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ABSTRACT

Today s high speed complex manufacturing systems require the development of automation
technologies that can be effectively integrated into the system and use in manufacturers process.
This paper proposes a new method for inspecting the order of electrical colored wires in
industrial connector cables manufacture. The system is able to check the difference in the color,
number of wires, and color sequence cables connector with the self-designing model. The
system learns the model cable and then it can automatically inspect each cable assembly by
machine. The key ideas of the algorithm are threefold: first, the rectangle connector parts of
sample image and test image of product are analyzed and detected by using shape and region
properties. The region of connectors are then extracted and rectified to vertical direction.
Second, a robust segmentation algorithm for extracting wires from images even if they are
strongly bent and partially overlapped. Third, a color recognition algorithm is able to cope with
highlights and shadows. To verify the efficiency and effectiveness of the proposed method for
color wires inspection, the authors report the system evaluation by many different samples with
a variety of conditions. The representation of a strong point of this system is reliable method for
extracting wire regions and analyzing color wire.

Keywords: Automatic visual inspection; wires color sequence; self-designing; connector part;
color recognition algorithm.
TOM TAT

Hé théng san xudt phirc tap véi téc dé cao ngdy nay yéu cau phat trién cong nghé tu dong
c6 kha nang tich hop hiéu qud vao qué trinh san xuat. Bai bao nay dé xudt mgt phirong phap
mdéi dé kiém tra thir t day cép két néi trong nganh cong nghiép san xuat day céap. Hé thang co
khd nang kiém tra sw khac nhau vé mau day, so lirong day, va thir ti day cép két noi bang md
hinh tir thiét ké. Hé thong phan tich va leu mdu chudn, sau dé tw déng ddanh gia, kiém tra cap so
V6i mau da dwoc luu. Y tuwong cua thudt toan diroc chia thanh ba phan chinh: dau tién, phan két
noi sé diroc phat hién nho vao viéc phan tich cac dac tinh va théng sé lién quan. Thiz hai, thudt
toan phan doan dnh va trich xudt viing c6 day tir anh géc tham chi ca trong trieong hop day b;
réi va chong chéo. Thiz ba, hé théng phan tich, nhdn dgng mau day va co thé thuec hién trong
truong hop chiéu sang khéng deu, sei day bi chéi sang hodc xudt hién dom mo. Dé tham dinh
tinh hiéu qua cua phirong phap dé xudt, tac gia danh gia hé thong dwa trén nhieu mau kiém tra
Véi céc diéu kién thir nghiém khac nhau. Uu diém néi bat cia hé thang nay 1a cd phirong phép
trich xuat vang day va phan tich mau day vdi dé tin cdy cao.
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Tir khoa: Hé thong kiém tra triec quan; trinh tir mau day; md hinh ti thiét ké;cap két noi;

thudt toan phan doan mau.

1. INTRODUCTION

For many years, visual inspection and
quality control are performed by humans. In
many cases, humans can do the job better than
machines but it is impossible to maintain the
productivity in the long time, they get tired
quickly. Moreover, they are slower than the
machines that the production process speed is
affected. There are also cases, the products are
so small size that human vision can observe
and visualize. Also, in some environments
(e.g, nuclear industry, chemical industry,
under- water inspection, etc) inspection may
be diffi- cult and dangerous for human
interaction  directly.  Automatic  visual
inspection machines provide innovative
solution in the direction of manufactures in
industrial systems. An industrial system
integrated automatic visual inspection can
rapidly get result not only high accuracy, but
also lower cost production in production. The
widely application of computer vision systems
include semicon- ductor production [1-2]. The
other applications are delicate -electronics
component manufacturing [3], granite quality
inspection [4], quality textile production [5],
glass manufacturing[6], integrated circuits
manufacturing [7] and many others.
According to the advantages of using vision
system for automatic product inspection
machine, a method for automatic color cable
inspection is proposed. There exist some
papers were discussed to this topic, the closest
paper is proposed in [8]. From the result of
this research, it’s really promsising in the real
application. However, there exist some
limitations need to improve such as the
connector parts in this research are fixed.
Hence, when carry out to the real application,
it’s limited to the automatic system, which the

