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Abstract – Extraction of visual information from images plays an important role for various applications using computers in several 
fields. In this paper, we propose a precise extraction method of visual information from deteriorated or distorted images by using 
techniques in the fields of image processing, computer vision, and computer graphics. This paper introduces two examples; one is a
noise removal method from images acquired in rainy weather, and the other is an underwater sensing method by using a camera 
system. The former method can remove stationary noises in images such as rain drops adherent on the camera lens protector. It first 
detects noise regions in images automatically and then interpolates image positions behind rain drops. The latter one can achieve 
precise measurement in underwater environments by considering the light refraction, attenuation, and disturbance problems. 
Experimental results show the effectiveness of the proposed method.
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1. Introduction
Extraction of visual information from images plays an important 

role for various applications using computers in several fields. Image
processing techniques provide fundamental tools to handle images; 
noise reduction, histogram transformation, binarization, edge 
detection, smoothing, image enhancement, texture analysis, region 
extraction and so on. Computer vision provides a theoretical 
background for scene analysis, especially for interpretation of the 3D
world.

In this paper, we propose a precise extraction method of visual 
information from deteriorated or distorted images by using techniques 
in the fields of image processing, computer vision, and computer 
graphics.

Examples of deteriorated or distorted images are shown in Fig. 1.
Figure 1(a) shows an image acquired in a rainy weather. There are a 
lot of water drops in the image, since water drops are on a 
protection-glass of a camera. In this case, computers often fail the 
computation due to the adherent noises, while human rarely fails the 
recognition of this image. Figure 1(b) shows an image of a rectangular 
object inside a water tank when water is half-filled. In this image, the 
object size and shape look different between upside and downside of 
water surface. In this case, it becomes difficult to measure precise 
positions and shapes of objects when water exists because of the 
image distortion by refraction of light.

We have already developed the image processing techniques for 
deteriorated or distorted images. For example, we have proposed a 3D 
measurement method from distorted images acquired with an 
omni-directional camera [1-7]. Another example is about distorted
images of documents that have non-flat surfaces. We have been also 
studying about shape reconstruction and image restoration methods 
for non-flat surfaces of documents with a stereo vision system [8,9]. 
About confusing image, we have proposed an image composition 
method that can solve the problem in conventional chromakey 
techniques that foreground objects become transparent if they have 

the same color with the background [10,11].
This paper introduces two examples; one is a noise removal method 

from images acquired in rainy weather [12-22], and the other is an 
underwater sensing method by using a camera system [23-32]. The 
former method can remove stationary noises in images such as rain 
drops adherent on the camera lens protector. It first detects noise 
regions in images automatically and then interpolates image positions 
behind rain drops. The latter one can achieve precise measurement in 
underwater environments by considering the light refraction, 
attenuation, and disturbance problems.

2. Noise removal
Surveillance systems using cameras are widely used for the traffic 

flow observation, the trespassers detection, and so on, owing to the 
performance improvement and the cost reduction in computers and 
image input devices in recent years. The task that mobile robots 
collect the information about the environment by using a camera also 
will become very significant and be in high demand for security in the 
near future. In these cases, automatic surveillance and recognition 
systems are expected because it is very difficult for human operators 
to check the situation at all times.
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(a)                         (b)
Fig. 1  Examples of deteriorated or distorted images. (a) Deteriorated 
image in a rainy weather. Adherent noises (rain drops) are on a 
protection-glass of a camera. (b) Distorted image of a rectangular 
object in water tank when water is half-filled. The object size and 
shape look different between upside and downside of water surface.
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However, the qualities of images taken through cameras depend on 
environmental conditions. It is often the case that scenes taken by the 
cameras in outdoor environments are difficult to see because of 
adherent noises on the surface of the lens-protecting glass of the 
camera. For example, waterdrops attached on the protecting glass may 
interrupt a field of view in rainy days. It would be desirable to remove 
adherent noises from images of such scenes for the surveillance and
the environment recognition.

