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Grating Anti—counterfeit Technology for High—end Printing

TANG Zhu-bin, XIAO Zhi-jian
(Zhejiang Dongfang Vocational and Technical College, Wenzhou 325011, China)

ABSTRACT: Objective To study the anti—counterfeit technology for high—end printing through grating materials. Methods
Combined with special optical properties of grating material and halftone image screening technology, invisible latent image anti
—counterfeit technology was presented, and based on the minimum threshold matrix theory, variable angle screening anti—coun-
terfeit technology was achieved. The principles of each anti—counterfeiting technology were discussed in detail, and these algo-
rithms were implemented based on photoshop and matlab programming. Results EPSON Stylus Pro7880C was used as the image
output device. In the invisible latent image anti—counterfeiting technology, when the grating line screen angle on printing was
45°0r 135°, the hidden latent image information could be clearly seen. During the variable angle technology, the corresponding
grating was superimposed on the watermarked image with a specific angle of 21. 14°, the anti—counterfeit information could be
clearly observed. Conclusion Experiments showed that raster invisible latent anti—counterfeiting technology had a good per-
formance in security printing.

KEY WORDS: halftone image; invisible latent image anti—counterfeiting; threshold matrix theory; variable angle screening

R SRR =N IR N 7 1 i U U L U R = B Y s RSN C L Uk 3 s B WAL TR PEE%ELT

S AR B i RN AR B R B R U ) R BEVE IEW R IRRE  BOR T AT, S B L E R
Lt R T B A IR -BE A (9 AN 7 5 i, s R B 42 F%\?F'J?I‘f]?fﬁd\l%ﬁéqﬁxi’m,Xﬂ“‘(ﬁ%%bﬁ&&%)ﬁm

i HE: 2013-10-09
HEEWH: Wt A SRS ERRPHFFFLFELAE LA FER B (LI2013153); # i 4 A 2 JT 2012 5 47 & & X H X

(2012D60SA300008 ,2012D60SA300008 ) ; #7iL 4 & % H F #F R EF LA B (j22013348) ;3 M T AR B (G20130005)

EBRIA: FHRK(1978—), B, LR MA AL, 3L A5 RULBRFRHIF, ERAR T @ AR FRAAGHER,
BIER: §ER(1977—), F , ZBR KA AL, SIHRX T EGRGEFLF A LOBIRFHEZE, TRMAT AT E

EMHAe LY



118 %

T #

2014 4 05 H

BT ERSEE o 7 il B BRI GE 18 By D ) B
HT IR A= B B B DB AR A A2 ) R AR N By
Sz R R GE R BRI B Dh B R S ZR M A
ER RS R E R TR, 4By O 55 R ER R EDRERL 20
FENRIAE . X Th 7 vk B O B R TETE th AR A
FER TR W B SK T TR DR kL, T R R
B € 2h R T AT IR X 3B
DA T HARAR S 5 R W, — B & il 2 bl
KA, B IR DA RE AR T AR

BEXT H AR DB AR AR R IR, B P 4R T
TR BB DhER o FEEN R BT T Al A
A = A B i 1) PR A5 1 I g RS o ey TR S 14T
S (T USO8, iR BT 58— BRI HH R 1 Bl
DNEEARFN LR AR BT DA . i T ROs A A &
X s P R SR i A B S R ) DR TS PR IR
BMATCILEE B ANIF] A0 SR P A3 3 AR X ' Al
Fr SEAEE i B R L BEA e F £ BE 5 D 15T 0 £ £
JE— BN (50 7R T BRORE IR B TR AR AR R, AT Ik
BN IR EAR ) H B, A @R E O R et
ANTR) TR AR BE RIS IS B X 1 A TR
A REMEE RN D15 B, B O 75 VLR O 78 1 V5
Bt AR

