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ABSTRACT: In the context of an automatic street extraction algorithm from remotely sensed images, we are
concerned about defining some quantitative criteria for evaluating the performance of our method. The aim is 
to obtain quality measures of the results delivered by a method. This purpose needs the definition of a refer-
ence in order to compare it with extracted objects. 
In this paper, existing references in matter of road extraction from geographical scenes are reviewed. Then a
methodology for defining a reference is proposed. The complete methodology is applied on a high resolution 
image from the IKONOS satellite. Conclusions are drawn enhancing the benefits of such an approach and fu-
ture prospects are discussed. 

1 THE NEED FOR A REFERENCE 

1.1 Introduction

Result evaluation is an important and necessary step 
for all automation systems. Indeed, it enables both to 
characterise and to give a reliability measure of the 
result.

Two kinds of evaluation can be distinguished. An 
evaluation by the method itself, which can be quali-
fied as an internal evaluation. In this case, a diag-
nose at different steps of the method indicates if the 
results are correct, incorrect or to be specified. This 
internal evaluation has to be completed by an exter-
nal evaluation done independently (Ruskoné 1996 
for road extraction). 

This paper deals with this kind of evaluation, 
necessary for a rigorous validation not depending on 
the processing algorithm. 

In matter of road extraction from remotely sensed 
images, researches on quantitative evaluation are 
rather recent (Heipke et al. 1997; Couloigner & 
Ranchin 1999 ; Harvey, 1999 ; Nevatia, 1999). They 
lead to quantitative criteria such as the completeness 
or the redundancy of the street network. All define a 
reference used for the comparison step. However, 
there are few discussions on the choice and the in-
fluence of this reference on the result evaluation. 

1.2 Goals

In order to extract a reference, it can be useful to 
dispose of a georeferenced image and of a topogra-

phic database with a precision adapted to the tar-
geted objectives. However, up-to-date ground truth 
data are not always available, specially in the case of 
developing countries covering large areas. It is the 
case considered, when the only information avail-
able is a remotely sensed image. Images used are 
high resolution images (1 meter or better), where de-
tails such as vehicles or ground marking are visible. 

Our own experience, strengthened by discussions 
with several colleagues, have shown a great variabil-
ity of interpretation when acquiring manually a ref-
erence from the image. The problem is the reliability 
of such a reference. Its variability increases with the 
increase of details that brings new high resolution 
images. We then aim at defining a reference with a 
subpixel precision which takes into account this 
variability. Because of the part of subjectivity in an 
image-based reference, a tolerance zone related to 
this reference is defined.

In this paper, we first review the different possi-
ble references for a road extraction process from re-
motely sensed images. We then define a method to 
extract a reference. Quantitative criteria for charac-
terising the performance of a method compared to a 
chosen reference are also described. Then, the 
method is applied on a high resolution image ac-
quired by the IKONOS satellite. Conclusions are 
drawn enhancing the benefits of such an approach 
and future prospects are discussed. 
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2 THE DIFFERENT TYPES OF REFERENCE 

In this part we discuss the different types of refer-
ences that can be acquired. Our choice for the 
evaluation of road extraction algorithm is discussed. 

2.1 Reference based on ground truth 

Ground truth data (such as GPS measures) are a di-
rect estimation of the physic reality of the road to 
detect, and enable its location with a good accuracy 
in the real world. 

However, an in situ data acquisition campaign is 
a long and costly process, not easily feasible at a 
large scale. The use of this kind of data needs fre-
quent updates, and is not applicable to archived im-
ages.
Ground truth data are in physical units (m or m²) and 
are not directly comparable to extraction results in 
the image domain. An automatic matching method 
between the two types of data is then needed. This 
complex step implies its own errors. 

2.2 Reference based on image interpretation 

By its capacity for using contextual information, the 
human interpreter is an efficient pattern recognition 
”system”. The possibility to use human interpreta-
tion for the evaluation of image processing algo-
rithms has been the purpose of join works with psy-
chologists and people working in image processing. 
In order to compare it with automatic methods, these 
studies focused on finding some quantitative criteria 
for characterising the human interpretation: per-
formance of edge detection filters (Fram & Deutsch, 
1975) or similarity measurement for image indexa-
tion (Squire & Pun, 1997). These researches have 
shown the ability for interpreters to identify an ob-
ject with a low contrast compared to its environ-
ment, and also the importance of using experts as 
human interpreters. 

In the road extraction context, the image inter-
preter is able to take the image context into account 
and to overcome local occlusion problems (trees, 
vehicles, shadows,…). He integrates high-level in-
formation, even at semantic level that cannot be eas-
ily done by algorithm based on low-level informa-
tion.

2.2.1 A posteriori evaluation by interpreter 
The easiest and the most common way for evaluat-
ing the result of a pattern extraction process is visual 
estimation. The operator visually compares the ex-
tracted contour with his own interpretation of the 
reference shape. This reference that can be consid-
ered as a posteriori, has the drawback to be variable 
for each process output.  

Moreover, this reference only enables to develop 
qualitative and not quantitative criteria. 

