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Laboratory Study:Resolution
Differences in 3D Systems for Private
Use
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practice, TMransmissions using the Sitdg-Side or To@mnd-Bottom processes, as well as i

displays with passive 3D technology, suffer from significant limitations, which can reduce the effective

resolutiort to a level that lies belowventhat of SDTV (<25% tbfe pixels of HDTV).

Foreword

Following the initial hype surrounding 3D, the independent test laboratory AVtop believes that the
time has come to take a more critical look at the technology available. In many respects, 3D falls
short of the level that seems technically feasible. This study deals with the aspect of image resolution
in 3D signals, which has been made less clear by the introduction of certifications such as ¢Full HD in
3D Mode¢ and the distribution of press releases on the quality of 3D devices. Here too, there appears
to be a tendency toward exaggeration and embellishment, as is often found in the consumer-
electronics industry (e.g., power outputs of amplifiers and maximum contrast values for TVs). This
study will identify the conditions under which a 3D picture with complete high-definition content can
be conveyed to the eyes of the viewer, and which factors limit the resolution. This study reflects the
current state of knowledge and the opinions of the independent test laboratory AVtop. Feedback to
this study is welcome; the relevant contact details can be found at the end of the document.

By Florian Friedrich, AV T.O.P. Messtechnik GmbH (hereifsittsy
Updated:October 72011

! In this context, the effective resolution can be taken to mean the native resolution required to achieve a
comparable level of image detail on the screen.
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Introduction of a quality certificate

To better inform end users, AVtop is introducing a quality certificate that will be awarded to TVs,
monitors, and projectors whose 3D modes actually deliver Full HD resolution for both 3D channels.
Manufacturers can use the certificate for free on certified devices. It is necessary for AVtop to test
each model, since all current 3D technologies can theoretically suffer from resolution losses. The
OFdzaSa F2NJ G6KSasS t2aasSa NB dzadza tfte NBfI
drive technology.
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used to retrieve further details about the testing.

Full HD and 3D Full HD

It is now sufficiently well-known that Full HD corresponds to a resolution of 1,920 x 1,080 pixels.
Further details can be found at, for example, the following address:
http://en.wikipedia.org/wiki/1080p.

The requirement of a completely high-definition 3D system can therefore only be to reproduce the
same resolution in stereoscopic form; in other words, from two perspectives. Maintaining all FULL-
HD image details within both 3D channels is therefore indispensable.
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Limiting Factors of 3D Image Resolution

1. The recording technology
In practice, beam splitters in the light path, as well as differences in focus, illumination,
colors, and camera orientation, quickly cause the picture quality of 3D recordings to fall
below that of 2D. Failure to set and monitor all recording parameters perfectly allows errors
to creep in which limit, among other things, the image resolution. Furthermore, errors in the
recording are occasionally corrected in postproduction; in the case of alignment corrections,
for example, this entails further loss of detail.

2. The transmission format or encoding
The 3D-transmission formats currently used in TV are designed to be compatible with
conventional transmission methods and technologies. Within a Full HD video stream,
therefore, the so-called Side-by-Side process (there is also the alternative Top-and-Bottom
process) transmits two 3D channels. These two 3D channels each offer slightly less than half
of the image resolution in comparison to 2D transmissions, since a central 45-pixel dividing
line is added to improve identification of the 3D channels. The display device (e.g., TV or
projector) then scales the image in the source signal to display two (largely) undistorted 3D
channels.

The Multiview Video Codec (MVC) was developed specially for highest 3D-quality and is
particularly well-suited to storing and transmitting two complete high-definition camera
perspectives that each contain 1,920 x 1,080 pixels. This codec is used mainly for 3D movies
on Blu-ray.

In some 3D computer games, or for displaying 3D photos with suitable computer systems,
the encoding step is eliminated, as the source data is output in the Frame Packing format
(two 3D camera perspectives stacked together as a megaframe). The quality attainable here
again exceeds that of MVC encoding.

