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MODELING THE SHAPE OF RAW MATERIALS ON
THE EXAMPLE OF WALNUTS FRUIT (JUGLANS REGIA L.)®

Modelowanie ksztattu surowcow spozywczych na przyktadzie owocow
orzecha witoskiego (Juglans regia L.)®
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This article describes a direct method and an indirect
method for acquiring information about the geometric
parameters of common walnut fruit. The direct method
involved measurements with the use of a caliper and
geometric models (1D method). The indirect method was
based on digital models constructed by 3D scanning (3D
method). The aim of this study was to evaluate the accuracy
of the above measurement methods in determining the
surface area and volume of walnut fruit. The analysis of
the two methods for determining the geometric parameters
of walnuts revealed that the 3D method delivered more
accurate results. In the 1D method, the surface area of
walnut fruit can be determined with the use of a sphere (M1)
and a spheroid (M4), and the volume of walnut fruit can be
determined with the use of a sphere (M1), a spheroid (M4)
and an ellipsoid (M5).

Symbols

A — total surface area (mm?),

d — arithmetic mean diameter (mm),

d_— equivalent diameter (mm),

L —length (mm),

N — sample size,

T — thickness (mm),

V —volume (mm3),

W — width (mm),

1D — measurements involving the direct method,
3D — measurements involving the 3D numerical model.

Stowa kluczowe: modelowanie, orzech wtoski, pole po-
wierzchni, objetosc.

W artykule omowiono metode bezposredniq oraz metode
posredniq pozyskiwania informacji o geometrycznych para-
metrach owocow orzecha wloskiego. Metoda pomiaru bez-
posredniego, wykonana byla z pomocqg suwmiarki i modeli
geometrycznych (metoda 1D). Metoda posrednia oparta byla
na przestrzennych modelach numerycznych otrzymanych za
pomocq skanowania 3D (metoda 3D). Celem pracy byla oce-
na wyzej wymienionych metod pomiarowych w zakresie do-
ktadnosci wyznaczania pola powierzchni i objetosci owocow
orzecha wloskiego. Z przeprowadzonych badan na owocach,
wynika, Ze sposrod zastosowanych dwoch metod wyznaczenia
parametrow geometrycznych owocow najlepsze efekty uzy-
skano przy metodzie 3D. Do wyznaczenia pola powierzchni
owocow metodg 1D mozna zastosowaé kule (M1) i model elip-
soidy obrotowej (M4). Wyznaczajgc objetos¢ owocow orzecha
wloskiego metodg 1D mozna wykorzystaé kule (M1), elipsoide
obrotowq (M4) i elipsoide (M5).

Wykaz wazniejszych oznaczen

A —pole powierzchni catkowitej (mm?),

d — arytmetyczna $rednica zastgpcza (mm),
d_— Srednica zastgpcza (mm),

L — dtugos¢ (mm),

N — liczebno$¢ proby,

T — grubos¢ (mm),

V — objeto$é (mm?),

W — szerokos$¢ (mm),

1D — pomiar metoda bezposrednia,

3D —pomiar metodg opartg o przestrzenny model numeryczny.
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INTRODUCTION

Surface area and volume are used to design the processes
of cleaning, dressing, peeling, coating and packaging of food
raw materials and products [4, 10, 12, 13, 22]. Geometric pa-
rameters are usually determined with measuring devices that
enable direct linear measurements, such as rulers, analog and
digital calipers, and computer image analysis [5, 7, 11, 15].
All of the above methods support direct and rapid measure-
ments of the studied object’s linear dimensions, and they do
not require the use of expensive devices. In most cases, a gi-
ven object can be measured and the results can be recorded
without any special preparation of the analyzed samples. The
disadvantage of these methods is that the obtained results have
numerous limitations, and they apply only to selected points
on the sample. Additional calculations can also be performed
using mathematical formulas from the literature [6, 8, 9].

The location of the points used to develop digital models
of the analyzed samples is registered with 3D scanners. Non
-contact 3D scanners register the distribution of points in the
space of the analyzed object [17, 20]). A digital 3D model
can be used to perform metrological analyses. The model’s
accuracy is determined by the scanner’s resolution [18]. The
digital model represents the shape of the analyzed sample, and
it can be stored in a computer. This method can be applied to
measure both small-sized and large-sized raw materials that
are brittle and susceptible to damage [1, 2]. Two methods for
acquiring information about the physical parameters of food
raw materials are described in this article. The first method
involves direct measurements with the use of a caliper (1D
method), and the second method is based on digital models
constructed by 3D scanning (3D method).

The aim of this study was to evaluate the accuracy of
the above measurement methods in determining the basic
geometric parameters of food raw materials on the exam-
ples of common walnut (Juglans regia L.) fruit. The relati-
ve error in the surface area and volume of walnuts deter-
mined with the analyzed methods was compared.

