


















































AS imaging technology evolves, so do
the display devices used for image viewing.
For instance, two-dimensional image acquisi-
tion techniques are being replaced with infor-
mation-rich, three- or higher-dimensional
schemes.  This increased dimensionality for
image sets is already occurring in breast imag-
ing and needs to be considered when the 
performance of two- and three-dimensional
display devices is being evaluated.  In addi-
tion, modalities that were traditionally analog,
such as optical microscopy and medical 
photography, are now migrating to the digital
domain, following a path similar to that of
radiology in the early 1990s.  Finally, mobile-
device technologies are prompting practitioners
to consider using them to improve their work-
flow and availability.  Most notably, mobile-
display systems based on portable consumer-
grade devices are now increasingly considered
as complements to stationary desktop displays
for review when there is no access to a dedi-
cated workstation.  The implications for pre-
clinical regulatory evaluation of these emerg-
ing applications are considered and discussed
in Part 2 of this article, “Pre-Clinical Assess-
ment of Medical Displays for Regulatory
Evaluation.”

Displays for Mobile Devices 
The introduction of a large variety of tech-
nologies and the improvements in the image
quality of mobile display devices have led to
the consideration of such devices as medical
image viewers.  From an evaluation perspec-
tive, the applicable methodology has to incor-
porate elements associated with the handling,
orientation, and movement of the device with
the possible interactions of software compo-
nents with the operating system (e.g., power 
manager, network connectivity, and other mobile-
device functions), and, most importantly, with
the variability in ambient-illumination condi-
tions in which the device can be used (see Fig. 1).

In addition, the viewing of images in hand-
held devices has raised concerns about the need 
to quantify the display characteristics not only
under typical static laboratory conditions, but 
also in the presence of movement.  In this case, 
resolution properties measured by the modula-
tion transfer function (MTF) might have to be
extended to include a component from move-
ment while noise metrics might need to consider 
the presence of fingerprint marks in touch-
sensitive screens.  For mobile displays, physical 
size and pixel-array size are not the only tech-
nological changes (newer versions of mobile
displays might soon overcome the 1k × 1k 
barrier).  Instead, key differences in terms of
image quality might be more associated with 
variable ambient illumination conditions, vari-
able device-user interaction, and the impact of 
smudges and fingerprints in touch-screen devices.

Displays for True-Color Modalities 
The emergence of medical-imaging modalities
that rely on color scales in conjunction with

gray-scale images has determined that display
devices have to be capable of accurate color 
mapping with limited quantization or cropping 
of the color scales.  This is typically achieved
by tuning the subpixel look-up tables that map
image values into pixel intensities.  However, 
when these look-up tables are designed to map 
color, the gray-scale performance of the device 
can be compromised.  Therefore, for modalities 
where color and gray-scale fidelity is relevant,
additional testing needs to provide evidence
that both scales are within appropriate toler-
ances.  Several techniques have been reported
for achieving proper gray scale and color cali-
bration (criteria to guide these techniques have
not yet been established).  In addition, other
aspects of technical performance might have
analogous elements for color (e.g., angular
color shifts at 30° and 45° in the diagonal,
horizontal, and vertical directions at center
and edge spots and uniformity.

Another aspect to consider is the migration
from optical or light microscopy to digital that
has raised issues related to the display of the
massive amount of information that can be
captured for a single tissue slide.  In addition
to colorimetric issues, it is also important to
note that the pixel-array sizes of tiled digital
microscopy slides might raise additional
needs for cataloging issues related to large
displays (XQVGA or even wall-sized).  Also
worthy of consideration are the perceptual 
elements of characterizing image quality
when the screen size is several times the dis-
tance from the reader to the screen (see Fig 2).  

In this scenario, the temporal characterization 
might require more detailed methodology that
incorporates not only transition times but also 
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moving-target techniques such as those that are 
part of the SID-sponsored ICDM document.1

Displays for 3-D Modalities 
Several three-dimensional modalities are being 
considered and utilized for detecting breast
cancer as adjuncts to or replacements for full-
field digital mammography examinations.  
Among them, breast tomosynthesis,2 a limited-
angle tomographic modality, has demonstrated 
that the additional volumetric information
acquired using multiple projections holds

promise for improvements in the detection of 
masses, in part by removing the masking effect 
of normal anatomical structures that can hide or 
mimic lesions. Other technologies being cur-
rently developed include dedicated breast com-
puted tomography3 and stereo-mammography.4

Display devices for these emerging three-
dimensional breast-imaging modalities are
partially characterized by the lists provided in
Part 2 of this article in terms of their spatial
and gray-scale performance.  However, since 
the radiologist is now faced with a new read-

ing paradigm that requires browsing over many 
high-resolution (several million pixel) images
(slices from the reconstructed volume), the
temporal response of the display becomes a
relevant characterization topic.  Detailed tem-
poral characterization of the display devices 
is useful in understanding the potential limita-
tions of different display technologies and
products in their ability to accurately represent
the images for the readers.  For instance, a
more complete set of gray-scale transitions
and a more descriptive metric that character-
izes limitations of proposed solutions (i.e.,
overshoots in overdrive) can prove useful in
demonstrating new product capabilities. 

