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Worldwide Morbidity 2007

Worldwide Incidence 2007
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Heart Rate Monitoring Technologies

Early 20th Century Today

Saline-filled bucket electrodes
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Heart Physiology: Cardiac Conduction System

Right atrium

Atrioventricular
node
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Heart Physiology: Origin of the Electrocardiogram
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Heart Physiology: Electrocardiogram (ECG)

» Composite of all action potentials of nodal and myocardial cells
detected, amplified and recorded by electrodes on arms, legs
and chest
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Heart Physiology: Electrical Activity of Myocardium

1) Atria begin to p/‘\

depolarize

2) Atria depolarize

3) Ventricles begin to
depolarize at apex;
atria repolarize

4) Ventricles depolarize

5) Ventricles begin to
repolarize at apex

6) Ventrlcles repolarize -
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Acquiring Heart Signals: Typical Instrumentation System

Takes the signal
from the body
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Acquiring Heart Signals: Electrode-Skin Interface

iEhe Offset sources:
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Acquiring Heart Signals: OPAMP array for an INA
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Acquiring Heart Signals: Common Mode Rejection Ratio

(CMRR)
. . 120 |
 The CMRR defines the ability of
the amplifier to reject signals that 100 .
are common to both inputs '~~..\
__ 80
* This is important for 60Hz rejection $ "‘"n.“
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« CMRR is a function of gain < Ay =100 N
Q
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Acquiring Heart Signals: Connections to INA

EMG Signal
(m1+n)-(mz2+n) = mi-m2

Reference
Electrode

m is signal from muscle, n is noise
Differential Amplification
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Acquiring Heart Signals: Limb Leads

Bipolar limb leads:
, 11, 1
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Acquiring Heart Signals: Chest Leads

Clavicula Mid-clavicular
line
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» Additional set of six
leads, placed on the chest
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Low-cost Heart Rate Monitor:

Importance of Measuring Heart Rate
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Low-cost Heart Rate Monitor: Market Solutions

Chest Belt

\\\\\\\\

Watch
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Low-cost Heart Rate Monitor

BDM / SCI (2)

GPIO (1)

GPIO (1)
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ECG USB

1to 12-Lead ECG Solution
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» 48MHz S08 or ColdFire® V1 core The Flexis™ USB Family

>24MHz bus frequency S08JM60 and MCF51JM128
» 2.7 — 5.0V operating range

2x 2x .
+ Memory HEIRE R

» S08 12ch 2ch 6ch
» Up to 4KBytes SRAM; up to 60KB flash 5 1ot | Troer
» ColdFire V1 ColdFire®V1 CORE PERIPHERALS | CAN | coldriesvi:usoTG
» Up to 16KBytes SRAM; up to 128KB flas s08 SELECTION Com | 508 USB device

only)

:g;?%tglr,elszc, 2y SP| cowriervi—took B  ColdFire®Vi—16K
» 8 channel KBI | S08—60K  sosaK

» 16-bit timers: 1 x 2-ch, 1 x 6-ch

»12-bit 12 channel A-to-D converter ce+ | puwose | SAU 1o

» Analog comparator BOM | cencrator | ony)

» Up to 51 general purpose /O
» Multiple purpose clock generation

»PLL

» On-chip oscillator S08JM60 Packages
» External crystal support _ 64LQFP, 64QFP 48QFN, 44LQFP
» Integrated CAN module (ColdFire V1 only)

» Cryptographic acceleration unit (ColdFire V1 only) ColdFire JM128 Packages

80LQFP, 64LQFP, 64QFP, 44LQFP
» Complete USB solution
>Ir)1tegrated USB device (S08) or USB on-the-go (ColdFire Tempera_tjfgg I?oaggg
V1
» Complimentary USB software stack

» Processor Expert
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Complete Solution
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Complete Solution
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Complete Solution

© 2008

2

TP_PRECORDIAL_2
TP_PRECORDIAL_1
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Low-cost Heart Rate Monitor
Lab0. Get familiar with the HRM

Connect the chest electrodes

LiKe tRHIS! srerererrarararesesemamenenansnsnses
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o
Low-cost Heart Rate Monitor

Lab0. Get familiar with the HRM

Connect the board to the laptop (USB).

Make sure the buzzer is beeping at the same rate as your
heart beats.

If your heart rate is greater than 100, the alarm indicator (red
LED) will turn ON.

