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Abstract 
The advent of massive quantities of high spatial resolution 
multispecfral image~y mandates the development of effective 
algorithms to manipulate these data. As a result of this re- 
search, an algorithm for automatic extraction of road signs 
from color terrestrial imageq has been developed. The main 
premise is to utilize prior knowledge about the color and 
shape of these signs to facilitate both hypothesis genemtion 
and verification stages of the recognition process. Any color 
can be obtained by combining the three basic colors (red, 
green, and blue) with different ratios. Knowing the colors of 
the targets of interest, one can define the range of response 
in the RGB bands of color imagery to yield this particular 
color. This will be the starting point for hypothesis genera- 
tion of regions with the predefined colors. Then, the gener- 
ated hypotheses must be either verified or rejected. The 
verification process will be established through comparing 
the geometric properties of the hypothesized regions with 
those of the standard targets available in a database. In 
other words, the analysis of the multispectral data will initi- 
ate the hypotheses that will later be verified using the geo- 
metn'c properties of the objects of interest. Interest opemtors 
are used to detect corner points in the hypothesized regions. 
These corner points will be matched with those points associ- 
ated with the targets of interest using the Generalized Hough 
Transform. The ON-SIGHT" mapping van of TRANSMAP Cor- 
poration has used the suggested algorithm to identify road 
signs in captured RGB color imagery. The preliminary results 
demonstrate the feasibility and the potential of the suggested 
algorithm. 

Introduction 
The majority of object-recognition algorithms are based on 
the analysis of black-and-white ( B ~ w )  imagery. These algo- 
rithms rely heavily on the shape and the geometric primi- 
tives of the sought-after objects (Marr, 1982; Grimson, 1990). 
The use of multispectral, including color, imagery for object 
recognition has not been pursued heavily because of the low 
spatial resolution of the available imagery. Nowadays, with 
vast technical advances, new systems can provide imagery 
with quality comparable to that obtained from B&W digital 
cameras. The manipulation of color data should be com- 
pletely explored because it provides us with additional infor- 
mation that is extremely valuable in the image understanding 
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arena (Githuku, 1997). It is a well-established fact that object 
recognition from imagery is an ill posed problem (Marr, 
1982). So any additional information that helps constrain 
the solution space is valuable. 

The objective of this research is to build a system that 
automatically identifies road signs in terrestrial color im- 
agery. This system should utilize both the spectral and the 
geometric properties of the sought-after objects. Spectral re- 
sponse patterns will be used to generate the hypotheses 
when there are signs in the imagery. These hypotheses will 
be verified or rejected based on the analysis of the geometric 
properties of the extracted regions as compared to those as- 
sociated with the signs stored in a database. 

An overview of the suggested algorithm is outlined in 
the next section. The technical details of the hypothesis gen- 
eration and verification are explained in sections three and 
four, respectively. Section five includes the results obtained 
by analyzing RGB color imagery captured by the ON-SIGHT= 
mapping van of TRANSMAP Corporation. Finally, conclusions 
as well as recommendations for further research are pre- 
sented in section six. 

Algorithm Description 
An object recognition system finds objects in the real world 
from an image of the world, using object models that are 
known a priori (Jain et al., 1995). This task is surprisingly 
difficult. There are two main reasons for the difficulty. First, 
this problem is ill posed and needs additional constraints. 
Second, the mechanism with which humans perform object 
recognition effortlessly and instantaneously is not known. 
The basic components of an object recognition system can be 
listed as follows: 

Model database, 
Feature detector, 
Hypothesis generation module, and 
Hypothesis vefier. 

The model database contains the models of the objects 
of interest (road signs in this particular application). The rep- 
resentation of the objects in the database is closely tied to 
the recognition mechanism being implemented. In this appli- 
cation, road signs are represented in the database by listing 
the spatial coordinates of the corner points (points where 
edges intersect). The corner points are unique for different 
signs. The database also contains the spectral pattern re- 
sponses associated with the signs (i.e., the range of the re- 
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sponse in the red, green, and blue bands) required to output 
the specific color associated with this sign. This representa- 
tion is chosen for two reasons. First, it is a quantitative de- 
scription of the object. Second, the corresponding primitives 
can be easily extracted from the imagery. 

