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Abstract—Machines for automated PCB depaneling have
greatly improved the industrial production efficiency of electronic
products. But the preparation for automated depaneling could
be very complex and time-consuming. In this paper, we propose
a novel systematic solution for this problem. Using a vision-
based assistant system, called ”Auto-Teaching”, all connection
tabs that should be milled off panels are detected automatically.
Highly accurate milling curves are generated with respect to
the geometry of the corresponding tabs. Then they could be
easily converted into CNC code which drive milling cutters later.
Moreover, placement suggestions of supporting pins used to fix
panels are obtained. All image analysis functions are implemented
in C++ and optimized to meet the minimal hardware and time
requirements. Thus the whole process of the preparation is
simplified for users and the PCB manufactures can benefit from
reduced idle running of machines and labor costs.

Keywords—PCB depaneling, vision, panoramic imaging, in-
dustrial image processing, morphological operation, thinning,
pruning.

I. INTRODUCTION

To increase the throughput of the PCB (printed circuit
board) production, PCBs are often designed to be connected
with each other via connection tabs to form clusters. These
clusters are so called “panels”. They have to be separated
later during the production process into single parts, or to
be “depaneled”. A part of a typical panel is illustrated in
Fig. 1. All connection tabs are marked with red ellipses.
Obviously, single PCBs can be obtained if the tabs are re-
moved. Nowadays, there are different machines for automated
PCB depaneling. The efficiency of the PCB production is
greatly improved by using them. But before starting any
automated depaneling, the machines have to be configured
and programed to depanel the PCB clusters. Conventionally,
in this preparation phase before depaneling all connection
tabs of the panels must be manually selected. Experienced
workers are then required for determining the best milling
curves with appropriate milling cutter size and converting
them into CNC (computer numerical control) code to drive
the milling cutter. Under the panels, there are supporting pins
which hold and fix the to be machined items. It is also a tedious
task for human to find suitable positions of these supporting
pins. The process described above is very complex and time-
consuming. Unfortunately, it is currently unavoidable and have
to be regularly carried out for small batch productions which
are dominant for small manufacturers.
Vision-based assistant systems have been employed in PCB

Fig. 1. Demo panel with connection tabs (in red ellipses)

manufacturing since decades. For example, AOI (automatic
optical inspection) is well researched and widely applied as
described in [1], [2] and [3]. They are mostly focused on
defects detection of printed circuits and specified for certain
known products. In the case of PCB depaneling, vision-based
assistant systems should firstly localize all connection tabs
for panels in various colors and forms, then generate the
best milling curves for the tabs with diverse geometry, finally
determine the positions of supporting pins to hold the items
stably - even during milling. To the best of our knowledge,
there is very little research in this area. Therefore, this is a
fairly new field of research.
In this paper, a novel systematic solution called “Auto-
Teaching” for simplifying and accelerating the preparation
of automated PCB depaneling is proposed. This vision-based
assistant system is consisting of two main parts: a digital
color camera and a 32-bit industrial computer (Intel Core 2
Duo 1.5G, 3G RAM), and is attached on a machine from
a European automation systems manufacturer for automated
PCB depaneling. Industrial computers are generally two gen-
erations behind normal PCs because of the certification of
their robustness in extreme environments and the supply of
the replacement parts. In consideration of the limited hardware
resources, the desired high accuracy of results (0.1mm for
variations of generated milling curves from ideal milling
trajectories) and the maximal panel area (500mm× 400mm)
, panoramic imaging and global-local processing strategy are
employed. Image tiles are taken for all local areas on a



Fig. 2. Work scenario

panel through comprehensive movements of the workpiece
carrier and the milling cutter where the camera is mounted.
They are then transferred to the industrial computer and
stitched together to form global view of the panel. Using
the panoramic images, users select some samples of different
areas - background, separable and inseparable areas on the
panel - subsequently. With help of the given samples, the
software on the computer is able to find all relevant connection
tabs globally and generate corresponding milling curves with
high accuracy locally. All generated milling curves can be
automatically converted into CNC code by an interpreter. After
a virtual depaneling, appropriate positions of supporting pins
are determined in this global-local manner again, so that they
are able to hold all separated items stably. The positions are
recorded by the machine and used for the supporting pins
placement. Up to now the machine is configured for the
panel and the automated depaneling can be carried out. Fig.
2 gives a simple illustration of the machine work scenario.
The workpiece carrier has one DOF (degree of freedom) for
moving along the y-axis. The milling cutter has two DOF
along the x- and z-axis. For the imaging and the depaneling,
all relevant positions of the panel with respect to the camera
and the milling cutter are reachable through proper motions
of the two active components. The accuracy of positioning
along all 3 axes can be specified up to 1µm. The magnetic
supporting pins are placed by the machine automatically on
the steel workpiece carrier to hold the panel.
The remainder of the paper is organized as follows: Section

II and III present the panoramic imaging and image analysis
respectively in detail. Experiment results are illustrated and
analyzed in Section IV. Conclusions of this paper are drawn
in Section V.

