
ICCAS2004                       August 25-27, The Shangri-La Hotel, Bangkok, THAILAND

1. INTRODUCTION 

The ground plane detection is an important task for the 
autonomous navigation system. By detecting a ground plane, 
vehicles can plan the safe path and navigate along the path 
automatically. But detecting the ground plane is not easy. 

 Vehicles can detect the safe path by means of the various 
ways; stereo camera, ultra sonic sensor, laser sensor, using 
landmark. However none of these sensors is perfect. Stereo 
camera is computationally expensive and sensitive to its 
environment, so we can’t expect a good result. Ultrasonic 
sensors are cheap but suffer from specular reflections and 
usually from poor angular resolution. Laser sensors provide
better resolution but are more expensive and complex.  

In addition to their individual shortcomings, these 
range-based sensors have difficulty detecting small or flat
objects on the ground. Range sensors are also unable to 
distinguish between different types of ground surfaces.  

For this reason, we propose the ground detecting method for 
autonomous navigation, using monocular color camera, as an 
effective and economic way, and we evaluated the 
performance of the proposed method by experiments in 
various environments. 

2. GROUND DETECTION METHOD 

In this section, we introduce the process and methods that 
used for extracting the ground plane. The basic process is 
shown in Fig 2.1. 

In the first step, RGB color input image is transformed into 
the HSV color space. An appealing attribute of the HSV 
model is that it separates the color information into a value 
(brightness) and a color component[1].  

In the second step, we use the identical pixel detection 
method (IPD, initial reference area size 40x20), proposed in 
this paper, and the edge detection method in each Hue, 
Saturation, and Value image individually. 

In the third step, AND operation is performed with the IPD 
applied Value image, the edge detected Hue image and the 
edged detected Value image. After that, apply the reference 
size auto-expanding algorithm to the third step image. And 
with expanded reference area, apply the identical pixel 
detection method to the Value Image again. Finally AND 
operation is performed with the above image, the edge 
detected Hue image and the edged detected Value image again.
From the final image, extract the ground plane. 

Fig 2.1 Flowchart of the ground plane detection method

In section 2.1, we will explain the identical pixel detection 
method (IPD), used for extracting the ground plane. In section 
2.2, we introduce the Prewitt edge detection method that is 
one of the edge detection methods. In section 2.3, we will 
introduce the combination of these two methods, explained in 
previous sections and extract the ground plane. And in section 
2.4, we will explain the relationship of reference area size and 
performance of the ground extraction method, the auto 
-expanding algorithm and the performance improvement.  
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2.1 Identical pixel detection method 

The identical pixel detection method (IPD), proposed in this
paper, determines whether the pixel is identical to the sampled 
ground plane pixels or not, where pixels of the reference area 
of the image are used as the sampled ground plane pixels. To 
set a reference area, the IPD method is based on the following 
assumption. 

Assumption: There is no obstacle in the center-low area of 
the image. 

To extract the ground plane using the IPD method, first we 
have to assign the center-low area of the color input image to 
the reference area, as shown in Fig 2.1.1. The reference area is 
the fixed size window (40x20, 800 ground sample pixels) in 
this paper. Second, we decide whether a pixel is in the ground 
plane or not, by comparing all pixels to reference pixels. If a 
pixel value is identical to the one of reference pixels, this is 
considered as the ground pixel. But there may be a few of 
noise pixels caused by various factors. Therefore, to eliminate 
the effect of this noise, we set the threshold value. We use 
only the pixel that its histogram value is higher than the
threshold value. The histogram of the reference area in Value 
image is shown in Fig. 2.1.2. 

Fig. 2.1.1 the reference area 

Fig. 2.1.2 the histogram of the reference area 

The Identical pixel detection method applied image is 
shown in Fig. 2.1.3 

Fig. 2.1.3 The IPD applied image 

In Fig. 2.1.3, black pixels are identical to the reference
pixels, and white pixels are different from the reference pixels 
or noise pixels. 

2.2 Edge detection method 
By using the IPD method proposed in 2.1, it is not easy to 

extract the ground plane from the image robustly. Therefore, 
to make up for this IPD method, we use the edge detection 

method. 
There are various kinds of the edge detection methods. In th

is paper, we use Prewitt method [2, 5]. Prewitt mask is shown 
in Fig. 2.2.1, because it is the one of the fastest methods. We k
now that the edge detection results are good in Hue and Value 
images respectively, as shown in Fig. 2.2.2 and 2.2.3. The resu
lt image in Fig 2.2.2 has many noise pixels, because the edge d
etection method detects the edges by brightness difference bet
ween objects and background, therefore if there are a few of s
hadows, it doesn’t detect the edges well. This is a disadvantag
e of the edge detection method. 

