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ABSTRACT
We propose simple method to construct face display without the |

Mona Lisa gaze effect. The display can convey appropriate gaze

direction in accordance with viewer’s position, and also high reso- = 09
lution and affordable cost. %

Proposed display consists of 2 layer LCD, surface layer shows
pupil and back layer shows face without pupil. Relative position Baselayer  Surface Layer
of pupil and white of the eye appears to change in accordance with ‘
viewer’s position, thus the display convey different gaze image for ‘(%/

each person. |

The method intended to be applied on digital signage with inter- | |
active character. Viewer dependent eye contact will attract people I \‘
and increase social presence of the character. We exhibit technical | ‘

demonstration, and also interactive character digital signage with || L :
proposed method, which can respond by eye contact for attendee’s ] 2 iR S el I
action. il L N A ‘ Nl
. . ‘ | g I '—/1:2 “, ~
Index Terms: Human-centered computing—Interaction \) L - U:: =
devices—Displays and imagers; Computing methodologies— = RN gMe J \ Looking 8"

Computer graphics—Rendering

Figure 1: Principle
1 INTRODUCTION

Interactive characters as digital sighages are expected to be virtual

receptionists, salespersons, advertisements or even a new entertain- .

ment media in daily life. In addition to use appearance of popular SUCh gaze behaviour of the character looks unreasonable and may
characters, human-like interactions are keys of familiality and to cause distrust sociality of the character. This will disrupt social
provide enjoyable experience. Furthermore, image quality and af- presence of the character and also decrease power of eye contact to
fordable cost are both important factors as for digital signages.  attract people. . .

Eye contact is one of the basics of human communication. Im- D'.Spl"."y W'thO.Ut Mona Lisa effect are developed in past telecom-
plementing eye contact function in interactive characters may be hmunlcatlon fofr ﬁlsp_lay resg?rchgsH_Hr?wevter, tho”se methoc_is atl_least
effective to realize human-like interactions. Eye contact from the . ave oné of following problems. nigh cost, small screéen size, im-
character in appropriate situation and timing may cause sense of'ted Image quality, I|m_|ted view angle or limitation of face position
awareness from the character, and attract people attention. (S?e tshgctlomfor detail). imole but Al method ¢

Showing the character eye gaze to bystanders or passserby is alsgy. o e Dol i e oression of correct eye gaze direction
informative to attract and involve people into the interactive session dependent onpegch observerPs osition without I\)I/on% Lisa effect
naturally. They will understand content of ongoing interaction from Thz display has wide view an Iepwithout collanse imaae. and hi h
social behaviours including eye contact, and will perhaps be inter- >play vang ot lap g¢, g
ested in the intaraction. Those expressions of eye gaze are impor-.resomtlon large screen display for digital signage can be achieved
tant to gain social presence of the interactive character. in affordable cost.

Unfc_)rtun_ately, plan_ar display has a great limitation to convey 5 proposaL
gaze direction, which is known as the Mona Lisa effect: frontal face _. L . .
image shown in planar display cause eye contact feeling to everyonefid- 1 shows principle of the proposed method. Using 2 layered dis-
regardless of viewing position, and nobody feel eye contact by non- P12y, back layer shows face image without pupil and surface layer
frontal face image. shows pupil image. In accordance with viewer’'s position, pupil

As for interactive characters, even in the situation that the char- |n;|]age apple_ars to lchange_lts posmorf\ rkv]elatlve to lw?lte of the elye.
acter should stare at only one person, every other persons also feel "US: Pupil image locates in center of the eye only from particular
eye contact by the Mona Lisa effect unintentionally. As for them, Viewing direction, and only the viewer at this direction can feel eye

contact from the displayed face. Eye contact direction can be arbi-

*e-mail: mitake@haselab.net trarily set by changing relative image position between white of the
Te-mail: ichitaro@haselab.net eye and the pupil.

