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Abstract—Electronic devices are nowadays an integral part
of everyday life. The number of discarded electronic items has
grown significantly over the last years. Due to the amount of
precious materials used in the manufacturing of these devices
recycling of electronic devices is becoming more and more
important. Currently, the processes to regain some of these
precious materials such as gold, copper, scarce elements etc.
are not able to differentiate electronic waste according to its
material composition. To enhance these processes, as much
information as possible needs to be retrieved per electronic waste
item. In particular, information used for the classification of the
processed printed circuit boards (PCBs) is important as PCBs
are extensively used in electronic devices. One key aspect of this
classification process is the estimation of the orientation of the
PCBs in this process (e.g. on a conveyor belt).

In this paper typical properties of PCBs with respect to
orientation estimation are introduced and three different orien-
tation estimation algorithms are evaluated and discussed. These
approaches comprise the Hough transform, structure tensors
and orientation estimation via Fourier transform. Finally, all
presented algorithms are evaluated based on images of PCBs
with known orientation. The results indicate, that the Hough
transform yields the best results for completely visible PCBs while
structure tensors performed best on partially visible PCBs.

I. INTRODUCTION AND PREVIOUS WORK

Since several decades, electrical devices have been playing
an important role, first only in the ”Western” world, nowa-
days worldwide. Accordingly, the amount of disposed devices
(the so called waste of electrical and electronic equipment,
WEEE) rises every year. Printed circuit boards (PCBs) are
an integral component of many electrical devices. They carry
many precious elements such as gold, copper or rare earth
materials [1]. Nowadays, a great amount of PCBs on disposed
devices are still just burned or dumped in landfills, although
approaches to retrieve some of the bigger fractions such as
copper and gold in recycling processes are already available.
In a recycling process the PCBs have to be comminuted and
subsequently processed by pyrometallurgical and hydrometal-
lurgical extraction [2,3]. Currently, these processes are only
feasible and profitable for larger fractions of elements used in
PCBs. The concentration of e.g. rare earth elements in PCBs
is comparatively low (<1%).The main problem recyclers are
facing today is the lack of knowledge regarding the material
composition of the PCBs they encounter, as a minimum
preconcentration of certain elements is necessary to facilitate
more specialized recycling procedures [4]. To generate these
preconcentrates, the recyclers need to know where and in

which concentration precious materials are located on the
PCBs.

Therefore, the goal of an PCB analysis system is to identify
the materials used in PCBs and their concentration contained
in individual electronic components. With this information, a
subsequent recycling process can be optimized to extract most
of the desired elements, e.g. by separating certain parts of the
PCBs to upgrade the material stream. A camera system and
subsequent image processing are the core parts of the analysis
system. The idea is to analyze the camera data to recognize
certain electronic components which contain higher amounts
of a desired element (e.g. tantal capacitors). The concept of
the system can be seen in Figure 1.

An overview of the basic concepts for PCB recycling
systems is already given by Li [5]. However, the actual details
of the image processing components of the analysis system
remain unclear as only concepts such as template matching
and the general automatic optical inspection (AOI) are men-
tioned. A working prototype of an automated disassembly cell
for electronic equipment is described in [6]. The manually
extracted PCBs are first mounted on a frame and are then
transported through a recognition and a desoldering system.
Re-usable parts are desoldered using a laser and picked up by
robotic grippers. The recognition system is based on optical
character recognition and shape detection, but further details
regarding the implementation are not provided. Furthermore,
the mounting of PCBs on a frame is not feasible for high
throughput systems used in the recycling industry. Therefore,
the position and pose of PCBs on e.g. conveyor belts are
generally unknown beforehand.
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Fig. 1: System overview PCB recycling

Hence, prior to the actual analysis it is crucial to determine
the orientation of the PCBs. Subsequent analysis steps such
as template matching or optical character recognition rely



on a known orientation of the PCB. Also, for extracting
certain parts of the PCB their exact position and orientation is
required. In the case of overlapping PCBs on the conveyor belt,
their orientation can be used to distinguish between individual
PCBs. The context of the orientation estimation in the PCB
analysis system can be seen in Figure 2.
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Fig. 2: Context of the orientation estimation in the PCB
analysis system

