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ABSTRACT

This thesis presents about a simple measurement system of electrocardiogram (ECG) and a
wireless system for transmitting ECG data. It is noted that the modules TRW-2.4 GHz are to the internet
system. The ECG data is coverted from analog to digital signal witch is sent to the module TRW-2.4
GHz employed for wireless transmitting and receiving ECG data. After that, the received ECG data at
the receiving site is sent to database in intemnet system by using the Embeded system. For data service,

the user must regist before using the ECG data in the intemnet’s database.
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2.2 ms¥amazsnasgndums SanauFyaiihile
2.2.1 wiinmsveanisTanauti1ale (Principle of electrocardiography)
iumsiaanududnd Iidhiinannadu WA i1 senieea 2 9a vuRamia Tavery
atlnsalang 9 alszneulida
1. ﬁfﬂﬂﬂ‘l (The electrode)
2. awir 1WA (The leads)
3. mMavee (The amplifier)
4, MATUND {The recorder)
5. AsTANIUAN (The paper)
Tavordiondnms da  Savuaadnm iiiuuan iduns e Biemaduduuu
Snnuasdna ldihuiluey idunsmezlinamsasimas

fanuandna Tiiuiugud idunseziiuiduase Azl 2.7

'Voltoge ) Positive deflection or waove
T T = N DY N R ’i

te_PORrOr YOV .. .+ Nogative deflection__.
Fgtg Lol Lol jorwave. g . oq

Posinvindnegativity and vohogetime relofombips m the ECG

‘l.lﬁ 2.7 mmﬂuwuwmmmﬂNﬁnm"lﬂﬁmJn /au AU wIAU /11 °luﬂau"l.ﬂ°ﬂ1m°h

MWD UTIIINVRZEURA P wave J1auiuiia QRS complex 33130031 PR interval
Unalinsuiuna 0.2 1% aisifia QRS complex Fudduanay lnsnund 0.2 s
ninhmaasiEnlng

msinaau A ia1s Usznoudan lead A3 12 leads 18U

- Bipolar Standard Leads 31471 3 leads : LEAD 1, LEAD 11, LEAD 111

- Unipolar Limp Leads 31194 3 leads : LEAD aVR , LEAD aVL , LEAD aVF

- Unipolar Chest Leads  91U7U 6 leads : LEAD V1-V6

Bipolar Standard Leads

LEAD1 D 1yus (ijz’m’m) 1 YUY N (%ﬂqau)
LEAD T A %1910 (§2190) fu 31991 ($201)

LEAD 11I fia 11910 (Y¥3170) fu 91921 (1a1)
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msandu Wi lone 12 LEADS szfidumuamsiafuanaiadiu degili 2.12

Bipolar iimb leads

Lead H Lead 11

P |
T

{Augmented) Unipolar limb leads Lead sVF
Lead aVR Lead aVL
(oo’ \ )
+ + +
Vy Fourth intercostal space, -_,_-1: -_I_-— —
at right sternal margin, ™ Unipolar chest leads -
Vg Fourth intercostal space, VY- Vs
at left sternal margin, =

VJ Midway between VZ and V4. \
V4 Fifth intercostal space, at @ @ @
mid-clavicular line.
+
Vg Same level as Vg, on an- @ @

terior axiliary line,

Vg Seme level & Vg, on mid- LAAAS -

anillary Vine, 1

gufi 2,12 dumtamsdanduddialens 12 LEADS massiu
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le 6 SEC. :{

LEAD I}

b« 6 SEC. —=%

LEAD Il

31/#12.13  do@IuYe LEAD I, LEAD Il 1182 LEAD III
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¥y Y83 LEAD aVR , LEAD aVL , LEAD aVF seiidnwuzfiuanaiaiy fagili 2.14

AVF

ean
=
=n.
N

4 T IMYDI LEAD aVR , LEAD aVL , LEAD aVF

3Ud R IUYDI Unipolar Chest Leads xfidnyuzaagiii 2.15

7UM 2.15 nansdyI1mve Unipolar Chest Leads
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2.2.2 masglumsiannudaoasiulunieis Tamemsunnd

