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Architectural Overview of a Sensor Network
for Supporting Nursing Activities

REN OHMURA, 12 Furosnr Nava,! HaAruvo Noma'!
and Kryosnr KoGure®

We developed a wireless sensor network system for supporting context-
awareness of nursing activities in hospitals. Our system is aimed at automated
recording of nursing work, visualizing analytical results from nursing histories,
and providing context-aware services to nurses during working time. The sys-
tem construct heterogeneous wireless sensor network utilizing three kinds of
wireless networks. We illustrate the components constructing the entire system
with its layered structure. We also show practical examples of applications
and empirical results evaluating the performance of retrieving detailed nursing
contexts.
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Fig.4 Location Estimation on IR-ID Sensors

Oo0®'® 00000O0IRIDOOOOOOONONODOONDOONDOONONONONDOONONDNOO
000000000000000000000000000000000000000000
IR-IDO0000D0000000D 20000000000 (0 20)000000 IDO
0000000000000 0000000000000000000000000000
000000 20000000000000000200000000 (ADB)OOOO
0000000000000 00000000000 (00000AOOOOODOOOO
0O0BOOOOOODO)IDO0OO0OO0O0OO0OODODOOOOOOOODOOOOOOOOO0O
O0DAODOBOIDOODOODOOOODDODOOOOOOOOOOOOOODODOOOOOO
00000000000 00000000000000000000000000000
0D000000000000000000000000000000000000000
00000000 ZigBee 000D DO0O00ODODOOODODOOODDOOODO

3.3 D0000000D000D00000

O0000000000000000 (0 1)00DIROO0OO0OO0 (IRSS)02) 00
00003)00000000000000000000000000000000000
000000000000000000 PCOOO00OO0OODOO0O00OOO0O0O00O0000
IROODOOOO (IRSS)

IROOO0OO0O0O0O0 (IR Sensor Server; IRSS) O IR-ID 0000000 O0O0OOOIRSS
000000000000000 (Real Time Location Estimation Engine;RTLE) 0 0O O
OODORTLECOOOIRID 0000000000000 0OODOOOODDOOOODOOn
000000000000 0000000000000

O00O0IRSSOO0ODO0O00DO0O00DDO00NDONON0NDDNON0NODDONooooon

Vol.2009-UBI-23 No.8
2009/7/16

gooiboobOoOoOobOobOOoOOUO0OO0O0oDOobOODbDOoUOODU0ODODODObObOODbDOD
O0OO0ODIR-IDOODOODOOD IDODODOODOODOODOODOODODOODOODOODODOD
ggoboooboboooboo

ooooooooooobooOoOoboOoooobooOoOoobOoooOoOOOOOo IDOOOOn
00000000 (AQUO0 B)UOOOUOOUOD (DODOOOO10)00000OO0
gooooboooooooooobooooboO0ooboooobOoboOooboooObobOOooooOoboon
oo00o0oUooUoO0oooOooOoUoUOoUoD (b40)D0D00OUDUODO AOOB
gooooboooooooooobobOooooobOoboOobOoboobOOobOObCbOOOooDbbooo
ooboooobbooobo 40000000000

0000 2000000000 o000 pO0O00000O00O0O0OOOOOOOCODO
O00o0opgoOO0O000000O00O0O0O0OO0O0O0OO0OoOOoOOoOooOOoUOoOOo
000000000U00U00U0U0 (D00 ADODOO0DDOO0DDO0OO0OO)00IRIDOOO
000 «000000000000DO00O0O0 (OO0 BOUDO)DODO pooUooooo
000000000000000 (00000000 0)000D0O0D0O0D0O0UOUIRSS
go0dzCcOOoOoOOoOOOOOOOOOOORILEOOODOOOOOOODOOOOO
ooboooooobooo
oobooo

00000 (Voice Server; VS) DOOODO WMUOOOOOOODOOOODOODOOOO
PCMOOOOO0ODOOOVSOODOOOOOODOOOODOOO0OOO* 000000000
goboobodoboobooboobooboobobbooobooboobOoobo
goooboobobooboobooboobobboboboboobboboobobo
oooood
oobooooooood

