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 Measurement values using weight sensors are inherently contaminated by noise generated 
from electrical sources, thermal dynamics, mechanical vibration, and environmental conditions.  
In this paper, we present a method of correcting the accuracy of the sensors by using filtering 
algorithms.  Two well-known methods in electrical engineering, namely, low-pass filtering 
and the Kalman algorithm, are applied to correct the real-time measured weight under 
various temperatures to determine moisture content during the food drying process.  From an 
experiment using pineapples as the food material, the results showed the effectiveness of the 
application even if it has a simple design and is easy to implement.  For small and medium 
enterprises (SMEs), the method and demonstration shown in this paper can be adopted and the 
proposed system is scalable for designing weight sensor systems operating in a thermal drying 
cabinet.  

1. Introduction

 Knowledge of moisture content plays a crucial role in all areas of the food industry and 
necessary to predict the behaviors of food during processing.(1–9)  During the drying process, 
moisture content in food materials can be measured from the mass of water in a known mass 
of sample.  In doing so, the moisture content is calculated by measuring the weight of a food 
before and after the water is removed by evaporation.  The accuracy of the calculation depends 
on the quality and physical limitation of weight sensors.(10)   Generally, the quality of the 
sensors depends on their price, which indicates the quality of the materials used in their parts 
and components.
 Load cells are the most commonly used weight sensors in industry.  A typical load cell 
consists of four strain gauges in a Wheatstone bridge configuration.  The deformation of 
strain gauges changes the resistance proportionally to the strain, causing a change in electrical 
signals as outputs of the circuit.(10,11)  Practically, the measured signals can be contaminated 
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with electrical or thermal noises from the environment and the disturbance from mechanical 
vibration.  Research studies on noise elimination have been carried out to achieve a higher 
accuracy.(12–16)  In this paper, the normal temperature range of a load cell given by its 
manufacturer is between −10 and +40 °C.  Information about this low-cost weight sensor is not 
completely provided.  The data sheet provides that noises will increase 0.017–0.02% per °C.  To 
illustrate the existence of noise, Fig. 1 shows a noise profile at 25 °C.  However, in our case, the 
operating temperature is up to 70 °C, at which a higher noise occurs.  
 In food drying processes using heat convection, it is necessary to determine the rate of 
drying of the product with respect to time.(8,9,19)  This procedure requires opening and closing 
the oven or chamber periodically, which may result in measurement errors.  To cope with this 
problem, a weight sensor is installed by hanging it outside a drying cabinet.(20,21)  However, this 
method needs to be modified for the industrial scale.  
 From the practical viewpoint, if we can put the weight sensors inside a drying chamber, it 
would be easy to determine the moisture content of food in real time.  In reality, the materials 
used as components of load cells are deformed by temperature.(10,22,23)  As a result, the dynamic 
heat in the chamber during a multistep drying process causes the temperature to change 
accordingly yielding measurement errors.(24,25)  Evidently, the effects of temperature variations 
in the working environment ranging from −35 to +80 °C on the weight of materials have been 
confirmed.(22)  Likewise, the effects of environmental temperature variations ranging from −40  
to +85 °C on the errors of weight sensors have also been reported.(1) 

 In this paper, we show how to enhance the accuracy of a low-cost weight sensor using a 
simple yet effective method of measuring moisture content during the food drying process.  
Two algorithms for minimizing errors of measurement are applied and the results are compared 
to validate the effectiveness of the proposed algorithms.  On the basis of the result, a suitable 
low-pass filter will be adopted for measurement error correction in a real process for drying 
pineapples as described in the next sections.  This paper is organized as follows.  In Sect. 2, we 
provide a brief review of the filtering algorithms, drying process, and experiment.  In Sect. 3, 
we present the results and discussion.  In Sect. 4, we give the conclusion.

