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Fringe Projection Profilometry Enters the Era
of Intelligent Perception

GA, UNITED STATES, June 9, 2026
/EINPresswire.com/ -- Three-
dimensional (3D) vision is undergoing a
profound transformation. Recently,
Zhoujie Wu and Qican Zhang from
Sichuan University, together with
Gunther Notni from the Fraunhofer
Institute for Applied Optics and
Precision Engineering IOF, published a
review paper in Light: Advanced
Manufacturing to systematically
summarize over four decades of
development in fringe projection
profilometry (FPP) and reveal a
paradigm shift from traditional
geometric triangulation toward
computational 3D imaging.

- From Measuring 3D to Understanding
3D

Since its inception in the early 1980s,
FPP has been fundamentally built upon
geometric triangulation. By projecting
structured fringe patterns onto an
object and analyzing the resulting
phase information, the system
reconstructs the three-dimensional
shape of the target. This framework
has enabled remarkable advances in
industrial metrology, intelligent
manufacturing, and scientific

research.
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Development roadmap of fringe projection
profilometry

However, conventional FPP relies on the assumption that the captured signal mainly originates
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from direct surface reflections. In real-
world scenarios involving highly
reflective materials, translucent media,
biological tissues, and complex
environments, light propagation
becomes significantly more
complicated due to multiple - F d
reflections, subsurface scattering, and e S e
other global illumination effects. Under mmmmm
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geometric information but also rich R N
information about the underlying light ~ Current challenges and future directions for 3D
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The authors argue that future 3D vision

systems must answer a fundamentally different question. Rather than asking simply “Where is
the object?”, the next challenge is understanding “How does light propagate through the scene?”.
This shift extends the focus of 3D vision from geometric reconstruction to light transport
analysis, marking the transition from measuring 3D to understanding 3D.

- Computational 3D Imaging Opens a New Direction

According to the review, the evolution of FPP can be divided into three stages: the Foundation
Phase (1983-2006), the Booming Phase (2007-2018), and the Transformative Phase
(2019-present) as shown in Fig. 2. The foundation phase established the theoretical framework
of FPP, while the booming phase focused on improving measurement accuracy, speed, and
hardware performance, driving the technology from laboratory research to widespread
industrial deployment.

Today, the field is entering a transformative stage. As 3D sensing applications expand toward
extreme scales, dynamic scenes, diverse materials, and challenging environments, many
longstanding limitations can no longer be overcome simply through incremental performance
improvements. Framework innovation is becoming the new driving force.

In this context, artificial intelligence (Al) and computational imaging (Cl) are opening
unprecedented opportunities. Al offers powerful capabilities for solving complex inverse
problems, while Cl introduces higher-dimensional physical models to describe light-matter
interactions. Their convergence is driving FPP beyond traditional geometric triangulation toward
a new computational 3D imaging framework.
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