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Résumé — Selon les propriétés de surface d'un offjetes conditions d'acquisition, des effets opdgu
supplémentaires comme des spécularités ou des smpdueent apparaitre sur 'image. Ces régions descaleurs
d’'intensité trés élevés ou au contraire tres fajbkont génantes pour I'apparence de l'objet ebsumpour le
traitement automatique des images (e.g., recoristrustéréophotométrique, segmentation, etc.). Pewas de
plusieurs imagesy(> 2), acquises avec une position de camera fixe etlidestions d’illumination variées, chaque
image de la séquence a ses propres zones de sjtésués d’'ombres. Le but de notre travail est deriger
automatiqguement les régions avec des valeurs diités aberrantes, tout en conservant les pantiddade
distribution de la lumiere de chaque image nécessaiar exemple, a la reconstruction stéréophotamét
L’approche de fusion des images proposée est sasdes informations de la méme région dans leesimages
de la séquence initiale. La méthode permet la ctiore de larges zones avec des spécularités ebrdbses en
conservant la texture complexe de la surface dgetto

Abstract - Due to object surface properties andditimms of image acquisition, additional opticafeefts such as
highlights and shadows can occur on images. Thegens contain abnormally bright or dark image pwaues
which affect object appearance and further automatege processing (e.g., photometric stereo, segtien,
etc.). For the case of several* 2) initial images which are taken with the fixed @mposition and with different
illumination directions, each image of the sequehas its own zones of highlights and shadows. We aii
correcting these zones remaining shading aspedspancipal illumination direction of each initiatnage. The
presented images fusion approach is possible themkihe proposed function which is based on expipri
information of the same image region in all imagéshe initial sequence. The method pretends toecbiarge
abnormally bright and dark regions remaining evemmglex surface texture.

1 Introduction [8] the authors propose to correct simultaneously
highlights and shadows using additional prior
nowledge about illuminating directions, which istn
8ﬁ/vays accessible.

Highlights and shadows are optical effects whic
appear in images due to photographed object surfa
particularities and specific conditions of image
acquisition, [1, 2]. These effects make more diftic
further image processing. In order to avoid thigatee
influence we propose to correct highlight and skado
regions of initial images while still remaining geal
surface shading which can be important for further
scene analysis, e.g. photometric stereo, or ramgleri

The problem of highlights and shadows removal has
been already treated in many algorithms [3, 4]. The
easiest existing approach is to use median valwl of
images of the sequence. There exist more sophetica
methods which propose to combine several images [5,
6] or to analyze distribution of pixel intensitigscolor N
space [7] in order to obtain an image without . Hllghhghtedl and shadowed F;orlesl can bf]
specularities or to use polynomial texture mapgdBig s!mutaneo.usy.pre.sent In image, Fig.1. Images wit
and graph cut approach [9] in order to correct ehesd ph]]:ferent_ |Iluk;n|nat|_on| are able h ;%f comag}iement
zones. Even if the mentioned methods are rath hormatlon' about pixe m:]ensny with di erenr: ng. d th
efficient for shadowed or highlighted zones coiigtt € Moré Images In such a sequence we have an the
in the most cases they do not manage the bothad)pti(?nore uniformly positions of lighting - sources are

effects at the same time and do not remain genen%iISUibUt?d in space for each i_mage, the more ce_)tapl
surface shading important for further processin nformation about object shading we are able t@iobt

especially for photometric stereo reconstructiody.[In he method presented in this work propose to make

Figure 1: Highlights and shadows origins



image fusion in order to correct highlights anddsives  proper pixel intensity value and pre-defined parinse
while remaining all general shading particularitiels of function Eq.(2). The proposed correcting funatie

each initial image. necessary to get smooth transition between codecte
and not corrected zones.

2 Proposed method . Fovy

2.1  Method description shad .

The main idea of the proposed method is to use Fnigh

information about shadowed and highlighted regions
presented in all initial images in order to correct

Zone of shading
without shadows
and highlights

abnormally high and dark pixels. The proposed ntho 02

was specially developed for image sequences made o1t

from the fixed position of camera and varying ligit %53 o5 R rs W
directions. These data are typical for photomettéreo thshad thnigh

Figure 2: Correction function f(W)

algorithms [10] but can also be used to obtainnaage depending on the ratio valuei’

of the specular (e.g., metallic) object withoutHiights

and shadows for its further processing. Let us have only two initial gray-scales images,

Let us haver images in initial sequence made withgig 3(3)-(h). We aim at correcting highlighted and
the fixed camera position and varying illuminations g, 4owed pixels of,, Fig.3(a), using imageé,
Regions of highlights and shadows are presentedl in Fig.3(b), as reference image for correction. For

images but they appear in different parts of objellimpjification and more evident demonstration we ca

choose only a line of image (is shown in white) to
correct. Image line ratio valués and values off (W)
nction are shown on Fig.3(d). Values @{IW)
fferent from zeros indicate pixels to be correcte

surface. One of the possible ways to detect abrilyrma
high and dark pixel intensities is to compare epizkl
with the same pixel in other images by the means o
ratio values. To detect highlight and shadow zanes di
the first image If) the following operation is done for
each pixel position:

wy =mean{l—1'l—1' '1—1}. (1)

L' Iy

Values of ratio for shadowed regions will be cltse
“0” and vice versa highlighted zones will give mati
value over “1". Zone of shading without intensity
outliers such as highlights and shadows will bengef
between “0” and “1” with some margins from the both
sides, Fig.1. These margins as well as correctita r -
can be presented with continuous funcifgi’): 5 @ | (bl (c) Correcte

— Image line ratio (W)
—---Detected values for correction (f(VW))

_ knigh _ kshad
f(W) - 1+e’ahigh(w’thhigh) 1+e’“shad(W’thshad) + kshad' (2)

where kp;gp and kgpqq are highlight and shadow
regions correction ratehy,;;, andthg,qq define values &
of ratio from which we suppose that the pixel has (d)
abnormally high and low values respectively, with™ ' =
Apign andagp,q We are capable to regulate gradatior™ '
between corrected and non-corrected zones of gyl ’
and shadows (the higher value af;;, andagpqq is,
the more strict transition we obtain).

