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Anti-Counterfeiting Method of Phase-Modulated Latent Images
Based on Frequency Modulation

Han Xueying, Wang Qi", Ge Naixin
College of Light Industry and Food Engineering, Nanjing Forestry University, Nanjing, Jiangsu 210037, China

Abstract Linear gratings are only suitable for the amplitude modulation of images. To overcome this limitation,
the anti-counterfeiting technology for phase-modulated latent images is studied based on the frequency-modulated
image. The latent image is hidden in an error diffusion-screened image using the phase modulation method. Mutual
information is considered to be the evaluation index of the hiding effect. An irregular grating is designed based on
the grating extraction principle. Further, the application scope of the amplitude-modulated images is explored based
on the concept of irregular grating design. The experimental results show that irregular gratings can clearly extract
latent images from the frequency-modulated image and are suitable for the different tonality of the amplitude-
modulated image. Thus, the applicability of the anti-counterfeiting technology based on phase-modulated grating for
the frequency-modulated screening mode and amplitude-modulated full-tone latent image extraction is verified. The
irregular grating obtained by relying on the original manuscript exhibits the property of anti-duplication, and endows
the technique with natural anti-counterfeiting capability.

Key words gratings; frequency modulation screening; phase modulation; irregular gratings

OCIS codes 050.2770; 100.2810; 100.2960; 100.1160; 100.2000

L, TEAE R B By O £ B B TR0 9 5

Vol. 39, No. 8
August, 2019

1 5l =

UEAF S 2 AR A5 B2 4 0 R I 450 LS

—RANWE st R s R AT 42 B0 B ke
FIE AT A A 255 AR LU 1k % #1238 SCARS AN IE A
BAREE N, B A5 B BRGE B A B A
Xt A 8 AR AT ) 2 A8 $6 ol b B, DA A 23 38 ik
N BRGS0 R B B, G v 8 T AR 2 98 7
TG B A By Bh AR BRI HL A B T LA R A

R 5 TTm,u\ﬁﬁl@lﬁyFﬁ%H@fﬁﬂﬂH%ifﬁ'IE
5 L AT HE R R B BOR B A 2O &
PEOCHE . A m R B IR R SRR AR AET BRI T
— TP AN [ T A G A A DA A 0 s T A B S A )
B 9 0 s A8 O, S92 56 3 W1 32 D6 Al A 5 € A i 14
BT P b b A — 5 D H T f BB U £ B i A
P O 0 A AE G G ik T T IR CFVD [R5
Sy TP B ZOUE g T RS B AR

Wi B 2019-01-02; fE@M B HEA: 2019-03-12; A BHI: 2019-04-01

ELWEB: BEXALRR¥ES
115 55 £ R R B 78 (201 7NFUSPITP352)

* E-mail: wangqi@njfu.edu.cn

(31270629) VLI A il 2% 18 4URL 2 5 B R T 4 SC 30 = P UL 4 (201513) Rk E S

s W

0805001-1



% {5

BIRAS  If B TR R 2 etk AH i ZOe A 7E— &
9 £ BE RGO B 1 7 L 2 ) g AR AR S
MR, (e BB B T AR R OEE AL,
{EL I SE A BE £ 10T 9 i P45 v A PR A5, DY A
A W 5T R b 22 DL R R AE A T O X
g,

SCHRLCLT A SCA By Ph 452 AR B9 B2 Hh F 5 I A0An
P S o A I 9 ¢ o R 4 R AT ke i G 1Y
SHEF HA —E A AL L SR 5 X VAR A HE S
7 2N A R A R R, DA T S B I e By O £
9 H B o EZEAIETE A R A VAR A 20 2500 (4
PO B3 AT R A RE S I B 2 iy B O Y TR B
AR L 38 8 325 — 25 58 BT AR ROt X A — E 7
JEEIIN T EOARME RS TR, BT B,
AR SO et — 2P WE 5T S5 BAH L ] ) % BE % — 20 5¢
AR H R 28 TR OB B S B
— Foft B 6% 1 HC S 9 AT A5 b o A 9 Ol