1ASmuafn1uIATIIUAS 9 5230 aHIN T (function) RS UTuUdMTUMsAsI9TEL

a : a 4 o w =) 4 v
anudasansvauniesilaianamsunnt Tnodmualdannsaianinis imes (parameter) @14 9

1adail
1. usasu'IWady (Main Voltage) fio n133af s svuiswli i3 il Sanensunwnd
2. ANUATUNIUYBINUIU (Insulation Resistance) fiD AIAIINATUNIUVOIRUIUTEH I
melnfiswInszuaaduiuaon
3. AUAIUMIUYBIAWAY (Earth resistance or Earth continuous) fig A1ATNAIUNIY
senindindaan’pailasamanisunndsuaen
4. M35$21Mav09e 1A (Barth  Leakage) iHumsSanszuais lvaninunaasioly
AIZUATEY AIHAINIUAY
5. mysanavesiiotiaunioailoTan 1IN IsHmNg (Chassis Leakage) (Fun1s Sanszuasn
NAuMdese IMnszuaady Muawindswounseaiioianiamsunnd
6. mM3i21vavoa2995au'ld (Patient Circuit Leakage) iunisSanszuafis?lnasin
uvassw Inszuaadu Muasiinaesvounseaiiofaniamsunnd
7. mstaIvavesnsesau'ld vz lifinsAoawAu (Patient Circuit Leakage Without
Earth) ad10funsdi 6. Aafufinsdiiimoaua
8. MIATIVADUMTHUINAIVD2995AU 14 (Patient  Circuit Isolation test} 1TUN13 TR
mnssua narunnaesau Wasgmioau detlow nszuaadudhgraesgiluo
IMTUMINIATFIUAN 9 (aRIan1319R2.2
A5 22 Awesuveunsesiioianianmsumnd
Mode Test Function Limit Class A Limit Class B
1 Main Voltage 210250 V 210250V
2 Insulation Resistance 0-15pA 0-80pA
('ﬁ = 800 Vdc)
3 Earth Resistance 0-500 mV 0-500 mV
(‘7; = 800 Vdc)
4 Earth Leakage 0-50 pA 0-100 pA
5 Chassis Leakage 0-10 pA 0-10 pA
6 Patient Circuit Leakage 0- 10 pnA 0-100 pA
7 Patient Circuit Leakage 0-10 pA 0-100 pA
Without Earth
8 Patient Circuit Isolation 0-10 pA 0-200 pA

82919
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. . -~ o r = LT = d‘ 2 ar
Limit Class A #1083 11A551Uv03m552 Tvaa1s q neeuldifafinTealioTania
nmsunniignldauuTiouingaais 9 15U Heer1da, VTIM Intensive Care  Monitoring  Ward,
¥ ) . . . b2
Hﬂﬂﬂg‘u@lﬂﬁ‘nﬂﬁm Cardiac Catheterization L‘ﬂ‘uﬂu
L = o ' Py Y A A M w s
Limit Class B 1110813 1195311030155 Tvaais q fivenTdifafinsolio Tananmsunng

i a i o e oY o w Y Y
fgnlFnuinauenmileainfisimualu Limit Class A 5u #esdmiuasrvaulduen dudu

2.3 d1aninsa
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° ~ a P v = N 1Y ' o o & ™
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- o Y = v o a W o ¥ A a L wﬂ .
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e 3RR, @21
C,=C,=C,=C F (2.22)
R=6(R,+R,+R) Q 2.23)
iiie R =R, +R, Q (2.24)
R, =R,+R, 0 (2.25)
Tauii R, =R, +R, Q (2.26)
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2.6 29935 INAYY IV (Summing Amplifier)
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Vo=V, +V,=-|V, _]_E +V, & (2.27)
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Set Vsp = full range
Set vesi=0