Another approach to visualizing the three-
dimensional image sets is the use of three-
dimensional display devices that are becoming 
available with increased performance due in part 
to advancements geared toward the consmer 
markets.  In that sense, existing work regarding 
the use of two-dimensional display devices in
medical imaging has to be revisited wherever
appropriate.  This extension of the physical
measurements to a third dimension raises
challenges, not so much in the development of
the measurement methodology, but in bridg-
ing the experimental physical quantities (e.g.,
stereo crosstalk and stereo acuity) to the task
performance in diagnostic imaging.  Figure 3
shows a stereoscopic display used to view 
digital microscopy. Such reconciliation is 
complicated by the widely different technologies 
that are now being considered for three-dimen-
sional displays, including stereoscopic, autostereo-
scopic, volumetric, and time-sequential imple-
mentations, among others.  A tentative list of
pre-clinical tests of relevance for 3-D medical
display products is presented in Table 1 of 
Part 2 in this issue.  The list of tests that would 
be relevant for a particular 3-D medical-display 
product will depend on the visual task per-
formed with the device and the associated
claims made by the manufacturer. 

Innovations in display technology are mak-
ing possible new ways of reviewing medical
images.  How soon these devices become
available to physicians will depend on the
availability of validated methodologies that
can be used to demonstrate their advantages
and in what ways these devices contribute to
the early detection of diseases and ultimately
to improved patient outcomes.
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Fig. 1:  The visibility of image features in five mobile display devices shown in (a) degrades
under ambient illumination effects as shown in (b).  Note the degradation introduced by specu-
lar reflections in the visualization of gray-scale steps in the test pattern and the significant 
contrast reduction in the CT image due to diffuse reflections.
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Fig. 3:  Stereoscopic viewing of digital microscopy and other imaging modalities is a means of
improving the visualization of 3D datasets.

Fig. 2:  As displays for viewing digital microscopy images grow larger (background), issues of
scale, accuracy, and time for pan/zoom operations in the computer hardware and software
come to the fore.
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DISPLAY SYSTEMS are important 
elements of imaging systems.  They represent
the last component in the chain that readers
(radiologists, physicians, or technicians) use
to make a determination regarding a patient’s
condition based on imaging data.  In this 
context, a display system consists of all the
hardware and software that determine the
quality of the luminance output in the screen
for a given image, including pre-processing
operations on the data, the environment in
which the device is operated, and device-user
interactions. 

Regulatory Primer 
Since the introduction of digital technologies
for the image capture, processing, archiving,
and transmission of medical images, display
systems have been evolving technologically
from bulky cathode-ray tubes with mono-
chrome screens and poor spatial resolution 
to the current generation of liquid-crystal dis-
plays (LCDs) with increased image contrast
and sharpness.  This technological revolution

has required the medical imaging community,
including regulators, to adopt new assessment
methodologies. 

First, there is a need to characterize display
image-quality issues that emerging technolo-
gies bring to the fore.  In addition, it is occa-
sionally useful to remove particular testing
procedures because they have become obso-
lete due to technological advances.  Today,
we are seeing the transition from analog to
digital in many areas of medicine, including
tissue microscopy, pathology, and visible
light-imaging modalities such as colposcopy
(a gynecological diagnostic procedure).  
Medical displays need to be capable of pro-
viding stable and reproducible image quality
that is appropriate for the application.  For a
display device to be marketed in the U.S. as
part of a medical device, the manufacturer (or
sponsor) needs to secure the FDA’s approval
or clearance.  The regulatory pathways for
medical display systems, briefly summarized
in the following section, aim to promote 
public health and innovation by providing
practical approaches for demonstrating safety
and effectiveness. 

Regulatory efforts are concentrated in two
areas:  pre-market and post-market. Pre-
market refers to new products and technolo-
gies that have not yet been commercialized,
for which evidence is gathered in support of a

sponsor submission.  The post-market area
refers to issues that arise from the usage of the
device after introduction into the market.  In
this article, we focus our analysis on pre-mar-
ket topics since they relate to the introduction
of new technologies. 

The safety and effectiveness criteria for
medical display systems are based on the 
clinical performance of the device and the
potential for misdiagnosis due to pitfalls in the
device design.  Generally speaking, a device
can be defined as safe if its use does not cause
illness or injury.  In terms of display perfor-
mance, an effectiveness concern could be the
use of a device that does not convey the image
data to the user in a proper way due to, for
instance, additional spatial noise resulting
from variations in pixel gains or unwanted
reflections of ambient light that mask lesions
and significantly affect the outcome of the
diagnostic test. 

The FDA uses a three-tier classification
system to categorize medical devices based on
risk.  Devices are classified as Class I, II, or
III, from lowest to highest risk, with the class
level determining the degree of regulatory
oversight required.  Currently, stand-alone
display systems (referred to as “accessories’’
to complete imaging systems) fall under Class
II based on moderate risk.  For these systems,
established testing methods provide adequate

Part 2:  Pre-Clinical Assessment of Medical
Displays for Regulatory Evaluation 

Challenges are emerging with regard to the pre-clinical, regulatory assessment of display 
systems used for viewing and interpreting medical images. This article discusses those, and
also the types of evidence that might be relevant to the evaluation of mobile image-viewing
devices, true-color devices with applications in digital microscopy, and 3-D medical displays
as discussed in Part 1. 
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Table 1:  Display descriptions, pre-clinical tests, and physical characterization tests for the regulatory review of medical imaging
display products are shown here in chart form.

