The system includes 4 voltage sources (DACs), 4 voltage measuring modules (ADCs).
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The 4 voltage sources generate the following signals:

Vi(t) = +A(1"1 sin(w4t) + A‘l"2 sin(w,t) + A‘l"3 sin(wst)
V,(t) = —A;"l sin(w,t) + A(Z"4 sin(w,t) + A‘Z"5 sin(wst)
V5(t) = —A‘l"2 sin(w,t) — A(Z‘)4 sin(w,t) + Ag)s sin(wgt)
V,(t) = _A(1D3 sin(wst) — A(Z‘)4 sin(w,t) — Ag)s sin(wgt)

(1)

The voltage drop measurements across the sense resistors have 6 frequency components each:

U, = Z U, * sin(wyt)

Z U *sin(wyt)

Us = Z U3* sin(wyt)
k=0

U,
(2)
6
U, = Z U,’* sin(wyt)
k=0

The (unmeasured) voltage drops U'y, U’,, U'3, U’ across the four resistors Ry, Ry, R3, R,

respectively, are:
6
U,1 - 2 U Sln(a)kt) Z R]_ (3)
k=0
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U, = z U'5* sin(wyt) = Z R,. ; sin(wgt)
k=0 k=0
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U'; = z U'3* sin(wyt) = Z Rs. R3 sin(wgt)
k=0 k=0

S
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v, = z U’k sin(wyt) = Z R,. ; sin(wgt)
k=0 k=0

S

Kirchhoff's voltage law relates Equations (1), (2) and (3). Concerning the voltage at frequency w;
sources between electrodes 1 and 2, across four resistors (R, R, and two sense resistors), the
constraint writes as:

Ut
247 = U+ U+ U U = U+ U + R+ Ry) (4)
S
Leaving all unknown resistor values on the right side of Equation (4) gives:
U™
2471 — U — Uyt = (Ry + Ry) }; (5)
S

In matrix notation, the problem writes as:
/U{"l Ut Ut Ut
w w w w w w w
u,? U,? Uz? U,* R, 2A77 -U, 2 -Ug?
1| U™ U2 Ug® U || R, 247° = U2 - U

w w [0
\ 2491 — U — U
Ry| Ut v ye U;*’4)| Ry |~ | 249+ —u@s —y2+ |

(6)

U U Ugs USS 245° — U, — U,

w w w w w w w
Upe uye uge Upe 2456 — U — Uy

This problem can be inverted: estimates of given a set of measurements and excitations.



