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Abstract: Chrome-plated surfaces are perfectly specular, in which
the diffuse reflection components are weak while the specular
reflection components are so strong that their intensities saturate the
CCD matrix and cause some surface features to be lost. This
situation means that one image alone cannot show all of the surface
features. To process specular reflection components, we proposed a
novel multi-image reconstruction method (MIRM), which
reconstructs a synthetic image from a set of images. In the set of
images that are captured by a special ring pattern illumination
system, the specular spots move in a smooth motion in the intact
surface as the light source moves, and new gradient values can be
obtained. Using the new gradient values a synthetic image can be
reconstructed by the multi-grid method. Experimental results show
that our method is effective in significantly removing specular
highlights, while preserving or sharpening such features as edges and
defects.

Keywords: specular reflection; diffuse reflection; chrome-plated
surface; multi-image reconstruction.

1. Introduction

The reflection of light from surfaces is generally classified
into two main categories: diffuse reflection and specular
reflection. The specular component is a surface phenomenon,
often concentrating in a compact lobe and causing strong
highlights to appear in the image. In the reflected light from
smooth metallic surfaces, the specular reflection component is
very strong while the diffuse reflection components are too
weak, although the diffuse reflection components include
some useful information for surface inspection. In most cases,
these highlights can cause many algorithms for segmentation
and surface inspection to produce erroneous results. In
classical computer vision algorithms the influence of the
highlight spots is not fully considered, and the object’s
surface is always assumed to be Lambertian. Therefore,
automatic inspection of a variety of defects on smooth
metallic surfaces, such as polished metal parts and
chrome-plated surfaces, is very difficult.

The removal of specular components is an essential step in
obtaining the correct information from images, otherwise

errors are inevitable. Various methods for identifying and
removing specular reflection components have been
developed. Moreover, most of them have been applied to
inhomogeneous objects. Wolff and Boult [1] used a
polarizing filter to separate reflection components from a gray
image. The basic idea is that, for most incident angles, diffuse
reflection tends to be less polarized than specular reflection.
Nayar et al. [2] extended the method above by considering a
combination of polarizing filters and colors. A specular pixel
has a different intensity if the polarization angle of the filter is
changed. This method can be used for textured surfaces, but is
impractical in some circumstances because of the additional
filters. Sato and lkeuchi [3] introduced a four-dimensional
space to analyze the diffuse and specular reflection
components based on colors and image intensity. This method
has the ability to separate the reflection components locally,
but it requires dense input images with variation in illuminant
directions. Tan and Ikeuchi [4] proposed a specular-to-diffuse
mechanism which is based solely on colors, particularly
chromaticity, without requiring any geometrical information.
However, there are quite a few methods for processing
specular highlights of such perfectly specular surfaces as
Chrome-plated surfaces. Some of the current techniques for
measuring metal surfaces even require painting the surface
with powder, which slows measurement speed and reduces
measurement accuracy. Rogerio Feris [5] proposed a method
which is based on Multi-flash images. Mukaigawa [6]
proposed a photometric linearization method (PLM) that
converts input images including various photometric factors
into ones that include only a diffuse factor. This method
cannot work stably when some pixels are not illuminated in
many input images although it is a useful method for
removing specular reflection components from the reflected
light. Zhang et al. [7] presented a special random sampling
method (SRSM). In this method, a set of images taken in
various lighting conditions are converted successfully into
synthetic images that contain only diffuse reflection
components. Twenty images are taken in different light
source directions, so it takes a much longer time to finish the
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processing. This limits its real-world applicability.

On smooth metallic surfaces, the specular reflection
component is not only so strong that it saturates the camera
processing unit, but it also accounts for a considerable area in
the image. The highlight spots make many useful features,
such as edges, defects, and hidden information. This means
that by only processing one image it is not possible to obtain
all of the surface information. In this case, the method above
cannot be applied to smooth metallic surfaces. Therefore, we
investigate the illuminant system based on discussing the
reflection model on Chrome-plated surfaces and capture a set
of images with different incidence light directions, which can
describe the whole surface information. In addition, we
propose a multi-image reconstruction method (MIRM) to
process these images for reconstructing a synthetic image, in
which not only specular reflection components are
significantly reduced, but also all defects are integrated and
the complete surface information is presented. Some
experiments for chrome-plated Acrylonitrile Butadiene
Styrene (ABS) resin were carried out by using our experiment
system. The initial results show that the method is feasible for
chrome-plated surfaces.