Modality displays Displays for FFDM [2] Mobile displays (modality) True-color modalities 3D displays

Display system description: hardware components of the display system

Technology Same as modality plus: Same as modality plus: Same as modality plus: Same as modality plus:

Screen size Backlight modulation Brightness adjustment range Pixel driving for color 3D technology

Backlight type Pixel dithering techniques Color calibration tools Eye wear

Pixel array, pitch and pattern Client-server architecture Method of color management

Sub-pixel driving techniques Hardware requirements

Video bandwidth

On-screen controls

Ambient light sensing

Touch screen technology

Luminance calibration tools

QC procedures

Pre-clinical characterization metrics related to image quality

Luminance range Same as modality plus: Same as modality plus: Same as modality plus: Same as modality plus:

Grayscale conformance Grayscale resolution Angular color response Color coordinates of primaries 3D luminance response

Angular luminance Bidirectional reflectivity White point and white balance 3D luminance uniformity

Luminance uniformity Resistance to fingerprints Luminance of primaries Angular and tilt response

Bidirectional reflectivity Communication latency Additivity of primaries 3D luminance crosstalk

Pixel fill factor Performance and other apps Viewing freedom

Pixel defects (count and map) Optimal viewing distance

Spatial resolution

Spatial noise

Veiling glare (small-spot contrast)

Chromaticity

Rise and fall time constants

Supplemental physical characterization tests

Bidirectional reflection Gray-to-gray time constants Same as modality plus: Same as modality plus: Same as modality plus:

Pixel fill factor Luminance stability Interactions with network Angular color response 3D angular crosstalk

Pixel defects (count and map) Power manager interactions 3D color uniformity

Veiling glare (small-spot) Interactions with other apps

Chromaticity Exemption handling

Spatial resolution Fingerprints and image quality

Spatial noise Latency of image delivery

Backlight modulation

Rise and fall time constants

Luminance stability



• Pixel defects (count and map): Measure-
ments (counts) and location of pixel defects.  
This is typically provided as a tolerance 
limit.  Pixel defects can interfere with the 
visibility of small details in medical images. 

• Veiling glare or small-spot contrast:
Measurements of the contrast obtained
for small targets.

• Chromaticity at 5, 50, and 95% of maxi-
mum luminance and its variation across
the screen or within screens for 205
multi-head displays: Measurements of
the color at different luminance levels as
indicated (at minimum) by the color
coordinates in an appropriate units 
system (u’v’, CIELAB) and its variability
across points in the screen. 

• Spatial resolution:  Measurements of the
transfer of information from the image
data to the luminance fields at different
spatial frequencies of interest or by
reporting the modulation transfer func-
tion.  Non-isotropic resolution properties
need to be characterized properly by 
providing two-dimensional measure-
ments or measurements along two axes. 

• Spatial noise: Measurements of the 
spatial noise level as represented by the
noise power spectrum using an appropri-
ate ratio of camera and display pixels.
Spatial noise and resolution (see previous
item) affect the way images are presented
to the viewer and can alter features that
are relevant to the interpretation process
of the physician or radiologist.

• Frame rate and temporal/spatial back-
light modulation techniques: Measure-
ments of the temporal and spatial modu-
lation of the backlight component. 

• Rise and fall time constants for 5–95%
and 40–60% luminance transitions:
Measurements of the temporal behavior
of the display in responding to changes
in image values from frame to frame.
Since these transitions are typically not
symmetric, rise and fall time constants
are needed to characterize the system.
Slow displays can alter details and con-
trast of the image when large image
stacks are browsed or in video mode.

• Stability of luminance response with
temperature and lifetime: Measure-
ments of the change in luminance
response with temperature and use 
time for a subset of the measured data 
in previous items. 

Table 1 presents a general summary of how
these tests might apply to products under 
different categories.

The table also includes a tentative list 
of pre-clinical tests that might be used in sup-
port of novel application areas such as three-
dimensional breast imaging, true-color modal-
ities, and mobile displays, which are reviewed
in the companion article in this issue of 
Information Display. 

Displays are integral parts of medical imag-
ing systems.  Their assessment and characteri-
zation need to balance the impact on public
health with practical and meaningful
approaches to demonstrate their safety and
effectiveness.  Creating an assessment frame-
work upfront is especially important as dis-
plays continue to evolve extremely rapidly.

Note
The mention of commercial products herein is
not to be construed as either an actual or
implied endorsement of such products by the
Department of Health and Human Services.
This is a contribution of the Food and Drug
Administration and is not subject to copyright.

References 
1Guidance for the Submission of Premarket
Notifications for Medical Image Management
Devices, Tech. Rep. (November 2000); 
http:// www.fda.gov/ MedicalDevices/Device
RegulationandGuidance/GuidanceDocuments/
ucm073720.htm 
2Guidance for Industry and FDA Staff:  Class
II Special Controls Guidance Document:  Full
Field Digital Mammography System, Techni-
cal Report (November 2010); http://www.fda.
gov/MedicalDevices/DeviceRegulationand
Guidance/GuidanceDocuments/ucm107552.
htm
3E. Siegel, E. Krupinski, E. Samei, M. Flynn,
K. Andriole, B. Erickson, J. Thomas, A.
Badano, J. A. Seibert, and E. D. Pisano, 
“Digital mammography image quality: image
display,” J. Am. Coll.  Radiol. 3 (8), 615–627
(2006).
4E. Samei, A. Badano, D. Chakraborty, 
K. Compton, C. Cornelius, K. Corrigan, M. J.
Flynn, B. Hemminger, N. Hangiandreou, 
J. Johnson, M. Moxley, W. Pavlicek, 
H. Roehrig, L. Rutz, J. Shepard, R. Uzenoff,
J. Wang, and C. Willis, “Assessment of 
display performance for medical imaging 
systems,” Draft Report of the American 
Association of Physicists in Medicine

(AAPM) Task Group 18, Technical Report,
AAPM (October 2002).
5International Electrotechnical Commission,
IEC62563-1.  Medical electrical equipment -
Medical image display systems – Part 1: 
Evaluation methods.  ■