The feature detector applies various operators to the im- 
agery to identify the primitives that will be used during the 
hypothesis generation and verification stages of the object- 
recognition process. The detected features depend on the 
types of objects to be recognized as well as on the descrip- 
tion of the objects in the model database. In this research, 
the feature detector operates in two stages. First, the input 
color imagery is analyzed to extract regions with predefined 
spectral pattern responses. In other words, regions with pre- 
defined colors are identified. These regions constitute the hy- 
pothesized instances of the objects of interest. Now, the 
corner points are extracted from the hypothesized regions by 
applying the appropriate interest operator (Foerstner Opera- 
tor). 

Finally, the hypothesis verifier attempts to match the ex- 
tracted corners from the hypothesized regions with the list of 
corner points associated with different signs in the model 
database. The Generalized Hough Transform (Ballard and 
Brown, 1982) is utilized to perform this task. 

The suggested algorithm offers the advantage that the 
feature detector, the hypothesis generation module, as well 
as the model database are tightly integrated. This is ex- 
tremely beneficial for reducing the effort spent in detecting 
features that are not relevant to the object recognition pro- 
cess. Another advantage is that the database model is de- 
signed in such a way that it captures all the information 
available in the input data (RGB color imagery). This descrip- 
tion includes radiometric as well as geometric attributes of 
the objects of interest. 

Feature Detection and Hypothesis Generation 
In this section, the detection and the hypothesis generation 
modules of the suggested system are explained. Once again, 
these operations are designed in such a way that they are 
commensurate with the description of the sought-after ob- 
jects in the model database. Also, they avoid redundant ef- 
fort that is not helpful in the recognition process. First, the 
extraction of regions with predefined spectral pattern re- 
sponses is presented. Then the module for corner point de- 
tection follows it. 

Extraction of Regions with Predefined Spectral Pattem Responses 
The main task is to search color images for regions that have 
a specific color. In RGB imagery, different colors are obtained 
by mixing different shades of the three basic colors red, 
green, and blue. For example, yellow can be obtained by 
mixing high intensity red together with high intensity green 
shades. Therefore, the RGB image is decomposed into its 
three bands, resulting in three gray-scale images. Each of 
these images represents the shade of the corresponding basic 
color required to form a certain output color in the original 
image. Knowing the final color, one can define the required 
ranges of shades in the red, green, and blue sub images to 
output this particular color. The sub images can be binarized 
according to the criterion whether the appropriate shade 
range exists or not. Binarizing the sub images requires toler- 
ance factors that can be obtained from prior knowledge about 
color formation or by using some training sets. Multiplying 
the binary sub images, one obtains a final binary image that 
signifies whether the desired color exists in the original im- 
age or not. 

For example, let u1 signify the required response of the 
sensor in the red band to output a certain color, a, signify 
the required response of the sensor in the green band to out- 
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Figure 1. Normal distance be- 
tween a point and a line. 

put the same color, and a, signify the required response of 
the sensor in the blue band to output the same color. 

Then, the RGB bands can be binarized as follows: 

for ((uk - tJ < dj, 11 < (Q + tJl 
Bk = {i for ((ok - 1.1 > g(i. 11) LJ Kck + tk) < dj, $1 

where B, is the binary image containing the candidates for 
the object in that specific band, g(i, 13 is the gray value asso- 
ciated with the (i, 11 spatial location, t, is the gray value tol- 
erance for band k, and k is the band number. Through simple 
multiplication of the binary images, a final binary image (F) 
can be obtained: i.e., 

One should note that the same concept could be ex- 
tended to n bands of spectral imagery. This means that the 
same principal can be applied to multi- and hyper-spectral 
imagery to find candidate regions for objects with predefined 
spectral signatures. 