000000000000 (Main Unit Server; MUS) 0 WMU OO OO OO OO UBlue-
toothOOOO0D0OO0OOOO0O0O0D0O0DO BluetoothOODODOOOOOOOOOOODODODO
000000100 MUSOOO0OOOO0O0O0000000000WIFiOODOO WMUOO
OUoUooOo TCp/IPO0O0OLOOUOOOOODOO (WMU)ODODOOO MUSOOOOO
0000000 MUSOOOOOOOOOOOOBIuetooth OO ODOODOOOOOOOOO
goboooooboboooboooooooboboooboOoOoOoOooOobooOooboOooon

x1 00000000000000000O0

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

3.4 00O0OOOOOOO
0o0o0doooooboooooooobooddoooooooobooooooooo
0o0o0oo0oooooooooooooobooooooooooooo o ooooooa
0o0ooooUo0oooooooooooooooooooooooogog

3.4.1 O0OD0OOOOOO

00000000 (Activity Recognition Engine; ARE) 00000000000 0O0OO
oo0o0oooOo0o0o0oooooooo0dgooooooooooooooooooo
o0oo0oooUo0ooOoUoU0oOoUOoUOoU0oLDOoUOO0OOOUO (DoooD)ooUoo
goooOoOoOoOoOoOoOoOoOoOoOoOOOODOO0ODOO0OO0OO0mMOO0OOO0OO0O0Ooooog
gobdOoo0ooooo0dooOobo0obo0oooooboOoobooooODoD UDnO
00000o0oU0o(@oOoUo0oOoUoUoOoooUOOobDOoUoOon)
oooooo
00000000ooooOoO0U0O0oooOo0oU0oDooO0oooooUOoooooooon
000D0000Y000000000000000100HzO0ODOODOOODOOOODOOO
000000000 1280000 (1.280)000000 50%(640000,0.640)0000
0000000000000 0O00000000000000000000OOoOO0O0n
O0000oO0oooLpPCO0O00OODOUOODODOOOD20000 (DO0D0OOOOO
0)0000000000000000000 47400000000000000
00000oooooooogg
gooddoooooooooobooodooooooooooboo0booooooooo
0000D0ODODO00000O0OO0ODOO0ORTLEOOODOOOOOODODODOOOOOODODODOO
ooooooooogoogd

ooooopooo s000pooooooO0oU0UooooooOOogUoooooogoo
0000000000000 00000000000o00U00000000 (Activity) O
ooo0o0ooooooOoOO0O00o0o0o000ooooo0oUooUoooooooooooo
000ooo0oooooooooHMMODOODOOOOOOOCOODOO
ooooooOooOo0oOoOoOoOOooOOOU0UODOOOOOODOOODODOOOOOoOOoOOoO
0000o0oDOo0o0o00ooooo0o0Uooooooo0ooooooooooooooo
000 X, 0OO0O0O300000000ooooo 101000000 svMooooo
0000000000000 0000 (p(QeQ+—1))000000DO0ODOOUODOOOOOO
0000000000000 00000000oooooODooooooooooooooo

Vol.2009-UBI-23 No.8
2009/7/16

T=t T=t+1

Location L Lia
Activity Q Qua

Feature Vector

05 OD0O0OO00O0OOODOOODOOODOO
Fig.5 Graphical Model for Activity Recognition

ogoooooooooooooa
gooooooooo

Jo0o0oo0ooooo0o MUSOOODOOODOO0OO0OO0ODUOOODODO0OOO0OODOOOARE O
MUSOOOOODOOODOOOOODOOODODOODOO0OO0DOO00DOO00D000 RTLEODOOOO
O000D0O0O00O00DAREOCOOOOOOOOODOODOODOODOOOOOOOOOOO0
JooodooooooOoooDoOoosSsvMOOoooooOooooooooooooooa
ddddddoooboOoObOoOo0d00o00ooooooOoOobOo0oo0o0o0ooOoOooooOoooa
000000o00ooooe;.,000¢t-1000000000000000 ¢+0000
D00 Qi1 = argmax p(Q:|Q7 1) -p(Q¢|X:) DO D OO Op(Q:]QF-1) - p(Qe]X:) DO O
goddooooooooooooobobooooboooobooooooooooooo
000000 NULLODOODOODOODOO0D0D0O00000000 SQLOoOooon
0doooobobooooooooooooooboboboooooooa

3.4.2 J00O0O0OOOOOOOOOOOO

goddoooooooboboobboddooooooooobboboooooooooo
O0000000000o0O0oo0ooooOooO (IRSSUMUSOOO ARE)DODOOO
000000000000 D00000000000000Y 0000000000000
dooooboboooooooooooooooboooboooooooa

