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Evaluating the Position of a Wearable Projector
for the Viewability of Projected Images

SHUHEI OTA! TsuToMU TERADALZ?)  MASAHIKO TSUKAMOTO!
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Abstract: There are many projects to support user tasks by presenting images on the floor or wall using a
mobile projector. However, unstable images make communication and task support difficult. The viewability
of a projected image depends on several factors; the position of the wearable projector, user contexts, and the
type of presentation content. We also investigated the appropriate position for a wearable mobile projector
and an important factor in changing user contexts and type of presenting contents. These results showed that
the appropriate position of wearable projector varied according to the presenting contents and user contexts.
For example, the middle of the stomach is appropriate for wearing a projector when using navigation ser-
vices. Using the results, we are able to design applications using wearable projectors considering the wearing
positions.

Keywords: wearable projector, wearable computing
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Fig. 3 Factors relating to the quality of a projected image.
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Fig. 4 A snapshot of experiment.
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Fig. 5 Snapshots of a subject wearing projector.
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Fig. 6 Positions for wearing projector.
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Table 2 Questionnaire entries.

Pl | A X AR A AR | WREOfEN | BEOWER | AR
1| i7&E% | hSTES Rl B Ewn ) H5b Ewn
3 ) )

EHTEDL | KETEL | R hwv | Bv | KUIES AW e Bw

* 3 FEMEO#HY) S
Table 3 Results of appropriateness of projected location.
FEr—var B
Ik AT Ik 0]

Y| | V| ek | P | il | B |

¥ A 3.7 | 046 | 33 | 023 | 3.3 | 0.23 | 3.2 0.18
JH B 3.4 | 049 | 3.1 0.10 | 3.1 0.10 | 3.2 0.18
Mg C | 3.1 0.32 3 0.22 3 0.00 3 0.00
MED | 2.8 | 040 | 25 | 0.28 | 2.8 | 0.18 | 2.9 | 0.10
g E 3.2 | 0.18 3 |000]| 32 | 018 | 3.2 | 0.18
M F 3.2 | 0.18 3 0.00 | 3.2 | 0.18 | 3.3 | 0.23
g G 3.1 0.10 3 0.00 | 3.1 0.10 | 3.1 0.10
i H 3.1 0.10 3 0.00 | 3.1 0.10 | 3.2 0.18
g T 0.00 | 2.9 | 0.10 3 0.00 3 0.00
g J 0.00 | 2.9 | 0.10 3 0.00 3 0.00
8 K 2.9 | 010 | 2.8 | 0.18 3 0.00 3 0.00
g L 2.9 | 010 | 2.7 | 0.23 3 0.00 3 0.00
% M 2.7 1023 | 24 | 027 | 28 | 0.18 | 2.7 | 0.23
% N 2.7 |1 023 | 24 | 027 | 28 | 0.18 | 2.7 | 0.23
% O 2.5 | 028 | 23 | 0.46 2.6 | 027 | 24 | 049
% P 24 1049 | 22 | 0.62 2.6 | 027 | 2.4 | 049

FTNLSLOIHE I3 5 mZ &Rl & L7z, FHE%ERIE 145
720 AR L KRS0 5 728, 3@ T DRl RO FLE
LRHaHli§ 5 2 & 27FL, $NTOREMEIHTHIIZ
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Fig. 9 Results of appropriateness of projected location.
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Fig. 10 Scatter diagram of projected location and size.
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Fig. 11 Results of appropriateness of projected size.