After all these parameters are defined the coomcti
of the first imagel{) is simply made like the following:

L= 3

Due to correcting functiorf (W) pixel values of -
general image shading will not be changed. It pisrboi =~
obtain n images with corrected highlighted and =]
s_hadc_)we_d region_s Wh_il_e remaining shgo_ling_aspecls f)
(lllumlnatlon particularities) 01_‘ each' initial imeg Figure 3: (@) — (b) Two gray-scaled imagesi{, I,) with chosen
important for further analysis. Unlike a gamma(white) line to be corrected in image (a); (c) Corected imagel;

CorreCt_lon_ proce_dure [11], Eq.(3) a”(_)V_VS only Cctm using imagel, as referenced image; (d) Initial image line and
of outlier intensity values, the coefficient of o&ction  appropriate f(W) function: (e) Initial and corrected image lines:

is adaptive to each pixels value and depends on tkfeValues of pixel ratio W for initial and corrected images line




In accordance to this, on Fig.3(e) there are vahfes shadow regions correction with the proposed teaiiq
intensities of initial and corrected pixels. Fiyalito To correct each initial image, all rest images wesed
confirm the results of correction we plot pixelsioeof  as reference ones. The parameters of correctiragidumn
the initial I, and corrected; images with referenced f(W) were empirically chosen. The correction rate was
image on Fig.3(f). After the entire image correstlp, chosen the same for highlighted and shadowed zones,
Fig.3(c), we can observe intensity decreasing foknigh = ksnaq = 0.75. Thresholds values were chosen
highlighted zones, and intensity increasing fowith 0.2 margins thy;z, = 1.2, thgpeq = 0.2). Due to
shadowed zones. Image regions which were highlightenore gradual passage between shadowed and non-
on both initial images are not detected, thus Bitgrof  shadowed zones comparing with highlighted and non-
these region_s is _re_mained abnormal_ly eIevated_. __Tlﬂghlighted ones the value af,,; = 50 was chosen
overcome this def|C|_ency, we need enher moreadbhiti two times smaller than the value ®fign = 100. the
images or reference images without outliers. automated choice depending on the ratio values is a
22 Limitations for usage guestion for further research.

On Fig.5(g) there is the result of median imagd 4f
initial images. Though median filtering allowed the
discussed optical effects avoiding, it does notaianall

The limitation of the proposed method consistsrin a
absence of total artifacts regions overlapping,4-igor

the case of overlapping it becomes impossible iméle oonarq) shading information which could be impdrtan
If the region of the selected image has outlieenstty o frther processing and analysis. Moreover,rafies

values or not because values of the referencedeimagbrocedure we obtain only one image that makes
(all rest images) also correspond to values witfeats.  ,\ntometric stereo application impossible. One hf t

existing possibilities is to use the obtained media

Image pixels image as a reference and provide highlights and
Zone to correct shadows detection or correction by the means o rat
e & with the median image intensities values.

Artifacts overlapping

Zon.e D EEEE Zone to correct
Tt 2 image #3

Figure 4: Artifacts overlapping demonstration

For the image of an object the location of highisgh
and shadows is predetermined by the principal timec
of illumination used during image acquisition. Roe
same object, the closer positions of lighting sesrare
chosen for different acquisitions, the more likele
obtain the same artifacts for the same region fééreint
images. Thus, not only the number of images is
important for qualitative correction, but also tmacial
distribution of light sources used during images
acquisition. Even with the minimum required numbgr
images (n=2) made with sufficiently spaced
illumination directions, we can obtain better résdhan
with dozen images made with spatially close lightin
directions.

3 Experiments

We apply the proposed technique for shadowed and
highlighted regions correction to images made by
authors of [12]. These images were taken for the
purpose of photometric stereo. There are 14 imafjes

(h)
h . . .. Figure 5: (a) — (c) three initial images with diffeent illumination
specular object made with the fixed camera posioth directions and optical effects such as highlightsral shadows; (d)

varying illumination. Light source position for dac - (f) images (a) — (c) with corrected highlight andshadow
image acquisition are distributed enough to obtairegions; (g) median image of 14 initial images; (Wmage (c) with
information about object shading hidden with S.h(ﬂjov\,detected highlights and shadows correction using jrainting

. . . technique
and specularities in one or several images aneprés q

the rest ones. Fig.5(a)-(c) show three of 14 ihitia . o
. . i . Fig.5(h) demonstrates results of highlights and
images with highlights and shadows. On Fig.5(i)-(f hadgovv(s)correction by inpainting [13].g Zgnes for

there are the results of simultaneous highlight and



correction were chosen on the basethf;,, and scene analysis such as photometric stereo. Usagk of
ths,qq Values respectively. Zones hidden by highlighténages of the sequence for shadowed or highlighted
are of complex textural structure and they werewrdt ~zones restoration allows efficient application &fe t
corrected with the inpainting technique. Surrougdinf ~ proposed method even for images with large texjural
shadowed region do not provide enough informatasn f complex — zones.  Automatic  correcting  function
good shadowed zone restoration as well. However thi@@rameters choice depending on initial images is in
main advantage of the inpainting technique congists perspectives of this work.
only one input image need. - 5 Acknowledgement
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