Go to the HRM_KA folder in the desktop and open the
CodeWarrior project (HRM_KA.mcp).
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Low-cost Heart Rate Monitor

Lab0. Get familiar with the HRM

5. Download the code to the board (Connect the BDM to the closest header
from the KA2)

=181]]
e £dt ven Tewrch Brojct ProtessorBoet Deweinsaliaton Wndow Hed =181 x|
AEFEv e xARDANDIRSEER
M o ) e Me [B e o - P [D Pocties 51301 My Dncumerss Frasscais Toos DFAE D8.HRM v 1 Souroasmain = o
Lol teon l #include <hidef hy -8 for Ensblelnterrupts macro o o
m-'li:'-\,‘\ Ty @R Y & Finclude “dersvative h™ /% lude peripheral declarations e 21
v fdefine PTAD
Fes | ik Ouce | Torgets | =) Fdet ine : ]
LA EE ] | Code | Data |86 [ 4] Zdel ine 1
&4 Souces %5 B Aciatine "
L ] 25 ¥ c
a Tdetine £E 0
a1 (0 Inchudes L} L |
Cilks 105 BM e od SEALLm .
0 Paayect Setings 12 A #define
e
woad
vaid
vaid 1
unsigned char y. A *S_ACHPDelayEnsd
unsigned int beat
unsigned char
unsigned char
unsigned int uBfieart
SRR
% = 0x00
- Ox99
unsigned int uliCounter = 0, couttemp=0
rrupt * enable interrupts =
Sl I e ca o
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Low-cost Heart Rate Monitor
Lab0. Get familiar with the HRM

6. Go to Component = Open

Fie View Run MultiinkCyclonePro Component Data Window Help

O|z(@] 45| 2] - |==|e=]] 2|

=
D:MProfilestb 130614y DocumentshFreescalehTrips\DFAE O8AHRM w0145 ourcestmain.c Line: 35

|

7F

81

82 5STR 33
24 1 34
86 CLR 35

28 JSR 14630
B

SE

91

21

ety ' |

JSR 14822

JSR 14643

BRCLR 7,24, *+22 :abs = 0x38A7T J
A 24

Enzblelnterrupts; /* enable inte

feee . [ &
e [ ox Ez oomle

oin|| s 2 e |z
Periodic | Symb | Global BC|SETE sEC|EETZ
PagE [£5
bThresheoldFlag 225 unsigned char
1bTlag 0 unsigned char
x 0 unsigned ing
¥ 0 unsigned char
AMPDelay = unsigned chax
ACMPDelayEn 0 unsigned char
bezse o umsiqned ins =18/
ugBeat_SecondBu: <185 azray[18] of unsigned cher - T &= [
uBBeat_SecondPtr 0 unsigned char

ugHeartBeatflag unsigned int

_MTIMSC wvolatile MTIMSCSTR

_ETED wvolatile FIADSTR

_SRsS velatile SRSSTR

z 7 unsigned char

¥ 0 unsigned char

_ACMPSC <1> volatile ACMPSCSTR =
_ETADD <1» velatile FIADDSTR

MTIMCLK <1> volatile MTIMCLKSTR

uZBeat_SecondBus
ugBeat_SecondBu

undefined expression (invalid sxpressicn )
<18 array[18] of unsigned char

STARTED
Preset breskpoint enccuntered.
RUNNING
Breakpoint
in» J
I KT a7
For Help, press F1 MCoRS08KA2 [ico [Breakpoint
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7. Open the visualization tool

Dpen Window Component

lean | List | Details |

Low-cost Heart Rate Monitor
Lab0. Get familiar with the HRM

L4]

Module P aonitor Phone Procedure Prafiler :I 0K
] [T mﬁ n [1T]
El I L ﬂ! Cancel
Push_buttons  Recorder R egister Segments_... Source
Help
[ J—
L= P J s Q@ Q@
Stimulation T aillight Template Teminal T estherm Browse
e s 0 o B
Tirner Trace Yizualizationto W agon W irnlift
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Low-cost Heart Rate Monitor

Lab0. Get familiar with the HRM

7. Open the HRM.vtl file

Look in: IE‘.‘hiI‘l j - £ B2~

Filz name: HRM vl Open I

Files of type: | Visualization Tool Layout (") j Cancel |

I~ Open as read-only
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Low-cost Heart Rate Monitor
Lab0. Get familiar with the HRM

8. Run the code

i True-Time Simulator & Real-Time Debugger D:\Profiles\b13061\My Documents\Freescale\Trips\DFAE 08\HRM v0.1\RS08_BDM_P&E_Multilink_CyclonePro.ini mEIE)
Fle View Run MuitiinkCydonePro Component VisualizationTool Window Help

NE IR R EEERE

e ol —iox
D:A\Prafiles\b1 30614y Documents\Freescale\ Trips\DFAE 08\HRM v0.14Sourcesimain.c