connector cables may appear with arbitrary
geometric shapes and random position in the
workspace. Moreover, the electrical wires in
these samples are assembled pretty sparsely.
In case the density of wires is dense or the
size of wire is  decreasing, the
wire-overlapping problem will occur. In those
cases, the separate wire regions are difficult to
be segmented and extracted. Almost those
disadvantages are solved in our research. A
strong points of this system are able to
automatically adjust tolerances in color
measurement depending on the colors of wires
to be check. Besides, a color recognition
algorithm able to cope with highlights and
different finishing of the wire insulation.
Overall, the structure of the sample consists of
the plastic connector part which have the
rectangle shape in general cases with 15-color
wires, as shown in Fig. 1. The order of color
of wires depends on the type of product. The
machine learns and saves the parameter of
sample image as reference, then waits for a
human operator to insert the test image and
the actual inspection process takes place.
From the structure of product, the authors can
see that there have several difficult points in
inspection problem need to be solved. The key
ideas in this paper are how to align the images
and extract exactly each wire regions and then
extract the wire patches. The overall proposed
scheme is illustrated in Fig. 2.

This paper is organized as following: In
section 2, the proposed system is described,
such as system requirements, design principles,
user interface, and hardware introduction. In
section 3, the image alignment and wire region
extraction method are described. Also, the
method for center of wires determination, color
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analysis, and connector sequence is presented.
In section 4, evaluating performance to
demonstrate the accuracy, effectiveness of the
proposed method, true positive rate and their
outcomes are reported. Finally, section 5
presents the conclusions for the proposed
method, a summary of the work done as well
as the future works.

2. SYSTEM DESCRIPTION

The cable inspection system described in
this paper is designed to be checking the
difference in the color and number of wires
cables connector in industrial environment.
Thus, the authors need to design the
workspace system like industrial environment
with artificial light in order to minimize noise
factors from natural environment.

2.1 Design requirements

e The system must be compact and simple,
suitable for study and research.

e Easy to replace, upgrade and maintain
regularly.

e The workspace must be isolated in order
to minimize the noise sources.

e The user interface must be simple, easy to
understand and fully functional.

2.2 System requirements

The inspection system must be able to
check whether test object is correct with sample
object or not. Also, the system must have
capability of operating in real time, they are able
to check the production without affecting the
production process speed. Besides, they must
be of high reliability and should be able to
handle a number of different situation:

e The wires are bent and overlapped.

e The connector parts can be different in
size and color. It depends on the specific
product.

e Wires can appear at any position on the
working plane.

e The connector parts can appear both
obverse and reverse randomly.

(@ (b)
Figure 1. Electric cable. (a) is obverse and
(b) is reverse of cable

Sample image Test image
acquisition acquisition
Wire region Wire region

extraction extraction
analyze the analyze the
parameter of parameter of
wires wires

Do the number of
wires match?

Do the color of
wires match?

v

Determine correct
wire color

Determine incorrect
wire color

Figure 2. The overall proposed scheme for
colored wires inspection.
2.3 Introduce the system
2.3.1 Box

The half-closed box are made by cardboard,
as shown in Fig. 3. White color shade tape is
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placed inside the box in order to increase the
amount of reflection. Besides, white color rarely
presents in the electric wire color.

2.3.2 Camera

Light led

Workspace

DC supply power

Figure 3. Hardware system

As usual, original image is acquired by
camera. But this model is just used for study,
research. So, The authors replaced camera by
webcam Bluelover S11.The webcam is fixed
on top of the box, at a height of 120 mm to
the working plane.

2.3.3 Led bar

In industrial visual inspection, light control
is very common, and lighting is therefore part of
the system itself. Choices at this stage strongly

influence the image quality and the system
performance and should be made in order to
minimize the noise sources. The products are
lighted by 12 white lighting sources (1W
LuxeonLeds). The light system is fixed on the
top of the box, at a height of 120mm to the
working plane andemits white light.

