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Abstract jectors and lenticular screens. A number of manufacturers
(such as Philips, Sanyo, Sharp, Samsung, Stereographics,
) ) o . Zeiss) produce monitors based on variations of this tech-
Continuous automultiscopic displays represent a promis- nology. These displays typically use 8-10 images at the ex-
ing technology, able to drive users into really involving hense of resolution. A 3D stereo effect is obtained when left

and compelling experiences. In this paper, we report on anq right eyes see different but matching information. The
perceptual experiments carried out to evaluate the depth a1 number of views produce, however, cross-talks and

discrimination capabilities of this technology with respe  gigcontinuities upon viewer motion. Recently, continuous
to tWO-YIeW (Stereo) and discrete multl-ylew_deS|gnS. The multiview (Ilght eld) diSpIays have been demonstrat&ﬁi[
evaluation employed a large scale multi-projector 3D dis- 54 strive to present a virtually continuous image to multi-
play offering continuous horizontal _paralla>.< in a room size fp|e freely moving viewers in a large workspace. To achieve
workspace. Two tests were considered in the context Ofihis goal, they exploit a specially arranged array of projec
depth oblivious rendering technique: a layout discrimina- rq and a holographically recorded screen, which provides

tion task, and a path tracing task. Our results con rm that  .qmpined view selection and blending, leading to a homo-
continuous multiview technology is able to elicit depthue geneous light distribution and continuous 3D view with no

more ef ciently with respect to standard stereo systen pro isipje crosstalk within the eld of depth determined by the

viding clear advantages in typical analysis tasks like net- g 1ar resolution. These displays provide extremely com-
work structures understanding. Furthermore, our results pelling 3D images]. A large computational effort is, how-

indicate that depth perception capabilities are closely re ever, required to generate a large number of light beams of
lated to the number of views provided by multiview SyStemS'appropriate origin, direction, and colour.

The goal of this paper is to verify whether the greater com-
plexity of continuous multiview systems is worthwhile also
. from a perceptual point of view, when compared to stereo
1. Introduction or discrete multiview displays. We consider, in particular
situations that are common in a medical setting, which is
Automultiscopic displaysffer to multiple eye-naked view-  one of the most important application domains for this tech-
ers the possibility of viewing high-resolution stereoscop nology. Speci cally, clinicians are typically faced withe
images from different positions. These displays are com- need to interpret cluttered images generated by volumetric
posed of a set of view-dependent pixels which reveal dif- techniques. To this end, various order-independent tech-
ferent colours to the observer based on the viewing an-niques have been proposed to emphasise anatomical struc-
gle [18). Autostereoscopic displays are the simplest em- tures [], and it has already been shown that volumetric un-
bodiment of this technology, and have already reached thederstanding can be improved by presenting results on dis-
mass market. Since only two images are presented, no parplays eliciting more depth cues than conventional 2D mon-
allax effects are achieved during ego-motion. Discrete-mul itors [13, 4, 3].
tiview displays are an evolution of this technology, typi-
cally based on optical masks, lenticular lenses, or integra Instead in this paper, we report on preliminary results of a
lens sheets. A classic review of this subject can be foundseries of perceptual evaluation tests aimed to compare the
in [7]. A typical example is [7] large scale projection-  depth discrimination capabilities of discrete and cortum!
based 3D display prototype consisting of 16 1024x768 pro- multiview systems. A large scale multi-projector light cel



display offering continuous horizontal parallax in a room- standard stereo systems.
size workspace was employed and two tests were consid-

ered to simulate typical depth-oblivious rendering strate
gies: a layout discrimination test, and a path tracing test.
Our results indicate that continuous multiview technology o o )
is able to elicit depth cues more ef ciently with respect to The performance anpl characteristics of multiview display
standard stereo and discrete multiview systems, providingSyStéms vary upon different factors, such as the number of
clear advantages in typical analysis tasks like netwotlcstr ~ Images per frame, the technology employed for generating
tures understanding. The rest of the paper is organised ade light beams, its resolution in pixels, the geometry size
follows: section2 provides an overview of related work, &nd so on. In this context, since we are focused in studying
while sectior3 describes the multiview technology consid- depth discrimination capabilities, we classify the diéfer
ered and section the experimental setup employed during Multiview display systems with respect to the number of
the evaluation. Finally, sectiorisand6 contain results of ~ Views considered:

our perceptual evaluation, and sectibpoints out our con-
cluding remarks.

