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O 2.1: Overview of EOG
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0 2.2: Human-computer interface by horizontal directional eye movements and voluntary

blinks
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0 2.3: Example of correction voltage by the motions of eye movements
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0 2.4: Calibration of eye movements
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O 2.5: An example of EOG by the motions of eyemovements(a), involuntary blinks(b) or

voluntary blinks(c)
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0 2.6: Forms of the comparator system
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O 2.7: Forms of the proposed interface system
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(a) 2 couples of (b) 1 couple of
electrodes arrange electrodes arrange

0 2.8: Arrangement of electrodes
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0 2.9: An example of EOG using chl by the motions of voluntary blink
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O 2.1: Experimental result by proposed system

participant | SR[%] | ER[%] | CR[%)] | SP[letter/min] | IT[sec]
A 98.5 0.5 99.0 6.4 3.7
B 98.0 1.0 99.0 6.4 3.8
C 95.7 1.4 97.1 6.2 4.0
D 96.2 0.5 96.6 6.4 4.4
E 93.9 1.9 95.8 5.9 3.8
F 95.2 1.4 96.7 6.4 3.7
G 92.6 1.0 93.6 6.3 3.8
H 98.0 1.0 99.0 6.1 3.6
I 93.9 2.8 96.7 5.7 3.7
J 99.0 0.5 99.5 6.3 3.7
L 97.1 1.0 98.1 5.8 3.3
K 95.7 3.8 99.5 5.0 3.0
avg 96.1 1.2 97.3 6.2 3.7
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0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
ALSO0000000000000000000000000 ALSOO000000O00
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000 Mann-Whitney
0 U00000000000000000000000000000000000000
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0000000000000000000000000000000000000000
00 0.9%0 1.1[letter/sec] 00 0000000000000 2600000000000
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0 2.2: Experimental result by comparator system

participant | SR[%] | ER[%] | CR[%)] | SP[letter/min] | IT[sec]
A 96.2 1.0 97.1 5.7 4.8
B 97.1 2.4 99.5 5.1 4.7
C 95.2 1.9 97.1 5.8 5.0
D 92.6 2.8 95.4 5.6 5.0
E 91.3 3.2 94.5 4.6 4.4
F 94.3 1.9 96.2 5.2 4.2
G 98.0 1.4 99.4 5.5 4.0
H 97.1 1.5 98.6 4.7 4.3
I 98.0 1.5 99.5 4.9 4.4
J 96.6 1.0 97.6 5.9 3.7
L 96.2 1.9 98.1 4.6 4.0
K 92.2 6.5 98.6 4.0 3.8
avg 95.7 1.9 97.5 5.2 4.4
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O 2.3: Experimental result by auto scan

participant | SR[%] | ER[%] | CR[%] | SP[letter/min]
A 96.5 0.0 96.5 2.7
B 99.5 0.5 100 5.4
C 96.5 2.7 99.1 5.6
D 89.0 3.4 98.8 4.3
E 93.8 5.0 98.0 4.1
avg 95.0 2.3 98.5 5.0
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0 2.10: Correction times of letter by horizontal eye movements and voluntary eye blink

gogdsgodouob200000oobobbbbbbbuooooooooboboobn
gogbbboooobobboooobbboooobobooo

272 0OJUO0OOoOoOoOoooobod

2v100b00200000000b0bLO0bObOOO0OO0bOob0obO0obOobOoDbOD:
gobbbuooobbobooooboboboooobboooon

goon

0000200000000 50 (ADE)D40000 (F)060000 (G)00000000
00000000000000000000000000000000002710000
00000000000000000000000000000000000000 Chl+
0 Ch-000000000



