
35

 
№ 1 (3),  2021 

 
 
 
ISSN: 2682 – 9517 (print)         ISSN: 2683 – 0930 (online) 

 

 

  JOURNAL  OF  INFORMATICS  AND  INNOVATIVE  TECHNOLOGIES  (JIIT)    
 

Influence of Measuring Distance on the Prediction of 
Quality Characteristics of Cheese by Ultrasonic Sensor 

 
Zlatin Zlatev, Vanya Stoyanova 

 
Trakia University, Faculty of Technics and technologies, 38 Graf Ignatiev str., 8602, Yambol, Bulgaria 

e-mail: zlatin.zlatev@trakia-uni.bg 
 
 
 
Abstract: The ultrasonic techniques are an 
alternative to traditional measurement methods, as 
they can be used online, directly on the production 
line, they are non-destructive and have the 
potentially low cost of the instrumentation. In the 
present work, the influence of one of the many 
factors that affect the measurement with an 
ultrasonic sensor – the distance, is evaluated. This 
analysis was made because the distance factor is 
affected to a very small extent in the available 
literature. Using an ultrasound system, 
characteristics were obtained represented by 12 
features. Their amount of data is reduced by 
principal components and latent variables. It has 
been found that as the distance between the sensor 
and the object increases, the required number of 
principal components and latent variables to 
describe the variance in the input data also increases. 
When obtaining regression prediction models using 
principal component regression and partial least 
squares methods, it was found that increasing the 
distance from the sensor to the object leads to a 
decrease in the coefficient of determination and a 
significant increase in the errors of the obtained 
models. It has been found that with an accuracy of 
more than 95%, the characteristics of cheese can be 
determined at a distance between the sensor and the 
object of 20 cm. The obtained results confirm and 
supplement those from the available literature and 
can be used in further developments of ultrasonic 
devices for determining the characteristics of food 
products. Also, the results of the present work can be 
used in the training of future engineers trained in the 
subject area. In conclusion, guidelines for further 
developments related to the application of ultrasonic 
sensors are given. 
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INTRODUCTION 
The development of objective methods for 
determining key indicators of food quality is of interest 
to research in recent years [1, 2]. These methods can 
improve the repeatability of measurements by 
providing less impact on the experience of measuring 
equipment operators. The advantages of ultrasonic 
sensors and techniques over traditional analytical 
methods are that they are fast, non-destructive, 
accurate and automated. The control of the production 
processes by real-time analysis of critical parameters of 
the food products can improve the quality and 
consistency in their production. 

At the present stage of development of science and 
technology there is a constant desire to improve 
existing and develop new technical means for 
monitoring and automation in food production [4, 5, 6]. 
The full automation of the production process depends 
on the development of technologies for monitoring the 
operation of technological systems that affect the final 
quality of the product. 

In food production, low-intensity ultrasound can be 
used in process control applications, such as liquid level 
and flow meters, or to measure acoustic properties to 
relate to food quality parameters. Ultrasonic 
measurements are used to obtain information about 
the concentration, location, structure and physical 
condition of food components. The techniques and 
equipment currently used in food technology 
applications rely on those used in non-destructive 
testing of metals and medical applications where 
ultrasound is widely used [7]. 

Ultrasonic techniques are an attractive alternative to 
traditional measurement methods, as they can be used 
online, directly on the production line, they are non-
destructive and have the potentially low cost of 
instruments. Determining a single ultrasonic property 
requires a controlled procedure and precise 
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calibration, as they are sensitive to various 
environmental characteristics such as temperature, 
humidity. Their sensitivity to the characteristics of the 
measured material such as elasticity and density. 

Among the acoustic parameters, such as speed, 
attenuation and frequency spectrum. Speed is a more 
commonly used feature, probably because it is a simple 
and reliable feature. The influence of the temperature 
at which the measurement was performed, the degree 
of maturity was determined. In addition, the water 
content also has a significant effect on the rate of 
return of the reflected ultrasonic pulse. [8]. 

Fagan et al. [9], offer a new sensor to monitor cheese 
characteristics in coagulation and whey release. When 
assessing the quality of cheese, the authors take into 
account temperature, cutting time and addition of 
calcium chloride. The sensor has a wide area in which 
it receives data on the change in the characteristics of 
the cheese. In this publication, the authors do not 
consider the distance between the sensor and the 
object as a factor. 

Based on the advantages of using an ultrasonic sensor, 
Yordanov et al. [10] offer an ultrasonic device that has 
the potential for application in real production 
conditions. In addition to signal amplification, the 
authors present a method for correcting it for humidity 
and temperature. 