3. Multiview displays technology

Continuous multiview display systems: they are char-
acterised by the generation of a large number of views
which can be blended thanks to the use of a specially
recorded screen surface. In this way they provide
a smooth and continuous transition between different
views.

2. Related work

Our work share some common points with other groups
who worked on the perceptual evaluation of autostereo-
scopic display systems, depth oblivious volume rendering
techniques or in the context of network structures interpre
tation. Speci cally, Kersten and otherd 1] focused on

Discrete multiview display systems: they provide a

small number of separate views, typically because the
screen surface can cause a light loss, visible barriers,
and dark zones between the different viewing slots,

the effects of stereopsis and simulated aerial perspective
on depth perception in translucent volumes. Boucheny and

generating banding artifacts and discontinuities upon
the viewer motion.

others [l] considered a perceptive evaluation of volume ren-
dering techniques, demonstrating that static images are co
fusing, while dynamic cues, such as motion parallax, pro-
vide relevant information to disambiguate depth perceptio

3.1. High-res continuous multiview technology

L : L The continuous multiview display system considered in this
Similarly to them, we considered a depth oblivious volume : oo .
¥vork is based on projection technology and uses a specially

rendering technique, but our target was to demonstrate tha .
continuous parallax light eld technology provides natura arranged projector array controlled by a PC cluster and a
holographic screen. It is based on patents held by Holo-

cues that enable users to easily perceive depths and layouts )

. . : o gra ka (www.holografika.com ), who has developed
more ef ciently with respect to discrete multiview systems the display hardware
In particular, we intend to elucidate which is the effect of '
the number of views on the depth perception, similarly to The projectors are densely arranged at a xed constant dis-
what was proposed by Dodgsof.[ In that work, Dodg- tance from a curved (cylindrical section) screen. The pro-
son analysed the capabilities of different autosteredscop jectors are used to generate an array of pixels of controlled
displays in relation to the viewing zone, considering it as intensity and colour onto the holographic screen. Eachtpoin
the window of the viewing space where only a single view of the holographic screen then transmits different coldure
is visible at a time. Grossman and Balakrishnghdd- light beams in different directions in front of the screeed(s
dressed the problem of evaluating the depth perception inFig. 1). Mirrors positioned at the side of the display re ect
the particular case of volumetric displays. The methodol- back onto the screen the light beams that would otherwise
ogy they employed is similar to ours, but, due to hardware be lost, thus creating virtual projectors that increaselthe
limitations of their display system, specially those refyar play eld of view. The screen is the key element in this
ing the size and resolution of produced images, users aralesign, as it is the optical element enabling selectiveceire
not able to understand complex scenes. Finally, we carriedtional transmission of light beams. It is a holographically
out some performance tests related to the interpretation ofrecorded, randomised surface relief structure that esable
network structures, similar to those performed by Ware and high transmission ef ciency and controlled angular distri
others [L5] to demonstrate that high resolution stereo dis- bution pro le. The horizontal light diffusion charactetirs
plays improve graph comprehension. In our case, the em-of the screen is the critical parameter in uencing the an-
ployed tests were to prove that continuous parallax pravide gular resolution of the system, which is very precisely set
by light eld technology gives advantages with respect to in accordance with the system geometry. The angular light



distribution pro le introduced by the screen, with a wide
plateau and steep Gaussian slopes precisely overlapped in a
narrow region, results in a highly selective, low scatter ha
shaped diffuse characteristic. The result is a homogeneous
light distribution and continuous 3D view with no visible
crosstalk within the eld of depth determined by the angu-
lar resolution (see gurel). The screen acts as a special
asymmetrical diffuser and with proper software contrag, th
light beams leaving the various pixels can be made to prop-
agate in speci ¢ directions, as if they were emitted from
physical objects at xed spatial locations.