[

A 4

Divide space in 2
(integer)
Vsp = Vsp/2

Set D/A to Yes
Vesi + Vsp >

STOP

No

Vesi = Vesc + Vsp

A 4

g‘ﬂﬁ 2.35 Binary Search Strategy

2.8 1139930 — MAFRYANSANY TRW 2.4 GHz

TRW 24GHz i Tugadmivsudnauinglusuninud 2.42.5 GHz Tao1$nszua i

Tumsiamntes moluvesd Tugmiusealsznen @ eona, Sreyiuinnud, dvow

Mds, nSaneaseadammesazuonaines

2.8.1 posaulinveluga TRW 2.4GHz

1)
2)
3)
4)
5)
6)
7

T¥nauingludruniud 2.4-2.5 GHz
UnIupgLanILY GFSK
fiomsimsdadoya | Mbps 1Az 250 kbps
o
Tyuamnuaz 1NN 20.0 X 36.7 X 2.4 mm
awnaoiauldlugungiisne -40 6a +85 asmuvaiFon
P=1 I's o
Dio1vinam1I05 +40 dBm

Imssudedoyauvuaeatfiemi
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2.8.3 Y521ANv04 Data Package

PRE-AMBLE ADDRESS PAYLOAD CRC

gﬂﬁ 2.37 Data Package Diagram
Data Package #1131 ShockBurst Mode 182 Direct Mode ﬁuﬂsznanﬁ'w 4 gufe
1) PRE-AMBLE
ludau PRE-AMBLE tussifiudnuitgoamsvaan ShockBurst Mode 1az Direct Mode

Vo

2 L4 »
FaiA0012 8 130 4 dia Wndusgiuiintoyaamsnlu Direct Mode ttaz 11 ShockBurst Mode

G

¥ ¥
@ w AAd A o

tI PRE-AMBLE szgamuid 11U TaosaTua dnfuse iR uihefien 415099 payload 1z
PRE-AMBLE tiuszgndaisoonluludiuvesdoyatieiy uni1lu Direct  Mode 15udu PRE-
AMBLE #2010y

2) ADDRESS

d7u ADDRESS 1/u19409m35 81131 ShockBurst Mode viin 1012 8 4 40 fin uazIzgn
ﬁﬂﬁman"lﬂ'lufhmlmi’fagaﬂai”uﬁm%”‘uiu ShockBurst Mode 1A3111 Direct Mode Yudu
ADDRESS zfiinday

3) PAYLOAD

Wudrudmiudadoyalu ShockBurst Mode Yud e payload VLR 256 1iA 1A
vedpsaudiunelililoon(Address:sia40iia+CRC 8nie 16i1%) @431 Direct  Mode 1T IMUDS
payload 9xgni1MuUalaAY 1IMbps @11 T 4 ms : 4000 1ia Tavaudud1aqae 11l (Pre-amble -3 wio
41im + Address:8 D940 1ia + CRC 0, 8 n3o 161iA)

4) CRC

damves CRC vuilud numuu1d 11Ty ShockBurst Mode nad19e 1019 ud 1 Direct

Mode 321A0617 8 30 16 1in uazezgnansenludiuvesdeyariy

2.8.4 11uAN3111914Y93 TRW 2.4 GHz
annsoudamaiiaueanily 3 Tnua wanldun
— Active (Rx/Tx} Mode Lﬁﬂ U1 CE=1 ulaz 91 CS=0
—  Configuration Mode i.fiﬂ Y1 CE=0 uaz 11 CS=1

—  Standby Mode 1§88 41 CE=0 1iaz 91 CS=0




39

2.8.4.1 Active(Rx/Tx) Mode

TuTnpanisiiauiamsiandu 2 Tvuafio ShockBurst Mode 1Ay Active

Mode
ShockBurst Mode
Humssudoyadodasudwiuanazdieyndudasus 1ge (1 Mbps) darfuda
mtddumsaanis 19masauadld dagalfi 2.38 uaz 2.39 awdwy
'\\ j.’ m ................ «::,)
Ceontinuous 15%00s
. e nRF2401 | 1l
8-bit - -
MCU FHIIHIIHII FIFG .
(O ShockBurst™  1Mbps

P [V ¥ ow S o o ¥ o o
Ell'ﬂ 2.38 ﬂ?‘i‘i'ﬂ‘llﬂl;jﬁﬂ"lﬂﬂﬁ‘ﬂﬁ')ﬂ'l (]0kbps) l!ﬂﬂiﬂl@gﬁﬂ’)ﬂﬂﬂi'ﬂﬁ')q\? {1 Mbps)

without ShockBurst™, running at speed dictated by 10Khs MCU
l < 1CmA pericde ™ S ““::: ‘‘‘‘‘
—PH"'— 10mA period  10KDs MCU with SnockBurst™
0 23 H 6o 4 100 1200 138 160 180 200 25 249

