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1 Overview of this document

This document summarizes the reasoning behind choosing the precision re-
quired for the capacitor that is going to be staffed in the first amplification
stage of the satellite amplification board [!] in the context of the recently
proposed modification [2]. As stated in this document, a 10% precision
capacitor seems reasonable for our typical applications.

The required precision is derived based on the size of cross-couplings
when sensing multiple mechanical degrees of freedom using a set of the photo
sensing systems, amplified by the satellite amplifier board. We require such
cross-couplings to be smaller than a few % in the magnitude at 10 Hz and

frequencies below.

2 Cross-coupling in a two-sensor system

2.1 Setup

For simplicity, we consider a specific situation where we have two photo-

sensing-based sensors to sense two degrees of freedom for a mechanical object.
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The two sensors are supposed to sense two mechanical degrees of freedom,
say the yaw and longitudinal degrees of freedom. Assuming a lever length of

~ 1 m as a typical yaw amplification factor, we obtain the sensing matrix as

S H H ||L
= (1)
Sy Hy, —Hy| |Y

where L and Y are displacements of the mechanical object for the longitu-
dinal and yaw degrees of freedom, respectively, S; and Sy are the resulting
amplified signals for sensors 1 and 2, respectively, and where H; and H, are
the frequency responses of the satellite amplifier boards 1 and 2, respectively.
Note that the first amplification stage is equipped with an RC low-pass filter
and therefore we assume H; and Hs to be a single pole system.

In most of applications, one decomposes the S; and Sy signals into the
mechanical degrees of freedom by applying a matrix in the digital system, so
that he or she can estimate the motion of each degree of freedom indepen-

dently as

SL 111 1 Sl
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Plugging this into the first equation, we get

St 1 |Hi+Hy, H —Hy| |L

= . (3)
SY 2 Hl_H2 H1+H2 Y

While the diagonal terms are the dominant elements in the matrix, the
off-diagonal terms can end up being non-zero transfer functions only when

H, # H,. The off-diagonal elements must be sufficiently small in order not



to introduce unnecessary cross-couplings between the longitudinal and yaw

degrees of freedom.

2.2 Evaluating the size of the cross-coupling

Now, we consider a situation in that the capacitor values for satellite ampli-

fiers 1 and 2 are different by +£A, so that their cut-off frequencies become
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where R and C are the nominal resistance and capacitor values. We set
R =383k and C = 100nF [2]. If A =0, this results in f; = fo = 41 Hz.
Figure 1 shows the computed transfer functions for the diagonal and off-
diagonal terms. The off-diagonal terms are computed with two different
precision values, namely A = 5% and 10%. It is clear that for both precision

values, the off-diagonal terms are smaller than a few % below 10 Hz.

3 Conclusion

Let’s use a 10% precision capacitor.
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Figure 1: The normalized transfer functions for the diagonal and off-diagonal
terms.
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