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with vast amounts of data concerning the manipulator itself and its envi-
have been proposed since the introduction of vision systems to robotics,
times, not applicable at shop floor. This paper

Abstract: In robotics, vision provides the control system

ronment. Many different image identification techniques
but as the size of data is large, mo;t of these techniques require so long computation
suggests the use of specific colors Which are unique to the object of interest enabling their detection and hence distinction from the

rest of the environment easily, irregardiess of the details and intricacy they may bear. Such brightly colored spots can be put on an
object in precise locations during manufacturing. The problem then comes up as to search the color definitions .of the pixels forming
the image and select the ones which fit to the pre-defined color. In this paper, to define the ability of distinguishing colors, Colori-

metric System, Nevatia Transformations and NTSC Color Systems are tested and results are presented.

Key Words: Computer Vision, Colorimetric System, Nevatia Transformations, NTSC Color System.

Robotik Uygulamalar Igin Video Sistemlerle Belirli Renkte Bir
Benegin Cevresinden Ayirt Ediimesi

Ozet: Endustriyel robotlarda video-gorunti sistemleri manipulatoran kendisi ve gevresi hakkinda ok miktarda bilgi saglarlar.

Goriinti sistemlerinin robotlara uyarlanmaya baglamasindan bu yana birgok degisik gorintl tanimiama teknikleri onerilmistir. Fakat
islenecek bilgi miktarimin ok olmasi ve hesaplama zamanin uzuniugu bu tekniklerin gogunu atblye ortamlarinda kullanlamaz hale
getirmektedir. Bu makale robot tarafindan tutulacak cismin zerine ortamda olmayan degisik bir renk boya kullanilarak tanirnilayici
benekler konmasini Gnermektedir. Bu gekilde belirgin renkte benekler cisim izerine imalat sirasinda hassas koordinasyon ile
konulabilir. Bu agamada problem goruntiyd olugturan piksellerin renk tanimiarinin belirlenmesi ve aranan renge uyanlarin ayrilmasi
olarak ortaya ¢ikmaktadir. Bu makalede renk tanimi ve ayrimi igin Colorimetik Sistem, Nevatia Transformasyoniar: ve NTSC Renk

Sistemleri denenmig ve test sonuglari sunulmugtur.

Anahtar Kelimeler : Gorintli Isleme, Colorimetic Sistem, Nevatia Transformasyonu, NTSC Renk Sistemi.

Introduction

In robotizing a task, the cost of extra machinery re-
quired to place the object to be manipulated to the
correct position and angular orientation is often ne-
glected. Jigs, fixtures, conveyors, indexers and devices
alike, automatic to some extent, are externally provid-
ed and are nearly the same price as the robot. More
intelligent robots are equipped with more intricate
sensory devices and with proportionally sophisticated
software to replace these extra machinery. Vision pro-
vides the control system vast amounts of data con-
cerning the manipulator itself and its environment. A
machine vision system captures an image with a came-
re and analyzes the image to produce a description of
the objects viewed. The input to a machine vision sys-

tem is an Image while its output is a set of numbers
describing the color and brightness levels of pixels,
which can be quickly extracted from the image and
whose features contain enough information to permit
decision. An object usually does not have a unique de-
scription and hence it is impossible to describe it com-
pletely. Generally a complete description of all the ob-
jects in the image is seldom necessary. Instead, fea-
tures special to the object under consideration are de-
termined and are sought for. Extent of the special
features can vary according to the task at which
image identification is used. Symbolic representation of
an object must be known and this symbolic represen-
tation is to be interpreted and compared with that of
the image by a computer.
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Fundamental knowledge required from a machine
vision system is the location and angular orientation of
the object under consideration, disregarding all the
other details embedded in the image. To extract this
knowledge, 6 independent quantities must be meas-
ured as the total degrees of freedom in space is 6. In
practice, this is obtained from the coordinates of 3
non-coinciding points on the object, totally 9 numbers,
3 of which being redundant. Redundant data are elim-
inated by 3 constraint equations describing the rigidity
of the object as the distances between any pair of
points are constant . 3 spots of distinct color, size
and spacing can be put on an object at precise loca-
tions while it is being manufactured. X.y.z coordinates
of these points are extracted from vision. This method
can define not only the location and orientation of an
object, but its type as well, from the color, size and
spacing of the spots.

