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Abstract:
es, a scheme based on grayscale probabilistic matrix was designed by using shares with multiple gray values. Firstly, we

To enhance the grayscale expressiveness of probabilistic visual cryptography when recovering gray imag-

constructed a new objective function to improve the diversity of sharing strategies and the recognition rate of target zone,
and established an optimization model with the contrast and security conditions of visual cryptography as constraints. On
this basis, the optimized grayscale probabilistic matrix was obtained by solving the target optimization model with sequen-
tial quadratic programming and then the sharing algorithm was presented. Experimental results show that our scheme can
be applied to (k, n) threshold access structure and the recovered image of this scheme has low grayscale distortion and
strong grayscale expressiveness, which is verified through both traditional and recently proposed image quality assessment
metrics when compared with relative schemes.
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TP, G & A3 UG XTI S, L S, , S, 45 B (1R
Ry B, HAP B E I 1 s .t &l A,
AR R, 02 538 BT A i S 20y N 45 K B
BE BRI AN, 55 2B S LS, 112

H IO ST G MU R 2 RS A R, S
TS R %tk

*1 (2.343)-PVCS GiteE

S AT | ST | 5 AR
BE R HE A HE
0 58 704 58 706 58 706
0.7 86 017 85908 86 046
1 117 423 117 530 117 392

AN, f 1B 6 (e)~ &1 6 (h) AT UL, X T4 S 5 35 4
B B IR T A5 R R 65 A % 5 IR A6 B 2% LR A
B TSGR 1 A SC H bR AR B LA K oy 2 53 1A
yq
4.2 SESH

A AR Je SAS AT ASBHL L o, B LA
)y GrayPalette. — GrayPalette W8 L E 42K B
AGIXTEI[L0, 1] X2 %0153k LAy, BGX L B e i B
F4 1, GrayPalette. 24§ o 2 H bR AL E R, v DAMRE 75
BRCE . oK IR 4, R E SRR . i, HAR
DAY T BEHE 4, LIOCAL 4, BRATUR B {6 4 7 2 %0
BRZESHL, H b R B (8 BRAR S O T L B R
22 FRR . M2 AE ST B9k —Hhe R A AT
AN AFECES# LA, BT O R, DA 3 i 3
MR

VTR B A 38 B 0 T 22 (i 2 00 70 =5 R [
B B BTE T AR A PR 0 2k LR T P T IR EE 3R
BT R T R PR O MR A R P T Y
BT SIAT 2 R S5 K H 85  (Multi-Scale Struc-
tural SIMilarity, MS-SSIM) F1 J8& %0 #H {1 £ (Learned
Perceptual Image Patch Similarity , LPIPS) /E A& &2 F 1%
4% 2% TR PR HE AR

MS-SSIM J& T &£ 4t Kl G it PR 48 b . %248 45
BT I BEA B R« NZRWSE R GEXF T IR 45 14 Al A
JEE R BB AR, LR R TT DL o B — A
AT B8 23 O Ho i HE 25 SR AT . AR AR e T A
PRI RAEBAU LA R U B ilikaE=(10)
RS ARALBE | 55 R0 45 8 AL 255 2% U I
BT 25, 4 e A5y . s R RS 7 45
ARPE b5 UG R TESE L 0 L B 4548 3 75 T ) AH
B0 fe e . DRI, a] LAk MIS-SSIM R, 5 i
JE BT

SSIM(G, G') =

=|

1 & Qug pg+Ci ) 206 6+C,)
;(/‘éﬁ'/‘é;"’cl)(O'éh"'o'(z;;"'cz)
(10)
Hor, €, =(0.01 x> F1 C,=(0.03 x y)* & T {15
S5 RFGTE 10 H By AR R AE IR E I L, B0 255). pg,
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g, 5000 GFI G4 b D> TR R, 0f, F of,
T GHI G b TAR R IR TT 2,0, 6 /2 GHI G
BN TFARRIM Yy 22, B E S B R, 1~5
g RUEE X D A A EE 43 93l 4 0.044 8.0.285 6.0.300 1,
0.236 3 110.133 3.