3.4.3 U00O0OOOOOOOOOOOO

o000 bOoooobObOUooobooOoOooo
dddooboOobdodd0oooooooooooooOobOoOoOo0ooooboooooooa
gooooooooooooo

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

3.44 0O0O0OO0OO0OOOOOOOOOOO

O0D00O000000000000 RTLEO AREOODDOOOOODOODOOOOOO
ocooooobooooooooobobooooooboboooooOboboOoOooooboOoooo
goboooobboooboooooooooooboooooooooooooa

3.5 ODO0OOO0OO0OO0

gboooooodooboooboooobooooobobooooboOobobooOoOobOoOooDo
00000000 mOoUoooooUooUoooo0ooUooo(@ eA)mOoOoooo
OU00o0o(@eB)DOUOUOODOOUOUO(D6CH)ODOLOODOUOODOOOOOO
OO0 e6E)D 4000000000000 00ODOOOOOOUDOOOOUDOOOODO
gbooobooobooooobooooboobOoOooobooOoOo0oboboobOoOooOoDbo
gobooooobooobooooboooooboooooboooooooo
goboooobooooooooboocoooo

0000000000D0O00000000On (DeA)DODUODUOUODODUDUDOO
gooooboooooooooooooooooboooooboooooooooooooDooboo
goboobooooooboooooooooboooboooooooooooooboboOooooDooo
oooooooon
oobooooobog

000000000 (0 e6B)0OOODOOOOODOOODOO(OODODDOO)ODO
gooooooooooobooooboooboooooooooobooobooooDo
coooooooobooboOoOooOooooboOoOOObOObOOOOObODOOOOobooOOoOoo
ocoobooooooooboooboOoboOoooboOoobooooobooOooooobooooon
gooobooooobooooooooooooooobooboooooooboooooooo
goboooooooo
gobooooobooobooodoooobooooooooooooooboooooboonboon
gobooooboooboooooooooooboooooooo
ooo0o0o0ooUoOoUooUOooOoOooon (D eCh)0OUDODDOUDOODOOOO
gooooboboooooooocooobobOoOob0oboboOooooobooOobOOboUUobODboo
gooooooooooboooboooooooooboboOooooboooOoooOoobOoDbOoobo
gooooboooooobooooooooooooboboOoooobobOboOooOobOobOboOoOoobo
gooobooooooobooooooobooOobooooooOobcOoooooooooooOoDoboo
goboooboooooooooooboooooooboooooboooo

Vol.2009-UBI-23 No.8
2009/7/16

2008/10/06 183514

ccccc

i

2008/10/30 11:57:18

Nurse01 Location

Activity
Work

Voice

Time.
i Viewst Murss01

£ Ditil Viewss N
2008/10/30 11:57:18 NurseOT

Location

Aoy [aal 11 e
(© v 31 o
[

Voice

Time

18650 1757700 175710 175720 775750 175790 1757 | =

4000 7
2000

o 4 ~=
£ -2000
© 4000

L L L L L L L
11:56:50 11:57:00 11:57:10 11:57:20 11:57:30 11:57:40 11:57

4000
20001
]

2 20001
4000

L L L L L L L
11:56:50 11:57:00 11:57:10 11:57:20 11:57:30 11:57:40 11:57:
4000 7
2000 -
0

e
~2000 - U "
-4000

RightArm

L ' L L L L L
1156:50 11557:00 1155710 11:57:20 11:57:30 11:57:40 11:57,

40007
2000
0 S
~2000 [~ ¥
-4000

LeftArm

115'650 |15I700 ||5I7|0 ||5I720 ||5I730 ||5I740 ||5I7
r—I—lz—]

06 0000O0ODDDODDODOODOOOOOOO: (A)DODO0D0ODOOOOODODDODDODOOOOOOO(B)OOO
0000000(C)D0D0000000000(D) 00 (00000)0(E) 00000000000
Fig.6 Snapshot of visualizing applications:A.Context Snapshot Viewer, B.History Viewer,
C.Sensor Data Viewer, D.Movie (optional for playback), E.Location Viewer

— . -

O0oooUoOoooooOoooUooooUoO (oeC)DOOOOOOOUOOODOO
obooooobooboooboboooooooobooobbooooboobooOooobooOoo