X 11

=4 HEFTA Xowy s
Table 4 Results of appropriateness of projected size.
FEr—var B
ik AT ik AT
Y| EUE | P | orEUE | P | aEdE | P | Ul
¥ A 3.6 0.49 3.7 0.68 3.7 0.46 3.5 0.50
JH B 3.3 0.23 3.6 0.49 3.2 0.18 3.1 0.10
Mg C 3 0.22 3.4 0.27 3.1 0.10 3.2 0.40
% D 2.5 0.50 2.9 0.54 2.9 0.32 3 0.67
W E 3.2 0.18 3.2 0.18 3.1 0.10 3.2 0.18
g F 3.2 0.18 3.2 0.18 3.1 0.10 3.2 0.18
i G 3.1 0.10 3.1 0.10 3.1 0.10 3.2 0.18
Mg H 3.1 0.10 3.1 0.10 3.1 0.10 3.2 0.18
g T 3 0.00 0.00 3 0.00 3 0.00
g J 2.9 0.10 0.00 3 0.00 3 0.00
8 K 2.8 0.18 2.8 0.18 3 0.00 3 0.00
Mg L 2.8 0.18 2.7 0.23 3 0.00 3 0.00
% M 2.5 0.50 2.5 0.28 2.8 0.18 2.8 0.18
%N 2.5 0.50 2.5 0.28 2.8 0.18 2.8 0.18
% O 2.3 0.68 2.2 0.62 2.4 0.49 2.5 0.28
% P 2.3 0.68 2.2 0.62 2.4 0.49 2.5 0.28

© 2012 Information Processing Society of Japan
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Table 5 Results of feeling of keystone.

FETr—vav B
1k AT 1k AT
S ¢ 5 I 3 € [ G S < B 5 ot/ O 5 B B/
9H A 4.8 0.40 4.7 0.23 4.8 0.40 4.7 0.90
JH B 4.1 1.66 3.9 1.21 4.5 0.50 4.3 1.12
MIE C | 3.5 1.17 2.9 0.54 3.2 2.18 3.2 1.73
HED | 2.9 1.66 2.7 1.12 2.8 1.07 2.6 1.38
W E 4.6 0.49 4.3 0.68 4.7 0.46 4.5 0.94
W F 4.5 0.50 4.1 0.99 4.5 0.50 4.3 0.90
G 4.7 0.23 4.3 0.46 4.7 0.46 4.5 0.50
i H 4.5 0.50 4.1 0.77 4.4 0.49 4.2 0.40
JE T 4.6 0.49 4 1.11 4.5 0.50 4.2 0.40
&g J 4.3 0.68 3.7 1.12 4.2 0.62 4 0.67
fE K 4.1 1.21 3.7 1.12 4.3 0.46 4.1 0.77
5 L 3.8 1.07 3.3 1.34 4 0.44 3.8 0.84
JiE M 3.6 1.82 3.1 1.43 3.9 0.77 3.5 0.72
%N 3.4 1.60 2.9 1.43 3.5 0.72 3.1 0.77
% O 3.3 2.46 2.7 1.79 3.3 1.12 2.8 1.29
% P 3.2 2.40 2.6 2.04 3.1 0.99 2.7 1.12
*® 6 EH®
Table 6 Results of wearability.
FEsr—vay 53
il HAT il HAT
RIS ¢ I 0 B % G T S < O 5 1/ O 2 B I/
UH A 2.4 1.60 2.4 2.27 2.6 1.60 2.6 1.60
JH B 3.5 1.17 3.5 1.83 3.6 1.60 3.7 1.57
g C | 2.3 0.68 2.2 0.40 2.5 1.17 2.5 0.72
MED | 2.3 0.90 2.3 0.90 2.3 0.90 2.2 0.62
B 3.5 0.94 3.7 0.90 3.7 0.90 3.7 1.12
o F 3.3 0.68 3.7 0.90 3.7 0.68 3.7 0.46
G 4.3 0.46 4 0.67 4.3 0.68 4 0.67
g H 3.7 0.23 3.9 0.77 3.9 0.54 0.67
JE 1 4.2 0.18 4.3 0.46 4.2 0.18 0.44
B J 3.6 0.49 3.8 0.84 3.8 0.40 3.6 0.71
MK 3.7 1.34 3.8 1.51 3.5 0.72 3.5 0.72
L 3.3 0.46 3.2 1.07 3.5 0.28 3.5 0.72
JE M 3.4 1.38 3.3 1.79 3.3 0.90 3.3 1.12
%N 3.1 0.99 3.3 1.57 3.2 0.84 3.2 1.07
% O 2.9 1.43 2.7 1.57 1.56 2.7 1.57
& P 2.8 1.73 2.7 1.57 1.78 2.8 1.51

12 BEDOHIBESR
Fig. 12 Results of feeling of keystone.
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X 13

Fig. 13 Results of wearability.
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xRT7T WROFEN
Table 7 Results of feeling of image swinging.