Time mS

Ui 239 msldnszua’liivesmsdauuy ShockBurst Mode HAZIVUTTTHAT
ShockBurst Mode Timing
ShockBurst Tx
5 & L= o @
voymivznaad T, Aseorums
T,, = Vdatarate * (#databits +1)

A . .
e T,, = time on air
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wivdeyamiaudums Sudseyauyy RF 911

Direct Mode Timing

Direct Mode Tx

Input data Uussgngnlne TRW 24GHz auinezdslidesmsdygruunnly
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DATA m
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Direct Mode Rx

TsbyZtOM ToaDM T

11N V1819949 Direct Mode in Tx

Tsby2rx A0F1IA@ININA MVINYBIVICEHDNIzIAS vus udoyaTfivzitn Tni

CLK12  usig

CATABOUT2

ANTH:ANT2

17 2.43
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Tun15%1971Uv949 ShockBurst Mode 1@z Direct Mode Had@o1iu ﬁﬂnﬂﬂ TRW 2.4 GHz

° o 3 @ v = ar H { @ o o
ansorhinssudeyandeutuaesronidlunarfvisuiinnuiaaiulddudas s igiga lay

~

¥
Wun5191U¥89 DuoCeiver Mode Taolumssudeyanioutuvesaoadygianiu foedyyin

» H 1 » ¥
avdvzdeslinnutmnnnwosdyyruiinile 8 MHz Sverhldmssudygrunaeaiuauysel &

717 2.44
BATA LAk TRF.2.46 ;‘:E
S urEt Engine ﬁ B E “
Iﬁl froche
MO -_' ___M[
or e 0 00 0
— FIFDZ ITRF-
DoUT AG
(a)
Clock ADDR, |7 DR
Fees »| Recovery, t» CRC i CLK1 Data(F .}
DataSlicer Check |p DATA
[ Clock ADDR, || DR2
Frpz=F peytBMHZ »  Recovery, 1 CRC B CLK2 Dataffg.)
DataShcer Check | ! DOUT?
(b)

17 2.44 uamamsSudoyaaesresdyyiuniouiu (DuoCeiver Mode)
2.8.4.2 Configuration Mode
Hulnuaflslumsasdss uweaen1d Tvuasaie 9
Configuration for ShockBurst operation wzaoalgAufisuu 15 bytes 71150 Tnua

ShockBurst U
Configuration for Direct Mode operation zdnaldufisiuou 2 bytes dm5u Tnua
Direct U

Configuration word W11U1iueziSuidouniniia MSB Nvouvedv1 CLK1 M3

i . b »
Configuration TviuaziSuduilovouvod CS anad
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A1T19N 2.4 Configuration words

Bit Number Name Function
position of bits
143:120 24 TEST Reserved for testing
o 119:112 8 DATAZ W Length of data payload section RX channel 1
Q
:g 111:104 8 DATAI W Length of data payload section RX channel |
a0
l’g’ 103:64 40 ADDR?2 Up to 5 byte address for channel 2
O
g 63:24 40 ADDRI Up to 5 byte address for channel 1
M
'2;, 23:18 6 ADDR W Number of address bites (both RX channel)
<
“ 17 1 CRC L 8 or 16 bits CRC
16 1 CRC_EN Enable on-chip CRC generation checking
15 1 RX2_EN Enable two channel receive mode
_5 14 1 CM Communication mode (Direct or ShockBurst)
=
& 13 1 RFDR_SB RF data rate(1Mbps requires 16MHz crystal)
2 _
=
S 12:10 3 XO F Crystal frequency (Factory default 16 MHz crystal
(o]
L;J mounted)
<
K 9:8 2 RF_PWR RF output power
Q
=
3 7:1 7 RF_CH Frequency channel
0 1 RXEN RX or TX operation
|
VDD | ]
o l—t
(8 _F_{ | \._
CE [
CUk m_+If\i \fl (VAT (AVAVAVAVANEE.
para Ty VXX e me=--- OO0 —
| |
L
T ' Rl S
~ T~