Viewing
distance ]

Front-end Virtual

S e [P . .

l I Figure 2: Discrete multiview schemethe general discrete mul-
B \ ] tiview with parameters related to equatidn each zone is repre-
' sented by a different colour, inner zones are shared among differ-
ent projectors f].

Projectors

Rendering
Cluster

Figure 1: Display concept. Left: the display is driven by a

rendering cluster controlling a projector array. Each projector . .

emits light beams toward a subset of the points of the holographic 3-3- Display con gurations

screen. Side mirrors increase the available light beams count. A

large number of light beams can create a spatial point. Right: The target of this evaluation work is to compare continu-

the screen introduces a light distribution pro le characterised by ous and discrete multiview display technologies with refer

a wide plateau and steep Gaussian slopes precisely overlapped inence to depth discrimination cues involved by display ge-

a narrow region, resulting in a continuous 3D view. ometry differences. To simulate discrete designs it is pos-
sible to conceptually divide the user viewing space into a
nite number of windows, called viewing zones, in each of

o ) ] which only a single image is visible, while still retaining
3.2. Projecting geometry with horizontal parallax both stereo and movement parallax cues. To this end, the

multiple-center-of-projection equation can be simpli bd
The image generation methods for continuous light eld reducing the number of views provided. Referring to equa-
displays must take into account the display charactesistic 10N (1), the ray origin can be corrected according to the ge-
in terms of both geometry and resolution of the repro- OMetry d.eS|gn of the display to b_e simulated. For.example,
duced light elds. Following [0, 3], a multiple-center-of- considering a standard stereo d!splay, on_Iy two views have
projection technique is employed for providing images with 1© P& generated and the ray origin abscissa of equation
good stereo and continuous horizontal parallax cues. Inn€€ds to be corrected in the following way:
order to derive geometry transformation needed to project ( if O, <0
points to the screen, physical properties of the screen are O = . 0. >0 2)
considered. We assume that the screen is centred at the ori- X
gin with they axis in the vertical direction, theaxis point-  where is the average half interpupillar distance (about
ing to the right, and the axis pointing out of the screen. 35 mm). In the same way, by adequate quantisation of
Given a virtual observer &, the ray origin for a given  the observer space, the correction can be applied to simu-

screen poinQ is then determined by late generic discrete multiview designs. Considefihgot
overlapping viewing zones having centgrand width ;,
0=(Qx Ex;V:Vy) (1) the correction gquation is the following:
2 0 ifOx < o+ o
whereE, is the horizontal position of the currently consid- Oc= _ . if jOx i< i ©)
ered projector. The solution is exact for all viewers at the >

. . . i >
same height and distance from the screen as the virtual ob- N1 PO N N

server and proves in practise to be a good approximation forAs indicated by Dodgsonf] the viewing zone widths
all other viewing positions in the display workspace. at the viewing distance should be less than the interpupilla



distance so that in each position the two eyes can per- occlusion cues. Such techniques are frequently found in
ceive two different images, thus producing the stereoscopi medicine, Maximum Intensity Projection (MIP) being the
effect (see gure?). If we haveN views which subtend an  most common one. It is a simple variant of direct volume
extensionw, the previous relation can be expressed as rendering, where, instead of composing optical properties
the maximum value encountered along a ray is used to de-
Wo <N (4) termine the colour of the corresponding pixelfl. MIP is

. . ) . considered very useful for displaying structures that have
If inequality is not satis ed there will be some zones where auenation higher than those in the neighbourhood, such as
users lose depth perception, because both eyes are hit by the,yrast enhanced vessels and ureters, and it is thus the op-