Telis-Romero et al. [11], evaluate white brined cheeses 
and those with various additives. The authors take into 
account the influence of the ambient temperature, the 
composition of the cheese, the process of its cooling. 
The obtained accuracy for predicting the composition 
of the product of 98% shows that the proposed system 
has the potential to be used in online measurement in 
the process of cheese production. 

At a later stage, Budelli et al [12], again in cheese 
coagulation, reported flight time and attenuation of 
the ultrasound signal. The authors prove that changes 
in temperature affect the measurements with an 
ultrasonic sensor, as well as the physicochemical 
processes that occur during milk coagulation. 

This thesis is summarized in the review of literature 
sources presented in Chávez-Martínez et al. [13]. The 
authors summarize that new research is still needed in 
the applications that ultrasonic sensors can be used at 
the industrial level and in the monitoring of continuous 
processes, so that their application in mass food 
production can be successfully applied. 

The main problem that the authors of the available 
publications point out is that it is necessary to look for 
ways to reduce the influence of the factors that have a 
negative effect on the measurements with ultrasonic 
sensors. Through such results it will be possible to offer 
an ultrasonic system suitable for application directly on 
the production line in the actual production of cheese. 

One of the main factors influencing the measurements 
with an ultrasonic sensor is the distance between the 
sensor and the object. An examination of the available 
sources shows that it is affected to a very small extent. 

Determining the influence of the distance factor when 
measuring with an ultrasonic sensor is the aim of the 
present work. 

MATERIAL AND METHODS 
Used cheese. For the purposes of this study, 40 samples 
of white brined cheese produced according to BNS 15: 
2010 were used by three producers available in the 
trade network of Yambol, Bulgaria. The measurement 
conditions were: temperature 20-22 oC; relative 
humidity 49-51%. The prediction was assessed by 
ultrasound on 4 parameters – pH, conductivity, total 
dissolved solids, oxidation-reduction potential. 
Appropriate measurement methods have been used to 
determine the actual value of the parameters. 

Sample preparation for measurement was performed 
according to the methodology, presented in AACC 02-
52.01. Distilled water is heated to 70 oC; the raw 
material is dissolved in distilled water in a ratio of 1/10 
(5g of raw material in 50ml of distilled water); stirring 
to obtain a homogeneous solution; after cooling to the 
ambient temperature in the room, 3 consecutive 
measurements of each indicator were made and their 
average value, standard deviation, coefficient of 
variation were determined. 

The quantity of raw materials is determined with a 
technical scale Pocket Scale MH-200 (ZheZhong 
Weighing Apparatus Factory), maximum determined 
weight 200g, with a resolution of 0,02g. 

Measurement of active acidity (pH). The active acidity 
is determined by the concentration of hydrogen ions 
and is expressed in pH units. It is determined by a pH 
meter. Measurements were performed with a pH 
meter PH-108 (Hangzhou Lohand Biological Co., Ltd). 
This is a microprocessor pH meter with temperature 
compensation. The device measures the potential and 
the concentration and reduction of oxidation in the mV 
range. The pH measurement appears with temperature 
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compensation automatically. The device has a 13 mm 
LCD display showing the measurement in pH with 
graphic symbols. 

Determination of electrical conductivity. A device, 
Conductivity Meter AP-2 (HM Digital, Inc), was used. 
The electrical conductivity EC, µS/cm was measured. 
The device is used to measure the electrical 
conductivity of aqueous solutions of salts, acids and 
bases. It has a 13 mm LCD display. The power supply of 
the module is provided by three 1.5V batteries. The 
measuring range is 0-200 mS/cm. The main 
measurement error is <1-5% of range. 

Determination of insoluble solids. A TDS-3 measuring 
instrument (HM Digital, Inc.) was used. TDS is the 
content of substances dissolved in a liquid (TDS – Total 
Dissolved Solids). TDS detects only those impurities 
that are in ionic form. The measured value is expressed 
in ppm (parts per million). The device is calibrated in 
NaCl solution (342 ppm). 

Determination of redox potential. Measuring 
Instrument Model ORP-2069 (Shanghai Longway 
Optical Instruments Co., Ltd). ORP, mV was measured. 
ORP – takes into account the redox potential of weak 
aqueous solutions of salts, acids and bases. 

Obtaining ultrasonic characteristics. Ultrasound 
characteristics were obtained by a system presented by 
Zlatev et al. [7]. The system consists of an ultrasonic 
sensor HC-SR04, an oscilloscope UTD2025CL, a 
personal computer and software for obtaining 
ultrasonic characteristics. 

Data processing and analysis. A total of 12 features 
were obtained from the ultrasound characteristics. 
They were calculated according to Matz et al. [8] and 
Zhang et al. [14]. 

