
  

 

1 INTRODUCTION 
Gluing is widely applied to obtain the tightness in manu-
facturing industry, especially in engine assembly. Glue 
line’s quality has a great impact on the engine quality. 
Firstly, engine oil might leak out via the breakpoints of 
glue line. Secondly, insufficient glue may cause the loss of 
tightness in long term. Thirdly, excess glue probably has 
two problems. One problem is that the glue dropping into 
the engine case may cause the machine fault unexpectedly. 
The other problem is the waste of glue, which increases 
the cost. Many researchers concentrated on checking the 
glue line’s connectivity. Tang et al. proposed an algorithm 
to detect the breakpoints via extracting the skeleton of the 
glue line and searching the endpoints of the skeleton [1]. 
Chen et al. judged the connectivity of the glue line by 
comparing the current region of interest (ROI) image with 
the standard models [2]. Template matching technique was 
applied to detect the defects of the glue line in [3]. The 
defects were classified into three classes and the correla-
tion values between templates and source images were 
computed to decide the type of defects [3]. Some other 
papers were concentrated on weld quality inspection 
which was similar to the glue line inspection. Li et al. dealt 
with weld bead and defect by laser structured light [4]. 
However, little work is focused on the width estimation of 
the glue line in engine assembly. Vision based glue line 
inspection is a low cost solution to the ability of engine 
quality control. Epshtein et al. presented a novel algorithm 
to estimate the stoke width in natural scene by scanning 
twice and computing the distance between the edges in 
gradient direction. The width of the stroke is determined 
by the smaller one of the two distances [5]. In [6], Radon 
transform was involved in estimating the centerline and 
width of roads and streets in remote sensing images. The 
centerline of the road was extracted through progressive 
probabilistic Hough transform (PPHT) to reduce the time 
cost [7]. But those methods are only suitable for straight 
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line and invalid for curves. In [8], a method was presented 
to calculate the width of blood vessel. Firstly, the skeleton 
was obtained by applying morphologic thinning algorithm 
on binary vessel image. The skeleton and edges of vessel 
were fitted through cubic polynomial interpolation. Finally, 
the vessel’s width was obtained by computing the distance 
of a couple of points which were actually the intersections 
of the centerline’s normal and edges. However, the method 
in [8] is suitable for the objects with little variation in 
width. 
The rest of the paper is organized as follows. The section 2 
is a brief description of the hardware platform and gluing 
process. In section 3, the centerline and contour extraction 
algorithms are described. A novel algorithm is proposed to 
obtain the width of glue line in section 4. Experimental 
results are given in section 5, showing the effectiveness of 
the algorithm. Finally, the paper is concluded in section 6. 

2 PLATFORM DESCRIPTION AND GLU-
ING PROCESS 

The gluing and inspection platform consists of a gluing 
subsystem and a planar vision based inspection subsystem, 
as shown in Fig. 1. The gluing subsystem is made of a glue 
gun, a delivery tray with two mechanical buttons on the 
linear guide rails for carrying the oil sump adapter to the 
specified position, a two degrees of freedom (DOF) Carte-
sian robot for controlling the motion of the glue gun, 
proximity sensors mounted on the linear guide rails for 
acquiring the motion state, a programmable logic control-
ler (PLC) for capturing the motion status and controlling 
the gluing process. When the gluing subsystem is working, 
the oil sump adapter on the delivery tray is transferred to 
the gluing workstation. Two mechanical buttons on the 
delivery tray are pressed down by the adapter if it is placed 
in correct position and orientation. Before gluing, it must 
be ensured that the adapter is in the correct position of the 
linear guide rails. The positioning process contains two 
steps. Firstly, the proximity sensors detect the delivery 
tray’s arrival. Then the PLC controls two pneumatic lo-
cating pins to stick into the screw holes on the adapter. 
This operation ensures that the delivery tray won’t slide on 
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the guide rails when gluing. The sealant is sent to the glue 
gun from the sealant barrel by a pneumatic glue pump. 
The PLC controls the spurt of sealant via the pneumatic 
valve while the robot is moving along the planned track at 
the planned speed. The planar vision based inspection 
subsystem consists of two cameras with high resolution, a 
linear light source and an industrial personal computer 
(IPC). Each of the cameras captures the image of the half 
of oil sump adapter. The linear light source is mounted to 
provide necessary illumination for the vision system. The 
IPC is used to execute the glue line quality inspection pro-
gram. After gluing, the cameras begin to capture the glue 
line image. The inspection algorithm is executed to esti-
mate the width of glue line based on the image and decides 
whether the glue line is satisfying or not. 
 

