Fence Removal from Multi-Focus Images

Atsushi Yamashita, Akiyoshi Matsui and Toru Kaneko
Department of Mechanical Engineering
Shizuoka University, Japan
Email: yamashita@jieee.org

Abstract—When an image of a scene is captured by a camera
through a fence, a blurred fence image interrupts objects in
the scene. In this paper, we propose a method for a fence
removal from the image using multiple focusing. Most of
previous methods interpolate the interrupted regions by using
information of surrounding textures. However, these methods
fail when information of surrounding textures is not rich.
On the other hand, there are methods that acquire multiple
images for image restoration and composite them to generate
a new clear image. The latter approach is adopted because it
is robust and accurate. Multi-focus images are acquired and
“defocusing” information is utilized to generate a clear image.
Experimental results show the effectiveness of the proposed
method.
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[. INTRODUCTION

In this paper, we propose a method for removing fences
from multi-focus images.

When an image of a scene is captured by a camera through
a fence, a blurred fence image interrupt objects in the scene,
depending on the distance between the camera and the fence.
Fig. 1 shows an image taken through a fence. Regions of
the image interrupted by the fence are different from the
actual values of the objects in lightness and color. This is
a significant problem when an image processing is carried
out.

A lot of image interpolation or restoration techniques
for damaged and occluded images have been also proposed
[1]-[5]. However, some of them can only treat with line-
shape scratches [1], [2], because they are the techniques
for restoring old damaged films. It is also required that
human operators indicate the region of noises interactively
(not automatically) [3]-[5].

On the other hand, there are automatic methods that can
remove occluded noises without helps of human operators
[6], [7]. They are effective for moving particles, but not for
stationary obstacles like fence. There is a study about string-
like occluding objects such as fences [8]. However, this
method focuses not on the removal of string-like occluding
objects but on the extraction of them.

There are automatic removing methods of stationary
noises from images [9]-[11]. However, only noises like
waterdrops which adhere to the lens protector of the camera
can be removed by [9], [10]. Image artifacts like fences
can be removed from multiple input images with different

Figure 1.

Image taken through a fence.

apertures by [11]. This method uses three apertures and
estimates the depth of the occluding layer to remove the
image artifacts under the assumption that the occluder has
a uniform brightness (single color). However, fences some-
times have multiple colors across the ages such as rust and
dirt.

In this paper, we propose an automatic removing method
of blurred fences from the captured scene using multi-focus
images regardless of its color. The method takes advantage
of a property that the regions where the fence exists does
not completely lose the information of the object. This can
be explained by “reversed projection blurring model” [12].

II. IMAGE BLURRING MODEL

A simple camera model consisting of a thin lens and an
image plane is used to derive fundamental characteristics of
focusing based on geometrical optics.

When an object is placed at distance a from the lens and
a sharply focused image of the object appears at distance b,
a and b satisfy the thin lens formula,

1 1 1
a * b f M
where f is the focal length of the lens.

Fig. 2 shows the geometrical relation between the posi-
tions of the object, the fence and the image plane. The object
is located at distance a,, in front of the lens, and the image
plane is located at distance b, behind the lens. The fence is
located at distance a,,, which is shorter than a,. In Fig. 2,
I is a pixel on the object on the image plane and O is the
point on the object corresponding to the pixel.

The luminous flux radiated from O is “focused” at I in
the image plane by the lens. However, a part of the flux
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Figure 2. Relation between the object, the fence, and the image plane.

is interrupted by the fence. Let A be the area of the flux
passing region, and A, be the area of the region interrupted
by the fence. Also let L, be the radiance value of O, E,,
be the irradiance value of I, and L, be the radiance value
of the region on the fence.

Then, the relation between the incident radiance value to
the lens and irradiance value E,, is expressed as follows:

L
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where « is a ratio of A, to A.
If the fence does not exist, Eq. (2) becomes as follows:

This means that kL, in Eq. (2) is equivalent to the
irradiance value E,which is not interrupted by the fence.
Then, Eq. (2) can be written as follows:

1 «a L,
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where £/, = kL,.

The required parameters to estimate irradiance value E,
are irradiance value E,., radiance value L, and the area of
the reversely projected region. In Eq. (4), it is impossible to
acquire the radiance value L, directly. Therefore, we use the
focused image of the fence to make Eq. (4) available (Fig. 3).
The relation between irradiance value E, and radiance value
L, is expressed as follows:

E, =KL, (5)

Area A’ corresponding to A in Fig. 3 is given as follows

11—«

where b, is the image distance which is obtained from
Eq. (1) with a = a:
,_ 0
Al = gAN. (6)

Substituting Eqs. (5) and (6) to Eq. (4), we obtain the
following equation:

1
E. = EE - m?E (N
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Figure 3.
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(a) Object focusing.
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(c) Image with flashlight. (d) Extracted fence.

Relation between the fence in focus and the image plane.

(b) Fence focusing.