To solve this problem, we have proposed an automatic noise 
removal method from images acquired in rainy weather depending on 
the number of the cameras [12-22].

In the case of multiple cameras (e.g., stereo camera system)
[12,16-18], our method extracts the positions of adherent noise by 
comparing multiple images and merging the parts of the images where 
noise does not exist (Fig. 2).

Figure 3 shows the result obtained by using three cameras
containing large amounts of noise such as water drops. The average 
occupation rate of noises in the original images is 12.3%. That of the
result obtained with three images shown in Fig. 3(b) is 0.8%.

Figure 4 shows the result by using two cameras (stereo camera 
system). Figures 4(a)(b) show the original stereo images of a scene 
that consists of objects with a variety of distance when there are 
waterdrops on the protecting glass. Figure 4(c)(d) show the disparity 
map. Red pixels have large disparities (close scene) and green pixels
have small disparities (distant scene). Black pixels have unknown 
disparities. Figure 4(e)(f) show the results of waterdrop removal. It is 
possible to read Chinese characters in the result images, although it is 
impossible to read them in the original images.

Adherent Noises

Camera 1

Protecting
Glass

Camera 3Camera 2

Image 1 Image 2 Image 3

Fig. 2  Image acquisition by using multiple cameras. The scene is 
captured with multiple cameras at the same time. Our method extracts 
the positions of adherent noise by comparing multiple images and 
merging the parts of the images where noise does not exist.

      (a) Original image.               (b) Result image.
Fig. 3  Noise removal result by using three cameras.

In the case of a single camera, we have proposed a method for 
removing adherent noises from images of dynamic scenes taken by 
changing the direction of a pan-tilt camera, which is often used for 
surveillance (Fig. 5). Our method is based on the comparison of 
multiple images that are taken by different camera angles. The images 
are transformed by a projective transformation and subtracted from 
the reference image to extract the regions of adherent noises and 
moving objects. The regions of adherent noises in the reference image 
are identified by examining the shapes and distances of regions 
existing in the subtracted image. Finally, regions of adherent noises 
can be eliminated by merging the information of multiple images
[13-15,19,20].

    (a) Original image (left).        (b) Original image (right).

   (c) Disparity map (left).         (d) Disparity map (right).

(e) Noise removal image (left).   (f) Noise removal image (right).
Fig. 4  Noise removal result by using two cameras.
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Fig. 5  Image acquisition by using a rotation camera. As to adherent 
noises on the protecting glasses of the camera, the positions of noises 
in images do not change when the direction of the camera changes.
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Figures 6 and 7 show the results of noise removal for the image 
sequence of waterdrop and mud blob, respectively. All noises are 
eliminated and the moving object can be seen very clearly in all 
frames.

In the case of a single camera that has no rotation mechanism, we 
propose an automatic removal method of foreground occluders from
images using multiple focusing [21,22]. View occluders influence the 
image quality of a subject when occluders exist between a camera and 
a subject. For example, a blurred fence image interrupts a subject 
when an image of a scene is captured by a camera through a fence.
Our method automatically detects foreground occluder regions by
using two images with and without flashlight. The influence of 
foreground occluders is estimated and overlapping effects of 
foreground occluders are removed by using multiple focus images
(Fig. 8).

3. Underwater sensing
In recent years, demands for underwater tasks, such as digging of 

ocean bottom resources, exploration of aquatic environments, rescues, 
and salvages, have increased. Therefore, underwater robots or 
underwater sensing systems that work instead of human become 
important, and technologies for observing underwater situations 
correctly and robustly from cameras of these systems are needed. 
However, it is very difficult to observe underwater environments with 
cameras, because of the following three big problems.

1) Light disturbance effects
2) Light refraction effects
3) Light attenuation effects

      (a) Original image.               (b) Result image.
Fig. 6  Noise removal result by using a rotation camera (waterdrop).

      (a) Original image.               (b) Result image.
Fig. 7  Noise removal result by using a rotation camera (mud blob).

