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Abstract: Preventing pressure ulcer is one of important issues in nursing cure. Our project has tried to
estimate and reduce the risk of pressure ulcer using a sheet-type pressure sensor. However, we found that
body-pressure dispersion cushions that were inserted between bed and patient interfere with accurate sens-
ing through preliminary experiments in an elderly care facility. To solve this issue, we are implementing a
garment-type pressure sensor that measures directly the pressures that are applied onto the human skin.
We compared the detection performance of pressure value put on body surface by evaluating accuracies of
posture classification using bed-sheet and garment-type pressure sensors with 20 users. The garment-type
sensor could succeeded to classify more accurately than the ones of the bed-sheet-type sensor in the clas-
sification task of postures using both of sensors. We confirmed that the garment-type pressure sensor has
higher detectionability than the bed-sheet-type sensor when dispersion cushions are inserted.
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Fig. 1 Measurement example using bed-sheet-type pressure

sensor.
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Fig. 2 Composition example of textile pressure sensor.
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Fig. 3 Design of textile pressure sensor.
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Fig. 5 The garment-type pressure sensor.
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Table 1 Sizing details of the garment-type pressure sensor.

DRV INVUER
AL 61.0cm | XA N | 41.0cm
J& & 41.5cm | &L 30.0cm
L 525cm | BT 70.0 cm
27T | 58.0cm | #EEHY | 29.0cm

HHEY | 29.0cm
vy 49.0 cm
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Fig. 6 Examples of occlusions caused by pressure dispersion cushions and pressure dis-

tribution acquired from the garment-type pressure sensor.
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Fig. 7 Cushion-use for pressure ulcer care in each sleeping-
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Fig. 9 Distribution of 20 accuracies of sleeping-posture classifi-

cation using pressure-matrix with leave-one-subject-out

cross validation.
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Fig. 10 The result of accuracies of sleeping-posture classifica-

tion using bed-sheet-type and garment-type sensors.
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Fig. 11 The result of accuracies of sleeping-posture classifica-

tion using both type of sensors with cushions A, B,

and C.

va v AFIHERCBWTIE, Brunner-Munzel fREIC L 1L
iE, 0% THE—TEOBIRIIE X DRER L EL S, ¥ — VA
JEN 2 o L, KBTI D F AR D Rk
EDSE otz MBDr vy a v EIFALZE & LR, i
U E B ITE 3 SN HRMETH Y, R AT
MR O bz, 7 vyary BRAKBIBWT, ¥—v
BIE € o EREET € 0 ORBEDOETK S W EH
MR NGB oz, 7y ay CHFRIZBWTIZ,
Brunner-Munzel #7212 X NE, 5% THE—MOBIEAE X
LER GO, Y-y RE LR, KERAE
Tt Dl IKEE DR RAEDSE &) FERAME S L.
7.2.3 ER

FohrdMAarReT Vs vy varyeafifiTs e, Hamie
BO%Sry v a VB THRENFZ SN TR TH
L. oL, Y=vHFNA AT -REAT LI
Rz, BEFTIREPAHTH S, 20 LX) RO FEAE
PRSI E 7 v o a ry ARIAIREICBWT, KEME &
Y OREPGERENEEAS AN E s, Kt
YR VEERICMDLENEEZE SR 5N TVDE I LD
REE N L, 2y var B, CHAHMLY LIt
I EDITRHEMEEHAIS S N2 L b, FH e
7y vay APREEOIEMLZBINGEZE 2 6T 2
N R WAR

WHD7 v arz2FEROTIZHE, BEAXRy Fpb
FWZIREEIZ R D), Ny FRr v Y3 VS RICHT 5
WAL T 5. Lo T, MUEIE22>THEY
EEPDPLEERLT L e, 7y vayELED
RFITMDLEIIEAKT L2 DEEZ LN, RFERIZE
WCIEZ v v a v BOFFEIC, FERsRsE 0L
MEIN. 7y ary BRFIHEIZBWT, Wity Eo
FBEDEPRKENMAAD RO NG ho/zl &b, filid
Dy vareMMALEE EOREIIMREOFEE 2 >~

© 2018 Information Processing Society of Japan

T CTRBETH A Z LATRB I .

7w va Y ORIRIZ L o THWEABOZIRZSAEEIIZ 2 D,
¥ =Y RFINA A TIREND DB BIRDEALA 551 12
A B BEEDH o7, O XD BIRIROFEAENE SN
L7y ay CoOFHEIZBWTIE, Wit 25l osks
EOENRDRKREVEISH SN2 ehs, 7vay
C DHNTERDSY — 7 L OIES 53 A 1258 { T 7z
eV = VRIET e T OGHEREIRTICO R o7z k
FE2bNb, —HT, KERFELHTIE, Aoy
TaroREEZTT, SEREFSVERSES .

