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Abstract—Camera calibration is needed in all applications
where geometric measurements from images are desired. In
camera calibration the intrinsic and extrinsic parameters
of a camera are determined. First a reference pattern
with known dimensions is imaged from different views
and control points on the pattern are extracted with sub-
pixel accuracy. Then the extracted pixel coordinates and
corresponding world coordinates are used to estimate the
camera parameters by optimisation. Checkerboard patterns
are common as reference pattern in camera calibration. In
this paper, we present a method for automated identification
of checkerboard patterns in images. The method is applied
as a first step before camera calibration using one of the
available online toolboxes for Matlab to facilitate a fully
automated calibration procedure. The method has been
evaluated in a validation study of camera calibration using
real image data recorded with a stereo camera and has
provided reliable results.

I. INTRODUCTION

In camera calibration, the internal properties of the
camera and the position of the camera in the world are
determined. In the case of stereo cameras the positions
of the two cameras relative to each other is also included
in the calibration. The internal parameters of the camera,
e.g., principal point, focal length, and lens distortion co-
efficients, are denoted intrinsic parameters. They answer
the question - What kind of camera is it? The external
parameters, e.g., camera rotation and translation relative
to a given world coordinate system, are denoted extrinsic
parameters. They answer the question - Where is the cam-
era? We refer to calibration in two different settings, static
and dynamic calibration. In static calibration, the environ-
ment can be controlled and the necessary measurements
are usually obtained using known calibration patterns or
reference objects. In dynamic calibration the camera is in
operation, the environment cannot be controlled, and the
necessary measurements must be obtained from the given
camera data. In this work we only consider static camera
calibration.

Static camera calibration can be divided into the fol-
lowing steps:

1) Camera measurement of a well specified reference

pattern or object from a number of views.

2) Localisation of pre defined control points on the
pattern or object in the recorded images using a
subpixel corner detector.

3) Optimisation of intrinsic and extrinsic camera pa-
rameters using the control point coordinates from

the different views and the geometry of the refer-
ence pattern.

The result of the static camera calibration is the intrin-
sic and extrinsic camera parameters that can be used to
rectify or warp the images, e.g., remove lens distortion
and be able to obtain accurate measurements from the
images. In the stereo case the extrinsic parameters, which
include the rotation and translation of one camera with
respect to the other, are used to align both images before
a stereo image can be calculated.

Camera calibration based on [1] and [2] is implemented
by Jean-Yves Bouguet in the Camera calibration toolbox
for Matlab [3]. The toolbox provides camera calibration
for both for a single camera and stereo camera. However,
the calibration procedure in the camera calibration toolbox
is not automated and the user must mark the position
of the calibration pattern manually in each image by
clicking four specific points. The calibration pattern is
a checkerboard pattern, which is common in image cali-
bration. In this paper we present a method for automatic
identification of checkerboard patterns in images and
rough estimation of all corner points on the board to
facilitate an automated calibration procedure together with
the camera calibration toolbox. The rough estimate is
refined to subpixel accuracy as a post processing step
before the points are sent to the main calibration function.

First, we give a brief overview of the main references
in the area of camera calibration in Section II. Second,
we detail the method in Section III. In Section IV the
performance of the method in a validation study of camera
calibration methods is illustrated, and in Section V we
provide a discussion and conclusion.

II. RELATED WORK

Camera calibration has been a research topic since
cameras were first used for measurement purposes. There
are different requirements on the calibration accuracy
depending on the application. The traditional camera
calibration procedure in metrology applications is bundle
adjustment [4] , which is a precise calibration method.
However, it has been regarded as a computationally heavy
method using full scale non-linear optimisation to solve
for all parameters. In the area of computer vision the
calibration methods have been focused on speeding up
the calibration process by using simplifications and lin-
earisation of the optimisation problem. As the commonly
available computing capacity has increased, there is also



an increasing interest in solving the calibration problem
more accurately.

Some of the main contributions to the area of camera
calibration are the papers by Tsai [5], Heikkild [2] and [6],
and Zhang [1] and [7]. Other interesting papers in the
field are Weng [8], Kannala [9], and Sun [10]. A good
introduction to camera models and camera calibration can
be found in the book by Hartley and Zisserman [11]. In
addition, an interesting method for stereo self calibration
is presented by Dang et. al [12]. In the paper they use the
camera calibration toolbox for Matlab [3] as ground truth
to compare to the self calibration and consider the toolbox
to be an “excellent off-line camera calibration toolbox”.