Fig. 1. (Color online) Noise profile of the load cell at 25 °C.
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2. Materials and Methods

2.1 Load cell sensor

 The weight sensor in this paper is a single-point type designed to be used with a small 
platform.  A small platform is defined as one that is used for weighing less than 1 ton.  To 
obtain effective results, the load cell should be fixed at the center of the platform.  In this paper, 
the load cell is a 61022-3KG-0000M model (Sensortronics, USA) made of aluminum with a 
maximum weighing capacity of up to 3 kg.  The temperature can be measured in the range 
from 0 to 70 °C with 3.0 mV/V in full-scale output (FSO) signals.  Figure 2 shows a schematic 
diagram of the components and installation configuration.

2.2 Statistical model

 For data collection, signals from strain gauges are sent to an Arduino Mega 2560 
microcontroller via an HX711 signal amplifier.  The weight can be calculated using the formula
 
 ( ) ( )  /W t V Z C= − , (1)

where W(t) is the weight from the measurement (g), V is the signal voltage sensed by the weight 
sensor (mV), Z is a correcting variable for the signal (mV), and C is a correcting factor for 
measurement accuracy.  Equation (1) can be improved by considering the effects of temperature 
on the measurement.  We then obtain the following equations:

 ( ) ( )  /T TW t V Z e C= − − , (2)

 0  x T T= − , (3)

 1 2 3 4
0 1 2 3            p

T ne y a x a x a x a x a x b= = + + + + + +� , (4)

where ZT is Z at the measured temperature T, y or eT is an error signal at T, T0 is a known 
calibration temperature, and x is the difference between the initial temperature and the 

Fig. 2. (Color online) Schematic diagram of the components and installation configuration of a single-point load 
cell.
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measured one.  By using the regression equation, Eq. (4), with a set of standard weights for 
calibration consisting of 200, 1000, and 2000 g for 1000 data points, we can determine the 
coefficients of regression, ai and bi, where i = 0, 1, ..., n.

2.3 Filter

 Eliminating noises in the measurement system is necessary to increase the measurement 
accuracy.  In other words, all communication systems need sensing signals with a high 
signal-to-noise (S/N) ratio.(26–28)  This can be achieved by implementing filters in the system.  
In this work, we use a low-pass filter (LPF) and a Kalman filter (KF) for filtering unwanted 
noises generated by the thermal dynamics of the drying system owing to the placement of the 
weight sensors inside the oven cabinet.  
 
2.3.1 LPFs

 In engineering practice, the first algorithm to try is a simple low-pass finite impulse 
response (FIR) filter commonly used for smoothing an array of sampled data obtained from the 
weight sensor.  In the time domain, this is called the moving average filter.  This filter is not 
only very good for many applications, but it is an optimal one because it reduces random white 
noise while maintaining the sharpest step response.  In addition, the equation is very simple:
 

 [ ] ( ) [ ]
1

0
1 /

M

j
y i M x i j

−

=

= +∑ ,  (5)

where M is the number of data points on average, y[] is the output signal, and x[] is the input 
signal from the weight sensor.
 
2.3.2 KFs

 The second algorithm to try is one of the best estimation methods, namely, the use of a KF.  
Unlike an LPF, a KF has some advantages over the moving average filter in the sense that it can 
be a smoother, filter or predictor.  By defining the filter in a state space form, at the discrete 
time k and previous time k−1, we can easily implement the filter in two main parts, which are 
prediction and the update of prediction values.(29–31)  The algorithmic loop is summarized in 
three steps as follows.  Note that, in our case, we use a single measured value for real-time 
weight measurement and calculation:

 Calculate Kalman Gain: ( ) ( ) ( ) 1
    ,K k P k R k

−
 = +  , ( )0 1K k≤ ≤ , (6)

 Update Current Estimate: ( ) ( ) ( ) ( ) ( )  1     1X k X k K k W k X k = − + − −  , (7)
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 Update New Error in the Estimate: ( ) ( ) ( )( )  1 1 – P k P k K k = −   . (8)

Here, K is the Kalman gain, P is the error in estimate, R(k) is the error in measurement, W is the 
measurement value from the weight sensor, and X is the estimated weight.