LPIPS i Zhang % \"*'/E CVPR 2018 |42, Hiik
THEY AR B SE : AR SE RGHLEEAH 2 5 %, % T
R S A VAN T BB AEAE 22 0N, ek Al % — 2
SIS AT IT 4325 F . 1% A8 A T B A 48 0o 2%
1A v A o SCRFIE TSR 52 BRI AR A T 5 s LA S
AFARLRE 403 2%, 78 45 28 R b B AR v 5000 45 L i e B8y
TG T A KRR EQ T RPN P8 45 . LPIPS %
N R PR B T e G 2 1] B S AR AL BE BE
BN RS GG AR BB AR

Blafphos,Lh(2,2,L,1)-PVCS R, BFFE K
+ X [H] %% 1 Fl GrayPalette FUIBE L XT3 1 BOSZ00 . 128 T
LA AR IX 0] R 2~10, 7645 TRLL R, 43 0 2K A B AR
PRI, ARAT S5 O I P8 AE 3R 5 5 (O 1 s o B0 0
DL SR 2) iz A E SR B 792 Kodak IR 4E R
MS-SSIM F1%E T AlexNet ) LPIPS $FA 15 & 1%, i,
gL 7 FE 8 FITR
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R 034
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E7 ARFEIAL T MS-SSIM ALt #(a=0.5,=0.5)
1.00
0.99
T 098
=
g 0.97
S oo
E—:z 0.95
&
g 0.94
E 0.93

KBRS $ax

I=5 —4—[=6 —@—[=] =—+—[=8 —@—L[=9 —@—L=10

—a—[=2 —%—I=3 I=4

K8 AR THILF LPIPS 4L #4340 =0.5,4=0.5)

HIIET 7.8 AT AL, BE L A3, SRR AL 43 5% 9
PR R X T4 B R s R 5 A7 — 1
ATTE I TR L. LA 134 Kodak EHREE R 9], 4 AR SCFF

%1, 0UL=10, =7 WK 2 EUR I 255 T i i i
4.3 FHEXL

2 82 SCik [ 16 R SCHik [23 138 0 A EUZS /A
R, AN 2L(2,2,6,6)-PVCS K5 (R 107 ¢ J HE 3R 2 o
DR 1), B Kodak BHRAEE I EI4E , LISCHR[10]
SCHR[ 16 1A SCRk[ 23 14E A Xt HSCHR, B /645 & MS-SSIM
FLPIPS PR AR , X 25 7 S8 WK 5 RIS o e 364 7 % H 43
BT, T A 2% B A B TP Ry TR S AR SO %
i3, R FR S 4 MATLAB2018a #l PyCharm2020.3.3,
T3 ML CPU K Intel i7-10750H, F4 4 2.59 GHz.
4.3.1 mERE3TtE

e K/ R 512 x 512 Y Kodak G HE A S i3 (5]
18 B 25 J7 F8HE L L 20 B NS ARASAH K B R
£ 15 MS-SSIM (15 B L R, 25 B AL [R] 4.2795) Fl
LPIPS (3T AlexNet SZE) Xk &2 G 21 T PEAT

9T A, T ol AZ K AR R AR SCRIE L
K SCHR 23], 8 3CHk[ 10, 16176 K B F B 1 05 i A3 BT 4
Tt XTI RIS ZOHETFAR R SCER[10] SCiik[ 16 ]
SCHR[23] ARSCH 5. Hoh AR SO SR AR RS 2 DL
S 3-18 2. L) Kodak-22 A B X5 Z A 3 A2 LLUi BH ,
F2HIR.

% R G5B (MS-SSIM)
o o o o o
5 2 B 2 2

o
1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Bfgzs|
—A—WangZ A[10] —B—YanZA[l6] —e—Chen¥A[23] —w—AXFE

P9 2T 7 R 2 N A5 AL

&2 UL, Bl IO S T, B T 2 Ay
BT SRR T AR =y B T 58, TR T R R T D
0% AERE 1, BTl ASE TR H00 R E AL
il SCER (1675 2 T8 R -1 i 2 BUR (B2 A SOy
FIRFERB R . 72 R 2, 36T (H 200 ) 52T
PRAZ UGN AR SR AR TR (B T 2 = i
T ZZAIH AT DA GIA & 0 RS i . FERUEE 3, A0 %
BOCHR 23 JLL KBTS Y 7 S A3 s il

T3 —J7 T, LPIPS 7 F T B2 4 28 M 28 AU S L o
% 4t (Human Visual System, HVS) &b 3 A2 E G I
T, I8 08 1t HT O EHR NS 8 AR B 1) — > 25 WL
PR bR, PEH 4 R AN A 10 i

H1 P10 AT, SCER[ 10 ] AT [ 16 11k &2 8 ol —(H K]
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TR T 0 A 04 K BRI G , ZE 04 L A MS-

7 ST A 2 JRE S B 8 PR RS B 4 e B, B
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ESIES (I~ DT pmpare (L™= 1) T e 0 0.34

o 1=6, L=2, ANFE S5 25 I Avt s SCk 16, 1=2, =2,
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B A S 126, =6 , AT IR 2 R bt .

