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Fig. 1: Replica of the grain �eld.

sinusoidal burst sequences, each consisting of
a 10-cycle, 50 kHz burst with a duty cycle of
� � �� �� %. Echoes were digitized using an os-
cilloscope and saved on the computer for subse-
quent signal processing. The processing proce-
dure involved downsampling of the bandlimited
echo, zero-phase bandpass �ltering, and cal-
culation of its A-scan, i.e., the echo’s envelope
obtained through the Hilbert transform. Subse-
quently, we merged the A-scans to generate a
two dimensional, cross-section brightness scan
(B-scan) of the GFR (see Fig. 4). Both A-scans
and B-scans are popular in medical imaging [6,
7] but have demonstrated utility in our applica-
tion.

However, as the re�ection of the echoes
strongly depend on the stone’s curvature, the
echo’s amplitude can be weak leading to a bad
SNR and low image quality. Furthermore, the ob-
ject is located in the positive defocus zone (PDZ)
beyond the natural focal plane � , which reads as

� �
�� �

� � � �

� � �
� �� �� � (1)

On their natural propagation path, the ul-
trasound pulses pass through the focal area
before diverging in a cone under the trans-
ducer’s pulse-echo beam spread angle (PEBSA)
� within the PDZ. As a result, echoes from ob-
jects located within the PDZ become distorted,
causing crescent-shaped echoes.

To address this challenge, we employed a syn-
thetic aperture focusing technique (SAFT) to en-
hance the B-scan’s lateral image resolution by
considering each pixel within the PEBSA. In do-
ing so, the focal area is assumed to be a point
acting as a virtual source � . The underlying algo-
rithm is based on the delay-and-sum (DAS) tech-
nique, which can be expanded using weighting
functions such as Hamming window or Boxcar
[8]. The Hamming window is utilized to suppress
side lobes, whereas the Boxcar window corre-
sponds to the calculation of a mean [9]. Typi-
cally, the weighting approach considers the ver-
tical angle of the transducer relative to the ob-
ject. Echoes re�ected from positions close to
the maximum PEBSA underlie weaker weight-
ing compared to echoes re�ected on the trans-
ducer axis. In contrast, we developed and imple-

mented an ������� ����������� method to com-
pensate, i.e., invert this angle-dependent weight-
ing approach similar to [10].

We applied the SAFT method to echoes within
the transducer’s -6 dB PEBSA, which is de�ned
as

� �� �� � ������
�

�� �� � �
� � � � � �

�
� � � (2)

with the speed of sound in air � ��� � ������, the
ultrasound frequency � � , and the transducer’s
active diameter �� � .

The method’s related weighting factor � in the
interval 
 � �� � � � � � � reads as

� �
 � � � � �� ���� � 
 � � �� ���� � 
 � � (3)

The angle 
 indicates the location of the virtual
source � to be evaluated relative to the trans-
ducer axis.
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Fig. 2: Geometric representation of the SAFT [7].

Fig. 3: Schematic representation of the measurement
sequence and processing of the data.

Results
The B-scan of our vertical pulse-echo approach
is depicted in Fig. 4. The conventional B-scan,
as shown in Fig. 4, exhibits speckles in the up-
per image cluster c1 (interval � � � �� ���� mm
and � � � ���� ���� mm), which are caused by the
spikes of the plants. A second cluster can be
identi�ed in cluster c 2 (interval � � � �� ���� mm
and � � � mm), which captures the re�ections
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Fig. 4: B-Scan of the grain field with echoes from grain
spikes, ground, and stone.
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Fig. 5: Schematic representation of the vertical
pulse-echo setup, with transmitted pulses illustrated in
blue and echoes highlighted in red.

from the ground of the GFR. Additionally, a
third cluster c3 (interval x “ r200; 420s mm and
h “ r0; 100s mm) highlights the stone within the
GFR. The stone’s crescent-shaped echo can be
clearly seen.

Given that the conventional B-scan failed
to satisfactorily identify the stone, we post-
processed the B-scan using the SAFT algo-
rithm, employing the three weighting methods
(see Fig. 6). For comparison, Fig. 6 (a) presents
the dB-scaled B-scan in addition. Fig. 6 (b) illus-
trates the B-scan post-processed using the Box-
car method, which notably enhances the lateral
resolution (in the x - direction), emphasizing the
contrast of the stone’s edge profile. By applying
the Hamming weighting, we succeeded in reduc-
ing the speckles; however, it also caused blurring
of the stone echo [see Fig. 6 (c)]. Conversely,
the inverse directivity method accentuated the
echoes of the stone compared to the surround-
ing area, resulting in the best image contrast and
enhancing the likelihood of stone detection. Al-
though the stone’s edge profile hardly improved
with this method, it remains relevant for detect-
ing objects where accurately capturing shape is
of secondary importance.

Discussion and Summary
This contribution introduced an ultrasound-
based method for detection of foreign objects in
a grain field. A SAFT algorithm was exploited
for two-dimensional imaging, which improved the
lateral resolution. For the experimental verifica-
tion, a realistic replicate of a grain field was used.
A vertical pulse-echo arrangement could provide
a sensitivity improvement due to the shorter dis-
tance traveled in the grain crop. The attenuation
of the grain stalks and the selection of an appro-
priate weighting function for the signal process-
ing were the main challenges concerning the ob-

ject detection. In our measurements, all test ob-
jects were successfully detected.

Our future work will concentrate on a practical
verification of the proposed detection concept.
For example, measurements during the harvest-
ing phase should clarify in which extent noise
and vibrations of the harvester have a cross-
influence on our object detection algorithm.

In addition to object detection, the data ob-
tained can also be used to measure the ground
contour. This can enable improved height control
of the cutterbar. Furthermore, the density of the
ears per square meter can be derived from the
scans and, thus, the corn yield can be predicted.
This enables an optimization of the harvester’s
forward speed. Therefore, our future research
will also go towards this direction.
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Fig. 6: (a) Conventional B-scan of the grain field and (b)-(d) post-processed B-scans by applying the SAFT
algorithm using several weighting methods.
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[7] Michael Wüst, Johannes Eisenhart,
Michael Nierla, Stefan J. Rupitsch. “Sim-
ulationsgestütze synthetische Aperatur-
fokussierungstechnik für die Anwendung
in der Ultraschalmikroskopie”. In: DAGA
2018 München (2018).

[8] Stefan J. Rupitsch and Bernhard G. Za-
gar. “Acoustic Microscopy Technique to
Precisely Locate Layer Delamination”. In:
IEEE Transactions on Instrumentation and

Measurement 56.4 (2007), pp. 1429–
1434. DOI: 10.1109/TIM.2007.899866.

[9] C.H. Frazier and W.D. O’Brien. “Synthetic
aperture techniques with a virtual source
element”. In: IEEE Transactions on Ul-
trasonics, Ferroelectrics, and Frequency
Control 45.1 (1998), pp. 196–207. DOI: 10.
1109/58.646925.

[10] Stefan J. Rupitsch and Bernhard G. Za-
gar. “Verfahren zur Erhöhung der örtlichen
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