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Abstract — Non-audio signals have been recorded in theately, these use 2Mb SRAM memory cards [4]-[S]M&4
flash ROM memory of a portable MP3 player, in WAV EEPROM bank [6], [7], and 32MB flash ROM [8]. Noo&

format file, to examine the possibility of usingetie cheap
and small instruments as general-purpose portadike Idg-

them can rival the gigabyte capacity of MP3 flash\Rs.

Portable MP3 players are normally equipped with a

gers. A 1200-Hz FM carrier modulated by the noniaud voice recording function (REC operating mode), whic

signal has replaced the microphone signal, whilaguthe
REC operating mode of the MP3 player, which triggére
voice recording function. The signal recovery wasried
out by a PLL-based FM demodulator whose input ésfRM
signal captured in the coil leads of the MP3 playeiar-
phone. Sinusoidal and electrocardiogram signal® teen
used in the system evaluation. Although the qualftyow
frequency signals needs improvement, overall trsilie
indicate the viability of the proposal. Suggestiane made
for improvements and extensions of the work.
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1. INTRODUCTION

There is an ever-increasing demand for low-costt-po

able data loggers for analog signals stemming forariety
of sensors such as temperature, pressure, humpdityand
biopotentials. They find their way in industrialdhaommer-
cial applications as wells as in medical and bimlaly clini-
cal and research use. Whatever the applicatiod, fieders
welcome data loggers which present longer recorting,
greater portability (battery fed, low weight), ambn-
volatility of data.

The combination of powerful Internet on-line mudis-
tribution, low-cost MP3 hardware, and MP3 high coesp
sion ratio, while achieving near-CD music qualityas
paved the path to the ubiquitous portable MP3 p&ayg].
MP3 lossy compression algorithm, based on the egjidin

of Psycho-Acoustic Model (PAM) and Huffman encoding

although providing a perceptually lossless compoessom
the human hearing viewpoint [2], most probably pravits
use as a general propose recorder. Accordinglgrder to
record data besides audio into MP3 players, rekeesc
have developed MP3 players that incorporate their data
acquisition algorithm and signal-conditioning citcyi3].
This solution, however, render the MP3 player apliap-
tion specific data logger, i.e., in this case, tdpaof re-
cording only the user’s heart rate, besides awtiviously.

Some researchers have developed application-specifi

portable data loggers based on SRAM cards [4]4B}jal
EEPROM [6], [7], and flash memory cards [8]. Untort
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allows the recording of the sound, captured bytbuiklec-
tret microphone, in lossless file formats, the npugular of
which is the WAV format [9], [10]. This paperworlkda
dresses the question of recording analog signéds dam-
mercial, portable MP3 players via the microphonanctel
and then recovering the signals on the earphonguguby
employing commercial off-the-shetitegrated circuits.

2. PROPOSED APPROACH

2.1. General description

Fig. 1 depicts the method utilized to save andlrecea-
log signals into commercial, portable MP3 playéiisst, the
instrument’s embedded electret microphone must ibe- w
drawn, leaving intact the rest of the signal patlards the
processor. Bypassing the ac-coupling capacitohefMP3
player does not seem attractive, as long as it Inealpcated
in a hidden place (e.g., under a connector). Secasndhe
instrument refuses to record non-audio siga@), this is
used to modulate the frequency of an audio-ranggssidal
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Fig. 1. Block diagram of technique to use MP3 plasa non-
audio signal data logger.
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carrier. The FM signal must be attenuated to cli@anV of 3. EXPERIMENTAL RESULTSAND DISCUSSION
typical microphone sensors. To recover the anaiggaf

first the “voice” option must be chosen on the Mp&yer, Sinusoidal and electrocardiogram (ECG) signals have
followed by the selection of the file number. FMceever  been applied to the FM modulator and saved by tfR8 M
whose central frequency equals that of the FM matdul player into WAV files, while this executed the REdhc-
carries out signal detection. The modulating sighal the tion. Then the MP3 player has been switchegly re-
sensor signal, can be visualized on an oscilloscfpeex-  corded trackoperating mode and a digital oscilloscope has
ample. captured the FM demodulator output.

