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Abstract

Color values in an image are related to image irradiance by
a nonlinear function called radiometric response function.
Since this function depends on the aperture and the shut-
ter speed, image intensity of a same object may vary during
the acquisition of an image sequence due to auto exposure
feature of the camera. While this is desirable to make opti-
mal use of the limited dynamic range of most cameras, this
causes problems for a number of applications in computer
vision. In this paper, we propose a method for estimating
the radiometric response function and apply it to radiomet-
rically align images so that the color values are consistent
for all images of a sequence. Our approach computes the
response function, exposure and white balance changes be-
tween images (up to some ambiguity) for a moving camera
without any prior knowledge about exposures. We show the
performance of our algorithm by estimating the response
function from synthetic images and also from real world
data, using it to radiometrically align the images.

1 Introduction

Even with the important progress in the area of digital cam-
eras and camcorders, cameras still can only capture limited
dynamic range of a scene. Most cameras compress the dy-
namic range of the scene, introducing nonlinearity between
recorded brightness intensity and the scene radiance. This
mapping is called the radiometric response function. This
nonlinearity of the radiometric response function may cause
problems in many computer vision algorithms where ob-
served intensity values are assumed to directly reflect the
scene radiance. Recovering the radiometric response func-
tion is important especially to those algorithms that explic-
itly use scene radiance measurements such as color con-
stancy, construction of high dynamic range images, pho-
tometric stereo, shape from shading, and estimation of re-
flectance and illumination from shape and brightness [5].
It is also a requirement to be able to apply texture images
recorded with different exposures on a 3D model.

1.1 Previous Works

A number of algorithms for estimating the radiometric re-
sponse function have been introduced [3, 4, 5, 8, 9, 10, 11].
Mann and Picard [9] estimated the response curve assuming
that the response is a gamma curve and they know the expo-
sure ratios between images. Debevec and Malik [3] intro-
duced a non-parametric method for the recovery by impos-
ing smoothness constraint. The exact exposure values with
which the pictures are taken are necessary for their method.
Mitsunaga and Nayar [10] assumed the response curve to
be a polynomial and estimated it iteratively with rough ex-
posure ratio estimates. All these methods require a number
of differently exposed images of static scene taken with a
fixed camera.

Grossberg and Nayar [4] explained ambiguities asso-
ciated with the problem and introduced a response curve
estimation method by recovering brightness transfer func-
tion from histograms. While their method does not re-
quire a fully static scene, a fixed camera is still neces-
sary. Tsin, Ramesh, and Kanade [11] introduced a non-
parametric method which estimates both the response and
exposure with a statistical model of the measurement errors.
Mann [8] proposed another algorithm which also estimates
both the response and exposures by iterative method.

Even though majority of mentioned methods work fine
in most cases, there are common disadvantages in most of
these algorithms. One is that they require prior knowledge
of exposure ratios which is not easy to know beforehand.
The other is that images have to be taken with a fixed cam-
era. Mann [8] addressed the problem of estimating the re-
sponse with non-static camera, but it covers only pure ro-
tation and zoom. Table 1 shows the summary of various
radiometric response function recovery methods.

1.2 Goal of the paper

In this paper, we propose a radiometric response function
estimation algorithm that does not require prior knowledge
of exposures and allows free movement of camera. Our pri-
mary interest of application is in radiometric alignment of



