Automatic detection of specular reflectance in colour
images using the MS diagram
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Abstract. In this paper we present a new method for the identification of
specular reflectance in colour images. We have developed a bi-dimensional
histogram which allows the exploitation of the relations between the signals of
intensity and saturation of a colour image. Once the diagram has been
constructed, it is possible to verify that the pixels of the specular reflectance are
located in a well-defined region. The brightness is automatically identified by
means of the extraction of pixels present in this region of the diagram, inde-
pendently of their hue values. The effectiveness of the method in a variety of
real chromatic images has been proven.

1 Introduction

In industrial visual inspection systems, the images are acquired in work environments
where illumination plays an important role. Sometimes, a bad adjustment of illumina-
tion can introduce the presence of brightness and specular reflectance in the objects
captured by the vision system [1]. The presence of such brightness alters the pattern
recognition process because the previous stage of detection of edges in the objects
fails: the brightness and specular reflectances are considered as different objects in
the environment in which they are located and therefore it is not possible to perfectly
detect the objects in the scene [2].

To be able to attenuate the effect of the specular reflectance in the captured scene,
it is necessary to identify the brightness beforehand. Criminisi ef a/ [3], and Lin et a/
in [4] use stereo images to separate specular and diffuse reflectances. In [5], Ragheb
and Hancock use iterated conditional modes. Nevertheless, it is possible to use infor-
mation about saturation and hue as well as intensity for the recognition of brightness
in colour images. In particular, in this paper we propose to exploit the existing rela-
tions between the intensity and saturation signals of a chromatic image.



2 Colour space used

In the bibliography, many referenced colour spaces appear [6,7,8]. In general, they
are three-dimensional spaces that can be classified in standardised systems (CIE-
RGB, CIE-XYZ, CIE-Lab), physical systems (RGB and CMY), and intuitive sys-
tems, where the objective is to represent the colour information in an intuitive way
(HSV, HLS, HSI, YSH, etc). The intuitive systems are widely used in image process-
ing as they represent the information in a similar way to the human brain. In fact, they
represent a single system, which Levkowitz and Herman define as GLHS [9]. The
other spaces are particular cases in which a certain intensity function has been
assigned to them. In this study, the intensity function employed M, is defined in [9] as
the LHS-triangle model:

M:%(r+g+b) 1)

By this way, the intensity signal corresponds to the projection of the colour vector ¢
in the space RGB on the achromatic axis, ¢, (Fig. 1). The saturation used in this study
is the one proposed by Serra in [10], and which corresponds to the projection of the
colour vector ¢ on to chromatic plane, ¢, (see in Fig.1), i.e:

i=¢,+¢, Q)

The value of s is given by the expression,

S:%(Zr—g—b)zg(r—m) if(b+r)=2g

1 3 3
S=E(r+g—2b)=5(m—b) if (b+r)<2g
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Fig.1. Colour vector ¢ in the space RGB



2.1 Diagram MS

In this study, we propose to exploit the existing relations between M and S that
permit the detection of brightness on a digital image, independently of the hue of the
object in which the brightness exits. We use a bi-dimensional histogram where the
number of pixels that have the values M and S are represented. This way, a relation-
ship between the signals M and S, defined above, is obtained, independently of the
hue of the object involved. In Fig. 2, a colour image and its corresponding MS dia-
gram are shown.

(b) MS-colourbeans.bmp

(a) colourbeans.bmp

Fig.2. Colour digital image and its MS diagram

3 Detection of specular reflectance in the MS diagram

If an object has brightness, the brightest point will have a high intensity value and
low saturation, giving rise to a sensation of an intense white point without any hue.
However, in the bright area the saturation generally increases as the intensity is
reduced, gradually acquiring the sensation of colour as it loses intensity [11].

In Figure 3, can be seen different bright areas from colour images where this
phenomenon appears.
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(a) life-saver.bmp (b) umbrella.bmp (c) hunger.bmp (d) table-cloth.bmp

Fig.3. Bright areas in colour objects



In Figure 4, the MS diagrams for each image in Fig. 3 are shown. In these
diagrams there is no generic rule for the detection of brightness. However, the
absence of such a rule is due to the fact that the dynamic range of the luminance
signal is different for each image. This can be observed on the histograms of the
intensity of M (Figure 5).
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(a) MS-life-saver.bmp (b) MS-umbrella.bmp

(c) MS-hunger.bmp (d) MS-table-cloth.bmp

Fig.4. MS Diagrams of the images of Fig. 3
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(a) Hist. of Fig.3.a (b) Hist. of Fig.3.b (c) Hist. of Fig.3.c (d) Hist. of Fig. 3.d

Fig.5. Histograms of the images of Fig. 3



3.1 Enhanced contrast and detection of bright zones

Before obtaining the MS diagram, it is necessary to carry out a previous step wich
guarantees that all the images have the same upper limit of dynamic range (255) of
the luminance signal. This process is performed through an equalisation of the
histogram of the intensity signal. For the image in Figure 3, the process is schema-
tised in Figure 6. Once this step of enhanced of contrast has been achieved, the MS
diagrams is computed (Figures 7 and 8).
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Fig. 6. Procedure for enhanced the contrast of bright zones

