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Abstract

The two latest 3DTV types were tested; active shutter eye-glass
type and passive eye-glass type with screen having film pattern
retarder. Differences in vertical resolution, crosstalk and
luminance were found. This difference in vertical resolution is
visible for some types of objects. How this affects the image
quality isunclear.

1. Introduction

Although it has still to find its way into peopldiging rooms,

3DTV'’s starts to become common as a product instheps.

They are mainly divided into two technical solusaio achieve
the 3D experience. The 3DTV’s are designed witivacthutter
eye-glasses or passive FPR (film pattern retardge}glasses
technology. Glasses free (auto stereoscopic) 3DTarss still

quite uncommon and to this day very expensive.

The development and improvements in 3D displays and

especially the 3DTVs are very fast at present aachiethods to
objectively characterize the visual performance aret
following in the same speed. In this study two 3BTdf the
latest models, one with active shutter eye-glassesone with
passive polarized eye-glasses were tested for sompertant
visual ergonomic parameters, such us cross-talkdmjinance,
contrast, flicker and some colour measurements. &laétional
goal is to find difficulties, the degree of robuste and short
comings of the test methods for 3D displays espgcfar
3DTVs. The method for visual ergonomics for 3D thyp are
far from the robustness of the methods for 2D inmggity and
are much more complicated to perform and the result much
more difficult to interpret. The active type shotlie 3D content
by displaying two slightly different images, one feach eye, at
a fast rate. The eye-glasses are synchronized thwithdisplay
and the left view is closed while the right viewolgen and vice
versa. The passive type presents the two imagegalifferent
polarization states for each second row. In thisdysttwo
3DTVs, one with active eye-glasses and one wittsipaseye-
glasses were tested for some important visual emgan
parameters, such as cross-talk, luminance, conftaster and
some colour measurements. No visual ergonomic reqpeints
for 3D displays have been presented. It could baeat that the
results are valid only for the tested 3DTV sampdesl the
settings used during the test. However, we stiliebe that the
results can give a general idea about the diffaghetween the
two common technical solutions on the market today.

2. Test samples, conditions and set-up

The two 3DTV's had similar specifications, they wihéoth 55”
with LED backlight, 240Hz update frequency and 198D
resolution. They were both tested on the HDMI péetding
imaging in side-by-side format using a PC, howevee
computer graphic card was not involved in the psecef 3D
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rendering, it was done by the TV internal 3D fuawcti Local
dimming was turned off for the passive eye-glass\8and
turned to medium for the active eye-glass 3DTV.

The tested TV was positioned in a specially desighelder,

which can be rotated and tilted to almost any angkre was
taken in the set-up so that the TVs were rotatedted around a
vertical or horizontal axis through the centre toé screen. The
cross-talk, luminance and colour measurements weaele

using a calibrated spectroradiometer from Photo eReh

(PR705) with a measuring angle of 1°. The measulistance

was 2 image heights (2h), all measurements wereenrathe

centre of the display and in a dark laboratatyl (lux). For the

contrast measurements and the resolution measutemene

done at short distance with a specially designetl aatibrated

CCD camera was used based on a temperature stdisunera
from Dalsa with a telephoto-macro lens and &)\M{ter.

3. Measurements and results

3.1.Cross-talk measur ement

The test pattern used for measuring crosstalk widsdreen of
homogenous either black or white for each viewoun notation
we will give the colour of the left view first arttie right view
second. The measured view combinations were bldutey
white/black and black/black. The crosstalk measergmwere
only done on the left view of active shutter/passpolarized
glasses. We surmise in this test that the crossfiict was
symmetric on both views of the eye glasses.

The Equation (1) was used for computing the crdssta
Cross talk(%) = 100 x ~2e=tbb 1)
Lwp=Lpp

Where

Ly is the luminance of the left view when the leféwiis black
and the right view is white,

L,y is the luminance of the left view when the legwiis white
and the right view is black,

Ly, is the luminance of the left view when the leféwiis black
and the right view is black.

The results are summarized in Figure 1 below. Tlossstalk
values for the horizontal direction are low for tbdypes. The
cross-talk for the vertical direction is also logr the active eye-
glass display at all angels and for the passivegéyss display at
angels below 10° to 15°. However, the vertical sragk starts
to increase rapidly for the passive eye-glass dyspkeyond tilt
angles of +15°. However, it can still be consideesteptable
(below 10%) at angels up to £15°. The perceivedstalk is
strongly dependent on the scene content [2][1].
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Cross-talk Active vs passive eye-glasses
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Figure 1: Cross-talk for an active and passive 3DTV vs vertical
tilt and horizontal turn angles.

3.2.Luminance measur ement

The calibrated luminance measurements were donie thi
same PR705 instrument as was used for the crdssatal
colour measurements.

Luminance of white view
Active vs passive eye-glasses
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Figure 2: Luminance fall-off vstilt and turn angle.

In the Figure 2 the luminance’s of the white viewe presented
as function of tilt- or turn angle for active andsgive eye-glass
3DTV types.

