
The system includes 4 voltage sources (DACs), 4 voltage measuring modules (ADCs). 

 
The 4 voltage sources generate the following signals: 

 

 𝑉1(𝑡) = +𝐴1
𝜔1 sin(𝜔1𝑡) + 𝐴1

𝜔2 sin(𝜔2𝑡) + 𝐴1
𝜔3 sin(𝜔3𝑡) 

𝑉2(𝑡) = −𝐴1
𝜔1 sin(𝜔1𝑡) + 𝐴2

𝜔4 sin(𝜔4𝑡) + 𝐴2
𝜔5 sin(𝜔5𝑡) 

𝑉3(𝑡) = −𝐴1
𝜔2 sin(𝜔2𝑡) − 𝐴2

𝜔4 sin(𝜔4𝑡) + 𝐴3
𝜔6 sin(𝜔6𝑡) 

𝑉4(𝑡) = −𝐴1
𝜔3 sin(𝜔3𝑡) − 𝐴2

𝜔4 sin(𝜔4𝑡) − 𝐴3
𝜔6 sin(𝜔6𝑡) 

(1) 

 

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

 
𝑈1 =∑𝑈1

𝜔𝑘 sin(𝜔𝑘𝑡)

6

𝑘=0

 

𝑈2 =∑𝑈2
𝜔𝑘 sin(𝜔𝑘𝑡)

6

𝑘=0

 

𝑈3 =∑𝑈3
𝜔𝑘 sin(𝜔𝑘𝑡)

6

𝑘=0

 

𝑈4 =∑𝑈4
𝜔𝑘 sin(𝜔𝑘𝑡)

6

𝑘=0

 

(2) 

 

The (unmeasured) voltage drops 𝑈′1, 𝑈′2, 𝑈′3, 𝑈′4 across the four resistors 𝑅1, 𝑅2, 𝑅3, 𝑅4  

respectively, are: 

 
𝑈′1 =∑𝑈′1

𝜔𝑘 sin(𝜔𝑘𝑡)

6

𝑘=0

=∑𝑅1.
𝑈1
𝜔𝑘

𝑅𝑠
sin(𝜔𝑘𝑡)

6

𝑘=0

 (3) 



𝑈′2 =∑𝑈′2
𝜔𝑘 sin(𝜔𝑘𝑡)

6

𝑘=0

=∑𝑅2.
𝑈2
𝜔𝑘

𝑅𝑠
sin(𝜔𝑘𝑡)

6

𝑘=0

 

𝑈′3 =∑𝑈′3
𝜔𝑘 sin(𝜔𝑘𝑡) = ∑𝑅3.

𝑈3
𝜔𝑘

𝑅𝑠
sin(𝜔𝑘𝑡)

6

𝑘=0

6

𝑘=0

 

𝑈′4 =∑𝑈′4
𝜔𝑘 sin(𝜔𝑘𝑡) = ∑𝑅4.

𝑈4
𝜔𝑘

𝑅𝑠
sin(𝜔𝑘𝑡)

6

𝑘=0

6

𝑘=0

 

 

Kirchhoff's voltage law relates Equations (1), (2) and (3). Concerning the voltage at frequency 𝜔1 

sources between electrodes 1 and 2, across four resistors (𝑅1, 𝑅2 and two sense resistors), the 

constraint writes as: 

 
2𝐴1

𝜔1 = 𝑈1
𝜔1 + 𝑈2

𝜔1 + 𝑈′1
𝜔1 + 𝑈′2

𝜔1 = 𝑈1
𝜔1 + 𝑈2

𝜔1 + (𝑅1 + 𝑅2)
𝑈1
𝜔1

𝑅𝑠
 (4) 

 

Leaving all unknown resistor values on the right side of Equation (4) gives: 

 
2𝐴1

𝜔1 − 𝑈1
𝜔1 − 𝑈2

𝜔1 = (𝑅1 + 𝑅2)
𝑈1
𝜔1

𝑅𝑠
 (5) 

 

In matrix notation, the problem writes as: 

 

1

𝑅𝑠

(

 
 
 
 
 

𝑈1
𝜔1 𝑈2

𝜔1

𝑈1
𝜔2 𝑈2

𝜔2

𝑈3
𝜔1 𝑈4

𝜔1

𝑈3
𝜔2 𝑈4

𝜔2

𝑈1
𝜔3 𝑈2

𝜔3

𝑈1
𝜔4 𝑈2

𝜔4

𝑈3
𝜔3 𝑈4

𝜔3

𝑈3
𝜔4 𝑈4

𝜔4

𝑈1
𝜔5 𝑈2

𝜔5

𝑈1
𝜔6 𝑈2

𝜔6

𝑈3
𝜔5 𝑈4

𝜔5

𝑈3
𝜔6 𝑈4

𝜔6)

 
 
 
 
 

(

𝑅1
𝑅2
𝑅3
𝑅4

) =

(

 
 
 
 
 

2𝐴1
𝜔1 − 𝑈1

𝜔1 − 𝑈2
𝜔1

2𝐴1
𝜔2 − 𝑈1

𝜔2 − 𝑈3
𝜔2

2𝐴1
𝜔3 − 𝑈1

𝜔3 − 𝑈4
𝜔3

2𝐴2
𝜔4 − 𝑈2

𝜔4 − 𝑈3
𝜔4

2𝐴2
𝜔5 − 𝑈2

𝜔5 − 𝑈4
𝜔5

2𝐴3
𝜔6 − 𝑈3

𝜔6 − 𝑈4
𝜔6)

 
 
 
 
 

 (6) 

 

This problem can be inverted: estimates of (

𝑅1
𝑅2
𝑅3
𝑅4

) given a set of measurements and excitations. 


