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ABSTRACT

This thesis describes about -implementation of a portable electrocardiogram
(ECG) recorder. By propesed system. ECG can be record —for-24 hours in onec  SD card
memory of 2GB and displayed on a low cost 84x48pixel LCD. The data can be transfer and
display on PC via wireless transmitter: Bluetooth module, The alarming siren on the recorder
will be triggered when bradycardia or-tachycardia is detected. In the. case of emergency. the

recorder can sent SMS and emergency. calls in both of short range and farrange for the first aid.
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Interfacing SD Card to PSoC operating at 3.2 Volts
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" Please setup senal port for

configuring Promi-50
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«" Serial port was open: COM 1, 9600, No Parity, One Stopbit

Prorni¥ih

[ s

f J/ Device Mame PSOv3b=16213F

[ o ation) Device Hardware Address 000B5316213F

| Cutrent Mode MODED

' d Current Status Standby

E Device Setting Security

| 2

| Securnty Don't use

E \!3 Encryption Don't use

! Connection(out) Uart Setting

Baud Rate : 9600

|

i [g] StopBit g One Stopbit

|

| Connection(in) Parity Mo Parity

{ HAW Flow control Use

\

1

‘ Refresh
B T S e |
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“Help Me Please”
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=" Serial port was open: COM 1, 9600, No Parity, One Stopbit
PromivIN

Hard Reset | Return Promi-S0 to factory default setting
Ope}alluz{ Mode
= MODED ( Standby status for Bluetooth connection )
~ MODE1 ( This Promi-SO shall connect to the last connected davice only )
 MODE2 (This Promi-30 shall be connected from the last connecled device only )

Device Seting Al
L ST MODE3 ( Allow any Bluetooth devices discover/connect to this Promi-SD )
w [ * You must be in Pending status in MODE3 to be discoverable/connectable
I\:B | To be in Pending stalus, please click MODES3 and press “Apply” button
Connection{out) ‘ an
| - Device Name PSOv3b-16213F
| Baud Rate - Togno -i .
=) e Security Option AT Command
\ ¥
o Paiity [Nome - ) 7
| Connectiontin} L StopBil RRRY ’I I/ Authentication | Encryplion * ON
| - ' A [ e
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= Serial port was open: COM 1, 9600, No Parity, One Stopbit
Promi'WIN

Search Result
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Information Device Address Device Narne CoD
foooesa200268 [ Promi-MSP_200268
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1 00082420056E Promi-MSP_20055E 20300
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%

Bl
Connection{out)

DREENEENNENEEENEN RN
=] — .
2 Cancel Search | (10 ->  Define the number of nearby devices to be searched
Conneclion(in)
000BS3200268 Connect to Specified devices

| Crop the Connection
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1 GND | widgyanaumsadulnldh o Tadw GND
2 vDD | nidgygauseduliii 3.3 Taan VDD
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4 RST YTma (A ) -
5 CTS v e ugufiedsdoya GND
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7 TXD | wideyaeen RXD (Portl.7)
8 RXD | uidoyadh TXD (Portl.6)
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TX Interrupt Mede T*RegE mpty
CleckSyne Sync Lo SysCik
RsCmd3uffer Enable
RxBufferSize 16 1
CommandT erminatce 13 3 I
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R Output Hene
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SpsCKk2 Disable

Power Setting [ Vee / SpsCIk f 3.3V 7 24MHe

SysClk/2 :

CPU_Clhack

32K _Select Ireemnal
FLL_Mode Disable
Slesp_Timer 512_Hz
VCi= SpsCik/N 3
VC2=VC1M 10

YL3 Scurce VLT
VL3 Divider 104
SysClk Source Irtemal

No

Lnaleg Power SC On/Ref Low
Fef Mux Vdd/2)+/{Vdd/2)
AGncBypass Disable

Op-Amp Bias Low
A_Bull_Povier Low
SwitchhedePump OFF

Trip Vokage [LYD (SMP)) 49 (5 00V)
LVD ThiotileBack Disable

W/ atchdng Enatle Disable
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H e 1 p M e
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PoIt Input size |
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3.12 NMIASITOUAAUAI01310T (QRS Detection)
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a o" @ a a0 O iy a o A
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' 1 [ 4
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A " A & o a4
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M39153290 QRS laglymsudasnuugaisa

