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'S Abstract

Dynamic visual cryptography (DVC) hides a secret image in a single moire cover image and
reconstructs it through time-averaged fringes generated by controlled oscillation. This work
Investigates the optimal parameters for implementing DVC on digital displays under finite
refresh-rate constraints.

OB Methods

»DVC is a single-share optical technique for hiding visual information in a moiré grating and
revealing it through oscillation and temporal averaging [1].

» Decoding relies on temporal integration by the human visual system and can be implemented
using either mechanical shakers or digital displays [2—3].

» Digital displays offer a portable alternative, but hardware limitations constrain real-time
oscillations, motivating the investigation of optimal parameters for reliable DVC implementation
(Figs. 1-3) [3].
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B Discussion

The oscillation frequency of the cover image does not affect the formation of time-averaged
moire fringes, but it determines whether the human visual system can perceive them. Previous
studies [2] indicate that the secret can be decoded at oscillation frequencies of at least 25 Hz,
whereas at lower frequencies the visual system tracks the oscillating image instead of
performing temporal integration.

Conclusions

Limited display refresh rates restrict higher-order fringe reconstruction with harmonic
oscillations. Rectangular waveforms require only two frames per period, enabling reliable
reconstruction and providing a basis for investigating temporal integration in the human visual
system, with potential applications in studying visual processing, attention, and fatigue.
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Fig 2. Computational reconstruction of the standard deviation §;(a) (black solid line) and S,(a) (blue
dotted line). The first seven time-averaged fringes are reconstructed according to the predefined accuracy
£=0.01-Awith m = 32 frames per period.
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Fig 1. Optical blur effects induced by harmonic and rectangular waveform oscillations produce time-
averaged fringes in time-averaged images of the one-dimensional harmonic moiré grating and the Ronchi
grating. Stochastic oscillations do not produce time-averaged fringes in time-averaged images of both
gratings. The standard deviations S(a) and S(o) of pixels in time-averaged images characterize the optical
blur effects induced by different oscillations. The pitch of the harmonic and Ronchi gratings is set to
A = 0.5.

The author would like to express sincere gratitude to Minvydas Ragulskis, Paulius Palevicius, and Arvydas
Gelzinis for their valuable contributions and collaboration.

7] Extrica

AN AN o Ny
s 1 N
E o /\%ww\w«w&? A e
BN AR S
: W% WA Wﬁ i N

” AN i A

VAN ¥ e

"“:"f *rv".h-‘ 7] .l" ‘|‘-‘;‘ N ( y n‘ ..- ‘l iy
\ ‘ﬂ" f '-".o\‘ 0 q"
\%I“‘-' Sy Wi
',."l._ L)

AN
iy ‘}i,“\ﬂ‘."‘\::"ﬁ,{‘[{'l?x“u

) WA ‘l ] VY
RN AR Sy

A y‘;‘:}.ﬂv v My
RN A

e,

: Iy ) A M ‘ ." \ 1.
AR TS
AN e ...,:-,-. . .

W

1 WA : .‘
IS R s
'fm'. .’ﬂ\"’,",-' T e RIS :
YT ER NG - .
J'\\'h j"\' l~:"l i i 5
ll“ !" wv .'0.\' -.'... s
A

i ) | 'si“";"hld' u Sy

st
=

Soo==—

—

S
=5
£Eie

=SS

——

-

<55
e

===

—

Ronchi grating
==
e

=SS5
;;f.s

et
s

=
i I O e
&
S5

e y—
T

=S

< o T AT

§ s S 3 Lt e

O

3 "l. ) 1

e .a*";o".'\‘ﬁ‘(,”g\’v'.‘{:"';l-"ﬂ, Ay
AU L O

SR *‘ﬁ':&*.:\',.\"“ '-.'w{"a'.-’ \{':,' W \"7..\;',",\/:‘""{ i

Wy "V v h?{‘ b’.‘t"\"\' :.'.“I' ."‘"’\““I'OJ‘}{‘J :’v“ \ A

AAAT 'l‘u‘.‘:l ARV VRN A}\ 5 ;ll,'p‘c'o'a. WY

—

)

=
=
=
==
=
=2

Fig 3. The secret image is encoded into the harmonic grating and Ronchi grating (the left column). Harmonic
and Ronchi moiré gratings with pitches 4; = 0.5 and A, = 0.57 are used to encode the background and the
secret image respectively. Rectangular waveform oscillations are used to decode the secret: the
background becomes blurred when the amplitude of oscillations is equal to a = 0.375 (the middle column);
the secret becomes blurred when a = 0.4275 (the right column).
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