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the theater has once again fueled interest in bring-
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A Gamut of Opinion

by Steve Atwood

When Martin Kytka, Senior Research Scientist with 
Uni-Pixel Displays, first approached me with the idea of
writing an article that would tackle the complexities of
dynamic range in displays, gamma correction, and viewer
perception of brightness and luminance, I was really
excited.  While the current North American Digital TV
standard provides for a maximum of 256 gray levels per

primary color, there are many new TV displays capable of 1024 or more levels per 
primary.  With some type of temporal dithering scheme in high-frame-rate systems,
this dynamic range can be extended even further.

Many in the display industry, as well as those on the content creation side, think
there is a real opportunity to create a better user experience with extended-dynamic-
range systems.  Author Walter Allen of WalVisions summarizes this point of view
well in this month’s opinion piece, “An Appeal for More Bit-Depth in Displays.”  So
naturally, if we are going to design systems with wider dynamic range, how are we
going to map those levels to luminance values that will provide the best viewer experi-
ence?  Well, that’s the question Kytka is attempting to answer with his article
“Gamma, Brightness, and Luminance Considerations for HD Displays” in this issue.
Drawing on his experience with the DICOM standard, which is used to calibrate 
medical radiology displays (with well over 2000 distinct gray levels) for diagnostic
purposes, he proposes that the same standard has some distinct advantages as a 
potential baseline for commercial high-dynamic-range HDTV displays.

What I did not know when I first discussed the article with Kykta was the wide
range of opinions that exist with regard to this topic.  It is complex and encompasses
several fundamental fields of science, ranging from classical signal processing and
display optics to human vision science and psychophysics.  The science itself, the
math, the prior art, and the previously published experimental research all weave a
complex fabric of understanding as well as misunderstanding, allowing for many dif-
fering interpretations.  Because the end result boils down to what we “see” and how
we feel about it, we cannot avoid attempting to personalize the science and draw on
our own experiences, either professional or personal, to rationalize the data.  A natural
bias often emerges, and some aspects of the science are therefore harder to digest than 
others.

We asked many knowledge experts in this field, including our mutual colleagues,
for their points of view and we got them!  I am grateful to everyone who took the time
to weigh in on this topic.  Our subsequent goal was to present an analysis, draw some
conclusions, and provide an opinion about how this information can help guide future
system designs.  I am very pleased with the result and I think it will help drive discus-
sion for further development and possibly a new baseline for future work.  Additional
analysis and differing points of view are always welcome and I look forward to this
being a continuing subject in future issues of ID. 

Meanwhile, I’ve had a lot of other things keeping me awake lately, and contrary to
what you might think, the recent DTV transition in the U.S. is not one of them.  My
thoughts are on a different aspect of TV – 3-D TV, in fact, because that is the topic of
our cover feature stories for this month; two compelling articles addressing the future
for 3-D entertainment in the home – your home, my home, and anywhere else you
could envision.  Guest Editor Brian Schowengerdt has worked with us before and we 
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E Ink to Be Acquired by Prime
View International 

One of the biggest news items to come out 
of Display Week in San Antonio in June was
E Ink’s announcement that it would be
acquired by Prime View International (PVI)
for approximately $215 million.  E Ink is the
main supplier of digital ink technology for 
e-readers (such as the Amazon Kindle), and
PVI is a leading provider of small- and
medium-sized displays and a major supplier
of e-paper display modules.  Together, E Ink,
based in Cambridge, MA, and PVI, based in
Taiwan, currently support nearly 20 e-book
manufacturers worldwide. 

“Combining E Ink and PVI creates a single
public company that is dedicated to electronic
paper,” said Russ Wilcox, co-founder, Presi-
dent, and CEO of E Ink Corp.  “With a com-
mon ownership structure, we can get closer to
customers around the world, streamline the

supply chain, and speed up new product
development.” 

The acquisition, in other words, is a com-
plementary one.  E Ink can gear up to produce
more in response to demand, and PVI now 
has closer access to E Ink technology.  “For
Prime View, it allows them to occupy a larger
space in the e-reader supply chain,” says
Sarah Rotman Epps, Media Services Analyst
with Forrester Research.  Up until now, she
explains, “E Ink has been the hub of the 
e-reader ecosystem.”  Its digital ink represents
step 1 in the e-reader supply chain.  Three
companies have been involved in step 2, mak-
ing backplanes for e-readers: LG, Chi Lin
Technology, and Prime View, she continues.
Step 3 involves “people like Amazon” and its
manufacturing partners, which assemble the
final products.  “Now that Prime View has
acquired E Ink,” she says, “they essentially
occupy steps 1 and 2 of the process.  Instead
of being one company in step 2, they are now
a major player in steps 1 and 2.”

In fact, the mutual benefits of the acquisi-
tion have led some critics to voice concern
over a possible monopoly that could keep 
e-reader prices high and choices limited, says
Rotman Epps.  “But, personally, I think that
demand with regard to both price and product
will keep supplies plentiful [and reasonable]
for consumers.” 

E Ink sales were $18M in the first quarter
of 2009, up 157% over the same quarter in
2008.  The company’s future as a Mas-
sachusetts-based entity seems secure at the
moment.  At the press conference at Display
Week last month, Sri Peruvemba, Vice Presi-
dent of Marketing at E Ink, said that the com-
pany will remain headquartered in Cambridge,
Massachusetts, for at least the near future and
plans to expand its employee base from 127 to
150 people during 2009. 

— Jenny Donelan
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3-D Closer to Home

by Brian Schowengerdt

More than a year ago at Display Week 2008, the Society 
for Information Display highlighted the renaissance of 3-D 
cinema with a number of talks from speakers at the fore-
front of the technical development and content generation
that has been enabling this resurgence.  Since then, the con-
tinued commercial success of 3-D in the theater has fueled
interest in bringing 3-D entertainment into the home.

Accordingly, this year’s Display Week saw a number of technical presentations and
demonstrations featuring enabling technologies for 3-D home entertainment. 

In the exhibition hall, LG Display demonstrated a bevy of advanced 3-D displays
targeting the 3-D home-entertainment sector, joining ongoing efforts by Samsung,
Mitsubishi, and Hyundai to provide displays to this growing market.  In addition to a
number of talks on general 3-D display technologies in the technical symposium, a
session entitled “Advanced TV and 3-D” featured presentations by Samsung, Toshiba,
and others that provided a preview of 3-D-television solutions on the horizon.

Although 3-D displays targeted for home use have been commercially available for
quite some time, they have not achieved widespread consumer adoption – nor has
there been a successful system put into place to generate sufficient high-quality 3-D
content and distribute it into the home.  This has posed a bit of a chicken-and-egg
problem, with adoption of 3-D display technologies hampered by a paucity of stereo-
scopic content, and creative teams reluctant to invest resources in the production of 
3-D content without widespread consumer adoption of the technology necessary to
display that content.  A number of factors are helping to break this deadlock, with the
most salient being the success of 3-D cinema. 

The recent proliferation of 3-D-capable theaters, spearheaded by Real D, has con-
vinced filmmakers that there is now sufficient infrastructure to allow 3-D movies to
reach a broad audience, and the demonstrated increased revenue from 3-D screenings
has provided assurance that there is money to be made in stereo.  Animation studios
such as DreamWorks Animation have been among the first to embrace the transition
to 3-D, largely because existing computer-generated content can be readily adapted to
render the two camera views needed for stereoscopic presentation.  Following on the
heels of the box-office successes of 3-D animated films, many live-action studios have
started to film their movies with stereoscopic cameras.

The 3-D movies that are being generated for cinematic presentation promise a
wealth of stereoscopic content that can be tapped for home entertainment.  With 
revenue from DVD and Blu-ray Disc sales far outstripping box-office revenues for the
movie industry as a whole, there is a strong motivation to expand the market for 3-D
films by creating a compelling 3-D home-theater experience.  Success depends on two
critical factors.  First, home-movie watchers need televisions that can display high-
quality stereoscopic imagery with good viewing comfort.  Second, the full-content
generation and distribution pipeline must be streamlined to deliver great 3-D content
from the filmmakers to the consumer’s home-theater system.  

This issue of Information Display features articles by two experts ideally suited to
addressing each of these components.  Our first article, entitled “3-D Displays in the
Home,” is written by Andrew Woods, research engineer at Curtin University and 
co-chair of the annual Stereoscopic Displays and Applications Conference.  Woods
provides a broad survey of stereoscopic display technologies available for use in the
home – past, present, and those just entering the market.  Good options for viewing 
3-D content are already available, and the new crop of displays promises an even 
better viewing experience. (continued on page 35)
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Tweet!

by Paul Drzaic
President, Society for Information Display

Well, let me cut to the chase.  If you are inclined, you can
now follow me on Twitter.  I am located at twitter.com/
theSIDPrez.  Those of you who know what this means can
skip the next couple of paragraphs, but please come back
toward the middle after I provide a short introduction to

those who don’t know what the fuss is about.
So what is Twitter?  The tag line at Twitter.com is What are you doing?  The service

makes it easy to blast a quick note on “what I’m doing” to the Internet for anyone to
see.  There is a 140-character limit, and this limitation forces notes to be short and
focused on a single topic.  A twitter note is called a tweet or perhaps more formally a
micro-blog post.

The basic structure of Twitter is to sign up followers, as well as pick up people you
are following.  Followers automatically get to see your tweets; you automatically get
sent the posts of the people you are following.  You can send and receive links to web
pages and pictures, and you can tweet from your computer or from a smart phone.
That is pretty much it for the basics.

So why bother?  For me, it’s not going to be what am I doing?  You are not going to
be hearing about what I had for breakfast or that I am waiting in line at some restau-
rant.  Rather, I will be sending out tweets more in line with what I have noticed or
sometimes what am I thinking, organized around some topic in electronic displays.  
I do have a habit of spending some time each day searching out interesting tidbits on
displays on the web; for me, Twitter provides a means for me to share the news that I
find interesting.  I may also slip in some SID-related news from time to time.

So what have I tweeted in the last several weeks?  Posts include some notes from a
recent trip to Korea, some good economic news from Corning, a new entry in the elec-
tronic-paper space, an immersive touch-display demonstration, noting a few things
that caught my eye at the SID show, mention of an article I wrote for the journal
Nature Photonics, and a debate on the size of the screen on the Enterprise bridge in the
new Star Trek movie.

My current following list include tech blogs, SID members, friends, and assorted
display enthusiasts tweeting about digital signage, electronic paper, and OLEDs. 
During the time leading up to the SID show, I followed the U.S. Centers for Disease
Control, which provided real-time updates on the swine-flu situation.  Having the 
latest news regarding the H1N1 influenza was extremely helpful in SID’s decision to
proceed with our meeting, and to communicate authoritative information to our 
members.  For real-time information, Twitter can be very useful.

So, what am I thinking?  If you sign up and have interests similar to mine, you will
probably find the tweets interesting and perhaps entertaining.  If your interests are 
different, then you can promptly unfollow me, and that’s OK too.  In any case, you 
might consider sending out a few tweets of your own and see who might be listening.  �
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IN PARALLEL with the widespread
deployment of digital 3-D cinema systems and
an explosion in the release of 3-D movies into
those theaters, there has also been a concerted
effort from several consumer-electronics 
manufacturers to release 3-D TVs and 3-D
displays into the consumer marketplace.  This
article looks at the technologies behind these
high-quality 3-D displays that have been
released into the consumer marketplace and
also answers the often-repeated question: can
my existing home TV be used for high-quality
3-D viewing (e.g., by bringing home the 3-D
glasses from the movie theater)?  While the
focus will be mainly on the home-display 
marketplace for HDTVs or computer moni-
tors, there are a great many more 3-D display
products available if the professional-display
marketplace is also taken into consideration.

When cathode-ray-tube (CRT) monitors
became less commonplace in retail outlets,
there was great concern in the stereoscopic-
imaging community about what displays
could be used for stereoscopic purposes in the

future.  Up to that point, CRTs had been the
mainstay of stereoscopic display (using active
shutter glasses), and the alternative displays
such as plasma-display panels (PDPs) or 
liquid-crystal displays (LCDs) were not
directly stereoscopic 3-D compatible.  Fortu-
nately, several display manufacturers rose to
the challenge.  Explanations of how those 
systems work follow later in this article. 

In April of 2007, Samsung became the first
to release a stereoscopic 3-D-capable large-
screen high-definition television (HDTV) into
the home marketplace.  The displays used a
rear-projection digital-light-processing (DLP)
engine designed by Texas Instruments.1

Several things were remarkable about this
product:  the very competitive pricing (much
less than an equivalent 2-D LCD or PDP); the
3-D capability was included at no extra cost
(apart from the 3-D glasses, which had to be
purchased separately); the very high quality of
the stereoscopic image; the high-definition
resolution; and, further, the use in some mod-
els of an innovative LED light engine that
offered richer colors, longer lamp life, and
removal of the rainbow effect.  Samsung
released a selection of models ranging in 
size from 46 to 72 in. in 2007 and 2008.  
Mitsubishi also released a selection of these
displays in 2007, 2008, and 2009.  Over 
2 million of these displays are reported to
have been sold into homes in North America
to date – the only market in which these par-
ticular displays have been directly marketed.
It is an open question as to how many of these

displays have been used for 3-D purposes –
possibly less than 1% – but there are still
some very happy 3-D users out there!

