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Abstract: The object of current investigation is a device designed to measure the biomass waste mounted directly on a harvester. 
An original measuring gadget based on a four linked planar mechanism is proposed and examined by use of a prototype equipped 
with sensors. Experiments conducted under real conditions demonstrate the operability of the device. Information on the amount 
and parameters of biomass waste is digitally processed, visualized and stored in computer memory. This is realized by use of a 
proper software platform implying an original processing algorithm. The results of experiments are reported and discussed below. 
Notes on further studies in this direction are made. 
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INTRODUCTION 
Current study focuses on the collection of optimal and 
precise information about the biomass wasted at the time of 
harvesting. Still on field, together with the data issued from 
the contemporary harvesting machinery it is important to 
know the amount of biomass waste (BMW). The last is 
considered a valuable product, secondary resource, which 
can be used in the agricultural sector, particularly as a food or 
green manure in stock-raising and crops. It can also be 
implemented in the production of heat and energy [3]. 
This investigation envisions data processing and real time 
measurement of BMW produced immediately after the 
harvester. An original technique for monitoring and 
measurement the amount of BMW is proposed. It takes into 
consideration the fact that the biomass waste obtained at the 
time of cereals harvesting actually represents a layer of 
cornstalks forming a dynamic flow with fixed width and 
variable height. Respectively, the common principle for the 
level determination over certain surface [1, 2, 5] is applied. 
The kinematics of the mechanical device used as a primary 
transformer, sensor for the BMW flow height is observed by 
means of a simulation approach. 
Main task of the current study is to demonstrate an effective 
technique for collection and processing sensor data in real 
time in order to obtain the amount of BMW. 
EXPERIMENTAL 
The investigated simulation model, created using the 
SolidWorks software [7], is shown in Figure 1. It is based on 
the kinematic scheme of a four linked planar mechanism, 
namely slotted-link mechanism. The specific movement of 
the assembly is characterized by an equation derived after 
kinematic analysis. The equation represents the relation 
between the input and output parameters in the form of a 
transfer function, [4]:  

                      14,0cos877,0cos 21 −α=α                       (1)         

where the angles α1, α2 are specified according to Figure 1 
and the constants are empirically determined from the 
prototype created in [4]. 
The sensor operates on the following principle: the BMW flow 
is the one that moves the part called “Silencer” herein - this is 
considered the inlet of the device. The next parts named “Roll” 
and “Arm” is responsible for the angular turning of the slider 
of the potentiometric “Sensor” - the last is considered to be 
the outlet of the mechanism. Any change of the angle α2 is 
registered by a sensor, mounted on top of the device, which 
turns it into a voltage signal. Afterwards, the measured signal 
is recorded and processed to obtain the final characteristics. 
For the purpose a specialized program is applied. In its 
interface the signal can be visualized in analog and digital 
form. Thus, a real time measurement of the necessary 
parameters is performed. The numerical transformations of 
the recorded signal are executed in seconds. 

 
Figure 1. Simulation model of the device used  

as a BMW level sensor 
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An original program is created for the particular investigation 
based on the software platform LabVIEW [6]. The relevant 
algorithm is shown in Figure 2. 

 
Figure 2. Algorithm 

The following constants are initially set as input data for the 
particular measurement of the amount of BMW: 
 ∆t – period of measurement in which the sensor signal is 

measured (it is set to correspond the period value in the 
transforming program); 

 b – width of the BMW flow (measured on the harvester, 
[8]); 

 ω - angular velocity and eccentricity е of the straw-trailer 
crankshaft (measured on the harvester for once); 

 L – length of the part used as a „Silencer“ for the moving 
waste biomass (Figure 1); 

 γ - density – relative weight of the particular BMW. 

 
Figure 3. Block diagram of the application program 

in the LabVIEW environment 

Figure 3 shows the block diagram of the main application 
program. At the beginning there is a proper virtual 
instrument (VI) for reading the information obtained from the 
sensor. 
The final measurement data file (Figure 4) is saved in the 
required form for processing in LabVIEW. The results from 
data transformation are visualized in a Front Panel. The 
Waveform Graph 1 represents the initial analog signal (Figure 
5a). As mentioned, data are manipulated by entering specific 
constants and the necessary arithmetic operations by means 
of specific VIs. Subsequently several time depending 
functions are calculated: the current values of h(t) function 
(Figure 5b), which is the variable BMW height reflecting the 
change of the angle α2; the values of the distance S(t) function 
(Figure 2) within the period ∆t; the volume V(t) (Figure 5c), as 
well as the calculated amount D(t) of BMW (Figure 5d). 
RESULTS AND DISCUSSION 
The experimental data obtained from the sensor showing the 
change of the angle α2 are displayed in Figure 4. 

 
Figure 4. Experimental data in Excel form 

  
Figure 5. Waveform Graphs in the application environment of 

LabVIEW: a) analog signal from the potentiometric sensor;  
b) analog signal corresponding to the variable height h(t) of the 

BMW stream; c) BMW volume V(t); d) amount D(t) of BMW 
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It should be noted that the values of the D(t) function are 
additionally processed in order to be more appropriate for 
the final assessment. In a sub-program (the last section in 
Figure 3) a loop function is used to divide all data in arrays of 
10 consequent samples. The array values are then averaged 
for each array subset. This operation is executed in a number 
of iterations. The final result is represented in Figure 6.  
Two approaches have been applied to obtain the average 
amount D(t). The first one implies a VI for mean value 
(Numeric 1 in Figure 3) and the second one follows the 
equation below:  
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As seen in Figure 6 the final curve of the averaged D(t) 
function grounded on (2) has less fluctuations.  

 
Figure 6. Average values for the amount of BMW 

The average amount of 112 kg/m3 straw fits well the 
corresponding values obtained from relevant BMW 
investigations [9, 10]. 
CONCLUSIONS 
A simulation model was constructed in the SolidWorks 
interface (Figure 1) which supplied additional information 
about the kinematics of the sensor device. 
The final values for the volume and amount of biomass waste 
resulted immediately from an original application program in 
LabVIEW (shown in Figure 6). They correspond in maximum 
extent to the initial experimental data and relevant 
assessments of straw parameters.  
Furthermore, a study on the relationship between both 
parameters, amount and surface of BMW, is to be performed. 
It will provide precise information about the amount of 
biomass waste at the end of the harvesting period. 
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