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First attempt

κU , κP and κT are calculated in sequence.

derr(f) =
C(f)

1 +G(f)

(
AU(f)xU + ∆Lpcal(f)

)
(1)

→ derr(f) =
C(f)

1 +
(
AU(f) +AP(f) +AT(f)

)
D(f)C(f)︸ ︷︷ ︸

G(f)

(
AU(f)xU + ∆Lpcal(f)

)
(2)

→
(

1 +
(
AU(f) +AP(f) +AT(f)

)
D(f)C(f)

)derr(f)

C(f)
= AU(f)xU + ∆Lpcal(f) (3)

→ AU(f)D(f)derr(f) +
[
C−1(f) +

(
AP(f) +AT(f)

)
D(f)

]
derr(f) = AU(f)xU + ∆Lpcal(f) (4)

→ AU(f)
(
xU −D(f)derr(f)

)
=
[
C−1(f) +

(
AP(f) +AT(f)

)
D(f)

]
derr(f)−∆Lpcal(f) (5)

AU(f) = κUAU,0(f) (6)

κU =
1

AU,0(f)

[
C−1(f) +

(
AP(f) +AT(f)

)
D(f)

]
derr(f)−∆Lpcal(f)

xU − derr(f)D(f)
(7)

Similarly κP and κT are calculated as:

κP =
1

AP,0(f)

[
C−1(f) +

(
κUAU,0(f) +AT(f)

)
D(f)

]
derr(f)−∆Lpcal(f)

xP − derr(f)D(f)
(8)

κT =
1

AT,0(f)

[
C−1(f) +

(
κUAU,0(f) + κPAP,0(f)

)
D(f)

]
derr(f)−∆Lpcal(f)

xT − derr(f)D(f)
(9)

where AU,0, AP,0 and AT,0 are the reference time actuation functions.

1



Second attempt

κU, κP and κT are calculated simultaneously. Starting the same way as in the first attempt.

derr(fU) =
C(fU)

1 + C(fU)D(fU)
[
AU(fU) +AP(fU) +AT(fU)

]︸ ︷︷ ︸
G(fU)

(
AU(fU)xU + ∆Lpcal(fU)

)
(10)

→
(

1 + C(fU)D(fU)
[
AU(fU) +AP(fU) +AT(fU)

])derr(fU)

C(fU)
= AU(fU)xU + ∆Lpcal(fU) (11)

→ derr(fU)

C(fU)
+
[
AU(fU) +AP(fU) +AT(fU)

]
D(fU)derr(fU) = AU(fU)xU + ∆Lpcal(fU) (12)

→
(
D(fU)derr(fU)− xU

)
AU(fU) +D(fU)AP(fU)derr(fU) +D(fU)AT(fU)derr(fU) = ∆Lpcal(fU)− derr(fU)

C(fU)
(13)

Now introduce time-dependences: AU(f) = κUAU,0(f) and write equations for all 3 lines:

(
D(fU)derr(fU)− xU

)
AU,0(fU)︸ ︷︷ ︸

a11

κU +D(fU)AP,0(fU)derr(fU)︸ ︷︷ ︸
a12

κP +D(fU)AT,0(fU)derr(fU)︸ ︷︷ ︸
a13

κT = ∆Lpcal(fU)− derr(fU)

C(fU)︸ ︷︷ ︸
b1

D(fP)AU,0(fP)derr(fP)︸ ︷︷ ︸
a21

κU +
(
D(fP)derr(fP)− xP

)
AP,0(fP)︸ ︷︷ ︸

a22

κP +D(fP)AT,0(fP)derr(fP)︸ ︷︷ ︸
a13

κT = ∆Lpcal(fP)− derr(fP)

C(fP)︸ ︷︷ ︸
b2

D(fT)AU,0(fT)derr(fT)︸ ︷︷ ︸
a31

κU +D(fT)AP,0(fT)derr(fT)︸ ︷︷ ︸
a32

κP +
(
D(fT)derr(fT)− xT

)
AT,0(fT)︸ ︷︷ ︸

a33

κT = ∆Lpcal(fT)− derr(fT)

C(fT)︸ ︷︷ ︸
b3

.

(14)

Which we can write it in matrix form and solve it for κ’s:

Aκ = b (15)

κ = A−1b (16)

where A and b calculated from 3 calibration lines and the reference time sensing and actuation models.
During nominal operation derr at all 3 frequencies averages to 0, and xi > 0 at f = fi for i ∈ {U,P,T}. thus A is mostly

diagonal (A−1 exists).
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