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Abstract. We present a practical method for geometric point light
source calibration. Unlike in prior works that use Lambertian spheres,
mirror spheres, or mirror planes, our calibration target consists of a Lam-
bertian plane and small shadow casters at unknown positions above the
plane. Due to their small size, the casters’ shadows can be localized more
precisely than highlights on mirrors. We show that, given shadow obser-
vations from a moving calibration target and a fixed camera, the shadow
caster positions and the light position or direction can be simultaneously
recovered in a structure from motion framework. Our evaluation on sim-
ulated and real scenes shows that our method yields light estimates that
are stable and more accurate than existing techniques while having a
considerably simpler setup and requiring less manual labor.

This project’s source code can be downloaded from: https://github.
com/hiroaki-santo/light-structure-from-pin-motion

Keywords: Light source calibration, photometric stereo, shape-from-
shading, appearance modeling, physics-based modeling

1 Introduction

Estimating the position or direction of a light source accurately is essential for
many physics-based techniques such as shape from shading, photometric stereo,
or reflectance and material estimation. In these, inaccurate light positions imme-
diately cause errors. Figure 1 shows the relation between light calibration error
and normal estimation error in a synthetic experiment with directional light, a
Lambertian sphere as target object, and a basic photometric stereo method [1,
2]. We can see the importance of accurate light calibration: Working on algorith-
mic improvements in photometric stereo that squeeze out the last few percent in
accuracy is futile if the improvements are overshadowed by the calibration inac-
curacy. Despite the importance of accurate light calibration, it remains laborious
as researchers have not yet come up with accurate and easy to use techniques.

This paper proposes a method for calibrating both distant and near point
lights. We introduce a calibration target, shown in Fig. 2, that can be made
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from o�-the-shelf items for < $5 within 1{2 min. Instead of specular highlights
on spheres we use a planar board (shadow receiver) and pins (shadow casters)
stuck on it that cast small point shadows on the board. Moving the board around
in front of a static camera and light source and observing the pin head shadows
under various board poses lets us derive the light position/direction.
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Fig. 1. Light calibration er-
ror vs. normal error in pho-
tometric stereo. Each data
point is the mean of 100 runs.

The accuracy with which we can localize the
point shadows is the key factor in the overall cali-
bration accuracy. We can control this through the
pin head size. Ideally the shadows should be about
1 px wide, but even with o�-the-shelf pins we can
automatically localize their centers with an accu-
racy of about 1{2 px (Fig. 3, right ), which is in
marked contrast to how accurately we can detect
specular highlights. Further, since our target is pla-
nar, it translates small shadow localization errors only into small light direction
errors. This is in contrast to mirror sphere methods where the surface normal,
which determines the light reection angle, changes across the sphere and thus
ampli�es errors. We will come back to these advantages of our method in Sec. 2.

Geometrically, point lights are inverse pinhole cameras [3] (see Fig. 4). We can
thus build upon past studies on projective geometry. In particular we show that,
analogous to structure from motion (SfM) which jointly estimates cameraposes
and 3D feature positions, we can jointly estimate light position/directi on and
shadow caster pin positions from moving our calibration target and observing
the pin shadows,i.e., we can estimate light (and pin) structure from pin motion.

In this paper we clarify the relationship between our problem and conven-
tional SfM and develop a solution technique for our context. Interestingly, our
method's connection to SfM allows users to place the pins arbitrarily on the
board because their positions will be estimated in the calibration process. This
means that { in contrast to many previous works { we do not need to carefully
manufacture or measure our calibration target. Further, in contrast to some pre-
vious methods, we require no hand annotations in the captured imagery.All
required information can be inferred automatically with su�cient acc uracy.

The primary contributions of our work are twofold. First, it introduce s a
practical light source calibration method that uses an easy-to-make calibration
target. Instead of requiring a carefully designed calibration target, our method
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Fig. 2. Our calibration board, a camera observing the movement of shadows cast by a
point light while the board moves, our algorithm's workow, and the estimation result.






























