Symbols Defined

Term Description Notation
Intensity constant Illumination at surface seen by pixel, calibrated at 1m I
for albedo 1 and reflection angle 0
Albedo Reflectivity of surface, [0,1] 19
Reflection Angle Angle between surface normal and incident angle B
Wrap State Number of phase wraps S
Observed Brightness Brightness of pixel B
Observed phase Phase of signal observed by sensor, is true phase 0
modulo 21
Phase Actual phase 0 =0 +2nS
Modulation Frequency Modulation frequency of signal fin
Distance Distance from sensor to surface D

Formulation of Data Term

We are interested in finding the probability of a potential wrap state given the observations: the
wrapped phase and the brightness.

The distance of the surface can be determined by the observed phase, the wrap state and the

modulation frequency.
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It is important to note that we make the simplifying assumption that the light source and camera come
from the same location, which is a reasonable approximation when the surface is far enough from the
camera. With this assumption, we can say that the surface observed by the sensor at any given pixel is
illuminated with the same power no matter what distance. This is because while the illumination
density decreases with the square of the distance, the area observed in each pixel according increases
with the square of the distance. The illumination for each pixel is pre-determined during camera
calibration. This gives us an equation relating illumination with the observed brightness, albedo and
reflection angle.

_I-p-cosp

B hE



We can put together equations (1) and (2) to directly relate brightness to the measured phase and a
proposed state S.
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We now derive the probability of the wrap state, given the brightness and observed phase.
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We can start attacking the denominator by integrating over the space of Wrap States, or since they are
discrete states then sum over the states.
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The observed wrapped phase does not influence the wrap state, and if we assume all states are equally
likely then p(5|9_) = 1/K, where K is the number of possible wrap states.

Now we see that the denominator has a similar form as the first term of the numerator. For this term,
we can integrate over the space of the albedo and reflection angle.
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Since the albedo and reflection angle are independent, then p(p|B) = p(p). If we assume the
distribution for the albedo is uniform, this term is a constant which will appear in the numerator and
denominator and cancels out. The distribution for the reflection angle B is of the shape 2 sin(f) cos(f).
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Given the wrap state, wrapped phase, albedo and reflection angle, then the brightness can be
determined. So we can define the probability of brightness as follows:
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Given this, we can write the probability of brightness using a Dirac delta function. Also, since equation
(1) relates the distance with measured phase and proposed state, we can state that p(B|9_, S,p,B) =

p(BID, p, B).
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