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Abstract: In order to achieve synchronous encryption of multiple images and improve the security of
ciphertext and the ability to resist geometric transformation attacks, the multi-image optical encryption
algorithm based on quick response and cascaded fractional transform is proposed in this paper. By
introducing complex number theory, the first plaintext is processed with template image to form complex
image. The complex image is decomposed based on the phase—amplitude truncation mechanism to obtain
the phase distribution. With the help of Logistic map, the random masks are obtained, and the modulation
masks are constructed by combining Fresnel band and Hilbert models. Combining the phase truncation
method with fractional order Fourier transform, a cascaded Fast Fourier Transform(FFT) encryption
mechanism is designed, and the remaining plaintext is processed by frequency domain transformation
based on modulating mask and phase distribution to output the amplitude image, then it is converted into
corresponding Quick Response(QR) code. The Gyrator transform is introduced, and the QR code is
interfered by laser beam through the corresponding photoelectric device to get the cipher. The test data
show that compared with the existing multi-image optical encryption technology, the proposed algorithm
has higher security and anti-attack ability, and the distortion of the restored image is smaller under the
clipping transformation.

Keywords : multi-image optical encryption; QR code; fractional Fourier transform ; phase-
amplitude truncation; Fresnel band

KB 2019-06-18; fEEIBHA: 2019-04-16
HEEWE : ATHFHEREIRFRAH ARG ST LT Ih75 H (2018GABIC34); U #5—h = RS SR AL 4: ¥ B35 H (MCM20130671)
EEEN: £ H1978-), B, Wid, EEMFEF NG, FEEE . BURZHE 51882 . email:shijg1978zjplo@sina.com




%3 40 % BT QR BELKEE Fourier TMMBIG X EMER X 463

PR AE A () b s A T, 30 B A0 P 2% R S B, FEX R SRR, H 5 2 Rty (7540 DG (% B B a
B SARR LR, AL A I ORI T RAEN N S TR O R A A A e AR R i A e, A
Sh e FATRR TR R B R N Oy s, UL I E BOR , W B A Z4EERAE, HACR eI, 1
WEGBARE TN AN TR SCr TR, SR T ORGSR I g, A5 BI% R %
3C. SUN F5PUR T 48 i % SCIR A R ik 9 RE F1 . 4R TS 434 5 Gyrator Z8# i & Hivk, 1 81%
SCo LIU S8 T 06 2 5 SO e 4 e, 4R T 43 B0/ 3 b R TR TP 4 AL SRR S T 1 0 2 G
L R S

BB e £y R 2 R BRGSO 2 R R AL U AR e in s B AR mAR
T LU A e G A 7 A 55 A% i 2 A b A 22 A I, {EL X LG 22 g PG St TR) A6 i, JC ek A Se b TR R D,
B i) B, 8RS NBUIF R T 2 EAR G AE % oy &, W0 36 1 A BUR B B4 9% 78 4 (Discrete Cosine
Transform, DCT)k /it 45 W] 3C, 528 EABI XN DCT FRAEL, B BRI, ¥ 2 KERRS R
PG, R0 (B A A0 S 3ol ) AR L AR T AL, RS IR S 10D, XA IIRSE I/ i, i n 859 S, R A
FFH OGSV T B 30, 13 5000 8 Soxt R R BT S ek B e R B . PAN EUECS DCT Fik S
FMT(Fractional Mellin Transform)MLiil, BEH T8 G2 I3 AR o %0 AR 32728 02 38 2o X 45 55 it 2% B Fn DF £z 5k
MR R, 2 T SCR) A E S, S BOLAE R EMR A BT B, JUHORTE U AR e T, R R
B . CHEN 515 A /N I 78 4 3R A i W SO AU (5 6., JF 40 AL & AL IRABUAS B, DA st iy 2 A 0 19 i
A RSB, PR CS Ty i AR IR A I S B I R B, JE A Fresnel AR 48, G It S 2L R 0 A R I S DG
SR, TSR SC . 2 AR I SCE BT R GRS BYBE ML RS R SE I, Mk DL AR DO 2 R G B O
MeHESR B , I 55 15 SCR P Mt e

N T St 5PN YGERE ), AR SCER I TR T QR A% 5 S Sr B Fourier A8 e i) £ RGO
I A .