MR 25 R R, o RS A TAERT : SCHk [23 =A%
7S SCEk[10]> 30k [16 ], AU RIZ 1 TRERT AN |5
e . SRR A T R DX i) WG i LA B =2 100 0 3k B 45
PERERF i 03t R v A 2R X i) DG i A B 22
JLU) 3 BUCHR AR 24 3 T MATLAB N B 4 #8152 9, 52
PR 7 P R, T ATt 1 A SR A SEBLRCR UEA T
k.
4.4 NG
ZE LTk A B E M R MR T A K
TR AR 3 T TAR SO ZRIEHS A2,

KARFRAT LA TR R AN E 4 iR

H 2% 4 1, AR SO Sl FHFAEE (b, n) TR S5 K,
X FATLE ZICIK A GrayPalette Bl 25 FUZ K R 43
B, A AR SCH AR AR 28 35 ] SR A A5 EI R R 1) S5 £
R S e, S 3 MG R 8 0 5 . T SCHik[ 10 )
SCHRL 16 VGE T 2o KESE A, Sek [23 [4GE T
ZIUREESEA, SCHk 16 ] RN SCHk [ 23 138 F B AE HLZS #4
ZBR . AEVFRE 2 T T, AR SO R MG R AR
R —HEL, A TR 2 B ER T e A SR
B, 5XF T R TR — 2.

AR A SCHE H TR T IRAF IS, AR
Z= B TR 38 O P A K AR SRR B AR K R KR A
MS-SSIM il LPIPS $5 5 L 4 2R 015 L T X Lo STk, K B
FEIL ST AR S B AL

R4 BHERSEIERLT

I m;zjj I GrayPalene BUBEL | 8 IR b MSS;%;?ZE(@ (ngsgi ﬁiﬁfgﬁi
CHR[10] (893 2 (k, n) 0.30 1.15 O(HW)
SCHR[16] 213 2 (n, n) 0.32 1.20 O(HW)
SCHR[23] 6 3 2,2) 0.33 1.09 O(HW)
SIS Ry 12 (k, n) 0.46 0.95 O(HW)

5 FHitSRE

PSP — ol K AR SR ) R B A 7
%, HE ST F AR LA RY SR K B A ARG, 7T
P KL R AT o372 SRR AR a8 A SO %
] AEAT IR BE AR B S5 SRR D B e K AR P
T2 BRARN T RESHOCR P20 2 50
TEHLH] TS T A A [ A0 0 S O 48, LA

PE— 2D P THIRE U BB R . A, 5 = Rl RO £
ZAS 5 H VIR AR Y B E AR AL B
BORT U, b i ok O BE LSS 3 5 58, R —A
AT TT 1] .

Misk A
k=2,n=3,L=3, [=4 I 73 =B 55 & Rules FlF K
FEAE R A % C.

0,0.7,1,0,0.7,1,0,0.7,1,0,0.7,1,0,0.7,1,0,0.7,1,0,0.7,1,0,0.7,1,0,0.7, 1
Rules=10,0,0,0.7,0.7,0.7,1,1,1,0,0,0,0.7,0.7,0.7,1,1,1,0,0,0,0.7,0.7,0.7, 1, 1, 1
0,0,0,0,0,0,0,0,0,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,0.7,1,1,1,1, 1, 1, 1, 1, 1
0.0,0.0,0,0,0.0,0.2239,0,0,0.0,0.3275,0.0,0.0007, 0, 0. 0,0.2239.0,0.0,0.2239,0,0
0.0211,0.0002,0.0369. 0, 0.0.0005, 0.0474,0.0006, 0.1172,0,0.0007,0.0007, 0,0.0075, 0.1599,0.0006. 0.1587, 0.0.0304,0.0012,0.1326,0.0003,0.1592,0,0.1241,0,0
0.0738,0,0.0677. 0,0, 0,0.058,0,0.0245,0,0,0,0,0,0.1612,0,0.1553,0.0117,0.0569, 0, 0.0255, 0,0.009,0.1574, 0.0352,0.1639, 0
0.2239,0,0.0,0,0,0,0,0,0,0,0,0,0,0.0566,0,0.0710,0.2006,0,0,0,0,0.0802,0.1907,0,0.177,0
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k=2,n=2,1=6,1=6 1§ 73 ZHLEE S Rules FIRAL K FEREAAERE C.
Rulos— | ©020406.0.8,1,0.02,04,0.6,08,1,0.0.2,04,0.6,08,1,0,02.04,06,0.8,1,0.02,04,0.6,08,1,0.0.2,04,0.6,08,1
2 710,0,0.0,0,0,0.2,0.2,0.2,02,02.0.2,0.4,0.4,0.4,0.4,0.4,0.4,0.6,0.6,0.6,0.6,0.6,0.6.0.8,0.8.0.8,0.8,0.8,0.8, 1,1, 1, 1,1