The remainder of the paper is organized as follows. We will
discuss the reflection model on Chrome-plated Surface in the
next section and present our method in section 3. In section 4,
the illumination system is described in detail. We show some
experiment results in section 5 and finally, the paper is
concluded in section 6.

2. Review of the Reflection Model

Reflection off metallic surfaces is different from that off
inhomogeneous surfaces. In the case of an inhomogeneous
(dielectric) material, the following four reflected light
elements shown in Fig.1 have been considered [8]:

1. Specular reflection that reflects once off a surface which
is flatter than the wavelength of the incident light.

2. Diffuse reflection that has reflected two or more times
off a rough surface, which consists of material smaller in
size than the wavelength of the incident light.

3. Diffuse reflection that diffracted on the surface, which
consists of material not greater in size than the
wavelength of the incident light. Usually, the reflected
light element can almost be disregarded because it is
very small except when the surface of the object has a
periodic structure of order roughly equivalent to the
wavelength of the light.

4. Diffuse reflection that first penetrated the surface, and
then escaped the surface after a repetition of reflections
off colored matter (pigment) on the inside of the
dielectric material.

Fig.1 Reflection of light off a dielectric material

In the reflected light off a metallic material there is no fourth
element. This is because the metallic material has conductive
electrons, so the electric field of the light is covered by
Dolude’s Law and the light cannot enter the metal.
Furthermore, refection off a metallic surface is different from
that off a dielectic surface. For one thing, the reflections have
different polarization properties. For unpolarized incident
light, the reflected light off a metallic surface is still
unpolarized, while the reflected light off an inhomogeneous
surface is polarized. A second reason is that for smooth
metallic surfaces, specular reflection is very strong and
diffuse reflection is too weak. Moreover, the surroundings are
often observed as specular reflections.

On the other hand, Nayar et al. [9] proposed a reflectance
framework for smooth and rough metallic surfaces. The
model is comprised of three reflection components: the

diffuse lobe lar, the specular lobe lsi , and the specular spike

Iss. These three components are shown in Fig.2 and the
coordinate system used for the model is shown in Fig.3.
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Fig.2 The reflection model [9]
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Fig.3 Coordinate system for the reflection model [10]

As is shown in Fig.3, the light reflected from the surface in the
direction of the camera causes an image with the intensity [9]

Le=lg+1g+1g
where each reflectance component can be shown as follows:

(i) Diffuse lobe lai : the diffuse component is represented by
the Lambertian model,
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Idl = Kdl COSHi’ 2

where K denotes the strength of the diffuse lobe, and &, is
the angle of the incident light rays.

(ii) Specular lobe !si : a Torrance-Sparrow model [10] is used
to predict the Specular lobe:

2
1y =K, exp(—%)F(a',n')G(ei,er,qﬁr), )

where Kg is the magnitude of the specular lobe,

exp(-a?/1267) s an exponential term that describes the slope
distribution of the micro-facets assuming a normal
distribution, ¢ is the angle between the normal vector of the

micro-facet " and the normal vector of the macro surface 1,
that is @ =arccos(’'- 1) and o, is the standard deviation of

the surface height. Smaller values of . indicate the surface
is smoother (o, = 0represents a perfectly smooth surface,

like a pure mirror). Larger values of @, imply the surface is
rougher. F(€',n"), where &' is the local angle of incidence

and 77’ is the complex index of refraction, is the Fresnel
coefficient, and under certain conditions it can be defined as a

constant value. G(&;.6;.¢;) is a geometric attenuation factor,
and it describes the shadowing and masking effects of
micro-facets by adjacent micro-facets. When the viewing
direction coincides with the mean normal vector n, the factor

G equals unity over a large range of 4, .

(iii) Specular spike !ss : the specular spike component is a very
sharp function, which is described by a delta function.

On the other hand, the surfaces roughness of Chrome-plated
surfaces is very small and the specular lobe is more dominant
than the specular spike. Optical measurement shows that
diffuse reflection is very weak (see section 5) and no specular
spike [11] was presented. Furthermore, the Fresnel coefficient
of a smooth metallic surface is nearly constant. Hence, the
reflectance model can be restricted in the specular lobe
component to describe the change of the specular spot under
different conditions. However, the defect always appears
specular because of the change of the normal vector of the
micro-facet. Therefore, the model proposed by Nayar et al.[9]
suggests the configuration of an illumination system, and
proposes a new method of processing images of specular
reflection off Chrome-plated surfaces.