20 0OOooodbbbooodgbbboood 19

0 2.4: Experimental result by 1 couple

participant | SR[%] | ER[%] | CR[%] | SP[letter/min]
A 96.2 1.0 97.1 6.5
B 89.7 2.2 91.9 5.7
C 94.8 0 94.8 6.2
D 95.7 1.0 96.2 6.1
E 100 0 100 6.2
F 94.3 4.7 97.6 4.7
G 95.2 0.5 97.6 6.4
avg 95.1 1.3 96.5 6.0
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[0 2.11: Voltage of each participant
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O 2.12: Voltage ratio of each participant
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0 2.13: Example of experimental result
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(a) Dimensions of the bathroom  (b) Waterproof
photo detector

O 3.1: Fall detections system using photodetector
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O 3.2: Proposed system
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(c) Microcontroller (b) Emitter circuit
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O 3.3: Devices for the proposed system
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O 3.4: The target normal and dangerous actions
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O 3.5: Electric voltages obtained from changing the visible light
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O 3.6: Electric voltages obtained from the normal and dangerous actions
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i !
(a) Washing place (b) Bathtub

O 3.7: The appearance of the bathroom
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O 3.8: The bubbles attached to a waterproof photodetector
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O 3.9: Differential values of the voltages measured in a steam filled bathroom
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O 3.10: Differential values of the voltages measured in a well-ventilated bathroom
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0 3.1: Average detection rates for normal action (NA) and dangerous action (DA) [%)]

NA | DA | avg

previous study | 95.2 | 98.4 | 96.8

this study 98.0 | 96.7 | 97.3

D00D0000000000000000000000ORandomized tree 0000 O
00000000000000 (NA)OODOO (DA)D0D0D0OO000O0O0D0000O00O0
0000000000000 000000000000000000000 (FH)0O00
0000000000000 00000O0BH)OODONAOFHOBHOOOOOOOOODO
D000 [48)0 FHOBHOOOOOOOOOOOOOOOOOOO 4800000000
O0000000000000000 FHBHOODOODO

FH = FF (3.5)

, FB+E FBS +E
BH = (£'B + FB,FBS)-FQ( + Erpsri) (3.6)

000 FFOFBOFBSOODOOO [48)0000000000000000000 Erp ras
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s0000000000000000000000000000 FOOOOOOO000O
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0 3.2: Average detection rates for NA, forward head (FH), and backward head (BH) [%)]

NA | FH | BH | avg
previous study | 95.2 | 80.0 | 89.6 | 88.3
this study 98.2 1 93.5 | 98.8 | 96.8

0 3.3: F-measure of each action[%)]

UPR | SET | PUO | SU | SD | FF | FB | FBS
UPR | 75.6 | 194 0 20 | 29 0 0 0
SET | 21.9 | 78.6 0 0 1.0 0 0 0
PUD 0 0 83.7 | 20 | 146 | 1.0 0 0
SU 0 3.1 191459 | 1.0 0 0
SD 3.0 0 92 | 30 | 732 68 | 1.0 | 2.0
FF 0 0 2.0 0 1.0 {942 0 0
B 0 0 0 0 2.9 0 [76.3] 224
FBS 0 0 0 0 1.0 0 [19.6 | 78.0

HRN
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gogo32b0bboodgoooboobbooooooobobobbooooooooboon

00000003.0%0135%092% 00000008500000000000000

0000 Q0000000000000 o00000D0ooooOooooooooooO

O 3.4: Classification of action by height[%]
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[ Ceiling |

0 3.11: The light position changes in experimental environment
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0 3.5: Tlluminance by changing light position[lx]

PDy | PDg | PD¢ | PDp

Ceiling | 571 | 767 | 416 | 646

AC 681 | 776 | 558 | 661

BD 653 | 810 | 461 | 689

AB 690 | 801 | 406 | 647

CD 630 | 783 | 504 | 678
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0 3.6: Average detection rates for NA, FH, and BH by outside light[%)]

NA FH BH avg

AC 98.0 91.7 99.0 96.2

BD 96.9 81.8 100 92.9

AB 96.5 89.8 95.8 94.0

CD 96.8 90.9 96.9 94.9
avgtsd | 97.0£0.7 | 88.5+4.6 | 97.941.9 | 94.5+1.4

O 3.7: Average detection rates for NA, FH, and BH by studying light position|[%]