II. PANORAMIC IMAGING

The camera used here for imaging has a resolution of 2440×
2042 pixels. To achieve the desired accuracy of milling curves,
a single image from the camera is able to cover an area of no

more than 2000mm2 which is much smaller than the area of
a typical panel (200mm × 150mm ∼ 500mm × 400mm).
As a result of this, panoramic imaging becomes the necessary
means to get the global image of a panel despite the limited
field of view of the camera. The positions of all image tiles
are determined by regarding the valid size of the single image
and the size of the panel. Not the full image taken by the
camera can be used to construct a panoramic image. The
lens system presents non-negligible distortion on the edges
of each image. Normally, images must be undistorted before
any further processing. But the undistortion of images is time-
consuming and the resulted errors are increasing while the
positions of pixels are moving from the principle point to the
image edges. In order to reduce the computation time and the
errors, only the central areas of images are used as valid parts
without distortion. The camera on the milling cutter and the
workpiece carrier move along the x- and y-axis of the machine
respectively to gather all relevant image tiles for the panoramic
image. The valid areas of the image tiles are then stitched
together by using linear blending. The shutter of the camera
is set to be opened longer for poorly lighted areas and to be
opened shorter for well lighted, so that the inhomogeneity of
luminance caused by non-optimal lighting condition decreases.

III. IMAGE ANALYSIS

A. Two-Stage Processing Strategy

The maximal addressable memory for a thread on the 32-bit
industrial computer with the Windows-XP operation system is
less than 1.7GB. But the panoramic images themselves alone
can have sizes of this magnitude (∼1GB). Due to the limited
hardware resources and the potentially huge image sizes, it
is unrealistic to carry out any analysis directly on full-size
panel images. To solve this problem, a global-local two-stage
processing strategy is applied.
All operations can be divided into two groups: global and
local. Localization of connection tabs and determination of
coarse positions of supporting pins are, for instance, global
operations. In contrast, milling curves and accurate pins po-
sitions are locally generated. Correspondingly, images of two
different types are to be provided: global images with reduced
resolution and local images with full resolution. For all images,
they must have proper sizes, so that the image analysis
can be carried out without exceeding the limited memory.
Furthermore, no relevant information in global images may be
canceled through the resolution reduction. Important structures
in local images should be maintained by using suitable ROIs
(regions of interest). Additionally, it is to be kept in mind that
there is a trade-off between accuracy and efficiency. On the one
hand, if a higher accuracy is selected, a more time-consuming
image analysis process is unavoidable; on the other hand, if
only the time condition is well considered, the analysis results
may have an unsatisfying accuracy. Therefore, an optimal two-
stage processing strategy will always be considered in this
project.



B. Segmentation

In the panoramic image of a panel, background, separable
and inseparable areas are the three most important groups of
segments. Aside from connection tabs, there are also routed
slots between to be separated single PCBs. The surface of
the workpiece carrier can be partly imaged from the camera
through the slots and the boundary areas of the panel. These
visible surface areas in the image are defined as background.
On a panel, there could be conductive traces, diodes, capac-
itors, ICs and so on. They are the electronic components
building designed circuits and may not be damaged during
depaneling. Inseparable areas are then identified by these
components. Separable areas are the remaining part of the
panel without any electrical functionality. To detect relevant
connection tabs, the segmentation of the three different groups
of areas has to be achieved.
There are numerous algorithms of image segmentation pro-
posed for PCB inspections. In [4], Mar et al. presented an
approach to segment solder joints under different illumination
conditions. Wu et al. introduced how to segment electrodes
by using adaptive threshold based on local valley in [5].
Jian and Li described segmentation of foregrounds (electronic
components) by using iterative thresholding in [6]. They are
mostly focused on extraction of special features of PCBs. But
for the preparation of automated PCB depaneling, there is a
great variety of unknown panels with slots to be considered.
Panels are usually produced by manufacturers in diverse forms
and colors, then sent to other manufacturers by whom they will
be depaneled. Normally, no priori knowledge about the panels
is available for depaneling machines. To enable the “Auto-
Teaching” in spite of diversity of panels, some suggestions
from users become essential.
Due to the same reason for the two-stage processing strat-
egy, complex segmentation algorithms are not applicable and
thresholding approaches are preferred here for their practica-
bility. Users select a couple of samples of background, separa-
ble and inseparable areas respectively. These samples are then
used as references for the segmentation. Since the machine
is designed to obtain optimized manufacture in consideration
of production efficiency, cost, safety and room occupation, no
enough space is available on it for optimal camera installation
and lighting. Thus, the segmentation of different areas suffers
from suboptimal imaging conditions. Instead of thresholding
the gray values of pixels directly, two filters based on color
information are constructed to adjust the intensities of different
areas before the segmentation. For convenience, background,
separable and inseparable areas in a image I are denoted by
K,S and E and their samples by K̃, S̃ and Ẽ respectively.
Taking inhomogeneous lighting into account, the r, g, b values
of each pixel are normalized as follows