3. A New Approach of Processing Specular
Reflection

In this section, we propose a new method for processing
specular reflection components from smooth specular
surfaces, such as Chrome-plated surfaces. The procedure of
the proposed method is demonstrated in Fig.4.

First, we input a set of images taken with different lighting
directions. Second, the intensity gradient of every input image
taken with a certain light source direction is calculated. And
then we get the new gradient image from all input images to
eliminate the outliers. The new gradient image has to be
padded so that its size is square in order to use the multi-grid

Lietal.

method. Third, using the multi-grid method, we reconstruct a
synthetic image from the new gradient image. Last, we need
to crop back the resulting image to its original size and output
the image for future processing.

Input a set of images under
different lighting directions

1l

Get a new gradient image from all
input images

1l

Pad images to square size

1l

Reconstruct image using the gradient

1l

Crop back to original size

!

Output image for future processing

Fig.4 The procedure of the proposed method

3.1 The fundamental principle
The specular lobe component reflected off the Chrome-plated
surfaces is dominant, as mentioned in section 2. Furthermore,
the specular lobe component depends mainly on the direction
of the light source and the normal direction of the impinged
point if all other conditions remain unchanged, as shown in
Fig.5[12]. It is obvious that when a light source moves
smoothly, the specular spot reflected from the flawless
smooth surface will move smoothly and gradually because of
the continuity of the normal direction on the smooth surface.

movement of the light source
/Specu]ar region\ ‘

N

.
1 1

Fig.5 Specular spots shift as the light direction changes.

We capture a set of images, in which the azimuth angle of
incidence light is varied while the elevation angle is kept

constant. Let Ik (1<k<n) be an image series, where
I denotes the pixel intensity and sub-index K denotes the
sequence number of the image taken with light source
direction number K . If now a certain pixel (X.¥) in all input
images on the smooth surface is observed, we can find the
course of the gradient variation of the pixel. If the gradient of
the pixel (x,y) is the highest among all input images, the
pixel is certainly at a specularity boundary. On the other hand,
if pixel (X,¥) isina specularity region or in a shadow region,
the gradient of the pixel will be close to O, which is the lowest

among all input images. Therefore, we can eliminate the
specular pixel by combining the gradient value of the set of
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images to get a new gradient image. We obtain the new
gradient image by the following procedure.

1) Calculate the intensity gradient of every input image that is
taken with a certain light source direction.

ol
Gi(x,Y) = VI (%) =| &¥

oy

Where k is the image number (k =1,2...,
gradient operator.

)

n), and Vis the

2) Get a new gradient image by weighted summation of the
intensity gradients at the corresponding position in all input
images, that is:

G,
G(xy) =D AGy(x.y) = {G } ©)
K y

Where 4, is the weight of the imagek , and G,, G, denotes

the median gradient in directions x and y, respectively.

Some methods for deciding an optimum combination of series
gradient images have been adapted on the basis of statistics
analysis. In the paper, we select a simple method to get the
new gradient image. The method is to find the median
gradient value at the corresponding position in all input
images. It is obvious that in the new gradient field, these
outliers have been removed and only the gradient values of
diffuse reflection components are present. It needs to be noted
that the intensity of a pixel resulting from a defect part of the
chrome-plated surface is similar to the specular components
thanks to the sharp changing of its normal direction. In
addition, these highlights result from a defect present in the
same place in most of the series images although the size of
the specular spot may differ slightly. It is evident that the
processing method can remove specular reflection
components resulting from an intact smooth surface, but
results in the preservation of defect information.

3.2 Image Reconstruction
We need to reconstruct a synthetic image using the new
gradient value obtained in the above process for future
processing.
One first assumes the synthetic image I satisfies the equation

VI = G(x,Y), (6)

and then the space of all 2D potential functions is searched for
a function I whose gradient value is closest to G in the
least-squares sense. In other words, the following integral
value should be minimized:

j j F(VI,G)dxdy, %

where F(VI,G) :HWZGHZ = (ngx)2 +(%*Gy)2-

According to the variation principle, the image I that
minimizes the integral value in equation (7) must satisfy the
Euler-Lagrange equation:

oF doF d oF

a dxalx dyay ~ ®

In fact, equation (8) is a partial differential equation in 1.
Substituting F , we obtain the following equation:

o’ oG ol oG
—T- T2z -—)=0. (9
OX OX oy oy
Then, we can get the Poission equation:
V2l =divG, (10)
27 27
A A
where VI :6_2+6y_ V<is the Laplacian operator, and
G
dive = Lo Y
OX oy
values G .