1 Bt AR S
1.1 B EBERHHRA

PRSI DA —Fh i B T HAS I A HA
SRR — LR B RO R AE 58 A AN S IR ED 5
AR LA L, 328 D R 0 A A i — Fof - T 244
B AR, W SEBERT DVROR . AR 2
XRERE B G245 B AT BT HES N, ) s P 15 4 1)
AR E T 1) B R AR AR, — B8 0. 01 ~ 0. 05
mm , 2R J5 A5 BRe ) e A UL Bas ) SO fE B 1K 3
Bl OhE H A, AL TR DB AR, AN 52 B T 20 A BR
i, DR BE LA EN 7 2C S 8, o mT LA M1 ER sl 22 07 500k
S, AT ARG, SR RO BRI DA AR AR
LU, T B AT B0 B RO R S 1 R RL
WATEHE T LRGSR, B U BA A
B 44l S LS IR D L H

1.2 TREBERHHKRA
TERZ BV Fh 3 KA TR0 £ B2 O 0°,15°,45°,

75°, N TS VT RE Mk G A AL, T BN 150 75°
T £ BE AT R 150 B IE IE R 29k 0. 2676 , % (H
JEH A P 1/3, 1M arctan™ (1/3) = 18.435°, #F
B 18. 44° AR 15° B 9 71 B2, A1 J6 B I B11 in 1)
AR FEYIINN , [RIEE, TR A 71, 570 KT AR
TSOHIINM A, T, 2 VRIS A9 R fA B R 00,
18.44° 45°F1 71. 57°, A5 B[R v Jnn 0 £ B mT 38 (Y
JRBE FEBRIE IR B P B AR v AN el A v 5
SRS LT AR P VR B T ) R A T SR B
i th , B ARFR NS A FE AR B P H AR . A5 Bt
TE G2 REE A0 0T I AR B B N B i B 08 4% ) B e
IR ONE B . FIE, AT AR H R R i L T80
D £ 1, DAGRTIE B A5 B 19 BRaiie i, AR et e 08 15
R 0 £ T SR BB D A 8., SEBR B DA SR )

1.3 SRS S

DA R VF 22 2540 2 BRI E € 42 A0 ] 9 13
NP RIS 45 T e IR — 5 AR 1) I 2 8 ) 4 T Ao
o G R A4 B AT 57 45 0 X A ) 7 1) ) D62k B
AAFRVERT, X5 HAHRS 7 10 A [R] B2 BoAT B4R
PR, X5 HHES O i) 28 B A2 A B RAEAE I,
A — 4%, A B CHE 2 B P AR A B Al
“BRE R B . AERUB TR BT OV EOR R e et
e R T A5 0 4 £ 58 -5 DIl A e e B — B
JCER RV AT 5 HES A B4 5 T T 1) — 2K, BEO 4 Bl £4
FRBTAS AR, Htl, T AR R R R
BB AL RS AN 0 £ i B A A T < BT T
PR AR MR B P AR

2 X
2.1 |

SR TR BT Es T ENAR, EPSON 23w 9
“HEZZHTRZ "8 @R IK  YEME A (200 dpi, FREK TN
0.05 mm, KA ANy 45°) ST AR EHAEH

S A . EPSON Stylus Pro7880c¢ %5 7 Mt A 4T El)
HL; Photoshop CS2 Fl Matlab %,

2.2 A

1) RGBT D S2 56, B/ R R 200 1pix
200 lpi BYPEMR T 40% HOAE R R A i H R H



Ha3sE Hol

FERERRAE  CHI B 8 Bl D B AR BIE5E 119

LRHCH 200 dpi, MZRAIE R 45°, ¥ Ze Il FHREI R
AR R A 40% 16, SR )5 2 R Ak Ak B L)
LWCE N 45°,175 dpi, I 3R 7 XS m a1 R E L
ol 5 R 5 50 A e, SR T DR BT 45° R
7L 0. 02 ~0.03 mm, RS 1 A7 1) A B D K]
%2, ¥4 Taishan” PR K2 A8 i R 65 40% 1165
SRIG AT R AL AL 3, L 235 45°,175 dpi,
DI 35 1907 S m B R L R e 5 D R ) 5
EEE SRIGIFIRE 135° M2 7 [ #7 0. 02 ~0. 03
mm JE 5 — D BRI S . B R AT ER R
FH G R A6 I B A3k