8. F&¥

RIFFE T, WEHME) A7 OWMEHIE L2kEE
BHEETI T 2 72O I CKBEE T o 23R E L7, RIES
w7 v va YAHREOEIRIE O BRED Y — B
FEJ k3 LT 272012, 20 LOWEE EEE L
T, KEBGF AVl 2 T o 72, TR, £
BOERE 5% % &0 b 00, KERE X 0 hHs
SHERERE OFEE L R REDSR VL ) RERSE S, K
b L ENBEOFREIEN TN D Z EATRE S
7o ARWFETE, WERB AR E L)% v TR L
7o, FOD, BEHPLDREV-DICHEEL L) FIE
LTV, SErge Lt rs 5RO EET 5.

BEE AWP7EiE, JSPS BHUFE 15H02736, B LU, B
BHED B WG T RGBT FE R HEE S (SCOPE) 12
LB EZTE L. FROFETIIH2Y, HikEEE
FEMOVEENL THEE L TW 2wl ET LR
B MO FIRE T MBI, RRFEEMOV 00 ThhE
LTV 2wt B KRR O R R BT, Ei
EZNHREETOY TN, ZAEANH 20, BIOTH
PH THE T L T2t Stttk N v BRI 28
FAR =LA —F—AKEDAY v 7 DS F |
WeLES. F, Y - SRR EM OG5 TE
% LW RiRHERN > & — B Bk, H P
FI=ERE, 7 6 ONS, MRSt AR B S A T L 5 B %6
vy —KEPERER, ARG ARRICES L E T,

SENH

1]  —HEEABREEAR HETA N7y 7 B2 15
BT EHAA NI A2 (584 ki) HEL, HEARAE (2015).

[2]  Enokibori, Y., Suzuki, A., Mizuno, H., Shimakami, Y.
and Mase, K.: E-textile pressure sensor based on conduc-
tive fiber and its structure, Proc. 2018 ACM Conference
on Pervasive and Ubiquitous Computing Adjunct Pub-
lication, UbiComp '18 Adjunct, New York, NY, USA,
pp.207-210, ACM (2013).

[3]  Enokibori, Y. and Mase, K.: Are they effective in actual
workspace? — Case of pressure ulcer prevention features,
Internal Workshop on Informatics 2016 (IWIN 2016),
Riga, Latvia, pp.13—-18 (2016).

(4] /NEREERAG, BYE B, REfE R R FA

1834



RS 2R

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[14]

[15]

[16]

[17]

[18]

[19]

L7AHR 784 A & =V BTN A A D BHE, A
5T ary (2017).

Berlowitz, D.R. and Brienza, D.M.: Are all pressure ul-
cers the result of deep tissue injury? A review of the
literature, Ostomy Wound Management, Vol.53, No.10,
pp-34-38 (2007).

Haesler, E.: European Pressure Ulcer Advisory Panel
National Pressure Ulcer Advisory Panel and Pan Pa-
cific Pressure Injury Alliance, Prevention and Treatment
of Pressure Ulcers: Quick Reference Guide, Cambridge
Media (2014).

Huang, W., Wai, A.A.P., Foo, S.F., Biswas, J., Hsia,
C.-C. and Liou, K.: Multimodal sleeping posture classi-
fication, 2010 20th International Conference on Pattern
Recognition (ICPR), pp.4336-4339, IEEE (2010).
Yousefi, R., Ostadabbas, S., Faezipour, M., Nourani, M.,
Tamil, L. and Pompeo, M.: Posture and limb detection
for pressure ulcer prevention, Proc. Southern Biomedical
Engineering Conference (SBEC') (2011).

Mineharu, A., Kuwahara, N. and Morimoto, K.: A
study of automatic classification of sleeping position by
a pressure-sensitive sensor, 2015 International Confer-
ence on Informatics, Electronics & Vision (ICIEV),
pp.1-5, IEEE (2015).

PEHAERL, WRHEIEE, & %, @0, EEMIE
I3+ 2 18 & 2 RERR A SR - ARG SR 5 - Aol
ZEH, BART Ry FFEARE, Voll6, No.5, pp.705-711
(1998).

Harada, T., Sato, T. and Mori, T.: Pressure distribution
image based human motion tracking system using skele-
ton and surface integration model, Proc. 2001 ICRA,
IEEE International Conference on Robotics and Au-
tomation, Vol.4, pp.3201-3207, IEEE (2001).

Amft, O., Tréster, G., Lukowicz, P. and Schuster, C.:
Sensing muscle activities with body-worn sensors, BSN,
pp.138-141, IEEE Computer Society (2006).
Dementyev, A. and Paradiso, J.A.: Wristflex: Low-
power gesture input with wrist-worn pressure sensors,
Proc. 27th Annual ACM Symposium on User Inter-
face Software and Technology, UIST ’14, New York, NY,
USA, pp.161-166, ACM (2014).

Paradiso, R., Loriga, G. and Taccini, N.: A wearable
health care system based on knitted integrated sensors,
IEEE Trans. Information Technology in Biomedicine,
Vol.9, No.3, pp.337-344 (2005).

