithms based on classical computers. Tt is difficult to transfer images to quantum computers for repre-
sentation and encrypted transmission. Aiming at this problem, a three-layer quantum image encryption algorithm
based on the NEQR (novel enhanced quantum representation) model is designed. First, the Hilbert matrix is used
to achieve quantum block-level scrambling; then, the random sequence generated by the Lorenz hyperchaotic sys-
tem is used to disrupt the bit order in the quantum pixels to achieve bit-level scrambling; finally, the quantum ran-
dom image is used to scramble the original quantum image to perform the CNOT operation and the bit itself CNOT
operation to realize the bit-level diffusion and obtain the final encrypted image. The experimental results show that
the correlation coefficient of the encrypted image is low, the key space of the encryption algorithm is large, and the
pixel change rate, normalized average change intensity and entropy value of the encrypted image are very close to

the theoretical values, which has good security and feasibility.
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