MATERIALS AND METHODS

The experimental material comprised common walnut
(Juglans regia L.) fruit purchased in a grocery store of the
PSS Spotem retail chain in Olsztyn. Thirty walnuts without
visible signs of damage were selected randomly for analysis.
The walnuts were stored indoor, at a constant temperature of
20+1°C and relative humidity of approximately 65%. The li-
near dimensions of walnuts were measured with a caliper with
a resolution of 0.01 mm. The surface area and volume of wal-
nuts were determined with the use of six geometric models
composed of selected geometric shapes (Fig. 1).

The following mathematical formulas, describing surface
area and volume, were derived for each geometric model:

— sphere (M1):
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Fig. 1. Digital and geometric models of walnut fruit: 3D — digital model, M1 — sphere, M2 — cylinder, M3 — elliptic cylin-
der, M4 — spheroid, MS — ellipsoid, M6 — cuboid; d - arithmetic mean diameter, dz — mean diameter, L — length,
W — width, T — thickness.

Rys. 1. Model numeryczny i modele geometryczne owocow orzecha wloskiego: 3D — model numeryczny, M1 — kula, M2
— walec, M3 — walec eliptyczny, M4 — elipsoida obrotowa, M5 — elipsoida, M6 — prostopadlo$cian; d — arytme-
tyczna Srednica zastgpcza, d_— $rednica zastepcza, L — dlugo$é, W — szeroko$é, T — grubosé.

Source: The own study

Zrodlo: Badania wlasne
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and F(Q,m) and E(Q,m) are incomplete elliptic integrals of

the first and second kind [3]:
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In models M1, M2 and M4, equivalent diameters were

calculated with the following formulas:
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Digital 3D models of walnut fruit were generated with the
use of a NextEngine 3D laser scanner [16]. Scanning resolu-
tion was 248 points per mm?, and the average scanning time
to produce a complete model was approximately 30 minu-
tes. The acquired series of 3D scans for constructing digital
models were combined in the ScanStudio HD PRO program
[16]. The MeshLab program was used to measure surface area
and volume in the generated models [14]. The significance of
differences between the average values of total surface area
and volume of walnuts, measured with the 1D method and
the 3D method, was compared. One-way analysis of variance
(ANOVA) for multiple independent samples was conducted to
identify homogeneous groups. Calculations were performed
at a significance level of a = 0.05, using STATISTICA v.13 PL
software [3, 19, 21].

RESULTS

The surface area and volume of walnut fruit were measu-
red based on digital models constructed by 3D scanning. The
total surface area of walnuts determined with the 1D method
and the 3D method is presented in Figure 2.
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Fig. 2. Surface area of walnut fruit, determined by the 1D
and 3D method.
Pole powierzchni owocow orzecha wloskiego

wyznaczone metoda 1D i 3D.

Rys. 2.

Source:
Zrédlo:

The own study
Badania wtasne

The results revealed that the analyzed parameters had
a normal distribution. The significance of differences between
the parameters of walnut fruit measured with the compared
methods is presented in Table 1.

It was assumed that measurements of the surface area of
walnut fruit, performed with the 3D method, were not burde-
ned with error and that the obtained results can be used as a re-
ference for the measurements performed with the 1D method.
The relative error between the values obtained by direct mea-
surement with the 1D method and those obtained using the 3D
method was referred to as the “error of the method”. As shown
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in Figure 3, the mean relative error was 3.77% and 3.98%
when geometric models M1 and M4, respectively, were ap-
plied to measure the surface area of walnuts in the 1D method.
Relative error was higher than 5% when the remaining geo-
metric models were used in the 1D method.

Table 1. Results of the calculations to verify the signifi-
cance of differences between the mean values of
the area

Tabela 1. Wyniki obliczen weryfikacji istotnosci réznic

miedzy Srednimi warto$ciami pola powierzchni
Pole powierzchni A (ANOVA test) / Area A (ANOVA test)
F(6, N=203)=601,47; p=0,000
Prawdopodobienstwa porownan wielokrotnych /
Probability of multiple comparisons

= = ~

= » 8 c 4
52 | =8 | E2 s
s e Ss o= ] <
—— E f= E — (O - = ~ E
E = = £ = S 3 S e
oS o »n N 5§ =] = =
o © N -1 > k3 =
(] E 2° EE » = e 5
Et | 33| 53| £ | %8
© @ N o S -
=8 | 52 | ©% 23

= S 53 =

= = o

3D 30 6,71 283,99 4220,96?
M1 30 5,99 243,27 4059,40?
M2 30 6,03 365,58 6061,35°
M3 30 6,03 365,54 6061,20°
M4 30 6,01 243,51 4050,722
M5 30 8,16 309,14 3784,39°
M6 30 6,03 465,36 7717,09¢

Values in columns marked with identical letters do not differ
significantly: a, b, ¢, d (P £ 0.05)

Warto$ci w kolumnach z takimi samymi literami nie réznig si¢
istotnie; a, b, ¢, d (P <0,05)

Source: The own study

Zrédlo: Badania whasne
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Fig. 3. Relative error in determining the surface area of
walnut by the 1D method with the use of geometric
models and the 3D method.

