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1. Introduction 

Geo-specific road database development is important to a driving simulation 
system and a very labor intensive process. Road databases for driving simulation need 
high resolution and accuracy. Even though commercial software is available on the 
market, a lot of manual work still has to be done when the road crosssectional profile is 
not uniform. This research deals with geo-specific road databases development, 
especially for roads with non-uniform cross sections. 

In this research, the United States Geographical Survey (USGS) road information 
is used with aerial photos to accurately extract road boundaries, using image 
segmentation and data compression techniques. Image segmentation plays an impo1tant 
role in extracting road boundary information. There are numerous methods developed for 
image segmentation. Six methods have been tried for the purpose of road image 
segmentation. The major problems with road segmentation are due to the large variety of 
road appearances and the many linear features in roads. A method that does not require a 
database of sample images is desired. Furthermore, this method should be able to handle 
the complexity of road appearances. 

The proposed method for road segmentation is based on the mean-shift clustering 
algorithm and it yields a high accuracy. In the phase of building road databases and visual 
databases based on road segmentation results, the Linde-Buzo-Gray (LBG) vector 
quantization algorithm is used to identify repeatable cross section profiles. In the phase of 
texture mapping, five major uniform textures are considered - pavement, white marker, 
yellow marker, concrete and grass. They are automatically mapped to polygons. 

2. Results 

2.1 Image Segmentation Results 

The following figures show part of the results, yielded by the proposed image 
segmentation method. 



Fig. I Image Segmentation Results 

Through the proposed method, the road boundary information can be acquired 
within images against noises, such as shadows and different road colors. In order to 
measure the accuracies of the road segmentation results, they are compared with the 
results obtained by a real person. The results by the real person are used as the correct 
results. The accuracies are listed in Table 1. 

Table 1. The Accuracies of the Segmentation Results 
Image Size Accuracy 
600Xl90 86.82% 
600Xl90 86.87% 
600Xl90 93.65% 
600Xl90 93.78% 
600Xl90 87.15% 
600Xl90 88.05% 
600Xl90 95.75% 

2542X1475 91.78% 
1652X806 90.56% 

In Table !, all the accuracies are higher than 85%. The first seven images are 
small compared with the last two images. However, the accuracies are not affected by the 
image size. 



2.2 Results of the LBG Algorithm 

The LBG algorithm is used to identify repeatable road crosssectional profiles, 
required by the road database in the UCF driving simulator. In this research, a road 
crosssectional profile is treated as a vector. A number of cross sections are the input to 
the LBG algorithm, which can figure out the similar cross sections automatically. Three 
values can reflect how the LBG algorithm works. The first one is the average error 
between a cross section and its corresponding approximation, decided by the LBG 
algorithm. The second and the third ones are the number of cross sections before using 
the LBG algorithm and after. Below is a table that shows these values. 

a e esu so e 1gon T bl 2 R It fth LBG Al 'thm 
Number of Cross Average Error (ft) Number of Cross Number of 
Section Points Sections before Repeatable Cross 

LBG Sections after LBG 
2 0.25 2615 275 
4 0.36 6253 600 

In Table 1, the average error of using the LBG algorithm is small, compared with 
the width of roads. The number of cross sections after using the LBG algorithm is much 
smaller than the one before. 

2.3 Results of Building Visual Databases 

Using the 3D programming interfaces, road info1mation can be converted into 
polygons. Many polygons will be generated and each polygon is mapped a uniform 
texture. Below are snapshots of the visual database. The 3D road modeling shown in the 
following snapshots are realistic and simulation compatible. 



l 
Fig. 2 Snapshot of Visual Database 

3. Significance and Impact 

Due to the high accuracy in road segmentation, the proposed method can 
significantly reduce many hours for creating road databases for driving simulation. 
Compared with manually creating geo-specific road databases, the proposed system has 
the following advantages: 

I. The utilization of the USGS DLG data eliminates efforts in searching roads in 
aerial photos manually; 

2. The accurate road segmentation results significantly reduce efforts in 
delineating road boundaries; 

3. The automation of identifying repeatable cross sections helps organizing data 
for non-uniform cross-sectional roads; 

4. The automation of texture mapping solves the problem of texture mapping for 
irregular shaped objects; 

5. Adjustable parameters, such as lane width and marker width, make it easy to 
modify existing road models. 

4. Where might This Research Lead 

This research thoroughly analyzes an image understanding based approach for 
geo-specific road modeling. This approach can take advantage of the details in aerial 



photos, while it has to deal with the noise. An important contribution, made by this 
research, is to utilize the USGS DLG info1mation to remove a great portion of noise, 
irrelevant to road segmentation. This step enables the proposed method to avoid the 
problem of searching roads in image. Most road extraction methods start with the whole 
aerial image, while there is a large amount of existing road information. Another 
uniqueness of this research is automatically identifying repeatable cross sections using a 
vector quantization algorithm. This method can reduce redundant information in creating 
road databases for the UCF driving simulator system and quantitatively calculate average 
error. Additionally, this research uses geomehic design standards when automatically 
drawing polygons for road models. This proposed system greatly benefits from existing 
geographical data and knowledge. In the future, more existing geographical data should 
be studied. 

A future goal of this research is to develop a software application with GUI. Its 
functionalities will include road segmentation, road database development, and visual 
database development. Another future work is to explore the possibility of developing a 
complete road model, including road geometry, pavement markings, and traffic signs 
from construction plans in fo1ms of AutoCAD and MicroStation files. Because these files 
have complete information about how roads should be constructed, there must be 
adequate information. The challenge is to find out a way to interpret these files. 
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