The first problem hence is to detect patches of
certain color definition, somehow different from -all
the other parts of the image. The color is an impor-
tant parameter to aid the identification. Healey, G. de-
scribes color discrimination by a computer, defining
colors by their wavelengths in his paper published in
1089. Wandell, B. has put the use of color in image
identification and reported this in his 1987 paper.
Brockelbank, D.C and Yang, Y.H have applied stereovi-
sion techniques on color images to yield surface struc-
tures of solid objects and reported this in their paper
published in 1989. To define the color of a pixel,
there are different standards. In this work, machine
components are identified by the color and spacing of
3 spots put onto the component at precision locations
presumably when it is in precision coordination like in
a chuck during manufacture. When the coordinates of
any 3 non-coinciding points on a rigid body are
known, the location and angular orientation of the ob-
ject are derivable. Usefulness of this approach is dem-
onstrated by experiments.

Color Systems

A particular color is described in terms of attrib-
utes of brightness, hue and saturation. Intensity or
brightness is the attribute that is perceived in achro-
matic images. Hue represents dominant color as per-
ceived by an observer, For example, red is of different
hue from green. Saturation refers to relative purity or
the amount of white light mixed with a hue. The pure
spectrum colors are fully saturated.

Human perception of achromatic pictures is quite
satisfactory, but the color pictures do seem to be per-
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ceptually richer. Different objects may be expected to
have different colors, and hence color discontinuities
are keys in the identification of color images. It is
commonly accepted that a complete description of a
point in a color image requires the specification of
three mutually independent parameters. These are
called the primary colors which are red (R), green
(G), and blue (B).

In this work, to define colors, Colorimetric System,
Nevatia Transformation, and NTSC Color Systems are
discussed. Colorimetric system is the basis of defining
different colors. It is explained in detail by Gonzales,
R.C and Wintz, P. in their book published in 1987.
Nevatia, R. brings a new definition of color by a set
of transformation formiulas, given in his 1977 paper.
NTSC color system is explained in detail by Lim, J.S,
in his book published in 1990 .

Colorimetric System:

This system is based on the fact that any color can
be matched by a combination of three spectral wave-
lengths of light in red, green and biue regions. The
amounts of red, green, and blue needed to formany
given color are called the tristimulus values and are

denoted respectively by X. Y, and Z. In a computer
video system color components of a pixel are stored
in a digital manner. For 24 bit storage, 2° or 65536
different and detectable levels of color components are
possible. Computers can compare the components of
each pixel of the image on its screen with colors of
known combination and denote the levels of the color
components. Color components X, Y, and Z are hence
integer numbers between 0-65535, defined software
wise. A color is then specified by its thrichromatic co-

efficients as:

X = X/ (X+Y+Z)
y =Y/ (X+Y+Z) (1
z =2/ (X+Y+Z)

It is evident from these equations that:

x+y+z=1 ' (@)

Hue and saturation taken together are called
chromaticity, and therefore a color is defined by its
brightness and chromaticity. The Commission Interna-
tionale de {'Eclairage (CIE) chromaticity diagram is
shown in Figure 1 with the description of the various
color regions. x, y, and z form a right handed Carte-
sian frame. The colors form a humping surface, at the



crest of which perfect white at coordinates (1/3,1/3,1/
3) is found. Red, green and blue are equally spaced:

around white and change from one to another and to
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Figure 1. The CIE 1931 Chromacity Diagram with Descriptions of