      (a) Original image.               (b) Result image.
Fig. 8  Noise removal result using multiple focusing images.

The first problem is about suspended matters, such as bubble noises, 
small fishes, and small creatures. They may disturb camera’s field of 
view.

The second problem is about the refraction effects of light. If 
cameras and objects are in the different condition where the refraction 
index differs from each other, problems do occur and a precise 
measurement cannot be achieved. Therefore, it becomes difficult to
measure precise positions and shapes of objects when water exists 
because of the image distortion by the refraction of the light.

The third problem is about the attenuation effects of light. The light 
intensity decreases with the distance from objects in water by light 
attenuation depending on the wavelength of light. Red light decreases 
easier than blue light in water. Colors of objects observed in 
underwater environments are different from those in air. Therefore, it 
becomes difficult to classify or to recognize objects in water by 
observing their colors and textures.

As to light disturbance effects, it is often the case that there exist air 
bubbles in the field of view when we observe underwater
environments. Therefore, it becomes difficult to acquire clear images 
because of these view-disturbing noises. In our method, bubble noises
are eliminated from a moving image to divide objects in the image
into still backgrounds, moving objects, and bubble noise by an image 
processing technique [26]. Figure 9 shows the bubble noise removal 
result.

As to light refraction effects, an image distortion occurs when 
vision sensors measure objects in water. It is caused by the refraction 
of the light on the boundary between air and water, and the distorted 
image brings errors in a triangulation for the range measurement. In 
our method, accurate 3D coordinates of objects’ surfaces in water are 
measured by taking for calculating the refraction effect. The rays from 
the light source are refracted at the boundary of air and water to 
project onto the object in water, and then the rays reflected by the 
object are refracted again at the boundary of air and water to project 
onto the image plane of the camera. This phenomenon can be 
analyzed by ray tracing technique [23-25,28-32] (Fig. 10).

      (a) Original image.               (b) Result image.
Fig. 9  Noise removal result. Bubble noises can be removed from 
underwater image sequence.
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Fig. 10  Light refraction on the boundary between air and water. Ray 
can be traced by considering Snell’s law of refraction.
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Figure 11(a) shows an acquired image of an object on the water 
surface, and Fig. 11(b) shows the result of the image restoration by 
correcting the light refraction effects. Figures 11(c)(d) show the 3D
shape measurement results. Figure 11(c) shows the result without 
consideration of light refraction effect. There is a disconnection of 3D
shape between above and below the water surface. Figure 11(d) shows
the result by our method. Continuous shape can be acquired, although 
the acquired images have discontinuous contours.

As to light attenuation effects, we have proposed a color 
registration method of underwater images. The proposed method 
estimates underwater environments where images are acquired, in 
other words, parameters essential to color registration, by using more 
than two images. After estimating parameters, color registration is 
executed with consideration of light attenuation [27].

Figure 12 shows the color registration result of painting of Kimono
lady (Kimono is a long, loose traditional Japanese robe with wide 
sleeves, tied with a sash). Color of the corrected image (Fig. 12(b)) is 
clear, while the original acquired image in water (Fig. 12(a)) has 
grave colors because of light attenuation.

      (a) Original image.             (b) Restoration result.

  
  (c) 3D measurement result 1.  (d) 3D measurement result 2.
Fig. 11  Image restoration and 3D measurement results in water. (a)
Original image. (b) Image restoration result. (c) 3D measurement 
result without consideration of light refraction effect. There is the 
disconnection of 3D shape between above and below the water 
surface. (d) 3D measurement result with consideration of light
refraction effect (our method).

     
     (a) Original image.            (b) Result image.

Fig. 12  Color registration result in water.

4. Conclusion
In this paper, we propose a precise extraction method of visual 

information from deteriorated or distorted images by using techniques 
in the fields of image processing, computer vision, and computer 
graphics. This paper introduces two examples; one is a noise removal 
method from images acquired in rainy weather, and the other is an 
underwater sensing method by using a camera system. Effectiveness 
of the proposed method is verified through experimental results.
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