0,0,0,0,0,0.1295,0,0,0,0.0061,0.0494,0.1379,0,0,0,0.1157,0.0561,0.0013,0,0.01,0.1564,0.0155, 0,0, 0,0.1467,0.003, 0,0, 0,0.13,0.0412,0.0012, 0,0, 0
0,0,0,0,0.0308,0.0987,0,0,0.0001,0.0154,0.0111,0.166, 0, 0,0.0056, 0.0999,0.0635,0.004, 0,0.0138, 0.1459,0.022,0.0001,0,0.0035,0.1384,0.0077, 0, 0, 0,0.1265, 0.0456,0.0003, 0, 0,0
0.0178,0,0.,0,0.0286,0.0831.0,0,0,0.0016,0.0062,0.1856,0,0,0.0041,0.0983,0.0707, 0,0.006,0.0046,0.1405, 0.0308, 0,0, 0.0444,0.0827,0.016,0.0066, 0, 0, 0.0618,0.1106. 0, 0, 0,0

C = 0.1293,0.0002,0,0,0,0,0,0.005,0.0052,0.0278,0.0222,0.1333,0,0.0019, 0.0003, 0,0.0355,0.1354, 0,0.0803, 0,0.0537,0.0478, 0, 0, 0,0.0938,0.0559,0,0,0.0007,0.1104,0.0613, 0, 0, 0
0.099,0.0305,0,0,0,0,0.031,0.1179,0,0,0,0.0446,0,0.0252,0,0,0.0813,0.0666, 0, 0.0002, 0,0, 0.0242,0.1574,0,0.0097, 0.0026, 0.1374,0, 0,0,0.0144,0.158,0, 0,0
0.1005,0.0291,0,0,0,0,0.0295,0.0849,0.0731,0.0059, 0,0, 0,0.0813,0.0181,0.0267,0.007,0.04,0,0,0.0107,0.006,0.0017, 0.1633,0,0,0.0152,0.0018, 0.0673, 0.0654, 0, 0.0026,0.0435,0.0969. 0.0294, 0
B3R B
RB-1 [=2~10,L=2~1084,2, )T R AR E MR NE val (REBENRE3 L)
L 1 fval L 1 fval L 1 fval L 1 fval L 1 fval L 1 fval L 1 fval
2 1310203 2| 40271 | 2| 510340 (| 2 | 6 0. 410 2| 710480 | 2| 8 | 0551 2 | 9 | 0620
31210087 | 4|2 0092 |5 ]| 210087 |6 |2 0.088 71210087 | 8| 2 |0088 |9 | 2| 008
313 (01144 |3 01155 ] 3 ]0114|6 |3 0.116 701310117 8| 3 |0116 | 9 | 3 | 0.116
31410132 4| 4 (0132 5| 410131 |6 | 4 0.134 71410137 | 8| 4 ]0139] 9 | 4] 0.138
31510155 4|5 (0153 5] 5015 (|6 |5 0.158 71510162 | 8 | 5 ]0160 | 9 | 5 | 0.163
316 (018 | 4|6 0179 | 5| 6 0181 |6 | 6 0.188 716 (0187 |8 | 6 |018 | 9 | 6 | 0.194
317 (0204 | 4 |7 0203|517 1]0204 )6 |7 0.217 7 (7 (0218 | 8 | 7 |0212 |9 | 7| 0220
31810230 4|8 0230 5| 8 02386 |8 0.255 7| 8 10253 |8 | 8 |025]9 | 80260
319 (025 | 4|9 022|519 ]028 |69 0.264 7019 (028 | 8|9 | 028 |9 | 9|02
31100280 | 4 [10] 0292 | 5 |10 0.296 | 6 | 10 0.316 7 | 10| 0306 | 8 | 10| 0309 | 9 | 10 | 0.314
10 3 | 0118 |10 | 4 | 0.144 | 10| 5 | 0.165 | 10 | 6 0.188 10| 7 | 0221 | 10| 8 | 0221 | 10 | 9 | 0.258
2|12 (0125 | 2 [ 10| 0689 | 10 | 2 | 0.089 | 10 | 10 0.327
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