Positions of Standard  Sources Roughly = Equivalent
Cas-filled Incandescent Lamps, Noon Sunfight, and
Average Daylight, Respectively. E Represents the Equal
- Energy Point Corresponding to Perfect White.

white at the crest gradually. For a color spot to be
perceived as red for example, its thricromatic coefﬂ-
cients must be as: .

x> 1/3 :
y<1/3 3
z2<1/3 i

Nevatia Transformation:

Nevatia sets a new coordinate system to the
chromaticity diagram shown in Figure 1 with the fol-
lowing transformation wmch he has reported in his
1977 paper ‘

= ¢,R+c,G+c,B '
'!‘1 = R/(R+C+B) R (4)
T, = G/(R+G+B)

Y is the brightness of the pixel. R, G, and B are
the red, green, and blue levels of a pixel respectively‘.
each being an integer number between 0-65535 in a
24 bit system. This is synonymous to the X, Y, and Z

the Various Color Regions. A, B, and C Represents the
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in colemnetnc system. ¢, C,, and ¢, are arbitrary con-

" stant numbers such that :

€, +C, +c =1 (5)

T, and T, together give the chromatic information
about a plxel color. Note that T, and T, are indepen-
dent of the brightness Y. Transformatnon of chromatic
information into- T - T, space is viewed conveniently
by the color tnang%e shown in Figure 2.

Pure biue is at the origin where T and T, are

both zero. At T, =1, T, = 0 the puw red amJ at
T,=0T,=1 lb the pu:e green, Perfect white 15 at

~T =T, =1/3T and T, togetherdescnbeaiocatm

on the chromatmty surface uniquely. Another way of
representing a point is to shift the origin to perfect
white at T, = T, =1/3° ‘and. define polar coordinates
and ¢ as shown % Figure 2. A color spot perceived as
red for example has coordlnates at:

T>1/3 and T, <13 ‘ (6)

NTSC Color System

The three tristimulus values red (R), green (G),
and blue (B) are transformed into another set of tri-
stimulus values denoted by Y. |, and Q. which are re-
lated to R, G, and B by:

Y 0299 0587 0.114 R
059 -0.272 -0322 | |G )

l =

Q 0.211. -0.523 -0.312J LB
and
T,
Gi.n . -rasaturafjon "
¢ =hue
path |
W(1/3,1/3)
0 :
B o R(1.0) T,
Figure 2. Color Triangle Representation of Chromacity Values. R.G.

and B Represents Pure Tones of Red, Green and Biue
Respectively.
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The Y component is called the brightness compo-
nent since it roughly reflects the luminance sensation
~ of the color. It is primarily responsible for the percep-
tion of the brightness of a color image and can be
used to form a black and white image. The | and Q
components are called the chrominance components,
and they are primarily responsible for the perception
of the hue and saturation of a pixel. In the NTSC
color system, threshold values T' and T" for the hue
and saturation respectively can be arbitrarily defined
for a certain color and while searehing for it, the con-
ditions:

1>T and Q>T" (9)
are sought for.

Computer Vision System Hardware

‘The hardware used In this work consists of & PUL-
NIX TMC-74 (NTSC) color video camera, a Raster Ops
Video Color Board 364, and an Apple Machintosh fx II
computer. Pulnix TMC color camera has a high resolu-
tion 2/3 inch imager having 768x493 light sensitive
cells each. of 11x13 microns size;: and an automatic
iris. Raster Ops Video Color Board 364 has a palette
size of 16.7 millions, each pixel definable by 1,2.3.8,
or 24 bits, and a resolution of 640x480 pixels. It
works in NTSC mode with a scanning speed of 30
Hertz. Central processing unit of the computer is the
MC 68030, with a 32 bit architecture, running at a
clock frequency of 25 MHz. An MC 68882 Floating
Point Unit Co-processor with 40 MHz clock frequency
has been installed into it to speed up arithmetic/logic
operations. The Processor has a memory of 8 MB
RAM.and 512 KB ROM. One 1.4 MB high density
floppy disc drive, and a 200 MB internal Apple SCSI
hard disc drive are also mounted on the system.