2 S EBR AR A

2.1 REYEMWAGE

RTINS FH a5 RS I S R R, AT 2 £
(eI & S i NI PN W R DA Ay A N
RUECH Bl R B IR 08 AR Ak T AR e BRSEEE
DR A Oy 1 2 B0 R X B gl
FELCBE SN0 5 1 2 € 08 R 2 A e — S LA ]
4 M 75 S5 ) P14 0T 5 15 229 0N I 5 17 2 €8 1A ]
QAL 2 A MR L B (E HG IR P 5 R 7 /0N T JH Al o R
D5 ¥ T 7 A R R DT 3K B0 B A 1 i AR PR
FETAR 2P /O R 5 2 6 H R AR 2R AT AR
ThI BT

R HUR R BT FUR R R 5 B #E17 L
BOFAS B ZAEf 1, SR 5 B8R R AU A K R 25
PI—E 7 AP H B R LA A A% R b R
mE 1 R,

- uti, ) —
§ %)) C ) qufirﬁté?&on@(' ) b(i, 7
} G, )

N

error filter H

B B2 o M s
Fig. 1 Principle of error diffusion screening
B, G R ABRHBIR R AR FRAE,
e G IR .0 Go ) B R R (L. Q-+ )

R A, H RRZEY BRI A Gojo) HiR
Y IR W ASAE G joO M B BIRZT RS
Floyd % 2 i} /9 8 % &% & H 8 & %, Floyd-
Steinberg R ifE R 22 JE B 25 ] KRN
0 0 0
h(io,jo)zé 0 0 7} )
3 5 1
e 25 HCBR 1 I X I 1) B8 2 A R Oy
w(ij)=fGaj)+ 2 hGyejo) Xeling)

igio

1, ulinj)>T

b(i,j):Q[uu,j)]:{

(2
K Gu)ABREBER G )R A KGR IR 2
PHOCRBOMS AR EME: T hEE., REKEMES
JIT SIS AL 11 2 {80 590 47 100 B0 AH 40 1R 2 s b, fil R
L5 R A P BT 51 R 1 158 2, 19 30 9 2 o 08 (14
PA T 0 RRCR , R B o 28R 15 3 2
o B M S ER A KBS B 0~ Gaax s
G viax IR FEAA 5 IR B IH — 4k, TR B2 A 3 1]
R Ry 0~1, Hirh 0 RN ML 1 RO E L BOK B
HrEE 0.5 FEN BME T o R K 1 32 R — 1%
RN G 5BE T i, 45 G=T. 0 {614
RWENARZE MEBRREE R, RAREY
HO X BRI T I i AR an & 2 B

2 A M AR
Fig. 2 FM screening image

22 EBBREBANAR

AR I T2 S A T BTG i BRI 5E HE 1% o 1)
ZHCHEAT I AL R 5 5 el 2 e R bR 43
R TE] 8 AN, DG 28 B8 X6 Jeg S I e 2R A7 A B Ak BT
HATEAR, TR I ik A D7 1k 3 00 2o A7 F VR X
WA S, WE 3Ca) B, LM S E il IR
WM 8L E AR B0 ™ 8 E s 3l 2 AR AR

0805001-2



% {5

P R B R TR B A VA R R IR SRS BN
A T 5| R N MR A R ST 156 T L R 1R e £
BT L D B A R PR AR v R 5 D £ R L SR A
A 8 ] T A5 T v Y /DN 7 R v L v B O 1R B

(@

At 4,
® .0 ©
E A,

o o o

DX 35 5 $2 IR AL B A 0 i R AT R AR B0, AT
SRR . B 3(h) Ay A R T 1 IR 43 151
15 B XU ROCIRAE AR AR 7 L 18T 3 (o) iR IX

K3 SR, (MAREE; (DB E SR W& X R E

Fig. 3 FM latent images. (a) Diagram of dot displacement; (b) anti-counterfeiting image; (c) enlarged latent image
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Fig. 4 FM latent images extracted by linear grating. (a) Extracted latent image; (b) enlarged extraction area
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Fig. 5 Grating type. (a) Linear grating; (b) irregular grating
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Fig. 7 FM latent images extracted by irregular grating. (a) Extracted latent image; (b) enlarged extraction area
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