As shown the centre luminance of the passive type about
155 cd/nf in the white/white mode and for the active typeuth
55 cd/nf, which is just 35% of the luminance of the passive
For both 3DTV types the white luminance in the 2Ddma were
about 300 cd/f (passive type 290 cdfmand active type 306
cd/n?). This means that the transmittance was about f4%he
passive type and about 18% for the active type. [ihgnance
fall-off values were about 1.6:1 (centre luminaB®edegree
luminance) for turn angles up to +30 degrees amdiab.3:1 for
tilt angles up to +15 degrees for the passive tjfjese values
were within the TCO Certified Displays 5 requirertserfior
horizontal turn angles and the vertical tilt andt@s In the TCO

Certified testing the vertical tilt angles aboveddgrees are not
measured as it is considered unlikely that thelayspr TV are
viewed from a vertical angle larger than +15 degrdéne active
3DTV type had very good angular characteristicgnethough
there was a luminance fall-off for tilt angles abad5 degrees.

3.3. Pixel size measur ements, r esolution and

contrast modulation

With the Dalsa system (see section of Test samptagjitions
and set-up) it is also possible to get contrastutaimn values.
Three bar patterns were tested, 1-pixel, 2-pixdl 2upixel bars.
For both displays the contrast modulation valuesewery high,
about 90% or even higher (87% to 90% for the adyype and
92% to 97% for the passive type) for the 1 pixepixel and 3-
pixel test bars tested [3][4][5][6]-

n=nt+—2=m® e

Lwhite—Lblack (2
Cn(n+1)—Cp(n)

Lwhitet+Lblack
Resolution = Addressability/n

The Cm is contrast modulation,Cis threshold contrast
modulation which was set to 25% for these tests inde G,
was about 90%, ,rbecame 1 and the addressability was then
equal to the resolution. The TCO Certified critdida character
contrast is >70% which means that both of the TM&ild pass
this TCO criteria. Even though this method is intedh primarily

for CRT office displays it could be used for othgpes of
imaging devices.

The pixel size and contrast measurements were deimg a
Dalsa camera system, an image grabber and an ievageation
program The system has in the used set-up a resolution0&f 0
mm. The values measured correspond to the thealefibe
calculated pixel size for a 55" display in the 1&#fmat and HD
resolution 1920 x 1080 is 0.634 mm and for the 182840
1.268 mm. Note that the resolution measured here tha 2D
resolution measured through one eye-glass singeeaént there
are a lack of measurement method to characterige th
corresponding 3D "resolution”.

3.4.Colour measurements

For both 3DTV types the angular white colour cheeastics
expressed in CIE 1976 u’v'-values, were very gaodhawn in
Figure 3 and 4 with straight lines for both passarel active
3DTVs. The colour temperatures of white were ai®s0K to
8500K for the passive type in the 3D mode and abmaisame
in the 2D mode. The colour temperatures are ab6Q0I8 to
8500K for the active type in the 3D mode and alddiBO0K in
the 2D mode.

Passive 3DTV angular colour

0,5

04

0,3

0,2

0,1

0

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

—o—Verticalu” ——Verticalv’

Figure 3: Passive 3DTV angular colour characteristics for
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vertical tilt angles, but the horizontal were equally flat

Active 3DTV angular colour
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Figure 4: Active 3DTV angular colour characteristicsfor
vertical tilt angles, but the horizontal were equally flat

The difference in colour temperature could be esged in
MireK (MK-1 = 106/CCT, 16/CCT) and was about 15 for the
passive type and about 38 for the active type.eSihe viewer's
visual system will adapt to these lighting conditicas easily as
it does for the change of daylight and indoor light it will
likely be few problems. However, common movies a®
standard recorded with a colour temperature of B580d it is
desirable that the display will present the moviehat colour
temperature [7]. The 6500K has the chromaticity rdomtes
u'= 0.198 and v'= 0.468 and MK-1= 154, CCT = 75@8 la
MK-1= 133 and CCT= 8500 a MK-1= 118 giving a difface
of MK-1 21 and 36 MK-1. A MK-1 about 5.5 could be
detectable in a critical comparison [8]. In Fig&rethe colour

errors MK-1 andAu’v” are shown. The TCO Displays 5.0 has a
requirement ofAu’v” < 0.012. This corresponds to about MK-1

<25 as can be seen in Figure 5.

Measurements of red, green and blue were perfoonkdn the
2D mode. The results are shown in table 3 and@srgarison
the sRGB standard [9].

Table 1 Red, green and bluefor active and passive type and for

the SRGB
Activetype Red Green Blue
u 0,447 0,126 0,184
v 0,524 0,560 0,144
Passivetype Red Green Blue
u 0,453 0,126 0,177
v 0,526 0,565 0,167
sRGB Red Green Blue
u 0,451 0,125 0,175
v 0,523 0,563 0,158

Both types are close to the SRGB standard for neldgaeen and
AUV is about 0.009 for the passive type and abdt7 for the
active type compared to the sRGB. The ITU Rec 7[0] has
the same values as sRGB, but another gamma curve.