Searching Method

The following procedure illustrates ‘how a color
patch is found by using a certain color system. The in-
door scene or frame in camera view. is first grabbed.

The frame is then searched for a specific color spot.
The search begins at the origin of the scene, which is

the upper-left hand corner of the monitor at pixel lo-

cation (Q,0). In the raster scan fashion search is done

row by row, always starting at the first column of
each row and ending at the last. The screen has
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640X480 pixels and the specific color being searched
can be at anyone of these pixels, hence plxel by pixel
search may take quite a long time. In this work, to
reduce the amount of computation, firstly a window
of 300X300 pixels are activated for the grabbed
image. Computer analyses each pixel and returns its
RG and B values. Real time to analyze all of
300X300 pixels with the hardware at hand is about
30 seconds. This is quite a substantial amount of time
to identify an object for'a robot system at shop floor.
Secondly, to reduce the processing time, method of bi-
section can be used instead of raster scan search.

In this method image window is searched column
by column starting from the top of the window to
bottom. The first pass of search starts at the middle
or 150 th column. If the required color is not detect-
ed in this search, second search is done on the half-

‘way column of the strip on either side of the middie

column, that are columns 75 and 225. The procedure
continues in this manner, taking the middie column of
the remaining strip until finding the required color at
anyone of the pixels. Then a suitable size window is
set which presumably contains the whole of the patch
and all the pixels in this secondary window are
searched for. The program segment for the search is
written in C programming language.

Experimental Results

The first problem in the identification and determi-
nation of coordinates and angular orientation of an
object by 3 point method is the detection of a spot of
specific color. The machine vision system used hence
must be able to distinguish the color of this spot from
the rest of the scene and also keep the shape and size
of the spot. Once the spots are determined, their cen-
troids will be found and each spot of finite area will
be replaced by a point jocated at-its centroid. The vi-
sion system to go with a shop floor robot must be
cheap, not so much sophisticated and still able to ful-
fill the above mentioned requirements at adverse con-
ditions of vision. Once the image is captured, the
points of interest can be perceived easily by a human,
but in an automatic and continuous operation, search
is to be done by the computer and it must be reliable.
lllumination problems generate great difficulties, Varia-
tion in the type and location of the lights may alter all -
color definitions. Similarly, contribution of daylight to
illumination always varies throughout the time of the
day. At a certain position, incident light may reflect on
a surface altering all the color definitions. There can

be unintended shadows on the object, or definitive
color patches may become dirty In shop floor environ-
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Figure 3. A 13X15 mm Rectangular Red Patch on the Cylindrical Figure 4.c
Surface of a Non-painted Steel Machine Component (a).
Binary Images (b) and (c} Show the Red Color of the  ment |f a color patch is adequately illuminated and il-
Original Image Filtered by Nevatia and NTSC Color lumination conditions are fixed, then its detection by

Systems Respectively. {llumination is by Natural Diffused . "
Day Light. ‘ the computer becomes easy, but under varying condi-
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300
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Figure 4.  Image of the Same Object in Figure 3 (3), fHluminated by a
Tungsten Lamp Located Behind the Camera (a). (b). (C).
and (d) Show the Red Color of this Image Extracted by
Colorimetric, ~ Nevatia and ~ NTSC “ Color
Respectively. Strong illumination Causes False Points in

Red Color,

tions of illumination, precautions must be taken and
hence the advantages and disadvantages of various

color systems become important.