1 ZEBXEMERE

BT QR 5 UK/ BB Fourier ZZ i) 2 GO L~ Bk AN 1 Pion . IZBE EEA 3 DidfE: a)
PR b) TR FFT 2 H M 2 KR FE L4 ) 2T QR #5135 Gyrator 28 # i B {5 #

random phase Fresnel wave Hilbert phase
mask band
[ |
Jfusion
modulation mask phas¢
truncation
template image & T ¥ Phasetruncaion § phasetmncaton | 0
complex i C(_)mplex fractional Fourier| [phase distribution| |fractional Fourier| [phase distribution| fractional Fourier| 1| famplitude
theory image transform Fo=hy+if, transform  [®  Fy=hytiy [ | transform '] image ht1
first plain f; =h,+H - - - -
Fy=h Hf, . l amplitude truncation l amplitude truncanonl I
| amplitude truncation . . |
| the second ke encryption mechanism |
| the first key p, YP2 | of cascaded fractional | the k-thkeypy |
L Fourier transform |
output interference transformation
. gyrator
cipher le—| P - R code -
P transformation Q

(a) encryption process

modulation
mask

the A-th

decode; — plain f
Y amplitude image lextract the L
' T —| real part extract imaginary part
gyrator inverse interference Y o] complex »| amplitude
transformation J

; image &
K fractional Fourier image £ 8¢ Mk fractional Fourier complex
on | fi transform image
transtorm fractional Fourier T xtract the l
ﬁ

transform real part
| key p; | |ﬁrstplain_fi|

(b) decryption process

Fig.1 Multi-image optical encryption process of the proposed algorithm

B rRRRA R 2 E ot I AR



464 AMERZS5BEFEREFER 518 %

1.1 AHERNaE
FECEME R G, P HAD EOCE B, X% CPUIRRE A K . Y HT A R L s B AR
F R T BE LA A3 0 S W SCr R R, B BGE TR SCRYBEALYE , B S 7 AR B R IR R 25, BRI T
RGP, ik, ASCRI A Logistic B A2 BUBEHLIERS , #%IL 5 Fresnel "%, Hilbert IR R4, 14
B BV B ERS , ARAURT LA R S A RENLE , W L AT LSS 4 A Fresnel P47 . Hilbert B7Y [ B i 6 2: 001
KA . Logistic WS HLAT 254 AT 0 5, LB 1,
X, = ux, (1-x,) (1
e pel04] MIRTEPEER S H: x, e[0,1], x, 705 i th FI4) 4R (B .
s Ak N 2 S8 B SC N AR AR I RURR B, R SHA-256 TPV R K, FHE T R TS ke
K =k, ky, - ks, (2)
BiJm, B kA x,
xo=mod[((kl@k3@ks@---@K31)+§(ki)]/28,4] (3)
i=1
U 80 o SCCOAT Mox N RS, B BRI E I X = (x5 )+ IFHE X = {0 | T HE
ﬂq:é’%%ﬁﬁin{bi,zi=1,2,---,M;z=1,2,---,N}o W5 (4), 5B BEVLAE AR S(x, y)h -

S(x.y)=exp| j2my, . (x,y)] (4)

HAR SCe,p) 7 S PIRE ER, H e o TR A28 B b R OGO UG St T 90 ik, e Kot x v i 22 041

AR SCHEA Fresnel P45 Hilbert B 1Sl i (5 5 A 2 GG il i X 8 . el SCRR[10]4 B, Fresnel 375 A B
A UARER, el E T, TN AT, BENS SR, AL U,

R(r,(p):exp[—j—nrz} (%)

b
. AREK; bNEE; r MRS AR
1E Hilbert PR, HAT E R IR RS AL — Pr YR RA X AR 2, AT 38w ol ng 3 i Ut R 1
SCHR[11], Hilbert #E%1Ky .

H(r,p)=exp[jpo] (6)
r=x"+y"

A p o Hilbert BEAIB A (r0) IR AL DS : { .
@ =arctan(y/x)
T AU SCRYBEALYE 5 R GO AR, BRS (4)~2(6), TR Y I H 6 C:

C:exp[j[{arg(T(r,qp))}x{arg(S(x,y))}ﬂ (7
Aorb: arg(o) WAHMSEBURIE: T(r.0)= exp{j(p(p—%rzﬂ °

B GRS C BT S B EUE S(ey), R(re) B H (r.0) PIOITE— 2, KA %Y, TREY K%
Bz ) 5 AORE, B S LR RE o K 2(a) MAERIRIER, BE p=1, r=3,b=40mm, 1=632.8mm il
p=3, @R )~K(7), HBEW Sy, R(r.e), H(r.e) M1 C(x,y) 0 WE 3(b)~3(e). 4iRAEM, C(xy)HET
S(x,p), R(r,@) 1 H (r,@) BIPEFH, 38 AT 4 i 6 b X e