2.4 Graphic user interface

Graphic of this system is carefully
designed to provide a functional controller
fully, as shown in Fig.4. At the beginning of
a new production, the GUI starts in the
learning mode. At this phase, the GUI
requests inserting the sample and test objec,
then the system will automatically analyze
parameter of sample and test object. After
that, the GUI switches to the inspection mode.
First, the system carefully checks the number
of wires and checks whether there are
absence of empty slots in the connector, then
checks color sequence.

3. ALGORITHM

All the solfware for this visual
inspection is developed in C++ and is based
on the OpenCV and OpenNI2 library [9] for
data structures and classes, color conversion,
and image processing algorithms.

s ot
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Figure 4. Graphic user interface.
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The algirithm of this system can be
summarized into four main steps: first,
connectors are detected and located, then wire
regions can be extracted. Second, the method
for center of wires determination is proposed.
Third, color analysis of wires is also described.
Fourth, color comparison and connector
sequence are presented. All the steps will be
described in detail in the following.

3.1 Connector detection and wire region
extraction

In this kind of system, the connector parts
can be appeared in the arbitrary positions. In

® Q)] (k) ® . .
order of dealing with bent and overlapped
Figure 5. Wire identification at various wires, the authors need to detect the connector
steps: (a) is original image. (b) is converted  part, then extract the wires region where
to gray image. (c) is converted to B&W locate closely the connector parts.

image from RGB. (d) is canny image. (e) is
Hough Transform image. (f) is rotated image.
(9) is converted to B&W image. (h) is regions
of interest. (i) is holes filling. (j) is calculate
and eliminate incorrect zone. (k) is result of
detection and rectification. (I) isExtracted the ~ Gray=0.2989*R+0.5870*G+0.1140*B (1)
wires region (Region of Interest). e SESNE .

_uz’nuununjr TEREEEE
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Firstly, rotating the input image
processing: The color image of sample is
converted to gray scale image by using the
weight factors for each channel as:

Figure 6. The Rol exploited for wire
segmentation.

I

(T

(@) (b) (c)
Figure 8. ROI rectification result: (a) is gray
scale image, (b) is normalize filter image, (c)

is black and white image.

(a) (b)

Figure 7. Rol rectification result: (a) is wire
region image and (b) is wire region image
was resized. Figure 9. Gray-level histogram of each wire.
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Where R, G, and B are the intensity value
of Red, Green and Blue channel of original
image respectively. The result is shown in
Fig.5(b). The black and white image are
obtained from the gray scale by using the
global adaptive threshold (Otsu method) [10].
As shown in Fig.5(c). Using canny algorithm
to detect edge of object. As shown in Fig.5(d).
Then, using Hough Transform method [11] to
detect the longer edges of connector part and
utilize as the features of connector part to
detect two peaks of longer edges. Then the tilt
angle is calculated and then rotate original
image to vertical direction. The result is
shown in Fig.5(f).

Secondly, connector parts detection
processing: The color image is converted to
gray scale images. Then, the gray image is
converted to black and white images using
Threshold (Otsu method). The result is
shown in Fig.5(g). The criterion for
connector part detection is the number of
connectivity pixel. The large region of the
connected pixel is selected as the regions of
cable connector part. The result is shown in
Fig.5(h). Then the hole filling result is shown
in Fig.5(i). According to the feature of height
and width of connector parts, the authors can
detect connector part exactly. The result is
shown in Fig.5(j) and Fig.5(k).

Thirdly, extracting the wires region
processing that is region very close to the
connectors. Thus, effects due to bending or
overlapping are reduced. As shown in Fig
5(1). And Fig 6.The similar processing are
also applied for the test image.

3.2 Wires identification

Wires are distinguished from
background based on their gray value. Due to
the effects of uneven illumination, the noise
and reflections in the other area are different.
Therefore, the equalization processing is

implemented. As it can be seen in that
analysis, The authors use GaussianBlur and
MedianBlur filter to smooth an original
image. To be easy to observe and visualize
by human vision, the image (3x290) pixel is
resized to (200x500) pixel, as shown in
Fig.7.The color image is then converted to
grayscale image. The result is shown in
Fig.8a. Then the gray image is converted to
black and while image using Otsu method
after using Normalize filter to improve the
contrast of image. The results are shown in
Fig 8(b) and Fig 8(c).The gray-level
histogram of vertical scan lines of ROl image
is shown in Fig. 9.As you can see, there is a
wire at each peak of the gray-level histogram.
By this way, the authors can correctly
determine the single wire.