NA FH BH avg

AC 99.6 98.0 100 99.2

BD 97.3 84.4 100 93.9

AB 97.6 87.0 100 94.9

CD 98.8 93.9 100 97.6
avgtsd | 98.24+1.1 | 90.04+6.2 | 100+0 | 96.4+2.4
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(d) Electl ic voltage obtained fr: om light AC
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(e) Electric Voltage obtained from light AC

0 3.12: Electric voltage obtained from outside light.
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O 3.13: The position of user changes in experimental environment
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0 3.8: Average detection rates for NA, FH, and BH by changing position[%]

NA FH BH avg

F 95.1 68.4 99.0 87.5

B 92.2 100.0 84.7 92.3

L 95.8 75.0 99.0 89.9

R 96.2 73.3 98.0 89.1
avgtsd | 94.8+£1.8 | 79.2+14.2 | 95.2+7.0 | 89.7%+2.0

O 3.9: Average detection rates for NA, FH, and BH by studying position|%]

NA FH BH avg

F 99.6 98.0 100 99.2

B 99.6 98.0 100 99.2

L 99.6 98.0 100 99.2

R 97.3 83.7 100 93.7
avgtsd | 99.0£1.2 | 94.4+7.1 | 1000 | 97.84+2.7
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0 3.14: Error ratio by changing position and studying position
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O 3.15: Electric voltage obtained from FF by changing position.
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[0 3.16: Electric voltage obtained from FBS by changing position.
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0 4.4: Inside odor strength when the door is open and close
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0 4.5: Outside odor strength when the door is open and close

gobbbuooodgbbboooobbbooodobbbooooobbbuoooobn
gobboooobbuoooobbuoooobbbooobboooobbbooogbn
gobbbooogbbooobbbuodobbboodoobbboooobbooodabn
ggbbobuoooobbboogobbbuoooobbooooboboobod

gogbbobooogboo

000000000 420b) 0000000000 1000000000O0DOODOOOODO
gboobgoboobobb vooboooboobuoobuo4e000nDD

g4e600000000000O0OODODOO0O0O0OOOUDLDObOODDOOOOOOoObLbDD
goboboobobouobobobo4440b0b0obobobobobobobobon
gobbbooobbboooobboboooobbuooobbobuoooboboboooobo
gogbbbooogbbbuooobbbuooobbbuooobbooobboboooobn
gogbbobooggbooboobbuoooobbboooobbbooooboobobon
gobbooogbbbooobbooobboboooobboooobboooobn
O00000003000009%% 000 B7000000000 19000000000



040 0OOO0OODOO0OODOO0ODOOOOODObOObOOObOOn o8

leave enter leave enter

69 (TSSO high
- 64 ' layer
2 ~ ~middle
j_,g 59 ; i | ! layer
. , . : !
g > o —low
O 49 ! ! ! ! layer
" e _ L -.',hrwnh o W01

O
[a—
O
b9
O
(U8
O
-
O

time[min]|

O 4.6: Odor strength when the user repeats entering and leaving the room in every 10
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0 4.8: Odor strength when the user is eating lunch
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0 4.9: Odor strength when the user is drinking tea
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0 5.3: Manipulability analysis result
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O 5.6: Evaluation experiment of support system

5.4.2 0O0O0OO

gbooogsrgoon

gboobooobobboboobooboobobbobbob 85sec b0
goodd 28secgmmooooooouoooooouoooobooon
0 133sec0 000000000 62[sec000000DODOOOOOOOODODODODODODOO
gogbboooobbuooobbobuooobobboooobbuooobboboooobon
gbogobobooboobobboobooboobobboboobobboboob
gobbuooobbbuooobbobuooobobboooobboooobboooobn
gbogobobobsiboboobgoboiloobetdboobobuoobobogb
gbobodbdlobo4b0obooboboobobbooboboobobbooboobooo



s bODbuooobbbooobbboooobbboodon 73

50 W automatic
N . transfer
45 \ N = expend
N N N
- \ \ \
@ 40 3 N \ ¢ \none
T \ \
£35 v X
2
230 ¢
25
20 -
A B CDEF GH I J avg
subject

