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KauecTBO KOMIIBIOTEPHO-CHHTE3WPOBAHHBIX N300PKEHUI HEMTPEPHIBHO YIIYUIIAETCSI, YTO MPUBOJANUT K YBEIHMUCHHUIO
oObpeMa (paiiiioB, coepyKanIix dTH U300paxeHns. OTHAKO BOCIPHUATHE N300paKEHNH YEITOBEKOM ITPOXOJUT HECKOIBKO
sTanoB. Eciu nepBOHAYaIbHO YCIOXKHEHHE M300paXeH!UsI U MPUONMKEHNE €r0 K pealbHOMY OOJIMKY 4YesloBeKa MPOU3-
BOMAT ONaronpusaTHOE BIeYaTIeHHE, TO TOTOM HACTYyMaeT MOMEHT UCIyra U OTTOpKeHHs. Macaxupo Mopu Ha3Basl 3TO
addexrom «3noBenierd goarHb». C 1enblo n30exars 3Toro 3h¢Gexra Bce HOBbIE TEXHOIOTHH MPE/ICTABICHUS BHEIIHETO
BHJIa YEJOBEKa MOABEPraloTCs TeCTHpOoBaHuio. ClienyeT yaeasTh 0co00e BHUMaHHE d(PQEKTY «3II0BEIICH TOTUHBD) MTPH
C)KaTHHU U TIOCJIETYOIIEM BOCCTAHOBIICHUH CIIOXKHBIX M300pakeHui. B HacTosmieit paboTe mokazaHo MOIOXKEHUE OTHO-
CHUTENFHO «3JIOBEIIel MOMUHEBD 3D-m300pakeHN, BOCCTAHOBICHHBIX TOJMIOTPaMMON, CHHTE3UPOBAHHON M TIepeTaHHON
€O CKAaTHEM IO paguoKaHaIy B COOTBeTCTBUH ¢ mareHToM RU2707582C1.

Knroueswvie cnosa: ronorpadus; romorpadpuueckas uHpopmaius; 3D-00beKT; IPPEKT «3IOBCIICH TOTUHBIY; Tepe-
nava uHpopMarmu; 3D nonoiHeHHas peatbHOCTh; KauecTBO 3D-1300pakeHui.
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The quality of computer-synthesised images is continuously improving, increasing in the volume of files representing
them. It is noticed that passing from simple schematic images to increasingly complex ones, their perception goes through
different stages. If initially the complication of the image and its approximation to the real image of a person makes a favou-
rable impression, then there comes a moment of fright and rejection. Masahiro Mori called it the «uncanny valley» effect.
Since then, all new technologies for presenting human images have been tested in order to avoid this effect. This effect should
be treated especially carefully when compressing and then restoring complex images. This paper shows the position re-
lative to the «uncanny valley» of the reconstructed 3D images, reconstructed by a hologram synthesised and transmitted
with compression over the communication channel in accordance with patent RU2707582C1.

Keywords: holography; holographic information; 3D object; «uncanny valley» effect; information transfer; 3D aug-
mented reality; 3D image quality.

As it was shown in [1—4], in order to transmit 3D holographic video content via conventional communica-
tion channels, it is necessary to organise a significant compression of holographic information. However, as it
was shown in [5], based on the analysis of the current state of work, traditional methods of entropy coding
today are far from being able to implement the 106 times compression of holographic information required for
such transmission. Therefore, a method was proposed for transmitting 3D holographic information in the form
of two main 3D image modalities — 2D texture of the surface of the holographic object and its 2D topographic
depth map [6], which allow transmitting 3D holographic information with significant compression, similar to
the transmission of a radio signal by SSB method.

In [5-8], the results of the synthesis of such a computer hologram were shown and an experimental test of
the possibility of transmitting 3D holographic information in this way with a television frame scan frequency,
according to which a computer hologram was synthesised at the receiving end of the communication channel,
restoring a three-dimensional image of the holographic object with quasi-continuous parallax and high quality
of the restored image, not worse than the Full HD standard.

The quality of the 3D image restored by such a hologram is significantly closer than all previously known
methods to the real perception of a human image. Dynamic virtual holographic image is even closer to reality.

And here there is a danger — the so-called «uncanny valley» effect [9], when the degree of similarity of the
robot image, or 3D model, approaching the image of the living original does not yet reach one hundred percent
coincidence, but it is already close enough. It is difficult to quantify this «close», but before reaching this limit,
the 3D model emotionally suddenly begins to be perceived by a person as a danger, as a being of another, in-
comprehensible and even afterlife (fig. 1).