31 2.45 lavzunsuna1d M3y Configuration Y84 TRW 2.4GHz
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A v . R
WelMsg Inua Configuration 910 1A power down ¥1CS azgnadldlaoiuzga

184910 1114 stand by

2.8.4.3 Stand by Mode

v ) } 4 ¥
WumslnszuaTddi lunauiududug luTnuafldmvesnS anonveadaamas

o aq : J o = L)
WNNIU Tﬂﬂﬂ'ﬁzllﬁvlﬂ“ﬂ1‘Huuﬂ$ﬂuﬂﬂﬂ31ﬂﬂﬂlﬂﬂﬂ5ﬁﬂﬂﬁ

2.83.4.4 Power Down Mode

a1Tuna TRW 2.4GHzH azhalu1ddinszua’lddindy 1 wendudds wazmsidn

, o o @ q ¥ ¥ <, o 4 ¥ Y o
amahauvad Inuainiuazi inms lnszumivanat nazir ewmsldnuvewumnsiuin

&
U

VDD —

CS

CE

CLt AOO0000000CA
DATA OOCOCCOC0000CAC

Tpd2sby

3107 246 Tnozunsuin1ves power down (¥, off ) 11164 stand by Mode

e hifimdaniuda Tuga TRW 2.4 GHz v2191¢ Tviua Stand by (Tpd2sby) fieuiise lihdn

qTnun Configulation H38 THUAMIMIUBUS

VDD —

3

CE B
CLK1 AORCC00000000CC
DATA

Tpdza

35U 2.47 Tnua power down(V,,,, off ) 1é active Mode
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: 4 =~ A’J v o ¥ o
Configulation word uvz g lhiile ¥V, off nazazdvalimsdeiineufiazidn luiauluTnua

] v :«J 1 LI : 1 4
a9 uadhiimsasegudnivezansodng Inuaiis 1doansn Tnua power down Taoasa

2.9 55UUIA5DY W Ethernet

s2UV1RT 040 Ethemet tussuuiniov1oio0unTe LAN  (Local Area Network)

v { o o 4 [ J e 1
Uszneudreduifluarfaundiiviinuswmunenisdediodeyaluszvudsaeasyniig
ABUAURDY YUVINTDUIL Ethernet JaNume RIAVAI

= ' o < LY e e o o 1
1. fuszyumedwitinnudlumsdstoyalugluuualasadiianus aaud 10 Mbps
U4 1,000 Mbps (1Gbps)
’ ¥
2. 13 0910779117 Diameter AIU6 205 1UATIUDT 4,000 1WAT
9/ ] o ’ . - . ..
3. [ Tils Taneamaviauiiiiond1 CSMA/CD (Carrier Sense Multiple Access with Collision
5 clyﬂ @ & ) as
Detect) ¥uifuu1ns31uv09 [EEES02.3 UoAINTINGaliuImsgIu IEEES02.3ab  d1mSU Gigabit
=9 3
Ethernet 1 192 16meuna
&5 =) ] = o A ] [] = o ] o
4. nilanT0910 Ethenet a150iignsali¥ouse 151 nouNuaigne1u §1lnssi Repeater
dudu Mduinueda 1,024 T1ensuSai5on71 Node
5. dhunfevisiiawisaldmodygy o ldnarowun iy Mo Coaxial ManLUMUIMIUL
b4 > »
o0 Twisted Pair WUV Shield 4482 Unshield $9U%3e10 Optical Fiber LUDUUIAA139 Uona1nild
4 oy 3 ' i a P o o
annsalddenldsudedoyanuulfme wu aduingiiin1ud Spread Spectrum 521911 T TAsv
(Microwave) Al¥nudluy9 14 GHz uazdunsusa (infrared) WHudu
6. WuszvunTedwRimsiFeudetuziuun Bus uag Star Topology
7. gUnsaismlsenia
P~ t 4'] r] 9’&‘ ~ . .
8. innumindedioge lasmmwizminlddefiiluats Optical Fiber
oA =] deig 3 o a = o o 3/
9. iinFeatielugtuvuvesreruis i ldusmsiamamieinpueinaunisld sNmp

( Simple Network Management Protocol )
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