For a 2-D digital image of size mxn, we use the multi-grid
method to solve equation (10) and get the synthetic image. In
order to satisfy the requirement of the method, we pad the
images to make them square and of size N being a power of
two. Lastly, the resulting image is cropped back to its original
size.

(1,1 X

anpnnes
Ll [ ]

Fig.6 Two-dimensional grid

L.\"‘ N)

We can regard the image as a two-dimensional region  as
shown in Fig.6, where each pixel is regarded as a grid node

with an interval distance of h. Let 1 (i. }) be the intensity of

the pixel (1) in the reconstructed image | . By using the
two-dimensional Taylor function, we can represent 7, j) as
the following equation using the neighboring four pixels'
intensities:

ligy=1@-h])

YT I Gcid I (11)
_Ii,J h(ax)i,J 2 (a 2)|j O(h )!

Loy =1G+h0)
-1 i h: ﬂ 3 12)
= Ii,j+h(ax)i‘j+ 5 (axz)i,j+o(h ),

where O(h®) is the remainder term of third order. By adding
equations (11) and (12), we can obtain the second-order

i L I N
partial derivatives (a)(fz)i,; in the X direction as follows:
o 1~ - -

y)i,j :F(Ii—l,j =21+ 1)

( (13)

In the same way, we can get the second-order partial
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AN o
derivatives (y)i,j in the ¥ direction:

o1 1~ -~ -
(?)i,j :F(Ii,j—l_ZIi,j + Ii,j+1)'

Let hbe unit distance (h=1), and adding equations (13) and
(14), we obtain the following equation:

1 %l

EarY

:Ii+1,j + Ii—l,j + Ii,j+1+ Ii,j—1_4|i‘j'

(14)

vl

(15)

Using a similar method, we can also represent divG as in the
following equation:

: v 0G,
divG, | =—L+—"-
oX oy (16)
:wa _Gx.fl,, +Gyu _Gv.,,,l'

In order to solve equation (10), we need to convert the
reconstructed image | to a matrix U in the direction Y .

U :[U]_!Uzv"'lujl"'!UN—l]T’ (17)

where Uj = [Il,j’ |2,j:"" IN—l,j]T .
We can also convert divG to a matrix Q in the direction Y .
Q=[G Gy s (18)

where @; =-1/4-[divG, |, divG, |-, divGy_, ;]I
Then, the linear equation shown in (19) can be obtained by
substituting equations (15) ~ (18) into equation (10).

L*U =Q, (19)

where L is an order (N =1)? x (N —1)? sparse matrix and
can be shown as follows:

K -E/l4 .. 0
-E/4 K -E/4-

: .. —E/4|

0 .. —El4 K

where E is a (N—-1)% order unity matrix, and K is a square

matrix of order (N —2)?. and

1 -4 - 0
-1/4 1 -1/4--
K= oL
: . -1/4
0 e =114 1

For this large scale linear system, the convergence speeds of
the Jacobi and Gauss-Seidel iteration methods are very slow.
The multi-grid method is an efficient algorithm for
accelerating convergence of iterative methods. The scheme
alternates between an iteration that quickly reduces local
(high frequency) errors, and an approximate solution on a
coarse grid for reducing the global (low frequency) error.

Lietal.

RN AR
o]
[)
-
/'(I
*
|

Nx N

(]h

?*é‘ﬁklw-?k.,_ M

£

Fig.7 Scheme of the multi-grid algorithm

The iteration procedure is conducted in the pyramid-like
structure shown in Fig.7, in which the lowest level is the most
refined grid N x N and grids in higher levels are successively
coarser grids. The basic procedure of the multi-grid method is
summarized in the following algorithm [13]:

Step 1: On the finest grid space Q" which is the lowest level
shown in Fig.7 and whose grid interval is h (we can define it
as unity), we relax 7:times to solve equation (19) with an
initial guess UQ and get the approximateLTh .

Step 2: On the coarser grid space Q% which is the second
level from the bottom shown in Fig.7 and whose grid interval

is2h | we solve the residual equation (20) and get the error

h

. 2h -
value v2" . We define Iy as a restriction operator for

mapping the residual value from fine grid space Q" to the
coarser grid space Q" .

120 %y 2h _ g2 (20)

Step 3: In this step, we use the following equation to correct
the fine grid solutionU n by the error value y2h
Ur=u"+150", (21)

Step 4: Backing up to the finest grid Q" space, relax 72 times

to solve equation (19) using the approximate U" as initial
solution and get the solution.