 The first experiment is about the detectlon. of a
single, relatively large spot in red. The spot is a
13X15 mm rectangular piece of plastic sheet stuck on
~ an unpainted steel machine component as shown in
Figure 3-a. The spot is put on a cylindrical surface
such that reflections of light are present. There is no

Figure 5.2
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Figure 5.0
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Figure 5.d
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Figure 5.  Image of the Same Object in Figure 4 (a), llluminated by a Fluorescent Light. There is no Daylight Component in filumination. (b), (c),
and (d) Show the Red Color of this image Extracted by Colorimetric, Nevatia and NTSC Color Systerns, RespeCtively.
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Figure 6.  Object of Figure 3 is Displaced from the Camera 5.

False Points.

incident light, other than natural diffused daylight. The
original color image is captured in a 300X300 pixel
window with a lens of 50 mm focal length, from a
distance of 135 cm. Figure 3-a shows the image in
gray tones. The window is scanned pixel by pixel in
raster scan fashion. Color definition of each pixel is
" found by the computer in form of an integer number
up to 65535, for red, green, and blue. Then, this
data is converted into Colorimetric, Nevatia, and NTSC
definitions. In Colorimetric system- different tones of
red are described by equation (3). When the colori-
metric base data are examined, no pixel is found satis-
fying this condition. In Nevatia system, tones of red
are described by equation (6). When the Nevatia base
data are examined, some pixels are found satisfying

¢

-Definition is by Colerimetric, Ne‘gatia;and NTSC Systems, Respectively. NTSC System
v
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3 Metre (3). Red Filtered Binary Images are Shown in (b}, (c), and (d). Color

Produces Dominantly Better Results with Less

this condition. A new sketch for the window is pre-
pared showing only these pixels in black which are
completely distinguished from the rest as seen in Fig-
ure 3-b, known as the binary form of the red filtered
image. Similarly the NTSC base data is examined in ac-
cordance to ~ equation (9) with threshold limits
T'=T"=2000. The binary image showing only the pix-
els satisfying this criterion in black is shown in Figure
3-c. Colorimetric system has failed to detect a relative-
ly large size patch while Nevatia and NTSC systems
have defined almost the same spot, at the right posi-
tion and with right dimensions. Size of the red patch
shown in the window of Figure 3-a is exactly the
same as that of the binary images of Figures 3-b and
3-c. So, loss of geometric details are negligible.
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Figure 7.2

Figure 7. y
Cover the Spots Fuily. Characteristic

View of a Gear in Gray Tones uéder Diffused Daylight llumination (a). Secondary 45X4 :
istic Color Pixels are Found by Using the Bisection Method (b). Color System used is NTSC with

Figure 7.b
5 Pixel Windows are used Which Presumably

Threshold Limits of T'=T"=2000. Processing Time is 10 Times Less than the Raster Scan Fashion.

Second experiment is the repétiﬂon of the first.
with incident light coming from a tungsten lamp locat-

ed behind the camera. Object is better illuminated as .

seen In Figure 4-a, but there are strong reflections
and white light is effective on the environment with
‘all Its color components. Red, Creen, and Blue color
data are converted into Colorimetric, Nevatia, and
NTSC bases and binary images showing only the pixels
containing. definition of red color are given in Figure
4-b, 4-c and 4-d respectively. Better illumination has
made the red spot visible in all color systems. Besides
the required red spot, some other pixels are also
found to satisfy the definition of red. These are main-
ly due to the reflections and chromatic aberration oc-
curring in the lens. Large patches in Figures 4-b, 4-c
and 4-d represent the red spot. Others are faise
" points. False points are smaller in size, but there can
be larger patches of them. So, filtering the false
points becomes necessary. The sizes of - the patch in
red filtered images comes up larger than normal due
to chromatic aberration at the patch boundaries.