There are only a few papers which describe automatic
control point extraction from calibration patterns. One
example for checkerboard patters is presented by Ha [13].
The method examines each potential corner point to see
if it matches criteria to be an inner point on a checker-
board. Here we use features of the pattern on a larger
scale to obtain the correct points by their arrangement
and automatic ordering of the points to relate to world
coordinates. Another example is a method for circular
patterns presented by Douxchamps [14].

III. METHOD

The method is detailed in the following step-wise

description:

1) Identify areas of interest using a simple corner
detector filter mask which is [white, black; black,
white]. The filter response using a 13 x 13 mask
is shown in Figure 1.

2) Extract the areas with high filter response as regions
of interest. The regions of interest are overlaid on
the original image in Figure 2.

3) Apply the Radon transform (or Hough transform)
to the filter response (1) masked by the regions of
interest from (2).

4) Identify the N largest maxima in the image from
(3) in the range from —6y to 8y degrees around the
vertical axis of the image. (/N is the number of cor-
ners expected in the horizontal direction.) Figure 3
shows an illustration of the lines corresponding to
the largest maxima in the Radon transform.

5) Pick out a subset of the binary image in (2). Regions
which lie on lines corresponding to the N maxima
are kept. See Figure 4.

6) Apply the Radon transform to the image from (5).

7) Identify the M largest maxima in the image from
(6) in the range from —0y to Oy degrees around
the mean angle of the maxima from (4) minus 90
degrees. (M is the number of corners expected in
the vertical direction.) Figure 5 shows an illustration
of the lines corresponding to the largest maxima in
the Radon transform.

8) Pick out a subset of the binary image in (5) that lie
on lines corresponding to the /M maxima. Figure 6
shows the regions that are the output from this step.

9) Check if the remaining regions from (8) correspond
to a checker board in the image by comparing the

filter response sign to the expected sign from the
board. If the expected sign matches the arrangement
of the points the extracted corner points and the
corresponding physical grid coordinates is passed
along to the camera calibration.

If the expected sign from the filter response is a full
match for the entire checkerboard pattern, the image can
be passed automatically to the stereo camera calibration.
Partial matches can be used for single view calibration.
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Fig. 1. The filter response from a simple corner detector filter.
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Fig. 2. The interest points found by the filter overlaid on the original
image.
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Fig. 3. The lines corresponding to the eight highest peaks in the Radon
transform.

IV. EXPERIMENTS AND RESULTS

The presented method is used as the first step in a
calibration procedure together with parts of the camera
calibration toolbox. After the method has identified the
neighbourhoods where the control points are located their
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Fig. 4. The interest points that correspond to the eight highest peaks
in the Radon transform.
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Fig. 5. The horizontal lines correspond to the six highest peaks in the
Radon transform of the image in Figure 4.
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Fig. 6. The interest points that correspond to the six highest peaks in
the Radon transform of the image in Figure 4.

subpixel positions are found using the method provided
in the toolbox. After this, the pixel coordinates and
the corresponding world coordinates are passed to the
main calibration function in the toolbox, which perform
optimisation of the intrinsic and extrinsic parameters of
the camera.

The method was evaluated during a validation study
of camera calibration methods for a single camera and
stereo. Examples of results are shown in Figure 7. The
method performs well for different sizes of the calibration
board in the image and is able to find the pattern up to
large view angles. However, the simple corner detector
fails to find the corners for large rotations. If the calibra-
tion board is at close distance to a camera with visible
lens distortion all points on the same line may not be

identified since the lens distortion displace the points and
they do not contribute to the same maxima in the Radon
transform.

V. DISCUSSION AND CONCLUSION

In this paper we have presented a method for automatic
detection of checkerboard patterns in images and the
approximate position of the corresponding control points
on the pattern. The method was developed to facilitate a
completely automated calibration procedure together with
the Camera calibration toolbox [3].

The method performs well for real world images from
a stereo camera and has been used in a validation study of
camera calibration methods. The method fails to detect the
checkerboard pattern for large rotations of the calibration
board due to the simple filter which is not rotation
invariant. If larger rotations are needed in a particular
application, additional filters or rotation invariant corner
detector filters may be applied to find the best initial
rotation. Another possible approach is to estimate a rough
rotation of the board from the image gradient and select a
filter for corner detection from this. In many applications
using camera calibration it is enough with large yaw and
pitch angles of the calibration pattern as seen by the
camera, therefore this has not been implemented here.

The method fails to find some control points for pat-
terns close to a camera with visible lens distortion. This
problem is not severe since the loss of a single point on the
board in the calibration is small. In addition, this can be
overcome in several ways. An example is to calibrate the
camera using the first set of points and and then use the
estimated lens distortion parameters to find all points in
the images in a second iteration. Such a two step approach
can also be used to find corresponding points for stereo
calibration in stereo images of calibration boards that are
not fully visible in the images.
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