3. The video processing
As is the case with two-dimensional images, the only way to avoid losing resolution is to
ensure that all the image processes involved are set as neutrally as possible T from
postproduction to the playback device (e.g., Blu-ray player or set-top box) and right up to the
video processors in the TV or projector T and that even the finest image details are
transmitted without significant attenuation. Typical picture settings that often lead to a loss
of resolution when set wrongly are:

- overscan

- picture format (aspect ratio)

- sharpness and enhancement technologies

- noisereduction filters

- 2U0KSN) SHYKOY@SHE Syl GSOKy2f23ASat

It must be noted here that 3D-compatible devices often have their own on-screen menu
(OSD) for picture settings in 3D mode. In order to identify and use neutral picture settings, it
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is often necessary to use a special test-pattern generator for 3D (e.g., the AVFoundry
VideoForge).

4. The display technology
Currently, these are the main approaches to displaying 3D signals with Full HD display
devices:

- Active 3D (withno loss of resolutionif technicallyexhausted: Displayed using fast-
switching liquid-crystal displays (LCDs), plasma technology, or projection and active
shutteri SOKy 2t 238 Ay (GKS @GASGgSNEQ It aasSao

- Passive 3D (with loss of resolutior)isplayed with liquid-crystal displays (LCDs), fitted
with a line-by-line polarizing filter (Frame Patterned Retarder), and passive polarizing
glasses.

- Autostereoscopic passive 3D ftiv loss of resolution)Displayed with various display
technologies (mostly LCD or OLED) and micro-lens technology. Here, the resolution is
reduced further for each additional perspective. Glasses are not, however, necessary.

In addition, the displaytechy 2 f 2 38 Q&4 3ISYSNI f AYIF3IAy3I LISNF2NXYI-
amount of detail that can be depicted. With projectors, for example, a wrongly adjusted
focus can also cause a loss of resolution.

5. The glasses
Of course, the optical quality of the glasses also has an effect (albeit a lesser one). The fewer
optical elements in the imageQ path, the higher the maximum attainable resolution. A simple
analogy here is a dirty pane of glass: The more dirt on the glass, the less the viewer can see
through it.

6. The viewi ng distance
The viewerQdistance from the image determines how much detail the naked eye can see
within the image. If the viewer moves far away from the screen, losses of resolution are no
longer perceptible. The ideal viewing distance in relation to the resolution is highly individual
and corresponds to a factor of between 1.5x and 3x the screen diagonal.

7. The eyes
It would be false to assume that both of the viewerQ eyes work equally well T even though
this is of course the ideal situation. It is not unusual for visual performance to vary
significantly from eye to eye. When viewing a 2D picture, the two eyes complement one
another well, since (apart from the slightly different perspectives in relation to the screen)
they both receive the same image. With 3D and with the differing resolving power of the
GASHESNRAa SeSasx GKS FdzZf AYIF3IS NBazfdziazy A& s
overlaps with no offset.
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Qualitative Ranking of 3D Sources for Private Use

Many sources of 3D in HDTV have now reached the consumer market, but their quality differs. The
following list compares the quality of different 3D sources (for each, it is assumed that the input
material is of the maximum possible quality).

Outstanding quality:

9 Testsignals from 3D test-pattern generators (e.g., AVFoundry VideoForge or Rohde &
Schwarz DVSG)

1 Computer games (since these are not encoded and produce separate channels for each eye
in up to Full HD resolution)

9 Professional 3D photos in full resolution (e.g., JPS or MPO files)

Excellent quality:

9 Blu-ray with MVC streams (two largely independent data streams without resolution
limitations relative to Full HD)

9 Recordings from 3D camcorders with two separate lenses and recording chips (independent
data streams for each perspective)

Good quality:

9 TV broadcasts in the Side-by-Side or Top-and-Bottom format
9 Recordings from cameras intended for the consumer-market

Case Study Resolution of Two Televisions in Comparison
In order to validate this study@Q findings, two TVs with different 3D technology were compared
directly.

