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Abstract

Machine vision evolved considerably in the last decade. The positive price evolution and robustness of the
cameras combined with the high accuracy have led to their widespread use in different agricultural
sectors. Our consortium presented different image based methods to measure the speed and direction of
fertiliser grains. Currently, a first attempt to extract 3D-information with an image acquisition system based
on stereoscopy is presented. The system uses previously developed and tested 2-D techniques.
Depending on the imposed vertical angle, the first stereovision system showed an average error between
0,1% and 2,2 % for measuring distance and height difference between grains. The second set-up showed
promising results when comparing the measured values to the imposed velocity. Preliminary tests
indicated that the designed stereovision system is capable of performing high speed 3D measurements on
grains. More tests and research are necessary to further develop this first approach to a useful tool for
spreading.
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Extended abstract

Machine vision techniques evolved considerably in the last decade. The positive price evolution
and robustness of the cameras combined with the high accuracy of these techniques have led to
their widespread use in different sectors of agriculture (Bahr et al., 2008; Maertens et al., 2008).
In previous work (Cointault et al., 2002; Cointault and Vangeyte, 2005; Vangeyte and Sonck,
2005), our research consortium presented different image based methods to measure the speed
and direction of fertiliser ejected by a spinning disk. With these measurements the spread
pattern can be predicted and adjusted to spread the correct amount on the right place. Various
set-ups (fig.1) were already developed by combining different lighting systems with low-speed
cameras with a different sized field of view (Cointault and Vangeyte, 2005).
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Fig 1: setup with a small field of view.

Several algorithms were applied to the resulting images such as Markov Random Fields
(Cointault et al., 2003) and cross correlation (Hijazi et al., 2009). The proposed systems are
suited for measuring 2-D information on speed and direction of the granules. As most centrifugal
spreaders are equipped with concave discs, information on the third dimension will make the
model more applicable in practice and in a further stage to serve as a feedback sensor system
to adjust spreader settings. This means that the existing set-up and algorithms need to be
improved to extract 3D-information from the images. This information cannot be determined from
one single image (Barnard and Fischler, 1982).

To determine the vertical coordinate of the grains, stereoscopy can be used because it creates
depth perception from two or more images taken with different perspectives. The disparity or the
difference of an object location in a pair of stereo images, i.e. a grain seen by the left and the
right camera, allows to extract depth information from two-dimensional images (Anderson and
Nakayama, 1994) and to determine the three-dimensional location of the grains. To explain
binocular stereovision, a short explanation of the pinhole camera model and the epipolar
geometry is given. Faugeras (1993) describes the principles more in detail.

A basic stereovision system is composed of two parallel identical cameras at a known horizontal
distance. Figure 2 shows a stereovision system with two pinhole cameras assuming a
perspective projection model.

The pinhole camera (fig 2) is modelled by an image plane, an optical centre and the focal length
f which is the distance between this optical centre and the image plane. Ol and Or are the
centres of projections of respectively the left and the right camera, while T is the distance
between these centres. The projections of Ol and Or onto the image plane along the optical axis
are called the principal points ol and or. The projection point (pl or pr) of a world 3D point P into
an image is the intersection of the line joining the optical centre (Ol or Or) and P (fig 2). Once the
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projection of P on both image coordinates is known the 3D position of the point is calculated by
applying simple geometry.

Fig. 2  A simple stereovision system (Cointault et al., 2008).

With Z the distance between the base line and point P and xl, xr the algebraic distances between
the principal points (ol,or) and the projections of P (pl,pr), equation (1) can be formulated in the
similar triangles (pl, P, pr) and (Ol, P, Or):

(1) or (2)

To calculate the depth Z, a matching between the points (pl,pr) has to be performed. Therefore
several algorithms were developed (Felzenszwalb and Huttenlocher, 2006; Gong and Yang,
2003; Kim et al., 2005; Klaus et al., 2006; Ogale and Aloimonos, 2005; Paris et al., 2006;
Scharstein and Szeliski, 2002; Yang et al., 2009).

This paper presents a first attempt to extract 3D-information with an image acquisition system
based on stereoscopy in controlled conditions. The presented system is based on previously
developed and tested 2-D techniques.

First a simple 3-D stereovision system was designed consisting of two high resolution Pike F-
421B/C cameras (2048 x 2048 pixels 2), two Pentax B1214D-2 lenses (12.5mm lens @F1.4-
Close) and a high precision calibration plate (100 x 100mm). Then a more complex 3-D stereo
system comprising two high-speed cameras, capable of measuring the real motion of a granule,
was designed. A particle accelerator designed by Grift (Grift and Hofstee, 1997a) was used to
launch the particles with a known velocity. Dedicated electronics and lighting were designed to
create compatibility and robustness.
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Both tested image systems resulted in qualitative pictures suited for processing by the motion
analysing algorithms. Depending on the imposed vertical angle, the simple 3-D stereovision
system showed an average error between 0,1% and 2,2 % for measuring distance and height
difference between grains. The second set-up showed promising results when comparing the
measured values to velocity, measured with the Grift’s sensor. Differences below 1% between
Grift’s system (Grift and Hofstee, 1997b) and our system were measured. More detailed results
are being obtained.

Our first preliminary tests indicated that the designed stereovision system is capable of
performing high speed 3D measurements on fertiliser grains. More tests and further research
are necessary to develop this first approach to a useful tool for fertilising spreading.
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