These displays essentially house a single-
chip DLP projector that projects onto the rear
of a special screen mounted in the front of the
display.  A color-sequential technique is used
to produce full-color images – as with all 
single-chip DLP solutions.  The stereoscopic
3-D method used by these displays is the
time-sequential technique, which involves
showing left and right images alternately (in
this case at 120 Hz) that are viewed using 
liquid-crystal-shutter (LCS) 3-D glasses that
blank the left and right eyes alternately in 
synchronization with the left and right images
shown sequentially on the display.  The fast
switching time of a DLP (~2 µsec) makes it
particularly well-suited to the time-sequential
3-D method.  The 3-D input format accepted
by these displays, commonly known as the
checkerboard format (see Fig. 1), involves
multiplexing the left and right images into a
single frame in a checkerboard-like layout.
This innovatively allows the two left and right
image streams to enter the display within a
single regular bandwidth video input (albeit at
half-resolution per view).  

These rear-projection DLP TVs use a half-
resolution digital micromirror device (DMD)
to achieve a full-resolution image by way of a
process called “wobulation.” 2 As shown in
Figs. 1(b) and 1(c), in 2-D display mode each
frame is broken down into two sub-frames –
half of the pixels are displayed in the first sub-

3-D Displays in the Home 

There are many predictions that the next stage in the commercial evolution of consumer 
display technology is the widespread availability of stereoscopic 3-D content for viewing 
on home 3-D displays.  This article describes the types of 3-D displays that are currently
available, as well as what technologies are on the horizon.

by Andrew Woods

Andrew Woods is a consultant and research
engineer based at Curtin University’s Centre
for Marine Science & Technology in Perth,
Australia (www.3d.curtin.edu.au).  He has
more than 20 years of experience in the
design, application, and evaluation of stereo-
scopic video equipment for underwater, indus-
trial, and entertainment applications. He is
also co-chair of the annual Stereoscopic 
Displays and Applications Conference.
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frame and the remaining pixels in the second
sub-frame.  The mirrors of the half-resolution
DMD used in these DLP TVs are oriented in a
diamond pattern (as opposed to square pixels
in a regular DMD), and the centers of the 
mirrors match the checkerboard pattern shown
in Fig. 1(a).  The image of the DMD is opti-
cally shifted (wobulated) between the two
sub-frames in order to display the full-resolu-
tion image.  In 3-D mode, the two sub-frames
are used for the left and right images, respec-
tively.  The pixel arrangement of each sub-
frame directly corresponds to the checker-
board pattern used for 3-D input, so, in effect,
the display internally converts the checker-
board 3-D input to time-sequential 3-D for
display, allowing the viewer to wear LCS 3-D
glasses to view the 3-D image.

Also in 2007, another class of 3-D displays
started to become more widely available and
at price points that were affordable to some
home users.  The micro-polarizer (µPol) tech-
nique was invented by Sadeg Faris in the early
1990s3 and involves the attachment of a spe-
cial optical filter to the face of an LCD (Fig.
2), which results in alternate rows of pixels of
the display being polarized in two different
polarization states – usually left-handed circu-
lar and right-handed circular.  When the dis-
play is viewed using the appropriate passively
polarized 3-D glasses, one eye sees all the
odd-numbered rows and the other eye sees all
the even-numbered rows.  When the left and
right images are spatially multiplexed onto the
odd and even rows respectively, the observer
can see a high-quality stereoscopic 3-D
image.  These types of 3-D displays are now
commonly available around the world from

manufacturers including Zalman, Hyundai,
Pavonine (under the brands Dimen and
Miracube), and JVC in sizes ranging from 22
up to 46 in.  The smaller monitors are mainly
aimed at the stereoscopic 3-D gaming market,
whereas the larger sets are intended for 3-D
video or movie viewing.  In 3-D mode, these
displays have half the 2-D resolution in the
vertical axis, and there is also some vertical
viewing-angle sensitivity.  Some products use
a µPol variant called Xpol that includes a
black mask between rows of pixels to increase
the vertical range of the viewing zone and
reduce crosstalk.  The price premium for the
3-D capability on these sets starts from about
200% on the smaller models and higher for
the larger models, so market penetration has
not been high.

In 2008, Samsung achieved another world’s
first with the consumer release of two stereo-
scopic 3-D-capable plasma HDTVs (42 and
50 in.)  These displays use the time-sequential
3-D display method and the stereoscopic 3-D
images are viewed through LCS 3-D glasses –
operating at 120 Hz.  Unlike the 3-D DLP
HDTVs, which were only released in North 
America, the 3-D plasma HDTVs were released
in many international markets.  Recently, Pana-
sonic has been demonstrating time-sequential
stereoscopic 3-D-capable plasma displays at
various trade shows, and many commentators
anticipate they will release a product based on
this technology in the near future.

Another 3-D LCD product that has been
gaining popularity, particularly in the 3-D
gaming market over the last couple of years,
uses an innovative dual-panel LCD technique
– also known as a variable-polarization-angle
display – and is viewed using passive polar-
ized 3-D glasses.4 In a conventional LCD,
each subpixel in the LCD panel is used as a
light-valve controlling the amount of light that
travels from the backlight to the observer.
But in these 3-D LCDs, the optical function is
very different – the optical layout is illustrated
in Fig. 3.  The first (back) panel (Mod LCD)
operates in a somewhat conventional light-
valve approach to modulate the brightness of
the light at each pixel, except that the image
sent to this first panel is an amalgam of the
left and right images.  Essentially,

[see Figs. 4(a)–4(c)].  The second (front) panel 
(Ang LCD) acts to control the output polariza-
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(a) Checkerboard 3-D input format (b) Wobulated 3-D DLP display format –
sub-frame 1; 3-D left image

(c) Wobulated 3-D DLP display format –
sub-frame 2; 3-D right image

Fig. 1:  An illustration of the 3-D input and 3-D display formats of the DLP 3-D HDTVs includes (a) the checkerboard 3-D input format and (b) 
and (c) the half-resolution DMD with diamond-shaped mirrors that oscillate between two optical positions at 120 Hz to display the full resolution. 

Fig. 2:  Shown is an optical layout of a µPol
3-D LCD.  A micro-polarizer layer over the
front of the LCD polarizes alternate rows of
pixels into two different polarization states.
(Illustration based on Faris.3)

L R2 2+



tion angle of each subpixel (using the funda-
mental function of a liquid-crystal cell as a
polarization rotator) and by virtue of this,
sending the light from each subpixel to one
eye, the other eye, or a mixture of both.  The
drive signal to the second layer is calculated 
for each pixel and is approximately arctan(L/R).5

As can be seen in Fig. 4(d), if the image on
this second panel was viewed individually, it
would be a rather strange experience, but
when the display is viewed using the appro-
priate passive polarized 3-D glasses, the resul-
tant stereoscopic 3-D image can be remarkably 
good.  In 3-D mode, these displays are full 
resolution (no resolution is sacrificed), but some 
models do suffer from relatively high amounts
of crosstalk (ghosting).  Consumer displays
using this technique are available from iZ3D,
and displays intended for professional appli-

cations are available from MacNaughton, Inc.,
and Polaris Sensor Technologies.

The most recent consumer 3-D display to
hit the market was masterminded by 
NVIDIA and released as 22-in. 3-D LCDs
from Samsung and ViewSonic.  These dis-
plays use the time-sequential 3-D-display
technique and have been specially engineered
to be viewed in 3-D by using custom LCS
glasses – operating at 120 Hz.  The developers
had to make some fairly smart changes to the
LCD design to allow them to work with LCS
3-D glasses – most LCDs cannot.  Again,
these displays have been mainly aimed at the
3-D gaming market and they also retain the
full resolution of the LCD panel in 3-D mode.

There is also a selection of 3-D displays
aimed at the professional and semi-profes-
sional markets, available from suppliers

including Planar, Christie, DepthQ, projec-
tiondesign, and others.  Large-screen
autostereoscopic displays (3-D displays not
requiring glasses) are also available in the
professional marketplace, but they are
believed to be a long way off from being a
home consumer-deployed product (especially
with Philips having abandoned this market in
March 20096).  Mobile devices with auto-
stereoscopic displays have been released in
Asia by Sharp, Samsung, and Hitachi – but
not as yet in the U.S.  This article does not
even touch on 3-D projection, which is start-
ing to get very exciting with consumer/ 
prosumer product offerings and announce-
ments from ViewSonic, Mitsubishi, Infocus/
DepthQ, BenQ, Sharp, and others.  (A full
summary of all the 3-D displays mentioned
above is available from: www.3dmovielist.
com/3dhdtvs.html.)

It should be noted that there is a consider-
able variation in image quality and resolution
between these various 3-D displays.  For some
of the displays, the 3-D resolution is half that
of the 2-D resolution.  Other image-quality
aspects to consider include the amount of
crosstalk or ghosting present in the display,
display brightness in 3-D mode, as well as
regular 2-D measures of image quality.

Can Existing Home TVs Be Used for 
3-D Purposes?
A parallel phenomenon with the increased
penetration of 3-D displays, and the general
consumers’ recognition of 3-D TV in the
home, is the regular question as to whether a
consumer’s existing home display(s) can be
used for 3-D purposes.  For the time being,
the short answer is that unless the display is
advertised as being “3D-Ready” or “3-D 
compatible” (see www.3dmovielist.com/
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Fig. 3:  A basic optical layout of a variable-polarization-angle display is depicted. The modulo
LCD controls pixel brightness and the angulo LCD controls the polarization angle of each
pixel.  (Illustration based on Gaudreau.4)

(a) Right stereoscopic image (b) Left stereoscopic image (c) Modulo (first panel) (d) Angulo (second panel)

Fig. 4:  A left/right stereoscopic image pair [(a) and (b)] is converted to modulo/angulo [(c) and (d)] for display on a variable polarization angle
display.  (Drive images from Gaudreau.4)

http://www.3dmovielist.com/3dhdtvs.html
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3dhdtvs.html) it unfortunately will not be able
to be used for high-quality flicker-free full-
color stereoscopic 3-D viewing (except in the
case of older CRT monitors).  Consumers may
be tempted to take home the 3-D glasses from
the various high-quality 3-D movie screen-
ings, but unfortunately they simply will not
work on their conventional home TV.  Ignor-
ing the displays that are advertised as being
stereoscopic 3-D capable, here is why conven-
tional displays cannot be used for high-quality
stereoscopic 3-D viewing.

First, consider the three types of 3-D
glasses being used in the theaters – passive
polarized glasses, active LCS glasses, and
Infitec (Dolby 3-D) glasses.  

Polarized 3-D glasses will not work with
conventional displays because they output
light either in a single polarization direction
(e.g., LCDs) or they are unpolarized (e.g.,
PDPs).  An optical filter would need to be
added to these displays to provide two polar-
ization states (for the left and right views) –
but currently this is not a customer-deployable
solution.

LCS 3-D glasses do not work with conven-
tional LCDs for a range of reasons,7 but the
most significant reason is the image-update
method.  Unlike CRTs, LCDs are a hold-type
display, meaning that each pixel of the display
outputs light over the entire frame period –
i.e., there is no blanking period.  But similiar
to a CRT, the image on an LCD is updated

row by row from the top of the display to the
bottom.  The time taken to address the entire
display is almost one frame period.  What this
means is that there is no one time, or period of
time, when the display shows one image
exclusively across the entire display; i.e.,
there is no one time when the shutters in a pair
of LCS 3-D glasses could be opened so that a
left (or right) image would be seen across the
entire screen.  Figure 5 shows the image-
update method of conventional LCDs, which
illustrates the problem.  As mentioned above,
ViewSonic and Samsung have implemented
an as-yet-undisclosed modification in their 
3-D LCDs to overcome this problem.

Unfortunately, conventional plasma displays
also cannot be used with LCS 3-D glasses to
produce a high-quality flicker-free 3-D
image.8 Unlike CRTs or conventional LCDs
in which updated pixels are presented sequen-
tially over the course of the frame (see Fig. 5),
plasma displays have the nice feature that all
of the updated pixels in a frame are illumi-
nated simultaneously.  However, the long
phosphor persistence of conventional plasma
displays means that crosstalk (ghosting) will
be high.  Additionally, conventional plasma
displays can only be driven with a 60-Hz
video signal, meaning that even if the cross-
talk was ignored, the image seen through the
LCS 3-D glasses would flicker excessively.
Samsung’s 3D-ready plasma displays make
use of the checkerboard 3-D input method to

deliver the 3-D video signal and presumably
use custom phosphors to reduce the amount of
crosstalk due to phosphor persistence.

Even displays that are advertised as being
120 Hz do not solve the problem – 120-Hz
(and 240-Hz) technologies are being imple-
mented with a range of LCDs and plasma 
displays to reduce the problem of image
smear in scenes containing fast image motion.
Many people recognize that “120 Hz” is often
associated with stereoscopic 3-D viewing, but
unfortunately the inclusion of 120-Hz refresh
rates does not solve all the problems for suc-
cessfully using time-sequential 3-D on these
displays.  The most obvious problem is that
there is no way of driving them with a true
120-Hz video signal, containing 120 distinct
frames per second.  Usually, the display
accepts only a conventional 60-Hz video 
signal and the display internally interpolates
extra frames.  The inability to send 120
unique frames per second to the display would
mean that it could not be used for 120-Hz 3-D
purposes.  So, unless the display is labeled as
“3-D-ready” or “3-D compatible,” any men-
tion of 120 Hz currently will not be an advan-
tage to time-sequential 3-D compatibility.9

The Infitec system employed in Dolby 3-D
cinemas uses special interference filters to
divide the visible color spectrum into six 
narrow bands called R1, R2, G1, G2, B1, and
B2 for the purposes of this description.10 The
R1, G1, and B1 bands are used for one eye
image and R2, G2, and B2 for the other eye.
The human eye is largely insensitive to such
fine spectral differences, so this technique is
able to generate full-color 3-D images with
minimal color differences between the two
eyes.  Unfortunately, conventional displays
lack the ability to modulate light wavelengths
at this fine scale, so Infitec/Dolby 3-D glasses
also will not work on conventional displays.
This may be a possibility in the future with
multiprimary-color displays, but there is noth-
ing like this currently in the consumer market.

