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[Abstract]

Anamorphic art is based on optical illusions that can provide an expanded visual experience to engage viewers. Anamorphic
artworks can be realized as VR experiences using head-mounted display (HMD) devices. However, works based on HMDs involve
some limitations that can make viewing uncomfortable. In this study, we propose a digital anamorphic display for artwork based
on head-tracking technology without a wearable device and verified its effectiveness experimentally. The proposed method
minimizes the viewer's discomfort compared to using an HMD and can provide users with an experience of anamorphic artworks
in a limited physical space. To investigate the effectiveness of viewing a digital anamorphic exhibition without a wearable device,
38 participants in their 20s and 30s evaluated an experience in terms of virtual presence and usability in comparison to viewing
an exhibition with an HMD. The results showed that the proposed method provides high virtual presence with increased usability.
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Table 1. System configuration

Components Description

3D Virtual Space |[An artist’s text message with the
1 with Anamorphosis [anamorphose technique is applied to
Technique a 3D virtual space.

Non-Wearable |An audience’s head position is tracked
2 Head Position using a Kinect sensor in real-time
Detection setting the virtual camera parameters.
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Table 2. 3D virtual space image with anamorphose
techniques
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Table 3. Questionnaire (presence)

Property Question

1. Involvement: Were you able to control
your body to watch virtual
exhibitions? (2.0-Q1) (3.0-Q1)

2. Involvement: Did the image response of
the virtual exhibition show up
correctly when watching while moving
the body? (2.0-Q2) (3.0-Q2)

3. Involvement: Was the interaction between
the body and the virtual exhibition
natural? (2.0-Q3) (3.0-Q3)

4. Involvement: How interactive was the
visual involved in viewing virtual
exhibitions? ((2.0-Q5) (3.0-Q4)

5. Involvement: Was it natural to control
your virtual environment? (3.0-Q6)

6. Adaptation: Were you able to anticipate
what would happen when you were
watching while moving your body?
(2.0-Q13)

7. Involvement: Was it impressive to walk
around the virtual environment?

Virtual Presence (2.0-Q18) (3.0-Q14)

8. Involvement :Were you able to observe
the virtual exhibition in detail?
(2.0-Q19) (3.0-Q15)

9. Interface quality: Were there delays in
body movements and responses to
virtual exhibitions? (2.0-Q25)
(3.0-Q19)

10. Adaptation: Have you adapted quickly to
viewing virtual exhibitions? (2.0-Q26)
(3.0-Q20)

11. Adaptation: Did you feel like you've
become good at watching at the end
of the virtual exhibition? (2.0-Q27)
(3.0-Q21)

12. Adaptation: Was there a moment when
you completely focused, forgetting
that time was passing? (3.0-Q28)

13. Adaptation: Have you adapted easily to
devices or controls to interact with
your virtual environment? (3.0-Q31)
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1. Effectiveness: Was the aesthetic —9 AlS] Z7
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Eff exhibition viewing? a]:
ectiveness -
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improved? A3} HMDR WA APL sl v 283 ZaBEglow
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experience the exhibition?
5. Satisfaction: Would you like to revisit the E 5. A BOE9| Lio|, MY, MEE MA| ZAEo| Chs SEA
Satisfaction exhibition in the future? FIES
6. Satisfaction: Did you feel a sense of Table 5. Homogeneity testing for counterbalancing group
accomplishment through the virtual A and B in age, gender and experiential exhibit
exhibition?
Group A Group B
(N=18) (N = 20) P
24y Z2EElQ): vy TRECS A AY
Mx]o]_i 7}; 12m < O] 6m4 Hol| & ZTZAHMo Gender .880
2 olra = 7|Ho| Aew sWt IS BAlela Bt Male 5(27.8) 6 (30.0)
el Wzl A& FAste] Al Wste] wE FE BT Female 13 (72.2) 14 (70.0)
Atk AN (Kinect) ol 4 7Fs H91¢t 3DEAHE 71 Experiential 485
TRk 549 arefete] 7k 3m x AR 2me] FE A Exhibit '
il 1984 F7ol| Sojeba] BEkel= vkal o 2 X8)Etgic) Yes 16 (88.9) 19 (95.0)
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HMD ¥l HMD= }—9@} 213 HTC VIVEAS] HMD *Group A: Prototype>VR HMD; Group B: VR HMD - Prototype
£ AHg3lo] ohtmEE= v)Ho] H4H $U /HFENS
we] 194 ﬂfﬁa}—c o= A, AA) A1 38 WdoR dEgds A Bk A
Al A3t A3 7ol loiA] HMD #xdxTh v)=k-g-3
AEE Fofsh] dell 29 72 Aol thek 7hefet TR EEF] A o] E9/(Involvement) o] FAIA 2.
A3 ol 2 =0 i3t A d-S 3L, /e M-S YA 2 FosiAl A YeRh (1(37)=2.80, p=.008). A-&-4d
AZE AL A A8t FoAAES 7 WS Aldg Bl HMD WA B} H|2H8-3 I EER]olA &7}
A% AEqre] 39) 229 FolEY(nvolvement), H64 A, B, BT BRA FAM R folaA A Lk
(Adaptation/Immersion), ¢lEJ#|o]~(Interface Quality) WOHt(37)=3.77, p=.001; t(37)=4.55, p<.001;t(37)=4.75,
23} AL8-A 9] 39 24291 a3 (effectiveness), B84 p<.001).
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Fig. 2. Virtual space image from different viewpoints(front, right, left) of the audience in the non-HMD prototype version
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Virtual
Presence
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Adaptation |5.67 £1.01 5.38 £0.86 1.59 119 37
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quality

Usability
Effectiveness|5.95 £ 0.80 5.28 £ 1.19 3.77 001" 37

Efficiency [5.54 £1.45 4.08 £ 1.55 4.55 <.001™" 36"
Satisfaction [5.80 £ 0.91 4,92 +1.22 475 <.001"" 37
"p<.05, “p<.01, "p<.001
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