LY ¥ ' § adad . .
Turdetiaznanfamsiiugiuueamsuilawudaise (Hilbert transform) 1AENTN

QRS Tae 1% Hilbert transform

4.1 Wuguveamsnawuudaiisn

o 9 = o [ = =y ad Q| o &
Srunald xe HuiladFuaiese nazmsudawuugaisanuesilanyu Xo) ao

~ = 1
,\‘(;‘)=H[.\‘(£)]=l .[.\‘(r)—dr 4.1)

7T foem T

] ¥ A
Y =, Ve = - a g w
1Inauns (4.1) sualsaase lutimsaaewwlaminnssdauyngmdse asiomm x(¢)
& o o y as < F)aq  dw (A & y °
Suflasduiuduna waz 20 iluiladdudaduincar Fanction) fU X 1ioninis
o 9 b ¥ a ar o
aouTIgHu x()) A0 g A2 AR NUAUNIUE

50 L) 2)
Tl

=t o ' o - e 9
Wouens (4.2) sl iezsmsu)asugiBes oxld

fiosnn
N T ) S, ‘
‘I,‘{_}: v[__c—;_“l,nh =_lﬂ_sgnf (44)
[ Tk
4l /=0
130 sgnf = O ciial)
-1 /<0

auns (4.3) anngaonluld
7 . - (4.5)
F {(_\:)} =—jzsen ['o F{x(1)}
T uAA(Frequency Domain) YB4EUNT (4.5) dziinumagaalnainues x(/)
A1 j(+90°) FMFUAUAAY (Negative frequency) nazfupaguaamilnaiuues x()
U —(-90°) 1M FUAWAVIN (Positive Frequency) a1ma 11 TAmuueaIa (Time

2 & oS @ i L
Domain) mllﬁiﬂammﬂ aQWmLﬁﬁJifj)ﬂilﬂﬁB (Inverse Fourier Transform) [5]
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4.2 gaueniamsulasdadisnd fMUnsasIdu QRS
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4 o a v 4 o (V4 . .
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y @ 4 a Y i = 4 w do
vosndu Iihale deuaasnugliiaz sngeau R Aogafigeiigaiionieyiusild
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1000 - o - © ——Abs_Hilbert(diff_ecg)

Amplitude 4

-200 -
-400
-600
-800 -

Y 1 a’ ) (77”77777 B q-__uﬁ ) s 7[ 7"7" : -2 'Q ) Qrir
51 4.3 mdvpgainnnsulanuudadsavesdaedenan I lviiradaduuy

Ventricular Tachycardia

 — Original ECG
— Diff_ECG
-~ Abs_Hilbert(diff_ecg)

a 5

Y = = a y a a o a a 1
g1l 4.4 manfFoudoudyapunan il lusudu foeyiusvesdayamTudu uaga

@ d a . ad v 4 @
Fuysaivpamaudasnugadisaveseyiutvesnau i niala
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o a 4 A . Yy o a o Y &
Lananyiseinaunasuuuy bigoelod (DFT) voa0oyadunn 911494 n uauiy

1 udwals xG) Taw i=0 83 n FIMTUNITNARDY n=8
2 ¥ aflandu h() Taoii@eulu he) M
Al
1o i=1, (n/2/)+1
2109i=2,3,..... (0/2)
A
01 i=(n/2)+2,....,n

3, ATUIVHARMTEH N x(1) N h()

o o \ o )
4. ﬂm'mmumﬁvgﬁ vinawiosuony hiRewio s (DFT) 11A90 3

=y = d
LDIN nMsutlas ase ﬂ‘i?'l!l/‘]’)akl

¢ ¢ !
5 Wisesnsruosuuunliaaliiod (Discrete Fourier Transform: DFT)

Amue DFT vosvoya <] Ao X7k TawX/k/ dowlain

X(k)= Zx i
n=0
J2xki

nk_ N
Vw2

/

LA k=0 D9 N-1 uag

FMTUMITN DET LDV 890 (N-8)

