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Low-latency Spatial Augmented Reality
Based on High-speed Projector and Wearable Type Tracking
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Abstract: Spatial augmented reality is useful technique due to project information corresponding to the
environment. However, with existing systems, it was difficult to realize a system that interacts with people
because the system has delay of projection and sensing technologys. When the observer perceives the delay
of the image, the observer feels a sense of incompatibility and motion sickness. Therefore, it is important to
present images without delay. In this research, by incorporating a high-speed projector and high-speed image
sensing, we show the possibility to construct the system that throughput is 1000 fps and latency is millisec
order. Additionally, in such applications, we need to caputre the human viewpoint and motion with high
accuracy and high speed in a wide space. Therefore, in this paper, we propose a configuration combining a
wearable high-speed vision and a high-speed projector due to capture the observer viewpoint.
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Fig. 1 We displayed the schedule seen in static state in sight.

(a) The observer and the image are moving together for
making the image seen in a static state. (b) The image

captured with wearable camera
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Fig. 2 The whole system. (a) a high-speed projector and (b)

a wearable vision and (c) a screen
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B3 ASHE{#EMAL% 19x15 ® DDCM
Fig. 3 DDCM(19x15) currently used.
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Fig. 4 Projection image taken with 30 fps vision and 1000fps

vision.

7z, JLHE LT, detection & frame-by-frame tracking @
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BB DDEEEBRIDL, BHDERRK UKL LD, 0D
FABEBITER R RS R e FEN S, LA L, RS
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M5 EREEOY AT LOHET

Fig. 5 The whole system at the time of experiment
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Fig. 6 The upper figure is that system tracking accuracy at

varying distances between vision and screen. (a) and
(b) are images of the marker taken by the visions at

each point.
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points.
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B9 AOH kT3 BMEROET. (a) ZEAIC, (b) REFE, (o) B, (d) 35

FHIZHEERE AL L 72 & & ORkT

Fig. 9 A state of geometric transformation when the observer moves. (a) Moving left

and right. (b) Moving up and down. (c) Moving back and forward. (d) Rotate

to left and right.
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ZEMAREE AR D, BUEDIR Z X T < 2 B IE A T BEREE N
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RABZET SN, ZORFIE, BHEDORAT ) —Vns
OFFEEIZIG U T, =AY A XZ2HIZEZ DI LT, WL
AR AR < fRRATREZ & HE X o b,

SE X

[1]  Bimber, Oliver, and Ramesh Raskar. Spatial augmented
reality: merging real and virtual worlds. CRC press,
2005.

[2] Cruz-Neira, Carolina, et al. “The CAVE: audio visual
experience automatic virtual environment.” Communi-
cations of the ACM 35.6 1992: 64-73.

[3] Jones, Brett, et al. “RoomAlive: magical experiences en-
abled by scalable, adaptive projector-camera units.” Pro-
ceedings of the 27th annual ACM symposium on User

© 2017InformationProcessingocietyof Japan

[7]

8]

interface software and technology. ACM, 2014.

Jones, Brett, et al. “IllumiRoom: peripheral projected
illusions for interactive experiences.” Proceedings of the
SIGCHI Conference on Human Factors in Computing
Systems. ACM, 2013.

Ng, Albert, et al. “Designing for low-latency direct-touch
input.” Proceedings of the 25th annual ACM symposium
on User interface software and technology. ACM, 2012.
Zerroug, Alexis, et al. “Invoked computing: Spatial au-
dio and video AR invoked through miming” Proceedings
of Virtual Reality International Conference. 2011.
Lincoln, Peter, et al. “From Motion to Photons in 80 Mi-
croseconds: Towards Minimal Latency for Virtual and
Augmented Reality.” IEEE transactions on visualization
and computer graphics 22.4 2016: 1367-1376.

Narita, Gaku, et al. “Dynamic Projection Mapping
onto Deforming Non-rigid Surface using Deformable Dot
Cluster Marker.” IEEE Transactions on Visualization
and Computer Graphics 2016.

EAHIE, Eh W=D T I TNHRATEHAVEZA
M OBITEMEHEE ( R HEFRA A -7 BHAE
N=F X)) T VT 1 FREEE 17.3 2012: 219-229.
Shiratori, Takaaki, et al. “Motion capture from body-
mounted cameras.” ACM Transactions on Graphics
(TOG). Vol. 30. No. 4. ACM, 2011.

Rhodin, Helge, et al. “EgoCap: egocentric marker-less
motion capture with two fisheye cameras.” ACM Trans-
actions on Graphics (TOG). Vol. 35. No. 6. ACM, 2016.
Asayama, Hirotaka, et al. “Diminishable visual markers
on fabricated projection object for dynamic spatial aug-
mented reality.” SIGGRAPH Asia 2015 Emerging Tech-
nologies. ACM, 2015.

FRRRIERER, 132> “AIBEERE 70 Y = 7 X MGEE IO
e 2 [ JE e R ME DB (RN - A, ADESEK). &
TIEHORE 2B E. MVE, YLVFAT 17 - K
FEBREEELRE 113.109 2013: 71-76.

Niidome, Hidetaka, et al. “Camera synchronization to
imperceptible frames embedded in a displayed video se-
quence.” SIGGRAPH Asia 2014 Posters. ACM, 2014.
Watanabe, Yoshihiro, et al. “High-speed 8-bit image pro-
jector at 1,000 fps with 3 ms delay.” Proceedings of the
International Display Workshops. 2015.

Goto, Akifumi, et al. “Display tracking using blended
images with unknown mixing ratio as a template.” SIG-
GRAPH ASIA 2016 Technical Briefs. ACM, 2016.

215



	confinfo_j: 情報処理学会 インタラクション 2017
	confinfo_e: IPSJ Interaction 2017
	filename: 1-510-28
	c_date: 2017/3/2
	cprt: © 2017 Information Processing Society of Japan


