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Summary  

The objective of WP1 this season was to further investigate whether weeds can be identified in a soybean field using the 

Rometron WEED-IT sensor and an algorithm. The WEED-IT sensor can distinguish living from non-living plant material but 

cannot differentiate between weed - and crop plants. Therefore the study relies on plant location: plants outside the rows are 

deemed weeds, and those within are considered crops. The experiment, conducted in the 2022-2023 growing season, aims to 

assess the WEED-IT sensor's effectiveness in detecting weeds between crop rows. 

 

In Brazil, a soybean trial was planted and analysed for the study. Measurements took place at a 30-degree angle to the crop 

rows, as this is common practice in Brazil. A quad with a metal frame carried the WEED-IT sensor and a GoPro camera alongside 

recording the weeds and crop rows for reference. Weed locations were noted in the field using a measurement tape as 

reference. 

 

Two algorithms were developed: one, using a Gaussian Mixture Model, detects plant material (as the sensor does), and the 

second (Fourier analysis) identifies the location of the crop rows. When combined, these algorithms create a decision system 

capable of determining whether to initiate spraying based on the presence of plant material and the location of crop rows.  

 

For the Fourier approach to be effective, timing is crucialñit requires measuring when the crop is sufficiently large to be 

detected while maintaining positive distinctiveness. If the crop is too small, the Fourier approach is not effective.  

Also, the Fourier analysis relies on a key assumption: the rows are regularly planted and emerge uniformly. Significant 

irregularities in row spacing can result in errors in the detection process. 

 

The Fourier model enables the identification of row locati ons. This offers the possibility to spray only when the spray nozzle is 

between the rows, reducing chemical use even if weed detection is imprecise. 
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1 Introduction  

The goal of green -on-green measurements is to detect weeds in a crop field , in this case a soybean  field using 

the WEED-IT  sensor. Since the WEED-IT  sensor is based on a technology that can only  distinguish living plant 

material from no living plant material,  it does not  distinguish  weed s from  crop plants.  

 

Therefore , distinction will have to be based on plant location. That is, plants that are located outside the plant 

rows are considered weed, and vice versa :  plants in the crop rows are considered crop. This means that weeds 

in the row are not recognized and therefore this study focuses on we eds between the rows.  

 

In the growing season of 2022 -2023 , an experiment has been conducted to evaluate whether  it is possible to 

detect the se weeds between the crop rows using the WEED-IT  sensor.  



 

 

 

 

2 Experimental setup  

In Brazil ,  36 plots with a length of 14 meter were  planted on a soybean  field. The corn was planted on the 6 th  

of December  2022 , later than usual due to weather conditions . The soybean was planted with a 50 centimeter 

row distance . 

 

It is common practice in Brazil that during spraying the driving angle with the crop rows is approximately 30 

degrees. So the measurements were done  in a 30 -degree angle from the plot rows as well , like a conventional 

spraying operation in the field . The metal frame on the quad on  the picture is 390 cm  wide , and the WEED -IT 

sensor , colored  green,  is hanging at 120 cm from the center . The sensor is placed 110 cm above the ground  

(see Figure 1) . The sensor data of the WEED-IT  signal comprises 4 channels, next to each other. The width of 

each sensor channel  when mounted on this height corresponds to 25cm  at ground level . Next to the  WEED-IT  

sensor a  GoPro  camera  was mounted, such that the measure d ground locations  were also visibly recorded  in 

a digital video . A measurement tape was laid o n the plots, and the location of the weeds was recorded in the 

field using the measurement tape  as a reference .  

 

Often , only one location was recorded  for the weeds , but sometimes a n interval was indicated. A second check 

on the weeds locations was done using the GoPro videos. B ased on the videos,  the channel  of the WEED-IT  

sensor  in which the weed was expected was  recorded.  On th ese videos  more weeds were found and indicated, 

also some weeds recorded in the field  were not found on the videos . 

 

 
Figure 1: The quad, with a metal frame and the WEED -IT sensor  (green) hanging on the right.  

Apart from the WEED-IT  signal also a wheel speed sensor  has constantly monitored the speed of the setup. 

Using this  speed,  the raw WEED- IT  data was  transformed to data on m illi meter  intervals, by taking the average 

of the raw  data obtained per mm.  

 

After germination , data was recorded on the fields 5 times . The dates and the growing stages are presented 

in Table 1. I n Figure 2 to 6, the growing stages are illustrated , using the GoPro  footage.  
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Table 1  The dates of the measurements and the growing stages of the soybean . 