MAIN i-
gT=
EditMode Mo nstrument selected

B EE =R E R E EENC

= HR: 88

=]
o
o)
o
i
[

_aoME
_FT2D
_MTIM

uiBea, =
uZBeat_Second® <18» array[14] of unsigned char e ST

RUNNING

For Help, press F1 MCoRS0EKAZ [ico [runnING
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Low-cost Heart Rate Monitor

Lab0. Get familiar with the HRM

9. If you never reach the value of 100 to set the alarm,
change the maximum value for the alarm in the code

reescale CodeWarrior - [main.c] —1& I}
le Edit Wiew Search Project Processor Expert Device Initislization Window Help -1 x|

OSSN <xBRAAANEENLNER

SE] b - [ o e \D\Pmﬁ\es\maom\w Documents\Freescale'\ Trps\DFAE 08\HRM v0.1\Sources\main.c

HRI INA
AR e | #include (hidef.hy /% for Enablelnterrupts macro %/

#include "derivatiwe h" % include peripheral declarations */
Cl@ey s

I» IDO

[ D Pae Matiink Cyclone Pra

. #define INDICATOR FTAD_FTADS
Fies | Link Oider | Targets | #define ALARM PTAD_PTAD4

¥ | Fil

=] #define ALARM OFF 1
=13 Sources -

#define ALARM_OH 0

#define TNDICATOR_OFF 0
#define INDICATOR ON 1

Project Settings

[P FUNCTIONS PROTOTYPES corsmrarsrsssearsriris
* 2

void vEnACHPConfig (void):

void vinCPIOConfiz (void):

void vEnHTIMConfig(void):

byte bfndCHPRead (woid):

e

GLOBAL VARTARLES

byte bThresholdFlag = 0x01;
byte 1bFlag:
word ®:
unsigned char v,ACHPDelay=5. ACHFDelayEn=0:
unsigned int beats=0;
wnsigned cher u8Beat_SecondBuif[16];
0

unsigned char uBBeat_SecondFir =
wnsigned int ufHeartBeatFlag=0;

[P UATH [

void nein(void)
#/byte 1bFlag;
srbyte 1bCounterPeak = Dz00;
/7byte lblSecCounter = Dx393.
unsigned int uléCounter = 0, conttenp=0:

Ensblelnterrupts; <% enable interrupts %/

wEnGPIOConfig().
wEnACHPConfig();

| wEnHTIHConEig( )
9files 13402 3736 13 a1 |]4] » ,J
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Low-cost Heart Rate Monitor

Labl. Your ECG Signal in the Computer

Open the JM60 GUI (the shortcut is on the desktop)

Il Freescale MC9S08IM60 GUIs

Bootloader

Protocol Bridges

Freescale

IMe0 GUI

Data Acquisition

Accelerometer

S08JM60 Applications Menu
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Low-cost Heart Rate Monitor

Labl. Your ECG Signal in the Computer

Freescale JM60 Data Acquisition V1.0 (AN3582)

e

Wﬂ-’-?

Time / Div =255

S08JM60 USB GPIO/ADC Demo
>
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o
Low-cost Heart Rate Monitor

Labl. Your ECG Signal in the Computer

Freescale JM60 Data Acguisition V1.0 (AN3582)

S - |

'q'-EI"-\I'H-?

Time / Div=25s

S08JM60 USB GPIO/ADC Demo
>
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o
Low-cost Heart Rate Monitor

Labl. Your ECG Signal in the Computer

Freescale JM60 Data Acguisition V1.0 (AN3582)

2B - |
100 Hz I | 819 |

| 1 e
e / Div = 250ms

———

S08JM60 USB GPIO/ADC Demo
i
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o
Low-cost Heart Rate Monitor

Labl. Your ECG Signal in the Computer

Freescale JM60 Data Acguisition V1.0 (AN3582)

lessthen ||

S08JM60 USB GPIO/ADC Demo
F
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Freescale Introduces Product Longevity Program

» The embedded market needs long-term product support, which
allows OEMs to provide assurance to their customers.

» Freescale has a longstanding track record of providing long-term
production support for our products.

» Freescale is pleased to introduce a formal product longevity
program for the market segments we serve.

- For the automotive and medical segments, Freescale will manufacture
select devices for a minimum period of 15 years.

- For all other market segments in which Freescale participates,
Freescale will manufacture select devices for a minimum period of 10
years.

» A list of applicable Freescale products is available at
www.freescale.com.
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Q&A

» Thank you for attending this presentation. We’ll now take a few
moments for the audience’s questions and then we’ll begin the
guestion and answer session.
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