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of e HAUzE&Y] AEXzHY dAY. FHAdy A AAd T
= 39 55 Ax H27F &4 gr}h. bachman’s T (Buldle) &
A9 AZFE (Anterior internodal track) oAl wWolx e} FH Ao
=
[]

=t 2 2] (Right bundle branch), & #Zth2rE% (Common left
bundle branch), #$ 2 FAYEFA  (Anterior and posterior
bundle branch) 3 ¥ A Alxdlo =z AudAn, ¢SALEA= A4
FAAY AHEA Wolglom o Fo] @ Vb
} (Left common bundle) & %
A wol glom MW (Anterior division) ¢+ T (Posterior

division) = g%

=

Aorta

‘/\_eit/pulmo nary artery

Superior vena :ava

Fight pulmonary artery

Right atrium +—— | eft atrium

.

Pulrmanary
valve

Tricuspid valve Mitral valve

Inferiar 7
YENa Cava

Right ventricle /

Figure 1. A &9 #|F a4 FLx

Papillary muscles

AN

Leftventricle



bundlie

Bundle
branches

Purkinje
fikers

Wentricular
muscle

-
»

T T T T T T 1
Time[ms] 0 100 200 300 400 SO0 E0O FOO

Figure 2. A& olg] Ao AL x4

4714 BF 9 A AAE 9

FTRIAL sEpTAL spicaL LEF TYENTRICUL SR
DEPOLARIZATION DEPOLARIZATION DEPOLARILRION DEPOLARIZAION
ms s S5 Sadms

LAIELER T VENTRIGUL A VENIRICUES VENTRICULAR VENTRICLES
BERBLARIZATION DEPOLARIEED REPOLER 2N REPOLARIZED
SEms Seime. WS Some

Figure 3. The generation of the ECG signal

in the Einthoven limb leads



Table 1. Electric events in the heart

Location Ti ECG-te | Conduction Intrinsic
Ime
in the Event rminolo | velocity frequency
[ms] .
heart ay [m/s] [1/min]
impulse 0
SA node generated 0.05 70-80
atyium, depolarization 5 P 0.8-1.0
Right
Left depolarization 85 P 0.8-1.0
arrival of
] | 50 P-Q 0.02-0.05
AV node mpuise
departure of )
) 125 interval
impulse
bundle of
. activated 130 1.0-15
His
bundle
activated 145 1.0-15
branches
Purkinje )
) activated 150 3.0-35
fibers
endocardium o )
depolarization 175 0.3(axial) 20-40
Septum
L e f t L
. depolarization 190 QRS -
ventricle
epicardium 0.8
L e f t | depolarization 225
ventricle (transvers)
Right o
) depolarization 250
ventricle
epicardium
L e f t| repolarization 400
ventricle
Right o
) repolarization T
ventricle
endocardium
L e f t| repolarization 600
ventricle

(3) HAE 24 W

)

\r

=

figure oA <}

]

2ol

RA(Right Arm), LA(Left Arm),

LL(Left Leg)?te] LeadZ Lead I(RA®} LAAFo]), Lead II(RAS+ LL

_10_



Abol), Lead IILASH LL Ate])el F2mv #3200 FEl= AMg-slal
Atk ol AHd=S SAT oAM= Ag-AgCl Typed A=+

)
[y
1o,

T

1A

)
=2
o,
o,
ek
r
r
fol
1o,
5\
o
o,
2
o
=
5\
o,
4z
1o
1o,
r

HAAYO R ALg 2o A B
Fe wEded & Adn wEbd 2 Aol Albe FHAE S &

7oA 2] Home Health Care Beltd Devicer o]&1d EIFH 7S glof

R

ECG 21z e] AH&3 FAo] 7k53 Active ElectrodeEs AF-&-3}S T}
71E29 Ag-AgCl Typed wWel Aol dxst= As Wl

2] al Active Electrode®s AM&3dte]l 5 Y2 AHAAE ECGY
A714 Azel 5A F styed R peakEs FS F o] b

Application®] 7}53}t}.

Figure 4. (A) The 10 ECG leads of Waller.

(B) Einthoven limb leads and Einthoven triangle.

Figure 4¢] Einthoven limb leads (standard leads) & Ut % o]
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qel @},

Lead L: VI = FL - Fr
Lead II: VII = Fr - Fr (D
Lead III: VIII = Fr - FL

o] uj

VI = the voltage of Lead I
VII = the voltage of Lead II
VIII = the voltage of Lead III

F1 = potential at the left arm

Fr = potential at the right arm

Fr = potential at the left foot

712813 R ey e AL v 22 dAANSs 2
.

VI + VIII = VII (2)
Vi =pcosa=p,

Vi = gcosa— 5 psina = %py— @p =—0.5p, —0.87p,

Vi =— gcosa— 5 psina =— %py—gpz =—0.5p, —0.87p,

43¢ 4@ 4459

- 12 -
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3
Vi+ Vo= %cosa— 2 psina= Vg (4)

7b e} Alg mEA 7
U, XHAEx 2222 (JEEE 802.15.4)

IEEE 802.154 LR (Low - rate) WPAN (Wireless Personal area
network) = Alg® H= 3} e throughput &AM S Ad 834
o A4 Awstcd AFe A A" Fa
Agol, AFA U= dHoly dAE, A2 ddelMY w2, vy 2

Mg, 443 2 e £9 52 5 + Uk o] TR 3 7}

o 250 kb/s, 40 kb/s, 20 kb/s®] F+HHEEHE

o 2B, AU EERA

A A 71% 71 7] (full-function ~ device, FFD)®} =x7l%  7]17]
(reduced-function device, RFD)¢] F 7}# © & 3dee 7177}t
LR-WPAN©] &A%t} FFD+ F Ztdl o] ¥ (main coordinator), =
Huloly, = yulolx Fo] sty=A AgE 5 vk FFD+ 37
S RFD ¥ &= t& FFDoA B & 9l wil, RFDE FFDol Rt

£4% F7b vk REDE @ad 757 ®: 5% 4459 717

_13_



oo
ofo
S
>
ofo
s}
2N

ohoolEEe e o el nu

55 Q9
@ wol shibel FFDSF A% ¥ Agd 5 vk

o
os

i)
N
r“O

g
[o
i)
uv)
>

(1) IEEES02.15.4 PHY (Physical Layer) A =

IEEES02.15.4 PHY (Physical Layer)Al&< PHY Data service,
PHY Management serviceE A 93dl™ 868 ~ 8686 MHZU S A 1
Hel Ad, 902 ~ 928MHz thelol A 1071 zid, 2400 ~ 24835
MHz thgelA 1670 AEdE AHEEvh. AHE ool wel A&7t
g2 24GHz dlgoA+= O-QPSK Wz "2 93] 250Kbps <
A 55 AFsta, 868/915MHz t 9> BPSK WX WA o3|
F2} 20Kbps ¢} 40Kbps A& £%& A3 gt} IEEE802.15.4 WPAN
o] PHY+ % 27709 channels A}&3l, ZtZbe] Center Frequency

53 #Zv) (¢ ki channel M%)

N

rr

fc = 0855 MHz, Jor k=0
Fe = W6 + Zk-1)MH=, Jor k= 12..70
Fo = 2405 + S5(k—11)MH=, Jor k= 17,12..26

T3¢k IEEE802.15.4 PHY oA & F4 oo &4 3t (Active) 3 H| &
38t (Inactive) 7m3Fe] AHl =8k A4 Abgst= AdolA oA A=
I =EAbelY HFE 5A4S WEW 7I9E LQI (Link  Quality
Indication) A8 2 CSMA/CAE AF&3t7] 918 CCA(Channel Clear
Assessment) Al % AE Fug A9 VoS Adstal dHeoly &
A3 FAS xYdth, IEEE 802154 PHY A9 A9
PPDU(Packet Protocol Data Unit)& AXEW, WA LI d=+
EdAH oA dHH= W AA S F7](Synchronization)s} 7] & A}

4% 31, SoP(Start of Packet) Delimiter= |7l dlo]El 2] Al 2% e}

- 14 -



Ak PHY dlt= 7THIES Z# 4 2ol mgo AMES #s) doeof
HOIER FAH o] da, =9 Aol d=+= PSDU (PHY Service
Data Unit)oll X% A Octet 2t7te] Number 7} 7FAl& & 4
o] @v. PSDU Z=+= 7bd e Aol=x PHY 7 dHolHE s}
H IEEE 802.154 PHY Al&4 A Y F+x2+= 149

*;,'::;;r PHY PHY Service
Freamble Delimmiter Header Data Unit (PSDU)
— (‘{H[e]q ,lr_ []I:"(J':[l.'ﬂq ———i

Figure 5. IEEE 802.154 PHY A& A +%
(2) IEEE802.15.4 MAC(Medium Access Control) Al =

IEEE 802.15.4 MAC2 <1¥(Association) 3 2 ¥ (Disassociation)
£ A¥sar Ack ZEl S AbgetH ZHld FEAE HAF 2 GTS A
42 Adsty ¥ Z By ¢4 5AL 7FAW 16ME Short Address
¢} 64¥] E Extended Address & AH&3T. AE F& wAYUF o=
Superframe ©oJet= THE A S et A= @ )9
Superframe <& Active ¢ F%t# Inactive 3 3o =2 YA =,
Zk -3¢ Zdol= Beacon ° E°] = SO (Superframe Order)%t
BO(Beacon Order) @2 ol&afx =AT + vt Active & 1+
CAP (Contention Access Period)¥} CFP (Contention Free Period)=
YA =™, CFP= % oy 79 GTS (Guaranteed Time Slot)®
v o], QoS (Quality of Service)7} Hg % ojof = Data A+ #
A AbEHETE Active 3 99 Inactived 9 Network e
Node E°9 d¥ &AX HASE ¢ 8% 947F A

CAP 599l data 441> CSMA/SA Mechanism & %3}¢] o] F

ottt d¥F& starzl 3= node® Random DelayE 71z ¥, CCA

_15_



(Clear Channel Assessment)E 33kl A Channel ©] A& 715
A5 g H, A Jteetd AFS steE WA o R o]Fojxth
IEEE 802.15.4 += IEEE 802.11 ¢ CSMA/CA ¢+ d€4g. 72} ==

