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Abstract: A simple, compact and low-cost device is e

presented. It is able to measure, store and tnansfea RR

computer the beat-to-beat interval of the hearthgusa ' I +
POLAR chest belt and receiver. The conception a@$ th W IR W LY | IS | [
device is based on a microcontroller 8051 assatiatith i ' 1 '
flash memory and a real time clock. The statistérabr on

this interval is below one millisecond. The deviseits Fig.1. RR interval on the ECG

particularly well for studying the heart rate vailay
(HRV) at rest in athletes.

. 2. METHOD
Keywords: heart rate variability, heart rate recorder, o
biomedical instrumentation, overtraining, staleness 2.1. The circuit

The circuit board of this battery-powered relen is
1. INTRODUCTION centred on a microcontroller (from 8051 family) cected
to an external flash memory (to store the records),
recovery can lead to a state of excessive fatialeecc ~calendar or real-ime clock (RTC) (to measure Rigrirals
overtraining or staleness [IAlthough many psychological 2Nd keep track of date and time of the recordingisaces),
and hormonal indicators characterize this syndrome? Serial port (for RS232 communication with a P&),CD
presently no system is available to identify phiggjical ~ SCreen (for giving some information to the user) aush-
features of overtraining by means of a non invasime  Puttons (for the user interface).
reliable tool. Some researchers hypothesize a lgessi
relationship between overtraining and heart ratéakdity LCD
(HRV). However, the existing data are sometimes 2x16 chars
contradictory and clearly, more results are reguite "‘WAL _____________
conclude. The aim of the present development is to |
contribute to the clarification of this issue. :
To study HRV, the time interval between two |
consecutive heart beats (RR intervals of the ECGee :
figure 1) must be measured over a certain periotino. |
Then a data processing programme must extract fhem | |5vDC/DC 8051
|
|
|
|
|
|

In sportsmen, an imbalance between training stess

Real-time Memory
clock 224 kB

RR interval file pertinent parameters charactegzitRV. converter
Even if a variety of ambulatory heart ratearelers are

available on the market, there is a lack of lowtcoser- — > <> | MAX232
friendly instruments, of satisfactory autonomy, eabto

insure the follow-up of athletes during a few menttve «---F-7------ $ ————————— } -=-
thus designed a new instrument prototype, calRl- Battery [ | Outout RS232
recorder, the particularity of which is to use as heartssen POLAR | Options (PC annection)
the popular POLAR chest belt transmitter widely didsy RECEIVER ' pushbutions, |

sport practitioners, coupled with a remote wirelesiver.
The R2l-recorderis able to store the acquired data which
can be transferred to a PC for further processigreover,
sportsmen can use it autonomously during one year. Fig. 2. General scheme of thB2I recorder circuit



We used the 12C communication protocol betwten

- time domain parameters : mean RR intenRRiheah

microcontroller and most of the other elements (RTCstandard deviation of the RR intervaBDNN), rate of RR

memory and LCD). This protocol allows to use oniot
bus lines for all the communications with theseredats. In
that way, we limited the number of I/O pins necegsa

The signal input of the recorder board is aggrfrom the
POLAR receiver, an OEM item — the largest dimensibn
which is 37mm, plug non included - wirelessly reoej
heart rate information from a POLAR chest-belt sraitter
(figure 3). This receiver generates a pulse forheleart
beat: the RR interval corresponds to the duratietween
two successive rising edges of this signall. Thierval is
calculated using the RTC: when a pulse is receitredltime
of occurrence (with 10ms accuracy, limited by th&CR
resolution) is stored in a register (called R1)e Tollowing
pulse is then detected and the time is stored wthen
register (R2). The difference R2-R1 giving the Rieival
is stored in the flash memory and R1, R2 are upldathis
succession of steps is repeated during
measurement time.

TheR2l-recorderhas a total memory of 224kB, which

corresponds to about 12 months of recording orbésés of
10 minutes a day. This figure is achievable witb three
AA-1.5V alkaline cells of our battery.

Our prototype box has a size of 170 x 85 x 25’mm

Fig.3. The POLAR receiver

2.2. Daily use

The functioning of th&k2l-recorderis simplified to be
used by anyone. At power on, the LCD screen inuites
user to confirm or to modify the configurable opsoof the
recorder: the measurement duration can be adjusyedne
minute steps, from 1 minute to 59 minutes. The t{aeey,
hour,...) is also adjustable. When this is completi,
instrument is ready to start a measurement run.

2.3. Data transfer

After the acquisition period, the full infortian
memorised
transferred through RS-232 protocol,
computer in order to finalize the data processata are
sent in the ASCII standard format ; in that way #tandard

compatibility of our device is increased.
2.4. Computer processing

The study of the HRV consists of analysingioas
parameters extracted from a RR intervals sampleh B
these can have a physiological interpretation fyistj the
importance of knowing it [2]. These parametersab&ined
by linear (in the time domain or in the frequenoyin) or
nonlinear methods:

in the R2l-recorder memory has to be
to an external

intervals for which the difference between two cngive
intervals is higher than 50mgNN50,...

- frequency domain parameters : power spectral igens
(PSD of the tachogram , total powerH : integral of PSD
which is the variance), power in the VLF domaWLF :
<0.04 Hz), in the LF domairLF : 0.04-0.15 Hz) and in the
HF domain HF : 0.15 — 0.4 Hz)|_F/HF,...

- nonlinear methods. We can cite fheincaré plotanalysis
in which each RR interval is plotted as a functminthe
previous one. This graph gives both a qualitativeual
information but also quantitative at the beat-tatbkevel
3], [4].