‘
X (k)= Y x(mW," k =0,....7

n=(

= x(OW* + x(OW x2S + x(3)W;!
+x(OWH + xS + x(OW + x(TW"

TaviagiuuyInaez 18

= x(OWF + x(QIW + x(4W + x(6)W
+x(W" + xQWWE + xS + x (T

(4.6)

(4.7)

(4.8)

(4.9)

s o w a w A4 A =2 =) =
ﬁqﬂLLWHWﬂﬂjﬁfﬂ DFT wawmmgll TIMTY N=8 Lﬁﬂ'@‘lf!"l"l'ﬁ'ﬂ x(0) D9 x(7) UOZIDINNAD

X(0) D4 X(7)
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(2) O NN = "o X
X L) 7 = @ /
‘\\\ ‘:’/" 0 /// \‘\K; N hY y/ )
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HO)e = hV4 X(3)
¢
W, s4 W, 8) \K N
/ N \\
x(1) © @t P X4
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- TS \\ o A N =
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x(7) , N \H\"“--,\_ ~ /"/ ‘\*\\ ,/ \
O P O =0 —NX"0 X(7)
e . e I,
310 4.6 URUFRINI TN DET 91019 =8
INANVTUN T Vo IDBYEaDS
—f 27k
ll( . . 2
Wy =e-" L =cos(2mk)y—jsin(2zk) (4.10)

=t o w o o A 9 ~
ﬂ’]ﬂgﬂ“ﬂ 4.6 WWﬂ'ﬂTMﬁMWH'ﬁ%@Qﬂ@Um@i%ﬁiﬂﬁ?fﬂgﬂﬂ 4.7

a a-i—W_,\%b

A

k
b Vil a-Wyb

:ll @ o I 9/ o o d d
E‘IJ‘YI 4.7 WHUWNINTNT DET lﬂﬂiﬂfﬂJWNﬂﬂJWHﬁﬁl}ﬂﬁ@@maaﬁ

= y =] o - o 3 e r
13U 4.7 e @ Wludwnwddeudain a =d, + jae
wazifioann b FusmuFadoudaiu ;

; b=by+ jb.

F

' o a =1 o ) 0o w o o
oo a,, b, fodvessauase oz a,., b udwnddou awddy dai

a+Wib=(a,+ ja.)+ (b, + jb.)* {COS(Zﬂ'k) — jsinQ2zk)} @iy
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LR

a-Wib=(a, + Ja ) — 105 +jb(.)*{cos(27z*k)—jsin(27r/c)} (4.12)

910 4.11) 32 )4
a+Wib=(a,+ ja.)+b, *cos(2zk)+b, *(~jsin(2k)) +
Jjb. *cos(2rk)— j*b. sin(2k)

=(ay + ja.)+b, *cos(2rk)— jb, *sin(2rk)) +
Jb-*cos(2xk)+ b, sin(2wk)
=a, +b, *cos(2xk)+ b, sin(2rk)+

A/'{a(- —b P (Zrk)+ b, * cos(27rk)} (4.13)

1 (4.13) a, + by ¥cos(2rk)+b, sin(27k) A0 MPNVDITIUINDTA

wag  J {a(. Ao, * s N TN COS(27Z'/€)} AD MLV LI Id U

1AZIN (4.12)
a-Wyib=(d,+ ja.)~b, *cos(2ak)— b, *(=jsin(2rk)) -
jb. *cos@rk)+ b, *sin(2rk)
= (apt ja )= by ¥ cos(27k Y+ 7by * sin(2 k)

Jbe Feos(2rk) = b, Fsin(2xk)
= a, — IpEeos(2zk) — b *sin(2mk) +

jae + jb, *sin2zk))y—jb*cos(2rk) (4.14)

* —— ::': : - o =
10 (4.14) i, —y, * Cos(2rky— b, * sin(2mk) A0 MOUVDITIUIUDT

" . = . o = 9
IEER {a(. +b, *sin27k) - b, * 005(27;/{)} A9 IMoNUDIT LT FOU
W1(4.13) 1Az (4.14) MUIMHUINN X70) D9 X(7) mmumudsiuaas13lugina.e
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4.6 SoulumsidadsansuvlesuanySusnnumlosumuubiderifo
A Y A ad d o o &
Nﬁluulsilﬂ‘ﬁﬁﬁ1\3E’fﬂi‘UiGl“ﬂﬁ']l!“l"l@ﬁf]éﬁT”ﬁ‘l_l N=8 19
XUO=X(k)*1 1310 k=1 1@z 5
XOO=X(k)*2 110 k=2, 3 ung 4
X(H)=X(k)*0 110 k =6 uag 7