A48l x & data packeto] =LA 7] W&o, RTS (Request to
send) / CTS (Clear to send) ¢ %2 wWAUYFo] EA8HA =T
CFP %99 Data 5412 72 w==5o] CAPZ o] &34 PAN

7)
coordinatoro Al & ¢FS st WA o =R o] FojXt} 7T x==E0o] GTS

[¢]

il

—_—

allocation request frame = PAN coordinatoro] Al o] ¢FS &l W2
o= o] Fojxt},

ZF »==59] GTS allocation request frames PAN coordinator®l
A AFstH, 2Fo] AFF = Beacons Wol HOo 2N Al Eof A

GTS7F &9 HA=AS & 5 Ut

(7}) IEEE 802.15.4 Superframe T %
IEEE 802.154 %<2 wHZHY F
S WA Aok HEZYAdS A A
FHZH A FElE ZYvlelgo] o8 vENA HZE Tl 7
N71Eol AF @Dk FHZ g Fdlol el o3 FAEHM, o=

z

16719 $Q% 279 sRow pAAL W ZAge 7
dedel A A EE2olA A%HH, 115S F18A7 0 dEYa
g P Yz TEE dFed AgHt FouE A

oo &% H< 7]7F(contention access period, CAP) &oto] = Al3&}
715 FAWsle 7171E £33 CSMA-CA HlIAYUES S8 v2 7]7]
S AAsE . FHZHYL vE ZYYe AFow 1 A
b AojA &4 FEaAn g Fi 7 HAER FAE 7 U =
dulelE &= FHZHde SAFE Fow HEYASY H&Eo=,
H @A ol = A 9 =]

A~
T |
Tae Sgold E5¥ YgES agdtE SelME



-
L

e
o,
é

L
J[m
2L
z
S
o
o
2
ol
oft
ol

¥ 32 k7 Utk o] BES
BAANEE(GTS)o) & 319, GTS+ FE $l& 77 (contention—free
period, CFP)2 CAPY ul= Ho| & EEFH Al#gn. 5+ 2
olH = GTSE dal F7/0 X744 238 5 i, stvhe GTS
T shyelae &Foa FAHET. CAPY Ha ddo] HF74 E
g o] FE7IRE AN2E AeiA FF FANY. FHZHY Fx9
d= ¥ 1oA Ho Ao ¥ ZHd Fxe dE A5 (beacon
order, BO)9} 73 Z 2| A4=(Superframe order, SO)ol| ol& A=
th. BOx= ZYulolErt v ZHde dAFss FrE dyFoh
73 W2 F7)(beacon interval, BD2] #A AL &y g’

de
)

1

rr

Beacon
> e
Il CAP | CFP I
| |. ¢ 1 ]
GTS | GTS Inactive

v

1]12] 3] 4ls] 8] 7 el ol1d 1] 13194 144

o

eSuper it 350
aBaseSuperframeDuration * 2 symbols

=1

e

BI = aBaseSuperframeDurat ion * 280 symbols

A
v

Figure 6. IEEE 802.154 ¥ Z ¢ o +*%

Ll = aBaseSuperframe Duration x 7. symbols)
0<FBO<]4

B

SO= A=z g &4 &89 Zdols L+, HE Zdd=

skektl. SO # ¥ ¥ Zd Y 7] 7H(Superframe duration, SD)2 t}&
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SD = aBaseSuperframe Duration x 29 symbols)
0<SO<FBO<74

2 aNumSuperframeSlots7} ] 434 Y
52 TFAHY, €% Zdole 250 ~ aBaseSlotDuration©] t}.
2 " Z, CAP, CFPY Al 7kA] F&E o=z FA"EY. v
CSMAS] A& glo] &% 09 Al#tolA Asdr. CAPS B & 59
A A& EH, CFP7E dvd, oz e S5 Fubgd
CAP Fo Al&ZHt}, @95 GTSES CFP oWl 9 A €},

CFPe] Zo]7} 0olet¥, CAPL ¥ Zelde] EolA FaFT. HE
e AES AT FUF sdolarbd s v CAP2 4
o A AHolw FH&43ke aMinCAPLength (=440) A o] = 4 glt}. o]
#*< CFPo 99 =
3 S-S whg] wlolop 3l HolHE A9 RE Zydle &5
CSMA-CAHM[AYUES ol&dtt. CAP oldlolA HAFste 717+
CAP #ol st =g d3t 2HA(IFS, Inter-Frame Space)d o] E @
Aol kg Eojof gt} o] o] hEstA ¥ AL dA HW, 7]
AEE v wHZAAY CAPZHA A7]skA doh. MAC W= o
Y Y AAY CAPAA HdF 5 ofof g},

CFP= CAP AF &% 4AdA A&ty b5 v A& Ao &8
Hojof vk, GTS7F mHdlelgol] oz et CFP o] ol
AAE Aolw A EFES AAA doh. CFP GTSE Y #A
dolol wep 1 A7|7F AAAY AokAw, CFP ol el oW HAF=
A A4S 98 CSMA-CA WAYUSS AHE3H#] &+

N
a4
B

(K

=

o,

lo

B

oX

4z

N
il
BN
i)
ol
ol
N
Ao
:oé
N
ol
i}
_
30,
O
>
o
o
&
o)
o

rr

. SD Wxg gFdA~= (FAT : File Allocation Table)

(1) A=/ &)
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FAT 3dA =82 197619l Microsofte] U Alo]=of <3
Ax2 FAHAY. & Aoj=7} FAT LA 28S Fd 35
H EALE A9 3AF AlEF] BASICOA ZFEIUY~AE #
2ot o] &3] YA ATE o] Aol FAT LA 2dle H
Z Wl FATI29 Al #olt}. stA ’F Microsoft®] BASICS &
AA A7 ofd ZR g Adojy 7] wid FATI2E g »
oA ki wx BASICS g T]FolAZ oA, old
FAT stdAl2dlo] A2 PC S740A e 2olA € A7+
Tim Paterson®] 2} Algro]l QDOSE = 9 A A S 7|38t A
QDOS7} o] & HdAr g om FAT HdA2gds A= g7
o]t} Tim Paterson©] X 7]o] FAT TYA =82 Z 23
235 szl W AdE By aw FATHY
32MB o]d= #e e = de Aoltu AT I 32MB
A=W PC Ao A= Az ST &

9 QDOS7E Al el EEH Y F

AT o] Aol FAT A 2dlo] 24l A]#o]
QDOS+= o7 olfrel Y FxA E5 Wy IBM ¥
Microsoft® ol 7FA €t} IBM¥} Microsoft= QDOS9] o] &
Zt7F PC-DOS¢ MS-DOSE vb4il x86 PCY A A=
gAAAT. IBM x86 PC7F dAdd A& A5 PC A&
A9 A ZA Ha gE PC HeolAEE IBM 58 7|+
< WEAAUYA x86 PCo G AAJIMS-DOSE 543 &%
AA7E Ak 2e)sto] FAT st A 262 A=A PColl A

7H wol 2ols ddA A or AE A "

o

b

ul
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(7}) FATI16
HDD 7|&9 wg=Z FAT 3 dA~8l2 FATI6S =2 74

o2 FATI16< FATI2¢ 719 FdstH @x] FATI6 A= 2
2] ~H (Cluster) S Z 3= BESF7F 127004 16702 Eo]d
Yol o]2x o=z Hu 2169 65535719 FH2HE T F
AA HAtkE AE7F Aol Holtt. o] ZFel~E A7]E 32KB
2 & A5 2GB7HA R8T 4 dow o] AW 1 FAEA

g AR B AR 229 &9 mdo g

(W) FAT dtd A ~dll5o] vl
2y olFAT S A 29 ES 1

A3 g gdAzFol. 24z

By oope ® 29 2o

Table 2. FAT 3 Al2=§ vl

flo

T2 v W SaA, 9

FAT 9 YdA 28l vl

1o
ol
==

=2 FATI2 FATI6 FAT32
Al 2= EZ0CAIE MEEF StEC|AS 022 sler|A3
SAE B HIE 5+ 12bit 16bit 32biti28bitat AMZ)
Z|tf S2AE| T 4,08474 65,52474 oF 2%
| 28 =71 16MB 2GB 2TB
mdo| = 37| 25 37|90 =25 371212 4GB
ClgeEa|g 2 o 7h< X 65,53574 65,53574
ZE ClAE2|9 o 7<= At QUS US s

FATI2, FATI16, FAT32 S QA 28zt 714 & Aolde &
A28 £d HE o Aol mE Hd F Y v o2

g Aot E@ @ FUsH A5 BoldsE o @
& 498 WAY F YomT FATR A% 2 %8 ®d
@ % gk a1 9e] A¥E 54oRE RE UHELY 3

_20_



M Alskolth, FATI2 ¢ FATI16Y A% FE fdxg e u
2] T3 9+ wH FAT32E
A4¢gE du gaEge YA daE W Ay gL )

Table 3. U A =83} Windows9}2] &3 of F-

2SI FAT12 FAT16 FAT32 NTFS
MS—DOS e )
Windows 95 L ] L )
Windows 95 OSR2 L] L J L )
windows 98 * * *
Windows Me L J L ] L ]
windows NT 4.0 * ® *
Windows 2000 L ] ® ® ®
windows XP * * * *
(2) FAT 94 A ¥ %
of 2FEl H Root Directory MEGA U= 99
!
i FAT #1 | FAT #2 Data 9 (2 1p C|2E{2])
I
Boot Record
Figure 7 FATI169] YA 2" F+x
of eFE H e Root Directory MESIA &= ¥
| u
] ] ]
I FAT #1 | FAT #2 ! 1 Data ¥ (mYUa} cjAE )
] ] ]
1 : f
Boot Record

Figure 8 FAT32 HdA| 2" F+x
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FATI16% FAT32% 7124Q1 FxolA A9 v =shv & A
ol B 7FA du. o el ®xo] b 2 Aol FATI6
< FE HEEY 9o g A= Aol FATI6) A
FE fHaEY 492 519 tAdEYEH @] vr=A] FAT #2
g9 FHol g¢of AR FAT32E= FE ydEe 94 4
dEd Fo sy Fe] "ol HelE dH oy oE
A o] §lA = A

o

(7h) #E # 3= (Boot Record)

o] @49 EF 3 WA AEE ou . 9 o okd
(Reserved) @2 A WA AEE oust7|= o} o] oo
+ WindowsE HFHAI7]17] g 7[Alo] Z=9F FAT LA~
g oy AA gtEol A Avk o 992 BIOS Parameter
Block (BPB) ol#tik vk o] g2 A7]7F 148l gt