 
Fig 1. Gluing and inspection platform. 
 

The captured images are given in Fig. 2. Fig. 2(a) and 2(c) 
are the left and right half of oil sump adapter respectively 
after gluing. Fig. 2(b) is the enlarged image of the block in 
Fig. 2(a). The sealant is coated on the contact surface 
which is called gluing surface. The gluing path is planned 
to bypass the screw holes. The brightness varies in differ-
ent parts of the image because of the unbalanced external 
illumination and linear light source. As can be seen from 
Fig. 2, there exists stain on the adapter, which could be 
glue chipping or ink. And there is high light stripe on the 
glue line because of reflection. Both of the stain and strip 
could potentially affect the precision of width estimation, 
which should be taken into consideration. 
The width estimation process is summarized to three steps: 
image preprocessing and binarization, centerline and con-
tour extraction, feature extraction and width calculation. 
Fig.3 is the flow chart of width estimation algorithm. In 
the image preprocessing step, the enhancement and histo-
gram equalization algorithms are applied to increase the 
contrast of glue line and adapter. The ROI is determined 
using a well-designed mask to filter out most of the back-
ground, which is the belt area based on the gluing track. 
Noise elimination operation is involved to filter out the 
small and sporadic noises. So the binary glue line image 
without noises is given after image preprocessing step. In 
the centerline and contour extraction step, the binary glue 
line is thinned to one pixel width, regarded as the center-
line of the glue line. Eight-neighborhood based con-

tour-finding algorithm is used to extract the contours of 
the binary glue line image. The width estimation method 
proposed in this paper is based on the centerline and con-
tours. In the glue line width estimation step, measuring 
position on the centerline is firstly chosen. The centerline 
is fitted using quadratic curve in part. Same with the cen-
terline, two contours are partially fitted based on the inter-
sections of the fitted centerline’s normal and the contours. 
The distance of the intersections of the fitted centerline 
and two fitted contours is regarded as the glue line width 
at the measuring position. Details of the algorithm will be 
interpreted in section 3. 
 

 
(a) 

 
(b) 

 
(c) 

Fig 2. The adapter image after gluing. (a) The image of left half adapter, 
(b) The enlarged image of a small area in (a), (c) The image of right half 
adapter. 
 

3 EXTRACTION OF THE CONTOUR AND 
CENTERLINE 

3.1  Image Preprocessing 

The original image is shown as Fig. 2(a) and Fig. 2(c). Its 
size is 19442592 pixels. LoG (Laplace of Gaussian) op-
erator is applied on the original image to reduce the ran-
dom noise and sharpen the edges to improve the signal to 
noise ratio. 
Because of the unbalanced light condition, the parts of 
glue line with same width will show different measuring 
results. The darker the background is, the larger the meas-
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ured width of the glue line is. The histogram equalization 
algorithm is applied on the image, and the grayscale values 
are stretched according to the cumulative distribution of 
histogram. 
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Fig 3. Glue line width estimation process. 
 

It’s necessary to separate the foreground from background. 
Considering that the light condition changes from morning 
to evening, we need an adaptive algorithm to get the opti-
mal threshold for binarization. Otsu’s algorithm is widely 
used to achieve the threshold, which is introduced for 
convenience as follows. The pixels of the image block are 
separated into two sets. One is the set A with pixels whose 
gray scale values are less than threshold T while the other 
set B has the pixels whose gray scale values are greater 
than T. The objective function of Otsu’s algorithm is to 
maximizing the interclass variance of foreground and 
background, which means minimizing the misclassifica-
tion rate [8]. 
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Where M×N is the scale of the block, g is interclass vari-
ances, N1, N2 are the amount of the pixels whose gray val-
ue is greater than and less than T respectively, 1 and 2 

are the proportion of pixels, µ1 and µ2 are the average gray 
values of the pixels in two sets, µ is the average gray value 
of all pixels. 
From equation (1) to equation (6), g could be simplified to 
the form 