4. Discussion

The perceived cross-talk will be dependent on treptve state
of the visual system and of the type of test imaggd. In this
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Figure5: Colour error compared to the 6500K of the movie
industry.

case completely white or black images were usedédsting,
which are not very realistic for real world imagea

checkerboard with white and black checks in onevvamd a
white or black in the other view would have beessel to real
world images. More grey scales would also have hessful.
However, most of the few standards that exit for 3D
measurements use black and white images. The geftbihthe
display could also affect the cross-talk resultee Betting of
local or global dimming will likely affect the cregalk results.
However, each display model has its own interpi@iadf what

is meant by i.e. medium, high etc. setting and kki#illy not give

the same dimming as the same setting at anothadbFaom

the measurement point of view the dimming shoulduoe off.

However, this may not be the way the display is mamly

used. Since there are a lot of different settithgs are possible
to alter on modern TVs, it is most convenient te asdefault
factory setting if available for testing.

It could be argued that it is not meaningful to mwga vertical
angles larger than +15°. It is always recommendgaldce a TV
at the correct seated eye height of the viewahdfTV must be
placed higher or lower it should be tilted accogiyrin its stand
or wall mount. For a TV that is placed at the coirfieeight or
tited towards the viewer it is unlikely that théewing angle
will be larger than +£15° in the vertical directioA. conclusion
however, is that a tilting function and correct gdment are
more important for the passive eye-glass type 3DH&Ep this
in mind as some wall mounts may have limited wWtin
functionality.

Horizontal angles are more important as severakusay want
to view the TV together whilst placed at a distafrcen each
other. Both TV's performed very well for horizontahgels all
the way up to +30°.

When wearing the dark 3D eye-glasses the viewdrad#pt to
the average luminance perceived through the eyssega which
means that the big difference in luminance will betperceived
by the viewer in the same degree as the luminaatie of 2.81
indicates. One way to find out what the differenoald mean is
to calculate the retinal illuminance, that is, talctlate how
much light that really hits the retina. At 55 cd/ni& retinal
illuminance becomes about 492 Td (Trolands) artbatcd/m2
1167 Td. The pupil sizes were calculated to 4.9 amch 4.4 mm
and the retinal illuminance is based on the lumiesend an age
of 40 years according to Bartens model [11]. It nsethat the
retinal illuminance is 2.37 times brighter for thassive type
than for the active type. Higher luminance is cdesid
advantageous for the image quality, but other patars are
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also important, e.g. black level, resolution anasstalk, for the
experienced quality of the viewer. In a short digeside pre-

test with test subjects, the higher luminance efithage of the
passive display was considered the most importaagé quality
parameter. When wearing dark glasses it becomekehtr see
things around the TV, like for example the rematatml. This

is true for both types of glasses but the activesoare darker
than the passive ones.

The passive eye-glass 3DTV must sacrifice vertieablution in

order to show the images for each eye with differen

polarization. A passive eye-glass 3DTV with (1920080) will
thus only have a measured resolution in 3D-modéL®20 x
540) for each eyevhere an active eye-glass type 3DTV will
have (1920 x 1080) for each eye. However, the huwisunal
system will fuse the two images together in doing3@
representation in the brain. There cannot be anyv&ibn
without this fusion. The 540 resolution will be sgEone eye is
covered. However, for the active display the 10&8blution is
seen even if one eye is covered but the 3D visidindisappear.
The only way to side-step this fusion is to pregemt identical
images to the two eyes and get the lower 540 agntésolution,
but this is 2D not 3D vision. Therefore for 3D wsithe vertical
resolution is something between 540 and 1080 deéperuth i.e.
the image content. More research is needed to reraetly
determine the perceived resolution for this type pafssive
displays. For some type of pattern containing hamtrast
vertical bars it is possible to experience somé tesolution.
Studies [12] suggest that images with the samédutisio are
perceived in more detail in 3D than in 2D. This me#éhat the
perceived detail of watching both (passive 19204@)5and
(active 1920 x 1080) in 3D will be slightly highghan
watching of each eye (passive 1920 x 540) andv@db20 x
1080). There are at present no explanations feritturease in
perceived 3D resolution.

Most test subject in a pre-test experience thapéssive display
had a warmer colour temperatukéowever, the default colour
settings were used for testing in this study and jtossible that
another preset setting will perform closer to 6500K

5. Conclusions

From the cross-talk measurements it is clear thatpassive
type has higher cross-talk values for larger vignamgles than
10-12 degrees vertically than the active type inis th
investigation. The passive type has to be positiomeore
carefully to be at its best.

The vertical resolution for the passive type ofptiy is about
half of the full HD, e.g 540 for each eye, but grihe other eye
receives the same resolution but shifted one regvhtiman The
transmittance of the eye-glasses makes the actpe darker
than for the passive type. The human visual systéapts to the
lighting condition, but not to 100%. The differenie retinal

illuminance makes the passive display about 2r8@gibrighter.

The contrast measurements of 1-, 2- and 3- collonngws bar
pattern show that the contrast is very high fohhwassive and
active displays.

The measurements of colour parameters reveal gotmlrc
rendering for both display type. However, the aetilisplay has
a colour temperature in the tested mode that i eoltler than
for the passive display. The 6500K used by the mdustry is
a bit warmer than both the active and the passamay.
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