Information Display 4/11 31

VISIT 
INFORMATION 

DISPLAY ON-LINE
www.informationdisplay.org

EuroDisplay
2011

31st International

Display Research

Conference 

(IDRC ’11)

September 19–22, 2011

Bordeaux-Arcachon, 

France

Submit Your News Releases
Please send all press releases and new product
announcements to:

Jenny Donelan
Information Display Magazine
411 Lafayette Street, Suite 201

New York, NY 10003
Fax: 212.460.5460

e-mail: jdonelan@pcm411.com



THERE ARE LITERALLY DOZENS 
of ways to connect an image source to a 
display.  All of the most familiar connections
involve running a cable from the one to the
other.  Now, after years of promise, a number
of wireless solutions are maturing that can
actually meet the needs of users.  As “display
people,” we may not be paying much attention
to what is going on with these wireless inter-
faces – which is precisely why an article on
this topic seemed like a good idea.  I think
readers will find there is a lot more going on
and providing a higher level of performance
than might be imagined.

In the computer world, the classic VGA 
cable or the somewhat newer but still venerable 
DVI cable are perhaps the most familiar con-
nections.  In the video world, there are older
composite and component connections and 
HDMI, the new kid on the block who is rapidly 
becoming the elephant in the room.  HDMI 
is expanding its reach beyond television 
applications into computer displays as well.

Looking at my desk while I write this article, 
I see my computer monitor and keyboard and
… wires:  a VGA cable, at least seven USB
cables, a phone cable, and power cords.  At
least I use Wi-Fi so I am not burdened by a
network cable at home.  Is there some way to
get rid of this clutter and do it wirelessly?

The answer is yes, especially for video and
data.  Sometimes wireless connectivity can
even include power, as is familiar to anyone
who has a wireless-handset charging station.

Fujitsu demonstrated a complete wireless
desktop at CeBIT 2011, which used UWB for
video and data.  The power was inductively
coupled into the monitor inductively using
SUPA™ technology, as shown in Fig. 1.

The solutions are not simple, however.  Part
of the problem is not that there are no wireless 
display connectivity solutions but that there are 
too many of them.  The four standards with the 

most industry support are two in the 5-GHz band: 
Wi-Fi, including Intel’s WiDi variation on it 
and WHDI; plus two more in the 60-GHz band, 
WirelessHD and WiGig.  These standards are
discussed briefly in the following sections. 

Wi-Fi
Wi-Fi is a trademark of the Wi-Fi Alliance
(http://wi-fi.org/) for products based on the

Display Interfaces Go Wireless

The question is not whether display interfaces will become wireless but how.  
The sheer number of standards makes that difficult to determine.
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Fig. 1:  Fujitsu demonstrated a complete wireless desktop, including monitor power, at CeBIT
2011 using UWB/Wireless USB for video and data.  Photo Credit: Robert Hollingsworth, SVP
of SMSC.



IEEE 802.11 standard that the Wi-Fi Alliance
has certified as interoperable, allowing equip-
ment from different suppliers to reliably talk
to each other.  Other products based on IEEE
802.11 may be interoperable with Wi-Fi
devices, but the Wi-Fi Alliance does not 
certify them or allow them to use the “Wi-Fi”
word or logo.  Wi-Fi operates in the 5-GHz
RF band and is nearly universal in mobile
computers.

Intel has developed a way to use Wi-Fi to
connect laptop and desktop computers to 
displays, calling its approach WiDi (Wireless-
Display).  This proprietary system uses the
normal Wi-Fi interface with video compres-
sion, employing Intel chips to fit the HD 
signal into the Wi-Fi bandwidth.

WHDI
Wireless Home Digital Interface (WHDI) is a
wireless protocol specifically designed to
stream uncompressed video, including HD
video.  It is championed by the WHDI Con-
sortium (http://www.whdi.org/WHDISIG/)
and has wide support among HDTV manu-
facturers, including Haier, Hitachi, LG, 
Mitsubishi, Samsung, Sharp, Sony, and
Toshiba.  It also has strong support among
component suppliers, including Amimon,
Maxim, Motorola, and, presumably, the chip-
making divisions of the standard’s HDTV
supporters.

WHDI technology is said to enable wireless
delivery of uncompressed HDTV throughout
the home with video rates of up to 3 Gbps,
sufficient for uncompressed 1080p, in the 
5-GHz unlicensed band, with the same quality
as a wired connection and no latency.  WHDI
is specifically designed to wirelessly connect
multiple devices throughout the home.
Because of the need to penetrate walls, ceil-
ings, etc., to meet this design goal, WHDI
works in the same 5-GHz frequency band as
Wi-Fi or WiDi.

Because WHDI and Wi-Fi use very similar
technology in the 5-GHz frequency range, it is
possible to build a single chip that integrates
both WHDI and Wi-Fi, although to my
knowledge, this has not been done yet.  The
WHDI consortium says that a combined
WHDI/Wi-Fi chip would not cost much more
than a Wi-Fi-only chip.  In addition, software
solutions are available that allow the WHDI
protocol to be used over ordinary Wi-Fi 
connections.

WHDI 2.0 is scheduled for release in 
Q4 ’11.  This upgrade is expected to have
three key improvements:

• Support for ultra-high-resolution video
(4K × 2K pixels).

• WHDI/Wi-Fi integration and same 
channel co-existence.

• Mobile device integration.

60 GHz 
60-GHz wireless technology has been adopted
by two different consortia interested in wire-
less video connections, the WirelessHD 
Consortium (www.wirelesshd.org) and the
Wireless Gigabit Alliance (WiGig)
(www.wirelessgigabitalliance.org).  Both con-
sortia’s technology is discussed further below.
60-GHz technology is in the early stages of
adoption and, when fully implemented, is
expected to be available worldwide.