same image. Thus, in a normal usage of multiview System, i, of choice for CT angiography and CT urography. How-
users sta_\y at xed positions |_nstea_1d of epr0|_t|ng paralbigx ever, it does not provide depth information, and, thus, in
ego-motion, and tend to avoid to interfere with zones where o 41 o displays users cannot reliably detect the 3D rela-
the stereoscopic effect is unstable, thus producing angoyi i5ships of depicted structures. As a matter of example, we
artifacts. As we can see in gurg, each projector splits .5, consider the analysis of a rotational angiography stan o
its image in a certain number of viewing zones, highlighted , haad with aneurysm (Fig). In a 2D view, the positions
here with different colpurs. In areas where dilfferent CaOU  and the crossings of vascular structures can be wrongly in-
interfere, users perceive awrong image, while at the correc o preted. For instance, in gur@we can see two crossing
viewing distance, images match correctly withoutintroduc |4 yessels, with the one at the front having an intensity

ing any unwanted interference. less than the one at the back. From this point of view, the
back one is visible at the intersection and hides the front
4. Experimental setup vessel because of its higher intensity, providing a wrong im
pression. It has already been shown that understanding can
be improved by presenting results on displays elicitingenor
depth cues than conventional 2D monitois;,[4, 2]. In-
stead, in this paper, the questions we are considerindsare:
continuous multiview technology able to provide depth cues

The display provides continuous horizontal parallax withi needed for layout discrimination in the context of order in-
an approximately50 horizontal eld-of-view, with 0:8 dependent rendering? What are, if any, the differences with

angular accuracy. The pixel size on the screen surface jgespect to standard disparity-based stereo systems? Is the
1:5mm. The same continuous multiview system is cus- viewing space discretization a critical factor for deptfsdi
tomised to simulate discrete systems by employing the ob_criminqtion? qus continuous. parallax provide advantages
server space discretization described in sec#ionn this for typical spatial understanding taskso answer these

work, we evaluated various discrete multiview con gura- que;tions, we carried out a serie_s of evalqation tests em-
tions obtained by increasing the view width between adja- ploying order-independent rendering: a typical layout dis

cent views, in order to verify whether this factor in uences Ccfimination perceptual test, with stimuli containing vars
depth perception capabilities confusing perceptual hints, and a path tracing performance

test, to measure how much horizontal parallax provided by
continuous multiview displays helps in the context of the
interpretation of tree structures.

Hardware setup The large scale continuous multiview
display employed for tests can visualBsMPixels by com-
posing images generated by 72 SVGA LED commodity
projectors illuminating @60 90cm holographic screen.

5. Depth discrimination evaluation

5.1. Stereo vs Horizontal parallax

Figure 3: Depth oblivious MIP angiography rendering.MIP . .
volume rendering of a rotational angiography scan of a head with We rst evaluated the motion parallax effect provided by

aneurysm. The positions and the crossings of vascular structuresCOntinuous multiview technology with respect to depth dis-
are not detectable, or wrongly interpreted. crimination. We proved that this technology is more ef-

fective in eliciting depth cues than stereoscopic displays

especially in conjunction with depth-oblivious technigue

such as maximum intensity accumulation. We veri ed this
Rendering techniques With respect to the image gener- assertion by carrying out a series of psycho-physical .tests
ation, we focused on a order-independent rendering con-We used a typical 2 forced-choice (2FC) psycho-physical
text, i.e., on depth-oblivious techniques that do not pitevi  discrimination task, where 10 pre-screened subjects were



gether with standard errors scored by the 10 subjects over
10 trials with disparity based stereo (S) and continuous mul
tiview horizontal parallax (C). Last column instead congai
results of analysis of variance with reference to the vigwin
condition. ANOVA clearly shows that there is no signi cant
effect of viewing condition for depth differences 5mm and
100mm ¢ > 0:1), while a main effect is experienced for
depth differences 10mm, 20mm and 50npr<( 0:1). This

fact, together with the mean hit rates values, suggestsus th
main depth ranges for discrimination: above 50 mm stimuli
Figure 4: Disks discrimination test.Subjects were asked to dis- are almost perfectly recognisable for each viewing condi-
criminate in depth between two disks, red and blue, partially over- tion, under 10 mm stimuli cannot be recognised for each
lapping and symmetrically displaced with respect to the screen. viewing condition. In the range between 10 mm and 50
Maximum intensity is employed to provide confusing false occlu- mm, there is difference between disparity based stereo and
sion. continuous parallax, suggesting that with continuouslpara
lax the JND ( just noticeable difference) is smaller.