r′i =
ri

ri + gi + bi
, g′i =

gi
ri + gi + bi

, b′i =
bi

ri + gi + bi
, (1)

where ri, gi, bi are the three components of a pixel pi in
I and r′i, g

′
i, b
′
i are their normalized values. The mean val-

ues r̄′K̃ , ḡ′K̃ , b̄′K̃ , r̄′S̃ , ḡ′S̃ , b̄′S̃ , r̄′Ẽ , ḡ′Ẽ , b̄′Ẽ of the samples in

(a) RGB image (b) Gray image

(c) After filtering (d) After thresholding

Fig. 3. Segmentation of background

normalized r′, g′, b′ channels can be calculated subsequently.
The channels m and n are then determined by using

max
m

(m̄′K̃ − m̄′S̃) and max
n

(n̄′S̃ − n̄′Ẽ), (2)

where m,n ∈ {r, g, b}. The m channel is used by the one filter
H1 to increase the gray value difference between background
and inseparable areas, the n channel is used by the other one
H2 to increase the gray value difference between inseparable
and separable areas.
For the segmentation of background, if background is not well
lighted, the intensity of pi will be weighted by using the factor
(wi,m)λm , where wi,m > 1 , for pi ∈K

wi,m ≈ 1 , for pi ∈ S
wi,m unknown , for pi ∈ E

(3)

with wi,m = m′i / m̄
′
S̃ and λm results in desired distance

of gray values between background and separable areas. The
intensity of inseparable areas is not greatly changed in absolute
terms since they are opaque under bottom lighting and the gray
values are close to zero. If separable areas are over lighted,
the coefficient wi,m becomes m′i / m̄′K̃ , so that enough gray
value difference can still be maintained. Using the scale
factor (wi,m)λm , the filter H1 is able to adjust the intensities
correspondingly. The segmentation of background for a demo
panel is illustrated in Fig. 3. 3(a) and 3(b) are the rgb and gray
images. A global thresholding approach is not able to get the
correct segmentation directly. But with the aid of the filter H1,
as shown in 3(c), the thresholding is facilitated. Regarding
the samples of different areas, the panel is finally correctly
segmented in 3(d).

The other filter H2 is designed in a similar way for the
segmentation of separable and inseparable areas. The intensi-
ties of them are increased and reduced respectively. After the
cancellation of background, the left areas can also be correctly
segmented. K,S and E are available for further analysis.



C. Tab Detection

Between single PCBs in panels, there are not only connec-
tion tabs, but also slots. Slots are used for the detection of tabs,
for tabs can be localized by the end points of them. Several
features listed below will be used to identify slots in images:
• they belong to the segmented background;
• they can not be very tiny;
• they are connected with each other via separable areas;
• they are neither circular nor square.