The 60-GHz spectrum is unlicensed and is
used for other things besides wireless video
connectivity, just as the 5-GHz spectrum is
unlicensed and used for more than Wi-Fi.
Some of the applications that can benefit from
use of the 60-GHz spectrum include wireless
HDTV; wireless laptop docking stations;
extremely fast downloading of files via wire-
less gigabit Ethernet, wireless USB 2.0, 3.0,
or other non-video connectivity protocols;
wireless telecommunications backhauls; etc. 

Bandwidth in the 60-GHz spectrum in 
multiple countries/regions has been allocated

Information Display 4/11 33

Table 1: 60-GHz bandwidth allocations
for indoor use vary somewhat from

region to region.  All regions, at a mini-
mum, cover the 59–64-GHz range.

Allocated 
Country/Region Bandwidth (GHz)

North America 57–64 

South Korea 57–64 

Japan 59–66 

EU 57–66 

Australia 57–66 

New Zealand 59–64 

Brazil 57–64 

China 59–64 

South Africa 59–64 

Source: Insight Media

Blu-ray Player

Coordinator and Stations use Low-Rate PHY (LRP) signal to manage the WVAN.

Station #2

Coordinator

Coordinator and Stations use High-Rate PHY (HRP) signal to deliver lossless HD

video and audio from Station to Coordinator for display.

Station #1
DVR

Fig. 2:  This WirelessHD configuration is a Wireless Video Area Network (WVAN) that is using
the HDTV as the coordinating component.  Source: Wireless HD Consortium.



for use by mobile computing systems.  The
allocated bandwidths do not completely 
overlap, as shown in Table 1, although the
59–64-GHz band is common to all nations
and regions.  Note that these specifications are
for indoor use and some countries have a 
narrower spectrum allocated for outdoor use. 

60-GHz technology is fundamentally
shorter range than the 5-GHz technology used
by Wi-Fi and WHDI.  It also does not pene-
trate walls.  These two properties make 
60-GHz technology a suitable approach to
point-to-point connection; for example, the
connection of a video source such as a handset
to a local display such as a pico-projector or
micro-projector.

WirelessHD is a 60-GHz technology based
on the IEEE 802.15.3c specification.  Version
1.0 of the WirelessHD specification was
launched on January 3, 2008, and the compan-

ion WirelessHD Compliance Test Specifica-
tion version 1.0 was launched on January 7,
2009.  WirelessHD has a long list of sponsors,
supporters, and adopters, including Intel,
which also supports (and likely prefers) WiDi.
Multiple companies that support WirelessHD
also support WHDI.  These include LG, 
Samsung, Sharp, Sony, Toshiba, and others.
The specification includes provisions for 
universal remote control of all WirelessHD
compliant devices.  While the specification is
primarily for the transmission of video and
audio, including content protection, it can also
support data transfer.

An example of a WirelessHD network is
shown in Fig. 2.  Note that in any WirelessHD
network, there is one component, in this case
the HDTV that acts as coordinator for the 
network.  All members of the network have
low-bandwidth bidirectional contact with all

other members of the network.  Some mem-
bers of the network also have high-bandwidth
unidirectional links.  In this example, both the
DVR and the Blu-ray player can deliver high-
bandwidth content (i.e., HD video, audio, and
copy protection) to the HDTV display.  Cur-
rently, WirelessHD-equipped HDTV systems
are available from LG, Panasonic, and Sony.

WiGig is a different application of 60-GHz
technology that is based on the same IEEE
802.11 protocol as Wi-Fi.  Therefore, WiGig
can be thought of Wi-Fi with a higher band-
width in a different RF frequency band.  This
compatibility allowed the WiGig Alliance and
Wi-Fi Alliance to establish a cooperation
agreement in May 2010 to share technology
specifications for the development of the next-
generation Wi-Fi Alliance certification 
program.  This agreement further encourages
the development of products supporting 
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Fig. 3:  The WiGig Alliance has proposed usage models for wireless displays and other connectivity configurations.  Image courtesy WiGig
Alliance.
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Table 2:  The various wireless formats have their advantages and disadvantages.

Technology Advantages Disadvantages

Suited for Video Rate Applications

WHDI •  WHDI is the most common wireless video streaming •  Long range (hundreds of feet) may cause interference
format. problems in busy Wi-Fi areas such as trade shows.

•  Will stream HD video without compression or latency. •  Limited to 23 channels.
•  Low-power modes for mobile, battery-powered devices.
•  Includes HDCP support.

60GHz •  Limited range and line-of-sight appropriate for mobile •  Antennas are highly directional.
host/display connectivity.

•  Higher bandwidth than Wi-Fi and WHDI, which are •  At least two incompatible implementations, WirelessHD
based on 5-GHz RF. and WiGig.

•  Wider bandwidth will allow more end-users to share •  Slightly different regions of the 60-GHz RF spectrum are 
a channel. allocated in different countries 

Proprietary •  Simplifies product planning by removing uncertainties •  Company pursuing this path would need to have consid-
Standards on the format definition. erable market power.

•  Consumer would (probably) be limited to a single brand 
of handset.

•  Only Apple and Intel may have the marketing power to 
use a proprietary standard.