He A2 ool AR Windows7F FAT 39 Al ~8)1E Q1A b=

o

=
N
N
o
ofy
fo
o
12
i)
o
i}
ofl
ot
e
=
=)
(o
(@]
=
wn
rlr
T
uei
o
[-4 o
1>
_0|L
)

ok BFO Waol &3] Aol glojx FE HYIE= HMEHE A5
2 A9 duE Windowse= dld =&F<= UAE & fivh o

el sl & 7bA FEsfoF & A2 Boot Record & Ej7F
FATI163 FAT327F ofzt vp2vk= Holu, oA thsjo= y
ol AAs] e E Aol

(t}) o k% (Reserved) &
o] 949 wPE Yl odds =L dFoltt. HE FATI6
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A Afel= 14HE, FATI2 Z5o= 324HE 33
FAT169 44 deofd g9 a77F 1AH=SE FE da=7)
198 & AR FE das tgo] vEFAT 990 &7
Ak o] doe mAE e dofHo] gl ddom AgH A
ojt. whef ool Aalntel SWY AWE 7|53}

ol
=
iYW o] el AAY otk ¥ FAT29 2% ook

G ot B IHY MEHE AMEste] ARE AAS donw
TR HJAA FA fFolsor gt

(th) FAT #1 993 FAT #2 99

FAT 92 Z¥2HES dests Holsol X 9=
sitoltt. FAT 995 Tl oW SH=H7E vlo d=A,
o'l wdo] oW FHEEIF AAH UesAE & 5 UA 2
Th mEoF o] o] Zgolete E4o] JHA HUW EolZd
A 2 Aol &tk Microsoft AAYJEZ o]y d AlAS

du U =A, FAT 999 W & 3 7] o] mb=o

Y
B
[S—
)
s
o
i)
2

o
9
ol
2
w
)
i

d
f{rt

(g}h) FE gy o9 (FATI69 9 &4))
FATI16o A= FE taEg e 71 Fx271 FAT #2
A HEog uAHHEY AT (YA= 2AHFH YAT A7]= 7}
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M $ 9t} o] WS FE THEZ} ot JeAE
ZAL G Havh oA sl Aol FUtsHA = Ao
AAR FE g Ee fYdg A T o] oA
FAT3201 &= %7} vtA A FAT320 s FE fdEe 7}
ol d o oltfe] % A¥te] glow, A 1 A& HE
dZ=c] 7] 535kal 9 otk o] W fFdd dHe i
di=rt B7HAE FE YAEHE ol r|7t W JETE
Aotk ol g Ao e Ao i FAT ZE=50
FAT32¢ A$g%= FAT #2 99 H= Heo FE HIaELE
A7 187 o] RE @a=rt A RFE
B fAE & F A How™d A= g S 5
AA H .

flo

o] gl Y e fgEEL A v o] Y
< Aw7hA #Hgd FdgEo] A AE (Sector) T = ¢l 7]/2
715 WY Ads 24 S92 (Cluster) gl &2+ =84
A Sz ¢r/2717F A

Jee Beldot AEAE JRAAT, FAT HUA
sdlo] BEE FERBATE HAolA JelFe] 2F P Y
ojth. o] Fde mANTE AZe 27 e FE AAW,
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Table 4. FAT 39 A] 2~

Af
(=]

Il
ol & | O
ww R <
ol @
|z m
i )
=
52
Fe)
gr n%
8ol =~ | oo
=\lar | =
==
o
=
L
B | & | —
= o |
[CEN RSN
of |2
=
:
12 [ [
= M._ﬁ Wﬁ
w | —
ST
oF
il
g | = |l
L.u m | &0

gl o] E

w5 A a9z 971/2707) ol

g

&

B

w
=

[e=R=SNN e}
=

%

tedol 74

o

2.

7}. Electrocardiogram measuring circuit

o
b

</

—

(1)

@D Ag-Agcl electrode ¢} Active electrode

&

Be BHAAYOR ALgA o

vzl

A

A

T
ol
=
)

o

fvsel

—_
o

¢
i

—r

0

il

oy

4

_25_



Figure 9. Ag-Agcl A=

agEte] B Ao A= Dry ElectrodeE AM£3th. Wearable
Computing 71 < 2 Belt®d & AF-83}l¢], Home Health Cared A o t] A

= =240] 745k s FAUT Beltd o2 A= T A% Belte] 7}
s zQom o8 AEAT FEFS e dHE wdss] 99
Aol Bol & BA gL ASlE BCG A5e S4o] 7HsaAl 8

71 Y84 Active electrode®t= 7Hd 9] ElectrodeE AF&3HA ¥ At}
Active electrodes AH8d A% dA=9 HFo] & HA ol ECG
Mael FHol 7MF3 %5 Y42 AEHdAE RR Interval 374 o]
=, e AFE A EolA &, Indirect ECG Measurement”}
25 Y42 A= ECG FAo] 7Fedtts
7 Ag-AgCl Aol 7Fd 4 ¢l Active electrode®te] % o]t}
Ag-AgCl A= 25 42 ZHA ECGE Ale 3L E7He317]
ot}

RR Interval S4¢] 7}s3dtth= olok7]= HRVE & + = 23
Za, HRVE A Ao o s sy A4 H a4

=
= I~
43 5 g
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@ Active electrode

Active Electrodex= Dry Electroded]l PreampZS WAz
Electrodeo]th. A& o] 1970d 58 A5 7] A2Hqn, 2
Aol Ag-AgCl A=5 giAT s A= gy A
g wjEol ArF Es I HAY. Ag-AgCle B LA
Fal, v+ Motion Artifact, %2 ¢HAA wiEo] HE d

i 9l¥ Electrodeo|th. &A% Ag-AgCle 434 HAFola, &
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W =R =2 F du AR 2¢ Dry Electrodes AHEE 7
5o HFo]l ErAs Age A5 FH0] P
B Ao = Ag-AgCly}t Dry Electroded ©#d-& Hotsl~
A& Active Electrodegs AF83t9 Y. Dry ElectrodeE AF-§-3}¢]
Ag-AgCl A5& @3S wo] EAGY EHLS diihsta d3]80)
oly 7] wiEol AAZA vEx= A@stdt. L3 Dry Electrode©l
PreampE 2o} IF HJFo] BWHAZ sfbstdar, FAT FAH6 A=
g Ao FAo]l ZbsetA skt e v Fo] AHAHer &

= o]y Wil Bol HEA e F& maFse] Aedr)

o
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o
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i

O

® Active electrode =90 T4

_~ Shield Box
Pre-Amplifier

___-PCB plate

|| e —
. | Isolation plate

-

s - ---""'--.
- - —~Gold electrode Face
Contact line 30mm

Figure 10. Active electrode ¢ T4 %
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Active electrode®] 742 Preamp, Electrode Face, Shield 37}# =

= ot

° Preamp5

- OPA 124 (Low Noise Precision Difet Operatinal Amp)
LOW NOISE: 6nV/OHz (10kHz)

- LOW BIAS CURRENT: 1pA max

- LOW OFFSET: 250mV max

- LOW DRIFT: 2mV/°C max

- HIGH OPEN-LOOP GAIN: 120dB min

- HIGH COMMON-MODE REJECTION: 100dB min

Top View Solc

AN

.

NC = No Connect

Substrate

+VS

Output

pone
ST

NC

Figure 11. OPA124 CONNECTION DIAGRAMS

e Shield
- w3Ew e dA+FE+m5Ew) (AE530mm, = °]3.5mm)
- Active electrode +H & =&AL 3t
— Csump 9} Electrode face Alel9] A % capacitance: 15pF

- Rp 3G R
o Electrode Face

- FEE gERMA T

- & Electrode Face Aol 2] =A% capacitance™ 30pF
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Zs— (iwCs)! ZSH—II w Csiero) ™!

Noiseless
op-amp

+

NS

Figure 12. Diagram of the amplifier used with an

Vo

indirect-contact electrode (Cs) and signal source (ECG

source, Vs)

¢ Cs : electrode impedance [Face & Skin]

e Es ! Voltage Noise Source

e [, : Current Noise Source

e Rp ! Rp is a resistor for the bias current of the op—amp

o Csumrrp - Total capacitance between the input(electrode face and input
circuitry and the circuit ground

e Ra and Ca ! input resistance and the capacitance of the op—amp

e Vs ¢ ECG Source

OSRBS
+ (CA + CSHIELD+ CS)RB;

G(s)= . (1)

G(s)= High-Pass-Filtere] Hel& 717t} G(s)& Total capacitance®

Z338 Cs9 Rpoll 938 cutoff frequencyS AR sHA €.
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SNR = [Vl )

s Z
\/ 272+ B> 5

14+ +E THERMAL
ZSH RB

21(2)& Figure 12 amplifiere] SNRE R oI F U, Eruprmar< A% Rpol <
3 A3 Thermal Noise Voltage©] t}.

S %3 £ Source impedance Zsol| 9 F£35lo] A HoA E

Body Clothes
+ Active electrode

Ground

I ; o
i circuit

s
B
\

Firgure 13. Block diagram of indirect contact ECG
measurement
€ Tilter and Amp
- Instrumentation amplifier outputel A Y2 =% A3 Z filter}

ampE St}
- High Pass Filter, Notch Filter, Low Pass Filter

¢ Ground

- GroundE ¥ F-o AH HFew A WAolg}t aitt.