From the analysis of the normalised MS diagrams (Fig. 7 and 8) and after different
test in a representative selection of images, we have observed that the pixels values
for M and S of the zones of brightness correspond to those ones belonging to the
region mask given in Fig. 9. This set of points of the bi-variate histogram wich
follows a particular relationship appears in all the images where the objects have
brightness. Therefore, the bright areas can be segmented by obtaining all of the pixels
of the image. The values of the equalised M and S signals of the bright pixels are
within the area indicated in Fig. 9. The choice of the maximum value for S of this
zone has been fixed empirically after a deeply study on our database of images.

(a) MS-colourbeans-contr.bmp (b) MS-life-saver-contr.bmp (c) MS-umbrella-contr.bmp

Fig.7. Normalised MS diagrams of the images of Fig. 3



(a) MS-hunger-contr.bmp (b) MS- table-cloth-contr.bmp

Fig.8. Normalised MS diagrams of the images of Fig. 3 (cont)

Fig.9. Binary mask of the bright pixels in the MS diagram

4 Results

In this section, we present the results obtained for the images analysed. The results
obtained for the detection of bright areas in Fig. 2 are shown in Fig 10. In Figs. 11, 12
and 13, the results of the detection of specular reflectance on the images in Figures
3.a, 3.b, 3.c, and 3.d, respectively, are shown. From the results, the robustness of the
method for the detection of specular reflectance presented in this paper, can be
observed.

] -]

(a) colourbeans.bmp (b) brightness-colourbeans.bmp

Fig.10. Detection of the specular reflectance of the image of Fig. 2



(a) life-saver-B.bmp (b) brightness-life-saver-B.bmp

Fig.11. Detection of the specular reflectance of the image (a) of Fig. 3

(a) umbrella-hunger-B.bmp (b) brightness-umbrella-hunger-B.bmp

Fig.12. Detection of the specular reflectance of the images (b) and (c) of Fig. 3

(a) table-cloth-B.bmp (b) brightness-table-cloth-B.bmp

Fig.13. Detection of the specular reflectance of the image (d) of Fig. 3



5 Conclusions

In this paper a robust detector of specular reflectance in colour images, based on the
exploitation of the properties of the MS diagram, has been presented. Using the pre-
sent approach, it is possible to automatically detect bright areas, independently of the
chromatic value (hue values) in which they take place. The results obtained by means
of this algorithm facilitate the later stages of improvement on the quality of colour
images, such as the automatic elimination of bright areas. These pre-processing
operations are very interesting for applications where it is necessary to obtain a
correct segmentation of the objects (for manipulation by manipulator robot), or in
multimedia systems, etc.

6 Original colour images
All the colour images in this paper are referenced as “name.bmp”, and are available in

http://www.disclab.ua.es/aurova/caip2003/images.

References

—_—

Gonzalez, R., Woods, R.: Digital Image Processing. Addison-Wesley (1993)

2. Ortiz, F.: Procesamiento Morfoldgico de Imagenes en Color. Aplicacion a la
Reconstruccion Geodésica. PhD. Thesis. University of Alicante (2002)

3. Criminisi, A., Bing Kang, S., Swaminathan, R. ef a/: Extracting Layers and Ana-
lyzing their Specular Properties Using Epipolar-Plane-Imaging Analysis. Tech.
Report MSR-TR-2002-19. Columbia University (2002)

4. Lin, S., Li, Y., Bing Kang, S., et al.: Diffuse-Specular Separation and Depth Re-
covery from Image Sequences. In: Heyden, A., Sparr, G., Nielsen, M., Johansen,
P. (Eds.): Computer Vision — ECCV. Lecture Notes in Computer Science, Vol.
2352. Springer-Verlag (2002)

5. Raghed, H., Hancock, E.: Separating Lambertian and Specular Reflectance Com-
ponents using Iterated Conditional Modes. Proc. of The British Machine Vision
Conference (BMVC), University of Manchester (2001)

6. Sangwine, S., Horne, R.: The Colour Image Processing Handbook. Chapman and
Hall, Cambridge (1998)

7. Plataniotis, K., Venetsanopoulos, A.: Color Image Processing and Applications.
Springer-Verlag, (2000)

8. Fairchild, M.: Color Appearance Models. Addison-Wesley (1998)

9. Levkowitz, H., Herman, G.T.: GLHS: A generalized lightness, hue and saturation
color model. CVGIP, 55 (4), (1993) 271-285

10. Serra, J.: Espaces couleur et traitement d’images. Tech. Report N-34/02/MM.
Centre de Morphologie Mathématique. Ecole des Mines de Paris (2002)

11.Risson, V.: Application de la Morphologie Mathématique a 1'Analyse des Condi-

tions d'Eclaraige des Images Couleur. PhD. Thesis. CMM. ENSMP (2001)



