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Abstract

In this study, wireless measurement technique for human motion was developed to monitor movement
disorder patients during their daily life. MICA, TinyOS, and nesC, developed by UC Berkeley, were used as
wireless sensor, its software platform, and programming language. The human motion data, generated by two
axial accelerometer(ADXL202) was transmitted to PDA(iPaq3630) by 916Mhz short range communication
chip(TR1000). It could be stored at PDA by simple Windows CE programming. To test the developed device,
it was attached at human chest and the acquired data was shown as a graph during his motion of sitting,
standing, and lying. The result showed that human motion could be logged without any hooking and constraints.
Therefore, this device can be used to monitor patient's movement disorder and activity of daily life(ADL).

WANEA, JHEE A28, FHEA, SR

39



ofE 7HATEY 1 T JHQLE AE e LA
57

[>

o= thA s3Itk o]y g Aol duti= A
(embedded system) 7|20l 7|HHS & PDAE
& HFH] HA" ARAe A4S F 9 o
AL W43 vEERITE 3 pDA L] SAAT F4 7]
¥} olFgo] Aol "y o]y] wiEe o]E3t
54 AaelA A d oAd ArRA7E 7k
sHAl Hth s B9, HAHRA A 9
AP F AP AEAEPOC)AIA ] AR 4
HE7t 7rsa Aohl). $-2ls ol#d 94 A
& 7FsE BRoR o7 Al FHS T UA
g 7]7]19] Ny} ggo] 1 FbHoR T
Z-g3to] AA A BT TS A5kl A
Sz Al2=BlS PDACIA T+ SFSiTE EAl] Kt
d gAE 7]719] Al PDAE A2 Xscale
T2 AME ZAAste] Hd] 400 Mhz2 T35, 7]
Bomrels 34 32MbyteS 7FAT 128Mbyte 714
7o) 7hsebH, thekst - B4l e gy
o =g 7leS Bt shqleh o] 22 d At
o] 7Feqd #Ae] dulty= AJz=Hlo] H]aLake]
T2 58 Alz=He] FES FsehA sklch gt
plo]l AR A EALA A8k PocketPC 7]HE &
FAAE A< A ~E U FA 3o
o, P NS AFE S Ak A 84
& A|Fsle] 7]E] EAE GA] PDA $H A

02 X |y
ro o o

ol
-

L
.

off H

o
it
i l"-.~
o
i

o] ol M= Welo] ohd JFollA A&H<
2 W] dastAy fA7E opd A3 A
Qle] AAl a3 euele] 4L flste] 7t
&I AlAQl ADXL 202JES ARE-ste] AAC] &%
& WstE S48 o8 RF FIE AFSate]

"oz A%stel padA ALsks A A% A

28 e s

Il 74 AHC|= AAH

Aol M= AFY 2 AlSshe AlA
Z]Z2  Cross BowAle Mica(Serial ~ Port  Based
Programming Device) S A8} TE Micat AtmelA}F
9] Atmegal28L FlO] AR ZAME AME-HH, 217
g, e, H 2k 7ERESe] thedsk opd R Al
SO AL 7Fs e tle A BRES TR
g Bo] s S0l F-aleto] AREETE Mica
o] F FFAAE TinyOs ZA o]i= AldkE =k
sl A FA S EZAI7]7] fste] aijkE G A Al
o]tk TinyOSE Z2I13 WX E] 8Kbyte, 771 &
2] 512byteQ] thedd] 2h2 A|2~Hl 2o 2w -8
o] 7Fs38lth B3 TinyOSi= Tiny0s2] 23] T ey
T3} EE ¢ dolE Ve R e 2
210121 nesCE AHE-3te] A E ATHT). Mica®] o]
AA 715 & 54 AXE 54 AI7]AL o] & RF T+
SR AEsl7] YT nesC ZEI1HY o=
ARgElo] T2 B Ayl 3 oluA|E ¢
B2EG 5 A BES BE FAete] 21 A7)
ok =RoAs 7R AARRS ARgetER =
2 S3tE AR E= A% BRo]ETL TR0
Z5 v E7} 7ES] 37byte?] 7HEEC whE Al
S Eshet o3 AlEY XEE B8
th a1 B oA ARSe el
T/3e UEhiIth AlM R AREEE Mias
MIB510(Programming boatd),
MTS(Sensor board), MPR(Processor /Radio board) 3 7}
Am FAEEL s HUHPES 93 e
Mobile device(PDAYOIH, 7N AJ2=Bl2 Host
computer(PC) ] TH¢).