0 5.7: Experiment result of support system

ggopbbuoooubbobuoooobbbuoooobbbuoooobobbooobbon

gogbboodobobboodobbbuodobbbooobobbooobbboooobn

gobboogogbbuooobbbuooobbbuoogbbobuooobobobooaoobn

gobbuoodobobboooobboooobboooobboooobbooobobn

gobobooboobuooboboobobooboboobobuoobo gobOoHOD

gogbbbuoodbbbuoooobbbuoodobooobbbbooobbbooobbn

goboobooobooboobboooooooo ADBOIODODODOOOODOOOODO

O 5.1: questionnaire result

OA|B|C|/D|E|F|G

auto | 2 |12 12 1]1]2

expend 1 211111221

none | 3 [3|3|3[2]3]3




s bODbuooobbbooobbboooobbboodon 74

UobooooboodibDd 85sec 7.5secb.0secU U0 DOOOOOOOOOOOONO
goboboobobooboboobobooobobobobooboboboobooBOOD
gobbuooobbbooobbbuoobobobuooooboboooobbboooobon
gogbbboogobboooobboooobbbooobbbuooobbbooobn
gogbboooobbboooobbuoooobbbooobbbooobobboogbo
gbogbboboboobodgbuooboobbobbobobooboobooboonon
ggbbuoooobboooobbbooogbbboooobbbooobboooobon
gobboooobbbooobbbooobboooobbooobbbooobobn
gobbuooobbobuooobbbuooobboboooobboooobboooobn
goooboobogoosrobbooboobooobooboobboobuoobboon
goboooogoon

5.5 UUgQ

gobbooooboboooobboodobbbooobbbuoooboboooobn
gobbbooobbboooobboooobbbooobbobuooooboboooobo
gogbboogoobbboooobboooobbbooobbooobobboooobn
gogbbboooobbuooobbbuooobobobooobbobuoooboboboooobo
ggbbbuoogobbuoooobbbooobbboooobbbuooouoobobo
goodbobodgboboooboobooboobboboboobbonobodn 78cmO
gboboggbboboboooass3ubbugubbuoboogbbuoobooobn
gogbbbooogbbboooobbuoooobbboooobbbooobbboooobon
gobbooobbbuooobbbuooobobboooobbooobboboooobn
gobboboooobboooobboboooobobooo



el ODOOOOoOobObObOOOoOoOobObOOoOOonbOn 75

1 6l

oottt botgtdug
HREEN

6.1 OO0

gobbouooobbbooobboooobboooobboooobboooobn
ggbgobboboodgobboooobbbuoooobbboogbobobuoooobooboon
ggbboooobboooobboooobbuooobbobooobbboooobn
ggbbboogobbobuogobbbuoobbobuooobbobooooboboooobon
ggbbuoooobbuoodobbbuooobobbbooobbbooobbboooobobo
gogbbbuoooobbboogobbbuoooobbooooboboobod

gobbuooobobbdoodgbbbuoodgbbbuooobbbuooobboooobn
gobboooobbboooobbbooobbobuooobboooobobbooogon
gobboooobboooobbboooobbbooobbooobobboooobn
O00000000ooOee-e800 0000000000000 0ODDOO0O [e90ODOO
000 WebOOOOOOOOODOO [70]00000000000O0O0DOOOOOOODOO
gobbobuoooobbbuoooobbbuoaobobogo

6.2 UO0OOOO

O00000000000000000000000000SIFT[71]0ColorSIFT[72]0HLAC
000 [730HOGO DO [hljooDo0o0oD0O0 [e000oo0oOoDOoOoOoOoOoOoOOO



gell DOOODOOODOODOOOODOObDOODO 76

Color surf
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0 6.2: Example of cooking image
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