2) ARSI BETRG B Oh S50 B 4 HE R 100 dpix
100 dpi, JKEE{E A 200 /9 3K FE K114, iz F] Matlab #5401
DU TE , 43 LA 0°,18. 44° 45°F1 71. 57° %) J5 K J&
EUSIEATINMAL R, (R EECT3” MG S . B
BEUR LA 21. 14° M, 5 5 R DL 45° M, 78 0°F1
18. 44°%F i K BE MR AT NN, 430 7E 0°,18. 44°,
21. 14° 55 M BN S G R AR B B 215 2.

3 #R5HR
3.1 (R EGR AR ARE RN

R 1 o (9 6 A S5 B A2 18T 2 7 19 B O T

il DX, e DA -, o YA A e A% A S B A

45° FECHEFT LR LI BT 9 28107 SO AR, 4
RIULKE 3,

7

E1 % B R 45° G A

Fig. 1 Gratlng with a line screen angle of 45°

7

TE_FRIERR b FRREOGHI R 1 T ST 257 10 i
Ji I Jies 90° (i Sl v 2 2% i B2 5 BRI A & 1350,
FEEME R L AT LAYE 48 M 2] Taishan” SCFE T4, 2L
UL 4,

Hi 1l 3 A 4 a7 LB &t 7E 6 v 4k 4k B

B2 ORBINCAE A I 5 O B X

Fig. 2 Security printing area with un—superimposed grating

B3 Sl 2 46 A 5 Rt A2 450 I RCR

Fig. 3 Effect of grating line screen angle on printing at 45°

B4 LM 26 A B S5 R i A 135 I R8CR

Fig. 4 Effect of grating line screen angle on printing at 135°

SR IR AR BE— S0, Al LT 7 3 B G e
B DA 15 B S TR b B B I A7

3.2 TRHEBGHARARERGN

B IKEE(E A 200 MK EEEIS, WIE Sa, LIFF
“37ON BRI E S, LL 21, 140, DL Sh, 1 5 EMR
Phasem, WK 5, 437 0°F1 18. 44°% i K FE K]
AT I A0 B G R R , O TR A 2 0 &
1%, ULE 5d.,

B EIEHERGAE 0°,18. 44° 21, 14° %M FFF
B R, WA R I =5 L AR LR 6, IR S



e

120 £l %

T # 2014 4 05 H

a  JRIE(E 200085 5] % b [EREIS

o WHER

d BHIG T RREREE R ER

K5 REEGSESERNES SR
Fig. 5 Superimposing process of the hidden image

and the background image

B 6 AT LA 7 M, 0REAS ]I 0 £ 32 A o140 12
SR EBRESTE—EN, AR R R A R
MR, % BRIl 6a—c, W] WL HUA FE XTI A BE R &
I R, A RE L B By Dh 1145, 2 W% 7 i A B i
B Dh A B 9 S (L

a 0°

b 18.44°

c 21.14°

6 ANTFIEE AT B 45 R

Fig. 6 Observation results at different observing angle

4 HiE

ARG E-2 R, B B P b AR T e
BOETRR BT DO EAR , 73 5L R AR B D B AR RS £
JEWRBB T AR o 8% T8 B7 DR 1 A G e 3 e
P I Bk B 20, fe R 4 I R S D T 119
PO 57 A i ) D R | A B SR 1 ) I s 2 J5ORT
FARE AR R B R UGR S A R R, >
(o PSSO O M P S 7 S L, e e el A 52