The main goal of the test was to identify differences in resolution in comparison to complete high-

definition 2D video signals and to document other abnormalities in relation to image resolution. The

0S40 RSOAOSaQ aSdtdiAy3aa FyR I 0FaA0 RSAONARLIIAZ2Y 2
G¢eSad {Sddzx o

Test Devices
Samsung UE46D7090

TechnologyLCD television with Edge-LED backlighting, Samsung 800 Hz-technology and
active 3D shutter glasses

Market price @s ofSeptember2011): around 1550 euros
LG 47LW5703D

TechnologyiCD television with passive 3D polarizing glasses and passive 3D separation

(frame patterned retarder) The device received i KS OSNIAFTAOF GA2Yy acCdz £ |
was therefore communicated as a particularly high-resolution representative in relation to

passive glasses technology.
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Market price @s of SeptembeR011): around 1000 euros

Objective Evaluation
Objective evaluation was carried out using test patterns and measurement devices. In each case, the
glasses were included as part of the system.

When viewed at 100% zoom factor, Figure 1 shows that, on the left, fine structures were still defined,
while, on the right, they disappear. The measurements represented in Figure 2 confirm this
observation. Both left channels of the waveform monitor represent the definition of vertical details
with half of the maximum frequency, while the two right channels of the waveform monitor
represent the details with full vertical resolution. The attenuation on the LG TV is >6dB, whereby the
frequency maximum is clearly exceeded. At the highest frequency, a structure is only present in the
picture at all because, with the dframed patterned retarderé¢ technology, every second line appears
black even on a grey background. In order to avoid this effect, the viewer must view the image at a
greater distance than for active 3D.

Vertical 3D-resolution through active and passive glasses

Samsung UE46D7090 (active 3D) LG 47LW570S-ZD (passive 3D)

I+
QX

Figuel= ASgAy3a GKS KAIKSad @S NIdsgcttife glasbePRilirezivar@tgkenusingRAMA K ( KS ¢
photography for software analysisA full resolution file of this figure is available upon request.
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Figure 2:Evaluation of the half and full vertical resolution by waveform monitor (similar to an osstiope for digital
image data) A full resolution file of this figure is available upon request.

Subjective Evaluation

In the direct visual comparison of the two devices, both exhibited advantages and disadvantages in
terms of ergonomics and overall visual effect. With respect to image resolution, however, the result
was clear in all tested movie scenes and test sequences: The Samsung TV with active glasses
technology showed significantly more vertical details than the LG TV with passive technology.
Furthermore, on the LG TV significant losses of resolution became visible even within 3D content
without depth information (see Figure 3); the current technology seems therefore not to exhaust the
theoretical possibilities.
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Samsung UE46D7090 (active 3D) LG 47LW570S-ZD (passive 3D)

Figure 3Direct viewing of a 3picture without depth information. Vertical details become coarse; this suggests that a
vertical filter is active within the signabrocessing in 3D modéA full resolution file of this figure is available upon
request.
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Conclusion

If the aim is to achige the maximum image resolution for 3D signals in the consumer seatuat to
produce a 3D viewing experience that is not inferior to Full HD, the best choice is active glasses
technology in combination with higkguality source signals such as MVC videosBiunray.
Transmission technologies for 3D television such as fig&ide or Topand-Bottom lead to a loss

of resolution of 50% or moreThe same applies to passive display technology (Frame Patterned
Retarder or autostereoscopiclnlessthe screers usedoffer significantly more than the usual Full
HD resolution.Currentadvertisingclaimsand certificationswith respectto passive 3D systems
providing full HDTV resolutiorare therefore, inAVtopQ a 2 |t bé regagfedas misleadingin

the worst-casescenariq the resolution lost by using passive technology and that lost in TV
transmission can add ugn this case, each 3D channel will appear with less than 25% of the Full HD
resolution; this corresponds to the level of SDTV.