We have solved equation (10) and gotten the matrix U by the
multi-grid method. We need to convert the matrix U to a
two-dimensional function that presents the reconstructed

image | and then crops the two-dimensional function, whose
size is N x N , back to the original size mxn . The synthetic
image then is reconstructed by the new gradient values, in
which there are no outliers, and it can then show clearly the
features of the chrome-plated surface.

4. Hlumination system

In this section, the illumination system is introduced. The
proposed method is based on a set of good original images,
therefore, for chrome-plated surfaces the illumination system
is a critical point. The Chrome-plated surface is perfectly
specular. The specular reflection component reflected off
Chrome-plated surfaces is very strong and the diffuse
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reflection components are too weak. The intensity of specular
reflection often exceeds the limit exposure of the CCD
photosensitive surface and results in brightness distortion of
the image. These specular reflections will certainly lose the
features of the surface and the defect information.

In our experiments, we specially designed the ring
illumination system. In the system, a diffuse light source was
used and it is shown in Fig.8. The CCD camera was mounted
in a fixed position perpendicularly above the observed object.
The light source moves in a circular motion at a certain
elevation & while changing its azimuth angle ¢ .

Camera
[
—
Light source position

Fig.8 Ring illumination pattern

According to the reflection model shown in section 2, the
intensities of the pixels in the image depend on many factors,
including the geometric shape, the incident light angle and the
luminous intensity, the observation direction of the sensor and
the surface optical properties of the object. Different objects
require different lighting methods that affect the captured
image. For a smooth metallic surface the front lighting
method is mostly adopted and consequently the focus is
placed on the type of light source.

The light source may be a diffused light source or a parallel
light source. Parallel light has strong direction and
collimation. The images obtained under parallel light have
high contrast and high definition. However their radiance in
all directions is not symmetrical, and therefore various defects
in different forces occur. Under the same conditions, when the
scratches or cracks are perpendicular to the parallel incident
light in the direction, the defects present the clearest image. In
contrast, if scratches or cracks are parallel to the incident light
in the image such defects will be nearly invisible. There is no
doubt that this will make the latter image processing very
difficult. The diffuse light source achieves non-directional,
uniform illumination, resulting in an image with few shadows
or highlights. The diffuse illumination of specular reflecting
surfaces enables an attenuation of the specular component.
But diffuse light may also produce non-distinct edges and low
contrast on some surfaces.

Compared with parallel light, diffuse light produces less
specular reflection and can present more defect information in
the image. Furthermore, for a smooth metallic surface
especially Chrome-plated surface defects always appear with
high gray values compared to the rest of the surface. So, in our
experiment, we select diffuse light as the light source. In so
doing we find that only one image cannot describe the
complete surface because the specular reflection could result
in image distortion so that some information could be lost. On
the other hand, the position of the light source also affects the
manifestation ability of various defects. References [11] and

[14] discuss the manifestation ability of various defects, and
imply better manifestation ability can be obtained when the
incidence angle @ is 10-30 [deq].

By selecting a diffuse light source and ring illumination
pattern, we can obtain a set of images, and only by using the
set of images, we can reduce specular reflection and find all of
the defects. In the intact part of a metallic surface, the
highlight spots are in different positions. In the defect part of
the metallic surface, out of the relation between the direction
of the defect and the light source, the spots always appear with
different intensities in all images. This illumination system
will be of great benefit in reducing specular reflection
components and integrating all defects.

5. Experiment Results

This section presents some experimental results of
chrome-plated Acrylonitrile Butadiene Styrene resin (ABS
resin)[7], which is broadly found in many industries because
of its aesthetic appearance.

The experiment system is shown in Fig.9. It is in a dark room
in order to eliminate ambient light effects.

The CCD camera, which provides an 8-bit grey level image,
was mounted in a fixed position perpendicularly above the
observed object. The light source is mounted on a revolving
rack. A rotation motor drives the revolving rack in a circular

motion which changes the azimuth angle % .

Fig.9 Expefiment system

Figure 10 shows four original gray images of the ABS resin,
which were taken with different incidence light directions.
The synthetic image is given in Fig.11, which was
reconstructed using the proposed method. The histogram of
the first image shown in Fig.10 is given in Fig.12. In each
original image shown in Fig.10, some pixels are very dark,
whose intensities are close to 0, while some pixels are very
bright, which are close to or equal to 255 in intensity. This is
because, for chrome-plated surfaces, diffuse reflections are
very weak and also the specular reflections are very strong.
However, it is obvious that the entire surface of the synthetic
image appears with medium gray level.