3.3 Color inspection

The most important thing the authors
need to notice when extracting color is to
minimize noise factor. In theory, noise factor
usually appears while storing and transfering
process. But in this case, source of the noise
factor consists of two main reasons: first, the
model is self-designing with half-closed box.
Thus, the effect of natural environment is
really strong.

Second, the limitations of this system are
camera and lighting system. Because of the
shortage of capital. The authors install a
basic webcam which is cheaper than
dedicated camera. Thus, the original image
affected by noise is very strong. They can
affect a high number of the pixels composing
a wire. To cope with such high noise levels, it
is necessary to develop an algorithm that is
specific to the problem of wire color
detection. All the steps will be described in
detail in the following.

Firstly, the Gaussian filter with
dimensions 9x9 pixels is applied as the
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pre-process in both images to smooth the
intensity cause by the glare phenomenon.
The result of gray conversion and filtered
Images is shown in Fig. 8a.

Secondly, the filtered image is then
transformed into the Hue Saturation Value
(HSV) color space. As explained before, the
noise factor effects in random wires region,
this often occurs because of the uneven
illumination. Our solution is that each wire is
not analyzed as a whole, but it is divided into
horizontal bins. The size of bin is 1x1 pixel.
So, the total number of bin is 200 on the wire
region dimensions 200x500 pixels. This
restricts the effect of noise to a small portion
of the analyzed region. Each bin is analyzed
into the H, S and V channels and the mean
value of H, S and V channels of each wire is
calculated and saved. The parameter of each
wire will be saved into separated row. So the
sample has 15 wires and the authors have 15
rows equivalently. The system uses this result
to compare between sample image and test
image.The similar processing are also
applied for the test image.

3.4 Wire comparison

First, the system will compare the
number of wires of test object with the
reference. If thenumber of wires of test
object is different from the reference, the
system will show the result and the position
of wires where is non-connected. Color wire
inspection is triggered when the number of
wires of the test image is equal to the number
of wires of a sample image. Each wire in
sample image and test image is compared in
turn. The authors use the static threshold sets
( L_Thy, H_Thu; L_Ths, H_Ths; L_Thy,
H_Thyv ). Three Thresholds are defined:

AH = |Hsample - Htestl (2)
AS = |Ssample - Stestl (3)
AV = |Vsamp|e — Viest | (4)

Two colors A and B, are assumed to be
equivalent if their components satisfy at
leasttwo out of three following criterion:

L Tha< AH< H_Thy (5)
L Ths< AS< H_Ths (6)
L Thv< AV< H_Thy (7

Wherein values of L_Thy, H_Thy; L _Ths,
H_Ths; L_Thy H_Thy are determined based
on the experiment.

In theory, the authors need to compare
only the value of H channel to evaluate
whether the test wires are correct with the
sample wires or not. Because each color in
HSV color space has a different value of H
channel, so the authors can use this feature to
inspect. However, in our system, the
disadvantage of hardware has much affected to
the inspection process. So, the accuracy when
using only value of H channel to determine
whether two colors are equivalent is not
reliable. That’s the reason why the authors use
both value of S and V channel to compare.

3.5 Connector sequencing

In the production phase, the obverse and
reverse of the connectors are appeared
arbitrarily, i.e., the model A has four wires,
labeled as: A={ab,c,d}. If A appears in
obverse, the label is A={a,b,c,d}. But if A
appears in reverse, the label is A={d,c,b,a}.
To cope with this problem, a connector
sequencing algorithm was developed.
Sequencing is performed by considering the
wires of the model, and matching them in the
sequence observed in the analyzed image.
For example, the test object B have four
wires, labeled as: B = {1,2,3,4}. The
sequence will set “a” as a reference to the
first wire of the image; the first wire of the
test model is then compared with the
reference, “a”. The comparison continues
considering the following wires, that is: 1
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will be compared to a, {2-b}, {3-c}, {4-d},..;
Then, the reference is reversed, that is: 1 will
be compared to d, {2-c}, {3-b}, {4-a},..
There are two cases are able to occur now: if
A and B are the same, one of the two
comparative cases is quite right, the GUI
notifies the user with a clear message “No
Data Error”. If A and B are different, both of
comparative cases are incorrect, the system
will consider which one is less incorrect than
the other, then show the result and the
position of the incorrect wires.