Rys. 3. Blad wzgledny wyznaczania pola powierzchni
owocow orzecha wloskiego metoda 1D z wykorzy-
staniem modeli geometrycznych i metoda 3D.

Source: The own study

Zrédlo: Badania wlasne
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The volume of walnut fruit determined with the analyzed
measurement methods is presented in Figure 4.
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Fig. 4. Volume of walnut fruit, determined by the 1D and

3D method.

Rys. 4. Objetos¢ owocéw orzecha wloskiego wyznaczona
metoda 1D i 3D.

Source: The own study

Zrédlo: Badania wlasne

The significance of differences between the average values
of walnut volume was estimated by ANOVA. The results of
detailed comparative analyses are presented in Table 2.

Table 2. Results of the calculations to verify the signifi-
cance of differences between mean values of vo-
lume

Tabela 2. Wyniki obliczen weryfikacji istotnosci réznic
miedzy Srednimi warto$ciami objetosci

Objetos¢ ¥V (ANOVA test) / Volume V' (ANOVA test)
F(6, N=203)=286,81; p=0,000
Prawdopodobienstwa porownan wielokrotnych /
Probability of multiple comparisons
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3D 30 9,50 2149,73 22626,00?
M1 30 9,05 2205,97 24351,68°
M2 30 9,17 3308,59 36052,72¢
M3 30 9,17 3306,57 36045,26°
M4 30 9,17 2205,73 24035,14®
M5 30 9,17 2204,38 24030,17%®
M6 30 9,17 4210,06 45894251

Values in columns marked with identical letters do not differ
significantly: a, b, ¢, d (P < 0.05)

Wartosci w kolumnach z takimi samymi literami nie réznig si¢
istotnie; a, b, ¢, d (P <0,05)

Source: The own study

Zrodlo: Badania wlasne
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It was assumed that measurements of the volume of walnut
fruit, performed with the 3D method, were not burdened with
error and that the obtained results can be used as a referen-
ce for the measurements performed with the 1D method. As
shown in Figure 5, the mean relative error ranged from 6.25%
to 7.69% when geometric models M1, M4 and M5 were ap-
plied to measure the volume of walnuts in the 1D method.
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Fig. 5. Relative error in determining the volume of wal-
nut by the 1D method with the use of geometric
models and the 3D method.

. Blad wzgledny wyznaczania objetosci owocow
orzecha wloskiego metoda 1D z wykorzystaniem
modeli geometrycznych oraz metoda 3D.

Source: The own study
Zrodlo: Badania wlasne

CONCLUSIONS

The analysis of the two methods for determining the
geometric parameters of walnuts revealed that the 3D method
delivered more accurate results. The geometric parameters

(linear dimensions, surface area, volume) of entire samples
and their selected fragments can be determined based on digital
3D models. The surface area of walnuts was more accurately
measured using digital 3D models (3D method) than the direct
method involving geometric models (1D method). In the 1D
method, the surface area of walnut fruit can be determined
with the use of a sphere (M1) and a spheroid (M4), and the
volume of walnut fruit can be determined with the use of
a sphere (M1), a spheroid (M4) and an ellipsoid (M5). When
geometric models M1 and M4 were applied to measure the
surface area of walnuts in the 1D method, the mean relative
error was 3.77% and 3.98%, respectively. When models M1,
M4 and M5 were used to measure the volume of walnuts, the
mean relative error ranged from 6.25% to 7.69%.

WNIOSKI

Z przeprowadzonych badan na owocach orzecha wio-
skiego, wynika, ze sposrod zastosowanych dwoch metod
wyznaczenia parametrow geometrycznych owocow najlep-
sze efekty uzyskano przy metodzie 3D. Z przestrzennych
modeli numerycznych mozna wyznaczy¢ parametry geome-
tryczne (wymiary, powierzchnie, objeto$¢) catych probek jak
i ich wybranych fragmentéw. Pomiar pola powierzchni owo-
cow z wykorzystaniem przestrzennych modeli numerycznych
(metoda 3D) jest doktadniejszy niz pomiar pola powierzchni
metoda bezposrednig z wykorzystaniem modeli geometrycz-
nych (metoda 1D). Do wyznaczenia pola powierzchni owo-
cow metoda 1D mozna zastosowaé kulg (M1) i model elipso-
idy obrotowej (M4). Wyznaczajac objgto$¢ owocow orzecha
wloskiego metoda 1D mozna wykorzystac¢ kulg (M1), elipso-
ide obrotowa (M4) i elipsoidg (M5). Sredni blad wzgledny
pomiaru pola powierzchni stosujgc metodg pomiaru 1D i wy-
korzystujac modele geometryczne M1 i M4 wynosit 3,77%
i 3,98%. Wykorzystujac do wyznaczania objetosci owocow
modele M1, M4 i M5 popehnia si¢ btad wzgledny pomiaru od
6,25% do 7,69%.
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