asked to indicate the closest one between two partially-over Depth discrimination hit rate
lapping disks, rendered in red and blue (H}. Viewers 1

were located afl20cm from the screen. For a given trial, /
the two disks were assigned a depth dD with respect 0.75 T

P
to the screen plane and placed amid other disks at varying -
depths. The entire scene was rendered using maximum in- ____,_/
tensity projection, with intensity unknown to the viewers. 05
Other confusing hints were added in order to eliminate po-

tential biases coming from other cues: relative sizesefals 0.25 B Stereo
occlusions and colours. We rst performed the tests us- Full Parall
ing two different display con gurations: a two-view stereo 0 B Ful Parallax
scopic setting and a full continuous horizontal parallax se > 1° 20 0w

ting. All the display con gurations were obtained with the Depih differsnce(mm)

large scale display by suitably constraining the virtual ob  rigyre 5: Stereo vs Parallax Disks discrimination resultsHit
server position (see Subséc?). rates (standard error bars and psychometric t) obtained with
stereo and full parallax display con guration.

Rgsults We rePO” on statistical 'analysis of hit, rates ob- Fig. 5 shows mean hit rates and standard error bars on a log-
tained by 10 subjects for the considered depth distances an%rithmic scale, together with the psychometric functios t

viewing conditions. Tablé contains numerical results for oo o by employing the psignit packagéd, 17]. The
psychometric function ts were obtained by considering the

D(mm) Hit Rate(S) Hit Rate(C) p : .
5 053 0.03| 059 003 0.17|  rollowing function:
10 055 0:03| 071 0:02| < 0:001 (x;;:;; )= +( JFOG S ) (9)
20 0:67 0:04 0:79 0:.02 0.02
50 0:81 003 0:91 0:02 0.09 where gives the lower bound of , and can be interpreted
100 0:95 0:02 0:96 0:02 0.55 as the base rate of performance in the absence of a sig-

nal, while is the upper bound of the psychometric func-
Table 1: Statistical results for disk depth discrimination testhe tion representing a re ection of the rate at which observers
rst column contains the depth differences considered, while the lapse, responding incorrectly regardless of stimulusninte
second and third contain mean hit rates scored by 10 subjectssity. In the case of depth discrimination tasks, the Weibull
over 10 trials with disparity based stereo (S) and continuous mul- djistribution was employed:

tiview horizontal parallax (C). Last column contains the results of

ANOVA with respect to the viewing condition. F(x;; )= exp( (i) ): (6)

ve depth differences and two viewing conditions. Specif- The psychometric functions represented in géneere ob-
ically, rst column contains the depth differences consid- tained by considering as stimulus valie= In(D). Con-
ered, while the second and third contain mean hit rates to-sidering statistical results and psychometric functioa t



obtained with the disk discrimination test, it appears evi- ber of views degrades also the depth discrimination perfor-
dent that continuous multiview provide a better discrimi- mance, or whether horizontal parallax cue is correctly pro-
nation with respect to binocular stereo viewing. Threshold vided even with a reduced number of views. To this end,

levels are signi cantly different (. 1(0:75) = 14mm < we considered the same disk discrimination test employed
5 1(0:75) = 32mm), clearly showing a sensible percep- in subsectiorb.1. The same 10 subjects were asked to dis-
tive improvement for continuous multiview. criminate the depth of the two coloured disks for the three
view width con gurations ( = 60mm, = 30mm, and
=10mm)

