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Abstract
We have proposed a telemetry ECG system on turtles in order to
measure its ECG in its normal conditions. The biological signal of turtles
was obtained by implanting electrodes into the body of the turtle; amplified
and filtered; transfer to PC through digital radio frequency (RF) wireless
transmission scheme.
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Fig20. (a) ECG raw data (b) Post-processed, for peak detection
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A [16] 3 & 72 40T Hrif
Step 1: Band-pass x[n] through a low-pass filter h, [n] and a
high-pass filter hy[n] with their z-transform defined as

62 _ 16, ,-32\?
HL(Z):(l z_j and HH(Z){ 1+3227% 47 j

1-z7 1-z7

The output is y[n]
Step 2: Differentiate y[n] by using the following equation
y2[n] = (-2)*y[n-2] - y[n-1] + y[n+1] + 2*y[n+2]
Step 3: If a maximum value is observed in its £30ms range, this is
the time when a QRS peak happens. Record the index.
Step 4: Find two i’s (iy and i) that satisfies step 3.
Step 5: Heart rate = 60*200/(i, — i1).
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Fig.21 (b) (c) (d) ECG peak detection algorithm comparison

Method ECG1l.mat * ECG2.mat
Mahoudeaux [5] [6] 72.727 134.83
Fraden [5] [7] 72.727 133.33
Gustafson [5] [8] 72.727 134.83

19



Menrad [5] [9] 72.727 134.83
Holsinger [5] [10] 72.727 134.83
Balda [5] [11] 72.727 133.33
Engelse [5] [12] 72.289 131.72
Okada [5] [13] 72.727 131.87
HP [14] [15] 70.588 139.53
NTU [16] 73.62 133.33
Autocorrelation 72.727 131.87
MOBD [4] 72.727 130.43

* ECGL.mat, ECG2.mat B~ fi % 7 A% sk

http://ultrasound.ee.ntu.edu.tw/classnotes/bdsp/ECG1.mat
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Fig.22 Our ECG telemetry system (a) Top view (b) Side view
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Fig.23 (a) ~ (e) Measured ECG waveform after amplifiers & filters,
by digital oscillate scope
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Conclusions

We have demonstrated that our own-built ECG telemetry system on
turtle functioned normally. Including measurement circuits of biological
signals, digital processing components, communication system, and
terminal interface design, were all integrated as a complete system.
Although our preliminary system works, there are still lots of improvements/
researches can be made, such as size (transferring to PCB for further size
reduction), multi-channel or biological sensors (blood pressure, oxygen
level), SNR (noise rejection), bit rate and bit error rate (some other Tx/Rx
modules), biological signal measurement methods (electrodes: materials
and size, lead positions), turtle ECG in different conditions (environment
temperature, under water—without oxygen, chemicals), etc.

29



* ~ %% FT# Reference

[1] R. M. Holz and P. Holz, “Electrocardiography in anaesthetized red-eared
sliders (Trachemys scripta elegans),” Research in Veterinary Science,
58:67-69, 1995

[2] J. G. Webster, “Medical Instrumentation: Application and Design,” 3" Ed.,
John Wiley & Sons, inc. 1998

[3] R. S. Mackay, “Biomedical telemetry,” 2" Ed., John Wiley & Sons,, inc.
1970

[4] Suppappola, S., Ying Sun, “Nonlinear transforms of ECG signals for digital
QRS detection: a quantitative analysis,” IEEE Transactions on Biomedical
Engineering, Volume 41, Issue 4, Page(s):397 — 400, April 1994.

[5] Friesen, G.M., etc., “A comparison of the noise sensitivity of nine QRS
detection algorithms,” IEEE Transactions on Biomedical Engineering, Volume
37, Issue 1, Page(s):85 — 98, Jan. 1990.

[6] P. M. Mahoudeaux et al., “Simple microprocessor-based system for on-line
ECG analysis,” Med. Biol. Eng. Cornput., vol. 19, pp. 497-500, 1981.

[7] J. Fraden and M. R. Neuman, “QRS wave detection,” Med. Biol. Eng.
Comput., vol. 18, pp. 125-132, 1980.

[8] D. Gustafson et al., “Automated VCG interpretation studies using signal
analysis techniques,” R-1044 Charles Stark Draper Lab., Cambridge, MA,
1977.

[9] A. Menrad et al., “Dual microprocessor system for cardiovascular data
acquisition, processing and recording,” in Proc. 1981 IEEE Inr. Con5 Industrial
Elect. Contr. Instrument., 1981, pp. 64-69.

[10] W. P. Holsinger et al., “A QRS preprocessor based on digital
differentiation,”

IEEE Trans. Biomed. Eng., vol. BME-18, pp. 212-217, 1971.

[11] R. A. Balda et al., “The HP ECG analysis program,” Trends in
Computer-Processed Electrocardiograms, J. H. vanBemnel and J. L. Willems,
Eds. North Holland, 1977, pp. 197-205. Eng., vol. BME-30, pp. 651-657, Oct.
1983.

[12] W. A. H. Engelse and C. Zeelenberg, “A single scan algorithm for
QRS-detection and feature extraction,” IEEE Comput. Card., Long Beach:
IEEE Computer Society, 1979, pp. 37-42.

[13] M. Okada, “A digital filter for the QRS complex detection,” IEEE Trans.
Biomed. Eng., vol. BME-26, pp. 700-703, Dec. 1979.

[14] D.C. Reddy, Biomedical Signal Processing Principles and Techniques,

30



McGraw Hill, 2005.
[15] Ahlstrom, M.L. and W.J. Tompkins, “An inexpensive microprocessor

system for high-speed QRS width detection,” IEEE, Frontiers Computi. Med.,

1981.

[16] Ren-Guey Lee, etc., "A Novel QRS Detection Algorithm Applied to the

Analysis for Heart Rate Variability of Patients with Sleep Apena Biomedical
Engineering Applications”, Basis & Communications, Vol. 17 No. 5 October
2005.

[17] Hamilton, P.S. and W.J. Thompkins, “Quantitative investigation of QRS
detection rules using MIT/BIH Arrhythmia database,” IEEE Trans. Biomed.

Eng., BME-1986;33.

[18] ¥ & k> I * 2 FFRHFRBER 2 B LS S g F e if o ¢

R gFF1m% AL E® = > 2004

31