Leong, J., Parzer, P., Perteneder, F., Babic, T., Rendl,
C., Vogl, A., Egger, H., Olwal, A. and Haller, M.: pro-
cover: Sensory augmentation of prosthetic limbs using
smart textile covers, Proc. 29th Annual Symposium on
User Interface Software and Technology, pp.335-346,
ACM (2016).

Foo, E.W., Pettys-Baker, R.M., Sullivan, S. and Dunne,
L.E.: Garment-integrated wetness sensing for leak de-
tection, Proc. 2017 ACM International Symposium on
Wearable Computers, ISWC 17, New York, NY, USA,
pp-26-33, ACM (2017).

B B ARAS, SEMREIL, HrRIEE, RO, AR B, R
R ONES B, KEFEERE, SR & TR O R
FHU BB~ DICH, &\ B EERFEA A 1 v 5 —
FeHi 2, pp.94-97 (2013).

R B, MNEET, CKHAEE, AMRGET, HiEE_,
FORET e v v — 2 2 w2 BURKERE O £
=5 Tl & & OREIE EAARETARO L,
AR AR SO 2 AE, P2-5-22 (2014).
Freeman, W.T. and Roth, M.: Orientation histograms

© 2018 Information Processing Society of Japan

Vol.59 No.10 1827-1836 (Oct. 2018)

[21]

[22]

> b

for hand gesture recognition, International Workshop
on Automatic Face and Gesture Recognition, Vol.12,
pp-296-301 (1995).

Lowe, D.G.: Object recognition from local scale-
invariant features, Proc. 7th IEEE International Con-
ference on Computer Vision (1999).

Welch, B.L.: The significance of the difference between
two means when the population variances are unequal,
Biometrika, Vol.29, No.3-4, pp.350-362 (1938).

Mann, H.B. and Whitney, D.R.: On a test of whether
one of two random variables is stochastically larger than
the other, Ann. Math. Statist., Vol.18, No.1, pp.50-60
(1947).

Brunner, E. and Munzel, U.. The nonparamet-
ric Behrens-Fisher problem: Asymptotic theory and
a small-sample approximation, Biometrical Journal,
Vol.42, No.1, pp.17-25 (2000).

Fei-Fei, L. and Perona, P.: A Bayesian hierarchical model
for learning natural scene categories, 2005 IEEE Com-
puter Society Conference on Computer Vision and Pat-
tern Recognition (CVPR ’05) (2005).

NP RIA

2016 4 3 A4 hBRRF L ESNE
T - R, 2018 4 3 A
KFERFIEHRE ARt s AT
LEHRF B AR E T, 2016
4 AR EE ) — 71 v 7T
0 s g LFEMR T — FiERE) — 5 —

(FEZR)

"

MER T 1 7T Mg, BUE, A RERFRA bR

FHFTERIHIE > A 7 L 2R BBl AR AR AE S

KEEBED

HIETlE, w277 7NVarEa—% - X H AV AT
L TSR Y AT L DORFZEICHES.

1B &

2005 4F 37 iy fiff RSB T 22 BRI - B
I 2007 4E R RAFEHL T AAT
FERHE L RTIERFE G Y 2 7 L 7
7. 2010 4 [F K5 B R W 7e B
B ER A THERE T L L DI
i (%) I, 2010 4FI2FK

(IE&R)

FMT B0, 2011 FEL ) AHERFICBITLRAR
7, FHEBhEEE T, 2015 4F X ) RS R FEPE BB
WA CEYFICEE. BUE, FRFREIEHRAIZERTE.
aAVFy2Aa =T 4, YT ITNIT 2 —
TAYT, A Y TNAY =TT, NVATT -

il

CEROWE R HEE. AN THRESR,

INNAF X =7

A%g, HABHBREES, ACM SRR, Mt (13).

1835



BHAIEF =R NEE Vol.59 No.10 1827-1836 (Oct. 2018)

B = (ExH)

1979 44 H R K LB R AR A
. 1981 KR A B L5 7eft
TR L s 7. 1992 4F
B (L% 5 (AiFEXS).
1981 4E HARBEEELHE (B, NTT)
Atk DIk, av¥a—¥%7974
I ABLOEGILIE, FOba—<2 A2 F T x—AND
B ORI HEH. 1988 ~1989 4FK[E MIT * 7 1 7Hf%E
T BIgE R, 1995~2002 4 (bk) EIRSE OIS 2ERE Rl
7eT (ATR) WF7E=E = E. 2002 £ £ ) #h B R HE%.
BUE, MRFRFBEMERAIZERTE. BRI, G0 -
VLT FGTINAYa—F c AEFFTALATFAILL D,
FA7urstala=yr—3a YIEOWELHEAEL T
5. NTHRES 2 1999 FREGSCHE, [ 2013 420597 B 5.
201744 H X 1) JST CREST [dtd:A > %5273 ] Hf
FoAnth. O 24 WIH AR KdH 2 H,. IEEE, ACM, A
THEESS, BTEREESS (72u—), ta—< A
Y7 x— A%, VR¥R, HEETFRERE. B
(T%).

© 2018 Information Processing Society of Japan

1836



