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Abstract

In this paper, the virtual restoration method of the art
piece in the real world is proposed. The correction pat-
tern for restoration is generated from non damaged object’s
image scanned in advance. As the method to recover the
beauty, the marker tracking is used to detect art piece posi-
tion and the correction image is projected from calibrated
LCD projector. In the experiment, the color restoration by
a sample image was performed. From the experimental re-
sults, the ability of restoration of the discoloring was con-
firmed in the real world imaginary by the correction image
projection.

1. Introduction

Rare objects, such as oil paintings of art, watercolor
paintings, picture scrolls, and photographs, are the precious
objects for cultural tradition[1]. Although rare objects are
saved carefully in art museums, deterioration is advancing
from the moment of completion of art. Therefore, the rare
objects need the periodical restoration by a specialist. Since
up to the 17th century, Rare objects, such as pictures, were
considered as the furniture and luxury goods of worship,
restoration for the nonreversible beauty recovery to solve
the problem of religion or appreciation was performed. In
the present, these rare objects are classified into the trea-
sures because of changes of people’s values. Therefore,
the restoration for beauty recovery is not allowed and only
restoration for the preservation for preventing deterioration
is performed in the many cases. However, appreciators de-
sires to see the rare objects by the same condition as the
time of completion by the beauty restoration. In recent
years, various measurements are performed before restora-

tion. For example, measurement of the internal state using
X-rays, infrared rays photography, ultraviolet-rays fluores-
cent reaction, the surface investigation and the surface shape
measurement using high definition digital cameras. Data
that acquired by these measurements are archived as digital
contents. Furthermore, sometimes the beauty recovery on
the digital data was performed and displayed in the virtual
museum. The virtual restoration is able to satisfy an appre-
ciator’s desire that want to see the beautiful appearance, but
we cannot get reality through monitor or HMD.

The AR technologies based on camera and projector sys-
tem are become popular. Bimber et.al. [2] developed the
smart projector that is able to project movies on the wall
that has texture or uneven surface and it is useful for virtual
restoration. In this research, we propose a virtual restora-
tion method that is able to see beauty recovery result on the
actual art object with a camera projector system.

2. Virtual Restoration on the Real World
In this research, we used a deterioration model based on

dichromatic reflection model. We express a spectrum re-
flectance on the art object surface is expressed by

Y (θ, λ) = CS(θ)LS(λ) + CD(θ)LD(λ) (1)

where CS(θ)LS(λ) is expressing the specular light caused
by a varnish of oil painting or a gelatine layer of picture,
CD(θ)LD(λ) is the diffuse reflection caused by colorant of
the oil painting or pigment of the oil painting or picture, θ
meanings angle parameters between light and normal vec-
tor, etc., λ is the wavelength of the light source.

2.1. Color Recovery

For color recovery, we need to measure spectrum images
of the original and discolored object. From these spectrum
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Figure 1. Experimental setup.

images and eq.(1), we can recover the color of art object
with lighting by the controlled spectrum light source such
as:

Ip(λ) =
LD(λ)
L̂D(λ)

I(λ) (2)

where I(λ) is the light source of the assumed appreciation
situation, LD(λ) and L̂D(λ) are the original and discolored
object’s spectrum intensity. The color recovers for whole
of the art object is done if we compute above light source
spectrum at all points on the art object and make correc-
tion pattern. If we calculate the projection spectrum at all
the points and make a correction pattern, we can recover
the color of discolored object. However, it is difficult to
generate arbitrary spectrum patterns by a projector, and to
acquire the spectrum data of original condition of the rare
object is impossible. Therefore, we ignore the spectral sen-
sitivity characteristics of the projector and the scanner, and
projected correction pattern of

Ip(λ) = (1 − k)(1 − min(1, c))R(λ)
+ (1 − k)(1 − min(1,m))G(λ)
+ (1 − k)(1 − min(1, y))B(λ)

(3)

where c, m, y are the color values of CYMK chromaticity
diagram, k is colored scale of the discolored object that is 0
if the color is lost.

2.2. Marker Tracking and Projection

In an experiment, we assumed an appreciation situation
that lighted by the single point light source from the ascend-
ing vertical angle 20degree in 1m front of the rare object as
shown in figure 1. We attached 4 markers at the corner of
the art object’s frame, and calculated the art object position
by the camera-projector system with AR toolkit [3]. Fur-
thermore, the system projects correction pattern using affine
transformation. Therefore, the appreciator can move the art
object to arbitrary position. Figure 2 shows the projection
result. For the input of the experiment, we used a color im-
age shown in (a), and we printed by monochrome printer as

(a) Original Object (b) Damaged Object

(c) Correction Pattern (d) Virtual Recover
Result

Figure 2. The virtual recover result

a sample of the color degradation shown in (b). The correc-
tion pattern for the deteriorating object that calculated from
the eq.(3) is shown in (c) , and we got the virtual recovery
result of (d).

3. Conclusion
In this paper, we proposed the virtual recovery method

of the discolored art object with the AR technology based
on the camera projector system. The virtual restoration that
proposed by this research is useful in the present when irre-
versible beauty restoration of the art object is not allowed.
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