(a) template image (b) S(x,») (©) H(r,(p) (d R(r,(o) (e) C(x,y)
Fig.2 Formation of modulation mask

P 2 JRHHE R B



55 3 10 $ #H%E. EF QR BEZEL Fourier THHPIEBRXFEMZRE X 465

1.2 E-TREK FFT THH £ B K E 57

S Hr Fourier A8 #(FFT) 2 &ML Fourier MIHES ™, AR T Fourier AUEEA, W EHIIM TR 2B GEEER
EAAEM A T A EUR f(xy) . AR FFT s 1,

g(u,v) = J.j:f:Kaﬁ (x,y,u,v)f(x,y)dxdy (8)
e (u,v) R i BB 5 K, (o pou,v) RS HAZ PRER
_Jl—joota,ll—jcotﬂ x2+u2_. xu y2+vz_. w
) e sna [ 2 anp ©

X a, B4 FFT B4
it (8), AR T 2 R s s AR L AT A 4, St A
f(x,y) = F’“”ﬂ{g(u,v)} = E;J.j:l(_a’_ﬂ(x,y,u,v)g(u,v)dudv (10)
MRS UISCH R, RS ORI RE ), AR WA BFT J7E, B U T B FRT B9 2 KR
) 20 8 i 75 i, AR
1) AWSCH fi(xy)z=12K, KRN MxN ., AT EEE—IRER b B, 25, #
R

E=h+]if; (11)
2) MRAEIE RS C(x,y), BT FFT Jrik, XTEBEMG F Lk se, 13 80050505 .
F' =FFT“’ {Fexp(jC(x,7))} (12)
3) SIAEE — M LLEWLE ", X Fourier A1 S 43 fif , A5 BIARNL S0 A by FNEE 1 A 4A Py
{hZ:PT{F'l}
(13)
R =AT{F'}

e PT{ | RO AE 5 AT{ | W 2 AT 454
4) WAE by REBIE, WH 2 WIS L LA, 5 R0 EBIER F=hy+if, s FEXE Py TR
2)~3), FHEVARGLIT AT hy FIEE 2 DNE Y] Py
{h3:PT{F'2} (14
Pz:AT{sz}
5) XF T HABR AWM YIS £ (x,p),2=3,4-.K , WRIGLIE 4), @ik Z WM FFT, JERHBIK T EN Fourier
AR N TR, I AR B BT A W SC IR G R PR g S Py

{hKH:PT{F'K} (1s)
Py =AT{F';}
MPM L L, Ly
1.3 &EF QR 35 Gyrator T # K E & = T !
R code ! |
WISC 2 G0 Fourier ASHR , I BC A HOWLHE ) | 3 ot
PR, (H RGO By e B e, R A R Y R S - 1 H B | [:j
T, HEFEBGAEERRKMRE, KX QR 14 H ] i %
20 SRR AR U I . (5B QR A A 15 AR 43 LM 1 a B
i hs B9 QR 135 SRJE, iEBOLR EEBEAE QR B 1, & P Lé&;{g}&;gg}g};ﬁﬁéﬂ
it Gyrator 254 VSRR 5 3C, I A9 6 HL 2540 LI 3. SLM2 S
Bl 3, MPM R HE ¢ 5 SLM,,SLM, i il it 4
frs LiLoLy ) CEHE Fig.3 Photoelectric hyg?irgp;tricture
Gyrator B A EHSE, WM N INES, AR P 3 St 4y

K25 6], 1662 a4 b B JEEAEAUY, 4 QR
54 o(x,y), 1B Gyrator Z& # X H: 5¢ il 4h 2 .

O(u,v) = g“{o(x,y)}(u,v) = mﬂo(x,y)exp(ﬂn(uv i xy)c:isnaa—(xv+ yu)jdxdy (16)




466 AMZBMFERFRERFER 518 %

K. a WM g”( )N Gyrator 28 i bR %5
WiJE, MAEA(17), Xt Gyrator Jii¥% 5¢ i 52 J5 -
g (o(xy)) =" (o(x.y)) (17)

Gyrator ZZ 3 1IN i B b, BUEM Posmii A, 0 B 3 R oL HUIR G4 8, 13 B ABEH 0 & Py S

(xv+yu)
2Azsin2a, dxdy

(x,2) > (wv) 23 B B0 06 | AR AR

(uv+xy)(2sin2¢; sin2a, —1) -

1 .
O(u,v)—mxﬂo(x,y)exp J2n pra, (18)
K o(u,v)h Gyrator L5 IR 5 (u,v) AL s (x ) A2 EIAEAR 5 ar,a, ¥ Gyrator B ie e L, AR
WK