FEr—var =)
T | BWdE | P | i

U A 4.5 0.28 4.9 0.10
JF B 4.3 0.46 4.8 0.18
i C | 2.5 1.61 2.9 1.21
WED | 1.8 0.84 2.4 1.38
W E 3.8 1.29 4.2 0.40
il F 3.1 1.21 3.9 0.32
G 3.8 0.68 4.1 0.89
W H 2.5 0.72 3.4 0.71
M8 T 3.2 0.84 3.8 0.84
g J 2.5 0.72 3.3 0.68
IE K 2.7 1.12 3.3 0.90
8L 2 0.67 2.5 0.72
JiE M 2.2 0.84 2.8 0.62
JEN 1.6 0.27 2.3 0.46
% O 1.6 0.71 2.1 0.99
% P 1.3 0.23 1.7 0.90

14 BEOfER
Fig. 14 Results of feeling of image swinging.
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VR E D70 THLEEZLNL, T2, ZOFHMEHE
HI3M OB H ISR THEtE2S 1 DL B wa05%
BB I Z X o TR U FICEN A L7,
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Lf%ot.it,%%%m# LGRS H &N
FENA, Mo B (B, F) 3EIGECRFIZA->TL

¥ L) EED S MM -7z, B O(A) IFa Ve
yYDEEEFB LSO, 28 (C, D) 370y Ly
STz B 7o D N ENGHM A o 72, F 72, HBAT
FIZRED D25 E V) EHTHETE (0, P) OFFhdEK
Mo 72, EEEE L BRATRIC B D EERICKRE EVI
Tirofz. WHRE, BETES (A, B, O, P) 3#EE L
CREiAS R 7% 5 2 & 3% L, GHSKE Do 7.
4.2.5 MBYGDIEHL

WAZ OIENICE T 2 EBRRER 2R 7 BLUR 14 12K
T OBTRICBW TR RET 2 HEANMEIIH (A) TH
D, XWTH (B) Ol E»-72. 72, WO (E,
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£ 8 FRITL BWHE DR
Table 8 Results of interruption.

FEF—av B
P EdE | P | SRl
UH A 5 0.00 5 0.00
B B 5 0.00 5 0.00
| C | 3.8 2.49 4.1 2.77
WED | 3.9 2.46 4 2.62
W E 5 0.10 5 0.10
W F 4.7 0.49 4.8 0.46
M G 5 0.40 5 0.40
i H 4.3 1.66 4.8 0.71
8 1 5 0.10 4.9 0.18
g J 4.3 1.88 4.6 1.82
Mg K 5 0.40 4.8 0.71
g L 4 2.90 4.6 1.34
[ M 5 0.90 5 0.90
JE N 4.1 2.18 4 2.46
WO 5 0.90 5 0.90
% P 4.6 2.23 4.4 2.10

15 FRIC & B WO
Fig. 15 Results of interruption.
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Y&z, T, BEOAIA Kya—0arysrr il
FETr =T arDarT YR THHE DR E HNE
7 B 72 DG ASIERT S 2 2o 7z,
4.2.7 A

WATMAR O BLOR 16 1IRT. Rar7FryR
T —TFRIU K o> THREFMBOREFHNIIR L -7,
Cr—ar0aryyyy w#ibEFICR S & S IIEO LE
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Table 9 Results of comprehensive evaluation.

