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From Boundary Data to a Real Instrument

In the previous section, each experiment produced an input–output pair

I(n) 7−→ V(n),

and the experiments were collected into matrices I and V.

But how does a real EIT system create these data?

We will briefly follow the measurement chain from a prescribed current pattern to
digitized voltage data.
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Use of Alternating Current

EIT systems typically use alternating current (AC) as opposed to direct current (DC).

This means a time-dependent current is applied on each drive electrode, rather than injecting a
constant I = A:

I(t) = A cos(ωt).

The resulting voltage oscillates at the same frequency, with a different amplitude and phase.
• AC avoids sustained DC polarization and electrochemical effects at the electrodes.
• Synchronous demodulation isolates the response at the known drive frequency from

unrelated signals and noise.
• Changing the frequency can probe different electrical behavior (e.g. for use in frequency

difference EIT).

For our purposes: At a fixed frequency, we suppress the rapid oscillation, ignore phase
information, and represent each demodulated current and voltage by a single real number.
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Choosing the Current Patterns

Currents may be injected and withdrawn in various patterns, but the total inflow must balance:

I = [I1, . . . , IL]⊤,

L∑
ℓ=1

Iℓ = 0.

Pair drive
Current enters through one electrode and
leaves through another.

• adjacent drive,
• skip drive,
• opposite drive.

Distributed drive
Many electrodes carry current simultaneously;
for example,

Iℓ = I0 cos
(

2πm(ℓ − 1)
L

)
.

Trig patterns are natural for CGO-based
methods (e.g. D-bar).
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How Are Voltages Recorded?

Hardware implements voltage measurements in two common ways:

Single-ended acquisition
Each electrode is measured relative to a
common hardware reference.

Electrode-to-electrode differences can
then be formed in software if desired.

Differential acquisition
The electronics directly measure a
selected difference

Vp − Vq

between electrodes ep and eq.

Some protocols omit measurements involving the current-carrying electrodes, where
contact voltages may be especially large.

A hardware reference is not the same thing as the mathematical normalization∑L
ℓ=1 Vℓ = 0, which may be applied in either case.
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From Measurements to an EIT Frame
For each current pattern I(n), the system:

1 applies the prescribed AC current,
2 allows switching transients to settle,
3 acquires and demodulates the voltage response V(n).

I(n) 7−→ V(n), n = 1, . . . , N.

One complete pass through the N current patterns produces an EIT frame:

I = [I(1), . . . , I(N)], V = [V(1), . . . , V(N)].

Repeating frames over time produces the data stream used for real-time monitoring.

Next we will survey how different reconstruction methods turn these finite, noisy
measurements into images.
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