These features are mean, standard deviation, kurtosis, 
excess, energy, entropy, variance, homogeneity, 
autocorrelation, correlation, contrast, inhomogeneity. 

The resulting feature vectors were processed by the 
principal component regression (PCR) and partial least 
squares regression (PLSR) methods. 

In PCR [15] it is used to find the basic connections 
between two matrices (x and y). The data projection is 
performed only on the values of the independent input 
quantities, presented in the matrix x. The values of the 
dependent variables from y are not used in compiling 
the model, which means that the values of the 
covariance between the predictive and the resulting 
variables are not taken into account. This type of 

regression makes it possible to establish implicit but 
objectively acting factors that influence the jointly 
changing values of the directly observed quantities in 
the matrix x. In this case, the number of factors 
included in the model can be reduced according to the 
degree of their actual influence on the behavior of the 
resulting variables contained in the matrix y. 

PLSR [16] is used to find the basic relationships 
between two matrices (x and y). Data are represented 
by latent variables and covariance structures are 
modeled in this feature space. 

The PLSR model finds a multidimensional direction in x 
space, which sufficiently describes the maximum 
variance in y. PLSR is a suitable method in cases where 
the predictor matrix has more variables than 
observations, and when there is multicollinearity 
between the values of x. 

When determining the required number of principal 
components (PC) and latent variables (LV), the mean 
squared prediction error (MSPE) was used as a 
criterion. 

The statistical parameters used to analyze and evaluate 
the PCR and PLSR results are the coefficient of 
determination (R2), mean square error (MSE), root 
mean square error (RMSE). 

All data were processed at a level of significance 
α=0,05. 

RESULTS AND DISCUSSION 
The assessment of the influence of the measurement 
distance with an ultrasonic sensor is made in several 
stages, which include determining the required 
number of principal components and latent variables, 
through which 95% of the variance can be described in 
the experimental data. Determining the influence of 
the measurement distance on the accuracy of 
predicting some indicators of cheese quality. A 
comparative analysis was made of the obtained results 
with those of the available literature. 

Figure 1 shows the results in determining the required 
number of principal components and latent variables 
by which up to 95% of the variance in the data can be 
described. When determining the required number of 
principal components, it can be seen that at a 
measurement distance of 20 cm, 6 PCs are needed to 
describe the variance in the experimental data. In this 
case, the MSPE has a value of up to 5%. As the 
measurement distance increases, the number of main 
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components increases and the MSPE retains values 
above 20%. 

A similar trend is observed in determining the required 
number of latent variables. At a measurement distance 
of 20 cm, 6 LV are required to describe 95% of the 
variance in the input data. At this measurement height,  

 

the MSPE has values up to 5%. As the distance to the 
object increases, the required number of latent 
variables increases, but so does the MSPE. This error 
maintains its levels above 20%, despite the minimal 
reduction of the required number of latent variables 
when measured from a distance of 40 cm.

  
a) PC b) LV 

Fig. 1. Determining the required number of principal components and latent variables 

 

Table 1 shows the results of the principal component 
regression (PCR), between the ultrasonic 
characteristics and the technological characteristics of 
the cheese, at different distances of obtaining the 
ultrasonic characteristics. As can be seen from the data 
in the table, the highest values of the coefficient of 

determination and low values of SSE and RMSE errors 
(less than 5%) are obtained when predicting active 
acidity and electrical conductivity, while with TDS and 
ORP, despite the high values of the coefficient of 
determination, the error values are significantly 
greater than 5%.

TABLE 1. Amendment in PCR parameters at different measurement distances 

Characteristic  pH EC, µS TDS, ppm ORP, mV 
Parameter 

Distance   SSE R2 RMSE SSE R2 RMSE SSE R2 RMSE SSE R2 RMSE 

20 0,02 0,99 0,06 114,7 0,99 4,05 120,6 0,95 4,15 6,89 0,98 0,99 
30 0,25 0,87 0,19 3708 0,86 72,78 225,2 0,89 5,67 20,14 0,95 1,7 
40 0,13 0,94 0,14 1802 0,99 16,04 559,2 0,61 8,94 27,33 0,93 1,98 

 

Table 2 shows the results of partial least squares 
regression (PLSR) between the ultrasonic 
characteristics and the technological characteristics of 
the cheese, at different distances of obtaining the 
ultrasonic characteristics. 