Estimating the orientation of image structures is a problem
frequently encountered in image processing. Therefore, there
are several approaches available to detect orientations of
structures in images. One approach is to use the structure
tensor [7]–[9]. which is also applied in steerable filters [10].
Another approach facilitates the Fourier transform, e.g. for
measuring fiber orientation [11], fiber orientation in reinforced
concrete [12] or general texture orientation [13]. The Hough
transform is another well established algorithm for detecting
lines and more complicated geometries in images [14]. It
can also be utilized to detect the orientation or skew angle
of scanned pages [15,16]. To our knowledge there is no
PCB analysis system available yet that utilizes any of the
aforementioned orientation estimation algorithms.

The paper is structured as follows: In Section 2 the data
basis for this paper is introduced, Section 3 describes the
algorithms used for orientation estimation and the evaluation
method to assess the accuracy of the algorithms, and the results
of this evaluation are shown in Section 4. Finally, in Section 5
a conclusion is drawn.

II. SYSTEM AND IMAGE DATA

The basis for this paper is a system to simulate different
orientations of PCBs on e.g. conveyor belts. For this purpose,
a rig has been constructed consisting of a precise, automated
rotation table, a dome light and a color camera. The rotation
table was turned by a stepper motor controller with a step size
of about 6.5◦. The PCBs on the rotation table were illuminated
by a dome light with a diameter of 30 cm and white LEDs.
The employed camera was a Baumer TXG50c which produces
RGB images with a resolution of 5 megapixels.

Images were taken from 14 different PCBs. The PCBs
originated mainly from computer equipment (motherboards,
soundcards and graphiccards), but PCBs from networking and
telephone devices were also available. The PCBs were placed

on the rotation table and rotated with a maximum rotation
of 180◦. Images were taken at each position, i.e. each PCB
was pictured 27 times. These images together with the specific
rotation angles form the data basis for this paper.

III. METHOD

The key interest in determining the rotation of a PCB is to
find the orientation angle θ of the PCB’s coordinate system
(x’ and y’) in relation to the image coordinate system (x
and y) as shown in Figure 3. Many subsequent processing
steps of the PCB analysis system profit from this knowledge
about the PCB’s coordinate systems, e.g. template matching
algorithms will perform much faster when the orientation is
already known.

However, the exact direction of the PCB’s coordinate sys-
tem’s axes, i.e. the direction of the positive and negative part
of the axes, can be set arbitrarily as the PCBs normally do not
have an ”up” orientation with a normed origin. For this reason,
only rotations with θ ∈ [0◦ . . . 90◦] are of interest for this
paper. This means that all measured angles of the following
algorithms are mapped to this value range, i.e. multiples of
90◦ are subtracted or added until the value fits into this value
range.

Common PCBs often exhibit a rectangular shape which
causes noticeable edges on the camera images. Measuring the
orientation of these edges on the images can already lead to
the correct orientation of the PCBs. Still, there are many types
of PCBs with an non-rectangular shape, especially the PCBs
of devices with a customized shape to fit in a complex casing
for e.g. a car’s headlight. In these cases another feature of
the PCB production is useful here. Most of the components
on the PCB are placed in a perpendicular fashion so that the
orientation of the components of the PCB match the PCB’s
orientation. These components themselves exhibit well defined
edges in the camera images which can be used to measure a
global orientation.

Fig. 3: Orientation of PCB coordinate system

Three well established methods for orientation estimation
were selected to determine the orientation of the PCBs: the
Hough transform, structure tensors and the Fourier analysis.



In the following subsections, we explain how these approaches
are adapted for analyzing PCB images.

A. Hough Transform

The Hough transform [14] can detect the position and size
of simple geometrical structures like lines, circles and ellipses,
even if some edge segments are missing. For the estimation
of the orientation of PCBs or their components, the line is the
structure of choice.