This study did notfor the time being, consider aspects such as ergonomics and color fidelity.
However, hese factorsare also of great importance in evaluating the overall quality of a 3D
playback chain.
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Appendix: Test Setup

A dark environment is crucial when testing televisionsVtop has therefore set up a TV testing room.
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Video generator

AVFoundry VideoForge with additional test patterns from Joe Kane and various in-house test
patterns, including the universal test pattern generated by AVtop for the magazine audiovision. This
test pattern is free for use by private persons and can be downloaded from www.testbilder.de. For a
price of around 2,500 euros, this generator allows the user to output any desired test pattern with
various resolutions, frame rates, and color-encoding systems and as either a 2D or 3D signal. Both
tK S ISy SNI G 2 blkest pgtterns\Are aSailalld frdrs tie AVtop webshop at www.AVtop.eu.

Figure 4The VideoForge Generator from AVFoundmhis generator also outputs 3D test patterns.

This setup can, of course, also be reproduced using other generators, such as the Rohde & Schwarz
DVSG, which is also suitable for 3D signals and can, in addition, play back test sequences. The version
of this high-precision generator that AVtop uses, however, offers extensive adjustment options and
costs around 30,000 euros.

Still cameras

For objective determination of resolution, it is necessary to take photographs through the glasses.
These photos must be taken using good lenses, in RAW format, and without subsequent sharpening.
AVtop uses the digital cameras Canon EOS 5D and EOS 5D MKkIl with various lenses from Canon@L
series; these lenses are characterized by particularly high image sharpness and low chromatic
aberrations. For photographing, the glasses are mounted on a purpose-built stand.

Displays

For our tests, we chose current LCD TV models for active and passive glasses technology. In specific,
these models were: SamsundJE46D709@nd LG47LW570<D In total, AVtop tests around 500
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devices a year, among them many 3D TVs. The results are consistent with our previous impressions

with other devices, such as 3D TVs from Panasonic, Sony, Toshiba, and Philips. Before the tests were

OF NNASR 2dziz ¢S RSUSNXVYAYSR (KS RB8@asdnied Q 2 LJI A Ydzy
particularly at setting basic parameters such as picture sharpness, overscan, brightness, and contrast.

The VideoForge Generator was very helpful for this process, especially since on both devices the

picture parameters set in 2D operation were no longer correct for 3D signals; in fact, a completely

different on-screen menu appeared in 3D mode for adjusting picture parameters.

Below you will find some of the screenshots for adjusting the TVs. As you can see, we turned off all
opicture-enhancement technologiesg, as well as making other adjustments, in order to achieve

neutral picture reproduction.2 § | GG SYLII SR FANIKSNI 2LIGAYAT FGA2y ¥F2
were in no case able to improve the results significantly.

Picture settings a the Samsung UE46D7090

Picture

U —

Movie
(—’ - Backlight e

- Contrast

- Brightness

Select a picture mode that
R A best suits your viewing
- Sharpness environment.

- Colour

- Tint (G/R)
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Screen Adjustment

- Position
- 4:3 Screen Size

PC Screen Adjustment . .
Select the size and aspect ratio

of the picture displayed
on-screen.

1920 X 1080
MPTE 14 e

Advanced Settings | —
Black Tone

Dynamic Contrast

Shadow Detail

Gamma .
Adjust black colour depth to

enhance picture perspective.

Expert Pattern

RGB Only Mode

Colour Space

19201080
SMPTE 14st pattern
RP-13) copbight 1983
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B S

White Balance |

10p White Balance 4 ‘m:&
Flesh Tone LED
Motion Plus

Edge Enhancement oy )
Optimise screen settings to

display fast action scenes.