�

Fig. 2.2.1 Prewitt edge mask 

Fig. 2.2.2 the edge-detected image in Hue region 

Fig. 2.2.3 the edge detected image in Value region 

2.3. Combination of the IPD and edge detection methods
To extract the ground plane, we use the Identical Pixel 

Detection (IPD) method in 2.1, and Prewitt edge detection 
method in 2.2. 

But it is not easy to extract the ground exactly, using only 
one of these methods. Though the IPD method tried to extract
the ground plane by comparing all pixels in the image to the 
reference pixels, it couldn’t extract the ground well, because 
of the effect of the illumination and other various factors. And 
the edge detection method couldn’t detect the edges well in 
the image, because of shadows and textures.  

Therefore, we combined above two methods to extract the 
ground plane more exactly. The combination process consists
of the following steps.  

1. Use the IPD method in the Value image. 
2. Detect edges in Hue and Value image. 
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3. Combine the result image from step1 with the result 

edge images from step2, by AND operation. 

Fig. 2.3.1 shows the AND image of three images from 
above process. 

Fig. 2.3.1 the AND image of the IPD image and the edge 
detected Hue & Value images 

From Fig. 2.3.1, we know that the noise pixels were 
considerably eliminated in the ground area. To extract the 
ground plane, in the first step, we scanned Fig. 2.3.1 upward 
in each column. When scanning, after meet the white pixel, we 
made all above vertical pixels white. In the second step, we 
segmented the scanned image with 8x1 window. And scanned 
it again. This window method follows that  

1. To eliminate the noise, set the threshold value. 
2. If the number of white pixels in 8x1 window 

exceeds the threshold value, we make all pixels of 
window white. 

As the result of the above process, the ground plane is 
extracted (Fig. 2.3.2). 

Fig. 2.3.2 ground plane extracted image 

In Fig. 2.3.2, black pixels means ground. And Fig. 2.3.3 
shows the performance of the ground extraction method. 

Fig. 2.3.3 the result image  

2.4 Reference area auto-expanding algorithm 
Reference area size is an important factor for extracting 

ground plane in the proposed algorithm. If the reference area 
is big, there are many ground sample pixels in the reference 
area, so extracting ground plane becomes more exact. But the 
bigger the reference area is, the higher probability of the
reference area containing obstacle pixels. Therefore, in this 

paper, to avoid this probability, we set the initial reference 
area at 40x20 pixels and propose the reference area 
auto-expanding algorithm in accordance with situation.  

Fig. 2.4.1 shows the relationship of the reference area size 
and performance of the ground extraction method. In case of 
the big reference area, we can know that the ground plane is 
more exactly extracted than the small reference area.  

�

Fig. 2.4.1 the relationship of the reference area size and 
performance of the ground extraction method 

 The reference area auto-expanding algorithm consists of the 
following steps. 

1. In the AND image of Fig. 2.3.1, execute scanning 
in the directions of up, left, and right when meet a 
white pixel (obstacle) as shown in Fig. 2.4.2. 

2. After scanning, expand the initial reference area 
(Fig. 2.4.3). 

3. With the expanded reference area, re-apply the IPD 
to the Value Image. 

4. Combine the step3 image and the edge detected 
Hue & Value images, by AND operation. 

5. Extract the ground plane. (Fig. 2.4.4) 

�

�

�

Fig. 2.4.2 scanning for the reference area auto-expanding 

�

Fig. 2.4.3 auto-expanded reference area 
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Fig. 2.4.3 shows that the reference area is expanded in the 

directions of up, left and right. 
             

Fig. 2.4.4 the result image by the reference area 
auto-expanding algorithm. 

From Fig.2.4.4, we know that the reference area 
auto-expanding algorithm improves the performance of the 
ground extraction method. 

3. EXPERIMENTAL RESULTS 

For experimental verification, we evaluated our algorithm
in various environments. Digital camera used in our 
experiment, is Sony DSC F-717 and the image size is 
320x240.  

The result images are shown in Fig. 3.1. As shown in the 
result images, we know that the proposed algorithm performs
ground plane detection for autonomous navigation well. From 
40 experiments in various environments, the percentage of 
recognition was about 80%. 

Fig.3.1 the original (left) and result (right) images 

In indoor environments, it performs well, but doesn’t 
extract the ground plane exactly (first row image of in Fig.
3.1), where the variation of illumination is severe. To improve 
this problem, it is good to be combined with a range-based 
sensor system. Such a combination is particularly appealing 
due to the complementary nature of the two systems. 

4. CONCLUSIONS 

In this paper, we proposed the algorithm to extract the 
ground plane, and examined the problems of the IPD and edge 
detection method. To resolve these problems, we proposed the 
combination method of these two methods, and the 
reference-area auto-expanding algorithm. The performance of 
the proposed algorithm is evaluated by various experiments. 
From the experimental results, we know that our proposed 
algorithm is efficient in the structured real indoor 
environments.  
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