Possibly Suited for Video Rate Connections

Bluetooth 2.1+ •  Expected to be the default Bluetooth standard for future •  An emerging format and not yet universally adopted
EDR, handset products
Bluetooth 3.0 •  Not all 2.1 products include EDR

•  Potentially suited to connect portable sources such as 
handsets to portable displays such as pico projectors

Wi-Fi •  Used by most laptop and tablet computers and many •  Wi-Fi cannot accommodate HD video without compres-
smartphone handsets sion

•  Implemented as WiDi by Intel •  Relatively long range causes interference problems in
busy Wi-Fi areas such as trade shows

UWB/Wireless •  Compatible with USB 2.0 •  No major companies behind this technology and pushing it
USB •  May have interference between multiple UWB users

•  May cause interference with non-UWB equipment

Unsuited for Video Rate Connections

WiMAX •  TBD •  Effectively dead
•  Long-range communication protocol not suited for 

connecting nearby host and display.

Bluetooth 1.2 •  Near-universal use in smart phone handsets •  Insufficient bit rate for video
•  Designed for mobile environments

Bluetooth 2.0 •  Based on and backward-compatible with Bluetooth 1.2 •  While nearly 3x the data rate of Bluetooth 1.2, still
marginal for video

Near Field •  Short range and secure •  Low data rates do not allow current versions to be used
Communication with video.

ZigBee •  Low power •  Intended for control applications and has insufficient
bandwidth for video.

Source: Insight Media



60-GHz technology to expand existing Wi-Fi
capabilities (Fig. 3).

In addition to working with the Wi-Fi
alliance, WiGig is working with the Video
Electronics Standards Association (VESA).
In November 2010, VESA and WiGig
announced that “VESA and the WiGig
Alliance will share technology expertise and
specifications to develop multi-gigabit wire-
less DisplayPort capabilities.  A certification
program for wireless DisplayPort products
will be developed in parallel.”

WiGig is intended to cover all devices that
need a wireless link.  According to the WiGig
FAQ, “The WiGig specification was designed
from inception to address the rigorous require-
ments of various platforms, including low-
power handhelds and battery-operated CE
devices. To be more specific, the WiGig 
specification will include a high-efficiency
physical-layer mode for mobile devices, with
error-control schemes and MAC-layer 
features that are optimized for energy 
efficiency.”

Proprietary Interfaces
One possible scenario for mobile video con-
nectivity is for a company with a strong posi-
tion in the mobile handset market and a desire
to establish a foot-hold in the mobile projector
market to establish a proprietary wireless 
standard.  Apple did this in the wired video
market with the video output on the iPhone
and iPod.  This has been a profitable path for
Apple and there are many companies building
products with iPod docks and paying Apple a
royalty on each one.  Apple does not license
the connector for output: if you want to use
the iPod dock on your projector, external
speakers, or other system, you must own an
Apple iPod or other Apple product, not a 
similar device from an Apple competitor.
Another possible scenario is for a chip maker
to provide a complete range of support chips
for a proprietary interface.  Intel is trying to
do this with its WiDi system, as discussed.

The technology to pursue this proprietary
strategy exists.  Probably the strategy would
take the form of a minor variation on one of
the non-proprietary standards, just as the iPod
connector, from a video point of view, is a
minor variation on composite video. 

The proprietary strategy would overcome
the video-format compatibility issues inherent
in the use of a non-proprietary wireless data
transfer protocol.  If Apple or some other

company chose to pursue this strategy, there
likely would be no advance notice: Apple (at a
major media event) would simply announce
its products, which would include at least one
wireless-equipped iPhone or iPad and a com-
patible wireless equipped projector or other
external display system (iProjector?).  LG,
Samsung, and a (small) handful of major
handset manufacturers possibly could also
pursue this proprietary path.  LG and 
Samsung’s announced support of standard
protocols makes it unlikely they will introduce
proprietary systems, however.

Wireless Connectivity Summary
Table 2 shows a summary of the various wire-
less standards.  For completeness, this table
includes wireless standards that are clearly not
suited for video-rate connection between a
video source and a display.  In the future, it is
likely that mobile devices will have more than
one wireless protocol, intended for different
purposes.  For example, it is not difficult to
imagine a next-generation tablet computer
having Wi-Fi, 3G, or 4G connectivity for
Internet access; 60 GHz for display connectivity;
Bluetooth for headset, keyboard, or mouse
connectivity; and near-field communications 
(NFC) to make the handset a virtual debit card.

What can be concluded from all this?  First,
wireless connectivity between video sources
and video displays is coming.  In fact, it is not
only coming, but has already arrived in some
cases.  Second, there are at least four stan-
dards with major corporate support that allow
wireless video connectivity at HD data rates.
These include WiDi and WirelessHD in the 
5-GHz band and WHDI and WiGig in the 
60-GHz band.  WHDI and WiDi are both
longer range.  Unfortunately, they are in the
already crowded 5-GHz band with Wi-Fi.
WirelessHD and WiGig are both in the newer
60-GHz band and are intended for short-range
connections.

I suspect in the long run there will be one
60-GHz and one 5-GHz video communica-
tions protocol.  At this point, I refuse to guess
as to which of the two standards in each RF
band will be winners and which will be losers,
but it would behoove display makers to follow
the market carefully in order to ensure 
compatibility down the line.  ■

display marketplace
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New Reports!
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for Passive Polarized 3D in HDTVs

2011 PICO PROJECTOR

PHONE REPORT
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Get the Bigger Picture at
Display Week 2011
Parallel conferences provide overview of 
display industry finance, marketing, and 
business trends

The Technical Symposium is the heart of
Display Week.  The products and prototypes
on the exhibit floor are the excitement.  And
the parallel conferences help put it all into
context.  Display Week’s Market Focus 
Conferences, Business Conference, and
Investors Conference provide attendees with
unique opportunities to learn more about the
overall display landscape, including its mar-
keting and financial trends.  Each conference
is run by experts in the field – analysts and
investment specialists – who co-host their
respective events with the Society for Infor-
mation Display.  Although it can be hard to fit
in everything one wants to see and hear during
Display Week, attending a market, business,
or investors conference is essential in order to
emerge from Display Week with a competi-
tive edge.  This information simply is not
available anywhere else. 