Motion Lighting
xvYCC Off

LED Motion Plus off

19201080

Picture Options
Colour Tone
Digital Noise Filter

MPEG Noise Filter

HDMI Black Level

Select a colour tone that best

; suits your viewing needs.
Film Mode

Motion Plus

1920 X 1080
SMPTE taat pattern
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Picture settings on the LG 47LW5728

*Backlight 62— =

eAdvanced Control

122 |




T

| Clear White

Skin Colour
| Noise Reduction
Super Resolution

| MPEG Noise Reduction

Picture Mode n Expert1 n
* Backlight 100 « i —

* Contrast 80 o — P
* Brightness 50 «{ i —— )
* H Sharpness 50 { ——— )
«V Sharpness 48 { Eammm—— )
* Colour 50 f — P
« Tint 0 < IR p

v

Previous J{

 Close
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Picture Mode n Expert1 n
- Backhght 100 ‘_

* Contrast 80 { — P

* Brightness 50 « —1— )
* H Sharpness 50 { ——)
«\/ Sharpness 48 { mm——— )
* Colour 50 o — P
* Tint 0 i p

Previous

Analysis

Analysis was carried out on a PC using the AVtop waveform monitor; we developed this software in-
house for measuring level curves in digital image data. The software works similarly to an
oscilloscope and allows precise analysis of digital picture material from cameras or HDMI video.

(&l
AWGP
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Appendix: Frequently Asked Questions
In this section you will find supplementary questions often asked by our clients (publishers, discount
stores, industry) or by readers of our test reports in magazines and online portals.

Question:Does active technology (shutter glasses) offer more resolution than passive 3D
technology?

Answer:Currently, yes. In passive 3D technology, a polarizing filter (a Film-type patterned retarder)
in the display causes it to emit light using the interlaced technique (one field for the left eye and one
for the right). The polarized glasses designed for this technology allow each eye to see only the
correct half of the lines, whereby at typical viewing distances the image can appear to contain
regularly spaced horizontal gaps, reminiscent of an old tube TV.

Q:Why do two fields in passive 3D technology not combine to give a frame with full HD resolution?

A: Picture errors become visible in each eye as a result of the black stripes mentioned above (the
lines intended for the other eye), which correspond to the highest vertical resolution. In addition, the
viewer is not able to overlay these finely structured images so that they complement one another.
This structure only disappears when the viewer moves far enough away from the picture. At the
necessary distance, however, the viewer is not able to perceive the highest-resolution picture details.

Q: Do two 3D channels add up to give an image with higher resolution?

A:No. In practice, even under ideal conditions, the opposite is usually the case. 3D technology is
significantly more susceptible to loss of resolution, as a result of its complexity and the additional
elements involved in recording (e.g., beam splitters) and playback (glasses and filters in the display).

On top of this, there is the problem of the image being darker; with all currently available
technologies, more than 50% of the brightness is lost in comparison to 2D. This causes a further
NERdzOGAZ2Y Ay GKS AYF3ASQa &dzo2SOGAQGSte& LISNODSADSR

Therefore, although current playback technology necessarily means some detail is lost, one might
argue that the second perspective in the image introduces new picture information (albeit to a lesser
extent). In strict terms, however, this has nothing to do with image resolution.

Q: Do theobserved weaknesses in 3D operation also lead to poorer picture quality in 2D?

A: According to our tests, this is only the case with passive glasses technology. With some TVs with
passive 3D technology, we identified the following disadvantages in comparison to normal TVs:

- Limited viewing angle: Microlenses or frame patterned retarder layers limit the viewing
angle.
- Detail reproduction: To reduce crosstalk, fine details are often filtered out of the image.

However, one major advantage of 3D TVs should not go unmentioned: Since the technical demands
for good 3D are far more challenging than for good 2D, 3D TVs are frequently also more powerful in
2D operation T and, especially in terms of motion sharpness, are often better than devices that deal
solely with 2D.
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Q:What are 3D displays with 4K resolution needed for?

A: Currently, these are used primarily to combat the reduced resolution of passive systems
(polarization or autostereoscopic). If you the number of lines doubles, you can halve them without
fearing a loss of resolution in the picture. 3D sources in 4K resolution are therefore not necessary,
following the introduction of 4K displays T formats such as Blu-ray with MVC (that is, with two
complete high-definition 3D channels) deliver excellent results with displays of this kind.