O <
Tag X(k) Ao 0 mnnnyiseinsumosy

4.7 SudsalGeanaudesy vuulideriios (IDFT)

ad =

o n 1o A . .
HONDULITA ATk VlﬁWH‘V\]@‘NJLL’IJ‘I_IlLﬁJG]E]lﬁ’EN (Inverse Discrete Fourier Transform)

i o
X(rz):-—Zx(k)W\ - (4.15)
A,T k=0
J2xhkn
A b N
190 ”/N S\

A <

8 =0 03 N-1

° 7 A o ) 4 a ad s
Srua i )= XN 190 k=0 09 N-1 taz X&) wu oo lvvesdadiansuwesy
11 X0 1 IDET Taalddanoafuaeatuiy DET Mo xm). 1o k@) WU nmudadon

Tay

RIARSE DY)

W)= A (o) (4.16)

4.8 Maminau R lag3si/saumeuszauneni/agn (Threshold peak detection)

i
= o

= =) [ = 1 q ¥ o S ~ a_ o £
fﬂii‘LJiEJ‘]JW]EJ‘U‘E%@I‘I.I!.LB&J’IJﬁﬂﬂ ﬂ'm‘lglfﬁﬂﬁl!ﬂﬁﬂjﬁEJ“I_IL‘WEJ‘H (Threshold) RGN

Y = Y

q T y A g & ]
mﬁﬂsmﬂaﬂummm threshold L‘Wﬁ](l‘l*‘iblﬂ 51J't’]3 ANANADIUINUN Tﬂﬂﬂ"l threshold L’lJ'EN“]Wi]

U

e

E]ﬂgﬁ“ﬂﬂi]]i ui]”‘mulﬂﬁ]‘lﬂﬂﬁﬂ Root Mcans Squarc (RMS) maammawwwuﬂﬁuﬂmmmaa

= d .
[isaveatoyanauni 5]
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4.9 NHNMINTIVTV QRS
:j e 9 v L] . =) @ 9
nansefifingaasavaouzdesgniniuenduily QRS wie dygusUNIY Taelas
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) 1 Fa
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o o = ) [ g 1A et Ao .
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4.10 Msnaaeuyszansmuveunsediunnaan vlihiala

¥
e s

A N ' o @ le #1278 o
N U BN ENS SANEYDUAT NN 0 IR U HADINAIFIAANUTINITOVUDY
A A o A v I A A W | o
mnIeaiodamilmiasgiulshuiuwanu lhveunioiloda (Sensitivity). MINIUILAN
) Y .. 1 s 4 )
9nADIVEINITIA (Positive Predictivity) 102 SasmuAaIRmARNYeIN15 IR (DER) lag
o Y
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A g 2 & W 9 e 2 A w
TP (TRUE POSITIVE) fi0 110A810 QRS Aeaninasan lagnand lptniodiloia
A, o A =P aN=—"21 n ¥
FN (FALSE NEGATIVE) fiod 1w 1uaan QRS Nieeidata luguiansaany 1a
A o rﬁ'{ :{h o 1 A‘{ & 1 I~ ,:'1
FP (FALSE POSITIVE) @08 1whunfuh 1l QRS uamsosiiadaairanuiuilunau QRS

e =1 1 zili 2w S o L7
SENSITIVITY fio a1 huoansadiiodalasnivua i

o e
Sensitiviy (%) = ————% (4.17)
TP+ FN
POSITIVE PREDICTIVITY f0 n13711110A10gnA04u04n13ia
iy ey TP
Positive Predictivity(%) = ——% (4.18)
TP+ FP

DER (DECTION ERROR RATE) A9 0A510NUAANAIAYDINITIA

(4.19)
FP+FN o
—— /0

DER(%) =
TotalORS
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