Random noise will effect the final binary image. 
Through an appropriate filter, these effects can be eliminated 
(e.g., a median filter will produce good results). The filter 
can be applied either to the original or the final binary im- 
age. Once hypothesized regions are defined through the radi- 
ometric properties of the sought-after objects, an interest 
operator will be applied to detect characteristic (corner) 
points. The points will be used to find instances of the ob- 
jects of interest. 

Comer Polnt Detection 
The extraction of distinct points such as corner points has 
been a basic procedure in digital photogrammetry and com- 
puter vision. Previous research in the field of distinct point 
detection includes work by Moravec (1977), Dreschler and 
Nagel (1981), Mikhail and Mitchell (1984), Foerstner and 
Guelch (1987), Foerstner (1994), and Tang and Heipke 
(1994). The Foerstner operator was chosen for its salient fea- 
tures such as rotational invariance and sub-pixel accuracy. 

A corner point is defined as the intersection of edge ele- 
ments. The Foerstner interest operator is based on the fact 
that a corner point is the closest point to all the edges inter- 
secting at this point. The normal distance (n) between a 
point (x, y) and the line represented by pi, 8, can be com- 
puted as follows (see Figure 1): 

n = xcos (0,) + ysin (8,) - pi. 
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Figure 2. Definition of a corner 
point. 

A corner point (x,, y,) is the point that is closest to all 
the edge elements that intersect at this point (Figure 2). It is 
assumed that an n bv n window contains a corner point (x,, 
y,). Edge elements at each pixel within the window define a 
straight line passing through the spatial location (x,, y,) with 
an orientation (8,) derived from its gradient and with a nor- 
mal distance (p,) from the origin. The gradient at edge ele- 
ments can be derived in different ways. In this work, the 
edge elements as well as the corresponding magnitude and 
gradient are extracted by applying the Canny edge detection 
operator (Canny, 1986). The Canny edge detection operator 
was chosen because the u of the Gaussian operator can be 
used to smooth the original image with different degrees. 
This is helpful in reducing the influence of noise. The corner 
point can be estimated by minimizing the target function: 

. , 
= min (x,, yo). 

In this equation, the magnitude (pi) at each edge element 
dthin the window is used as a weighting function to control 
the contribution of the corresponding edge element. 

Hypothesis VeMcatIon 
So far, regions with predefined spectral pattern responses 
have been identified. Distinct comer points are also high- 
lighted. These constitute the generated hypotheses. The prob- 
lem, then, is to verify the correct hypotheses and reject the 
false ones. The Generalized Hou& Transform was chosen to 
perform this task. It matches shGes without the need to de- 
fine them by a specific analytical form. 

I Generalized Hough Transform 
The technical details of the implementation of the General- 
ized Hough Transform can be found in Ballard and Brown 
(1982) and Zahran (1997). This technique can be used to 
match a shape (template) in an image or a database model, 
which is the case here, with instances of this shape in an- 
other image without the need for describing it by an analyti- 
cal function. The algorithm starts by forming what is known 

I 
as R-Table. The R-Table contains the gradient (b at the 
boundary points together with Ax, Ay offsets between that 
point and a reference point (see Figure 3). The reference 
yoint is chosen as the centroid of the shape. 

The Technique can be described as follows: 
Form the R-Table for the shape to be located. 
Form an accumulator array of possible reference points A 
(x- : X-, y- : ycmJ. The elements of this array should 
be initialized to zero. 
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For each boundary point in the image, compute the gradient 
4. The offsets Ax, Ay that correspond to the same gradient are 
derived from the R-table. The possible centers associated 
with this element can be computed according to Equation 5. 
The corresponding accumulator array element is incremented 
by one. 

Possible location for the shape to be found is given by a peak 
in the accumulator array. 

For this work, two major modifications to the General- 
ized Hough Transform are implemented (Schenk, personal 
communication, 1997): 

Instead of using the gradient at each boundary point, the dis- 
tinct comer points have been used to form the R-Table and 
the accumulator array. In other words, higher-level shape 
primitives are used. The R-Table is composed of a list of the 
corner points and the offset components £ram these distinct 
points to the reference point. Also, corner points in the R-Ta- 
ble are assumed as possible candidates for all the corner 
points in the image. Thus, all the offsets in the R-Table are 
added to the x, y coordinates of each corner point in the im- 
age. 
After h d i n g  the peak in the accumulator array, the points 
that contributed towards this maximum are identified. Thus, 
one would come up with the decision of whether there exists 
a match with the database model or not as well as the 
matched corner points. 