FEr—var B
1k AT i1k AT
S ¢ 5 I 3 € [ G S < B 5 ot/ O 5 B B/
A 3.6 1.38 3.8 1.73 3.6 0.71 4.1 1.43
JE B 3.8 0.62 4 0.67 4 0.89 4.7 0.23
HIE C | 2.6 0.49 2.4 0.93 2.7 1.34 2.7 1.34
HED | 2.3 0.90 1.9 0.99 2.3 0.90 2.3 0.90
W E 3.7 0.68 4 0.67 4.1 0.32 4.1 0.54
W F 3.3 0.46 3.4 0.27 3.8 0.18 3.6 0.27
G 4.2 0.40 4.3 0.90 4.6 0.49 4.1 0.99
i H 3.7 0.23 3.3 0.23 3.9 0.77 3.3 1.12
JE T 4.4 0.27 3.8 0.62 4.3 0.23 3.9 0.54
&g J 3.5 0.28 2.6 0.27 3.6 0.27 3.4 0.49
K 4 0.67 3.2 1.07 3.6 0.27 3.5 0.28
5 L 3 0.44 2.2 0.40 3.4 0.49 3 0.67
JiE M 3.1 0.54 2.7 0.46 3.4 0.49 3.2 0.62
%N 2.8 0.62 2.3 0.46 2.8 0.62 2.8 0.62
% O 2.5 0.72 2 0.67 3 0.22 2.5 0.94
% P 2.4 0.71 1.9 0.54 2.5 0.28 2.3 0.68
Mgz, F 72, [MYGH A APKRETE2 | [HEE

16 #AFM

Fig. 16 Results of comprehensive evaluation.
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Table 10 Results of categorical regression.

aryyEry | R | EEEA PR . .
a b c d e f g h i j
(OATS 0.026 0.55 0.016 | 0.325 | —0.186 | —0.042 | 0.001 - 0.001 -
_— K&EE | —0.295| 0.346 | —0.015 | 0.677 | 0.185 | 0.312 | 0.004 - 0 -
‘ EH 0.299 | 0.859 | 0.517 | —0.278 | —0.002 | 0.154 | 0.998 | 0.666 - -

e I 0.996 0.165 0.785 0.628 0.998 0.713 0.001 0.733 0.683 0.345
e P —0.017 | —0.218 | 0.496 0.015 0.48 0.075 - - 0 -

FEsr—var

K& | —0.453 | —0.01 | 0.161 | 0.073 | —0.311 | 0.688 | 0.418 - 0.015 -

. EH 0.548 0.85 0.195 | —0.967 | —0.011 | 0.432 | 0.235 | 0.806 - 0.319

~h FEH K 0.936 | 0.011 * 0.456 | 0.323 * 0.083 | 0.656 | —0.08 | —0.347
R 0.063 0.432 0.353 0.955 0.646 0.711 0.484 0.81 1.023 *
T 0.936 | —0.26 - - —0.249 | 0.08 0.224 - - -
i 0.008 | —0.172 | —0.511 | —0.303 - - - - —0.122 -
. K& 0.421 - 0.351 0.231 0.001 0.579 | —0.019 | 0.327 0.602 -
EH 0.994 | 0.829 | 0.025 | 0.798 | 0.007 | 0.749 | 0.814 | 0.417 | 0.307 -

e 0.761 | 0.511 | 0.983 * 0.997 | 0.129 | 0.294 | 0.394 | 0.824 | 0.488
. (AT -0.037 | 0.325 * 0.145 | —0.003 - - - —0.916 -
a N 0.264 | 0.461 | 0.838 | —0.301 | 0.005 | 0.001 —0.4 * 0.638 -
e EHh 0.522 | 0.963 | 0.491 0.69 0.003 | 0.487 0.85 | —0.002 | 0.998 -

B K 0.283 | —0.085 - 0.999 | 0.868 | 0.367 | 0.025 | 0.672 | 0.277 | —0.03

En 0.609 | 0.275 | 0.063 1 0.605 | 0.129 | 0.133 | 0.757 - 0.905
Tk —0.011 0 —0.428 - —0.439 | 0.148 0.072 - - -
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£ 11 WEORNE L Y O5HUE & DR ERGR

Table 11 Correlations between image swinging and variance of sensor data.
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