The only 3-D solution that can be widely
deployed to any consumer color display is the
anaglyph 3-D method.  The anaglyph has been
around since the 1800s, and for modern full-
color displays involves sending the left and
right image views into one or two comple-
mentary color channels, respectively.  For
example, the most common anaglyph tech-
nique involves the left perspective image
being stored in the red color channel and the
right perspective image being stored in the
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Fig. 5:  Time-domain response of an example conventional LCD monitor (with 5.7-msec pixel
response rate alternating between black and white frames at 75 Hz).  The green line represents
the time each row is addressed.  It can be seen that there is no point in time when the entire
screen shows one image across the entire screen.7

http://www.3dmovielist.com/3dhdtvs.html


blue and green (cyan) color channels.  The
viewer wears red/cyan 3-D glasses to decode
the correct image to each eye and sees a 3-D
image.  Other primary color combinations are
possible, including blue/yellow and green/
magenta.  The main advantages of the ana-
glyphic 3-D method are its simplicity and low
cost.  All that is required is an anaglyphic 3-D
image source, any full-color display, and a
corresponding pair of anaglyphic 3-D glasses.
Unfortunately, the anaglyph 3-D method usu-
ally suffers from fairly low 3-D image quality
– due to fairly high ghosting levels, retinal
rivalry, and the inability to reproduce a com-
pletely full-color 3-D image.11 Despite these
limitations, anaglyph 3-D remains a com-
monly used format as evidenced by the
widespread release of many 3-D DVDs and
Blu-ray discs in anaglyph format – albeit 
leaving many shaking their heads and yearn-
ing for something better.

Conclusion
A good (and expanding) range of high-
quality 3-D displays is gradually penetrating
the home consumer market.  The successful 
roll-out of 3-D cinemas and 3-D movies is
probably greatly responsible for the increas-
ing consumer interest in this display cate-
gory.  The next part of the equation that
needs attention is the availability of stereo-
scopic 3-D content for viewing on home 3-D
displays.  The consumer game market is the
greatest source of 3-D content at the present
time, with over 300 PC game titles available
to be played in stereoscopic 3-D – enabled
by 3-D game-software solutions available
from NVIDIA, DDD, and iZ3D.  There is
also talk of game consoles supporting high-
quality 3-D displays in the not too distant
future.  However, probably the most antici-
pated form of 3-D content is high-definition
3-D movies.  Over 300 3-D movies and
shorts have been publicly exhibited from
1915 until 2009, but unfortunately only a
handful of 3-D movie content is commer-
cially available at the present time (see
www.3dmovielist.com) – and none in a
high-quality high-definition format.  At the
present time, most content owners appear to
be waiting for the much-talked-about Blu-
ray 3-D format to be standardized, which is
addressed in another article in this issue.
Once that format is standardized, we will
probably see another jump in the uptake of
stereoscopic 3-D displays.
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TODAY, the most noticeable development
in the display industry has been the focus on
3-D.  Of course, the use of 3-D for printing,
the movies, and even TV is not new.  It has
been envisioned, promoted, and implemented
for more than 100 years.  There is no question
why 3-D is a natural extension to the 2-D 
presentations we already enjoy today, and it
provides a more interesting and attention-
getting medium for viewers.  But interest has
faded every time 3-D has been promoted, and
3-D movies or TV have never quite moved
beyond the gimmick stage – that is until
recently.  In 2005, particularly after Disney’s
release of 3-D versions of Chicken Little in

movie theaters, the industry rediscovered the
huge business potential of 3-D. 

3-D theatrical releases are now generating
more revenue in movie theaters than 2-D
releases.  For the recent theatrical release of
DreamWorks Animation’s Monsters vs.
Aliens, nearly 60% of the revenue in the first
week was generated from 3-D cinemas –
which comprised only 28% of the total 
theaters screening the film.  Because tickets to 
3-D versions of films cost more than their 2-D
counterparts, people are clearly willing to pay
more for 3-D.  The latest generation of digital-
cinema projectors and 3-D glasses has enabled
the success of 3-D at the box office.  With the
adoption of the Blu-ray HDTV format for
next-generation home entertainment and
large-display TV sets in the home, movie 
studios and other content providers see the
potential for huge revenues from 3-D content 
consumption in the home as well as in theaters. 

Meanwhile, consumer-electronics manufac-
turers see 3-D as a significant differentiator
that could encourage consumers to continue
investing beyond 1080p (full high definition).
The advancement of 3-D display technology,
including the availability of large screen sizes,
high resolutions, and high frame rates (120 Hz
and higher) will help enable high-quality 3-D
content presentation in the home.  3-D is now
being seen as the killer application that will

not only bring people back to movie theaters,
but also enable a whole range of new services
and business to be offered to the home 
consumer. 

3-D End-to-End Systems  
This article provides an overview of 3-D end-
to-end systems, as well as the issues and chal-
lenges involved in developing solutions.  It
will focus on industry efforts toward 3-D 
standards development and offer a glimpse
into the substantial work remaining in those
standardization efforts. 

Figure 1 shows the process flow for deliv-
ering 3-D to end users, be it to movie theaters
(top of diagram from left to right) or to mobile
phones and home TVs (lower part of diagram
from left to right).  The issues involved in get-
ting 3-D into the home, including content cre-
ation, mastering, distribution, and the displays
themselves, will be discussed in the following.

Content Creation. There are three main
approaches to creating 3-D content:

• Live camera capture: capturing stereo
paired images simultaneously. Live
events require the use of stereo cameras.
In addition to the conventional stereo-
camera rigs, a new class of 3-D cameras
has been developed for capturing 2-D
and depth mapping in real time using
rangefinders.  Rangefinders are usually

An Overview for Developing End-to-End
Standards for 3-D TV in the Home

Enthusiastic consumer response to recent 3-D theatrical releases is demonstrating users’
appetite for 3-D content, and 3-D seems destined to become the next killer application for the
home-entertainment industry.  Until then, the standardization of 3-D formats for mastering 
and distribution is critically important for a successful introduction to the consumer market.

by William Zou
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Task Force on 3-D to the Home.  He is
employed by DTS, Inc. in Agoura Hills, CA.
The full report on 3-D to the Home from 
The Society of Motion Picture and Television
Engineers (SMPTE) comprises 76 pages,
including a 3-D glossary, use cases, minimum
requirements, recommendations, appendices,
and references.  It is recommended for anyone
seeking a comprehensive introduction to many
aspects of 3-D systems and the issues that
need to be considered in planning for 3-D to
the home and is available for download from
the online SMPTE Store (https://store.smpte.
org) for $20.
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laser or infrared camera devices that are
used to provide depth maps for a given
scene.  Depth maps can also be calcu-
lated on a pixel-by-pixel basis in real
time or offline.

• Computer-generated images (CGIs): 
creating a stereo pair of views by render-
ing two views in parallel with a small
angular separation in the two views.
Computer-generated content is typically
considered the easiest method of stereo
generation.  The rendering system can
render one or more related views depend-
ing on the application.

• 2-D–to–3-D conversion: processing of
existing 2-D imagery and extraction of
depth information from non-stereo depth
cues to create a polygon-based image.
This process deconstructs the 2-D image
into a series of objects (also known as
segmentation), assigning relative depth
to each object, then filling in occluded
areas.  The conversion can be either real
time or non-real time.  2-D converted
material may prove to be essential for a
successful transition from 2-D to 3-D.

Mastering. Mastering involves formatting
and packaging original 3-D content in a stan-

dardized format for post-production and
down-stream distribution.  It is ideal that a
single master is used for all distribution 
channels.  Generally, the master package will
undergo additional processing (compression,
storage, and physical transport) before being
delivered into the distribution system.  The
master format is ideally in an uncompressed
domain so that the highest quality can be
maintained for downstream process and 
distribution.

Distribution/broadcast/emission: For 3-D
distribution/broadcast/emission, the master
(either from live camera or play-out systems)
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Fig 1: A conceptual model for delivery of 3-D content illustrates the role of the 3-D Home Master (lower left in red-outlined box) with regard to
standardizing content and delivery for end-user devices (at right).  Source: “Report of SMPTE Task Force on 3-D to the Home,” pp. 11 © 2009
by SMPTE.
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is taken into the distribution systems for deliv-
ery to the home.  Because of bandwidth con-
straints, the signal is typically compressed to
reduce the data rate to meet specific channel
requirements.  A stereoscopic image pair con-
sists of a left-eye image and the corresponding
right-eye image.  Therefore, the support of
stereoscopic 3-D content for distribution to
homes requires two times more bandwidth
than 2-D content.  In order to reduce the band-
width requirement while preserving visual
quality as much as possible, and also support-
ing 2-D device compatibility, various 3-D 
formats have been developed:

• Spatial compression. In order for stereo-
scopic content to fit into existing trans-
mission/storage infrastructures, one sim-
ple approach is to use spatial compres-
sion.  This can be done by sub-sampling
left- and right-eye images and then com-
pressing them into a single 2-D image
frame.  The sub-sampled left and right
images can be packed in a top/bottom,
side-by-side, line/column interleaved or
checkerboard fashion.  All these formats
achieve the goal of using no more than 
2-D bandwidth.  However, the downside
is loss of spatial resolution and incompat-
ibility with conventional 2-D displays.
Embedding and transmitting additional
side information with the formats and
using a post-process such as pixel inter-
polation/smoothing could mitigate the
problem of loss of spatial resolution. 

• Time multiplexing. By multiplexing
left- and right-eye images in the time
domain, 3-D content becomes 2-D, but
the frame rate is increased 100%.  This
approach could be implemented using
some existing standards and interfaces,
and possibly be supported by some con-
sumer devices already in the home.  The
advantage of time multiplexing is that
full spatial resolution for each eye can 
be provided.  For some distribution 
platforms such as packaged media, the
high bandwidth/bit rate of using time
multiplexing might not be an issue, while
for others the 100% increase of band-
width/bit rate is prohibitive. 

• 2-D + depth map/delta/metadata. The
key benefit of this approach is the 
support of 2-D device compatibility –
display, set-top box (STB), etc. The 
format consists of 2-D images plus asso-
ciated depth maps for each 2-D image.

A conceptually similar approach using a
single 2-D video stream with added
metadata can be used for stereo image
pairs.  Instead of encoding two separate
2-D image streams, conventional video
data can be used to represent, for exam-
ple, the left half of the stereo pair, while
metadata in the form of a difference 
map or delta map is used to encode the
right half as a function of the left.  The 
2-D + depth map/delta/metadata can be
encoded with standards-based compres-
sion techniques (e.g., MPEG-2, AVC)
for distribution.  At the receiver, the 2-D
portion can be decoded by conventional
2-D STB/TV while the data of depth
map/delta or 3-D metadata is ignored.
New 3-D devices (e.g., STB, 3-D TV set)
can decode the complete 3-D stream and
render it on a 3-D display.   

• Color coding. Using color-coded images
for left-/right-eye presentation (such as 
with the anaglyph method) for 3-D TV has 
been with us for decades.  It is the only
format that can be used for 3-D presenta-
tion with a pair of color-coded glasses on
any 2-D display.  Certainly, color coding
produces poor quality and does not provide 
a compelling 3-D viewing experience.

3-D Displays in the Home
There are many different types of 3-D display
technology and each has a different set of
advantages and disadvantages.  Currently,
there are three types of 3-D displays commer-
cially available on the market. 

• DLP-based rear-projection TV using the
checkerboard format.

• Plasma TV using checkerboard or
line/column interleaving. 

• LCD TV using page-flip (120-Hz frame
rate with time multiplexing) or a line-
alternative micro-polarized screen. 

The companion article to this piece, “3-D
Displays in the Home” by Andrew Woods,
describes these devices in more detail, but
they all require wearing glasses (either passive
or active) for 3-D viewing.  Autostereoscopic
3-D displays do not require viewers to wear
glasses and can also provide multiple viewing
spots with good spatial resolution.  Although
glassless 3-D viewing is considered the future,
large screen multi-view autostereoscopic dis-
plays will not be commercially available in
the short term.

All of the 3-D display technologies men-
tioned above will be co-existent and con-
sumers will have to deal with the choices of
quality, price point, and the question of
whether they will accept the wearing of
glasses for long-term 3-D viewing.  The adop-
tion of well-researched standards can help
minimize consumer confusion and the need to
educate the end-user by facilitating the most
viable options.

Issues and Challenges for Delivering 
3-D Content to the Home
The key issues and challenges for delivering
3-D content to the home include a lack of
industry standards for content mastering and
distribution, high cost of 3-D content produc-
tion and distribution infrastructure, and multi-
ple incompatible display technologies.  Selec-
tion of the right 3-D formats for specific dis-
tribution channels heavily depends on:

• 3-D quality and extensibility (future
quality improvement).

• Efficiency of implementation (storage,
transport, computation, rendering).

• 2-D compatibility (distribution require-
ment and 2-D display).  

• Compatibility with the existing consumer
devices.

• Production and implementation cost.
• Technology maturity and time to market.