The Hough transform works on binary images which con-
tain the edges of the prominent objects on the camera images.
Therefore, an edge detection algorithm such as the Canny edge
detector [17] has to be performed beforehand. The Hough
transform calculates for every edge pixel all possible lines
through that particular pixel. Every line is represented by the
polar coordinates of the point on the line with the smallest
distance to the origin. A vector starting in the origin leading
to this point is always perpendicular to the line (illustrated in
Figure 4). Each possible line in the image is represented by a
position in a two dimensional array. One dimension denotes
the angle θ and the other one the distance ρ of the polar
coordinates of the line representation. The Hough transform
iterates over every edge point and increases the values of the
bins corresponding to the possible lines going through this
edge point. If several edge points belong to the same line, the
array shows a peak at the corresponding position. To detect
possible candidates for lines in the image, these peaks have
to be found and evaluated. A sample result of the Hough
transform is depicted in Figure 5b. The detected peaks are
marked with a red ellipse. The corresponding lines are shown
in Figure 5a.

Fig. 4: Illustration of line representation for the Hough
transform

Normally, several structures in an image of a PCB result in
lines detected by the Hough transform. Out of this multitude of
orientations the most probable ones have to be retrieved. Due
to the perpendicular nature of PCBs and their components,
there are several line segments with the same orientation.
Additionally, there are line segments whose orientations differ
by almost exactly 90◦. To filter out all undesired segments the
following filter strategy is applied.

Every measured angle θi is mapped to the value range
[0◦ . . . 90◦]. After that the absolute difference matrix D(i, j)
with the elements dij is calculated so that

dij = |θi − θj | , (1)

where i, j ∈ N. i, j are the indices of the measured angles.
Then all elements are compared to a threshold thrdifference
which yields the elements d′ij of the threshold matrix D′(i, j):

d′ij =

{
1 dij ≤ thrdifference
0 dij > thrdifference

(2)

The angle which fits best to most of the other angles can be
determined by identifying the row of D′ with most non-zero
entries:

ibestfit = arg max
i

∑
j

d′ij

 (3)

The result of this filtering procedure is shown in Figure 5a.
The lines with an orientation corresponding to the best angle
are marked in red.

B. Structure Tensors

Another approach to estimate orientation of PCBs is to look
at small regions in the PCB image. As mentioned before, the
components on PCBs are placed commonly in a perpendicular
fashion during the production process. So the orientation of the
whole PCB is reflected by the orientation of the components
in smaller regions of the PCB.

Fig. 6: Illustration of structure tensor orientation

Orientation in a region Ω of the image I can be defined as
the orientation of the direction vector u in which the image’s
intensity does not change [18,19] (see Figure 6):

I(x + λu) = I(x) for all λ ∈ R and x, x+ λu ∈ Ω
(4)

Consequently, the directional derivative is zero:

∂I(x)

∂u
= 0 ∀x ∈ Ω (5)

One possibility to estimate the direction vector u utilizes the
structure tensor

J =

∫ (
Ixx Ixy
Iyx Iyy

)
dΩ , (6)

where Ixx is the second order gradient in x direction, Iyy is
the second order gradient in y direction. Ixy and Iyx are the
first order gradients first in x and then in y direction (Ixy is
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Fig. 5: Hough transform - (a) Found lines corresponding to hough peaks - (b) Result of Hough transform with detected peaks

equivalent to Iyx). The gradient can be calculated by using
e.g. derivatives of Gaussian (DoG).

The required direction vector u is the eigenvector of J cor-
responding to the greater eigenvalue λ1. The ratio λ2

λ1
measures

the quality of the estimation as greater values indicate a lower
estimation accuracy. Ideally λ2 = 0.

The image of the PCB is divided into blocks of equal
size and the structure tensor J is calculated for every block.
Hence, an estimation of the image structure’s orientation of
the part of the image it represents, is assigned to every block.
All estimated orientations of every image block contribute
to the histogram of the estimated orientation angles. Due to
the perpendicular fashion of the imaged PCB components
there are usually two dominant peaks with a distance of
90◦. As decribed in Section III only the values in the range
[0◦ . . . 90◦] are of interest to determine the orientation of the
PCB. Therefore, only the peak within this range is returned
as global orientation estimation.