Market Focus Conferences
The Market Focus Conferences successfully
debuted last year and will once again be held
in conjunction with Display Week and in 
collaboration with IMS Research.  The three
conferences will focus on critical market-
development issues in each of three technol-
ogy areas: touch, green displays, and e-Books/
tablets.

The “Innovations in the Touch” conference
provides an international forum for senior
executives, technical managers, and marketing
personnel from leading companies involved in
touch technology to meet with other industry
players and examine the market potential,
technical barriers, and new opportunities of
next-generation touch and interactivity.

With increasing legislation and environ-
mental awareness, the need for low-power
displays has become greater than ever.  The
“Green Displays” Conference will look at
issues such as green-display legislation and its
impact on display manufacturers, the transi-
tion to LED-backlit displays to reduce power
consumption, semiconductor initiatives that
reduce power consumption, innovations in
fully recyclable displays with non-toxic com-
ponents, and new technologies for reducing
power consumption.

The “eBook/Tablet Market Evolution” 
conference will address the ramifications of
the rapid growth of the Amazon Kindle and
the Apple iPad, which represent two of the
fastest growing markets in displays.  Will
these markets remain distinct or will they 
collide?  This conference will examine the
outlook for each of these markets and how
their displays are likely to evolve, in terms of
size, form factor, and much more.  For more
information, http://65.38.182.180/Programs/
MarketFocusConferences.aspx

Business Conference 
DisplaySearch will once again organize the
Business Conference to be held during 
Display Week.  This year’s conference will
feature presentations from top executives of
leading companies throughout the display
supply chain. The sessions will be anchored
by DisplaySearch analysts who will also pre-
sent in-depth market and technology analysis,
with their latest forecasts. 

Sessions include:
• Economic Issues and Consumer Trends:

What is the outlook for the global econ-
omy, and which are the fast- and slow-
growing regions?

• Equipment and Manufacturing: What is
the state of the art in flat-panel manufac-
turing equipment, materials, and manu-
facturing processes?

• Panel Production and Technology,
including Regional Trends: How rapidly
will panel production grow in China?
Which regions will lose market share as
China gains?

• Set-Making and Applications: How are
the value chains for TVs, monitors, and
notebook PCs, mobile devices, and other
display systems shifting?  How are
devices such as e-book readers and tablet
PCs changing demand?

• Emerging Technologies and Applications:
What are the most promising new display

NNEEWWSSSSoocciieettyy  ffoorr
IInnffoorrmmaattiioonn
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See Us at Display Week 2011, Booth 955



technologies?  How is TFT-LCD tech-
nology improving to meet the challenge
of other technologies such as OLED and
reflective technologies?

For further updates visit http://65.38.182.
180/Programs/BusinessConference.aspx

Investors Conference
The Investors Conference is co-sponsored by
Cowen & Co., LLC, a securities and invest-
ment banking firm.  The conference will 
feature company presentations from leading 
public and private display companies and is
intended to appeal primarily to securities 
analysts, portfolio managers, investors, M&A
specialists, and display company executives.
For further updates visit www.cowen.com

For information about fees and registration
for the conferences, and about the rest of Dis-
play Week 2011, visit www.sid2011.org.  ■
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There are many philosophical issues to 
contemplate here, but I will address the com-
mercial side; in particular, the business of 
displays.  Despite the severity of what has
taken place in Japan, it appears that the dis-
play industry may escape this one with only
minor economic impact.  Most of the major
LCD manufacturing facilities in the country
are located more to the south, and their facto-
ries were not apparently damaged, though we
do know that Sony as well as others have sus-
pended some production temporarily because
of component shortages.  There was some
touch-screen manufacturing in the area around
Fukushima that is likely shut down perma-
nently.  Other reports say that certain chemi-
cals used in coatings came from that area and
will be in limited supply indefinitely, and
there is some OLED-material production as
well that has been disrupted.  Fortunately,
there are other sources for these materials. 

In many cases, we will likely see short-
term disruptions due to infrastructure and
power outages rather than directly due to 
factory damage.  There has been some hoard-
ing, with shortages of LCD panels, in the U.S.
distribution channels that may or may not
have resulted from anything more than specu-
lation, but all in all I think the display industry
dodged the big bullet – this time.  That should
not, however, reduce our sense of urgency for
better disaster planning.  If this event had 
happened in a different region of Japan, or in
certain parts of other countries like Taiwan,
Korea, or China, the economic impact to 
displays might have been crippling.

Thinking about all this has helped me to
realize that our display industry worldwide is
very vulnerable to large-scale natural and
man-made events, and therefore so is the rest
of the electronics industry.  There are so many
consumer and industrial products today that
rely on displays that any disruption in the 
supply of display modules could have a very
large economic ripple effect.  Roughly half of
all large-area TFT-LCD panels are produced
on the Korean peninsula, with the other half
coming from Taiwan, China, Japan, and
neighboring countries.  The entire Pacific rim
is a region rich in plate tectonic activity and
volcanic instability that has earned the name
“Ring of Fire.”  Multiple sources confirm that
the majority of the world’s largest magnitude
earthquakes occur along this ring, which
forms a horseshoe extending roughly from
New Zealand up past Japan, across the 

Aleutian Islands in Alaska, down along the
U.S. west coast, and all the way to the bottom
tip of South America.  The world’s electronics,
and in particular displays, from raw materials
and chemicals up to finished monitors, TVs,
notebooks, handheld devices, and countless
other display-enabled products, are manufac-
tured in factories near this ring.  It seems self-
evident that any future large-scale natural
event along this line could have a dreadful
impact on the world’s electronics economy.  