4. 0D 00O

gboooooboooooboobooboooooboobooobOoboOoUoOOobOobobOonn
gboboooooobooooooboooobooboooOoOooOoboooboOoob0 20000
gobl1do0ooobooooooooobooooooobooobbooooooooOooonn

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

000000o0ooo0ooD (0 eE)ODODOO0DOUDODODODODOODOUDMOO0ODUOmMO
gobmoooooooooooooooomoooooooboooooooooo
goboooooooobooooboobooooboooboooobooobboooooDo
oob3gubbooooooooooboboooooonon 280000000 10000

0000000000000 000000000000000000000000O0OARE
gooooobooodooooboooooooooboooOoboOooooobooooooooooDooboo
oo0o0ooOoo0oU0oUOooOoo0oUoUO (0 1)DoooooooUoooooo
gooooooooo1l1oob 1oboooboooolbooooboboooobobooobooOoboOoooDo
000000000 1.810+156ms010000000000000000CC0C0O0O0O0OO
oobooo 1.896+9ms 00 000O0OOOO0O

goboooooooboooboooooobOboOobobOoOoOoOooOoboOoOobOOoO 280000000
00000 2% 0000000000000 O0OULO0DUOD0DMODOULDOUOOO
OU0U0o0o0ooOooUooD v%%ooiooio0oooooUoUDULUDOOO
gobobooooooooooooooooobooboobooooooooooboooooDooo
gobooooboooobooooboooobobooooo

goooooboooooooooooooooboooobobooooooboOooooDbon
ooooooooooooo2000000 2300000000000000000000
gobooooooooboto210b0o00oo0ooooooboo0ooOoobbo00oo0oooDo
gooobooooooooooooobooooooooobooooooooobooooooo
gooooooooooobooooboooooooobooooooobooooooDbobo
goooooobooobooooboooooobbooboobooobbooboboOooDboO
goooboooodooooboooooboooooooboooooobo0oooboOoooooa
gooobooooooooooooooooooooooooooooooooooooo
gobodoobooooooooboooooo

5. 0 0004

ooooUl)0ooUooooLooU0oUooUoU)UUDUooLooUooooOn
00o000o0o0oo03)000o0oo0o0oUo0oo0ooOo0oOoooOUDoUoOo
oobooooboooooooobooooooobobooobOOoobooobbOOoboboOooDoOoo
gooboooooboooooobooooooOoobOoOoOo0oOoOobooobobooooobooo
gobooooobooooooooboooooooboboooooobooobboobooboOooDoOoo

01 0000000000000000000000

Table 1 Nusing activities in the evaluation senario

and these location dependency

Vol.2009-UBI-23 No.8

z
o

goooo

oo

ooooooooo

ooooo

O
O

O
O

goooo

goooo

goooo

goooo

NSNS

S

NSNS

ooo

ooo

gooo

AN AN AN NN

<

goooooooboooo

O[T | W[~

oooooooo

[
=)

gooooooo

[
=

goooo

<

AN AN AN

[
[\v]

pPCOOOOOOD

[
w

pCOOOOO

—
S

00 (0D0) 00

NSNS

-
ot

gooooono

—
[}

ooooooooooo

—
-3

0000000000 (00)

[
o)

gooo

—
©

gooo

NSNS

[~}
(=)

goooooooo

]
—

gooo

N
3]

gooo

NSRS LSS

[\
w

oooooooooono

N}
=

gooooo

[~}
ot

goooooooo

[\~
[+

gooooo

[~}
N

gooooono

<SS

[\
0

gooooooooooooo

AN

ooo

11

18

2009/7/16

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

goooobooooooooooooooooboooboooooooooobobooooDoboo
goooooboooooooobooooooboobobobOoOo0ooooobooboooooDboo
goobooooobbo4000bO000b0ooOoObOO00bOObOO0ObODObOOOODODOD
oobooooooboooooooooooooboooooooooooooooooo
goooboooodoooooboooooboobooooooooooooobooooooboo
Oo0oO0oo0oo0ooUoUoUOoUOooUoUOooDOoOssuUOOooUoUooooo
O00o00o0oo0oO0oUoooobDoOoooD %% o0ooooouoooa

OO0O0OO0O0OO0O0OBluetoothOOOOOOOOOOOOOOOOOOOOOOODODODOO
ooooooooooooooooboooooobooOoOoOOO0oOoOoobOOobOOoooooboo
gooooboooooooooooboouoooooobooOoooooOooOooobooOoDboo
goooboooooooooooooooooooooooooooobooboOoooooboo
ooboooooboo

00 oboooooooOOoOOOO0000000000 “«coboooboooobooooo
ooooooOoOoOOO000”000000000000000OC0DOOOOODODOOOOOO0
gooooobooobooo

o o O 0O

1) Bao, L. and Intille, S.S.: Activity Recognition from User-Annotated Acceleration
Data, Pervasive 2004, pp.1-17 (2004).