Mol R
=N ol.

o4 _W.T‘.,
o

and  Serial interface




PDAZ Bt QIH S F4H =

RF/‘/ Sensor

device
(MTS)

Host Mobile

Computer device Base

station
(MIB510)

use use MPR(Processor/

Radio board
Cradle Converter cable

TIE JHEE AJAEL 3 T 7

TJF1elA MIB510  MTSZEH-E  RF(Radio
Frequency) & ToJE] FA1E WL o] 5 AJgd 2 E
2 Zd3It} pDAS} MIB510 7+2] HIOJE]E USB to
Serial A% A|o]E-& AFESlY] 2T E YT
SAE HFHAME PDAS BUHY 23S
Fakal T AJetr] $1ste] USB QIE|Ho]~E A}
e AdEs AREste] AAsGIE 132AE
MTS9} MPRS YERY AL 18] 2.B3= MIB5107 PDA
£ d43% adolrh

1. MIB5109] =218y +%
MTSE REE AREsho] ofe] 71X] AlA] HR
Aste] MIB5102.2 Hlo|EE A% st}

=)

il

<
e

o

1 AFNAE Micas AIMAUE ARERaL oY
AA 75 5 7 A A SRS AREEFITE Mica
= MIB510, MPR, MTSZ T4 ™ MTS 7t A= F
A FAle] 7hsshes Hof vk WA o] 2|
oJd o A3 MPRS MIB5100] 2SIl nesCE
ALE dto] ZRaS 3 & o)F Y sl
MPRE] ZejA] W Zalo] 2= FTH3|. nesCE A
Y E (component) 7|Hko 2 o]Fo] How AHJEE
& AR PAlel webA AAE ] Stk Ze] A
HAEE AEH|o] X(interface) 2t T-&(implementation)
EHA o= o]FojXit} ofF Il xE 7 ¥
ES] 7|E gFS Aojshy oH g QlEjH o] 2o w
2} QI F o] 28] 7)5S @tk FAH QlEH <]
252 Z7te] AVIEEY A5283] 915t
AR Zbel AEH| o] 2F A F(provide) AL THE 7
HAES] 7]5E& AHuse) k== AR TS].

wlo]x Ago]de] Tz o] Eyk 3 7}
A5 AL o)E RFE AREste] W$3)
MTSE MIB5103%} SAZSFIL nesCE AHE-So] 7H ke
Aol oel A EE X, Y& AEE Agses
Z2aywy sto] ZA wEd JR= gl

b
i

2. PDA°IA 9] 415 A2

MIB510°] 7I5% HolHE FHate] Algld &
EZ HA$sd oS pDACA Y& ol ATE B
A gfofof g}, I =tellA] o] & FEsly] $l8te]
PDAT iPAQ 36305 A& 3181e™ o] 200Mhz
Strong-ARM IR AN S AFEEHH 32Kbyt694 | 72.g]
o} 32Kbyte?] Z#Al =y} Ao} gl
iPAQ 36309] A A= PocketPC 20027} A ¥
o Utk MIB5109] A2l XEZ 5= 42159
RUHY ZRIaHWs 918t Visual StudioNET
20039] Visual BasiNET-S AFE-3FQITE MIB5102.2
FH 2se dAg dolo] F(packe) 2 HH
= o] FRe AL 33} o] Fyet
Y459 22 Holg oz g4 FEE U
Aoh3). ke WFE 3Tbyee® A E Y 4
x13 2

1



Vol.1, No.1, 2007

SH7E| 42| F|3F|0A| 7D 5D| 1A[ 02| 00| 82| 00| O1| 0O

T3 miZle] S 7=

A 20| 03| 15 02| 13| 02| 20| 03| 26| 03| 16| 02| 2E| 03

i

T4, mZle| ol =1

A 15/ 02| D| 03| 15 02| 6C| 3F| 7€

i

Jg5. mzle| ool Tx2

[£ 1] MIB5109| oiZ!+4

=5

HS ) = BI0IE
1 Destination Address(7E 42) 2
2 DIAME(3F 3F) 2
3 handler ID(0A) 1
4 growp 10(7D) 1
5 OIAFZ(5D) 1
6 NMessage Length(1A) 1
8 © Source mote 1D(02 00) 2
9 sample counter (50 52) 2
10 ADG channel (01 00) 2

