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Abstract A structured light 3D measurement system architecture consisting of three heterogeneous cores is proposed
based on phase-shift profilometry to achieve an embedded 3D measurement system for efficiency, integration, versatility,
and flexibility. The multi-core heterogeneous architecture has a clear hierarchy, flexible structure, and strong universality
and can work with optical devices (cameras, projectors, etc.) possessing a variety of universal interfaces. A full process-
structured light 3D measurement system covering phase demodulation, unwrapping, and phase depth mapping modules is
designed and constructed based on this architecture along with the parallel pipelining optimization approach of the field-
programmable gate array. The experimental findings demonstrate that the proposed approach significantly enhances the
measurement efficiency, it only takes 12 ms to process 13 images of 1280X 800 resolution when the measurement accuracy

is equivalent, which is 11 times that of similar algorithms on standard PC platforms.
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Fig. 1 Measurement system of phase-shift profilometry
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Fig. 3 Architecture of embedded 3D measurement system
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Table 2 Resource utilisation

Resource Utilization Available Utilization /%
LUT 40692 53200 77.00
LUTRAM 3771 17400 21.67
FF 52099 106400 48.97
BRAM 67 140 47. 86
DSP 33 220 15.00
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Table 3 Comparison of 3D measurement speed of each platform

Measured object Number of valid points

R2018a /ms

Visual Studio 2019 /ms Proposed method /ms
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Point amount /10*
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Fig. 14 Histogram of error between measurement results of the
proposed method and that of Matlab
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