C. Fourier Analysis

If an image contains several orientated structures there is a
concentration of spectral energy in the Fourier domain [20,21].
The location information of these oriented structures in the
image is distributed between the amplitude and phase of the
Fourier transform. While the phase contains the position of
the structures, the amplitude contains their orientation. This
implies that orientation of every structure is aggregated in the
amplitude of the Fourier domain. As the images of PCBs
contain several similar oriented structures, their orientation
accumulates in the amplitude similarly to the Hough transform.
To measure the predominant orientation in the images, the pre-
dominant orientation in the Fourier domain amplitude can be
measured, see e.g. Figure 7b. Here, the dominant orientations
of the structures in Figure 7a are clearly recognizable.

To obtain an orientation estimation, the angle θ has to
be identified, which maximizes the integral along θ of the
amplitude P (ρ, θ) in polar coordinates:

θbest = arg max
θ

(∫
P (ρ, θ) dρ

)
(7)

The resulting profile of the Amplitude can be seen in Fig-
ure 7c. The peaks in this profile correspond to the predominant
orientations of the structures in the PCB image.

D. Evaluation

To measure the performance of the aforementioned orienta-
tion estimation algorithms an evaluation has been performed.
Each orientation algorithm was applied to every image of the
rotated PCBs (see Section II). To simulate only partially intact
PCBs another analysis was performed on a centered image
section in which no or only small parts of the PCB’s outer
edges were visible. The orientation estimations of each algo-
rithm for both cases were then compared to the orientations
in the ground truth.

IV. RESULTS AND DISCUSSION

In Figure 8 and 9 an example for the results of every
algorithm for a single PCB image is shown. In the left column
the processing results of the complete PCB image are shown
while in the right column the processing results of a smaller
part (also known as region of interest, ROI) are depicted.
In Figures 8c and 8d the amplitudes of the Fourier domain
are shown. The detected orientation is marked with a red
line. The corresponding profiles can be seen in Figures 8e
and 8f. Figures 9a and 9b show the detected orientations
of the structure tensor as arrows pointing in the orientation
direction of the surrounding region. The histograms of the
detected orientations are shown in Figures 9c and 9d. Finally
Figures 9e and 9f show the detected Hough lines. The lines
with the detected main orientation are marked in red.

In Tables I and II the results of the evaluation are shown.
In the case of complete PCBs the Hough transform yields
the best results, while structure tensors perform best in the
case of partially visible PCBs with respect to the orientation
estimation error. The Hough transform benefits greatly from
the visible edges of the borders of PCBs. In the case of only
partially visible PCBs, these edges are no longer present or
only small parts are visible on the PCB image. Nevertheless,
the still present PCB structures on the images are sufficient
for the Hough transform to deliver decent results.
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Fig. 7: Fourier transform - (a) Original image - (b) Fourier transform amplitude with detected orientation - (c) corresponding
radial intensity profile

TABLE I: Orientation estimation results for whole PCBs

error in ◦ time in seconds
Algorithm ø σ σ2 ø σ σ2

Fourier Transform 2.85 1.78 3.18 22.92 0.18 0.03
Structure Tensor 3.08 3.55 12.63 8.24 0.49 0.24
Hough Transform 2.70 1.71 2.93 0.77 0.05 0.00

TABLE II: Orientation estimation results for central part of
PCBs

error in ◦ time in seconds
Algorithm ø σ σ2 ø σ σ2

Fourier Transform 3.59 4.89 23.92 1.57 0.03 0.00
Structure Tensor 2.89 2.71 7.36 0.49 0.02 0.00
Hough Transform 3.38 3.44 11.87 0.07 0.01 0.00

Regarding the processing time, the Hough transform is the
algorithm of choice in both cases. Nevertheless, it should
be noted that the processing times can be further optimized,
which has not been addressed so far. All algorithms are highly
parallelizable, thus we expect improvement in the processing
times in the future.

V. CONCLUSION

In this paper the orientation estimation of printed circuit
boards was discussed. The theoretical background of three
algorithms (Hough transform, Fourier transform and structure
tensor) were presented. An evaluation performed on images of
PCBs with known rotation showed that the Hough transform
yields the best results.

For further research it would be interesting to use orientation
estimation algorithms to differentiate between overlapping
PCBs. Also damaged or irregular shaped PCBs should be
examined in future evaluations.
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Hough transform ROI