Payload :
" ADC data reading 20
12 J|E} HIOIE(2F 3F) 2
13 » Z2 HI0IE(7E) 1

]

A 37

ol/Fe] 1ol 1~107k4]= A sltol| s3]
w112 A 7SS AA 9 X, YS9 HlolE o]t

olg]3l wjFlo] AlE|d ¥XEZ JHTFH HUE
o Z2aslee 4 FRY 7} vl EE AR
W uppo] FERAC Yo geth o o
MIB51094 &3+ I litde-endian XHOZE
AEHARA DR, o] 5 x86 7]¥Fe] ZRAA L} HR
g Fxd 2EE WA stojof g}

ol FxAY Y gEDY 7HEE A 1A
HolHES AR stHd FAIste] T}
ol L2y 3FSih
XEO on/off & U
4

[start]/[end] HE2 A
A Holelg HxE

31 [Save] HES &

A2 Ast FAlol tlo]EHo] Ho|ER %

A8 Bk

o= v

Mobile Eased.9

[ [eNd19200/N/1T | C.M.T

JE 42 3F 3F 0A 7D SD 1A 02 00 3F 16
01001302 20 03 2E 03 14 02 2E 03
14 02 2E 03 14 02 2E 02 15 02 3F 7E

-

7E

42 3F 3F 04 7D SD 14 02 00 3F 16 01 [0
Dest [Ox7E42 Chrl |ox0001

hID  [Ox0a8 mLen|0x1Aaf26]

alD
Src Ox0002 Ox50

crt  [0x163F(5695] | EERE =]
¥wal [812][532 ][532 |[532 ][523 |

“ryal [530 |[s14 |[s13 514 |[s13 | -

| Graph | | Save | End |St0p | Start |

E|‘

86, st HolH £

A dlolefol s Hole] Tzt thea} g

‘ S
epoch | accel_x | accely [ oridmple | aridngle real_x i
B50 810, 979,0812019 5582301123 0,35459
545 B11 9771110479 56,098503983 0, 27262295
47 811 978,2279898 56.00126227 0,30540984
547 812 9790571996 K6,03400592 030540984,
547 B11 978,2273898 56.00128227 030540984,
546 810 976,8398026 5601711162 0,28901639
546 811 9776631663 K6,04986031 0,2R901633
548 812 978,4988503 56.08256346 0.28901639

068375 0952233294 66 13760703
0,915 0954750372 73,40860531
0,915 0964624366 71,54195735

0,94625 0,994315961 7211209663
0,915 0964624366 7154195735

083375 0,929808872 71,89048973
0,915 0959560043 7247060142

094625 0,989403628 73 01557613

[TTTTTT

J87. Hlole{H o 20l XMEHE HolE| HolS

[Graph] Eo AAE glo|gH|o] 29 7IEE Al
A HolHE ag|X2 1783} o] oA Hrk

< @

23 50 Fi=] 100

T8 AtMlof mE £ O =

agse] T ANgEE FRel o
B2t ggleh Yojis mel g e
Helgz el Aotk agelA W

42



PDAZ|g} 2lH &t FUAE

el E 94E S Rl
3 Aol A dolHt wue A o

2 Algho] dojx = F 2ol o] FojX|= 7
X9 % o= Ax W3}slr] uio ]

Spel HlmE Eate] kst Aol B olsle]

A A AA] R AEe AEE 5 A A

27 HEFE} 27 HEEEX
=% 527.607 0.892 782.131 0.533
Z43Hup 467.110 0.618 781.850 0.936
2H1E! down 589.085 0.713 781.170 0.616
ALK up 527.546 0.769 813.385 0.548
ALIXI down 529.959 1.035 749.173 0.455