5.2. Evaluating discrete multiview designs

After showing that continuous parallax is a decisive factor

for depth discrimination, we focused on the analysis of dis- | (MM) D(mm) Hit Rate SE
crete multiview designs. These can be obtained by reducing 100 0:93 0:03
the number of views in two ways: rst, by reducing the | go 50 0:76  0:05
working zone widthw, (see equatiord)), resulting in a re- 20 071 0:04
duction of the eld of view. In this case, image quality is 10 0:54 0:04
preserved and depth cues are maintained with the cost of a 100 0:93 0:02
limited working zone. However, in this way the potential | 3q 50 0:88 0:04
of multiview technology is reduced, since the display can 20 0:72 0:05
be used by a limited number of users. The other method 10 0:57 0:08
for reducing the number of views consists instead of main- 100 0:93 004
taining the full eld of view and increasing the distance 10 50 0:9 004
between adjacent views (see equati8)).( We evaluated 20 0:81 0:06
the depth discrimination capabilities of the multiviewhec 10 07 0:05

nology with respect to this factor, by considering a typi-
cal scenario of a user positioned at distadice 1200mm
and observing a scene centeredat 100mm from the

Table 2: Statistical results for disk depth discrimination test:
comparison of three different multiview con gurationsThe rst

screen. Three different viewina widths were considered: column contains the multiview con gurations considered, while
’ 9 " the second column contains the depth differences employed and

= 60mm corresponding to 12 views, = 30mm cor- the third column contains the mean hit rates scored by 10 subjects
responding to 24 views and = 10mm corresponding to  gyer 10 trials together with standard errors.

72 views, the last one being equal to the maximum angular

resolution obtainable with the light eld display considet  pogts Table2 summarises numerical results of hit rates

obtained by the subjects for four different depth differenc
and the three different viewing conditions:= 60mm,

= 30mm, and = 10mm. As expected, results ob-
tained for = 10mm are very similar of those obtained
during rst perceptual test in the case of full horizontatpa
allax (see tablel). Furthermore, it appears evident that
starting from disk depth differences below 50 mm, error
rates for = 60mm are considerably higher with respect to

Qualitative evaluation We rst carried out a qualitative
evaluation in order to prove that a limited number of views
degrades the image quality thus resulting in annoying ar-
tifacts. In a preliminary analysis of a scene with a depth
complexity ofD = 100mm (we employed the same scene
employed for depth discrimination task with an offset of D
a]qng z d.|rect|on), 10 SUbJe.CtS were asked .to indicaterttra the other viewing conditions, while from depth differences
sition artifacts were perceived during motion, for the re below 20 mm, error rates for = 30mm are considerably
view widths considered. All subjects experienced annoy- higher with re’spect to those obtained witk 10mm . This

'ng art|fact§ for = 60mm, the same artifacts dramati- clearly shows that the number of views effects the depth
cally reducing when = :’?Omm. This fact suggests thqt discrimination capabilities of the system. An ANOVA with

- ISOmm, .corres.pon(.jmgl tq about half the interpupil- respect to the viewing condition was also performed and
lar distance, is the inferior limit for a discrete systemttha indicated that there is a main effect for depth differences
is supposed to provide a co_mpelling_SD experience, and 3under 50 mm. In order to highlight whether hit rates ob-
smaath transition hetween views during motion. tained with the different view conditions are statistigalif-
ferent, a Tukey post-hoc test was also performed, revealing
a signi cant difference between view width= 30mm and

Perceptual evaluation Once assumed that image quality — _ 10mm for depth differences below 20 mm & 0:01)

depends on the number of views employed, we carried out
a perceptual analysis to evaluate whether a limited num-Finally, gure 6 represents the hit rates with error bars on a



spheres (see guré). The paths were rendered employing
maximum intensity projection, with random intensity val-
ues. A 2FC design was considered, where subjects were
requested to nd the only polyline having red dots at their
ends, and to count how many segments it contained (two
or three). The following conditions were considered: four
scene complexities ranging from 100 to 1000 nodes, and
two display settings (continuous multiview, and disparity
based stereo). Graphs were generated without layout op-
timisation, with consequent dif culties for interpretaii.
Only geometric constraints were considered as to force seg-
ments lengths inside the ranf{{£05; 0:5]%, whered is the
scene bounding box diagonal, ah@ the number of seg-