2.2. FM modulator 3.1. Sinusoidal signal

EXAR XR-2206 (monolithic function generator) has  Fig. 4 shows the opened MP3 player that has beelmo
been chosen to implement the FM modulator (Fig.f@), fied as discussed in the section above. A signakiggor
the ease of construction, sinusoidal output witw kine- (HP 33120A) has been employed to apply sinusoidalds
wave distortion, and small component count. Cerfied  to the FM modulator. Fig. 5(a) shows a FM signahgeed

quency is 1200 Hz, for the values shown in Fig. 2. at the microphone input. Carrier is a 1200-Hz simee and
the modulating signal is a 100-Hz sine wave.
XR2206 As can be easily observed in Fig. 5(b), the 100-Hz
1] AMou 1 modulating signal has been satisfactorily detecta@the sig-
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Fig. 2. Circuit diagram of the FM modulator anceattator.

2.3. FM demodulator

The FM detector (Fig. 3) has been constructed aroun .“'H‘ L HW’J”J[H, ‘A A IE,I'H”'H
Philips NE564N PLL (phase-locked loop). The cenfrat | I1 il |[| [E rlllr LSS
quency of the VCO has been adjusted to 1200 HzpLoo

filter and loop gain have been designed followihg tlata-

sheet equations. An instrumentation amplifier (INAL _
detects the audio signal on the earphone’s cailyiges a A S T R
gain of 5 and couples it to the demodulator. @)
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Fig. 3. Circuit diagram of the FM demodulator. Fig. 5: (a) FM signal applied to microphone inpfittee MP3
player. (b) Output of FM demodulator.
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nal is to some extent contaminated by the FM aarbet it
is believed that this can be lessened by suitaiydassing
it or redesigning the PLL loop filters. Signal fremcy as
low as 5 Hz has been saved into the MP3 playerthed
recovered. However, it has been observed thatiginalsto-
noise ratio (SNR) of the detected signal decreasesid-
erably in this low frequency range [11].

3.2. ECG signal

A battery-fed instrumentation amplifier has beeseas-
bled to amplify the ECG of a patient wearing théepAgCl
electrodes that have been applied to his right liefty,leg,
and right arm. As usual, the right leg electrode baen
used as reference and has received the invertednocom
mode signal, to lower power line interference [1&ko, the
ECG of an arrhythmia simulator [13] has been used.
Fig. 6 shows two oscilloscope screens, each of lwban-
tains (bottom trace) the signal applied to the Fidmator
and (top trace) the output signal of the FM detectbe top
screen shows a patient ECG, whereas the bottonpiene
sents a simulated arrhythmia signal. The recordimg of
every signal lasted more than 2 minutes. The sigstiabwn
in every individual screen of Fig. 6 are not symctized,
i.e., they do not correspond to the same time vatefFur-
thermore, small fluctuations in frequency of regtifCG are
normal, as seen in the top trace of Fig. 6(a).

Although the retrieved signal (simulated or reajjees
somehow with the original one, besides the degr&iieg
of the former, it is evident that a very low freqag distor-
tion is introduced in the signal somewhere aloagith.
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Fig. 6. (a) Patient ECG: (bottom trace) input to Fiddulator;

(top trace) output of FM detector. (b) Simulated E(gattom
trace) input to FM modulator; (top trace) outpuFM detector.

More arrhythmia signals have been recorded and
trieved which the reader can find in [11]. In spifethe low-
frequency distortion, the retrieved signals allowedsy
identification of the arrhythmia types (e.g., preona ven-
tricular contraction, ventricular couplets, ventitar bigem-
inism, R-on-T phenomena, ventricular tachycardémtricu-
lar fibrillation). It is believe that the low-fregacy distor-
tion is due to the FM modulator limitations, spdygiahe
relatively high frequency of its high-pass couplfiltpr (see
pin 7 of Fig. 2).

4. CONCLUSIONS

Non-audio signals have been recorded in a comniercia
portable MP3 player via its microphone signal pably,
substituting the microphone with an FM modulateghal.
The signal is sampled and saved, in WAV formattha
MP3 player flash ROM, using the recording functafrthe
own instrument (available in most portable MP3 play.
The signals have been recovered by demodulatindg-khe
signal captured at the earphone coils, while the3 MRwyer
played the recorded WAV file.

Bench tests using sine wave and ECG signal areuenco
aging and have made it clear that the method shbald
improved in order to decrease or even eliminate |tive
frequency distortion introduced in the signals (BCGnce
this is achieved, maybe portable MP3 players, withhelp
of some low-cost, auxiliary external circuits, wilay the
role of analog, non-audio, data loggers. To that, énis of
paramount importance the development of computer pr
gram to digitally demodulate de FM signal, using WAV
file transferred from the MP3 player to the compuwtia the
USB port. Yet another appealing progress would e t
acoustic coupling of the external FM signal dirgdth the
built-in microphone of the MP3 player. Both thesevel-
opments are under way at our instrumentation ldabora
and the results will be published elsewhere.
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