2.4 Drying process

 The drying process is a food preservation method that has been used for a long time.  It 
uses the principle of heat transfer and mass dehumidification of food by removing most water 
molecules in food as shown in Fig. 3.  As can be seen in Fig. 3, hot air transfers heat to the 
material that it passes through.  The preservation is based on the fact that pathogens cannot 
grow if a product has a water activity (aw) below 0.60.(8,9,19)  In addition, hot air will transfer 
heat to the material that it passes through.  Eventually, the volume of the material decreases, 
making the food lighter and more convenient for transportation and consummation or use as 
raw materials for further processing.  

2.4.1 Moisture content

 Moisture content is important because it affects the quality and storage of dried food 
products.  Moisture content can be determined from the weight of the food material, which  
changes during the drying process.  The weight of the material is measured using the weight 
sensor.  The moisture content of a sample in each period can be calculated using the equation

 ( )    / ,t t s sM W W W= − , (9)

where Mt is the sample moisture in each period at time k (kg water/kg dry solid), Wt is the total 
weight of the sample at each time interval (kg), and Ws is the solid weight of the sample (kg), 
which is constant.

Fig. 3. (Color online) Moisture movement during the drying process.
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2.4.2 Drying rate

 The drying rate of the process can be calculated from the liquid mass evaporated per 
evaporation area per time as

 ( )( )  / /a sR W A dm dt=− , (10)

where Ra is the drying or evaporation rate (kg/m2h), A is the surface area of evaporation (m2), 
Ws is the solid weight of the sample (kg), and dm/dt is the mass of water that evaporates per unit 
time (kg/h).

2.5 Drying experiment

 An actual experiment is conducted in the drying process using smooth cayenne pineapple 
as the product.  The shell is sliced to a thickness of 3 mm for each sample and cut into four 
quarters.  For control parameters, the product surface temperature is set at 60 °C (dry in the air 
dryer) and the air flow speed is 1.3 m/s.  Then, the product is dried until its wet basic moisture 
is 9% (the desired value).  The initial air temperature in the cabinet is set at 70 °C.  Data on air 
temperature, product surface temperature, and weight are recorded every minute until the end 
of the process.

3. Results and Discussion

 The environmental condition of the experiment and the control parameters used in the 
experiments are based on Sect. 2.5.  Three experiments were carried out and results are 
presented in Sects. 3.1–3.3.  In Sect. 3.1, we show the calibration of the converted values of the 
electrical voltage signals into weight with temperature compensation.  In Sect. 3.2, we compare 
the performance charcteristics between the LPF and the KF.  In the last subsection, Sect. 3.3, we 
show the experimental results of the application of the weight sensors in the drying process.

3.1 Test for statistical model

 In this subsection, we discuss the calibration of the weight change due to temperature 
effects.  The standard weights measured at 25 °C are 200, 1000, and 2000 g.  The readers may 
refer to Sect. 2.2 for calibration formulas and the statistical model.  The average value that 
makes the electrical signal become zero (ZT) is 8603554 (Hex) and the average value of the 
correcting factor that makes the weight reading correct (C) is 734.76862.  Figure 4(a) shows 
the load cells used in this experiment with standard weights.  After unit conversion, it is found 
that the signals at 24 to 70 °C in Fig. 4(b) have gained maximum errors of about 9% by weight.  
This means that, if the actual weight is 100 g, the measured weight may be about 109 g.  By 
polynomial regression with temperature compensation, we obtain the coefficients as shown in 
Table 1.  From Fig. 5, it is clear that the polynomial regression is best fitted up to the 3rd-order 
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Fig. 4. (Color online) (a) Standard weights and load cells and (b) voltage signal versus temperature.

Table 1
Regression coefficients of various nth polynomial regressions with temperature compensation.