55 I 2k A RE — SO BIV AT I BROBC A R TR
AR BE VB OB AR H A HR A BE L 2] 14145 )
PR, o et P 15 5 9 5 LA T P 2 KOS [ o
Xt I RSO A P X6 A BT B I 5 R 1 B
TR A IR R L, RERE LS B i R R 5 B
S IUE T 2 BRI IR B A B AR BRI AT
Yo JCHHEIE G B Dh BOR T2 520 e fag o, s
SRS BT AT — € AL B, I 3T A9
)52 S 24 ] 3 LA BRI 7 AT, R A S0 =
PR TN B BA B T T B N i

=N
o

SEH:

(1] T FROR a2 Bl (00 G0 B il (e RR A S [ ] . BN
Pt Sbrififl,2013(7) :21—23.
QU Zhen-cai. Environmental Ink Boosts the Healthy Devel-
opment of Green Cigarette Packaging Printing[ J]. Printing
Quality & Standardization,2013(7) ;21—23.

(2] XUE, AR AR S 5L T o0 52 i B LM By Db BeARWFFE [T ]
T B -5 BRI FE ,2011,10(2) :153—156.
LIU Zhen, REN Le-yi. Study of Anti-counterfeit Printing
with Cylindrical Lens Sheet Basic on Screening Copy[J].
China Printing and Packaging Study,2011,10(2) :153—
156.

[3] FLEHE XE,Zh . 5T CCD 1% BRI 5 & 4
5 HOR[)]. % TR ,2010,31(3) :92—95.
KONG Lin-jun,LIU Zhen, JIANG Zhong—min. CCD-based
Digital Print Quality Measurement and Analysis Techniques
[J]. Packaging Engineering,2010,31(3) ;92—95.

(4] T, By BRAR R, 5. 56T 4 5K ENER ] B Oh
PEOTRIL[T]. AR, 2013,5(1) :26—30.
FENG Qi-qing, SHAN Wu-yang,XUE Ji-wu. The Halfton-
ing Algorithm Based on Holographic Watermark Security
[J]. Packaging Journal ,2013,5(1) ;26—30.

[5] ska  BEMEHT. B TR R A e i) PRSI SRSC B[ ) ] L
T.#,2010,31(19) :95—97.
ZHANG Yan, CUI Xiao — meng. Implementation of Image
Enhancement Based on Gray Level Transformation [ J].
Packaging Engineering,2010,31(19) :95—97.

[6] GUO JM,LIU Y F. Halftone—image Security Improving U-
sing Overall Minimal —error Searching[ J]. IEEE Transac-
tions on Image Processing,2011,20(10) :2800—2812.

[7] GUO J M,LIU Y F. Hiding Multitone Watermarks in Half-
tone Images[ J]. Multimedia,IEEE,2010,17 (1) ;34—43.

(8] ZEHIBI. 5T 807 /K BB B B R b Bl Oh 5335 4F 5



Ha3sE Hol

FERERRAE  CHI B 8 Bl D B AR BIE5E

121

[10]

[11]

[12]

(D] BT EITR,2007.

GONG Li-ming. Security Algorithms on Printing Based on
Digital Watermarking Technology[ D ]. Xiamen ; Xiamen U-
niversity ,2007.

AR SC XL 8] BURL, 45, Bl BILREL B 434 2l o0 7 Sl B
AR R )], A% TR ,2011,32(13) :89—92.
REN Le-yi, LIU Zhen, WEN Shuang-shuang, et al. Appli-
cation of Random Matrix Pattern Jitter Screening in Grating
Anti—counterfeit Printing Technology [ J ]. Packaging Engi-
neering,2011,32(13) :89—92.

[R) XA, W)™ 2, L. e TR - 22 9 U R G D
T AR B DA FE [ )] . A% TR ,2011,32(15) :25—28.
WEN Shuang—shuang, CHEN Guang—xue, LIU Zhen. Study
of Printed Color Image Anti—counterfeit Based on Noise Bal-
anced Error Diffusion[ J]. Packaging Engineering,2011,32
(15) :25—28.