The end points are defined as the ends of the skeletonized
slots which content the structural information and can be
obtained by applying the thinning operation. Most of current
thinning algorithms, for example those described in [7], use
global operations. This could be very time-consuming for
huge images with objects of different sizes and forms. To
accelerate the thinning operation, a modified approach based
on [8] is proposed. Instead of applying the thinning operation
to the whole image, single objects are identified in terms
of connected components at first, then they are processed
independently. For conventional approaches, the running time
is determined by the fattest objects in images. All other objects
and background have to be simultaneously checked until then
there is no more pixel to be removed for entire images,
even though their skeletons are already available just after
the first several iterations. In the modified approach, all found
connected components are saved in a list of to be processed
objects. The thinning operation of each object does not depend
on the pixels from the others. Therefore, every object can
be treated independently. They are then removed from the
list sequentially after they have been fully skeletonized. The
required processing time can be reduced by up to 85%.
Due to the sensitivity of the thinning operation to small
disturbances, some unexpected small branches may also be
created in the skeletons. To cancel these undesired branches,
a pruning operation is to be applied. The binarized image
with skeletonized slots (pixels of 1s) is denoted by Iss.
ep{I}, bp{I}, ff{I, Iseeds} and ao{I, s} are the morpholog-
ical operations of finding end points, finding branch points,
flood filling using given image Iseeds with seed points and
area opening with respect to minimal size s in a binary image
I respectively. An important image with intermediate results
is Iss,1 = Iss ∩ aug{bp{Iss}}, where aug{bp{Iss}} =
{(bp{Iss} ∗ G) 6= 0} and G is a 3 × 3 matrix of ones.
The image after the elimination of the augmented branch
points is Iss,2 = Iss \ Iss,1. The image with only branches is
Iss,3 = ff{Iss,2, ep{Iss}}. All branches less than given size
smin are canceled as follows Iss,4 = ao{Iss,3, (smin − 1)}
by considering the augmented branch points aug{bp{Iss}}.
Finally, the left branches are connected again via augmented
branch points and the branches of the length 1 are removed:

I ′ss = ((Iss,1 ∪ Iss,4) \ ep{Iss,1 ∪ Iss,4}) ∪ Iss,4, (4)

where I ′ss is the image with pruned skeletons.
Each pair of the end points builds a local ROI for the
corresponding tab. The two points must belong to different

slots and they are the nearest neighbors to each other. A
median filter is used to cancel some outliers with irregular
sizes of ROIs.

D. Milling Curve Generation

In contrast to global panoramic images, local image tiles
of tabs are processed with the full resolution. To improve
the accuracy of the segmentation in local regions, the active
contour algorithm described in [9] is employed. Smoothed
contours of different areas are also available by using this
algorithm. This is very critical for panels with roughly milled
slots edges.
Slots are the pre-milled areas; tabs are the break points of them
to keep all single PCBs connected and fixed stably in panels.
Thus, the necessary information for generating appropriate
milling curves can be obtained by analyzing the geometry of
the slots edges in local ROIs. Possible milling curves used for
depaneling are lines and arcs which can also be approximated
by compositions of small line segments. Having regard to this,
edges of the slots are decomposed into small line segments
satisfying the general line model

ax+ by + c = 0, (5)

where x, y are the pixel coordinates in images and a, b, c are
constants. The maximum error errmax of single points off
the line model, the mean error errmean and the ratio r of the
number of related points to the line segment length are the
three criteria used for the decomposition of edges. Given a
starting position in the chain code of the points on an edge,
points are joined to the current line segment sequentially as
long as the boundaries defined for errmax, errmean and r are
not exceeded. To avoid too many and too small segments, a
fusion of them is carried out iteratively for direct neighbors on
the edge. Accordingly, the restrictions of the three criteria are
slightly relaxed in the fusion process. Not all line segments are
relevant for the generation of milling curves, a segment which
can be used as a reference curve must fulfill the following
conditions:
• it can not be too short;
• the line model comes into contact with the other slot;
• there is another segment parallel to it and with a non-

negligible perpendicular displacement.
If no less than two such line segments are found, they will be
evaluated by using (5) and the general circle model

(x+ a′)
2

+ (y + b′)
2

+ c′ = 0, (6)

where a′, b′, c′ are constants. The most fitting models, lines or
circles, are the references for the generation of local milling
curves. If no enough valid line segments are available, all
segments of the local edges are fused iteratively according to
(6), then appropriate arcs are selected similarly to the former
procedure. They will be used to determine the milling curves
only in consideration of circle models.
In Fig. 4, two tabs in local regions with the full resolution are

illustrated. The blue and red lines in 4(a) and the blue and red



(a) Linear depaneling curves

(b) Arched depaneling curves

Fig. 4. Depaneling curves in local ROIs

arcs in 4(b) are the generated milling curves. The side lengths
of all yellow squares are 0.2mm, so it is obvious that the
desired accuracy of 0.1mm for milling curves is maintained.
The depaneling with respect to found milling curves has
to be carried out for each panel. Thus, it is worthwhile to
optimize the path traversal for the milling cutter. To simplify
the problem, all milling curves are represented by their middle
points. Then an undirected graph with euclidean distances is
obtained and the optimization of the traversal can be solved by
using numerous TSP (traveling salesman problem) algorithms.
The number of to be milled curves can be up to 400 for a single
panel. In this case, an exact solution of the TSP is inapplicable
due to its unacceptable computing time. In consideration of
the trade-off between the quality of the optimization and the
computing time, a TSP algorithm using non-crossing heuristic
is employed to provide satisfying results.