There are a number of studies of such an emotional reaction of people to the appearance of robots. At first,
the results were predictable: the more the robot looks like a human, the cuter it seems, but only up to a certain
limit. The most humanoid robots unexpectedly turned out to be unpleasant to people because of minor incon-
sistencies in reality, causing a feeling of discomfort and fear (fig. 1).
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HUMAN LIKENESS

Fig. 1. An increase in the degree of human likeness leads,
at a certain level, to a failure of plausibility
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The unexpected decline in the «sympathy» graph (fig. 2) was called the «uncanny valley», moreover, it was
found that animation enhances both positive and negative perceptions manifested near the «uncanny valley».
Negative emotions first tell us that such details cannot exist in a living object, it is something inanimate, then,
when approaching the image of a living person, negative emotions go through the roof.
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Fig. 2. Emotional assessment of a person:
a — with an increase in the degree of human likeness of the image
or the observed object has a sharp decline near full similarity;
b — a humanoid with «skin»

And only then, with a further increase in the degree of similarity, emotions rise quite sharply, reaching the
level of a full-fledged benevolent perception.

Of course, in our research we could not but touch on this problem, although throughout our work in
the last 10 years nothing like this has ever been found regarding the 3D images we have studied. This is
probably due to the high level of image resolution taken from the very beginning, comparable or even
exceeding the standards of today’s high-definition television, such as Full HD and 4K. The resulting tex-
ture of real 3D images processed in this paper has long been known to us from modern photo and video
materials. Figure 3 shows the assembly of images of a colour frame which has been transmitted in a series
of frames as a short TV plot. You can also see the image of a living person; you can see both vertical and
horizontal parallax.

There is also clearly no «uncanny valley» effect. There is no feeling of discomfort and fear when perceiving
these images either in static or in dynamics. This means that the virtual 3D image transmitted and restored in this
way is located significantly to the right of the so-called «uncanny valley».

It should also be noted that the depth map of the holographic object obtained in this work and the texture of
its surface (fig. 4) are also not perceived as images of hostile humanoid creatures.
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Fig. 3. Storyboard of the video image
which has been transmitted over the radio channel

Fig. 4. Storyboard of the video image transmitted over the radio channel:
depth maps (a); textures (b)
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Moreover, the assembly in fig. 4, @, which shows the parallax of only the depth map of a 3D object (mask),
is really perceived as a mask similar to the death mask that we know, for example, from the famous mask of
A. S. Pushkin, and therefore somewhat alarming, although it does not cause significant negative emotions.
This can be explained by the same «uncanny valley» effect, since the image is already close to the real one, but
still different, resembling the smooth surfaces of polygonal technology. But the assembly of texture images in
fig. 4, b, which have undergone affine transformations corresponding to the isometric projections of the previous
two image assemblies, does not cause negative emotions at all.

Comparing the above images with the images in fig. 2, b, it can be seen that the 3D polygonal representa-
tion, despite the fact that it creates a significantly greater computational load than 3D images under the patent of
the Russian Federation No. 2707582C1, that significantly inferior to the latter, which have a smaller amount
of information transmitted over the communication channel. Taking as a basis the chart developed in [9], we
can add our place on this graph.

The marks I and IT shown on the curve (fig. 5) correspond to the emotional assessment of the image (see fig. 4, b,
and fig. 3). Interestingly, both colour (see fig. 3) and black-and-white frames (see fig. 4, b) caused approxi-
mately the same sense of perception among the respondents. Marks I and II on the emotional perception curve
of a complete 3D colour image (see fig. 3) represent the range of variance of the assessments of a group of
64 surveyed students of different courses. Mark I corresponds to the worst emotional perception of the image
restored by the hologram at the receiving end of the communication channel (see fig. 3 and fig. 4, b), and mark II
corresponds to the best in both fig. 4, b, and fig. 3. The range of the spread of the estimated marks I and II on
the graph (see fig. 5) did not exceed 5.7 %.
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Fig. 5. The emotional reaction of a person with an increase in the degree of human likeness
of the image of the observed object has a sharp decline near full similarity.
Marks I and II correspond to the range of perception of images from fig. 3 and fig. 4, b

According to the survey results, it can be concluded that the presented images of 3D portrait projections of a per-
son are perceived as an image of a real, living object, emotionally closer to a living person than to a humanoid bunra-
ku doll, which itself is already evaluated without a sense of fear and is on the graph in the field of positive emotions.

Apparently, such a good result of the evaluation of the presented images is associated with the high resolution
of the standard of the photo image used, which transmits even small wrinkles on a person’s face, bringing his per-
ception closer to the real one. Together with the image of a 3D mask, this allows you to create quite adequate TV
content, closer to 3D augmented reality than 3D content with polygonal graphics, not to mention voxel graphics.

This confirms the viability of the method used in this work for representing a 3D dynamic stream of a ho-
lographic image in the form of two streams of 2D dynamic, mutually consistent content, in which each 3D
holographic frame is digitally synthesised by two corresponding frames, one of which represents a map of the
surface of the object, and the other — the texture of its surface.
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