2
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Since 1, 2, µ1, µ2 are all the function of Tg is decided 
only by T. The histogram of each block is computed at the 
first step then each T is traversed to decide the max value 

of the interclass variance g, then the corresponding T is 
returned as the threshold of binary image 
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Where I(x, y) is the pixel’s grayscale on original image at 
(x, y). Ib(x, y) is the pixel’s value on binary image at (x, y). 
Tmax is the threshold of the Otsu’s binarization algorithm. 
The pixels are regarded as a part of glue line if its gray-
scale value is 1. 
When gluing, the positions of different adapters on the 
guide rails are same because the adapters are fixed on the 
guide rails by two positioning pins, as interpreted in sec-
tion II. Additionally, the gluing track and cameras are rela-
tively static to the guide rails. So the positions of different 
glue line in the images are same. Based on the truth, a 
well-designed mask is applied to the binary image to ex-
tract the binary glue line. The mask is designed with the 
proper width so that even the thickest part of glue line can 
be fully extracted and the background can be separated as 
much as possible. 
The output of thresholding algorithm may contain some 
small white patches caused by dark stains and black spots 
and strips caused by the reflection of light on the white 
binary glue line. The white patches are wrongly identified 
as part of the glue line, which are false-positive. The black 
spots and strips are wrongly identified as the background, 
which are false-negative. Those interferences have a nega-
tive influence on the measuring accuracy. Two methods 
are introduced to solve this problem. Firstly, the patch 
whose area is smaller than 200 pixels is filtered out. This 
operation can eliminate the noises caused by dark stains. 
Secondly, the black holes in the binary glue line are re-
placed with white pixels. This operation can filter out the 
noises caused by the reflection of the light. 

3.2 Binary Image Thinning and Centerline Extraction 

A. Contour Finding 
The aim of the contour finding is to extract the edges of 
the binary glue line image. 8-neighbor method is used to 
judge whether a point is an edge point or not. The contours 
are stored in contour tree, each node of whom represents a 
contour and every contour is represented by Freeman 
chain code. The contours whose length is less than 20 pix-
els would be considered as noise caused by stain and re-
moved from binary image. And the rest will be kept for 
width estimation. 
B. Centerline Extraction based on Skeletonization 
The centerline of symmetrical straight line is easy to be 
defined while it’s hard to exactly define the centerline of 
the unsymmetrical crooked curves. So the skeleton of the 
binary glue line’s image is a fine approximation of the 
centerline. 
The branches are also extracted in the centerline extraction 
based on skeletonization. Those branches usually appear 
on the sections where the glue line has unsymmetrical 
width. There are spurs on the glue line edges because of 



  

the unbefitting parameter of Gaussian filter in LoG opera-
tor and the section contains breakpoints. The points on the 
branches should not be considered as a part of the center-
line. In our application, the skeleton could be regarded as a 
tree. And the pixels of skeleton could be separated into 
three types. The first type is the pixels which have only 
one neighbor and are treated as leaf nodes. The second 
type is the pixels which have two neighbors and are treated 
as a part of the tree’s edge. The third type is the pixels 
which have three or more neighbors and are treated as the 
none-leaf nodes. Once the root of the tree is determined 
the whole tree is explicit. It’s better to select the root node 
elaborately from the non-leaf nodes so that the tree could 
be as balance as possible and the recursion depth of the 
centerline finding algorithm could be decreased observa-
bly. The longest path among the leaf nodes is regarded as 
the centerline. All pixels of the longest path, including leaf, 
none-leaf nodes and edge nodes are reserved. Other pixels 
are set to zero. 
 

 
Fig 4. Image preprocessing results. (a) The original image. (b) The LoG 
operator result. (c) The image after enhancement and histogram equaliza-
tion. (d) Binary mask. (e) ROI selection result. (f) Binary glue line. 

 

4 GLUE LINE WIDTH MEASUREMENT 

The width is one of the most effective indictor for judging 
whether the glue line is qualified or not. In this paper, a 
new width definition of glue line is proposed. The width 
definition is based on the centerline of the glue line’s bi-
nary image. Marchand-Maille et al. presented a model for 
extracting the centerline of the ribbon-like no branching 
line. The centerline is constructed by the center points of 
the binary lines’ inscribed circles any of which is not cov-
ered by other inscribed circles [9]. 
To improve the accuracy of width estimation, quadratic 
polynomial is applied to fit the skeleton and contours. The 
down sampling process is done on the skeleton to pick out 
the pixels {S1, S2… Sn} as the measuring positions. The 
down sampling rate is depended on the interval of width 
measurement. The bigger the sampling rate is, the smaller 
the interval between two measuring positions on the cen-
terline is. For every Si, its k adjacent pixels on centerline 
are used for curve fitting. 

 
Fig 5. Centline and contour extraction result. (a) Glue line contours. (b) 
Skeleton extraction result. (c) Centerline of glue line. 