When using latent variables, low error values (less than 
5%) and high coefficient of determination are observed 

only when predicting active acidity (pH). For other 
technological characteristics, despite the high values of 
the coefficient of determination, the large values of 
errors indicate that models obtained by latent variables 
cannot be used to describe experimental data with 
sufficient accuracy
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TABLE 2. Amendment in PLSR parameters at different measurement distances 

Characteristic  pH EC, µS TDS, ppm ORP, mV 
Parameter 

Distance   SSE R2 RMSE SSE R2 RMSE SSE R2 RMSE SSE R2 RMSE 

20 0,02 0,99 0,06 113,7 0,99 4,03 55,49 0,98 2,82 6,84 0,98 0,99 
30 0,25 0,87 0,19 3706 0,86 72,77 225,1 0,89 5,67 20,13 0,95 1,7 
40 0,13 0,94 0,14 1792 0,99 16 558,2 0,61 8,93 27,2 0,93 1,97 

 
 

In summary of the results obtained so far, Fig. 2 shows 
graphs for the change of the coefficient of 
determination and the root of the root mean square 
error depending on the distance of obtaining the 
ultrasonic characteristics. It can be seen that with a 
measurement distance of 20 cm, the highest values of 
the coefficient of determination and errors up to 5% 
are obtained. 

As the measurement distance increases, the highest 
error values are obtained at 30 cm. At a distance of 
more than 30 cm, the error values decrease, but the 
coefficient of determination also decreases. This trend 
is observed in both PCR and PLSR. 

 

 

 

  
а) PCR b) PLSR 

Fig. 2. Results for R2 and RMSE, depending on the measurement distance 

 

The obtained results confirm and supplement those 
from the available literature. The use of ultrasonic 
characteristics to determine basic indicators of cheese 
quality is not new [4, 9, 12, 13]. In the available 
literature, the influence of the measurement distance 
on the prediction of the accuracy of some basic 
indicators of cheese quality is less affected. 

In the present work, it was found that along with the 
many factors influencing the measurement with an 

ultrasonic sensor, the measurement distance turned 
out to be one of these significant factors. 

Representation of ultrasound characteristics by 
features is a better option than the direct use of their 
raw data [17, 18, 19]. This is confirmed in the present 
work, as the ultrasound characteristics are presented 
with 12 features, the data of which are reduced by 
appropriate methods. 
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By selecting the number of components, the expected 
prediction error on the predictive variables is 
minimized, and the amount of data processed is also 
reduced. The use of a large number of components will 
result in a description with sufficient accuracy of the 
currently observed data, but this leads to overfitting 
data. 

Obtaining high values of the coefficient of 
determination (for example R2>0,95) leads to obtaining 
models that are not generalizing to other data and 
gives an overly optimistic estimate of the expected 
error [16]. This is confirmed in the present work, 
because despite the high values of the coefficient of 
determination, with increasing measurement distance, 
the error in the obtained models also increases. 

CONCLUSION 
A review of available literature sources showed that 
one of the main factors influencing the measurements 
with an ultrasonic sensor is affected to a very small 
extent. This factor is the distance between the sensor 
and the object. 

Using an ultrasound system, characteristics were 
obtained, represented by 12 features. Their amount of 
data is reduced by principal components and latent 
variables. 

It has been found that as the distance between the 
sensor and the object increases, the required number 
of principal components and latent variables to 
describe the variance in the input data also increases. 

When obtaining regression prediction models using 
PCR and PLSR methods, it was found that increasing the 
distance from the sensor to the object leads to a 
decrease in the coefficient of determination (by 0.02-
0.1) and a significant increase in the errors of the 
obtained models (over 10 %). 

It has been found that with the highest accuracy (over 
95%) the characteristics of cheese can be determined 
at a distance between the sensor and the object of 20 
cm. This confirms the thesis that the accuracy of the 
prediction depends on many factors such as product 
composition, ambient humidity and temperature, one 
of which is the distance to the object analyzed in the 
present work. 

The results obtained in the present work confirm and 
supplement those in the available literature with data 
on the influence of one of the main factors influencing 
the measurement with an ultrasonic sensor, which is 
the distance. These results can be used in subsequent 

developments of ultrasonic devices to determine the 
characteristics of food products. Also, the results of the 
present work can be used in the training of future 
engineers trained in the subject area. It is necessary to 
do more research on the influence of the distance 
factor when measuring with an ultrasonic sensor. 

Food products, made under different environmental 
conditions and changes in the composition and 
properties of these products must also be studied. Such 
studies would lead to generalizing models that can be 
used to measure the ultrasonic characteristics of food 
products. This will speed up the process of creating 
sufficiently accurate and reliable ultrasonic devices 
applicable for online measurement directly on the 
production line. 

The combined use of ultrasonic data with other types 
of sensors, such as optical, capacitive, would lead to 
more accurate information about the condition of the 
tested food products, compared to the individual use 
of each type of sensor. 
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