Figure 6: Discrete multiview depth discrimination resultsHit ments for a given path.
rates (standard error bars and psychometric t) obtained with dif-
ferent discrete multiview con gurations: = 60mm, =30mm
and =10mm. _ _
N Hit Rate (S) Hit Rate (C) p
100 0:94 0:03 0:96 0:02 0.79
logarithmic scale, together with the psychometric functio | 300 0:88 0:04 0:95 0:02 0.30
ts obtained by employing the psignit package §, 17]. 500 0:66 0:05 0:89 0:02 <103
Fits were obtained considering a Weibull distribution,fwit {1000 0:55 0:04 0:78 0:04 <103
x = In(D). Threshold levels are signi cantly differ-
ent( 1(0:75) = 13:4mm for = 10mm, 1(0:75) = Table 3: Statistical results for network interpretation perfor-

24:2mm for = 30mm, and  1(0:75) = 35:4mm for mance test.The rst column contains the number of nodes in the
graphs, while the second and third ones contain mean hit rates
scored by 15 subjects over 10 trials with disparity based stereo (S),
and continuous multiview horizontal parallax (C). Last column
contains results of analysis of variance with respect to the view-

6. Performance evaluation ing condition.

= 60mm), clearly indicating that the number of views
dramatically effects depth discrimination capabilities.

Results Table3 summarises numerical results of hit rates
obtained by subjects for different graph sizes (in terms
of number of nodes) and different viewing conditions:
stereo(S), and continuous multiview(C). Even in results
of this speci c test it appears evident that continuous (C)
multiview provides performance improvements in terms of
mean hit rates with respect to binocular stereo (S). The
ANOVA on viewing condition also highlights that hit rates
are statistically different for graph sizes starting fro805

Figure 7: Path tracing test. Subjects were asked to nd paths Nodes, indicating that for graphs under 300 nodes inter-
marked by red ends and to indicate whether they are composed byPretation is considered easy independently from viewing
two or three segments. Maximum intensity is employed to providecondition, while the effect of multiview is perceived for
confusing false occlusion. graphs having bigger size. It is interesting to note that
with multiview technology, subjects are able to discrinbéa

Another way to quantify the performance of multiview tech- 9raphs with a number of nodes similar to those reported by
nologies consists of investigating whether it improves the Ware and othersif], even if our scenes were generated

understanding of network structures. without considering any optimisation layout techniquds [
Figure8 plots hit rates together with error bars and psycho-

metric function ts obtained with psigni t package.p, 17].
Description To this end, we considered a perceptual test Even in this case, the stimulus value is the graph size ex-
where users were asked to trace complex paths. Speci -pressed on a logarithmic scate= 10g(Nmax ) 10g(N)
cally, 10 subjects observed a scene composed by a numbewhereN,,x = 10000, and the psychometric function is
of white polylines paths randomly placed, each one con- assumed to follow the Weibull distribution. Graphs clearly
taining a number of segments connected by green colourhighlight how horizontal parallax cues provided by multi-



Figure 8: Graph understanding resultsHit rates (standard error
bars and psychometric t) obtained with different display con gu-
rations: stereo and continuous multiview.

view systems greatly help in graph understanding tasks.

7. Conclusions

Continuous multiview technology provides stereo and mo-
tion parallax cues in a way that supports natural 3D vision

(3]

(4]

(5]

(6]

(7]
(8]

9]

[10]

and easy collaboration between users. In this paper we re-

ported on preliminary results of a series of evaluatiorstest
aimed to compare the depth discrimination capabilities of
discrete and continuous multiview systems. Depth diserimi
nation tests indicate that parallax provides more depthk,cue
thus leading to a smaller just noticeable difference (JND)
with respect to binocular stereo. However, further investi
gation is needed to nd the precise JND, that we suspect
to be related to the display characteristics (resolutioth an
calibration), and to the observer distance. Furthermoee, w
compared performances for various discrete multiview de-
signs. Our results indicate that the number of views effect
the quality of experience as well as depth discrimination

[11]

[12]

[13]

[14]

performances. As a conclusion, it seems that extremely ego-

motion is particularly helpful in path tracing tasks, anditth
this cue is delivered effectively by a continuous multiview
design. As future work, we plan to perform an evaluation
of the multiview technology in speci ¢ application context
such as diagnostic tasks or surgery planning in medicine.
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