A computer program was developed which caleslatl
of these values. The start point of the frequenoynain
values is the PSD of the sample. In order to deterrin, we
use an autoregressive (AR) process ([5]). Equdtidis the

the wholexpression of the PSD obtained by AR process.

0.2
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0/ is the sample variance, the are the coefficient found
with the AR process and p is the order of the ARlehoWe
choose p=20 which gave satisfactory results.

This expression justifies the use of an externahmater.
Finally, from this PSD and integrating between et
limits, the program calculates most of the compotmere
need.

A typical protocol is to measure every morning la t
wake-up the RR intervals of the athlete duringwa (8 to
10) minutes. For each sequence, the HRV paramaters
calculated. It is the evolution of these parametdosg the
test period (e.g.. a training season of the athhetdch is
the information of interest that we will try to celate with
the overtraining phases during the competitivequeyi

(1)

2.5 Embedded data processing: feedback to thetathle

In order for the athlete to have a minimum of ameli
feedback after the measuring campaign, it was sacgso
implement inside theR2I-recorder some information
relevant to the results of the measurements he made

=
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Fig.4. Screen display at the end of a measuring seénce

Two kinds of data are displayed on the LCD screkthe
instrument at the end of each measurement sequ&hee.
main one is the histogram i.e. the number of oenaes in
function of each defined class of RR intervals. sThs
displayed on the lower line of the screen with @ixels
vertical ranged scaled to 14 occurrences: the eoarcence
classes are thus not visible (figure 4). This lysm is
completed by two parameters giving some information



about its spreading. We choose the number of repted
classes (thus with a minimum of one occurrence) thed

Tachogram
1500 T T

total of occurrences which don’t belong to the dwamit
class (figure 4: upper line).
2.6. Accuracy \/\/W
— 1000 H
The device measures RR intervals with a 10ms acgura £ \/ﬂ \AMWWW\/MMWV\N W \M\MWWJ
(limited by the RTC resolution). However the calend g
clock is running continuously during the samplingripd. g e ———
So there is a mean effect which increases the acguifo @
test it, we applied to the recorder input a signdse with a o (AR {B”SWZE ]
known frequency. The results pointed a statistieabr SDNN [ms] : 51
lower than 1 ms (for a sampling period of 3 minjutes PNNSO0 [%] : 17
A statistical accuracy of about one millisedas thus a
typical value for our device: this figure is simmilto the e L L L
performance obtained with ECG recorders availablehe [#RR]
market. The beat-to-beat resolution of 10 ms ificant for ,
the HRV study with regard to the large heart ratgability Fig 5. Tachogram
in humans [6].
3. RESULTS 20 ‘HRVspectra‘
3.1. Preliminary measurement campaign Frequency domain parameters
A first measurement campaign was performedh wie * ﬂ \T/it:'[ﬁ‘;‘%‘?ré?zsz] = ViE
aim to verify the correct functioning of our recerdn real 0l [ LF [ms?] : 342 |
condition and its acceptability by the sportsmane W = VLF HP [rse] 345
followed a 23 years old male cyclist during a pre- 3 / / H:Fr:a[[nr{.t.]]':i%
competitive and a competitive period (3 months)erfgv Ew) )/ LF/HF : 0.99
morning at his wake-up and in a supine position, he @ / /W\ /Lf
measured his RR intervals during 10 minutes. He idid 0 /
before any other movements, to minimize all other \V/ \// H\F
biological interferences (the chest belt was waunrdy the 5 b VR
night). A\ /<
There was no complaint from this sportsman aboat th 0 = ‘ S
. . . . 0 01 0.2 0.3 0.4 0.5
instrument and the proposed protocol during thiagagn. Frequency [Hz]
We nevertheless experienced that the correct posity of
the chest belt in order to obtain valid resultsaigritical Fig. 6. PSD plot
point.
3.2.Examplative results Poincaré

1600

After the campaign, the measured RR values ar
transferred into the PC and stored in a specificifi order
to compute all the needed values to study HRV. Thi
program also delivers some important and interggnaphs
for this study: Figure 5 to 7 represent these gsafun a Tae
typical 3 minutes recording period. The tachogrétime RR
interval in function of each successive beat) idfigare 5.
The PSD plot is on figure 6: the HF lobe reflecte t
parasympathetic activity while the two LF lobesleef the
interaction between parasympathetic and sympatheti
activities. The Poincaré plot is on figure 7: tragiability of
this file appears rather low. 600+
Even If thls punCtual Campalgn dldn,t reveal any SOgoo 6(‘]0 7(‘10 B(‘ZG 9(;0 10‘00 11‘00 12‘00 13‘00 14‘00 15‘00 1600
significant heart rate variability in the athleteder test, our RR(-1) [ms]
R2l Recordethas proven its ability to fulfil its mission: the Fig 7. Poincaré Plot
prototype can now be replicated in a few copiesriter to
start the planned HRV study in the overtrainededéhl
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4. CONCLUSION

We designed a very simple tool to measureresto
transfer and process samples of RR intervals, nanmel
order to evaluate, with an appropriate accuragyHRYV in
the overtrained athlete.

Ones of its main advantages are its pricedimparison
with Holter type commercial devices), its user+idéness
for an athlete and its compatibility with the edigt POLAR
material.

The first results seem to confirm that the sueament
method is appropriated for that kind of study. Tdwerect
positioning of the chest belt is a critical pointhieh
deserves attention.

Another general conclusion of our study is that we
showed that the access to the signal at the receitput of
the very popular POLAR heart rate monitor opensviag
of all kinds of studies implying long term RR intats
recording.
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