Polynomial 2nd Polynomial 3rd Polynomial 4th Polynomial 5th Polynomial 6th
R2 0.9981 0.9981 0.9985 0.9985 0.9985
a1 75.367 0.0056 −590.67 −324.91 15.709
a2 −2.4624 −3.248 20.821 8.5232 −9.5046
a3 0 0.0056 −0.3474 −0.0716 0.4748
a4 0 0 0.0019 −0.0011 −0.0102
a5 0 0 0 0.00001 0.00009
a6 0 0 0 0 −0.0000003
b 52.91 −437.19 6904.1 4679.7 2527.2

(a) (b)

Fig. 5. (Color online) Voltage error signals after temperature compensation.

polynomial.  As can be seen from Table 1, the correct statistical model for load cells in this 
experiment is in the form of the 3rd-order polynomial regression.

3.2	 Performance	tests	for	the	filters

 In this study, performance comparison tests between the LPF and the KF discussed in Sect. 2.3 
are carried out.  For the LPF, we use M = 10 with a sampling time of 0.1 ms for each single 
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signal.  For the KF, the initial parameters are R = 0.129092915 and P = 0.0001.  As described 
in Sect. 3.1, other conditions are set by varying temperature ranging from 25 to 70 °C and 
collecting data up to 1800 s.  Figure 6(a) shows the performance characteristics of both filters.  
As can be seen, both filters yield similar results.  This could happen because both filters are 
optimal for minimizing least square errors they behave like a signal smoother.  It is also clear 
that, in this application, a moving average algorithm is adequate yet simple, effective, and easy 
to implement.  As shown in Fig. 6(a), results indicating the weights at various temperatures 
ranging from 25 to 70 °C are accurately measured within an acceptable 0.1 g error tolerance.  In 
addition, Fig. 6(b) shows signals of different weights measured at various temperatures using 
the LPF.  This shows the robustness of the proposed adjustment algorithm.

3.3 Drying experiment

 In the previous section, we showed lab-scale tests for calibration and filter selection for 
software development for signal and data processing.  We then used the optimal parameters and 
the LPF in a real environment shown in Fig. 7.  The evaporative cabinet in Fig. 7 was built by 

Fig. 6. (Color online) Robustness of the adjustment algorithm within 0.1 g tolerance. (a) Comparison of signals 
using raw data: LPF and KF. (b) Comparison of signals obtained from various weights at different temperatures.

Fig. 7. (Color online) Dryers installed with weight sensors.

(a) (b)
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Fig. 8. (Color online) Location of the weight sensor during the drying process.

Fig. 9. (Color online) (a) Changes in air temperature, surface temperature, and weight during drying of 
pineapples. (b) Moisture content (dry base) of products per drying period.

(a) (b)

the authors using heat pump technology combined with oven functions for high-temperature 
operation between 30 and 70 °C.  In this experiment, the system is equipped with surface 
temperature and weight sensors for collecting the data.  Figure 8 shows sliced pineapples 
as the food material for testing in the setup experiment.  On the basis of Sects. 2.4 and 2.5, 
Figs. 9 and 10 yield satisfactory results, that is, the weights at various temperatures are 

Fig. 10. (Color online) Drying rate per moisture content (dry basis) during drying of pineapple.
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accurately measured within an acceptable tolerance, which again shows the robustness of 
the proposed adjustment algorithm.  The weight results can be used in the calculation of the 
moisture content in Fig. 9(b) and the drying rate in Fig. 10.  Intuitively, the shapes of the 
moisture content and drying rate curves appear to be regular, implying that the results met the 
objective of this work.  In fact, we manually verified the accuracy of the results by repeating the 
weight measurement of the final products, and the findings confirmed that the final products 
have weights within a 0.1 g tolerance.

4. Conclusion

 In this study, we design and construct a practical, simple, easy method of calibrating 
weight sensors with unwanted signals filtered for food drying processes.  For calibration, the 
statistical model in this work reveals that the third-order polynomial regression is adequate for 
compensating for the effects of temperature on the statistical model of the load cell.  The signal 
filtering results obtained using a simple LPF in the time domain are as good as those obtained 
using a KF in this study.  This implies that the implementation of an LPF is adequate for weight 
measurement compensation in a food drying process.  
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