4.1 The glue line width 

The glue line width definition is introduced before width 
estimation algorithm is proposed. It should be defined as 
close to the human’s measurement habits as possible. In 
this paper, the glue line width is defined with its centerline 
and contours. The distance between the intersections of the 
contours and the centerline’s perpendicular line is defined 
as the width. Fig. 6 is the schematic diagram of the glue 
line width measurement. The dashed line is the centerline 
of the glue line. The two solid lines are the glue line’s 
contours. The base point of the measurement, which is 
also called measuring position, is selected on the center-
line. C1, C2 and C3 on the centerline are chosen as meas-
uring positions. A1B1, A2B2, A3B3 are the normal of the 
centerline via C1, C2, C3 respectively. As what human usu-
ally do, the two intersections between normal and two 
contours are treated as measuring points, so the distance 
between two intersections is regarded as the width at the 
measuring position. For example, the lengths of line seg-
ments A1B1, A2B2, A3B3 are the glue line widths at C1, C2, 
and C3 respectively on the Fig. 6. There are three kinds of 
glue line. The first kind of glue line is smooth and straight 
with constant width, which is ideal for gluing. The second 
kind of glue line is straight but its width varies everywhere. 
This usually occurs when the air supply pressure fluctuates. 
The third kind of glue line is curved with constant width. 
The curved glue line is usually around the screw holes and 
on the corners of the adapter. Because of the isotropic 
property of glue gun nozzle and sealant, the glue line is 
symmetrical. So the centerline segment can be regarded as 
the approximation of the axis of symmetry and the width 
definition of glue line based on the axis of symmetry con-
forms to the measuring habits. 

 
Fig 6. The schematic diagram of glue line width measurement. 
 

4.2 Curve fitting 

The width of glue line is estimated with a given interval 
since the glue line is smooth. The centerline and contours 
are divided into many small curve segments according to 

(a) (b) (c)

(e)(d) (f)
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the interval. For each segment, it can be fitted with quad-
ratic curve. For convenience of the curve expression, an 
auxiliary coordinates is dynamically established. The cen-
ter of two endpoints of a segment is defined as the origin 
of the auxiliary coordinates. Its X-axis is in the direction 
from one endpoint to the other. Its Y-axis is the perpendic-
ular to the X-axis. The segment after coordinate transform 
is satisfied to the two-order polynomial 

2
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Where a0, a1 and a2 are the parameters of the quadratic 
curve. 
The formula (10) is rewritten in matrix form 
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The parameters a0, a1 and a2 can be solved using least 
square method. 
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The derivative of (10) describes the variation of y relative 
to x. Its equation is given in (13). It is the tangent’s slope 
of the curve. The normal direction for any points on the 
curve segment is obtained as (2a2x+a1, -1). 

122/ axadxdy                  (13) 

The centerline is firstly fitted using the method above. Its 
normal vector at the measuring position is computed ac-
cording to (13). Then the intersections of the normal vec-
tor at the measuring position and two contours are 
searched, which are taken as the key points on two con-
tours. Based on the key points, the segments on two con-
tours are determined. Then two curve segments on two 
contours are fitted using the method above. 

4.3 Glue Line’s Width Measurement 

The line equation formed from the normal vector at the 
measuring position is given as equation (14). Since the 
normal and the tangent of the fitted centerline are orthog-
onal, the expression of the normal can be obtained ac-
cording to the direction vector of the tangent of centerline 
curve at measuring position 

2 1(2 ) 0a x a x y c                (14) 

Where c is the line’s parameter. It can be computed using 
the coordinates of measuring position. 
Fig. 7 shows one measurement result of the straight glue 
line segment and curved glue line segment respectively. 
The diamond markers on the centerlines are the measuring 
positions. 10 pixels on the both sides of the measuring 
position are selected for centerline’s curve fitting. The 
in-between curve segments in images are the fitted curve 
segments of centerlines. With the centerline’s expression, 
the equation of the normal is calculated using equation 
(14). Intersection pixels are found following the normal. 
The diamond markers on the contours are the intersection 
pixels. Similar to the curve fitting of centerline, the con-
tours are fitted using 10 contour pixels on both sides near 
the intersection pixels. The curves segments on both sides 
are the fitted curves of glue line contours. Two intersec-

tions of the centerline’s normal and fitted contour seg-
ments are calculated. The local glue line contour is fitted 
by quadratic polynomial and two different intersections 
between the centerline’s normal and fitted contour are 
usually obtained. A reasonable solution is determining if 
the candidate intersection is interpolation point of the fit-
ted curve segment. But for the sake of simplifying the 
calculation, we choose the intersection which is closer to 
the measuring point. Once the intersections are obtained, 
the glue line’s width on the measuring point is equal to the 
Euclidean distance between the two intersections. 
 

