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Real-time Seamless Multi-Projector Displays on Deformable Surfaces
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Figure 1: (a) Our setup, comprising 3 PDCs with overlapping projection covering a 18’
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(b) Uncalibrated display

(d) Calibrated display

4’ (5.5m 1.2m) deformable surface.

(b) The uncalibrated display without any warp and blend. (c) A single PDC unit. (d) The nal seamless display.

ABSTRACT

Prior works on multi-projector displays have focused primarily on
static rigid objects, some focusing on dynamic rigid objects. How-
ever, works on projection based displays on deformable dynamic
objects have focused only on small scale single projector displays.
Tracking a deformable dynamic surface and updating projections
precisely in real time on it is a signi cantly challenging task, even
for a single projector system.

In this paper, we present the rst end-to-end solution for achieving
a real-time, seamless display on deformable surfaces using mutliple
unsychronized projectors without requiring any prior knowledge of
the surface or device parameters. The system rst accurately cali-
brates multiple RGB-D cameras and projectors using the deformable
display surface itself, and then using those calibrated devices, tracks
the continuous changes in the surface shape. Based on the defor-
mation and projector calibration, the system warps and blends the
image content in real-time to create a seamless display on a surface
that continuously changes shape. Using multiple projectors and
RGB-D cameras, we provide the much desired aspect of scale to the
displays on deformable surfaces.

Most prior dynamic multi-projector systems assume rigid ob-
jects and depend critically on the constancy of surface normals
and non-existence of local shape deformations. These assumptions
break in deformable surfaces making prior techniques inapplicable.
Point-based correspondences become inadequate for calibration, ex-
acerbated with no synchronization between the projectors.A few
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works address non-rigid objects with several restrictions like target-
ing semi-deformable surfaces (e.g. human face), or using single
coaxial (optically aligned) projector-camera pairs, or temporally
synchronized cameras.

We break loose from such restrictions and handle multiple pro-
jector systems for dynamic deformable fabric-like objects using
temporally unsynchronized devices. We devise novel methods us-
ing ray and plane-based constraints imposed by the pinhole camera
model to address these issues and design new blending methods
dependent on 3D distances suitable for deformable surfaces. Finally,
unlike all prior work with rigid dynamic surfaces that use a single
RGB-D camera, we devise a method that involve all RGB-D cam-
eras for tracking since the surface is not seen completely by a single
camera. These methods enable a seamless display at scale in the
presence of continuous movements and deformations.

This work has tremendous applications on mobile and expedi-
tionary systems where environmentals (e.g. wind, vibrations, suc-
tion) cannot be avoided. One can create large displays on tent walls
in remote, austere military or emergency operations in minutes to
support large scale command and control, mission rehearsal or train-
ing operations. It can be used to create displays on mobile and
in atable objects for tradeshows/events and touring edutainment
applications.
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1 INTRODUCTION

Multi-projector displays are an easy way to create seamless displays
at scale without undertaking massive engineering feats of tiling
LCD/LED panels together. Though multi-projector displays on rigid
objects (static or dynamic) have been explored extensively, expedi-
tionary or mobile systems often demand such displays on surfaces
that continuously move and deform. Examples include emergency
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