It should be noted that rotation and scale changes be- 
tween the shapes in the database and the image could be ac- 
commodated. In this case the accumulator array is expanded. 
Thus, it is changed into A(x,, : x,,, y,, : yc,, 8- : Om,, 
S,, : Sm,). Also, Equations 5 are modified as follows: 

In this work, only scale changes are permitted. This is a 
valid assumption, because the images are almost parallel to 
the road signs. 

Results 
Color imagery collected by TRANSMAP Corporation's ON- 
 SIGHT^ van is used to test the feasibility and the perform- 
ance of the suggested algorithm. Software running on a PC 
platform using Visual C++" and Microsoft Foundation 
Classes" has been developed. 

An RGB image containing a yellow road sign can be seen 
in Figure 4. Knowing the spectral pattern responses in the 

Y 
A 

Figure 3. Geometry used to form 
the R-Table. 
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Figure 4. Original image (ON-SIGHT van TRANSMAP). 

Figure 5. Hypothesized yellow regions. 

Figure 6. Extracted corner points. 
- 

1 

4 

3 

Figure 7. Corresponding 
sign in the database 
model. 

TABLE 1. MATCHED FEATURE POINTS (ARROW SIGN) 

Matched Feature Points Corresponding Object Points 

red, green, and blue bands necessary to generate yellow, we 
generate hypothesized yellow regions (Figure 5) using the 
technique outlined in the section on Extraction with Prede- 
fined Spectral Pattern Responses. Figure 6 shows the ex- 
tracted corner points from the hypothesized regions. In a 
database model, the corresponding road sign is represented 
by the spatial locations of the corner points shown in Figure 
7. The modified Generalized Hough Transform is used to 
match the detected corner points in Figure 6 and the distinct 
points associated with various yellow signs in the database. 
The corresponding sign was the one with the highest number 
of matched points. Matched points can be seen in Table 1. 

The same procedure is applied to extract the red stop 
sign in Figure 8. Hypothesized red regions can be seen in 
Figure 9. The extracted corner points from the hypothesized 
regions and the corner points representing the Stop sign in 
the database are shown in Figures 10 and 11, respectively. 
The result of the matching process can be seen in Table 2. 

Figure 9. Hypothesized red regions. 

600 M a y  1999 PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING 



Figure 10. Distinct corner 
points. 

8 1 

C/ 
2 

3 
6 

Figure 11. Stop sign 
in the database 
model. 

Conclusions and Recommendation for Future Work 
The results obtained from the suggested algorithm illustrate 
the feasibility of using spectral response patterns in extract- 
ing road signs from RGB color imagery. The algorithm is an 
attempt to combine both spectral as well as geometric prop- 
erties of the objects in the recognition process. The feature 
detection and hypothesis generation and verification stages 
of the recognition problem have been tightly integrated and 
are commensurate with the representation of the sought-after 
objects in the database model. 

The following are the key areas that will be addressed in 
future research: 

Expand the recognition process to output a probabilistic mea- 
sure indicating the likelihood of the output result. 
Use the developed algorithm for identifying objects in multi- 
and hyper-spectral imagery. Data from those sensors are re- 
cently available from newly launched satellite systems. 
Implement size, shape, and possible stereo measurements in 
the verification process. This information should be used in 
determining the position of the extracted features with re- 
spect to the imaging system. This should be extremely useful 
because it adds mapping capabilities to the system. 
Investigate the stability of the spectral response of the camera 
with time. This also can be used for spectral calibration of 
color as well as multispectral imaging systems. 

TABLE 2. MATCHED FEATURE POINTS (STOP SIGN) 

Matched Feature Points Corresponding Object Points 
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