Appendix: Opinion on counter -statements
Numerous statements online and in the media claim that passive 3D technology offers full HDTV
resolution. Here we offer some general advice on interpreting such information.

Studies with end users

People who have not been trained to differentiate between resolution and image sharpness are not

able to make reliable statements on image resolution. The correct viewing distance T not too far

away from the display device Tt also plays an important role, since the viewer is not able to

RSGSN¥YAYS GKS NBazfdzZiAzy AT (GKS SesSQa NBazfdziAzy
interlaced scanning were noted to offer an impression of greater sharpness, since the black lines in

the picture introduce very fine structures to the image.

lllustration: effect of interlaced structures and reduced brightness

full resolution, full brighness full resolution, reduced brightness full resolution, reduced brightness
(2D) (3D with shutterglasses) (3D with passive glasses)
o AV chinik GmbH (WWW.avtop.com)

This picture shows the problem: Although some information, and therefore also resolution, is missing in the right side of
the image, the picture looks sharper because of the intermediate black lines. Howehe picture quality and resolution
are better in the left image.
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Resolution tests with text in movie scenes

Carrying out resolution tests with small text in randomly chosen movie scenes is a questionable

approach. No recognized standard for determining resolution relies on this method. Furthermore,

one must bear in mind that the legibility of text cannot be used as a measurement criterion, since it

Ad NBfFGSR G2 (GKS OASHSNDaA AYRADARAZ f OAa&dz f

CONTROLLED WORK AREA

AL TS AT M UMD WD COMTMOA LD AN A

Full resolution small font Half resolution small font

Even at half resolution (right), the texsistill legible, even though it is not as clean. Resolution is very hard to quantify in
this way.
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Appendix: About AV T.0.P. Messtechnik GmbH

Founded in 1999, AV T.0.P. Messtechnik GmbH is an independent 1ISO 9001:2008-certified test

laboratory for consumer electronics. Its services include training in the field of audio and video

technology and on obtaining internationally recognized certificates from isf (Imaging Science

Foundation) or JKP (Joe Kane Productions). ¢ KS f I 6 2 N} 62 NE Qa aASNDAiDSaA L2 NI
contributions for magazines to technical evaluations, quality certifications and usability tests, from

on-site guidance during development to remission analyses, and from testing of manufacturing

variance to carrying out studies in the consumer-electronics sector. Furthermore, AVtop offers

innovate products for measurements and optimization in the audio and video sector. AVtop is a

member of the Blu-ray Group Deutschland http://www.bluraydisc.de/blu-ray-group.

3D Training Course

AVtopisplanningaone-dayi N} AyAy 3 O2dzNBES 2§ @GTI ADdNS! ovtdBd A G &
laboratories in early November 2011. All participants receive a certificate on completion of the

course. The coursS Q@entents are as follows:

- Basics: Production and transmission processes for 3D

- 3D test patterns in practice

- Sensitization for qualitative aspects in the field of 3D

- Use of the VideoForge 3D test-pattern generator from AVFoundry

- Recognizable differences between active and passive glasses technology
- Ideal settings and calibration of 3D playback chains in the home theater

The scheduled date is November 3-4, 2011; interested parties shall directly contact us (see below).

Copyright

Subject to the right of revocation, this study or any part of it may be reprinted and duplicated free of
charge on the condition that the source is cited (www.AVtop.com, AV T.0.P. Messtechnik GmbH,
Florian Friedrich). We kindly request notification in case of publication.

Contact

AV T.0.P. Messtechnik GmbH
Florian Friedrich
Max-Planck-Str. 7

85716 UnterschleiBheim

Tel.: 089-3706441-0
email: f.friedrich@AVtop.de

Homepage of AV T.0.P. Messtechnik GmbH www.AVtop.de
Place of business:  Unterschleil3heim bei Minchen

Registration office:  Minchen HRB 128438

Value Added Tax Identification Number: DE204774644

CEO: Florian Friedrich
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