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ABSTRACT

In augmented reality, marker-based tracking is the most common
method for camera pose estimation. Most of the markers are black
and white patterns that are visually obtrusive, but they can be hid-
den from the video using image inpainting methods. In this paper,
we present a computationally efficient approach to achieve this. We
use a high-resolution hiding texture, which is captured and gen-
erated only once. To capture continuous changes in illumination,
reflections and exposure, we also compute a very low-resolution
texture at each frame. The coarse and fine textures are combined to
obtain a detailed hiding texture which reacts to changing conditions
and runs efficiently in mobile phone environments.

Index Terms: H.5 [Information Interfaces and Presentation]—
Artificial, augmented, and virtual realities; I.4.8 [Image processing
and computer vision]: Scene Analysis—Color–Time-varying im-
agery

1 INTRODUCTION

Although natural image features or structure from motion and
SLAM techniques have been used in mobile environments to esti-
mate the pose of the camera, marker-based systems are still widely
used. They are easy to implement, require little memory and enable
a high framerate. Typically such systems employ rectangular black
and white markers containing matrix-like codes or simple images.
Thus, they can be visually obtrusive.

In diminished reality, real objects are removed from the video
images and replaced with the background model [1, 4]. However,
these methods are relatively complex and not suitable for real-time
operation in mobile phone environments. A more simple approach
is to determine the piece of geometry that covers the marker area
and compute a hiding texture for it. As the textured quadrilateral is
rendered on top of the marker, it will effectively remove it from the
video. In the simples case, the geometry can be painted with a con-
stant color, which gives plausible results when the background is
uniform and the lighting conditions do not vary. In more advanced
methods, the incoming video frames are sampled at the marker
edges and bilinear interpolation is used to fill the texture. This ap-
proach handles smooth surfaces with constant gradients, but fails
in more complex, textured backgrounds [3]. The texture around the
marker area can also be replicated to obtain more believable results.
This requires lots of processing power and may not be suitable for
real-time applications, particularly on mobile platforms.

We developed a light-weight method for generating and updating
rectangular texture patches to hiding the markers. We take advan-
tage of image inpainting methods to generate a detailed texture as
the marker is detected for the first time. For each subsequent frame,
the initial texture patch is updated using a lower resolution texture
that can be obtained in real-time.
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2 MULTIRESOLUTION TEXTURE FOR MARKER HIDING

We simultaneously solve the problems of performance and stability
by adopting a multiresolution method, where a static high resolu-
tion hiding texture is modulated with a constantly updated low res-
olution texture. The purpose of the high resolution texture is to cap-
ture actual lighting-independent textural patterns, whereas the low
resolution texture captures smoothly varying illumination changes.
As the high resolution texture only needs to be computed once, a
longer generation time and higher quality settings can be tolerated.
The low resolution texture may be as coarse as 8×8 or even 2×2
pixels, as it only needs to capture smooth variations. The overview
of the process is shown in Figure 1.

The static high resolution texture is generated when the marker
is initially detected. The inpainting method used at this stage can
be arbitrary, we use an improved version of our previous method
intended for desktop environments [2]. The low resolution tex-
ture is generated at each frame. General illumination level, smooth
shadow boundaries and glossy specular highlights on flat surfaces
tend to cause low frequency variations in the image. A low resolu-
tion texture generally suffices to capture these effects.

We generate the low resolution texture of size nl × nl (with nl

typically 2 to 8) as follows. The boundary pixel colors of the texture
are directly read from the corresponding rectangle surrounding the
marker. This results in a mostly seamless continuation from the
video image to the hiding quadrilateral. The interior points of the
texture are computed in multiple iterations by setting each pixel
value to the average of its four neighbors. In effect, this solves a
heat diffusion problem with the video color at the boundaries.

The color values for the edges may be sampled as averages or
medians from multiple pixels in order to filter out possible flicker
due to noise and slight registration errors. The samples may also be
averaged in time, by updating the boundary values with only 50%
of the new color at each frame.

Figure 1: Overview of the proposed method.

247

IEEE International Symposium on Mixed and Augmented Reality 2010
Science and Technolgy Proceedings
13 -16 October, Seoul, Korea
978-1-4244-9345-6/10/$26.00 ©2010 IEEE



Figure 2: Results of the proposed method. Upper row (PC) from left to right: (i) original image, (ii) marker is hid from the image using high
resolution texture, (iii) the hiding texture is not updated and it does not adapt to changing lighting conditions, (iv) the hiding texture is modulated
with the lower resolution texture containing information about the current illumination. Lower row (N95): a hiding texture is generated once and
then updated as the camera is moved around the marker.

Table 1: Timings (in milliseconds) for the different processing steps.

Laptop PC Phone (Nokia N95)

Building high res texture 20 500

Normalizing texture 0.31 21

Reading sample points 0.028 0.12

Updating low res texture 0.0004 0.03

Drawing texture up to 0.005 up to 2

3 COMBINING THE HIGH AND LOW RESOLUTION TEXTURES

The static high resolution texture is combined with the changing
low resolution texture at each frame. This can be achieved by mul-
tiplying them together when rendering. However, the high resolu-
tion texture first needs to be stripped of the component that the low
resolution texture represents; otherwise this component would be
accumulated. It should only contain information about the texture,
and no lighting. We achieve this by dividing the high resolution
texture by the corresponding low resolution texture upon the initial
generation. We further divide the values by two so that brighter
than average colors are not lost in clamping. This operation ”nor-
malizes“ the texture and sets its boundary to gray. When we later
multiply the normalized high resolution texture with the low reso-
lution texture and then by two, we adapt the high resolution texture
to the current conditions.

We use the following techniques to support devices with no pro-
grammable pipeline or floating point textures. The quadrilateral is
drawn as (nl − 1)× (nl − 1) smaller quadrilaterals using the high
resolution texture. The texture coordinates are set such that the tex-
ture spans from corner to corner in the combined quadrilateral. The
vertex colors are set according to the low resolution texture colors.
This causes the two textures to be multiplied at render time with no
need to update the actual texture contents. To perform the multipli-
cation by two, we draw the quadrilaterals twice, first with normal
settings and then with additive blending.

4 RESULTS

The proposed method was implemented for both PC (Dell Preci-
sion M6400, Intel Core 2 Duo @ 2.53 GHz) and mobile phone
(Nokia N95) environments using C++ with OpenCV and ALVAR1

1www.vtt.fi/multimedia/alvar.html

libraries. In the experiments, we used a high resolution texture size
of 64×64 pixels and a low resolution texture size of 5×5 pixels.

Table 1 shows the time required to apply the separate processing
steps in the different platforms. On PC, the high resolution texture
can be calculated at each frame since it takes around 20 ms to com-
plete, but on N95 it takes 500 ms which does not meet the real-time
requirements. However, if the high resolution texture is generated
only once and then updated using the low resolution texture, a pro-
cessing time of about two ms per frame is achieved.

Figure 2 shows some results of our approach. The static high
resolution texture generation algorithm can handle different back-
grounds but is not sufficient when the lighting conditions are
changed. However, the multiresolution approach gives plausible
results when the global illumination varies or the marker area is
exposed by spotlights.

5 CONCLUSION

We presented a light-weight method to hide markers in video im-
ages that can be used in augmented reality applications. The pro-
posed method combines high and low resolution hiding textures to
reduce the computational load and to obtain real-time performance
in different platforms from PCs to mobile phones. In addition to
hiding markers, the proposed method can also be used to diminish
any other planar targets from the view as long as their poses respec-
tive to camera are known.
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