The following is a list of possible distribu-
tion channels, including their pluses and
minuses: 

Terrestrial broadcast. This is the most
bandwidth-constrained distribution platform.
Each TV station has only a 6 MHz (U.S. and
Japan) or 8 MHz (European countries) chan-
nel bandwidth.  It is also the most regulated
and standards-based distribution.  With lim-
ited RF bandwidth per station, constraint by
legacy-transmission standards, and the current
state of consumer TV receivers in the home, it
is highly desirable to transmit 2-D backward-
compatible formats that could be received by
both 3-D receivers and legacy 2-D receivers.
This approach would require compressed 3-D
bit streams for emission in the format of 2-D
+ metadata (e.g., depth-map, delta, etc.) so
that a 2-D legacy receiver could decode the 
2-D portion and ignore the 3-D side informa-
tion, while a 3-D receiver could display the 
3-D content.  An alternative would be to 
simulcast 2-D and 3-D streams (not necessar-
ily with identical content), so that each uses a
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fraction of the channel.  It will be important to
assess the likely transmission bit-rate require-
ments for terrestrial broadcast and to under-
stand what factors affect the quality of the 3-D
experience as perceived by viewers.

The relevant international standards bodies
addressing terrestrial broadcast standards are
ATSC (Advanced Television Systems Com-
mittee), DVB (Digital Video Broadcasting),
and ITU-R (International Telecommunication
Union Radiocommunications Sector).

Cable. Cable is relatively less constrained 
with regard to bandwidth than terrestrial broad-
cast.  3-D services could be treated just like
today’s Video on Demand (VoD) model or
with dedicated 3-D channels for those with a
special STB that supports 3-D decoding and
presentation.  This business model provides a
flexible requirement for cable to go to either a
3-D-only or 2-D-compatible format solution.  
Cable could be one of the distribution platforms 
that starts offering 3-D early when sufficient 
3-D-ready sets are available in the home.  Like 
the broadcast industry, the cable industry fol-
lows standards-based implementation.  Two 
standards development organizations playing key 
roles in defining standards are the SCTE (Society 
of Telecommunications Engineers) and DVB. 

DTH/Satellite to the home. Unlike cable
or terrestrial broadcast, DTH (direct to home)
is basically a closed system – individual oper-
ators such as DirecTV, Dish Network, and
BSkyB can do whatever they want.  As is the
case with cable, bandwidth constraint is less
of a problem, although the rollout of HD con-
tent, especially the addition of large numbers
of local HD channels in the US, consumes
large chunks of transponder bandwidth.  DTH
could offer 3-D as a dedicated channel, either
using 3-D-only or 2-D-compatible formats. 

Packaged media. It is expected that pack-
aged media such as Blu-ray discs will be the
main platform for 3-D home entertainment, as
driven by Hollywood studios and their desire
to capture the home-entertainment segment by
leveraging their growing 3-D theatrical con-
tent library and success in the 3-D box office.
The Blu-ray disc format has large disc storage
space (25/50 GB) and supports advanced
video and audio CODECs.  The format also
supports dual-stream decoding (picture-in-
picture and secondary audio features).  The
video decoding can support up to a 40-Mbps
data rate and the 1080p format. 

IPTV/Internet/Mobile/Cellphone. IPTV
(Internet protocol TV) is much like cable 

service, although some varieties are based on
point-to-point switching networks, while 
others are RF-overlay on fiber or FTTH (fiber
to the home).  These networks can adopt
VoD-like 3-D services or transmit dedicated
streams for 3-D content to the home.  Mobile
TV and cell phones can also provide 3-D 
content using single-view autostereoscopic
screens.  There have been announced market
trials for 3-D-capable cell phones and 
services.  Internet content download and
streaming to PC and TV are now popular and
will play a key role in future content distribu-
tion and consumption.  SMPTE and some
industry forums have already started develop-
ing standards for broadband distribution, and
their 3-D support is expected.

What Standards Are Needed? 
Standards are playing important roles in
developing an end-to-end value chain for 3-D 
to the home.  The key questions to be answered 
are what standards are needed and when to
standardize 3-D TV.  The benefits of stan-
dardization include interoperability, low-cost
consumer devices, and consumer confidence.
Ideally, standards should be implemented
before any proprietary system becomes the 
de facto standard on the market.  The right
timing to standardize a technology depends 
on factors such as technology maturity as 
well as future-proofing for extensibility. 

Another issue is single/worldwide standard 
vs. multiple/regional standards to meet specific 
requirements.  A single worldwide standard is
best, and this is certainly possible, especially
for 3-D content mastering.  The requirements
and business models for the distribution plat-
forms are very different, and therefore a one-
size-fits-all distribution format might not be
feasible.  The fragmentation of distribution
standards/formats might split and confuse the
market and the consumer, and a worldwide
standard would go far toward alleviating this
problem. The entire value chain can be seg-

mented into four categories as shown in 
Fig. 2.

With the exception of content creation,
standards are needed in each of the following
value chain areas: 

Content creation. There is no need to 
standardize content creation.  The Society of
Motion Picture and Television Engineers
(SMPTE) uses the term 3-D source master to
refer to the image format or file package
where content originates. 

3-D home mastering. It is important to
standardize a single worldwide 3-D home
master format for all distribution channels.
(The SMPTE defines “3-D Home Master” as
an uncompressed, unencrypted image format
or file package derived from a 3-D source
master.)  The 3-D Home Master is intended to
be used in the creation of 3-D distribution
data.  However, any future standards creation
should adequately study whether it is feasible
to create a single 3-D home master vs. multi-
ple masters (each for a different distribution
channel or set of channels). 

Distribution. In this case, distribution is 
considered the last mile to the home.  Distribu-
tion includes physical transmission channels/
platforms such as terrestrial broadcast using RF 
frequency, cable HFC networks, satellite to 
home (DTH), packaged media, and the Internet.

Consumer devices. There are many incom-
patible 3-D display technologies on the 
market and there is no clear trend indicating
that a single display format is emerging in the
near future.  Furthermore, it is assumed that
there might be multiple distribution formats to
meet specific uses for distribution.  Therefore,
it is critical to make sure that any consumer
playback device (e.g., Blu-ray player, STB,
game console, etc.) can communicate with
any 3-D display device in the home and 
that 3-D content from any playback device 
is displayed properly.  This requires develop-
ing industry-wide interface standards and 
signaling specifications. 
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Fig. 2:  The value chain is a simplified version of the flow diagram appearing in Fig. 1.
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Worldwide 3-D Standards Development 
A number of entities are actively engaged in
the development of standards for different
portions of the 3-D pipeline.  These organiza-
tions include the CEA (Consumer Electronics
Association), ATSC, DVB, ITU, SCTE, BDA
(Blu-ray Disc Association), DVD Forum,
ISO/IEC/MPEG, and SMPTE.  As the chair of
the SMPTE Task Force on 3-D to the Home,
the author will focus on SMPTE’s effort,
while providing a brief survey of some of the
activities of other organizations.

Society of Motion Picture and Television
Engineers (SMPTE). In August 2008, the
SMPTE established a task force to define the
parameters of a stereoscopic 3-D mastering
standard for content viewed in the home.  The
project, called 3-D to the Home, was the first
step in propelling the 3-D home-entertainment
industry forward by setting the stage for a
standard that will enable 3-D feature films 
and other programming to be played on fixed
devices in the home, regardless of the delivery
channel.  With cross-industry participation
and contribution, the task force defined the
concept of a 3-D home master, identified use
cases from the perspective of various entities
in the supply chain for 3-D content to the 
home, and developed requirements for the 3-D 
home master.  In March 2009, the task force
completed its assignments and published its
report, which will form the basis for develop-
ing actual format standards within SMPTE.
This report has been distributed to other 
SDOs (standards development organizations)
in support of their development of related 
distribution and presentation standards.

The task force defined a 3-D home master
as follows: “Uncompressed and unencrypted
image format or file package derived from a
3-D Source Master.  The 3-D Home Master is
intended to be used in the creation of 3-D 
Distribution Data.”

Based on the use cases developed by the
task force, the minimum requirements for the
specification for a single 3-D home master
were defined.  The key parameters include 
the following nine categories:  image content,
audio synchronization, graphical overlays,
subtitles, closed captions, backward compati-
bility with 2-D and 3-D metadata, ancillary 
metadata, and evaluation criteria.

In addition to the use cases and require-
ments described in the report, the task force
recognized that there are various unknowns,
which may (in the future) impact the format of

the master package.  These include evolving
display technologies, future distribution chan-
nels, production and authoring techniques and
needs, and unexplored psychophysical charac-
teristics of the human visual system.

A group within the SMPTE standards com-
mittees started working on defining specifica-
tions based on the requirements developed by
the task force in June 2009, with core stan-
dards expected to conclude within a year.  As
in the development of the 3-D home master
requirements, the SMPTE committee will
work closely with other SDOs that will
develop companion standards for complete
end-to-end interoperability.  A brief listing of
other standards groups follows.  For more
information, please see the SMPTE Web site
at www.smpte.org.

Consumer Electronics Association (CEA).
CEA’s Video Systems Committee has
launched a new standards activity aimed at
establishing standards for 3-D video.  It
observed that many broadcasters, DVD dis-
tributors, and CE manufacturers are moving
forward with 3-D, and concluded that estab-
lishing a standard for transporting 3-D video
over an uncompressed high-speed digital
interface was very important.

Advanced Television Systems Committee 
(ATSC). ATSC is an international organization 
that is developing standards for digital televi-
sion and is responsible for developing DTV
standards for digital terrestrial broadcast.

Digital Video Broadcasting (DVB) project.
DVB is at this stage looking for information
on what technologies and capabilities are
available.  For example, the project committee
is examining backward compatibility and
looking for commercial requirements for work
items that sit within the scope of the DVB
expertise. 

International Telecommunication Union
(ITU). The subject of 3-D TV is currently
being considered by Working Party 6C (pro-
gram production and quality control), as part
of the work of ITU-R Study Group 6 (Broad-
casting Service).  In October 2008, the ITU-R
approved a new study question on digital 3-D
television broadcasting.  This is essentially a
call for proposals for 3-D TV.  The question
calls for contributions on systems that include,
but also go beyond, stereoscopy.  

Society of Cable Telecommunications
Engineers (SCTE). In early 2009, SCTE
established a standards project called 3-D
Over Cable.  This effort will investigate the

distribution of 3-D video content over cable
networks.  One result will be the identification
of any changes that are necessary or desirable
in existing SCTE standards to facilitate the
provision of 3-D content by cable operators.  

Blu-ray Disc Association (BDA). BDA is
a voluntary membership group creating,
upholding, and promoting the BD formats and
developing Blu-ray Disc specifications.  Due
to the large disc storage capacity, 1080p
picture quality, and 7.1 audio, Blu-ray Disc is
the ideal platform for bringing 3-D technology
to mainstream home entertainment.  The BD
format is backed by the Hollywood studios
and major CE manufacturers and will be a 
distribution platform delivering the highest-
quality 3-D content to the home in a relatively
short time frame.  In May 2009, the BDA
formed a 3-D task force to add advanced 3-D
technology into the Blu-ray format. 

DVD Forum. The DVD Forum is an inter-
national association of hardware manufactur-
ers, software firms, content providers, and
other users of Digital Versatile Discs.  It
issued an RFI (request for information) on 
3-D technology in 2008 and received several
proposals with various encoding formats.  The
DVD Forum then conducted backwards com-
patibility tests on the legacy DVD players
using these proposed formats.  In early 2009,
SENSIO’s 3-D spatial compression format
was accepted as an optional DVD standard.

ISO/IEC/MPEG. In the past, MPEG
developed standards related to 3-D video.
ISO/IEC 23002-3 (also referred to as MPEG-
C Part 3) specifies the representation of auxil-
iary video and supplemental information.
This specification supports the well-known 
2-D + depth format, including metadata to
adjust the rendering of a 3-D scene based on
viewing characteristics such as display size
and viewing distance.

The 5th Edition of the ITU-T Rec. H.264 |
ISO/IEC 14996-10 Advanced Video Coding
(AVC) standard, which will be published
soon, includes extensions for multiview video
coding (MVC).  The Multiview High Profile
is specified in this edition of the standard,
which utilizes existing high-profile tools
(excluding interlaced) for inter-view predic-
tion to achieve improved compression of
stereo and multiview video.  Signaling of
scene acquisition information (i.e., camera
parameters) and multiview scene information
(i.e., maximum disparity) is also specified.
Such metadata may be used for 3-D display
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processing.  MPEG is also in the process of
developing an amendment of AVC that stan-
dardizes additional capabilities in the context
of 3-D.

Conclusion
Recent 3-D theatrical releases have demon-
strated significant consumer desire for and
acceptance of 3-D content.  3-D is poised to
become the next killer application for the

home-entertainment industry.  Standardization
of 3-D formats for mastering and distribution
is critically important for a successful 3-D
introduction to the consumer.  The SMPTE 
3-D Home Master is being developed as the
cornerstone of the entire content chain.  It will
provide high-level image-formatting require-
ments for the source materials authored and
delivered by content developers.  It will addi-
tionally provide requirements for the delivery

of those materials to all distribution channels;
from physical media to terrestrial, satellite,
cable, and other streaming service providers.
Beginning in 2009 and continuing down the
road, the industry needs to work hard to build
a complete value chain for delivering 3-D
content to the home.  With the completion of
the above specifications, 3-D home entertain-
ment will become a reality.  ■
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EVERY high-quality video display has 
a built-in gamma correction that makes the 
imagery look better.  Gamma correction allows 
the picture to appear more natural and realistic
by providing the proper number of gray levels
and contrast.  This correction is based on the
assumption that there is a mathematical rela-
tionship between luminance and perceived
brightness.  Because of the growing market
for new high-definition (HD) technology, now
is the time to examine the correct brightness–
luminance relationship for HD displays.

The derived Digital Imaging and Commu-
nications in Medicine (DICOM)1 standard is 
a potential solution for selecting the correct
gray levels for the luminance range of today’s
displays and also for choosing the correct
image scaling and compression.  This method-
ology could allow images to be scaled up and
bright images to be scaled down without com-
pressing the high or low gray levels through
an improper transformation.