The histogram of the synthetic image is presented in Fig.13.
Comparing the two histograms of Figs.12 and 13, it can be
observed that the high intensity bright spots have been
completely removed from the original image, which has the
corresponding histogram spike at pixel value 255.

To evaluate the intensity distribution, we first set a special
area which is centered on the intensity line for the peak point
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and has a band width 2W . Then we calculate the intensity
percentage in the condition of the different band width w. The
relation between the band width w and the intensity
percentage is described in Fig.14, where the white square
marks show the width W obtained from the histogram of the
original image and the black circle marks show the width W
obtained from the histogram of the synthetic image. As is
shown in Fig.14, after the intensity in the special area rises to
more than 95%, the synthetic image has a better distribution
than that of the original image. In other words, in a wide area,
the intensity distribution for diffuse reflection components
becomes worse when removing specular reflection
components. This means that the clarity of the synthetic image
is better than that of the original image. In addition, the
synthetic image histogram has a reduced width as a result of a
reduction in the higher pixel values in the main histogram
peak.

number of pixels

Lietal.

Fig.10 Four original images taken with different light
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Fig.11 The synthetic image
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Fig.12 Histogram of the first image of fig 6
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Fig.13 Histogram of the synthetic image
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Fig. 14 Intensity distribution between the original image and
the synthetic image
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Another experimental result can be seen in Fig.15, where four
original images were taken from four different incidence light
directions. On the part’s surface, there are six defects, whose
directions and shapes are different. Because four original
images were taken from different light directions the defects
information have different definitions. For example, in the
second image of the first row shown in Fig.15, two defects
with horizontal direction do not appear. But the two defects
appear clearly in the first image of the second row in Fig.15.
In addition, in the first image of the second row in Fig.15, the
bottom-left defect appearing in the last image in Fig.15 is
hidden in a big specular region. According to our method, we
reconstruct the synthetic image, shown in the Fig.16, to
reduce specular reflection components and integrate all
defects. In the synthetic image, all defects with high intensity
compared to the rest of the surface without defect present
clearly. We can extract all defects by a simple method of
image segmentation, although a defect performance is not too
clear. In fact, because of the complication of the defect shape,
orientation, and size, more than four images need to be
captured. The number of images captured mainly depends on
the shape of the object surface and the defect shape.
Experiments imply that by using only a set of images we can
cover all defect information, particularly for Chrome-plated
surfaces.

Fig.15 Images of a defect part taken from varying light
directions.

Fig.16 The reconstruction image of a defect part

6. Conclusion and Remarks

A chrome-plated surface is a perfectly specular surface and
can be found in many fields because of its aesthetic
appearance. The specular reflection component reflected off
them is very strong but the diffuse reflection components are
too weak. The intensity of the specular reflection often
exceeds the limit exposure of the CCD photosensitive surface
and results in brightness distortion of the image. Therefore, in
one image the complete surface cannot be obtained no matter
how it is processed.

To address the problem, this paper proposed a multi-image
reconstruction method (MIRM) to achieve complete surface
information by processing the specular reflection
components. A set of images of the object are captured with
different lighting directions and then a synthetic image from
the new gradient value calculated from the set of images is
reconstructed. In particular we adapt the grid method to
reconstruct the synthetic image to ensure the robustness of the
method. By processing the synthetic image we can obtain the
entire surface. After discussing the reflection model, we
designed the illumination system by referring to the reflection
model and the properties of the Chrome-plated surface.

We applied the method to the Chrome-plated ABS resin.
Compared with the original images, the synthetic image
shows some positive changes. (1) The synthetic image
histogram has a reduced width around the main histogram
peak because of the reduction of those pixels with values that
are too high or too low. Also this means the synthetic image
has better clarity. (2) The synthetic image appears with
medium gray value. But, in the original images some pixels
appear too dark or too bright. (3) All defects which cannot be
detected in only one original image because of their
orientation and shape are integrated in the synthetic image.
Future work will focus on improving the method to increase
the precision of the synthetic image. Some parts of the surface
present always very dark in every original image. In this case,
these parts in the synthetic image cannot have high contrast. It
is worthwhile to optimize the correlation parameters of the
light source system by investing the relation between the
shape and direction of the defect. In addition, further efforts
should be made to improve the quality of the gradient image
by using the PCA or ICA method. These efforts will certainly
be helpful to boost the applicability of the method on the
production line.
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