Figure 4. Image acquisition.

where m = % is a modification coefficient and E,

average of the irradiance value in A’ .
— E,

E, = A LA, ®)

is the

III. IMAGE ACQUISITION

The proposed method uses three images; one is an im-
age capturing the object in focus through defocused fence
(Fig. 4(a)), and the other two are those capturing the fence
in focus. One of the latter two images is an image with
flashlight (Fig. 4(b)) and the other is without flashlight
(Fig. 4(c)).

The purpose of acquiring two images of fence in focus is
to extract the fence regions from the image automatically.
Automatic extraction can be realized by subtracting the
image without flashlight from the image with flashlight
(Fig. 4(d)), because distant objects are not influenced by
flashlight.

IV. IMAGE REGISTRATION

We should perform the registration of the multi-focus
images because the scale of objects in images has changed



(a) Object focusing.

(b) Fence focusing.

Figure 5. Outline of the removal process.

with variation of the image distance.

First, the geometrical distortion of the images is corrected
with Weng’s method [13]. After correcting the distortion, it
is reasonable to suppose that the variation of images is re-
garded as a scale transform with a magnification factor [14].
This variation of images is expressed with homogeneous
coordinates. Let X, = (u,v,1)" be the homogeneous
coordinates of the object image, and X, = (uv/,v',1)"
be the homogeneous coordinates of the fence image. Then
transform matrix H gives the magnification and translation
from X, to X, .

x, = Hx,, 9)
where H is written as follows:
s 0 t,
H=( 0 s ¢t |. (10)
0 0 1

Component s is the scale, and ¢, and ?, are the trans-
lations of the image. Two equations are acquired from the
pair of coordinates of the fence image and the object image.
It requires at least two pairs to solve the components of
H because the number of the unknown parameters of H is
three. To reduce the influence of images noises, the least
square method is employed with more pairs of coordinates.

V. REMOVAL PROCESS

Fig. 5 outlines the fence removal process from multi-focus
images.

We perform a camera calibration to determine extrinsic
parameters for the fence. The value « of Eq. (7) is acquired
by calculating the area of fence included in the region. Also,
value E, of Eq. (7) is acquired by averaging the pixel
values of the fence included in the region. Then, value E.
is acquired based on Eq. (7) by using the values from the
images through the fence.

VI. EXPERIMENT

We performed experiments with images of distant build-
ings acquired through a fence. Fig. 6(a) shows the image
taken through the fence. Buildings in the image are inter-
rupted by the blurred fence. Figs. 6(b) and (c) show the
images of the fence in focus without and with flashlight,
respectively. The camera was fixed by a tripod stand so that

(b) Fence in focus.
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(d) Fence extraction.

(c) Image with flashlight.

Figure 6. Acquired images.

the direction of the optical axis would not change while
focusing. The focal length of the camera was 70mm and the
F-number was 10. The focus of the camera was adjusted by
manual operation. It was cloudy when the image was taken.

Figs. 6(d) shows the extraction result of the fence.
Fig. 7(a) shows a fence removal result by our proposed
method. Fig. 7(b) shows a fence removal result by image
inpainting method [3] for comparison. The reconstruction of
the objects is failed in the regions interrupted by the fence
in Fig. 7(b). For example, a part of a roof of a building
in the image center is lost (Fig. 7(d)). On the other hand,
our proposed method succeeds in the reconstruction of the
building (Fig. 7(c)).

Both resultant images are converted into grayscale images
to compare with an image in which the fence is removed
physically. The image is shown in Fig. 8(a). Fig. 8(b) is
the difference image of Fig. 8(a) and the original image
(Fig. 6(a)). Fig. 8(b) shows that the difference occurs by the
fence in the regions interrupted by the fence. Fig. 8(d) shows
the difference image of Fig. 8(b) and the reconstruction im-
age by image inpainting method(Fig. 7(a)). Fig. 8(c) shows
the difference image of Fig. 8(a) and the reconstruction
image by our proposed method (Fig. 7(b)). The results by
two methods are different in the region with complex texture.
The difference result of image inpainting method has regions
with large different values. Contrary to image inpainting
method, our proposed method can remove only the influence
of the fence.

From these results, it is verified that our method can



(b) Inpainting.

(c) Closeup of (a). (d) Closeup of (b).

Figure 7. Removal results.

(a) Ground truth. (b) Fence difference.

(¢) Our method.
Figure 8.

(d) Inpainting.

Comparison with ground truth.

remove a blurred fence from the image taken through the
fence.

VII. CONCLUSION

In this paper, we propose a method for a fence removal
from an image using multiple focusing.

It is shown that the pixel value depends on the radiance
value of the object and the fence on the basis of “reversed
projection blurring model”. We perform the lightness and

color adjustment based on the relation between pixels and
the radiance value of the object and the fence. As a result, a
defocused fence is eliminated from the image taken through
the fence. Experimental results show the effectiveness of the
proposed method.

As a future work, the quality of the final result will be
improved by more accurate ray tracing.
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