 
Fig 7. Glue line width estimation results. (a) Width estimation at straight 
line. (b) Width estimation at curved line. 
 

5 EXPERIMENS AND RESULTS 

In this section, the width measurement algorithm proposed 
above was applied to the glue line images captured via 
both left and right cameras. The glue line width was got at 
every 40 pixels on the centerline and 10 pixels on both 
sides of the measuring pixel were involved in quadratic 
curve fitting. 150 width measurement results were ob-
tained in both left and right part of glue line images. In 
order to evaluate the measurement results, we needed to 
get the true values of the glue line widths. So we artifi-
cially measured the glue line width at the same measuring 
position and the result was considered as the true width. 
The experimental results are shown in Fig. 8. Fig. 8(a) and 
Fig. 8(d) are the results of measured widths and true 
widths. It shows that the measured results fit the true 
widths well. Fig. 8(b) and Fig. 8(e) are errors at the meas-
uring positions. The measurement error range is between 
-0.40mm ~ +0.40mm. Fig. 8(c) and Fig. 8(f) are the histo-
gram of measurement error. The measurement errors con-
form to normal distribution. 

6 CONCLUSION 

In this paper, a new method is proposed to calculate the 
glue line width for engine oil sump assembly. The original 
image is enhanced to reduce the noises and enlarge the 
contrast. Histogram equalization is involved to eliminate 
the unbalanced illumination of the image. An adaptive 
binarization method is used to get the binary image of the 
glue line. Stains on adapter and reflection of light on the 
glue line are considered and removed using morphological 
methods. The centerline of the binary glue line image is 
extracted using skeletonization algorithm and the branches 
of the skeleton are removed. The glue line contour is ex-
tracted using contour-finding algorithm. The centerline 
and the contours are locally fitted using quadratic curve to 
improve the measuring accuracy. The distance between the 
intersections of the centerline’s normal and contours is 
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regarded as the glue line width at the measuring position. 
Finally, the experiment results show that the accuracy of 
the algorithm is acceptable. In the future, the subpixel 

edge detection method will be used to improve the preci-
sion of the algorithm. 

 
Fig 8. Experiment results. (a) The measuring result of left part of glue line. (b) The error of the left part of glue line. (c) The error histogram of the left 
part of glue line. (d) The measuring result of right part of glue line. (e) The error of the right part of glue line. (f) The error histogram of the right part of 
glue line. 

REFERENCES

[1] D. W. Tang, D. X. Zong, Z. Q. Deng, et al. An Application 
of Glue-robot Vision System, Robot (Chinese), vol.28, no.1, 
pp. 1-4, 2006. 

[2] S. Chen, M. Lin, A New Method for Automatic Quality 
Inspection of Glue-Line, International Conference on 
Information Engineering and Computer Scienc. pp.1-3, 
2009. 

[3] M. H. Harun, K. A. M. Annuar, et al. Application of defect 
detection in gluing line using shape-based matching 
approach, Proceeding of Mechanical Engineering Research 
Day 2015. pp. 83-84, 2015. 

[4] Y. Li, Q. L. Wang, Y. F. Li, D. Xu, M. Tan, On-line Visual 
Measurement and Inspection of Weld Bead Using 
Structured Light, IEEE International Instrumentation and 
Measurement Technology Conference. pp.2038-2043, 2008. 

[5] B. Epshtein, E.Ofek, Y.Wexler, Detecting text in natural 
scenes with stroke width transform, IEEE Conference on 
Computer Vision and Pattern Recognition, pp.2963-2970, 
2010. 

[6] Q. P. Zhang, I. Couloigner, Accurate Centerline Detection 
and Line Width Estimation of Thick Lines Using the Radon 
Transform, IEEE Transactions on Image Processing, Vol.16, 
No.2, pp.310-316, 2007 

[7] J. Z. Guan, Z. Y. Wang, X. C. Yao, A new approach for 
road centerlines extraction and width estimation, IEEE 10th 
International Conference on Signal Processing, 2010, 
pp.924-927, 2010. 

[8] N. Otsu, A threshold selection method from gray-level 
histograms, IEEE Transactions on Systems, Man and 
Cybernetics, Vol.9, No.1, p. 62-66, 1975. 

[9] S. Marchand-Maillet, Y. M. Sharaiha, Skeleton location and 
evaluation based on local digital width in ribbon-like images. 
Pattern recognition , Vol.30, No.11, p. 1855-1865, 1997. 

(a) (b) (c) 

(d) (e) (f) 