T#lge] ez Alxu ] Ao w9
ke 2g~+2g Abolo] T VHEE gho® it
sto e A STk 329 HES Al
HIE A ow A9 gl Hdiok HAE 548
I AAE Ho] el A Hagks 54 sSith

oIt ol AMAHE T8k A

29, MB5100iA{ 2] CIO[E{E PDAIIA 2L E

V. o &
A gholAe] AR AEE FAska ol
2 AsHe A2 o] e B AHgH
Siek e B4 Z1uke] A A A2 ol

&
7F dofekat o]y gk AlA gnle] AsE ddat
= HE F/Al 7ol slojoF & Aol o] =
oA AlA FHE 7F] WSN(Wireless Sensor
Network) s TA3H= WHOE 916z 1SM S
RF(Radio Frequency)f"aT ARSI T

embedded Visual Studio 3.091 <Jste] A7t 7t
AE AT o sl 1vlslel satel
Alell= 7hdsfor & Aol Bk

3 maked A= 1 S A E1te] BA
ez Awd delHE FA AEY
CDMAGE] §4l 1Zeks ARgate] 54 AHo|
AHHES s o]0 A e,

= E=wolA AREE dHolE= ZHY A4S A
A ARHAET, o= AlA Aulex]e] vlelE 7t
7% #om SAE 54 el fhe] 4

Az

3+ QE| o] A5 A|-FSFaL Visual studio.NET, HEi=
3}

o

1_
T

O

F5 g A} A 9 s uie AA

gue] o]l ¥ w Eg 7FEEA 1o BA

& -2g~+2g Atol9] gho] &9

gille] Agjalr]el] w7] wiel] 4egt

3 a2 28sy] wited £t =2 4] 2l
3

52 %9 ¢ 4 9

43



ARISEl=2X| Vol.1, No.1, 2007

L)

=

B =2 A 2S5 AR e A E )

PDACA AHEhe Al2~ElS 8 &9tk
Zlel o8 Azl &3 HE7t QTE
ADL(Activity of Daily Life Index)S 7F4] 3}
E 7 RS = 38 Al&Hd AR 7

o,
juii)
ol

o

o T

o s
Lo i

il

5

o o & rr

o o

et

X

lo,

2

e
o

X

oy

fuj

lo,

[z

v

v

o

(o3
foi do

ol

£ o T
M Ko
[Sal!

F

o ox oftt

BFAe AL 25 54 Bl A5
2 Zolths). ol AN WA= A5

3} =49 dlole e 71a3 Aee S <

o

> e oxe ae
I

[
)

of

o i lo )y @ KU oox ot @
>
=
o
i
&
(o,
n
N
o
>
—d
'
o
il

i)

R L SR s I

o

N

~
X
E )
o
= e
oy o
=
ko
re
-
&
=
N
)
il
pou)
o,
Al
k]

N
=
)
O,

[1] Barbash A. Mobile Computing for Ambulatory
Healthcare: Points of Convergence, J Ambulatory

Care Manage 2001; 24(4): 54-66

[2] Shimizu K. Telemedicine by mobile communication,
IEEE Engineering in Medicine and Biology Magazine
1999; 18(4): 32-44

[3] http://webs.berkeley.edu/tos/media.html

[4] Stroetmann VN, Husing T, Kubitschke L, Stroetmann
KA. The attitudes, expectations and needs of
elderly people in relation to e-health applications:

Journal  of
8(Suppl.  2):

results from a FEuropean survey,
Telemedicine and Telecare 2002;

52:82-84

[5] David Gay, Philip Levis, David Culler, Eric Brewer,
nesC 1.1 Language Reference
http://webs.cs.berkeley.edu, 2003

Manual,

[6] Milena Milenkovic, Jovanov, E, John Chapman, Dejan
Raskovic, John Price, An Accelerometer—-Based
Physical Rehabilitation System, IEEE, 2002

[7] David Gay, Philip Levis, Robert von Behren, The
nesC Language: A Holistic Approach to Networked
Embedded Systems ,

[8] Actiwatch Actigraphy Systems.ppt, Mini Mitter

[9] Bijan Najafa, Kamiar Aminian, Ambulatory System
for Human Motion Analysis Using a Kinematic
Sensor: Monitoring of Daily Physical Activity in the
Elderly, IEEE Trans on Biomedical, vol. 50, no. 6,
June 2003

[10] Noel L.W. Kejisers, Martin W.IM. Horstink, Stan
C.AM. Gielen,
Levodopa-Induced Dyskinesias in Daily Life by

Automatic Assessment of

Neural Networks, Movement Disorders Society,
vol.18, no.1, June 2003

44



