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Study on white noise variation in three-dimensional measurement
according to contrast value
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Abstract The PMP 3D Scanner, commonly used for defect detection in manufacturing processes, may
experience increased noise in measurement values when the camera receives insufficient light, causing
signal degradation in grid patterns. While adjusting the camera's light intake is possible by altering
exposure time or adjusting the lens aperture, exposure time slows down the measurement speed, and
aperture adjustments are challenging due to their association with image contrast. Therefore, it is
necessary to predict how much white noise occurs based on contrast values for efficient light control.
In this thesis, modulation transfer function (MTF) values quantifying contrast are calculated by capturing
images of the 1951 USAF resolution test chart. Subsequently, measurements of planes were conducted
using a PMP three-dimensional shape measurement device. The intensity of white noise derived from the
measurement results is then computed by using SNR, RMS, and total variation values to establish the
relationship with the MTF. Utilizing this relationship, it becomes possible to predict white noise in the

design stage of a three-dimensional shape measurement device.
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Where, I denotes br1ghtness values of image pixels
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Fig. 1. The device used in the experiment
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Fig. 2. MTF image used in the experiment
(a) Take images of 1951 USAF resolution test chart
(Group Number : 1, Element Number : 3) (b) Bright
Flag Profile of the Grid (c) MTF graph according to
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(a) Measured height value (b) Calculated uniform noise
(c) Calculated White Noise
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Where, W = white noise, M = measured height

value, S = systematic error
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