Background:  Luminance, Brightness,
and Gray Scale
Of particular interest to display designers, or

anyone else who wants to choose a display
that will deliver the best image, is that the dis-
play is able to show a perfect linear gray scale
of increasing brightness.  Accomplishing this
task requires an understanding of luminance,
brightness, and gray scale.  The eye and brain
react in a non-linear manner to constant
increases in luminance.  Luminance is propor-
tional to the light flux or power, but is
weighted only to the visible wavelengths, with
green light having the greatest weight.  The
human perception of brightness is a non-linear
response to a linear change in luminance.  A
gray scale refers to a uniform, increasing
black-to-white scale (see Fig. 1).

A gray scale for linearly increasing bright-
ness requires non-linear increasing steps in

luminance from the display.  The display must
be constructed to have or be programmed with
an electro-optical transfer function, which
generates the approximate output signal that
creates the correct eye–brain response when
viewing a gray scale.  When the electro-
optical transfer function is chosen correctly,
the signal input to the display causes a linear
increasing scale of brightness – gray scale
(see plot in Fig. 2) – by a corresponding non-
linear increase in the luminance (see plot in
Fig. 3).  The brightness vs. input signal is a
linear function; the luminance vs. input signal
is a non-linear function. 

Although the figures for this article show
the input signal to have 16 values, which cor-
respond to 16 gray levels, typically the input

Gamma, Brightness, and Luminance
Considerations for HD Displays

Gamma correction in high-image-quality displays improves the appearance of imagery and 
is based on an assumed mathematical relationship between luminance and brightness.  
As the market for new HD technology expands, it is a good time to examine the correct bright-
ness–luminance relatioship for high-definition displays.  The DICOM standard represents 
a possible way of doing this.

by Martin Kykta

Martin Kykta is Senior Research Scientist
with Uni-Pixel Displays, Inc., The Woodlands,
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gamma correction

Fig. 1:  An image of 16 levels of gray scale from black to white is depicted, showing each gray-
level change representing an equal change in brightness. Brightness is a perception that
depends on the human eye–brain response.
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range is greater than 16 and extends from 0 to
255 or 256 digital values for a typical video
display.

Gamma
Today, gamma correction loosely refers to the
electro-optical transfer function that must be
applied to the output signal to cause bright-
ness to appear linear with the input signal.
Gamma correction is accomplished by forcing
the luminance output to obey the gamma rela-
tionship shown in Eq. (1).  The symbols L, V,
and γ refer to luminance, input signal, and an
exponent referred to as gamma.

L ∝ V γ. (1)

The term “gamma” was originated by cath-
ode-ray tube (CRT) designers that referred to
a power exponent of the voltage input signal
to the grid of a CRT tube.  The grid voltage
controlled the electron current density from
the electron gun, which determined the screen
luminance.  CRT output luminance is innately
non-linear with linear input.  Nowadays, most
displays sold are not CRTs and do not contain
an electron gun.  However, even today, Eq. (1),
sometimes called the gamma relationship, still
holds true for most video displays.  If the
luminance output of most any video display is
plotted versus the digital input signal (from 1
to 256) on a log–log plot, the slope of the 
continuous graph would be a constant number
called gamma.  Without gamma correction,
the luminance output from liquid-crystal 

displays (LCDs) and other displays would not
follow Eq. (1).

Gamma correction requires a functional
transformation performed with a look-up 
table (LUT).  The LUT is a number matrix
that maps the input signal onto itself.  The
LUT makes the luminance output look like
that of Eq. (1).  Why do we still make the
luminance output look like a power function
of input?  The reason is based on the bright-
ness–luminance relationship.

Brightness-Luminance Relationship
Early psychophysicists discovered an approxi-
mate mathematical relationship between
brightness and luminance: brightness percep-
tion follows a power law relationship.  By
neglecting some constants, the perception of
brightness, B, is proportional to the cube root
of luminance:

B ∝ L1/3. (2)

By substituting Eq. (1) into Eq. (2), we find
that γ = 3, if the brightness appears to be 
linearly increasing with video signal:

B ∝ (Vλ=3)1/3 = V. (3)

This explains why all displays have lumi-
nance output signals that grow approximately
with the cube of the input signal.  The bright-
ness–luminance relationship and the gamma
relationship are approximate inverses.  But
CRT designers of the past usually chose 2.2

instead of 3, and display designers of today do
so as well.  Does it matter that the exponent is
2.2 instead of 3?  No, not really.  There are
several reasons for not having a cubic depen-
dence.  Some leeway must be given for ambi-
ent lighting.  The perception of brightness
depends on all light entering the eye.  In the
past, the user could also adjust the display
with the contrast (which changes the gamma)
and brightness knobs.  Today, a legacy elec-
tronic-signal standard still exists that expects
gamma to be 1/0.45.  And it also turns out that
the brightness–luminance relationship has a
power dependence anywhere from 2.2 to 3,
depending on the luminance range, which is
discussed later in this article.

Medical displays assume a different gamma
relationship than shown by Eq. (1).  This is
called the Digital Imaging and Communica-
tions in Medicine (DICOM) standard.  The
DICOM standard is based on studies of modu-
lation contrast and vision made by Peter G. J.
Barten.2 The author3 of this article has shown
that the power relationship in Eq. (2) approxi-
mates the DICOM standard over a limited
luminance range.  The DICOM standard is a
plot of luminance vs. just-noticeable differ-
ence (JND).  The JNDs correspond to video
input signal V in the gamma relationship.  The
assumption in the Barten model is that one
unit of JND is the same as any other JND and
can be differentiated from a neighboring JND
by 50% of the population.  The number of
gray levels is proportional to the number of
JNDs.  Given that the gamma relationship and
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Fig. 2:  A plot of the 16 levels of gray scale is visually depicted from
black to white in Fig. 1.  Here, the brightness scale is shown in arbi-
trary units that demonstrate equal changes in input gray levels, result-
ing in equal changes in brightness.

Fig. 3:  A plot of luminance vs. input signal shows 16 levels of gray
scale from black to white (as visually depicted in Fig. 1).  Each gray-
scale-level change results in an unequal change in luminance approxi-
mated by a power relationship. 
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the brightness–luminance relationship are
inverses, by inverting the DICOM standard a
brightness–luminance relationship where the
JNDs are measures of brightness can be
derived.

New Display Technology
Now that new HD display technology has
entered the marketplace, there is an opportu-
nity to fine tune and choose a better gamma
than a simple power relationship.  New dis-
plays are being built with different luminance
ranges.  Typical CRT TV displays of the past
had a luminance range between 0.01 and 175
cd/m2.  Today’s new consumer displays have
a luminance range from 0.5 to more than 450
cd/m2.  Digital signals have also brought with
them the possibility of more signal levels;
however, this change has not yet been imple-
mented for HDTV broadcast.  HDTV broad-
casts 256 signal levels (actually slightly fewer
due to header requirements).  Most HD dis-
plays are also capable of only 256 signal 
levels; however, some new displays are capa-
ble of 1024 and will be able to show all the
gray levels (~637 according to DICOM) that
can be seen within a luminance range of 
0.5–450 cd/m2.

Three or four orders of luminance range
have the possibility of more gray levels.  
Theater movies have always taken advantage
of the capability of displaying a large number
of gray levels.  Depending on its quality, 
analog film is capable of displaying many
more than 256 gray levels.  Movies played in 
theaters are certainly not brighter than today’s 
displays.  Theaters typically have an average
screen luminance of 55 cd/m2.  Movies are
shown in dark theaters, so owners allow time
before the movie starts for people’s eyes to
adjust (as well as for showing ads for coming
attractions).  Letting the eye adjust to a dark
room increases the numbers of observable
gray levels at the bottom luminance range.

Medical displays have a greater luminance
range and make optimal use of gray levels by
using the DICOM standard.  Doctors need 
to have the best gray-level discrimination
when looking for images of tumors in x-rays.
The DICOM standard represents a realization
that gray levels depend on the absolute lumi-
nance from the display.  Consequently, the
standard is harder to implement.  When dis-
plays age, their luminance output changes
and feedback is required to adjust the gamma
correction.

The Number of Gray Levels
How many distinct, distinguishable gray 
levels are there?  Surprisingly, the answer to
this question is still controversial.  There 
are a number of psychological observations
that cannot be explained by simple mathemat-
ical brightness vs. luminance relationships.
The existence of these observations is used 
by some psychologists as a justification for
saying that there are no absolute gray levels.
They argue that we are not capable of recog-
nizing absolute measurements of brightness
but only of a ratio measurement of brightness
that is called lightness; that we can make con-
trast judgments by comparison only.  Others
acknowledge these observations as real and
still say that we still can have distinct gray
levels (DICOM standard), but only in a 
rigidly defined test situation.  More complete
theories of image and color that explain many
vision phenomena have already been formu-
lated.  One such theory is the image color-
appearance model (iCAM) developed by
Mark D. Fairchild  and Garret M. Johnson.
The theory is semi-empirical with many
adjustable parameters and power-relation
dependencies.4

An explanation for why these observations
cannot be explained by simple brightness and
luminance relationships is rooted in two main
causes: the actual physical structure of the eye
and the eye–brain interaction.  A close exami-
nation of the gray scale shown in Fig. 1
reveals Mach bands, which appear at the
edges of each of the vertical bars.  The edge
of a darker band next to a lighter band appears
darker than its center and the edge of the
lighter band appears lighter than its center.
This effect is due to lateral inhibition that
occurs within the cells of the retina – the eye
is a great edge detector.

A bigger problem with the idea that we are
capable of absolute measurements of bright-
ness is that of simultaneous contrast.  The eye
and brain will maintain the perception of a
gray area as being brighter or whiter when it
is surrounded by an area that is darker.  An
example of this phenomenon is shown with
two gray squares of the same luminance, sur-
rounded by white and black areas in a side-by-
side comparison (see Fig. 4).  The gray square
surrounded by the black area appears brighter
than the gray square surrounded by the white
area.  The immediate surrounding area of a
point where the eye is focused plays a role in
the perceived brightness.

The Weber Fraction
The best answer to the question of the number
of distinguishable gray levels can be found by
examining the Weber fraction data, ∆L/L, vs.
luminance plot.  The Weber fraction measures 
the smallest change in luminance that is detect-
able by the eye at a fixed-background lumi-
nance level.  The test consists of a target made
of two white luminances with one slightly
larger than the other.  The background lumi-
nance is the average of these two luminances.
The Weber fraction is the difference between
the two luminances, ∆L, divided by the first
luminance, L.  The change in luminance is
associated with a just-noticeable difference,
JND.  It is assumed that each JND is equiva-
lent.  A continuous plot of the Weber fraction
taken from data shown in a paper from Selig
Hecht5 appears in Fig. 5, which shows three
distinct regions:  a threshold, a constant, and a
saturation region.  In the threshold region, the
Weber fraction decreases with increasing
luminance.  Rod cells are active, and black-
and-white vision dominates.  As the lumi-
nance increases, the cones become active.
Color vision is possible, and the Weber frac-
tion is no longer decreasing but is approxi-
mately constant.  This constant region is linear
and about two orders of magnitude and is typ-
ically known as the Weber constant.  As lumi-
nance increases further, the cones begin to 
become less sensitive to changes in light levels.  
This is called the saturation region.  Any theory 
that claims to determine the number of gray
scales must qualitatively be able to reproduce
the shape of the Weber fraction data.
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Fig. 4:  In this example of the problem of
simultaneous contrast, two small gray squares
have the same luminance.  The gray square
surrounded by the black area appears
brighter than the gray square surrounded by
the white area.



The power law for the brightness–luminance
relationship can be derived from the assump-
tion that the Weber fraction for both lumi-
nance and brightness is proportional.  The
power-law relationship, Eq. (5), is a direct
consequence of integrating Eq. (4).  Both
equations are shown below:

(4)

⇒ B = cLn . (5)

The power relationship has been verified
experimentally over a limited luminance
range as the equation that shows the correct
trend.  For example, luminance must increase
approximately eight times in order for a dou-
bling in brightness to be observed.  Unfortu-
nately, the power relationship used for the
luminance–brightness relationship is scale-
free.  It implies that brightness sensitivity is
independent of whether the luminance is high
or low.  It is not possible to derive the Weber-
fraction data curve from this relationship. 

The Weber fraction can be derived from the
DICOM standard, as this author has done.3

The DICOM standard is not based on the
Weber fraction data but is experimentally
derived from contrast modulation data and
experiment measurements.  The DICOM stan-
dard is based on a 2º × 2º square filled with a
horizontal or vertical grating with a sinusoidal
modulation of 4 cycles/degree.  Figure 5 shows 
Selig Hecht’s tabulated data in a plot, the
numerical fit to Hecht’s data, and data derived
from the DICOM standard by the author.

The Weber fraction data derived from the
DICOM standard were extrapolated at the
high and low luminance range to overlap the
Hecht data.  Consequently, the high-level
luminance derived from the DICOM data does
not show saturation because it was extrapo-
lated from a region that is unsaturated to the
saturated region.  The Weber fraction of the
two curves does not match up but is close.
The difference is in the test’s special pattern
frequency.

The DICOM data was taken at the spatial
frequency (4 cycles/degree) where the eye is

more sensitive to changes in contrast, while
the Weber fraction data was taken over a spa-
tial light modulation frequency based on a test
target of an angular field of view of 6º × 4.3º
with one cycle of luminance difference (0.17
cycles/degree), where the eye is less sensitive
at moderate light levels.  The contrast sensi-
tivity as a function of luminance is plotted in
Fig. 6.