E. Supporting Pin Placement

For depaneling, the milling cutter must be inserted into
slots with a depth more than the thickness of the board to
ensure the separation of tabs. If panels are lying directly
on the workpiece carrier, then the surface of the workpiece
carrier will be damaged by the milling cutter. To protect the
machine from any damage during depaneling, supporting pins
are placed to hold panels in the air. A supporting pin can be
divided into three cylinders at the bottom, in the middle and
at the top of it respectively. An exemplary supporting pin is
illustrated in Fig. 5. The bottom cylinder with the radius Rb is
magnetic and used to fix the pin at the current position on the

Fig. 5. Supporting pin

surface of the workpiece carrier which is made out of steel.
The middle cylinder with the radius Rm is used to hold panels
to provide the necessary space between the workpiece carrier
and panels for safety. The top cylinder with the radius Rt is
used to fix panels and depaneled items during depaneling.
It is important to find a strategy to place supporting pins,
for there is a great variety of possible placements for each
panel. Most PCBs are rectangular; hence, inflection points on
the edges of the boards are good guidance for the searched
placement. After virtual depaneling in a binary panoramic
image (background: pixels of 0s, panels: pixels of 1s), the
outer contour of each single PCB is obtained by using the
flood filling operation with seeds points on the outer boundary
of the image iteratively. The processed boards are canceled
sequentially. All contours are decomposed into line segments
as described in the subsection D. Only the direct neighbors
which build an angle greater than φ and both have adequate
lengths can form valid inflection points. With respect to the
size of the related single board, maximal 4 inflection points
can be chosen for the supporting pins placement. Around
every selected inflection point, two supporting pins are to be
placed. They are searched in two opposite directions along
the corresponding line segments. Once the distance between
the two current candidates exceeds the value L1 h, where
L1 = 2(Rb+Rt)+Ls,1, h is the scale factor of the panoramic
image and Ls,1 is the user defined safety distance between two
bottom cylinders, the contact points of the two supporting pins
with the contour are determined. If no inflection point is found,
a circular or quasi-circular board is identified. Together four
contact points of pins will be placed symmetrically around
it. An occupation map is used to avoid collisions between
supporting pins and between supporting pins and the milling
cutter. All determined contact points are dilated sequentially
in the map to circles with a radius of L1 h. All milling
cutter trajectories are dilated simultaneously by L2 h, where
L2 = Rm + Rt + Rc + Ls,2, Rc is the radius of the milling
cutter and Ls,2 is the user defined safety distance between
middle cylinders and the milling cutter. The to be determined
contact points can only be placed in the left unoccupied map
areas.
In local ROIs of available contact points, accurate positions
of supporting pins can be obtained. Slots are dilated by Rt
at first, then their contours are extracted. The points on the
contours and nearest to the contact points are the searched
positions of supporting pins.



Fig. 6. Milling cutter trajectories (yellow lines), depaneling curves (red and
blue lines) and supporting pins (red circles)

IV. EXPERIMENT RESULTS

In Fig. 6, a part of the demo panel with generated milling
curves and placed supporting pins is presented. Besides the red
and blue milling curves, there are also yellow curves which
indicate the trajectories of the milling cutter during milling the
tabs. Regarding the widths of slots, a suitable milling cutter
is selected. The distances between the pairwise milling curves
and milling cutter trajectories are determined by the size of the
milling cutter. A supporting pin in the figure is represented by
three concentric circles with different radii - the small circle
for the top cylinder, the medium circle for the middle cylinder
and the big circle for the bottom cylinder. Around each vertex
of single PCBs, there are two supporting pins placed to hold
them stably. All supporting pins are well distributed and no
collisions are observed.

V. CONCLUSION

In this paper, a novel vision-based solution is proposed
to simplify and accelerate the configuration process of ma-
chines for automated PCB depaneling. In comparison to the
conventional process, users have only to select some samples
of different areas in images, then milling curves with high
accuracy as well as positions of supporting pins are generated
automatically. The required configuration time for a typical
panel is reduced to 10-15 minutes while a skilled worker
needs about half day to accomplish this. To make the solution
more applicable, all image analysis operations are optimized
for common industrial PCs. As a result, PCB manufacturers
can benefit from reduced idle running of machines and labor
costs.
Moreover, a modified thinning algorithm using connected
components is also proposed which can significantly accelerate
the desired operation.
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