
Dynamic Projection Mapping of Deformable Stretchable
Materials

Muhammad Twaha Ibrahim
Donald Bren School of Information
and Computer Sciences, University of

California, Irvine, CA, USA
muhammti@uci.edu

Gopi Meenakshisundaram
Donald Bren School of Information
and Computer Sciences, University of

California, Irvine, CA, USA
gopi@ics.uci.edu

Aditi Majumder
Donald Bren School of Information
and Computer Sciences, University of

California, Irvine, CA, USA
majumder@ics.uci.edu

Figure 1: Dynamic projection mapping onto marker-based (top row) and marker-less (bottom row) surface.

ABSTRACT
We present a method for dynamic projection mapping on de-
formable, stretchable and elastic materials (e.g. cloth) using a time
of flight (ToF) depth camera (e.g. Azure Kinect or Pico-Flexx) that
come equipped with an IR camera. We use Bezier surfaces to model
the projection surface without explicitly modeling the deformation.
We devise an efficient tracking method that tracks the boundary
of the surface material using the IR-Depth camera. This achieves
realistic mapping even in the interior of the surface, with simple
markers (e.g. black dots or squares) or without markers entirely,
such that the projection appears to be printed on the material. The
surface representation is updated in real-time using GPU based
computations. Further, we also show that the speed of these up-
dates is limited by the camera frame rate and therefore can be
adopted for higher speed cameras as well. This technique can be
used to project on several stretchable moving materials to change
their appearance.
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1 INTRODUCTION
Projecting onto deformable, non-rigid surfaces can havemany appli-
cations like visualization, surgical guidance, fashion, retail, design
and entertainment. Most prior works avoid accurate reconstruction
of deformable surface [2, 10, 14] or use expensive optimizations
[21] to model per-frame deformation explicitly. Therefore, they are
not real-time and cannot address stretchable or elastic materials.

In this paper, we take an alternate approach of using Bezier sur-
faces to model the projection surface without explicitly modeling
the deformation. This allows us to update the surface representation
and warp the projected image in real time using GPU based paral-
lelization. We use an off-the-shelf time-of-flight (ToF) based depth
camera (e.g. Azure Kinect, Pico Flexx), that come with a registered
IR camera, to map an image to deformable material in real-time
such that it appears to be printed on the material. We track only
the boundary of the material using simple markers (e.g. black dots)
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