— Indirect Contact?l 7% Ground?] WHo] Hojof 3tr},

- GroundE WAE FH37] Y& Beltd 5 %ol EF Grounds
WA mAL gr Ptk (3em x 85cm)

}

b
oX,
i
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b. Top view

b. Side view

Figure 14. (a) Active electrode (b) Shield ¥ Active electrode

@ =9 39 Active electrode

ol A A7RE Active electrode™ & 5ol A LS
AbgElof ok S-S ZEA A vk e st
A N A FEEke] 9 Foll =

A\

L
-
A8 AA AEw Age

a5ttt preamp , electrode face 9
electrode®} =¥ E7o] Ao
A AT DC-DC convertors

FA sk

shield = Y9 Active
A=Y UFo FddE A

F7tete] =9 3tE active electrodes

DC-DC convertor - Coin type
i ~_battery

Pre-Amplifier

- :_‘,.. Shield Box

3.3mm ML PCB plate

[ —Isolation plate

Contact 30mm

Gold electrode
line

Face

Figure 15. 5 ¥ 3l Active electrode?] T4 %=
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Figure 16. 53 3% Active electrode ¢ Top view

b A= 54 el 74

AAE SAS AT A2de] FA4S vded 2o EEef Ad
3] A

2 AR AlEE 10000 B SHS oA

2
o
o
o
rlr
o
=

(i
Sl
2
X
rlr
s
Do
S
S
=
1o
ol\ g
S
o
ol
32
o
B
(A
4
e o

A

AmplifierE °] €3t ECG AEE FES 3191, AY9SHIZHE &
HAA FEE 53 A5 9 Saturations TolFlth 1] al ECG A
%9 5% (Bandwidth : 0.1Hz - 100HZ) & ©]£3}°] Band pass
filter& A 459 S AIEE =0, T Fols AYxolz
o #FEE 60Hz B FHA o225 glofr] HdA =AFdEHE F7

AAX wmol=E A A AT

1-011
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@)

&)

Figure 17. A A% 32 FAE

(1) ECG Input®t : - Safety (KDS226)
(2) Instrumentation Amplifier
- R7R2RI12 2252 24 & & 3 =& CMRR & 93 R2=RI2
R3=R13& & 227} A& Perfect matching & A # # oF gt}
- Preamp gain : 5.2
- Differential gain : -2
(3) Band pass Filter and Inverting Amplifier : - Fc-H = 5.3Hz, Fc-L
=169.39 , Gain = 1.39
(4) Inverting Amplifier : - Fc = 39.88 , Gain = -4.7
(5) North Filter and Inverting Summing Amplifier : - 60Hz X X3 ¥

- Gain = 15

(6) Offset Control
- HF AZE gxE=2 By Y5 0V ol ez 4l

o
il
o
v
-\
N
Ho
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3 A A& gk,
- Gain = 2

(th) QRS #H= st=d° +4

2 ol AHAEE 7143 QRS HES e T
Aste WS oS53 2o Ad: SAHIZZHE dojd AAd=
Holgl & & to] Y o]x Bandpass filter 3|25 AA watAF7)
13 tho] & 43t 7=

3
stol I a9 AlENtS FHF outputl =

Il

=
=

]
ol
ol
ol
2
o>
2
k1
K
ol
tlo
ol
ot Hu
o

Bandpass filter E [ Offset I
FO=1644Hz

BW=7.5655 af s
S T

P u
e
4 e
“ u
T
wQ L
w0 an
1 + Lol L P
s
e e M
[T
e Iz Fe
a m
L

o
T 7
1
3

B D—{ti ?’\:Tﬁ‘
47 7 _ﬁ [ &

T
% u
1 1fi — - R\\\ \\\
Al;c;uﬁlv-ex_(hglglwave rectifier Active peak detector - h -
(T4 (S=03HE7) | Comparatorl \1555tlmer|
_ 'K _
VK[CL) = Ao Vee0.7v Vik=0.7v

Figure 18. QRS detect3| 2 +4

1}, Motion Artifact rejection circuit

(1) Motion Artifact rejection circuit
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(7}) Motion Artifact % 2]

535 (motion artifact) o] AFgo AlA HHEof
Al Az olefo] Abgro] FAJomA IAGE FHE i M=
Hoh mokgt AHdEs 2% gy Ao BA Xe
contact point ¢] ¥ 3}
T

Aetad s A4

1y
=
o
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e
I
e
=
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o
o
o
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jvied
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(4}) Motion artifact rejection 3t=4¢o] +A

. X
Microcotroller -

Y  Accelerometer

Figure 19. Main Block of the motion artifact

rejection circuit

M4 E AARRE BAE oldRZ I ofFE XEF Y& HolHE
W el CPUS ATMegal28S E3t9d ADC (Analog to Digital
Convertor) & %3lo] tlAdg A5 g WAL olgA dojxl AT
Eoto] Atgho]l HA Y-S # T A= Aolt},

1=
=
= Haﬂ%H

i
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Top View

Top View
1 13 1k
g-Select! Zour |[—any
= =
e > g-Select? 0.1 wf
=T I
12 MMATZE0QT =
1 B, 1kQ2
. . > Voo Your LW\P
2 01uF I
Vss =
15 1k
Y= r |1 ] 2L
15116117118 NS Sizep Mode
£ 888 otuF T

Figure 20. MMA7260QT 7I4 =4 2 +4 3=

Z|EAQ st=gdo] FAL Figure 207 2t MMAT7260QTe] 3.3V
Ay agte=s Adsta 27t X, Y, 729 ¥R A9EHIEHE &

o} Ho]ElE MCU (Microcontroller)® 2 4 %t}

-3

g-Select! o—j
g-Select2 T
Clack ¥-Temp
Gsciliator Generator Comp > Xour
'—+ —*
[ ecel [  cwov Gain ¥-Temg ,
Sleep Mode o—1— Sensor [ | convenar * Comp < Your
— Filter
Control Logic Z-Temp
EEPROM Trim Circuits Comp  Zout
Veg

Figure 21. Simplified Accelerometer Functional Block

Diagram
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Top View l Direction of Earth's gravity field.”

Side View

- — TTTIT T =]
SLIL g Xour@0g =165V Sidaaestl
£ 1= Your @-1g =085V . | XouT @ 0g = 185V
I -, r Zoyr@ 0g = 1.65 v =3 YouT @0g =185V
R .l ] Zoun@ +1g = 245V
| > i > !
[ ] |
PR e o Wi L g B r
=1y | 'tl:l‘l:ﬂ::l
XouT @ +19=2.45V [P | Xour @ -19=085V i -
Your@0g=185V = 23| Your @ 0g= 185V Xour@0g =185V
Zoyr@ 0g =188V 44 i Zouti@® 0g =185V Your @05 =185V
= N Y | Zour@® -1g=0.85V
J |
i~

Xour @0g =165V
Your @ +1g =245V
ZouT@0g =165V

* When positioned as shown, the Earth’s gravity will result in a positive 1g output.

Flgure 22. A|/goll A A2l 2o ojg & vl

D 7F&5 =4 (Accelerometer)
- MMA7260QT (+1.5g-6g Three Axis Low-g Micromachined

Accelerometer)

@ MMAT7260QT features’

- Selectable Sensitivity (1.5g/2g/4g/6g)

- Low Current Consumption: 500 pA

- Low Voltage Operation: 22 V . 36 V

- 6mm x 6mm x 1.45mm QFN

- High Sensitivity (800 mV/g @ 1.5g)

- Fast Turn On Time

- Integral Signal Conditioning with Low Pass Filter
- Robust Design, High Shocks Survivability

- Low Cost

(th) MMA7260QT &4 €+
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ID: 214/91%

Patlentt ' .
va Spaad: 6,25 ma/s

Lead t

F‘itlhﬂ tdy "r‘"

Myapdd

Figure 24. A A% 7144 M5 4

—~

s
T Al
A

ow A= A= dAGS

N
“
M
o

£3] Q99 ST-T AIHESS o] 2
Zte gl WE 1A e T

7d A (Myocardial Infarction)o]t 4+ & & (Myocardial Ischemia)?]
o] 2 s 72t ST-T A 1HES 37 (Depression)e Ul
A A dL on sy, 445 (Elevation) e A4 4L on g}’ 7]

TEoly Fate] wAY wEol BAEH, R
\=]

AT

jubad
rl

5= AL "7l 93] Highpass filter® 5.3HzEZ 33 Second

order filter2 AR, FAT SEF o3 WakE s 9l
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h §
ECG, Xda
Ydat
v
. . 4
N_o
No Yes
Yes Yes
v v
Transmition Transmition
ECG, Xdat Raferance

th. o &% A A ] (Secure Digital memory card)

(1) Micro Secure Digital memory card

A

b A& =F AZFA 27

Zelol So W ntole wdow st Ao TR
Qg dolEl o] Fol WHHAT A=Y F/E Aste] A= A
e Eglol REa)
5] Mmels wAsA ek aelstel M Pn
S gwe] A:m Ao & Mme AESo £F oFn 9

Egk AAZ doly 4 dAF Fol 59 Aol Eol7HAl HHE v



B Ao Folol dEe] A3 dolee FRo] Brbs stk 19
A s dgolele =31 Yl heF AFAAY interfacer =T A

o] o}

Y

A9l Micro SDWl 22 7= (Micro Secure Digital memory card)
o] g3t et rt =3 SDWRE =] H & Micro SDE
2717F 1/3 Z7)9kell w2 @Fop 1 AgAlo] wojj

il

Figure 26. Micro SD memory card ¢ =< 3}
SD =9 =7 ¥

PINy@ 4 2 3 4 & 6 &8

L1y

DATS nitaca chiver = DATI

=Rl

[oCrRETo

[
Card
RCA[15.0] interface
el

113
IS
I
B

2 El

g

3

i

4

& e

8

Table 3-3. SD Card Registers

Name Width Description
cID 128 Card identification number: individual card number for identification
RCA! 16 Relative card address: local system address of a card, dynamically
suggested by the card and approved by the host during initialization,
csD 128 Card specific data: information about the card operation conditions.
SCR 84 SD Configuration Register: information about the SD Card's special

features capabilities

OCR 32 Operation Condition Register

Figure 27. SD 7}=W 9] Block Diagram
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() e AZEA st=dlol 4

il

JEGRRIRRRARASIR
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Figure 28. Micro SD W22 A% EE 3t=do] FA4A =

2 =fdAe Micro SD A% EE5S FA = MCUZ+ H#H <l
CPU?%l ATMegal28LS AF-& 3} 3L, Micro SD A% EE° MCU=
ATMegab4E AF-83+9 2™ Micro SDAA I F7kel] 74HC4050 4 #F
= AESte EEAYE 3 A Micro SD AAS=Z&=
AUTF-08WP01°] A}-&5| At}