This is why the industry must come
together to develop real long-term compre-
hensive disaster prevention plans.  Many com-
panies have internal disaster recovery plans,
but they generally do not address situations
where entire geographic regions or complete
supply chains are wiped out.  The display
industry needs a broad-based redundant
capacity recovery plan that spans multiple
continents and addresses recovery of the
entire supply chain.  It will not be easy
because some of the most obvious things such
as redundant manufacturing in multiple 
locations, and larger inventory reserves, are
very expensive to implement.  It would
require that normally highly competitive and
secretive companies must work together in
ways to which they are not accustomed.  
Government is not the answer this time
because no one country or even one political
system controls the industry.  Neither can
major consuming customers such as cell-
phone makers or notebook manufacturers
drive this on their own, though they can make
second sourcing and disaster planning a key
part of their supply-chain acquisition strategy.  

For this to really happen, it will require all
the major players (and you know who you
are) to take a very high-level view together of
the entire landscape and decide for yourselves
that you will never allow a large-scale natural
disaster to cripple the rest of the industry.  
An extraordinary number of people rely on
displays and electronics for their very 
economic survival.  I think we are obligated
as stewards of the display industry we have
built to heed the warnings delivered to us by
the Sendai earthquake, if not for ourselves, for
the generations to come after us.

Returning to the “issue” at hand, let me
welcome you to the 2011 SID Preview and
Honors & Awards issue of Information 
Display.  I have said this many times before,
but it bears repeating, that while the discover-
ies and achievements being recognized

through this years honorees may seem like
overnight successes, they are the culmination
of each person’s lifetime of hard work and
experience.  As managing editor Jenny
Donelan explains in her cover story, while
there may have been some serendipity
involved in their individual circumstances, it
was their skills, insight, and a lifetime of hard
work that closed the deal.  I hope you will join
us in celebrating this year’s SID Honors &
Awards recipients. 

This was a busy month for Jenny because
not only did she chronicle the Honors and
Awards, she also contributed this month’s
annual Symposium Preview of the key papers
to be presented at Display Week 2011 in Los
Angeles this May.  The annual Symposium is
the heart and soul of SID and the place where
the very latest cutting-edge developments get
revealed.  Reading the preview, I’m sure you
will see that the variety and depth of innova-
tion in all the different aspects of display 
technology is as strong as it has ever been.
For me this is one of the best leading indica-
tors of a healthy economic recovery!

Our Guest Editor for this month is Dr. Aldo
Badano from the Center for Devices and
Radiological Health, FDA, in Silver Spring,
Maryland.  Aldo not only took up the mantle
of updating us on the field of medical dis-
plays, he also co-authored two of the three
technology features we have this month, and
we are very grateful for his tireless efforts on
the behalf of ID.  In the first feature, authors
Aldo Badano and Wei-Chung Cheng discuss
several very interesting “Emerging Topics in
Medical Displays,” including the potential and
challenges of using mobile displays for some
types of diagnostics, and the growing interest
in 3-D displays and images to aid better
breast-cancer detection.  In the second feature,
the same authors provide us with an overview
of the challenges associated with pre-clinical,
regulatory assessment of display systems used
for viewing and interpreting medical images.
As you will read, it is no small feat to gain the
necessary data for eventual regulatory
approval of a new display system for medical
diagnostic use and the authors give us com-
prehensive insight into those issues.

Multiple-primary displays, those having
more than just the traditional red-green-blue
color components, have long been a topic of
discussion and in some cases have resulted in
innovative commercial offerings such as flat-
panel TVs and projection systems.  In this 
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feature, “Multiprimary-Color Displays and
Their Evaluation Methods,” author Professor
Masahiro Yamaguchi (Global Scientific 
Information and Computing Center at Tokyo
Institute of Technology), using an example
six-primary display, describes the complex
technology of multiprimary systems, their
advantages for medical applications, and the
methodology of evaluating their performance.  

Turning to the marketplace, we welcome
again author Matthew Brennesholtz, who 
incidentally published a two-part article in ID
in September and October of 2006 on the 
science of color gamuts.  These articles pro-
vide some good background understanding of
the color-space discussions in Professor 
Yamaguchi’s feature.  This month in his article 
titled “Display Interfaces Go Wireless,” 
Matt takes up the challenge of summarizing
the growing competitive space for wireless
display interface standards and how they com-
pare to each other in performance and future
potential.  This is a comprehensive survey that
contains a lot of valuable information.  I hope
you will be able to use it as a reference in the
next few years.  You may even be able to
make some smart feature or product platform
decisions based on this data.  I’m sure we’ll
be able to persuade Matt to keep us updated
from time to time, but don’t forget where you
save this article when you are done with it!
You’ll need it again for reference, no doubt.  

Remember, you can always find this issue
and every other recent past issue of ID online
at www.informationdisplay.org.  And with
that, I wish you well and look forward to 
seeing everyone in Los Angeles in May.  ■
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3D Without the Glasses!
3D viewing is the next big wave in electronic device technology, and 3M is leading the way with 
breakthrough innovations. Introducing 3D Optical Film from 3M—the fi rst true 3D experience for handhelds 
that doesn’t require glasses. Easily integrated into the backlight modules of LCDs, 3D Optical Film is going 
to revolutionize how consumers interact with mobile phones, games and other handheld devices. 
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© 3M 2010
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