4. EXPERIMENTAL RESULTS

The system takes about 4 months to
design and finish, it has been tested in real
connector. Tests involved several different
connectors types and the number of wires
ranging from 2 to 20, Cables used for this
experiments  were very popular in
Vietnamese market.This system takes
approximately 4 seconds to check and report
the result.The system is evaluated by
accuracy (ACC) and true positive rate (TPR)

standard. This proposed method are

described as follows:

ACC = TP+TN (8)
TP+TN +FP +FN

TPR=—'" ©)
TP +FN

where TP is true positive, which is
defined as the order of wires on products are
correct compare with the reference and the
system detected correctly. TN is true negative
i.e., the products exist defect, and the failure is
correctly classified by the system. FP is false
positives and FN is false negatives, i.e., The
order of colors on the product is correct but
the system detects as the failure and the last
case happens when the inspection system does
not recognize a defect and classifies the part
as good, while a defect is actually present. The
algorithm was tested on 150 positive samples

and 150 negative samples of every 5-wire
connector type, 15-wire connector type, and
20-connector type. Results obtained during
the testing phase in terms of TP and TN are
summarized in Table I, while in Table 1l the
values of accuracy and and true positive rate
are reported. The accuracy is sensitive to
lighting condition because the half-closed box
is used in these experiments. The background
color and the glare of image strongly affected
to the final results.

Table 1. True positive( TP) and True
Negatives(TN) over the total number of
analyzed connectors.

TP TN
5-wire connector | 146 144
15-wire connector | 141 137
20-wire connector | 138 132
Total 150 150

Table 2. System performance evaluation using

ACC and TPR.
ACC TPR
5-wire connector 96.66% | 97.33%
15-wire connector | 92.66% | 94%
20-wireconnector 90% 92%

5. CONCLUSION

A system for automatic visual inspection
for colored wires connector cables was
presented in this paper. Cardinal factors
affecting the productivity of automated
inspection system are discussed and related
to the literature in the field. The proposed
method and experiments showed that even
the connector parts are appeared arbitrarily in
the working plane but the detection of
connector parts, rectification and image
alignment can transform the images to
standard form correctly for the further
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processes. The system can deal with the
typical situations of a real-world scenario:
wires that overlap and wires made of
different materials. Illumination issues like
highlights and shadows are also handled. The
other advantage of this proposed method is
the robustness of wire position detection and
wire patches extraction even that the cable
wires are displacement and deformable in the
real experiments. The accuracy of the
proposed method is high even the
experiments were carried out on the different
type of connector cables under different
lighting condition affected to product in the
half-closed box.

The main sources of error come from
two main factors: strong noise on the
observed wires, which make it almost
impossible to determine the wire color

precisely, and uneven illumination conditions.

These problems could be solved if the
hardware were more professional,i.e.,
installing filtering lenses into camera can
acquired the image which can avoid the glare
of wires. Moreover, the resolution of
acquired image is also better.

In order to carry out to the real
application, the system should be decreased
time consuming for processing. The sources
of time consuming come from two main
factors: the processing time for detect
connector part and color analysis. The
authors proposed two methods to solve this
problem. First, hardware should be designed
more professional with saturated lighting
system, dedicated camera,...The acquired
imagewould  bemore  resolution  and
minimize noise factors from natural
environment. Thus, the authors can rapidly
get the result without preprocessing steps.
Second, designing an automatic system
toinsert cables into a workspace. By this
way, the connector parts is appeared at the
same position in the working plane. So the
authors don’t need to detect connector parts
before analyzing the color.

The limitations in the current system are
that it can’t work with electric wires have a
color very similar to the background. The
proposed method is replacing the background
color by the other bright color which is
different from products color.
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