Date  Growing stage of the soybean  

21 -12 -2023  Just germinated  

27 -12 -2022  Just germinated  

3-1-2023  5 leaves, usual spraying  

10 -1-2023  Late spraying  

14 -1-2023  Full canopy  

 

 

Figure 2: growth stage 21 -12 -2022 field 

105  

 

Figure 3: Growth stage at 27 -12 -2022 

field 101  

 

Figure 4: Growth stage at 3 -1-2023 

field 201  

 

Figure 5: Growth stage at 10 -1-2023 

fi led 102  

 

Figure 6: Growth stage at 14 -1-2023 

field 203  

 



 

 

 

 

3 Expected resolution of the WEED- IT  

sensor  

The WEED-IT  sensor , and the datalogger that was connected to the sensor,  both measure with a frequency  of 

14 kHz; a very high  resolution in the  driv ing direction. However, the sensor also has a width: there are four 

channels . In these channels the  measurements are taken next to each other . W ith the sensor  hanging at  

110cm , the width of one channel is 25 cm. Because of  this width , the boundaries of the channel  can be above 

the crop row when  the center  of the channel  is not . In th is case,  plant material is detected  any way , as the 

signal is the average of all occurrences of crop material in the width of the field of view of the channel . 

 

We, therefore,  define the distinctiveness , D, of the setup to be the part of soil measured in a channel in which 

nothing of the channel is still measuring crop. The distance between the point that the centre  of the sensor is 

not above the crop and the tip  of the sensor is not above the crop anymore , is called the separation distance , 

and is denoted with sd . The distance that the  centre  of the sensor is above the soil is denoted with d.  

 

Note that D and sd  depend on the angle  h between the crop row , the direction of driving, the distance a 

between the foliage of the crop rows  (which is by definition smaller than the row  distance )  and the width of 

the sensor, SW. All parameters needed for the expression are illustrated in 

. The distinctiveness is given by:  

D  = (d-2*sd)/d 
  = 1-{² Ŏƻǎόʰύκa 

 

Note that when the driving direction is parallel to the crop rows and hence   h=0, both d and sd are not defined.  

Moreover, if 2* sd> d, D attains negative values, meaning that there is always the canopy under the sensor. To 

get a feeling on how the distinctiveness is dependent on the parameters, see Figure 8 and Figure 9. In Figure 

9 the a=20 cm and D is ne gative. With the growth of the crop a will shrink, being 0 at the closure of the 

canopy.  
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Figure 7:  A schematic sketch of the crop rows and the sensor movement, in which the main parameters for the calculation of the 

distinctiveness D are illustrated. a) the distance between the foliage of the crop rows, Ŭ is the angle between the crop rows and the 

driv ing direction, d) is the distance in the driving direction between the foliage of the crop rows, so d = a/sin(Ŭ), SW) is the sensor 

width, in this experiment 25cm, sd) is the separation distance, that is the distance the center of the sensor had driven unt il the whole 

sensor is not above the foliage of the crop anymore. sd = 0.5*SW* cos(Ŭ)/sin(Ŭ). 

 

 

 

Figure 8: The distinctiveness plotted agains t  the angle between the driving direction and the crop row when the distance 

between the foliage of the crop rows is 30cm. The vertical line is the angle which was used during the experiments .  A 
distinctiveness of  0.5 means that half of the distance that th e center of the sensor is above the soil, part of the sensor is above 

the crop.  The sensor is entirely above the soil for the rest of th is distance (time  in case of equal speed ).  

 

 



 

 

 

 

 
Figure 9:  The distinctiveness plotted agains t  the angle between the driving direction and the crop row when the distance between 
the foliage of the crop rows is 20cm. The vertical line is the angle which was used during the experiments.  A negative 

distinctiveness means that the sensor is alway s measuring crop and will not measure any bare soil.  
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4 Weed detection algorithms  

4.1  The general idea behind t he algorithm s 

To find weeds it is necessary to find plant material on locations were you do not expect plant material. The 

first step is to detect li ving plant material and the second step is to  know the locations w here plant material is 

expected. So two algorithms are developed, the first one to detect plant material, something the WEED -IT 

sensor is already specialized in . The second algorithm detects  the location of the crop rows. Together they 

could function a s a decision system to decide whether to spray or not  (Figure 10 ) . 