WE Ik, B, S5 BT A BOK ENTE B2
BB R[] a2 T, 2013,34(1) :101—105.
XIE Yong,FENG Qi—-gin, SHAN Wu-yang, et al. Applica-
tion of Digital Hologram Watermark in Printing Halftone Im-
age[ J]. Packaging Engineering,2013,34(1) :101—105.
WU X T,SUN W. Visual Data Hiding in Dot Diffusion Ima-

[13]

[14]

[15]

ges [ C]//5th International Conference on Computer Sci-
ences and Convergence Information Technology. United
States : IEEE Computer Society,2010:588—593.

GUO J M, TSAI J J. Data Hiding in Halftone Images Using
Adaptive Noise—balanced Error Diffusion and Quality—noise
Look up Table[ C]//5th International Conference on Infor-
mation Assurance and Security. United States: [EEE,2009 .
201—204.

TRERAR, RZR L. I8 W im0 1 {86 P 8 3 D7 vk A5 m o
B[ TY. P [ ERR S5 a5 07 5T ,2009,3 (1) :38—42.

XU Jing — lin, CHEN Su - ming. The Design Method of
Threshold Matrix and Principle for AM Screening[ J ]. China
Printing and Packaging Study,2009,3(1) :38—42.

] XOOL. T K7 g g B D AR BIRESE[ D] )0 4R
FHLTR#,2012.

WEN Shuang - shuang. Anti — counterfeit Technology Based
on Digital Screening[ D ]. Guangzhou ; South China Universi-
ty of Technology,2012.

WEN S S,CHEN G X,LIU Z, et al. Adaptive Multi—resolu-
tion Halftone Image Embedding[ J]. Proceedings of SPIE -
The International Society for Optical Engineering, 2011,
8205:1—5.

(L% 116 1)

(8]

B XA BT A (] (0 e S R 0 B ROCR B — T
MITELT]. AL T R4 ,2003,23 (4) :408—413.

HUANG Qing-mei,ZHAO Da—zun. An Evaluation Method
for the Visual Effects of Different Gamut Mapping Algo-
rithms[ J]. Transactions of Beijing Institute of Technology,
2003,23(4) .408—413.

B RAF A P AL A AR e Bk [T ] R
HLT#E,2009,35(9) :43—48.

ZHANG Zhong —wu, WU Xin — cai. Algorithm for Convex
Hull of Planar Massive Scattered Point Set[ J |. Computer
Engineering,2009,35(9) ;43—48.

CHOLEWO T J, LOVE S. Gamut Boundary Determination
Using Alpha—shapes| C]//Proceedings of IS & T and SID’
s 7th Color Imaging Conference: Color Science, Systerms
and Appliactions, 1999 :200—204.

MOROVIC J, LUO M R. Calculating Medium and Image
Gamut Boundaries for Gamut Mapping[ J ]. Color Research

[12]

[13]

[14]

[15]

and Application,2000,25(6) :384—401.

MOROVIC J,LUO M R. The Fundamentals of Gamut Map-
ping: A Survey[ J].J Imaging Sci Technol 2001 ,45.283—
290.

RIT. CIELAB £ 540, 23 () A5 B[R B9 () ] B
Uit 5 hRifEAL,2003(9) :14—18.

WU Bing. The Application of the CIELAB Color Space in
Print[ J]. Printing Quality & Standardization, 2003 (9) :
14—18.

HIROAKI K,RYOICHI S. Image—dependent Three—dimen-
sional Gamut Mapping Using Gamut Boundary Descriptor
[J]. Journal of Electronic Imaging, 2004, 13 (3 ) :630—
638.

T, oy R S Oy vk [ ML db s BRI A,
2007.

WANG Qiang. Principle and Method of Colour Separation
[ M]. Beijing ; Printing Industry Press,2007.