The contrast sensitivity is the inverse of the
Weber fraction.  The multiple plots indicate
that the sensitivity to contrast at a particular
spatial frequency shifts with luminance level.
The plot also shows that high and low spatial
frequencies are harder to see than middle fre-
quencies.  A vertical line on this plot could be
converted into a Weber fraction plot using the
luminance data.  Multiple vertical lines would
show that there are different Weber fractions
for different spatial frequencies.

Let us reexamine the two gray squares
shown in Fig. 4.  The two images do not have
the same background luminance and are not
symmetric in total light content.  The back-
ground illumination has an effect on the adap-
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Course, May 20, 2007.  The actual graph is adapted from data from
Van Ness and Bouman, “Spatial Modulation Transfer in the Human
Eye,” JOSA 57, 401-406 (1967).



tation state.  If the Weber test was performed
with background luminance much brighter or
darker than the two test luminances, the plot
shown in Fig. 6 would be very different.
Adaptation allows us to explore the full range
of luminance for the Weber fraction test,
which is 10 orders of magnitude.  If we did
not have adaptation, we would only see four
orders of magnitude. 

Derived DICOM
The DICOM-derived Weber fraction data fit
Eq. (6), which is a modified Steven’s law
because it does not show a direct power rela-
tionship of luminance to brightness.  How-
ever, a mathematical relationship for bright-
ness will be shown later.

(6)

For Eq. (6), the difference in the test lumi-
nance level and the luminance level, ∆L, cor-
responds to a JND in luminance, where L is
the luminance level and k (= 0.017738) and 
c (= 0.0058472) are constants that depend on
the units used (cd/m2), and n is an exponent 
(= – 0.49985).  An iteration relationship can

be derived from Eq. (6) and is shown in 
Eq. (7).

Li+1 = Li + Li(kLi
n + c). (7)

The iteration relationshipship and the first
threshold luminance (0.00015 cd/m2) are all
that are needed to derive the luminance–
brightness relationship that is plotted in Fig. 7.
Each indice, i, corresponds to a JND or bright-
ness level.  Figure 7 shows that the derived
DICOM iteration is approximated by a 2.2
gamma power for the first 200 JNDs and by 
a 3.0 gamma power relationship for the next
300 JNDs.  For a JND greater than 500, 
neither power function works well.  (Note:
This DICOM will not match up with the stan-
dard DICOM because the first JND starts
from threshold.) 

The inverses of the plot for Fig. 7, as shown
in Fig. 8, are the brightness (JND) vs. lumi-
nance plots for the DICOM-derived data.  The
plot shows that brightness at low luminance
levels is approximated by a 1/2.2 power func-
tion at low luminance levels and can be
approximated by a 1/3 power function at
higher luminance levels.

Conclusion
In summary, the derived DICOM standard is
another choice for gamma that could be used
for the new displays that have larger lumi-
nance ranges than the ones in the past that
used a power relationship.  The original
DICOM standard is based on experimental
data and is already accepted for medical dis-
plays.  The derived DICOM can be approxi-
mated by power relationships 2.2 and 3.0 over
different luminance ranges.  Not surprisingly,
the brightness relationships can be approxi-
mated by the accepted 1/3 power over a short
luminance range.  The derived Weber fraction
from the DICOM standard has a shape similar
to the Weber fraction data.  The data also do
not match exactly because the measurements
were taken at different spatial frequencies.
Spatial frequency affects the number of gray
levels.  The spatial frequency of video images
will vary with image content.  The measurable
gray-level spacing will also vary with spatial
frequency and so should it also vary with
image content.  It would be tough to vary the
gray levels on the fly and we may have to be
satisfied with a fixed DICOM gamma correc-
tion as the next step in HD technology. 

24 Information Display 7/09

gamma correction

Luminance vs. JND Brightness vs. Luminance
(DICOM data)

DICOM data iteration
DICOM iteration data

10000

1000

100

10

1
0.0001 0.001 0.01 0.1 1 10 100 1000 10000 100000

1/2.2 power

1/3 power
gamma 2.2

gamma 3

100000

10000

1000

100

10

1

1 10 100 1000 10000

JND Luminance (cd/m2)

B
ri

g
h

tn
es

s 
(J

N
D

)

L
u

m
in

an
ce

 (
cd

/m
2 )

0.1

0.01

0.001

0.0001

0.00001

0.000001

0.0000001

Fig. 7:  A log–log graph depicts the luminance vs. JND using the
DICOM data iteration listed in Eq. (7).  Also plotted are the gamma
2.3 and 3.0 power relationships that most closely fit the curve.

Fig. 8:  This log–log graph shows brightness vs. luminance using the
DICOM iteration listed in Eq. (7).  Also plotted are the 1/2.2 and 1/3
power relationships that most closely fit the curve.

∆L

L
kL cn



 = +



Simple power relationships will not repro-
duce the Weber fraction data, but the extended
derived DICOM does reproduce the shape of
the Weber fraction data.  It should be okay to
use for gamma in high-dynamic-range dis-
plays that are limited to a luminance of less
than 800 cd/m2 without too much divergence
from what is indicated by the Weber fraction
data and because of the difference in the 
spatial frequency at which the data was taken.
The high luminance range, 800–10,000 cd/m2,
should be reinvestigated to determine the 
correct gamma correction.

The derived DICOM covers eight orders of
luminance magnitude with about 1000 JNDs.
It is unlikely that a display will be used to
cover this luminance range because we are
only able to view about four orders of lumi-
nance magnitude without adaptation.  The
derived DICOM will be useful for choosing

the correct gray levels for the luminance range
of today’s displays and also for choosing the
correct image scaling and compression.  Dim
images could be scaled up and bright images
scaled down without compressing the high or
low gray levels through an improper transfor-
mation.  And, high-dynamic-range images
could be compressed proportionally to elimi-
nate shadows or bright spots.
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DISPLAY WEEK 2010
The SID International Symposium, Seminar & Exhibition

Washington State Convention and Trade Center, Seattle, Washington, U.S.A.
May 23–28, 2010

Seattle is famous for technology as well as great food
and drink—and of course for its stunning Pacific North-
west location. This exciting, eclectic city is an ideal
place for the electronic display community to come
together to share inventions and ideas. 

Display Week is the once-a-year, can’t-miss event
for the electronic information-display industry. The
exhibition is the premier showcase for global infor-
mation-display companies and researchers to unveil
cutting-edge developments in display technol-
ogy. More display innovations are intro-
duced year after year at Display Week
than at any other display show in the
world. Display Week is where the
world got its first look at technologies
that now shape the display industry, such as: HDTV,
LCD, Plasma, DLP, LED, and OLED, to name just a few.
First looks like these are why over 6,500 attendees will
flock to Seattle for Display Week 2010. 



OVER THE PAST SEVERAL YEARS, 
e-paper displays have made their way into 
the marketplace in the form of e-books and 
e-readers such as the Sony Reader and the
Amazon Kindle.  These applications typically
rely on active-matrix-display sizes of 6 in.
(SVGA) or larger.  Electronic-paper displays

have been chosen for these applications for a
variety of reasons, including low power con-
sumption, paper-like appearance, high image
contrast, daylight readability, and 180° view-
ing angle.  Applications requiring smaller
active-matrix-display sizes could benefit from
these same features; however, the drive elec-
tronics typically used to implement e-paper-
display systems are more complex and have
more features than are necessary or practical
for these types of hand-held portable devices.
An alternative approach is necessary for
small-area displays, one that reduces the com-

plexity necessitated by large-area displays.
A typical e-book or e-reader implementa-

tion consists of a host controller that inter-
faces with a display controller, which handles
voltage-bias circuitry and display-driver sup-
ply rails, and generates the appropriate timing
and data format to drive the display (Fig. 1).
Host controllers that have been used in these
types of products include application proces-
sors such as the Marvel PXA series, the
Freescale I.MX series, and the Texas Instru-
ments OMAP series.  These host controllers
interface with Epson’s Broadsheet e-paper-

Enabling Small-Format Electronic Paper in
Smart Surfaces

A new, simplified approach to drive electronics could make electronic-paper displays viable
for a wide range of smaller, less-expensive devices.

by Matthew Aprea

Matthew Aprea is an electrical engineer with
E Ink Corp., 733 Concord Ave., Cambridge,
MA 02138; telephone 617/499-6000, e-mail:
maprea@eink.com.
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Fig. 1:  This block diagram shows a typical driver/controller configuration for an e-book application.
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display controller, designed in partnership
with E Ink Corp.  (There are other proprietary
display controllers on the market, developed
for specific device/applications and typically
unavailable for general consumption.)

Smaller Solutions
For high-volume portable applications that
require a smaller display size (up to QVGA),
such as active-matrix smart cards, laptop-
computer touchpads, or even hand-held or
bicycle-mounted GPS receivers, a separate
application processor and display controller is
neither necessary nor desired.  A new method
to drive a small e-paper display would there-
fore fill a market need.

An approach has been developed that
would enable manufacturers to create smaller
e-paper displays through leveraging the 
prevalence of simple ARM-based micro-
controllers [previously known as Advanced
RISC Machine (ARM), a 32-bit RISC instruc-
tion-set architecture developed by ARM Ltd.],
which offer a significant advantage in terms
of cost over the previously described architec-
ture.  This new approach is to use widely
available high-volume components that meet
the speed, I/O, and power requirements for an
e-paper-display-based device.  The basic
methodology is to drive the source and gate
signals directly from the general-purpose I/O
on a low-cost processor, thereby eliminating
the application processor and display con-
troller chips from the system.  A block dia-
gram for this system, which E Ink has named
Fiche (after the microfiche technology of
yore) is shown in Fig. 2.

This new architecture must be capable of
scanning an active-matrix backplane in one
pass in under 260 msec, which is the black-
to-white monochrome update speed of the 
e-paper-display material.  Scanning an active-
matrix backplane requires the controller to
shift source data into the source driver for
each display column, then pulse the gate line
to latch the output of the source driver to the
TFT backplane’s storage capacitor.  This
sequence must then be repeated for each dis-
play column.  For gray-scale resolution, the
scan speed must be faster.  Gray levels are
achieved only when scanning for a fraction of
the 260 msec required for full monochrome
updates (Fig. 3).

Furthermore, the new design must maintain
an image buffer that has at least one bit per
pixel representing the current state of the

pixel; another bit representing the next state 
of the pixel is desired for convenience but not
actually necessary.

For gray scales, at least two bits are neces-
sary – yielding four gray levels.  There are
many ways to implement this in software, the
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Fig. 2:  The Fiche implementation uses a microcontroller to drive the e-paper display.

Fig. 3:  Shown is a block diagram of the e-paper-display scan timing.  For each line, data for m
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most straightforward of which is to set aside
enough RAM to store the entire image buffer,
including the current and next states.

Tradeoffs for this type of design include
speed vs. power and cost, and memory vs.
cost.  A faster device is capable of driving
larger display sizes or greater gray-scale depth
on a smaller display.  More memory can sup-
port larger display sizes and more full-fea-
tured applications (Figs. 4 and 5).

Further Refinements
Pulse-width-modulated (PWM) power 
control from the microcontroller. For sim-

plicity of design, the bias voltages and display
supply voltages in the Fiche controller shown
in Fig. 4 are generated using a tried-and-true
architecture that consists of a switching-volt-
age regulator to generate the core drive volt-
ages, with discrete charge-pump circuitry to
generate additional necessary voltages.  An
alternative cost-cutting approach is to do away
with the voltage regulator chip and generate
the core voltages using discrete components,
pulse-width modulated (PWM) outputs, and
analog-to-digital conversion (A/D) inputs
available on many microcontrollers.  The
PWM outputs can be used to control a field-

effect-transistor (FET) switch in a boost regu-
lator design, where the A/D inputs are used to
monitor the feedback voltage and modulate
the PWM duty cycle to keep the generated
voltage within spec, as shown in Fig. 6.

Power-management IC. In the coming
years, many of the mainstream e-books and 
e-readers may begin to use an integrated 
approach to power management.  Soon, a single 
IC along with a handful of discrete compo-
nents may be able to replace the many ICs and
discrete components now needed to generate
the bias and supply voltages necessary to con-
trol an e-paper display.  For size, simplicity,
and cost reasons, this approach may appeal to
applications developers.  A single IC with a
small number of discrete passive components
may reduce the area needed for this circuitry,
decrease the component count by two-thirds,
and potentially decrease the cost by half.

Future Applications
Small-sized e-paper displays with controllers
of this nature could be very useful in many
mainstream applications for which displays
are currently not used.  Such applications
include the following:

• Dynamic Touchpads. Laptop-computer
touchpads could include an updatable
display that could be configured based 
on the application that is in use.  For
instance, the scroll-bar touch areas typi-
cally on the right side and bottom of the
touchpad can be shown on the display.
When the user switches applications to
something such as a calculator, a keypad
can be displayed.

• Electronic Shelf Labels. Retail shelf
labels that can be wirelessly updated to 
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Fig. 4:  In a prototype, a 1.9-in.-active-area-diagonal display appears on the left.  The large IC
shown on the top is an NXP LPC2148 ARM7 processor.  Much of the circuitry on the bottom
half of the board generates display supply and bias voltages.  The board is the same size as the
display, measuring roughly 2 x 1.5 in., so that the board can be folded beneath the display for
compactness.

Fig. 5:  This Fiche gray-scale image depicts 
a potential application for a hand-held or
bicycle-mounted GPS unit.

Fig. 6:  This block diagram shows PWM outputs leading from the microcontroller.
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IN the January 2008 issue of Information
Display magazine, Aris Silzars authored a
thoughtful column on “Technology Asymp-
totes.”  At the end of the piece, he suggested
that we may have reached the “good enough”
point for home-entertainment displays with
the current HDTV standard of 1920 × 1080
pixels at 256 levels per color.  While I agree
that there is little motivation at present to
extend that resolution level (even 1280 × 720
pixels is adequate for most home applica-
tions), 256 levels per color (8 bits) may not be
fine enough as displays and sources evolve
and extend their contrast ranges.