WA (16), RMTHFIER C, X QR 5L T ¥ % .

o(u,v)zg“{o(x,y)xMPM} (19)
fiff 2 R M B T AR, KA L(b), R BDAHRL A B, X9k Hth B B S A TR, S AR
1) 2% 3CH o'(u,v), 3T Gyrator 284, 155 QR % o(x,y):

o(x,y)=g*" {o(u,v)x MPM} (20)
2) XF o(ey) AT REAS , FRECAHNL 3 A0 hsy FRAE BB Py, AR B2 BB 5 VE S B FRT 43 £, -
F',=P,®AT{h} (21)
3) HF FFT #2484, X F,5e iR 5, 580 a 4 KR F,.
f;:FFT**ﬁ{Fgexpﬁc(xdgn (22)
4) MalA R Fy 3R HUE S . SSE, BRI LS by
{h4:Re{ﬂ} (23)
fi=Tm{F,}
5) MRAEAHN AR P, R AT TR 2)~ LR 4), 15 B0 B SC f; ARG AT by
F',=B®AT{h,,} (24)
F,=FFT 7 {F " exp(jC(x.y))} (25)
{h,. =Re{F} (26)
fi=Im{F}

2 XWERSHM

R B IE AR SC 2 RG22 s £ R () % e 5 PTG RE 1, R A Matlab B 5245 BN 5 2 R0
[FIEF, DLSCHER[7-81 2 A& M ) Z RGN J7 ik v B gl . R4 R ZEARUER,, S E I~ =0.9,
0=0.6, p=1, r=3, =40 mm, 1=632.8 mm, u=3,

2.1 ZEGRES mE MR

LA 4(a)~4(d) A IRREA, SR IA SO 8 5 3CHR[7-8109 2 HARIE AL I AR, W HS2tioe 2 T3, B
WO A(e)~4(@) s o B RCRZB, =FHHW M ZE AR EIL T A B, 4 0 W] SCHY M5 R REUBORR B2 42
AEAE, NIRARE AT B I BRR R, RO R ML 2. Wk, 5B EGREPAG 3 Abn s 45 R
MPTREERE YT, MRIMBEE LR 1o T IS E nl R, A SCHOR T 2 A9 % SCH 2 ok DT a i (e
KT 7997, SHEAME 87 AH2EEL/DN; SCHR[7]5 SCHR 8158 1k A 4 42 B 255 T AR SCHOR . 38 B0 (e 73 il
7.981,7.992 o AHXS T ICHR[7]5 SCHR[8], AR SOG~7 In% H AR B S iy al Stk o It PR P i R i 3 &2 B0 a8
57080 Fourier By i 1 9K Fourier ZBHeHLE, JFFIJT Fresnel i . Hilbert 455155 Fifi HLAH (L #5525 1 14
A A A BSOS T AL B, MR T AR I SCZ AR R, W R ORI R X, BRI — A
BT HL ] BLIR 2R G LR MR RRAIE , (8% SR T BAR A BEALYE S B AL 1, IR A5 B QR A% . Gyrator ZE#k, K GH A
T QR M, sl i 25 5 21 5 BE 1 nI LA 98 4% SCRO LA R Bl BE D -



55 3 3] $ #%. EF QR BB EHEE Fourier THMBEGENZE % 467

(a) plain “mountain” . (c) plain “sea” (dj -]Slain “peppe”

(b) plain “grassland”

ertext of this al gorith

(f) reference [7] algorithm (g) reference [8] algorithm

Fig.4 Test results of multi-image synchronous encryption with different algorithms
Pl 4 R [RI S 10 Z TR )25 I i 5
2.2 BRI

BB AR R AR BN % 7 SR PR R RE T M R AR o MR AU ORI R R A % SCRE, R
IEH B Z MR /N 25, Bl & e s w2 R D AR SCRUR MBS B 1=3 NS, D33k i Rl
P, RINZESH T A=10" K828 ufl, B3 p+rdu-A . RAX 2 AEBEY S5 ERBHMBER 4(e), 455WM
s Fim. WEMESOREI, HEEE 1077 MfoMes, Bk & J0 848 201 W o2 B v b %, il
S5()~(h)Fr~, XEEMGE MRS T, Wi ANEE, WA 122 (Mean Squared Error, MSE){H KT
3500, RAZHATALMADNE, AREMEM %, WE sO~O)Fin, BEEREREHMERE, REEKR
AN, HMSEEHHET 0, WE 6, FIIASOL2AIN%E I & HA & B 0 U .