2.2.2 A priori evaluation by interpreter 
To ask an expert to locate in advance on the image 
the object contours is a common practice in image 
processing. In the case of road extraction, some au-
thors (Boichis, 2000; Couloigner and Ranchin, 
1998), establish a visual a priori reference. An in-
terpreter defines in advance with a pixel precision 
the object to be extracted. The reference is then 
fixed for every algorithm result. For Bordes (1997) 
and Ruskoné (1996), the reference is the BDTopo®

database of the Institut Géographique National 
(IGN) obtained by photo-interpretation. The subjec-
tivity of a reference based on one interpretation is 
not taken into account. 

2.2.3 Selected reference 
In the case of street extraction, which is our concern 
in this paper, there are several drawbacks for the use 
of ground truth data as a reference for an extraction 
algorithm, such as availability and acquisition fre-
quency. According to our goals, when the only in-
formation available is the image, we have chosen a 
reference based on the image interpretation. The 
only data used as input is the image for both the in-
terpreter and the algorithm. For using such a refer-
ence, it is preferable to define it a priori, and then to 
have a fixed reference for every algorithm result. 
This allows the comparison of results. However, the 
contour location by an interpreter is subjective. This 
variability of interpretation between different inter-
preters has an effect when it comes to evaluate the 
efficiency of a method. Hence, this variability 
should be taken into account. 

3 PROPOSED METHOD FOR EXTRACTING 
THE REFERENCE

In this section, a reference is established in the case 
of a cartographic object to extract from a remotely 
sensed scene. We then precise this reference in the 
road network case. Only connex objects will be con-
sidered.

From now on, it will be considered that the 
knowledge of the object location is acquired by im-
age interpretation. The reference estimation is linked 
to the subjective evaluation of each image inter-
preter. In order to minimise this variability, our 
choice is to establish a reference based on statistical 
measures from several image interpretations. A 
panel of analysts familiar with remotely sensed im-
ages is chosen. 

As in GIS (Geographical Information System), a 
vector mode acquisition will be used, which enables 
an accurate location and a precise description of 
geometrical features. This choice is justified because 
context and a priori knowledge (the typology of the 
object to be extracted for instance) give to the image 
analyst a vision of the scene with a subpixel preci-
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sion. In the field of digital image, it is generally ad-
mitted that the interpreter has a limit precision of 0.3 
pixel.

The characteristics of the chosen reference are: 
 - an a priori reference (fixed compared to each 

algorithm output) 
 - the reference is a vector object in the analytic 

space
 - the reference is evaluated from statistics over 

a team of several image interpreters 

Its extraction is done according to the following 
scheme: 

Original image

Human interpreter

  acquisitions

(vector mode)

Reference object Acceptance zone

(red area)

Acquisition

of the interpreter

 team

Figure 1. Method followed for the extraction of a reference and 
an acceptance zone. 

The analysis of the different acquisitions enables 
to extract a reference object and an acceptance zone, 
notions that are explained in the next sections. 

3.1 Extracted contour reference 

We aim at defining a “reference” object, representa-
tive of the different interpretations. For each poly-
line i, each segment j is represented by a slope vec-
tor Vij (vectors are written in bold font). 

Figure 2. Extraction of a reference from the different interpre-
tations 

Figure 2 represents the method used for extract-
ing the reference contour (for clarity reason, only 
two interpretations are represented). The extraction 
of a reference polyline is the following: 

− firstly, the average vector V0 of the N slope 

vector is computed : =
i

i
V

N
V 00

1 rr

− then the transect (To) orthogonal to this 

vector and located at the extremity of the last 

polyline met in the V0 direction is considered 

(vertice Si on Figure 2), 

− an average is computed between points 

located at the intersection between (To) and 

the different polylines (rejecting external 

points). The point D0 is obtained and will be 

a vertice for the reference polyline, 

− the transect (To) is “propagated” (in the 

direction of V0) to the first vertice met. The 

mean slope vector V1 is re-evaluated, as well 

as the transect (T1) and the point D1,

− this process is iterated till the final vertice of 

one of the polylines is met. 

Once the comparison object is obtained, some 
quantitative criteria can be established. The meas-
urement criterion chosen is the Hausdorff distance 
because it characterises particularly well the similar-
ity and the proximity of two vector objects (Abbas, 
1994).

Given two polylines Pext = { p1ext, … , pmext} and 
Pref = { p1ref, … , pmref}.

The Hausdorff distance is defined as : 

H( Pext,, Pref) = max (h( Pext, Pref),h( Pref, Pext))

where:
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The Hausdorff distance verifies the properties of 
identity, symmetry and inequality. Criteria charac-
terising the road network and the exhaustivity of the 
detection can be also used (see e.g. Heipke et al., 
1997 ; Couloigner and Ranchin, 1998). 

3.2 The acceptance zone 

Several image interpreters acquire the road contour 
in a vector representation via polylines. Figure 3 ex-
hibits an acceptance zone, representative of the in-
terpretation variability between different interpret-
ers. The quantitative evaluation is done by 
calculating the percentage of the extracted contour 
included in this acceptance zone. 