Just how good is the 8-bit system?  As evi-
denced by acceptance from the great majority
of today’s consumers, it appears to be good
enough for present-day displays.  But on
many of these displays the steps between the
lower individual discrete levels can be readily
detected, and this can manifest itself as poster-
ization in the imagery.  Making matters
worse, of the 256 levels currently available, 
in many cases, such as for DVDs, only 220
levels (16–235) are normally used, with the
remainder serving as headroom.  Thus, while
8 bits may be good enough for today, it is
hovering near the “just good enough” end of
the range, and new technology on the horizon
may push it into the “not good enough” cate-
gory.  These new technological advances are

leading to higher-contrast displays and the
accompanying ability to display significantly
more levels of luminance and color gamut.
The big question then becomes how many of
the great majority of users will appreciate and
demand those additional shades – enough to
increase the standard beyond the 8-bit level? 

For a little background into the need for
range in luminance and contrast, let’s travel
back to the time when I first became seriously
interested in 35mm SLR photography.  Ini-
tially, life in this image capture and display
world seemed so good.  I had the tools to
compose a picture just the way I wanted, per-
fectly framed and exposed, and could select
the film best suited for a particular photo 
session.  When making an enlargement, I
could further refine the process by dodging
selected areas to enhance the exposure.  But,
even then, all too often it seemed there were
times that I came upon awe-inspiring sights –
spectacular sunsets or sunrises, scenes by a
babbling brook in the forest, gorgeous shots at
the beach, glorious fireworks, or a winter
wonderland – when my camera would fail me.
I would take a series of shots, carefully brack-
eting exposures and precisely composing the
images, thinking about the incredible sights I 
was recording for posterity.  After processing
the film and viewing the results, either slides
or prints or enlargements, the results were all 
too often a letdown – the impact and depth of
the original scene would clearly be missing.
The pictures would be good, maybe even very
good, but would invariably fail to reproduce
the drama of the original moment.

What was the most important ingredient
missing from those reproductions?  It turned
out to be a restricted range of luminance 
levels and the related overall lack of contrast.
The human visual system has evolved to a
highly refined and truly amazing dynamic
sense.  We can perceive an incredible range of
luminance levels, from seeing by starlight to
viewing clouds backlighted by the sun.  The
range is well in excess of 1,000,000,000:1!
Now, of course, there are caveats – all the
range is not available at once, as the eye has
adaptive behavior that needs time to be
enabled, and within smaller areas of a scene
we can discern luminance differences of only
about 1%, and anything dimmer than about
1% of an adjacent bright area is seen as black.
But the eye can easily detect luminance varia-
tions of well over 10,000:1 in non-adjacent
areas of larger images.   

When I would look at the prints (or slides)
that were intended to recreate those original,

An Appeal for More Bit Depth 
in Displays

Technological advances in imaging and content production may render the current standard
of 256 gray levels per color in most modern displays inadequate.

by Walter Allen

Walter Allen is the Principal of WalVisions
and works and consults on video projection
systems and special video-processing projects.
He can be reached at walter@walvisions.com.
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If you are interested in exploring a little
further using your PC monitor as your 
display, I invite you to visit www.
walvisions.com/TestPatterns.  There you
can select a variety of patterns that will
simply display as web pages.  The patterns
are mostly done in 8-bit color, and there
are several related to the above discussion,
such as WV-41 (64 Lowest Steps, Vertical
Gray Steps), WV-48B (Video Level Arc,
16-48 Levels), and WV-48C (Video Level
Arc, 8-Bit Step Differences).
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awe-inspiring sights, I would be looking at a
medium that was probably delivering less than
100:1 in contrast, and certainly well less than
1000:1.  Also, in both the brighter areas and
the darker areas of the image, the variations in
luminance would be compressed and thus
appear flat and lack depth.  No wonder I was
disappointed.  The problem could be found in
both the capture and display media – not
enough luminance range can be captured in a
single film exposure, and even if it could be, a
conventional print, relying on the absorption
of incident light, still could not display the
necessary range.

Now let’s return to the present, in which the
situation is changing.  In the world of photog-
raphy, not only are sensors evolving to cap-
ture a greater luminance range, but a brack-
eted series of captured images can be further
combined to create very-high-contrast source
material.  If we look to computer-generated
images, there is virtually no limit to the poten-

tial “luminance” range of the content.  On the
display side, high-contrast-capable displays
are showing up on many fronts.  We have
high-contrast plasma displays, LCDs backlit
with arrays of controllable LEDs, LCOS pro-
jectors, DLP projectors with outstanding black
levels, and the promise of OLED displays.
All these displays can render wide contrast
ratios and are capable of very-wide dynamic
ranges, but in most cases either the display
device or the content is limited to 8 bits per
color.  If more granularity of the luminance
levels was provided, with added bits/lumi-
nance levels, the images can be significantly
enhanced with additional realism and depth.
Viewing such displays with current standard
(8-bit) programming all too often results not
only in posterization, but also in significant
areas of the image appearing as completely
black, without the “shadow detail” that would
have been present in the original scene.  As
these displays make their way into the main-

stream, the source limitations of only 8 bits
per color will become more apparent, and just
maybe will no longer be considered “good
enough.”  At that point, users may clamor for
a little bit (or two or ?) more. 

The road to increased bit depth in displays
is being paved by developments such as Deep
Color in HDMI 1.3, by the Digital Cinema
Initiatives, by PC graphics systems, and by
capable digital cameras and image-processing
software.  While the road has potholes here
and there, such as the 8-bit constraints of
MPEG2 in DVDs and HD, not to mention the
fact that most mainstream viewers do not 
currently perceive a problem with a lack of
levels, I hope and expect that this new road to
expanded luminance range and depth will be
well-traveled in the coming years.  Then I,
and the overwhelming majority, can look 
forward to seeing dramatic sunsets and fire-
works on our home displays.  �
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small e-paper displays

continued from page 28

reflect the most recent prices, or sale prices, 
as well as a slideshow that provides addi-
tional product information such as country/
state of origin and product facts.  (Such labels 
are now in use, but not on a widespread basis.)

• Portable Hard Drives. Electronic-paper 
displays can be used to display static images 
that indicate disk status such as bytes avail-
able, bytes free, bytes used, folders, and files.

• Dynamic Keypad. Similar to the previ-
ously noted touchpad, but rather for use
with a cell phone.

• Active-Matrix Smart Card. Smart cards
for use as a credit card, debit card, train
pass, loyalty rewards program, or hotel 
room key.  This card can display a variety 
of information other than just a passcode.
This technology is also useful for dis-
playing icons or the intricate characters
in some languages.

• Other. The Fiche controller and small-
area displays can also be used to replace
similarly sized LCDs in applications
where a premium is placed on rugged-
ness, readability, and/or low power con-
sumption such as GPS/outdoor fitness
devices, cell-phone secondary displays,
home thermostats, personal-health
meters, and home appliances.

The benefits (low power consumption,
paper-like appearance, daylight readability,
etc.) of using an e-paper display apply to 
products using a small-area display as much as 
they do to those that use large-area displays.
The Fiche controller can be an effective solu-
tion for many high-volume portable-display
applications such as those listed above and for
many not yet conceived.  Readily available
components and a simple display update algo-
rithm are all that are needed to integrate an 

e-paper display into a product for an eye-catching 
but still cost-effective display solution.
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SID 2010 honors and awards
nominations
On behalf of the SID Honors and Awards
Committee (H&AC), I am appealing for your
active participation in the nomination of
deserving individuals for the various SID 
honors and awards.  The SID Board of Direc-
tors, based on recommendations made by the
H&AC, grants all the awards.  These awards
include five major prizes awarded to individu-
als, not necessarily members of SID, based
upon their outstanding achievements.  The
Karl Ferdinand Braun prize is awarded for
“Outstanding Technical Achievement in, or
contribution to, Display Technology.” The
prize is named in honor of the German physi-
cist and Nobel Laureate Karl Ferdinand Braun
who, in 1897, invented the cathode-rat tube
(CRT).  Scientific and technical achievements
that cover either a wide range of display tech-
nologies or the fundamental principles of a 
specific technology are the prime reasons for
awarding this prize to a nominee.  The Jan
Rajchman prize is awarded for “Outstanding
Scientific and Technical Achievement or
Research in the Field of Flat-Panel Displays.”
This prize is specifically dedicated to those
individuals who have made major contributions
to one of the flat-panel-display technologies or,
through their research activities, have advanced
the state of understanding of one of those tech-
nologies.  The Otto Schade prize is awarded
for “Outstanding Scientific or Technical
Achievement in the Advancement of Func-
tional Performance and/or Image Quality of
Information Displays.” This prize is named
in honor of the pioneering RCA engineer Otto
Schade, who invented the concept of the Modu-
lation Transfer Function (MTF) and who used
it to characterize the entire display system,
including the human observer.  The advance-
ment for this prize may be achieved in any
display technology or display system or may
be of a more general or theoretical nature.
The scope of eligible advancement is broadly
envisioned to encompass the areas of display
systems, display electronics, applied vision
and display human factors, image processing,
and display metrology.  The nature of eligible
advancements is not limited and may be in the
form of theoretical or mathematical models,
algorithms, software, hardware, or innovative
methods of display-performance measurement,
and image-quality characterization.  Each of
these above-mentioned prizes carries a $2000
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Nominations are now being solicited from SID
members for candidates who qualify for SID
Honors and Awards.

• KARL FERDINAND BRAUN PRIZE.
Awarded for an outstanding technical
achievement in, or contribution to, display
technology.

• JAN RAJCHMAN PRIZE. Awarded for an
outstanding scientific or technical achieve-
ment in, or contribution to, research on flat-
panel displays.

• OTTO SCHADE PRIZE. Awarded for an
outstanding scientific or technical achieve-
ment in, or contribution to, the advancement
of functional performance and/or image
quality of information displays.

• SLOTTOW–OWAKI PRIZE. Awarded for
outstanding contributions to the education
and training of students and professionals in
the field of information display.

• LEWIS & BEATRICE WINNER AWARD.
Awarded for exceptional and sustained 
service to SID.

• FELLOW. The membership grade of Fel-
low is one of unusual professional distinc-
tion and is conferred annually upon a SID
member of outstanding qualifications and
experience as a scientist or engineer in the
field of information display who has made
widely recognized and significant contribu-
tion to the advancement of the display field.

• SPECIAL RECOGNITION AWARDS.
Presented to members of the technical, 
scientific, and business community (not
necessarily SID members) for distinguished
and valued contributions to the information-
display field. These awards may be made
for contributions in one or more of the 
following categories: (a) outstanding techni-
cal accomplishments; (b) outstanding con-
tributions to the literature; (c) outstanding
service to the Society; (d) outstanding
entrepreneurial accomplishments; and 
(e) outstanding achievements in education.

Nominations for SID Honors and Awards must
include the following information, preferably
in the order given below.  Nomination Tem-
plates and Samples are provided at www.sid.
org/awards/nomination.html.

1.  Name, Present Occupation, Business and
Home Address, Phone and Fax Numbers, and
SID Grade (Member or Fellow) of Nominee.

2.  Award being recommended:
Jan Rajchman Prize
Karl Ferdinand Braun Prize
Otto Schade Prize
Slottow–Owaki Prize 
Lewis & Beatrice Winner Award
Fellow*
Special Recognition Award

*Nominations for election to the Grade of  
Fellow must be supported in writing by at least
five SID members.

3.  Proposed Citation. This should not exceed
30 words.

4.  Name, Address, Telephone Number, and
SID Membership Grade of Nominator.

5.  Education and Professional History of 
Candidate. Include college and/or university
degrees, positions and responsibilities of each
professional employment.

6.  Professional Awards and Other Professional 
Society Affiliations and Grades of Membership.

7.  Specific statement by the nominator con-
cerning the most significant achievement or
achievements or outstanding technical leader-
ship that qualifies the candidate for the award.
This is the most important consideration for
the Honors and Awards committee, and it
should be specific (citing references when 
necessary) and concise.

8.  Supportive material. Cite evidence of tech-
nical achievements and creativity, such as
patents and publications, or other evidence of
success and peer recognition. Cite material that
specifically supports the citation and statement
in (7) above. (Note: the nominee may be asked
by the nominator to supply information for his
candidacy where this may be useful to establish
or complete the list of qualifications).

9.  Endorsements. Fellow nominations must
be supported by the endorsements indicated in
(2) above. Supportive letters of endorser will
strengthen the nominations for any award.

SID honors and awards nominations

E-mail the complete nomination – including all the above material by October 9, 2009 –
to cnelsonk@comcast.net or sidawards@sid.org or by regular mail to:

Christopher N. King, Honors and Awards Chairman, Society for Information Display,
1475 S. Bascom Ave., Ste. 114, Campbell, CA 95008, U.S.A.
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stipend sponsored by Thompson, Inc., Sharp
Corporation, and Philips Consumer Electronics,
respectively.

The Slottow–Owaki prize is awarded for
“Outstanding Contributions to the Education
and Training of Students and Professionals 
in the Field of Information Display.” This prize 
is named in honor of Professor H. Gene Slottow, 
University of Illinois, an inventor of the plasma
display and Professor Kenichi Owaki from the
Hiroshima Institute of Technology and an early
leader of the pioneering Fujitsu Plasma Display
program.  The oustanding education and train-
ing contributions recognized by this prize is not
limited to those of a professor in a formal uni-
versity, but may also include training given by
researchers, engineers, and managers in indus-
try who have done an outstanding job develop-
ing information-display professionals.  The
Slottow–Owaki prize carries a $2000 stipend
made possible by a generous gift from Fujitsu,
Ltd., and Professor Tsutae Shinoda. 

