
Objective Comparison of Contour Detection in

Noisy Images

Rodrigo Pavez, Marco Mora, and Paulo Gonzalez

Les Fous du Pixel
Image Processing Research Group
Department of Computer Science

Catholic University of Maule
Talca-Chile

rpavez@lfdp.org {mora,pgonzalez}@spock.ucm.cl
http://www.ganimides.ucm.cl/mmora

Abstract. The constant appearance of new contour detection methods
makes it necessary to have accurate ways of assessing the performance
of these methods. This paper proposes an evaluation method of contour
detectors for noisy images. The method considers the computation of the
optimal threshold that produces a greater approximation to the ground
truth and the effect produced by the noise. Both analyzed dimensions
allow objective comparisons of the performance of contour detectors.

1 Introduction

The contour detection is one of the most important problems in image processing.
New operators and methods are constantly proposed with the aim of detecting
contours in complex situations, for example: low contrast images, images in which
objects have not precise and incomplete contours, images with high presence of
noise, among others. The existence of different approaches to address the contour
detection generates the need of evaluating such methods objectively and the need
of comparing the performance of them.

To know the results of a contour detection method, a synthetic image from
which the contours are known is considered. A human expert manually traces
the contours, establishing what is known as a ground truth. This image is used
as a benchmark to assess the outcome of a contour detection method.

To carry out the evaluation of a contour detector a performance function (PF)
is required. This function is generally an expression that involves the amount
of hits and errors on the ground truth. The performance function is usually
normalized (values within a range), so it can be compared with the results of
different methods.

When applying a contour detector, a dark image where the contours corre-
spond to the lighter pixels is got. To assess the PF, it is necessary to threshold the
image resulting from the application of the detector. Thus, we obtain a binary
image, where the detected contour pixels differ completely from the background
of the image. The number of hits and errors regarding the ground truth depends
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on the threshold value. Thus, the validity of the comparison depends on the
correct computation of the threshold. The works from literature have varying
degrees of depth to the computation of the threshold. There are proposals which
compare results from different detectors with a determined threshold [1,2], where
the validity of results is highly opened to criticism because they can change dra-
matically by choosing different thresholds. Other works compute the PF with a
small set of thresholds [3,4,5,6], which does not permit to figure out if it is in the
set where the threshold that produces the grater approximation to the ground
truth is found. There are other works like [7], which considering the dependence
of the PF on the threshold, perform a search process of the optimal threshold,
thus allowing a more objective comparison.

The focus of this paper is the comparison of contour detection in noisy images.
The approximation of previous works which were mentioned is enriched when
studying the influence of noise in the computation of the appropriate threshold.
A procedure to determine the optimal threshold considering different noise situ-
ations is proposed. The method enables to objectively compare the performance
of contour detectors in images with high noise content.

The rest of the paper is organized as follows: Section 2 presents a new contour
detector derived from the coefficient of variation (CV), and the reasons why it
is speculated that the new operator detects the contours better than the CV
are outlined. Section 3 presents the objective method for evaluating contour
detection. The procedure is applied to the detectors discussed in the preceding
section, being clear the error in the conclusions. The final section presents the
conclusions of the work.

2 A New Contour Detector for Images with
Multiplicative Noise

The Coefficient of Variation is a value proposed as a contour detector in images
with multiplicative noise [8,9,10,11]. The CV is the ratio between the square root
of standard deviation and the mean of a set of data, as shown in the following
expression:

CV =

√
σ(W )

X(W )
(1)

where W corresponds to a sample of data coming from the image. If the image
has a high noise content, the analyzed window will define a population with a
significant presence of outliers. A well-known fact is that the mean is not a good
predictor of central tendencies when outliers are present. This means that the
CV will not be a good contour detector if the images have a high noise content.

To address the above problem, the median can be used in populations with
outliers. Following the above observation, the numerator and the denominator
of the CV are modified based on the median in the following way: as a measure
of deviation the Median Absolute Deviation (MAD) will be adopted, and as
measure of central tendency the same median will be occupied. The new operator
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is called Modified Coefficient of Variation (MCV), and according to the previous
reasoning, it should be robust than the CV for detecting contours in images with
high content of multiplicative noise. The expressions of MAD and the MCV are
presented in (2) and (3), respectively:

MAD(X) = median(|(X − median(X))|) (2)

MCV =
MAD(W )
median(W )

(3)

To generate an image that is contaminated with multiplicative noise a model
widely accepted in literature will be used [12]. The expression of this model is:

In = Iwn × n (4)

where In corresponds to the noisy image, Iwn is the image without noise, and
n is the noise. It is noted that n corresponds to a set of random numbers that
follow a particular probability distribution. In this case, a Gaussian distribution
of mean 1 and a standard deviation σ is used. The value of σ should be very
little not to alter the original image significantly.

To compare the results of both detectors on the noisy image, a performance
function that considers the hits and errors with respect to the ground truth is
adopted [3]. The expression of the performance function is as follows:

ρ =
card(PT )

card(PT ) + card(FP ) + card(FN)
(5)

where ρ is the function of performance, card(X) is the cardinal of a set X, PT
is the set of true positives, FP is the set of false positives, and FN is the set of
false negatives. The performance function ρ is close to 1 if there are many hits
and few errors, and it is close to 0 if there are few hits and many errors.

An interesting approach for contour detection is to consider the contours as
outliers of the image resulting from the application of a detector [13]. This implies
that contour detection is reduced to establish the values that are distant from the
central tendency of the image. In this work, a simple but effective criterion has
been adopted in order to determine the threshold, which separates the contour
pixels from the rest of the image. The criterion is based on the median of the
data as shown in the following expression:

th = k × median(Ic) (6)

where th corresponds to the computed threshold, k a constant that indicates the
distance of the outlier in relation to a measure of central tendency, and Ic the
image resulting from the application of a contour detector.

