[bookmark: _GoBack]EE426 Lab:  Electrocardiography
[image: ]Electrocardiography involves monitoring heart activity through the use of skin electrodes.  It works by detecting and amplifying the electrical changes in the skin that result when the heart “depolarizes” during each heart beat.  Usually multiple electrodes are used, and are combined in multiple pairs.  For example, a 3-lead ECG uses 3 electrodes (one on each wrist and a third electrode near the left ankle) and the “leads” examined are the difference between the arms, the difference between the left arm and the leg and the difference between the right arm and the leg.   5-lead and 12-lead systems are also common and provide more information. 
An ECG signal has several peaks, such as is shown in Fig. 1, which is an example of a normal signal for “lead II”, which is between the right arm and the left leg.  The shape of ECG signals are used to diagnose heart health, so it is important for an ECG to reproduce the shape faithfully.  In this lab your task is simply to detect the signal to the extent that you can monitor heart rate.  But the real challenge is to see whether or not you can sufficiently remove noise from the signal in order to see the ECG signal shape.Figure 1: ECG Signal (from http://zone.ni.com/devzone/cda/tut/p/id/6349)

There are numerous reports on the web of “homemade” ECGs using 3 electrodes and a configuration similar to the figure below, with an instrumentation amplifier with high input impedance and high common-mode rejection, followed by a bandpass filter (with a lower cutoff at ~0.1 Hz, and an upper cutoff ranging from hundreds of Hz to 3 kHz) . For some reported DIY systems, the electrodes are placed on the upper chest in the hollows under the shoulder blades, instead of on the wrists.  Fig. 2 shows a block diagram for the system you should build. 
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Figure 2: Block diagram for ECG system you will build in this lab (Figure adapted from http://www.picotech.com/applications/ecg.html)
Here are some pointers:  the subject needs to sit completely still to get a good signal (also, then we’ll go through fewer electrodes, which are disposable, if a subject sits for multiple tests).    Another pointer is to build your instrumentation amplifier first with a low gain, so that you can verify its operation using the function generator (which can only put out a minimum voltage of 100 mV---   a lot bigger than an ECG signal), and then increase the gain as needed by adjusting a single resistor value after you’ve verified that the amplifier is working as expected.  You will need to pay attention to the common-mode rejection ratio for your amplifier—which means using very well-matched resistors. Some high precision 10k resistors are available.  You can also build your amplifier in stages, using high pass filters to remove the common signal between stages. 
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