Figure 3. Acceptance zone 

One considers the Ai surface inside the object 
contour acquired by the interpreter i. If the contour 
is open, it will be closed by a fictitious contour 
(Figure 3). The acceptance zone is then defined as: 

= IU

i
i

A

i
i

AZ \  ( 1 ) 

where  Ai is the surface of one interpretation i, and 

the bar above is the closure of the set. 
The implementation of formula (1) can be difficult 
because of the apparition of new points when two 
polylines cross each other. The algorithmic solution 
found is to compute a Delaunay triangulation
(Shewchuk J.R., 1996), constrained by polylines and 
fictitious contours (Figure 4). The frontier of the set 
is composed of segments belonging to only one tri-
angle.

Figure 4. “Left” frontier obtained by constrained Delaunay tri-
angulation  

4 REAL CASE STUDY 

4.1 Protocol carried out 

The image interpreter acquisitions were carried out 
on an image from the IKONOS satellite (courtesy of 
the firm Geographic Information Management). The 
image has a spatial resolution of 1 meter in the pan-
chromatic band and is extracted from the area of 
Hasselt, Belgium (Figure 5). The scene represents a 
peri-urban area with a main road on which the 
method for extracting the reference and the accep-
tance zone will be applied. 

Figure 5. Original image with the road to acquire  
(Copyright 2000 Space Imaging Europe). 
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Eleven interpreters have been asked to determine in 
a vector mode the location of the road sides. The di-
versity of the different acquisitions will be consid-
ered as the variability of interpretation. The acquisi-
tion in vector mode has been carried out with the 
software Arcview

®
, which enables the image inter-

preter to set up contrast or to zoom on the region of 
interest. 

4.2 Extraction of a reference and of the acceptance  
zone

4.2.1 Analysis
Figure 6 exhibits the superposition of the 11 acquisi-
tions.

Figure 6. Superposition of the 11 acquisitions 

Taken separately, each different acquisition 
seems to fit to the road contour. Nevertheless, the in-
terpretation variability between interpreters exists, 
reflected by the thickening of the road (Figure 6). It 
stresses the importance not to rely on a single image 
interpretation for establishing the reference. For a 
more precise analysis of this variability, we have 
chosen to focus on a region including a part of the 
right side of the road (red square on Figure 6). This 
part has high curvature and generates a big variabil-
ity among image interpreters. Figure 7 represents the 
zoom area of 15m*20m with the 11 acquisitions. 
Two polylines (6 and 10) have vertices in this area 
(S6 and S10 on Figure 7). According to the method 
described in section 3, two vertices for the reference 
contour will be computed at S6 and S10.

Vertice S6 of polyline 6

Vertice S10 of polyline 10

Figure 7. Superposition of the 11 acquisitions 

4.2.2 Extraction of the reference contour 

S
10

D
10

D
6

T
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T
6

S6

V6

V10

Figure 8. Extraction of the reference (right side) 

The mean slope vector V6 determines the transect orientation at 
vertice S6. The average is computed between points located at 
the intersection between (T6) and the different polylines (reject-
ing external points). The point D6 is obtained and will be a ver-
tice for the reference polyline (Figure 8). 
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Figure 9. Radiometric profile of transect T6

On figure 9, the radiometric profile of transect T6

and the distance from the different points with S6 are
presented. The standard deviation for the different 
interpretations on transect T6 is 1,51 meter. 
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The same process has been computed for transect 
T10, giving a standard deviation of 1,65 meter. Such 
a difference has effects when a reference only relies 
on one interpretation. 

4.2.3 Extraction of the acceptance zone 
Figure 10 exhibits the acceptance zone computed 
according to the method defined with a constrained 
Delaunay triangulation. 

Polyligne 1
Polyligne 10

Acceptance zone 

Polyligne 11

Extracted reference

Figure 10. Acceptance zone computed from constrained De-
launay triangulation 

The frontier of the zone is composed of the whole 
polyline 1 (left side) and of a part of polyligne 10 
and 11 (right side). In this zone is also drawn the 
previously extracted reference. 

5 CONCLUSION 

This paper presents a new methodology for extract-
ing a reference when the only information available 
is the remotely sensed image. 
In order to take the image interpretation variability 
into account, the method extracts an a priori refer-
ence, in a vector representation, based on statistics 
over several image interpreters. 

An average acquisition is computed and is be 
used for the evaluation using Hausdorff distance. An 
acceptance zone is also defined, representative of the 
interpretation variability between different analysts. 
The quantitative evaluation is done by calculating 
the percentage of the extracted contour included in 
this zone. The real-case study on which the method 
has been applied confirms this important variability. 

Variability increases in more complex scenes 
(such as urban areas) or with the improvement of the 
spatial resolution sensors. For these reasons, com-
parison criteria and reference have to be well de-
fined before trying to improve the algorithm per-
formance. 

This method will be applied in the framework of 
our methodology for road extraction (Péteri et al.,
2001).

As future prospect, this method could be ex-
tended to other kinds of geographical objects, such 
as buildings. 
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