(a) first decrypted image of g+A  (b) second decrypted image of z+A (c) third decrypted image of £+A (d) fourth decrypted image of ©+A

(e) first decrypted image of #-A (f) second decrypted image of 4-A (g) third decrypted image of z-A  (h) fourth decrypted image of -A

(i) first decrypted image of ¢z (j) second decrypted image of 1 (k) third decrypted image of (1) fourth decrypted image of u

Fig.5 Test results of key sensitivity
Pl 5 BRI i 45



468 KMZMESEFEEFR 518 %

2.3 A ERE AL

40 " T T T
priopunsad o
HOAMINSRECGE b, 38 dod X% SO L 2R R, STE Agg ]
i Pl A4 1 M T i P R TET A(e)~(@) MM TN B H A, X R AT 4 ) R E 11 Ng;i ]

BOyRAE, WK 7(a). B 7(g). B TMFR o SR AIA SCHOR 5 SCHR[7-8119 ;fzo-
i AL, R e Y B SC S R R, RO LI 7. e R O T |

12
L TR O, ORI ML B R R, 3t s
i R A R O 0 O G R, LR e L]
T(e)~(f)o STHR[7IRY fift 35 45 AN FAR B ARk 2 WA SO R MRS B, (H ek deviation value/(10™)
BEIF, L 700~k HEUBLIE 1 SCRIST I i BE b 0 B Fig 6 MSE curv of tis agorithm
ELSCHR H 45 SR AL A2 2015 B0 SR 00 Me S TARS %, IR T(m)~(p). 416 PTIRTIIAI MSE (P

ARICHEILLRS Fresnel Pl . Hilbert #1515 iR M 4% A9 P4, A AT 44

] AL A D' LR TR DO R, B R S ek, FUIEOC R IRSE QR B b, dlid QR BAIIAGE S
AFEREE, WO EOTECET Y, T LA M R AR B, R RN o SCHR[7-815R T B 14 B AL AR 07 #4867 o 52
I SC OG22 ], AN BE TR RE N AR e LR X 5 B, OF B EEROCHE N T RGBT g, s = 4
FEREST, ARERAF A RER (G .

(c) first decrypted image

i

(1) cutting cipher of reference [8]  (m) first decrypted image [8] (o) second decrypted image [8] (p) third ecr;'p ed image [8] (q) fourt decrypted iage[S]"

Fig.7 Test of anti-cutting attack ability of three synchronous encryption technologies

P 7 =R BOR (T 8y B g st

o>

3 &y

I RENE X 22 W PR SEt R 20 0 %, JF 3SR %S0 L e SR MGl By, ASCER N TEET QR 5 UK
S8y Fourier 28 e 1) 22 I GO 7 N8 0k o B T — FiORT O R  HE14 , M JT] Fresnel #2747 . Hilbert 52281 1Y



55 3 10 $ #H%E. EF QR BEZEL Fourier THHPIEBRXFEMZRE X 469

F B Lok 5 fm O A B i i R MERE , SRR T RENLIE , AR T AT R 2 et R, 51
JE — AR LT 7 15, S 2 0 23 B Fourier 84, Bt 74K FFT JNaJr 58, 4498 B A7 B SC 2 ] A9 G 1k
JE, SR B A A AR R MEARAE . BT Gyrator 84, FIHDEARA QR 5E i T#F, MFEIMEL R . S5 %L
PR, ARIOME I ER B IR, MU AR U, RO ERAE T, Hoh ARk B A
AN, ARG DR EE TR R A AR S A0, S AR S R

S E Wk

[1]

[2]

[31]

[4]

[5]

[6]

[71]

[8]

[9]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

R L H. R T 2 2800 B M AL 4 5 DU JT R 5 B 22 TR TR A TR AN 2 Sk (D). 7 R U R R A R (A AR
Bl220R), 2018,43(7):75-83. (TANG Hongtao,TANG Yuanxin. Multi image synchronous lossless encryption algorithm based on
multi parameter step angle transformation and quaternion hypercomplex[J]. Journal of Southwest Normal University(Natural
Science Edtion), 2018,43(7):75-83.)

SUN Wenqing, WANG Lei,WANG Jun. Optical hyperspectral data encryption by using gamma distributed phase masks in
gyrator domain[J]. Optical Review, 2019,26(3):332-341.