 

In the next paragraphs we explain both algorithms, starting with the second algorithm  as knowing the location 

of the crop rows  is the first step, before identify ing  plants as  weeds . 

 

 
Figure 10 : An illustration of the algorithm rationale. In algorithm one the distinction between plant and non -plant material is made 

and in algorithm two the location of the crop rows is determined.  

4.2  Algorithm  2: Finding the locations of the crop rows  

When driving in an angle of 30 degrees with respect to the  crop rows , the crop rows will pass by on a regular 

frequency. To find the exact locations of the crop rows in the signal, a Fourier transform analysis is used. 

Fourier analysis is a well developed and established method to analyze data in which frequencie s play a ma jor 

role.   

 

Let us briefly explain how Fourier analysis works. In general, the following steps are performed in the analysis :  

the signal is multiplied with sin(2 ɸȒx + p), the basic periodic function, with frequency Ȓ and phase p, and then 

the area under the curve, or integral, is computed. An illustration of these steps can be found in Figure 11 . 

The greater the integral the more prominent th at frequency and phase combination is part of the signal.  

 
 

Figure 11 : The WEED - IT signal multiplied with two different sine functions. On the left ,  the signal does not have a frequency that is 

very prevalent in the signal, whil e on the right the frequency is very prevalent in the signal. In green the product of the orange and 

the blue lines. The y -axes here represent the WEED - IT signal. The area under the green curve on the right is larger than on the left.  



 

 

 

 

If you take the norma lized values of these areas for each Ȓ an p,  you get w hat is called the Fourier transform  

of the signal. The efficient way to compute the product of sin(2 ɸȒx + p ) with the signal for each frequency Ȓ 

and phase p,  is to mul t iply with exp(i  Ȓ x ) = cos(Ȓ) + i sin(Ȓ).  So the Fourier transform of the WEED-IT signal 

s, is a complex -valued series ίǶ, meaning it attains values in the complex numbers.  

 

We work with the discrete version of the Fourier transform and then it can be written as a seri es expansion. A 

nice property of the Fourier transform is that if you take the Fourier transform of the Fourier transform , the 

original signal is returned , that means that the Fourier transform is the inverse of itself.  This allows for filtering 

out the  most  interesting part of the signal, by considering only those frequencies, that is that part of the series 

expansion, in which the crop rows are likely to pass by, and setting the coefficients of all the  other  frequencies 

to zero.  The high frequencies co rrespond to noise, while the low frequencies indicate , slowly changing effects 

in the signal due to changes in environment and growth conditions of the crop .  

 

Now , the filtering is done by taking the Fourier transform of this altered series ίǶ. When the F ourier transform 

is filtered , the inverse Fourier transform will again be complex -valued. Because we are interested in filtering 

the original real -valued function, the filtered signal is the real part of that function. The filtering procedure is 

illustrate d in Figure 12 . 

 

 
Figure 12 : Plot 101 measured on 27 December 2022. On the left for each of the four channels the WEED - IT signal in blue, and on the 

right in blue the absolute value of the Fourier transform. In orange on the right the filtered absolute value of the Fourier transform, 
where the frequencies that smaller than 0.9 and larger , then 1.4 are set to 0. On the left in orange th e Real part of the inverse Fourier 

transform of the filtered Fourier transform, with the peaks marked red. The rows in Brazil were planted 45 cm apart from each  other, 

the driving angle was 30 degree, hence the distance a was 90 cm and the peak in the freq uency is expected to be around 1.1.  

Using this Fourier analysis , the locations of the crop rows in the signal can be found . They correspond to the 

peaks of the filtered functions, where the found peaks  were forced to be more than 60  cm apart.  

The planting  distance was 45 cm, and hence most crop rows are between 41 and 49  cm apart, corresponding. 

The distance between the rows in the driving direction hence was between 8 2 and 98 cm. The expected peak 

in the frequency was around 1/0.9 = 1.1 . We filtered  the s ignal  to observe  only  the frequency between 0.9  

and 1.4, corresponding to a row distance in the driving direction 0.7 and 1 .1  meter.  

 

To validate this measurement, we counted the number of peaks passing during the measurements using the 

GoPro  videos , in w hich we could see the red light produced by the WEED -IT sensor . This is not a very precise 

method, as it is sometimes unclear if the fi rst and last row on the video  is indeed in the measurement. An 

illustration of this can be found in Figure 13 . Therefore, a difference of one  row is considered allowab le, this is 

used to compute the accuracies.  

 




