@ Micro SD A% =5 MCU (ATMega6td ¢ E4)
ATmega64= ATMegal282 #o] 8-bit RISC (Reduced
Instruction Set Computer) T-% % W& o7} 7tdsln F2 &Hw71 wh
i, IMHz®E IMIPS(2% #igk 7§e] @] +3)9 o= Hol=
mojagzg Aot 2 EAES Avud vy 2ot



. gAE RISC T2
- 130709 Z=E3s gJHojEo] giiiE @A clocke= 23
. H 3 by =09 w2 e Holy v R
- 64Kbyte In-System Z 213 Flash " =27 WA(10000H 2~
o
i A 5-7] 7Hs)
- 2K Byte EEPROM
o v 2] AR ol o] ATMegal282] 543 A x| gl
CHE =
O =200
EEEE
SErNOF B SE —
88888888 888
O owETEIELIL L
Szigrdodeenrz8gxzy
<« O0Ocoooaonooon @>a0a0a
OO0O00O000O00 0000000000
__ [ 3o9s2BE358838858¢2
PENC]1 o) 48 [1 PA3 (AD3)
RXDO0/(PDI) PE0 ] 2 47 [0 PA4 (AD4)
(TXDO/PDO) PE1 [ 3 46 [0 PAS (ADS)
(XCKO/AIND) PE2 []4 457 PAG (AD8S)
(OC2AJAINT) PE3 ] 5 44 [0 PAT (ADT7)
(OC3B/INT4) PE4 []6 4310 PG2(ALE)
(OC3C/NTS) PES ] 7 42 [ PCT (A15)
(T3/INTG) PE6 ] 8 41 PCB (A14)
(IC3/INT7) PET O 9 40 [0 PC5 (A13)
(Ss)PBO |10 39 [0 PC4 (A12)
(sckyPe1 O 380 PC3 (A1)
(MOSI) PB2 12 37T PC2 (A10
(MIS0) PB3 []13 36 [1PC1 (A9)
(0co) P4 ] 14 35 [ PCO (A8)
(oc1A) PBS 15 34 [0 PG1(RD)
(OCWB)F‘BE[16’\ OO T NO SO ODD O - N33:‘PGD(7R)
o o NN NN N NN NN MM om
U000 OO oOo oo oOon
R N R = ] 0 O K
5B3ncgizEREEEEE5
oggle XXESENPFLEE
Q22 Z2Z2ZZ2=0Q —~
ope SEEE X
8 232¢%
<} 2eEE
Figure 30. ATmega64 &% & ©j
@ 74HC4050 (Hex high-to-low level w@ YV [@w fapul,
w (3] (18] oy
. E_LDA_‘
shifter) O B o
1] [13] ne '——w—D———-e
(1] so5p ey, _faa ) o
w[i] [11] s
o = o . . - w1 o) v 1 t o
7A4HC40502 % 6709 non-inverting H%u1amE e S
- - RN
g Awstel Me £E2 stoldudd 2¢
. _ - Figure 29. ¥ FA4 ¥
AUz WANFE 98s Foh o S0l w 8 o
24 49
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o 15V Veerk Soj 2ty 2vel dgtow B FE 93s @)
PIN NO. SYMBOL MAME AND FUNCTION
1 Weoo positive supply voltage
2,4,6,10,12 15 1Y to Y data outputs
3,5 7.9, 11,14 1A to BA data inputs
3 GMD ground (0 V)
13,16 n.c. not connected
Figure 31. Z} &1 A+
@ AUTF-08WP01 (Micro SD socket)
6.125 :.m;:::.lm'w 1.1040.08
0.80+0.10 e 0.3530. 1! $_ —I _EDL—1
g -
g
8|
g o3
m rCD—2§
. ! .f
0 & 008 4u =S pilE
H/—\D D -E E u.m.mr t‘_\_smq
; § 2—mnns | 5ea |
6525 (7.625) ' _5
1415 3

Figure 32. AUTF-08WDPO01 specification

AUTF-08WP01-2 Micro SD A#A 2 &% Micro SDZ 4t s}o]
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T AT FAdEs 9 w4 MCU ATMegal28(L)
I g AFFA] MCU ATMega6d Abolol A SPI(Serial
Peripheral Interface) 4122 Micro SDH|E & E A% HEZ &lo
HE&FAGHFAE AdTr. A= 4 FA= By doJx AAd
S "9 MCUS ATMegal28LelA ADCE &3to] txd gto=z
stet}, ojuf Al8® ADC sampling ratest™ < 200Hz o]t} o]

B K1

Ll

USART (Universal Synchronous and Asynchronous Receiver and
Transmitter) §21<S F3to] & FAFA A2 MCUQl ATMegab4=
AEE a1, o] & SPIEAI 22 Micro SD7F=d A A 5= Zold,

SDAZE UEE ¥ @ F A4 AEEE Fol SPLEEE A8

of ZradY sdsn 54 By 2t

O

p

- Easy control

- one bit data line by 2-chanel(Data In and Out)
- compatible mode allows the MMC systems

- byte transfers

- Byte®Z A4 %1 &4 CS signal® byteE A4

- loss of performance versus SD card mode

HOST _

leX

CSay
vdd dd Memory
Vss \\ VSS|  CARD (A)
SPivgode:
CLK, n N CLK,DataIN.DalaD{}l : )
DatalN, | DAl D
DataOut | 5
Weﬁmtwu

RSV
RSV

Pip \\ame Type’ Description
l 1 Chip Select(Neg. True)
2 DI 1 Data In
\3 Vg S Ground
N Vec S Supply Voltage
5 )\ CIK 1 Clock
6 |\ Vio S Ground
7 | N\DO [8) Data Out
B -
9

Figure 33. SD card mode pin definition



Figure 33 SD7}=9] SPIE=9] A AAEo|r},

-l

froe

S | -
[Most ——X X |
Ef2 H
(MMC) — Lo
Datalr D o

8) CHOJE] 2J0IE (B AE — EIZD

i X X

Figure 34. Data Transfer Timing diagram

Figure 34% ©loJH 9 T Fo] TAES SDWEZ 7}= Zho] oA
o] FA = Ao A YEFH = 1ol

Z+
a

SPL @ Cof FgJ512| SI3HM = /CS Bl g low 316
StC 2 A E D CMDO(GO_IDLE_STATE) AW = =

ri(0x01) & Z|CrElLich 220l By=ez &
Ot sPl 2 2o 433t A

CMDI1(EE = ACMD41)2 ELHH 7tE X£7|355 Al
d

m
A =720 2t 5 5 HA| 2 HEES S0 CMD1
& &A%t SEE 7|Ctaich
- . Z=27|540 4=t r1o] In Idle State H| EZF 22|
Of =0 (0x00) 20| SO L|CE 0] IpE 0] &
LIOFRESD ZIEE 211 s
g

= 2110
No‘

Y ¥

| 29 B2 ‘ | L E

Figure 35. SD memory Initialize process
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Figure 352 SD memory {+%+3] %7]3} 3%
MEE B CMDO AWMER 7tE7) ofelg FHE =07k,
CMDI1<S H WA g3 CMD8S H4Yth(Ad++ 0x01AAZ CRCE
o otd) CMDSRo A Reject ¥l SDC Verl.xxz 7t
of ol AAlE WHoz ALEsH FHi SDC Ver2.00
r7(rl + 32¥]E RESE gho] Folth wEEE Fhol A sk 12¥]EVL
0x1AA 2 SDC ver 2.00 7+= o1 =1 99 7t AL 27§,
o2 ACMD4lE Abgal x718tE 7iAlstar ¢838tH OCRE
o] Wit}. OCR% ¢ CCS[30]e]gt™ HCSDeol 3 0ol =t
SDC Ver2.0091 sigaet. ¢19} 2 #A4e w2y 273 A"

Micro SD WX ] 7}=e= FAT (File Allocation Table) A] 2=l
T2 FHol oj FAT dudFS J2Edn
ATMega €ilel5S =9 FojoF & F Aol 7tesin
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| \ MCU

| SD card \ (ATMegal28)

| |

| Write Initiali- | ECG data ADC

: data zation :

| —1 I IR T

[ Write 7‘

: Directory Read MBR — uSD-controller ‘

I En‘l{rv J[ P]enr:];;:rc:l (ATmega64) |

I -— D Data |

: Read <1 Read PBR Application Component :
Directory

: Entry Micro SD memory storage device :

g ——

Figure 36 ¥} #o] o &= A%

] AFef 7} ®©tk. MBR (master boot record)$ %

EERE

9 RE Mg AU PBR (Partition boot record) <

Figure 36. The whole block diagram of the memory device

diolg A4 &) A HA AME ("Sector 0") =
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st e e "Haa EFdA ZEadel BFY UE
Ao e BHS 93 msrt ¥eEo] glon Z Ry
, e 9) FAE dol" AA Ao AAEYT” SPIEA
9]  SCK(Serial Clock), MOSI(Master Output Slave Input),
MISO(Master Input Slave Output) and SS(Slave Select) & %3 A]
aE w714 HE FAE st 8" AR MCUARol o FA

o] QojrjA ek

4
o
2

o 4
[>
1

2. FAEA U EYZ (Wireless network : Zigbee)

(1) 8 bit vlo]aZEZZ 2 A A (ATMegal28)

(7}) ATMegal289] 54

ATmegal28L28-bit RISC (Reduced Instruction Set Computer)
Tx2 Wyt ey T2 Sx7F w23, IMHz IMIPS (2%
Wk sj o] WEo]l #3)o Aes Hole mlo]AR xR A Aot 53

ATmegal28L2 Low PowerEs 93l txel H A= AlA HEYA

off w=g PG F2 solm Uik 1 5FEL AVRH S
3} e
«  @4¥ RISC 7

oL N

- 13370 ¢ =g Wgolso] i &Y clocke = A

- 3270 = 8bite] W& #HA=H +uF OdA =Y +24 1/0
dA=H =z 74

- 16MHzol Al 16MIPS©] /2] A5

- 24kl 2 HwAIZIE FHol WA

. HF Y Zead) vEe s doly HRe

- 128Kbyte In-System Z & 12 Flash WX W%
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Holl FH FE 2302 In-System ZZ21dY 7%
i e TS FAY 8 7tF

