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Motivations 
• A modern high-speed display device (LCD, LED, DLP and etc.) can emit in 

visible spectrum a far greater amount of information than one person can 
possibly resolve.

• Possibility to serve multiple viewer on a single display.

• But how?

• Our solution: Psycho-Visual Modulation based display technique !

• Can be solved via constrained non-negative matrix factorization:



Results and Applications
Duel-view TV (two views at a time)

TV set

Viewing device

2D-3D compatible display (3D and 2D viewed at the same time, yet without gosting)
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A bstract—C am corder piracy has great im pact on the m ovie
industry.A lthough there are m any m ethods to preventrecording
in theatre,no recognized technology satisfies the need ofdefeating
cam corder piracy as w ell as having no effect on the audience.
To realize anti-piracy, w e uses a new paradigm of inform ation
display technology, called tem poral psychovisual m odulation
(T PV M ). T PV M exploits the difference in im age form ation
m echanism s of hum an eyes and im aging sensors. B ased on this
difference,w e build a prototype system on the platform ofD L P R

L ightC rafter 4500
T M
w hich features high speed pattern display.

T he display system serves as a proof-of-concept of anti-piracy
system .

Index Term s—C am corder piracy,Tem poralPsychovisualM od-
ulation, display technology,D igital L ight Processing

I. IN T R O D U C T IO N

In this paper,w e exploit the difference in im age form ation
m echanism betw een hum an eyes and im aging sensors on
sam pling frequencies [1]. In hum an visual system , a steady
im age is form ed by continuous integration of light field,
w hereas sem iconductor im aging sensors take discrete sam ples
ofcontinuous lightsource in tim e.The digitalcam eras cannot
capture allthe inform ation on the screen due to the“blackout”
period.B ased on this difference,w e can design opticalsignals
in the w ay that hum an and pirating cam corders perceive
drastically differentim ages.The intriguing bifurcation can be
realized by the technology of tem poral psychovisual m odula-
tion (TPV M ) [2].

The rationalbehind TPV M is that,the hum an visualsystem
cannotdetectquick tem poralchanges above the flicker fusion
frequency (about60 H z) and yetm odern display technologies
offer m uch higher refresh rates.The D igital LightProcessing
(D LP) technology used in alm ost all digital m ovie projectors
can operate at a very high fram e rate. In this paper,w e w ill
build a system for defeating cam corder piracy on D LP R

LightC rafter 4500
TM
. The D LP LightC rafter 4500 develop-

m entm odule provides a flexible lightand features high speed
pattern display (U p to 4225 H z binary pattern rate)w ith native
D LP4500 resolution (912x1140).
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Fig. 1. Setup of the anti-piracy system . The im age in the screen contains
artifacts and colored fringes because the setup picture is also captured by
cam corder (Sony N EX V G 20E).

II. SY ST E M SE T U P A N D R E SU LT A N A LY SIS

Fig 1 show s the setup of the anti-piracy system .From left
to right, there are a Sony H D R -C X 240 Full H D H andycam

cam corder,a D LP R LightC rafter 4500
TM
Evaluation M odule

and a screen.
In the low er right corner of Fig 1,there are three im ages:

originalim age,interference pattern and pirated im age recorded
by the cam corder.A s can be seen, the pirated m ovie fram es
contain highly visible and disturbing interference pattern, a
pirate flag in this particular sam ple case. O n the other hand,
w e can find thatthe pirated m ovie fram es have colored fringes
w hich greatly dam age the original fram es. There are tw o
reasons w hy the colored fringes appeared. First, the R G B
colorcom ponents ofthe fram es are em itted using tim e division
technique.Second,the cam corder has“blackout”period w hen
recording.In fact,the visualartifacts in recorded video appear
even m ore objectionable and offensive than the snapshot of
Fig 1,w ith the pirate flag and the colored fringes flashing.
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