*e-mail: tateishi.k@haselab.net Due to overwrapping pupil image on white of the eye image, sur-
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trast, any type of display can be used for back layer: LCD, OLED,
projection screen, etc.

Distance of each displays affects shift amount of pupil in accor-
dance with viewer’s position change. Too much distance will cause



Therefore it has an ability to convey correct eye direction in accor-
dance with viewing angle. Light field display with lens arr&y [

or parallax barrier]] are becoming popular due to recent develop-
ment of high resolution display like 8K LCD. Because it requires
several times more dence panel than result resolution, image is still
coarse at this moment. Moreover, rendering computation cost of
many view at once is high. We hope this will be affordable solution
after a decade.

Projector array §] is also used to construct light field display.
Image resolution is kept fine as each projector is, but cost of multi-
ple projectors are very high, and take large space for projection.

Mechanically rotating scree] or light-source 10] based light
field displays have 360field of view and suitable to display hu-
man head rather than planar panel or screen. However, in addition
to cost, mechanical hardware tends to inferior in refresh rate and
durability than electronic display.

Projection on face shaped displag] [s also known to be a so-
ion to eliminate Mona Lisa effect, but it requires robotic mecha-
nism to move or even rotate face. Without it, face image position is

Figure 2: Time Division Display

excessive eye movement, and the eye direction which is perceptedIut
by the viewer will overshoot intended gaze target person. Optimal
display distance for maximum gaze direction accuracy may depend _ ~ limited
on scale of the face image, pupil distance of image and perhapsqu:;ecgltt;s.t with most of prior researches, our proposed method is
fshape of lt(he eyes. Psychological experiment to achieve them is 8hot intended to be a 3D display: i.e. it will ﬁot show face in profile
uture task. N

With straightforward use of layered display, the pupil image ma even from oblique view, b_ut only_eyes shift. Itis a limitation of our
protrudes fr?)m the eye area w)iqen the Sisglay isp szen ingobliql)je method, bu_t atthe same_tlme, this 1S also the reason \.Nhy our display
view. Time-division display is effective to avoid this. Figshows  can show fine and consistent face image for larger view angle.
the principle. While surface layer showing pupil image, face area pcnowLEDGMENTS
around the eye is darkened. Thus, pupil image out of eye area be-_ .
comes invisible. Face area around the eye is displayed in following 11iS work was supported in part by a grant from JSPS KAKENH|
frame instead. Using high refresh-rate display120Hz) is nec- 17K17713.
rescS:r:{I;o avoid flickering, which is affordable as gaming monitors REFERENCES
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We demonstrate interactive character digital signage with proposed
display. When a person approaches, the character notice and re-

spond with eye contact. When the person wave hand, the character
also wave hand with looking at the person who waved hand.

We also provide demo of the display itself. Attendees can arbi-
trarily set eye and head direction. The display has 2 face images for
comparison, one with using proposed technique and another with-
out using it.

4 RELATED WORKS

Depth Fused Display(DFDY] is a 2 layered depth image display
utilizes the effect that the difference of image brightness between
surface and back layer creates depth sensation. DFD-based face
display overwraps face only image on head without face image,
and also have an ability to transfer accurate gaze direction without
Mona Lisa effect. However, from oblique viewpoint, boundary of
face and head image appears not correctly connected, and finally
face image protrudes from head image area. Therefore, field of
view with consistent head and face image is narrow.

Mitsumetronics 9] [ 3] is a Japanese toy with paper printed char-

acter face. It also uses face layer and eye layer. Face layer has ey§10]

shaped hole and eye layer is in behind it, so it is different from our
method in layer order. The eyes in Mitsumetronics also appears to
move in accordance with viewer’s position. In that respect, Mit-
sumetronics can show fine planar face without Mona Lisa effect.
However, eye movement direction is opposite because eye layer is
in behind, and it creates inconsistent eye direction sensation be-
tween viewing positions.

Multi view display [8] including light field display can show dif-
ferentimage for each person in different view angle simultaneously.
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