4K Byte EEPROM

4K Byte &3 SRAM

o 64K Byte ol%el oF vzl 992 7HA
o wWlreE dHHol2 HEY Y 7w
LEZEYo] HeS 93 Z2 ) w9 Jock A4 7HE
In-System Z 2135 98 SPI g F o]~ WAS A
JTAG ( IEEE std. 1149.1 3% ) AdHH o] = #| &

g J HAE du a2 Al

JTAG <IH#Ho]~=2 Flash, EEPROM, 3=H}lo]E(A]2Hl
ARG HES)ET lockHEES T2 715

0 AL

=
¥,
2

7R e] 8-bit Timer/Counters®} = H ¥ Pre-scaler, Bl 1 &

I 40 A

A| &
T e #&FA® 16-bit Timer/Counter®t = #H ¥ Pre-scaler,

M R AT

>
[
N
h
Ho
AN
o
It

2 HE T Ay
T 749 8-bit PWM g, ¥ur] &
8419 10bit ADC

F e =29 7hs g USARTAl#

537he] == 7}

olf
o
=
o
o
rO

52 A9
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- ATmegal28L : 2.7V"55V
- ATmegal28 : 4.5V 55V
. T EE

- ATmegal28L @ 0"8MHz
- ATmegal?28 : 0"16MHz

SO0 =
cC=aa
SEREIRAN o
OLOOOOOO ST&
oogoogaa [alayya
o LTI TEL
QQuUo-aumswon~20o-
SZzcfrdPiffzoexd
T0caaaaaacaadSaaa
OO rr]r
= | I BBBEEEBIBETIL
PENO1 o 48 [ PA3 (AD3)
RXDO/(PDI) PEO ] 2 47 [0 PA4 (AD4)
(TXDO/PDO) PE1 ] 3 46 [1 PA5 (AD5)
(XCKO/AINO) PE2 ] 4 45 [ PAG (AD6)
(OG3A/AINT) PE3 ] 5 44 [0 PA7 (AD7)
(OC3B/INT4) PE4 L[| 6 43 0 PG2(ALE)
(OG3C/INTS5) PES L] 7 42 1 PC7 (A15)
(T3/NT6) PE6 | 8 41 1 PC6 (A14)
(IC3/INT7) PE7 L 9 40 [1 PC5 (A13)
(85)PBO 10 39 [1PC4 (A12)
(scK) PB1 O] 11 38 [1PC3 (A11)
(Mosl) PB2 [ 12 37 1 PC2 (A10)
(MISO) PB3 {13 36 [1 PC1 (A9)
(0C0) PB4 []14 35 [1 PCO (A8)
(OC1A) PB5 ] 15 34 [1 PG1(RD)
OCIB)PBE 16 & o o = o or < 1 © 1 & 0 o — gSSJPGO( R)
— o AN NN NNNNN OO
I I I I I N A R
533ES2II55823885
n_&n_mgg'f'fn_n_n_n.u.n.n.n.
GSED: XXorrNoars &
=95 EEEEOXEE
023 Z2Z2Z22=9Q
o L3 SEEE
g " 83332
e SPEE

Figure 37 ATmegal28L €% 3 Hj

(2) RF 25 (CC2420)

(7}) CC24209 EA

A QY AN, AHEe &9 AS AFE e T4 AA dEYS=A

o Yx4d 7ls2 ZigheeE #1138 ChipconAlell A 7iEd RF
Transceiver ©]th. 7 EA S AHnd oz 2o’
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240072483.5MHz RF Transceiver (6MHz 2 & 16:4d&

AH)

rr

DSSS(Direct Sequence Spread Spectrum)E  A}-§-3d}
Transceiver

Half sine pulseZ A}-439J0-QPSK Modulations <=3
High Sensitivity(-94dBm)

A ) 250Kbps data rate, 2Mchip/s chip rate

Separate transmit and receive FIFOs

128 byte transmit data FIFO

128 byte receive data FIFO

- AHe R AxES He=F T (Crystal Oscillator <F
HAao oF A 2AE)

#] ¢ Configuration interface

MCU$4-wire SPI(Serial Peripheral Interface)® 72 ( SPI
interfaceE %3] transmit/receivec] #&HAH Z+7F 128byte?

FIFOsol H<, 3& CC2420 Alojo] #A#HHA configuration
A ~Eu AEH dA2~E Tl A

802.15.4 MAC hardware support

MCU®| A2 & loads 9%

Preamble A5 A4 (chip® 7|3t} bit & 713} AFE)
CRC169] A& A3 o2 check

CCA(Clear Channel Assessment)®t  RSSI (F¥H x=t7}
Ak doly Az A7)

LQI(Link Quality Indication)2 ¥3% A% Correlation
values A4

802.15.4 MAC hardware security * €
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Figure 38. CC2420 3 ¥ CC2420 Typical Application circuit

(3) Zigbee E& sl=4do] +4

BT

5&3%"0;@»3‘5
il
4
Pl

i

2 .
B 853, 2 oulie

o e A
S5, 5E000EH

T

=

: e
SEAY II,I'.I..UTJ.

Figure 39. ATMegal28 3} CC2420 3= dZ2A =
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cc2420 ATMEGA128(L)

Sensor S ECG’ QRS’
ensor

| rxre |{ rxes | el XY
I I Data

requenc MAC protocol

F’ienerato‘r'i ’RXITX FF‘ ——

RN

‘TXRFHTXBB‘

Power
Management

Figure 40. The whole Block diagram of the wireless

vital sign measurement device

Table 5. ¥4 B2AZ &4 23

(H] :m)
HU(dEdE ) (RO 2EH(RY)
HTHD 6.5 21
(T g00| ¢
Hel(esh H{(RX) 2| HH(RX)
H(TXD) 6.5 25
QEEH(TH) 9004

v}, Display program
(1) Visual basic

o] 21 A o (BASIC : Beginners All-purpose Symbolic Instruction
Code)1960 o} Fwtell W= v E ™2 (Dartmouth)t stell Al 7H2¢ 3]
b8 Aol NN&A WHol FAdA 2Tz HFH ALE
g7 o] Wzt we} BASIC dol® 7]E9DOSEolA dr5=4
o wHd AELE FEHsE wvFd ool HF |

(3]
=
(Visual Basic)®] Ao+ 959 2285 A A& &

=
S

facs
H
BTN
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g AFgAFelE #H o] ~(GUI : Graphic User Interface)Z A
BASIC Aol & A& st Aolth. 7] VISUAL BASICS A
TOOL dHolg o] ~et= 7ol At WA VISUAL BASIC
< o 7HA 544 DBe = dEetr] WS- Y= = ot Az
ofxtt. 28y dA VBYE DB g Feol & ute Eo] gtk DB
A5 o] FAZ ADO (ActiveX DataBase Object) &= Ao =z o] &

79 @4 wa g

ol
12
—
o

-

rr

¢

HAA VBE MAAHoR 7F4 B )
g =olvk. b A oA g Sz (bolEuo]adE
d s 95$9S

Zead)es MEd 5 U7 ol

(7F) Visual Basice] 2] 7]
Basicol2t+= Z2 A ojojr}. BASIC (Beginners All-purpose

Symbolic Instruction Code)z}+= @2 Basic> ZAA T2 X219
= A5 Holte Abdeo] e A v AAAA HES ol &d o
o] ojt}. AA A WA (Symbolic Instruction) =& A ZFZ el RH5S
Ued Aoz WE olgte e EYAR dF s UEdYgr B 5
UTh =, Visual Basic F+ 749 Aodsd o= FAHY. AA,

AZFAl BEo® SofuylE Symbolicdt &3 A4, A9y 24

S UEE Instructiono & vhE Tl

(1}) Visual Basice &%
e Visual Basic® o8 JIFEFHEES At (Windows
95/98/2000/NT & ol&] OS &4 NA ML & A= vdF A
Al &)
o W AR A7) AL BASICUOE Al F gl Visual Basic
A AR de AlE¥ = BASICA O o 7] 2317 wlio ZH A}

e
alid
filo
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= A A& 7Fs sk
o WE Jfut A o WAAS A F ek Visual Basi

ActiveX Control Al &0 & ClEH o] AE thstA FAS 5+ Y= 3t
=

o

flo
i)
0%
(o

Al & 3k},
o MS Officedl ] 3F 4 o & AFg3t+= Visual Basic for Application
A&t} Visual Basic for Application vlo] T2 AL E Q 3] 2~ 4|
=
[e)

Ao AgHe 22 A2 M, Visual Basic ©]

e Visual BasicZEvent Driven Programming ModelS AF-& 3ht}.

Event Driven Programmingo] @ 2|52 & #o] tfsfA w3 3=

(th) Visual Basic]
Table 6. Visual Basic 9 &/

ERL -8

222z =#2E 9138 MS Visual Source Safe
71 A AOLE Automation¥}#XCOM<2] =] ¢
(Enterprise AU o] HH o] AH H T
Edition) ~ #*dEdelsl
%71 e A e 54E 2%
F 7M1 824 o] Control ¥ &2
W EF 9} o 3} W] E WY
ol AR AT EE S5y
A 7 ERIES-Ei4s
(Professional U X=-$-=API &3 d
Edition) Data Control

Data Access Objects(DAO)
a9re]l =+ (Image Editor, Resource Compilers )
%A 7tRe gAY 5A4HS X1
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H = o]z 7 874
e # <= Control
(Learning Oﬂ i
A X mH AR (Setup Wizard)
Edition) HEW @ ojo] =
vy

(2}) Visual Basic9] 7§

Visual Basic® 7lA=Form 12 i Form ¢l ¥ %l Control°]
o 5 AREAES I o] 25 o] F & Form¥ Controls 7HAI2kal gt
th. Form¥ Control 2t &ul el shAlolt}y. ol 7hAl= o
Hole= AW ofyet Holx & JHA (o:AOD)%= X3 T
Ho]=Forme|Y Control& Physical Objectg} s}taL ol Ho]X
/NAE Logical Objectzl H 2w, s o=z dHolguo]x
ADO (ActiveX Database Object)”} 2 th. Logical Objecti= 7l A<

542 wF A3 gt

(o

Hr
=

jvied
01'1-4

rr

)
A

(2) ®4 =ZEEZFE (UART : Universal asynchronous

receiver / transmitter)

(7h) RS-232C
AFE7F 9¥e Ans Fuwsl 5o AR BEH
dolg A4 shvolrh HelHE AW A% wHom A%
W AN MA AEEE A71He AEe] 543 A2 FA Y FA