Figure 1 shows the results of contour detection for the CV and the MCV. A
synthetic image has been contaminated with multiplicative noise that follows a
gaussian distribution with μ=0 and σ = 0.125. The threshold has been computed
considering k = 2.5 for the expression (6). From figures 1(e) and 1(h), it can be
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(a) (b)

(c) (d) (e)

(f) (g) (h)

Fig. 1. Results of Contour Detection. Top row: (a) Original image (b) Noisy image with
Gaussian distribution of the Noise. Middle row: (c) Original image contour with CV
(d) Noisy image contour detection with CV (e) CV detected contours by thresholding.
Down row: (f) Original image contour with MCV (g) Noisy image contour detection
with MCV (h) MCV detected contours by thresholding.

visually seen that the MCV has a better performance than the CV. Numerically,
the result is consistent since ρCV < ρMCV (ρCV =0.1393, y ρMCV =0.3618).

Figure 2 shows performance curves of the function (ρ) for the CV and MCV,
when varying the noise intensity. It starts from an image without noise (σ=0), until
an image with high level of noise is reached (σ=0.2). The threshold that determines

Fig. 2. Performance Function (ρ) versus Noise Deviation (σ)
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the detected contours is computed as th = 2.5×median(Ic). It is noted that as the
noise grows, the PF of both detectors decreases. In the area of most intense noise,
the PF of the MCV is higher than the PF of the CV, so it can be concluded that
the MCV performs better than the CV on highly noisy images.

3 Objective Comparison of Contour Detection in Noisy
Images

In the previous section, the benefits of the MCV as contour detector in images
with multiplicative noise were shown. It was determined that for images with
high noise level, the MCV performs better than the CV. Unfortunately, the
conclusion has been obtained by performing a partial analysis of the variables
that influence the performance of the detector.

In this paper, the effect that the threshold value has on the performance of
the detector is analyzed as well as the fact of subjecting the image to different

(a) σ = 0.05 (b) σ = 0.1

(c) σ = 0.15 (d) σ = 0.2

Fig. 3. Behavior of performance function with variable threshold (1 < k < 2.5) in 4
noise intensity cases
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intensities of noise. The objective analysis of the performance of a contour de-
tector consists of finding the threshold that maximizes the performance function
(optimal threshold) for different noise situations.

Figure 3 shows the value of the performance function of the CV and MCV
for a variable threshold variable in 4 different noise situations. The threshold is
determined by the constant k, and the noise is defined by the standard deviation
σ of the noise distribution. It is clearly observed that, in case of noise, the higher
value of the performance function always corresponds to the CV. This figure
shows that for these 4 cases of noise, the CV detects the contours better than
the MCV, information which contrasts with the results of the previous section.

In order to generalize the previous result, figure 4 presents the curve of the
higher value of performance function for a continuous flow of noise case, both
for the CV and MCV. From the figure, it can be seen that the value of the
performance function associated to the optimal threshold is always higher for
the CV (the curve for the CV is always above the curve of the MCV). This figure
is an objective test to evaluate and compare the performance of the detectors in
question. This allows us to conclude that the CV is a contour detector stronger
than the MCV for images with multiplicative noise.

Figure 5 shows the contours detected for 3 levels of noisewith CV andMCV. The
top row corresponds to a lownoise level (σ = 0.1), the central line to amediumnoise
level (σ = 0.15), the bottom row to a high noise level (σ = 0.2). The columns of
the figure show the noisy images, the contours detected by the CV and MCV, re-
spectively. In the caption of noisy images, the noise standard deviation is σ. In the
caption of the detected contour images, the optimal threshold is indicated by the
constantk, and the maximum value of the performance function by ρ. First, the fig-
ure shows thatwhen the noise increases, the errors in the detected contours increase

Fig. 4. Maximum values of the performance function computed with variable noise
(0 < σ < 0.2)
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as well, what explains the decline of the curve with maximum value of the perfor-
mance function. Secondly, when observing the numerical indicators, it is confirmed
that the CV has a higher value for the performance function ρ than the MCV, no
matter the level of noise of the image. Finally, the figure shows that by visual in-
spection, it is very difficult to decide which method has closer results on the ground
truth. This underscores the importance of an objective and numerical comparison
of the results of contour detection.

(a) σ = 0.1 (b) k=1.8,ρ=0.60 (c) k=2.5,ρ=0.44

(d) σ = 0.15 (e) k=1.7,ρ=0.40 (f) k=2.4,ρ=0.33

(g) σ = 0.2 (h) k=1.6,ρ=0.24 (i) k=2.4,ρ=0.18

Fig. 5. Results of CV and MCV detected contours with three levels of noise. Top
row: Low level of noise (a) Noisy image (b) CV detected contours (c) MCV detected
contours. Middle row: Medium level of noise (d) Noisy image (e) CV detected contours
(f) MCV detected contours. Down row: High level of noise (g) Noisy image (h) CV
detected contours (i) MCV detected contours.

4 Conclusions

A method to compare the result of contour detection in noisy images in an objec-
tive way has been presented in this article. The method considers the influence
of the threshold that determines the contours which have been detected, and the
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noise level of the image. As an example, the comparison between two detectors
(CV and MCV) for images with multiplicative noise has been developed.

Initially, the CV and MCV were compared by a method with partial infor-
mation, which led to erroneous conclusions. It is shown that with the proposed
method an objective comparison can be made, what permits to draw accurate
conclusions when evaluating the performance of contour detectors.
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