~Another cheap means of illuminating a certain ob-

ject is by fluorescent lamp. To see, how definitive is a -

certain color in fluorescent illumination, the same. ob-
ject with its red spot is illuminated by fluorescent light
at night time when daylight component in illumination
is null and observed by the camera. What camera Sees
is shown in Figure 5-a. Visual details are greatly lost
in human perception. The red-filtered form of the
same image in Colorimetric, Nevatia, and NTSC color
systems are shown In Figures 5b, B¢, and 5-d re-
spectively. Nevatia and NTSC system generate false
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points and the size of the red patch comes up larger
than original. Colorimetric system is less sensitive and
produces no false points and has a smatler patch size.

As seen in experimental results, Nevatla and NTSC
systems have produced the best results in diffused
daylight, but at workshop environment, there can be a
combination of daylight and artificial light. Work envi-
ronment can be specifically Illuminated for better per-
ception. Also false points can be filtered software
wise. In general, NTSC produces the best results with
least loss of the spot geometry and least number of
false points. The size of the spot to see -is naturally
important. Larger the size, larger its image and hence
distinction of them from false points is easier.

Viewing an object from a longer distance causes
loss of details. To display the effect of distance, object
viewed in Figure 3 is placed to a distance 5.3 meters
from the camera. Figuré 6-a shows what the camera
sees in gray tones. Binary images, red filtered accord-
ing to Colorimetric, Nevatia Transformations and NTSC
Color System are shown in Figures 6-b, 6-c and 6-d
respectively. As the relative size of the spot in com-
parison to the window has become smaller, problems
of detection have arised. A criterion to distinguish a
functional patch from the false points can be the use
of larger patches in size. As false points are smaller, a
distinction can be made due to size. All binary images
of Figure 6 contain false points. Colorimetric system
can not distinguish the red spot at all. Nevatia system
gives a good view of the spot but with too many
falye polnts, producing a yreat identification problein,
NTSC system gives a good view of the patch and less



number of false points hence NTSC system comes up
better, but still filtering of false points is necessary.

To filter the false points, 3X3 pixel masking is
used. In this method of masking, when a red pixel is
detected, the color of the 8 surrounding pixels are
checked. If 6 of these are also red, than the particular
pixel is regarded as part of the functional spot. This
method though effective, takes a duration like 33 sec-
onds for a 300X300 pixel window. At this stage
method of bisection can be introduced to reduce the
computation time.

Figure 7-a shows a gray tone image of a gear con-
taining 3 separate red spots on. The image is scanned
columnwise by bisection method, 'searching for a red
pixel which passes the 3X3 pixel-smasking. Once such a
point. is detected, a sub-window 'of 45X45 pixels is
opened about it which certainly contains one of the
patches in full. In the end a total of 3 such windows
are formed, one for each patch. Then the inside of
these smaller windows are searched only pixel by pixel
while 3X3 pixel masking is still active. The correspond-
ing windows and the binary forms of the spots are
shown in Figure 7-b. Here, there is the restriction of
one window to contain only one patch. This requires
the knowledge of dimensions of the patches and the
spacing between them priori. Problem is still solvable
by searching for closed polygons, or by region grow-
ing. Total time required for finding the 3 spots of
Figure 7 in full and free from false points is about 3
seconds, hence, the computation time has been re-
duced approximately to one tenth.

Conclusions

Among the three methods of defining a color ex-
amined in this work, NTSC system brings a more pre-
cise definition and hence distinction of different colors
is easier with it. lllumination plays an important role
and hence even at shop floor, a specific and intense il-
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lumination is more preferable. To filter out false
points techniques like pixel masking should be used.
The size of the spots must be as large as possible and
also the relative size of those spots with respect to
the window must be as large as possible. A variable
focal length camera which can zoom in command of
the control computer becomes very useful in this re-
spect. Method of bisection reduces the probable time
of detecting a color by pixel search of raster-scanning.
Opening a suitable size window whenever such a pixel
is detected and searching only this window further re-
duces the computation time. Experiments in this work
have shown that by these techniques, 3 spots on an ob-
ject can be detected in a duration of about 3 seconds,
which is certainly aliowable at industrial applications.
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