T o =YAd HAE Aeta dd dwbFem FHGE (RS

% EIA-232-C=A CCITT® Aare] wet w2 EIA (7]

A7 AR A HAFEHG @2V E A2 AY 4F AEH



N

Bl ey e g AEAAEH dolHE Fawty] fs) Abge)
© g o]zt HFHEFH HeE HolHE BE vHRE 4
o] 91+ UART (Universal Asynchronous Receiver/Transmitter) %
o] ¢l&] DTE (Data Terminal Equipment) ¢1E 3 o]~ 2R ¥ (&%
© %) Edoly Ve & ABAAEE AFAd. Hry dHel 3
© HelHE HE3IEE wel s2Av AIHFAE2 L
g HIEATS AT = 917 wjiol, UART o] HE=RZ Hof gl
A= WEAZIY. Beoly tE 2™ A
RS-232C & wol #s8te] F4lsk= PCo DTE oojdER %A

iy
[

DCE (Distributed Computing Environment; or Data Communication

Equipment) g #Holxgta Eols HEHQ QEHANAE 7FA A

&5 0 20Kkbit
A AME Y W mEe et 2o
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DCD P
e
X0 ®@|-cTs
R
_—

DB-9 RS232 249H

Figure 42. DB-9 RS232C

connector

Aols 2 A71AJA Az7t dF5E = s =4 3709
Ao 9dEd o] 45L& DBY AdE @GN 94
e @W @ RXD - Receive Data

QE A A 5o HolHE W
e @W : TXD - Transmit Data

HolB & dedsts AT

o ®W : GND - RS-XXX Wae Agoz 52 A%

AR B AT E ofd R WA AoEE AEEA

(Universal Serial Bus) W4l & o] 83 RS-232CE5 1S 38
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SMDTYPE DIP TYPE

- i
D o /'—' /_
T e
0| pEEs
2 it %

°
@

ontact resistance : 30m&max

e Insulator Resistance : 1000m&min, AT DC500V

e Rated current : 1Amp

e Rated Voltage : 30V AC

USB AM4E S FAWA%E RS-232C 9 sdstar 2tzte] 471 AL
OW : VCC, @9 : RXD, @¥: TXD, @¥ : GND = T450°f 3l
.

(1) RS-232C 4114
O FH4 AR FIY A%

e 57124 A4 (Synchronous transmission) :
A

04 A%e @ BA 9k ohde v A sude a4



e el BANEE ZFAA dolHE AE T 459 £
250 wARe] FANE FHoT BY &2 HAL Huse] @

Holl g F24 FAgn. ojw) F2k= T8 HER FAHT, £A
o] ko]l AlFH]E (start bit)E, Fol+= HAAHE (stop bit)ES #H7}s
Al Bl BRelth vlE 7] A AEFES AZHIEL AXHE ALo] ¢
Aol pMAolng EtAR A AFo] At T Z

FA S 717150 pdstE R FU|AASE u R go] Ate A

o]

Start bit g—— Data bit ——» < Stop bit

A

£

Figure 44. B] & 714 # $1}2]

A5a e F8o] 587] wjiof Start bite} Stop bitE F7}
gkol dlolEl 7} oA FH A Astal ou A EueA] FalFo] &
ofgttt. stito] dlolHE H w RrtA o R o] HAFEord HIE
= e 2
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[ Start HE + go]E HE + Parity bit + Stop W E ]
g 07 5787 AA dE5E AR g ‘17

_4

Figure 45. B % 7] 2] A $A g7 24

[ ]
e

i,
.
>,
=2
rlr

g ‘TUo] Tkt Start bit2A  Ho]E| 7} Eo] &

rr

S,
o
12
)
ke

©

Parity bit : Wol&l7} At g4 AAE71 9@ v o,

gol H1 gol® Hid AT A% BH/AE T A B
o 9tk

£49 A4 o sojuy

dolg =] To] F 3w Aele wEE 0o =

a7he] o] Qo AMENEE 0o B 5 T A%t E57
97 s €

SJen FAZe £4 9YHY

FoE W 19 AFs AFA AEAw ddsts el &

Ak o] W

[m
Do
X
_\;
>%n
i)
O
o)
2,
_v&
lﬂ
]
r
o)
°

*® Stop bit== 1 7,, 1.5 74, 2 7, &8t AT
ex)T A ‘#'E HAE5T u
A7 - data bit : 771(010 0011)
parity bit : Even
Stop bit : 2

D0 D1 [|D2 D3 D4 D5 | D6 Parityi

Start bit ——— 77]19/] Data bit — %Stopbit

Figure 46. oA <] W] F 7] 2 A w2 97

2o ol®A BaE FANFEA AFEANA T obA

X

i =

ol
rr
e
S
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U(UARTZ 36k Aol 2 488 )%, do8E wolq Az,
HYEHE AW EE Frlelo AEAFS & & JAHF F4 4
A2~ 2 BuyFEc})
@ Baud Rate
Algld dHolHe AE £ &5 YEY = @9 ol
Baud Rate = # (7, 1ME AFaed 2es A7)
5

o & 59 @dyEte]Z Al2xgoA] HEEY-2 9.09mseal sy 7}

Baud Rate® 110bit/s 7} € t}.

ZQ93 7 FARNA 9097tA o7 HAE Aol HolyHE A
A wols U4 gdrke Aol

(F9A1 59 Baud Rates S A AAsdE dolg7F 7AF)
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Motion artifact

QRS detectTh rejection algorithm

Display

Accelerometer

Figure 47. Block diagram of the whole system.

AAAQN EFtoloalE FalA Alz=®lS FA}AT. =9 37t
A Fel A 2374 WMo R FSAsA = A4 Fee AEAE
7o g AH&A ¥ 3Cm(7FF, chest), Z&A ¥ 10Cm (7F&Hl,
Between chest & abdomen), ®W#S& 7IFo= 5340w,
abdomen)® a3t Zbzte] ReHE F 67FA W ow SA s,
F7tR 67FA] WS AbEsdTh e W), A7), STyl d oA
= 5 AAAA dgHe. FHAvIE ol E ol&dte] A7
st om, & ol AP AL 29 77t T u
|

71 FEA W B =R M= 02Cme F79
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Atk olwl Ground: I ol AH @A i, A7 4 x 2 CmY FEF
S o] 839 L Active electrode array’b ofd ©d A=Z& Alg3lo] A

a5k,

AAHE A=3r4 9

vl Elo]E € 22.5 Cm

9.5 Cm

v d= ¢ xE A9 15.5 Cm
(S 7Iso= +34% 22.5 Cm
(¥, abdomen)) 28.5 Cm

35 Cm

7k 3 v Abo] Epo]E HE 22.5 Cm
9.5 Cm

b v A= e AE A9 155 Cm
(B&A W 10Cm(7k W, 22.5 Cm
Between chest & abdomen) 285 Cm
35 Cm

7} ElolE A 225 Cm

9.5 Cm

7t A= fHAE AY 15.5 Cm
(BHuAE 7oz A 2 22.5 Cm
3Cm(7}<F, abdomen) 28.5 Cm

35 Cm

Al Zpe] 71 22.5 Cm

Al Ape] 7 7] 22.5 Cm

ookt doj A 7]33] 22.5 Cm
9 917 22.5 Cm

2 9ol A3 22.5 Cm

Table 72 A&uwso] thajx QD Folr}.

_64_



Table 8 A=A AR

AYARE  ATH AR A0 A A% Adk Wi 99
g g o9 o9 dF d o 5l 9
1} o] 27 27 27 27 29 24 268 A

7t & 847 905 1005 90 96 86 913 Cm

ElolE 7FEEd 837 895 995 89 95 85 903 Cm
T2 7kEEdE 867 925 1025 92 98 88 933 Cm
ol EZbguf = 80 81 805 81 91 74 813 Cm
F= 7kEwieed 83 84 835 &3 94 77 841 Cm
Elo] E Hl =2 85 33 85 33 93 72 835 Cm

F= v = 88 86 88 85 96 7 863 Cm
= 5 70.8 626 784 66 73 5 676 Kg

7] 178 170 181 173 173 167 1737 Cm
NEAxE 47 43 40 44 45 42 435 %
Al 2 354 354 338 356 354 357 3b2 T
AW EE 48 43 49 41 45 50 46 %
AU 2= 28 28 2719 268 281 273 2717 C

YA 5 T %o T T 5 T A%

Table 82 & =i A43dxe ARE Y 9t}

(a) Chest (b) Between chest & abdomen

1)

Figure 48. 238 =} 7}, 750, 8] ¢ A
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2. st=4lo] A3

(b) Active electrode array

Figure 49. (a) Active electrode (b) Active electrode
array
Figure 49 €4 % Active electrode?]

_‘:".__
o @k (el BF GE G2 gol G o] A% ahs Azed
)

Ao AFEHEE AZE HExE 2714 FF 2 Typeld Type2 &
TEgT Typel AZ2 AFAA 7tR9 A7|E Sl EIo=
Transmission board= MCU, ECG, QRS7} E°] 313 Micro SD, Zighee®
ZA%3s] 7451, Receive board® MCU$ Zighee Z %3] +4 ® ).
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PO
Receive board top & side view

(2) Transmission boad top & side view (b)

Figure 50. (a) Transmission board top & side view (Typel),

(b) Receive board top & side view (Typel)

Figure 50, 51¢] ¢o]& H o3 v}, Transmission board= Z7]7} 74 x
6.4 Cm ©]3 Receive board& 45 x 4 Cm 2 T4 ¥Y. Zighee RE=2] =
71% 5 x 4 Cm °]¥ Micro SDEE== 8 x 4 Cm&E T4 Ho] ot}

(a) Zigbee board top view

(b) Micro SD board top & side view

Figure 51. (a) Zigbee board top view(Typel),
(b) Micro SD board top & side view (Typel)
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(a) The whole system board & case (b) Receive + Zighee board & case

Figure 52. (a) The whole system board (ECG & QRS circuit +
Micro SD board + Zigbee board) & case (Typel), (b) Recieve +
zighee board & case (Typel)

Figure 522 Z}7}e] RaE& ZAgsto] Aolxst 3 RFow 9FolA e}

w EEdt ol wpebd Eigoln

(2) Transmission board top & side view (b) Receive board top & side view

Figure 53. (a) Transmission board top & side view (Type2),
(b) Receive board top & side view (Type2)
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Figure 53% Type2Z Typel® 28 Transmission board 3 %o MCU,
ECG, QRS, Micro SD, Zigbee?7} € o] G4 5™, Transmission board<]
% =7]E 108 x 7.3 Cmo|th. Receive boardE Typel®d EdstA MCU
Zigbee A8 45 % 45 x 4 Cme|th.