The fifth major SID award, the Lewis and
Beatrice Winner Award, is awarded for
“Exceptional and Sustained Service to the
Society.” This award is granted exclusively to
those who have worked hard over many years
to further the goals of the Society.

The membership grade of SID Fellow
Award is one of unusual professional distinc-
tion.  Each year the SID Board of Directors
elects a limited number (up to 0.1% of the
membership in that year) of SID members in
good standing to the grade of Fellow.  To be
eligible, candidates must have been members
at the time of nomination for at least 5 years,
with the last 3 years consecutive.  A candidate
for election to Fellow is a member with “Out-
standing Qualifications and Experience as a
Scientist or Engineer in the Field of Informa-
tion Display who has made Widely Recog-
nized and Significant Contributions to the
Advancement of the Display Field” over a
sustained period of time. SID members prac-
ticing in the field recognize the nominee’s
work as providing significant technical con-
tributors to knowledge in their area(s) of
expertise.  For this reason, five endorsements
from SID members are required to accompany
each Fellow nomination.  Each Fellow nomi-
nation is evaluated by the H&AC, based on a
weighted set of five criteria.  These criteria and
their assigned weights are creativity and
patents, 30%; technical accomplishments and
publications, 30%; technical leadership, 20%;
service to SID, 15%; and other accomplish-
ments, 5%.  When submitting a Fellow award

nomination, please keep these criteria with
their weights in mind.

The Special Recognition Award is given
annually to a number of individuals (member-
ship in the SID is not required) of the scien-
tific and business community for distin-
guished and valued contribution in the infor-
mation-display field.  These awards are given
for contributions in one or more of the follow-
ing categories: (a) Outstanding Technical
Accomplishments, (b) Outstanding Contribu-
tions to the Literature, (c) Outstanding 
Service to the Society, (d) Outstanding
Entrepreneurial Accomplishments, and (e)
Outstanding Achievements in Education.
When evaluating the Special Recognition
Award nominations, the H&AC uses a five-
level rating scale in each of the above-listed
five categories, and these categories have
equal weight.  Nominators should indicate the
category in which a Special Recognition
Award nomination is to be considered by the
H&AC.  More than one category may be indi-
cated.  The nomination should, of course,
stress accomplishments in the category or 
categories selected by the nominator.

While an individual nominated for an
award or election to Fellow may not submit
his/her own nomination, nominators may, if
necessary,  ask a nominee for information that
will be useful in preparing the nomination.  The 
nomination process is relatively simple, but
requires that the nominator and perhaps some
colleagues devote a little time to preparation
of the supporting material that the H&AC
needs in order to evaluate each nomination for
its merit.  It is not necessary to submit a com-
plete publication record with a nomination.
Just list the titles of the most significant half a
dozen or less papers and patents authored by
the nominee, and list the total number of
papers and patents he/she has authored.

Determination of the winners for SID honors
and awards is a highly selective process.  Last
year less than 30% of the nominations were
selected to receive awards.  Some of the major
prizes are not awarded every year due to the
lack of sufficiently qualified nominees or, in
some cases, because no nominations were 
submitted.  On the other hand, once a nomina-
tion is submitted, it will stay active for three con-
secutive years and will be considered three 
times by the H&AC.  The nominator of such a 
nomination may improve the chances of the 
nomination by submitting additional material for 
the second or third year that it is considered, but 
such changes are not required. 

Descriptions of each award and the lists of
previous award winners can be found at
www.sid.org/awards/indawards.html.  Nomi-
nation forms are available at www.sid.org/ 
awards/nomination.html where you will find
Nomination Templates in both MS Word (pre-
ferred) and Text formats.  Please use the links
to find the Sample Nominations, which are
useful for composing your nomination since
these are the actual successful nominations for
some previous SID awards.  Nominations
should preferably be submitted by e-mail.
However, you can also submit nominations by
ordinary mail if necessary.

Please note that with each Fellow nomina-
tion, only five written endorsements by five SID
members are required. These brief endorse-
ments – a minimum of 2–3 sentences to a maxi-
mum of one-half page in length – must state
why clearly and succinctly, in the opinion of
the endorser, the nominee deserves to be
elected to a Fellow of the Society.  Identical
endorsements by two or more endorsers will be
automatically rejected (no form letters, please).
Please send these endorsements to me either by
e-mail (preferred) or by hardcopy to the
address stated in the accompanying text box.
Only the Fellow nominations are required to
have these endorsements.  However, I encour-
age you to submit at least a few endorsements
for all nominations since they will frequently
add further support to your nomination.

All 2010 award nominations are to be sub-
mitted by October 9, 2009. E-mail your 
nominations directly to cnelsonk@comcast.net 
or sidawards@sid.org.  If that is not possible,
then please send your hardcopy nomination by
regular mail.

As I state each year: “In our professional
lives, there are few greater rewards than
recognition by our peers.  For an individual in
the field of displays, an award or prize from
the SID, which represents her or his peers
worldwide, is a most significant, happy, and
satisfying experience.  In addition, the overall
reputation of the society depends on the indi-
viduals who are in its ‘Hall of Fame.’

When you nominate someone for an award or 
prize, you are bringing happiness to an indi-
vidual and his or her family and friends, and 
you are also benefiting the society as a whole.”

Thank you for your nomination in advance.

– Christopher N. King
SID Honors & Awards Committee
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In Memory of Ronald E. Warden

The avionics and
display community
will miss the smile
and positive attitude
of Ron Warden of
St. Peters, Missouri,
who died at the age
of 59 on May 9,
2009.  Warden
worked in engineer-
ing at Boeing for 25

years and was named an Associate Technical
Fellow in 2005.  He was a member of the
Society for Information Display and active in
SID as a committee member in Applications,
and also as an observer in the ICDM-3D sub-
committee.  He had been scheduled to serve
as subcommittee co-chair for LED backlights
at Display Week in San Antonio in June 2009.

“He was a professional and a great friend,”
says Adi Abileah, Chief Scientist with Planar
Systems.  “Some of us knew Ron from the
time that we worked together at OIS–Optical
Imaging Systems in Michigan.  In the last 12
years, Ron was the display guru at Boeing in
St. Louis and was involved in many projects
in the avionics standard group, and more.”

You can visit the guest book at http://obit.
baue.com/obitdisplay.html?id=669806&
listing=Current to view inputs from the 
display community.

SID Organic Electronics UK
2009 Takes Place in London in
September

by Alasdair J. Campbell, Imperial 
College London

The 2009 SID Organic Electronics UK 
Conference will be held at Imperial College
London on September 28 and 29, 2009.  This
annual meeting is the only one dedicated to
organic electronics in the UK.  It covers all
aspects of this area, including OLEDs,
OTFTs, polymers, and small molecules; 
display electronics; oxides for electrodes and
TFTs; OPVs for power generation; device
modeling, printing, and fabrication methods.

Last year’s conference, which was orga-
nized by the UK & Ireland Chapter of the

SID, featured a number of invited and submit-
ted papers, as well as the following highlights:

The plenary address, “Organic non-volatile
memories,” was given by Professor Dago de
Leeuw from Philips, Eindhoven.  De Leeuw
headed Philips’s OTFT research and develop-
ment program from the early 1990s.  He dis-
cussed Philips’s breakthrough in the area of
non-transistor/non-MIS capacitor-based mem-
ory.  These simple bistable devices consist of
a metal contact, an oxide layer (e.g., alu-
minium oxide), an organic semiconductor
layer (e.g., a standard light-emitting polymer),
and a top metal contact.  They work by resis-
tive switching – the application of high- and
low-voltage pulses turning the device between
high and low conducting states.  The organic
layer acts as a series resistance allowing soft
breakdown of the oxide layer.  These resis-
tive-switching organic memory devices can
store data for many months and open up a 
new area of organic semiconductor technology.

Merck offered a £500 prize for the Best
Student Poster presented at the meeting.  The
posters were of a very high quality and the
judges found it difficult to determine the 
winner.  It was finally decided to split the
prize between Ms. Rupa Das for “A plastic-
substrate-based ITO-free multilayer polymer
photodiode fabricated using stamp transfer
printing” and Mr. Paul Wöbkenberg for
“High-mobility low-voltage oxide semicon-
ductor transistors and circuits.”

The Ben Sturgeon Award Lecture 2008 is
offered annually by the UK & Ireland Chapter
to an individual (or group) that has made a
significant contribution to the development of
displays.  For his work on polymer and den-
drimer OLEDs over a number of years, 
Professor Ifor Samuel from the University of
St. Andrews received the award.  The award
was presented by the Chair of the UK & 
Ireland Chapter, Dr. Richard Harding.
Samuel’s lecture was titled “Using photo-
physical measurements to improve organic
light-emitting materials and devices.”

To find out more about the upcoming SID
Organic Electronics UK conference, visit:
www.sid.org/chapters/uki/forthcoming_
meetings.html

New Senior Grade Members
The following SID members were granted
Senior Member status on May 31, 2009:

• Hiroki Hamada

• Adrian Kitai
• Alaide Mammana
• George A. Melnik
• Gopalan Rajeswaran
• Stefan Riehemann
• Terry C. Schmidt
• Mike Weaver
• Andrew B. Watson
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are grateful to welcome him back, and for his
extraordinary effort this year in producing
these articles.  (Be sure to read his guest edito-
rial on the state of the industry.)  In “3-D 
Displays in the Home,” author Andrew
Woods, a consultant and research engineer at
Curtin University’s Centre for Marine Science
& Technology in Perth, Australia, takes us
through an excellent survey of the various
television display systems available to con-
sumers today that are capable of showing 
3-D content.  He also provides an educated
glimpse of what may be coming soon.  I was
surprised to learn that there are a lot more
options available right now than I was aware
of and that the new innovations could make a
compelling experience for consumers quite
soon.  Meanwhile, author William Zou, chair-
man of the Society of Motion Picture and
Television Engineers Task Force on 3-D to
the Home, presents “An Overview for Devel-
oping End-to-End Standards for 3-D TV to
the Home,” which describes in amazing com-
pleteness the entire landscape of 3-D content
creation and standards to date.  Rather than
trying to summarize it for you, I’ll suggest
you dive in and appreciate the unique perspec-
tive he brings to the subject.  Together, these
two articles make me really excited about the
prospects for a truly compelling home 3-D
experience and I declare once again that there
has never been a more exciting time to be in
the display business!

With that along with our regular Industry
News on developments announced in and
around the Display Week Conference last
month, this issue is a wrap.  While we do not
yet have a way to bring the magazine to you
in 3-D, I hope you find it a unique experience
nonetheless.  As always, we welcome your
feedback and suggestions on these or any
other topics related to displays.  You can
reach us by email at press@sid.org.  �

The primary bottleneck is delivery of a ready
stream of high-quality stereoscopic content into
the home.  A number of organizations are 
working on the development of standards for 
the 3-D formats for mastering and distribution.  
A leader in this effort is the Society of Motion 
Picture and Television Engineers (SMPTE).  
The chairman of the SMPTE Task Force on 
3-D to the Home, William Zou of DTS, Inc., 
has contributed an article entitled “An Overview 
for Developing End-to-End Standards for 3-D 
TV to the Home.”  The article provides a com-
prehensive snapshot of the current standards 
development effort under way at SMPTE, as 
well as at the Consumer Electronics Associa-
tion (CEA), the Blu-ray Disc Association
(BDA), the DVD Forum, ISO/IEC/MPEG, 
the Advanced Television Systems Committee
(ATSC), and the Society of Cable Telecom-
munications Engineers (SCTE). 

While it is clear that it will take time for
consumer adoption of 3-D TVs to become
widespread and for the finalization of appro-
priate standards to enable a seamless flow of
stereoscopic content from the creators to the
viewers, it is also clear that there is a high
degree of interest on the part of content pro-
ducers and display manufacturers to facilitate
this process.  Most likely, stereoscopic films
distributed on Blu-ray Discs will serve as an
initial beachhead for the large-scale penetra-
tion of 3-D content into the home.  As Woods
mentions in his article, in many cases manu-
facturers have included 3-D compatibility in
their television sets for little added cost, and
many consumers already own a 3-D-ready set.
With the promise of an emerging Blu-ray
standard, display manufacturers may increase
the percentage of sets that are 3-D compatible.
There may also be a useful synergy with 3-D
gaming, with next-generation video game
consoles supporting stereoscopic output, 
providing consumers an additional impetus to
purchase a 3-D-ready TV.  It seems like the
deadlock has finally been broken and that 3-D
TV in the home is only a matter of time.  �

Brian T. Schowengerdt is with the Depart-
ment of Mechanical Engineering and the
Human Interface Technology Laboratory at
the University of Washington, Box 352600,
Seattle, WA 98195-2142; telephone 206/422-
1927, e-mail: bschowen@u.washington.edu.
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Making displays more energy efficient since 1993.

Monitors with Vikuiti™ Films 
Use 30% Less Power.



By refracting and recycling light that normally goes to waste, Vikuiti™ Optical Films can signifi cantly 
boost the energy effi ciency of LCD monitors. In fact, when Vikuiti™ Dual Brightness Enhancement 
Film (DBEF) and Vikuiti™ Brightness Enhancement Film (BEF) are used together, LCD monitors require 
an average of 30% less energy. The fi lms enable monitors to operate with two bulbs instead of four 
with no reduction in performance. A 19� monitor with Vikuiti DBEF and BEF, for example, can run on 
10 fewer watts. Find out more about making displays more energy effi cient at vikuiti.com. 

vikuiti.com
1-800-553-9215
© 3M 2009 

http://www.vikuiti.com
http://www.vikuiti.com
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