2) Bardram, J.E. and Christensen, H.B.: Pervasive Computing Support for Hospitals:
An overview of the Activity-Based Computing Project, IEEE Pervasive Computing,
Vol.6, No.1, pp.44-51 (2007).

3) Choudhury, T., Borriello, G., Consolvo, S., Haehnel, D., Harrison, B., Hemingway,
B., Hightower, J., Klasnja, P.P., Koscher, K., LaMarca, A., Landay, J.A., LeGrand,
L., Lester, J., Rahimi, A., Rea, A. and Wyatt, D.: The Mobile Sensing Platform: An
Embedded Activity Recognition System, IEEE Pervasive Computing, Vol.7, No.2,
pp.32-41 (2008).

4) Hansen, T.R., Bardram, J.E. and Soegaard, M.: Moving Out of the Lab: Deploying
Pervasive Technologies in a Hospital, Pervasive Computing, IEEE, Vol.5, No.3, pp.
24-31 (2006).

5) Ohmura, R., Naya, F., Noma, H. and Kogure, K.: B-Pack: A Bluetooth-based
Wearable Sensing Device for Nursing Activity Recognition, Proc. of the 1st Intl.
Symposium on Wireless Pervasive Computing 2006(ISWPC 2006) (2006).

6) Osmani, V. and Balasubramaniam, S.: Context Management Support for Activ-

Vol.2009-UBI-23 No.8
2009/7/16

ity Recognition in Health-Care, Pervasive 2006 Workshop Proceedings, Springer
(2006).

7) Sénchez, D., Tentori, M. and Favela, J.: Activity Recognition for the Smart Hos-
pital, IEEE Intelligent Systems, Vol.23, No.2, pp.50-57 (2008).

8) Stiefmeier, T., Roggen, D., Ogris, G., Lukowicz, P. and Tro”’ster, G.: Wearable
Activity Tracking in Car Manufacturing, IEEE Pervasive Computing, Vol.7, No.2,
pp-42-50 (2008).

9) Takahashi, S., Wong, J., Miyamae, M., Terada, T., Noma, H., Toriyama, T.,
Kogure, K. and Nishio, S.: A ZigBee-based Sensor Node for Tracking People’s Lo-
cations, Proc. of the 2nd ACM International Workshop on Context-Awareness for
Self-Managing Systems (CASEMANS 2008), pp.34-38 (2008).

10) Widom, J. and Ceri, S.(eds.): Active Database Systems: Triggers and Rules for Ad-
vanced Database Processing (The Morgan Kaufmann Series in Data Management
Systems), Morgan Kaufmann Publishers Inc. (1995).

11) 000000 http://www.mhlw.go.jp/topics/2001/0110/tp1030-1.html (2001).

12) 0000000000000 00D00O0OUD0OOU0OLOUODOO0DLDOOOOOOOD
JooooooooDooooooOOooDbOO0DO00DOo0o0oO0O0DOoOuUSN2007-27,
Vol.107, No.152, pp.29-34 (2007).

13) 0000000000000 0000UO0OBluetooth 00D 0OO0OOOOOOODO
00000000000 00AL Vol.105, No.224, pp.5-10 (2005).

14) 000000000000000000000D000000 Bluetooth 000000
Oo0oodooDoObOoOoO0o0ooobo 7Oo0OOO0O00OO0O0OO0OOOOOO0OO0OOOOOO
0O0DoooO (SI2006) (2006).

15) 00000000000 00000000000000BIuetoothOODOOOOOODO
0000000000000000USN2008-36, Vol.108, No.138, pp.147-152 (2008).

16) 0000000000000 0000000O000000O000O0O0D0OOO0O0
J000O00O0ODOO0OFIT2005 0 40000000000000pp-M-021 259-260
(2005).

© 2009 Information Processing Society of Japan