(a) Front view (b) Back view (c) Left view (d} Right view
Figure 54. The belt type 1 (One electrode)

ME S FFHE 2HAZ FASATE. Figure 542 WE BY19 24
A

(a) Front view (b) Back view (c) Left view (d) Right view

Figure 55. The belt type 2 (One electrode or array electrodes)
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Figure 552 WE g 22 #
o] 7} Roug Hojx AyS
Zhl, wie] A el AHfF A

B oobua ofglo] A

1070 = 54 &
Esto Th<E,
ach =& o

N M
r_{n:

M e
o

Figure 562 WE EFRI29] FAS 247 Bz Ade Bojsi

AR

3. AZE9 o A}

Figure 57. Display 3}% (Typel)
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Figure 57 H|F Aol & A Az Zzrzafion Adre 7H&e
A X, Y& 183 Rpeakd TIHIEE 3lo] HolFe zZagdolth B =
El%% USB ¢ E#Ho]2E Ea4 USART 2o g F23th tnfol~

2 USBEZEJ #A 99 AFoz <2uo] AFHG EAS sA 5w
zﬂoM T 2 A XES AMSEEA AT 5 otk B A=
COM 9% X E 57600 baud rate, WelEHHER g HE §&F, AAHE
1, 34l gld o2 712 Age] Hw FAAA HES F2W AF
a7 olgA Eol& HelHE Wwe AL FHA TXT Fd=2 A
Fe T o da, shed ok RE AN Y AGuRE FHA A7)
A B0l HolHE vEulE F71EW ECGtxt B}z g Zdo] AAy
™ buffers WY FE JT& Zo] st Adrk. B H7AES A L5t
o AA TRt 7hA o AR e Ade] 7bEst)

+ 2 A J0lE - S

e o ]
mep BEE =W FAFNE =D ZSHH #
Q- @ & Pzupso| [

0@ oy 53 ~Bos

LE] X 0E -~ ER I O
3 IS 33 ~ [ agagel KB
“gusa £ am | [l fEn e R R
= § BB = dbplald01 195 48%8 o€ CE: 0agn % _a:0rn3 u a3 nxs D7 NRBECE : 0330 %
% 2B OIAI(C) "e4d 1.235K8 743 y_d QRS 0017 KGECG: 0330
& 2 DVD-RAM 21012 ¢ 2k + 2 ARH0IE 1281KB
¥ < YKOB407 (E2) E ecg-l 21.466K8
B e EHSIE (F) 3 ecg_accellb KB , nn m'mnan m“
e Micro Sd (L3) By ecg_accell? E 4 Pu93 QRS : 0017 8REECH
e 3 HIDU" o Deca.acceld 93 !

e P srn arealld

Figure 58. PColl # &% ¢ o] €] (Display typel)

Figure 58+ Z=Idvlyro AFE =X Fd9E d=stol AFsA <
°

=% 78 Ay T2 ad NotepadZ =2



P FCG.01 - M2

e 1] S SER)

: = 170 183 190 198 224 225 225 22k 230 221 22h 227 D2 220 227 236 22k 224 238 231 232 220
DRE EIE =AW XA =D S8R B a2 233 2ax 223 230 229 224 237 228 228 229 220
= 2 220 220 220 228 222 22t 726 290 225 223 227
A5z - ; " 29 221 232 2ay 2k 296 pan 208 241 242 2k
Qs : Al o 3 215 236 237 237 237 237
o 236 28 765 283 193 2
52 59 63 261 250 25n 251
% OIF EVIET) an ann 23 2a2 241 Frogey
e nz 208 Zvw 207 253 252
& WECEO B W% Zhky 29 a7 2% 249 245 280
m 2ne 27 2a6 2m5 20 257
52 252 261 261 261 261 201
i a9 26 a7 248 200 701
W 55 717 70 207 a5 70
® % U HEND B2 63 260 56 25n 252 248 Zhi
T o2 248 252 250 283 251 254
= QU o 20 353 251 220 Tia oy
£ MBEIR BE U 2D 5 o 2n8 250 250 250 47 261
< 3t s fsa 262 264 265 265 263 762
T 255 252 757 251 248 hi
251 751 250 253 258 240 205 211 213
242 262 262 205 263 243 262 256 254
253 255 252 250 2hm 248 247 253 250
751 251 250 210 208 206 211 2a7 ot
269 269 270 271 20u 22 267 260 260
254 256 755 25 254 750 254 25u 260
240 275 291 221 250 25k 254 257 250
274 211 270 258 266 55 255 255 265
209 280 2k 251 25w 25 254 257 25
Tz 208 265 25 261 262 263 246 267
758 267 700 255 56 256 256 58 757
250 254 350 25 25z 751 250 53 250
269 200 215 254 257 257 257 263 260
253 253 352 253 252 751 251 29 350
752 753 753 52 153 755 755 56 255
251 240 2w 200 301 240 250 26k 24
253 251 207 253 254 253 257 253 263
50 251 551 a5t 252 752 250 285 e
1 262 762 261 270 278 269 267 245
269 266 554 251 256 255 26h 263 260
253 255 252 207 210 215 220 257 259
274 276 37 ant 269 269 269 263 60
242 260 26 205 265 247 230 216 275
241 255 357 251 2 230 238 236 715
220 221 221 224 229 232 23k 2an 2vs
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%9 (Back Light)”] %

- RR # A%
- 1%/5%/15%/60% A3 A1
- Aol ~E o] &3 PC AF
(&, AFY 75 9 7Y dAAg gt AFe] e vd F 2
t}.)
Table 9. Polar RS800 Technical Specifications
A FF 54
Wrist unit 7 &y
Battery life Average 1 year (1h/day,7days/week)
Battery type CR2032

Battery sealing ring
Operating temperature
Wrist band and buckle

material

Back cover

Watch accuracy

Accuracy of heart rate

monitor
Heart rate measuring

range

Current speed display

O-Ring 20.0 x 1.1, material silicone
-10 °C to +50 °C / 14 °F to 122 °F

Polyurethane, stainless steel

Polyamide, stainless steel complying
with the EU Directive 94/27/EU and its
amendment 1999/C 205/05 on the release

of nickel from products intended to
come into direct and prolonged contact

with the skin.
Better than * 0.5 seconds / day at 25

°C / 77 °F temperature.
+ 1% or 1 bpm, whichever larger.

Definition applies to stable conditions.

15-240

0-29,5 km/h or 0-18,3 mph
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range: Foot pod
Stride sensor 0-36 km/h or 0-22,3 mph
550 m-+--e +9000 m / -1800 ft------

+29500 ft The Polar wrist unit
Altitude display range calculates altitude by using the standard
average altitude at defined air

pressures according to ISO 2533.
Ascent resolution 5m /20 ft
Transmitter AL A

Battery life of WearLink
Average 2 years (lh/day, 7 days/week)

31 transmitter

Battery life of WearLink
Average 2 years (3h/day, 7 days/week)
W.IN.D. transmitter

Battery type CR2025
Battery sealing ring O-ring 20.0 x 1.0, material silicone
Operating temperature -10 °C to +40 °C / 14 °F to 104 °F
Connector material Polyamide

) Polyurethane/ Polyamide/ Polyester/
Strap material
Elastane/ Nylon

Table 92 Polar RS800 technical specifications< H. o] 1L 9t} 18
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Table 10. 73k A ¥+ 2] Technical Specifications

AE 25 =4
Active Electrode
Power voltage i£7.4V
Opamp OPA124U
Plate copper with gold electrode face
ECG circuit
Power voltage i£7.4V
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Total gain 125.6
Opamp TL064

micro SD memory

Power voltage +3.3V
Baud rate 115200Hz
MCU ATmegal28L
Memory controller ATmegab4
MCU & Zigbee
Power voltage +3.3V
Baud rate 57600Hz
ADC sampling rate 200Hz
MCU ATmegal28L
RF chip CC2420
Battery LI-polymer rechargeable(3.7v) x 2

Table 10. 7§23 A =E 9] Technical Specifications®] t}

Table 11. =52] 7l¢d A #3} Polar RS8003} 9] v
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Abstract

Developed and evaluated a flexible chest belt-type with store
and wireless network for continuous multiple vital-sign
measurement.

Lee Yong Kwi

Department of Medical Science
The Graduate School, Yonser University

(Directed by Professor Sun K. Yoo)

Under ubiquitous healthcare circumstances, interest of one’s
health condition has been increased. People were required the
measurement of bio—signal by the wearable computing technology.
The purpose of this paper i1s to measure the portable ECG
(Electro—cardiogram) with the application of wearable computing
technology.

Therefore, the normal ECG measurement can be measured with a
chest belt either in direct contract state or loose contact state.

The belt type circuit for measuring ECG was developed. In order
to remove noises in loosely contact condition, a shield circuit was
assembled with the measuring active electrodes. And ground
electrode were used by conductive fabric. Both of High
performance differential amplifiers and notch filters were
incorporated into the main amplifier circuits. Rpeax detected by QRS
complex circuit. The ECG data was converted from analog to
digital form by MCU (Micro Control Unit). The MCU was used to
ATmegal?28L. The main memory was composed of a memory
controller and a memory card. And the vital sign transmitted from
Body Area Sensor Network to hospital or PC through optionally
using wireless networks by the zighee(IEEE 802.15.4).

The ECG measurement would be useless with inaccurate analog
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data, so we measured the bio-signal by using the loose or non
contact potable belt for accurate ECG data. The belt can be used
to measure ECG by loose or non contact method.
In this study, we could measure ECG without any
spatial-temporal restriction due to the portable belt. This device is
suitable for the ubiquitous—healthcare environment.

Key Words : Wearable computing technology, Active electrode, Loose
contact methode, ATmegal28L, Micro SD card, Zigbhee, Wireless

communicated vital sign measuring device, motion artifact rejection

algorithm
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