SPEE. LT RS S B B R AR 1 BSOS I k)], A% TR, 2019,40(9):205-215. (GUO Jingbo. Image
optical encryption algorithm based on cylinder diffraction and DCT[J]. Packaging Engineering, 2019,40(9):205-215.)
A RAA AR . TR A A S Gyrator /N JAE e B9 O6 7 BB F 1 [J]. D62 H0R, 2018,44(6):
717-726. (LI Jianjun,LIANG Lili,ZHANG Fuquan. Optical image encryption algorithm based on hybrid phase mask and
gyrator wavelet transform[]J]. Optical Technology, 2018,44(6):717-726.)

SUN Wenqing, WANG Lei,WANG Jun. Optical image encryption using gamma distribution phase masks in the gyrator
domain[J]. Journal of the European Society of Optics-Quick Publications, 2018,14(5):102-113.

LIU Qi,WANG Ying,WANG Jun. Optical image encryption using chaos-based compressed sensing and phase-shifting
interference in fractional wavelet domain[J]. Optical Review, 2018,25(1):46-55.

PAN Shumin,WEN Ruhong,ZHOU Zhihong. Optical multi-image encryption scheme based on discrete cosine transform and
nonlinear fractional mellin transform[J]. Multimedia Tools and Applications, 2017,76(2):2933-2953.

CHEN Xudong,LIU Qi,WANG Jun. Asymmetric encryption of multi-image based on compressed sensing and feature fusion
with high quality image reconstruction[J]. Optics and Laser Technology, 2018,107(11):302-312.

BT, SO sk 4. JE TR G AR AL SRR R B4 /G R I & k] A S AR A 4k, 2018,
32(11):154-165. (ZHAO Liang, WANG Wenshun,ZHANG Wei. Optical image encryption algorithm based on the exchange of
mixed phase mask and nonlinear pixel[J]. Journal of Electronic Measurement and Instrument, 2018,32(11):154-165.)
ABUTURAB Muhammadrafiq. Color information security system using Arnold transform and double structured phase encoding in
gyrator transform domain[J]. Optics and Laser Technology, 2013,45(9):525-532.

VASHISTH Sunanda,SINGH Hukum. Image encryption using fractional mellin transform,structured phase filters, and phase
retrieval[J]. Optik, 2014,125(18):5309-5315.

LIANG Haoran,TAO Xiangyang,ZHOU Nanrun. Quantum image encryption based on generalized affine transform and logistic
map[J]. Quantum Information Processing, 2016,15(7):2701-2724.

REHMAN Ageelur,LIAO X,KULSOOM A. A modified(dual) fusion technique for image encryption using SHA-256 hash
and multiple chaotic maps[J]. Multimedia Tools and Applications, 2016,75(18):1-26.

WK ES AR, JE T3 B Fourier #5170 5 1R & WEHLIHERS (KOG 2F N S A k7], Bl 4R 5 TR, 2019,19(14):249—
256. (PAN Liang,QIU Jianlin. Optical encryption algorithm based on hierarchical Fourier spectrum decomposition and
hybrid random mask[J]. Science Technology and Engineering, 2019,19(14):249-256.)

ZHANG D,LIAO X,YANG B. A fast and efficient approach to color-image encryption based on compressive sensing and
fractional Fourier transform[J]. Multimedia Tools and Applications, 2018,77(2):2191-2208.

5K L oK £0 A AR R IR DERE A AN A S BB AL 9 % 18] RGB [F] 25 I FEE ). LR 5 ¥t 2015,36(8):
2058-2063. (ZHANG Zhigao,ZHANG Hongmei,PEI Zhili. RGB synchronization encryption algorithm of color image
based on chaos mask coupled complex model[J]. Computer Engineering and Design, 2015,36(8):2058-2063.)

ISHA M,SUDHEESH K R,NAVEEN K N. Cryptanalysis of an image encryption scheme based on joint transform correlator with
amplitude and phase truncation approach[J]. Optics and Lasers in Engineering, 2014,52(9):167-173.

T, EVEIH. TR Gyrator 28 e 55 RE B 73 19 6“7 GO0 %6 303k (0], L I 5 3 4412, 2019,33(1):191-
202. (CHENG Ning,WANG Xijuan. Optical image encryption algorithm based on chaotic gyrator transformation and matrix
decomposition[]J]. Journal of Electronic Measurement and Instruments, 2019,33(1):191-202.)



