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MODELING	ThE	ShAPE	OF	MATERIALS	AND	FOOD	
PRODUCTS	ON	ThE	ExAMPLE	OF	PEANUT	FRUIT	

(arachis hyPoGaea	L.)®

Modelowanie	kształtu	surowców	i	produktów	spożywczych	na	przykładzie	
owoców	orzechy	podziemnej	(arachis hypogaea	L.)®

The article presents two methods for acquiring information 
about the geometric parameters of peanut fruit. The first 
method involved direct measurements with the use of a caliper 
and geometric models (1D method). In the second method, 
peanuts were scanned to produce a 3D numerical model (3D 
method). The aim of the study was to compare the accuracy of 
both methods in determining the surface area and volume of 
peanut fruit. The comparison of two methods for determining 
the geometric parameters of peanuts revealed that the 3D 
method produced more reliable results. In the 1D method, 
the surface area of peanuts can be determined with the use 
of a sphere (M1), a model composed of a semi-spheroid and 
a cylinder (M6), or a model composed of a semi-ellipsoid and 
an elliptic cylinder (M7). A spheroid (M4) and an ellipsoid 
(M5) can be applied to determine the volume of peanuts in the 
1D method. The relative error was below 5% when the above 
models were applied to measure the surface area and volume 
of peanuts.

Key	words: modeling, peanut, measure, surface area, volume.

 W artykule omówiono dwie metody pozyskiwania informacji 
o geometrycznych parametrach owoców orzechy podziemnej. 
Pierwsza to metoda pomiaru bezpośredniego, wykonana za 
pomocą suwmiarki i modeli geometrycznych (metoda 1D). 
Druga to metoda pomiaru przestrzennego modelu numerycz-
nego otrzymanego za pomocą skanowania 3D (metoda 3D). 
Celem pracy była ocena wyżej wymienionych metod pomiaro-
wych w zakresie dokładności wyznaczania pola powierzchni  
i objętości owoców orzechy podziemnej. Z przeprowadzonych 
badań na owocach orzechy podziemnej wynika, że spośród 
zastosowanych dwóch metod wyznaczenia parametrów geo-
metrycznych owoców najlepsze efekty uzyskano przy meto-
dzie 3D. Do wyznaczenia pola powierzchni owoców orzechy 
podziemnej metodą 1D można zastosować kulę (M1), model 
składający się z połowy elipsoidy obrotowej i walca (M6), 
model składający się z połowy elipsoidy i walca eliptyczne-
go (M7). Wyznaczając objętość owoców orzechy podziem-
nej metodą 1D można wykorzystać elipsoidę obrotową (M4)  
i elipsoidę (M5). Wykorzystując wymienione modele do wy-
znaczania pola powierzchni i objętości owoców popełnia się 
błąd względny pomiaru mniejszy od 5%.
Słowa	kluczowe: modelowanie, orzecha podziemna, pomiar, 
pole powierzchni, objętość.
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INTRODUCTION
Surface area and volume are used to plan dressing, coating, 

peeling, cleaning and packaging operations in food products 
and materials [8, 10, 12, 21, 22]. Basic geometric parameters 
are determined with measuring devices that enable direct linear 
measurements, including rulers and analog and digital calipers 
[6, 11, 14]. These devices are cheap and widely available, and 
they support rapid and direct measurements of the studied 
object’s linear dimensions. In most cases, the analyzed 
samples do not require special treatment or preparation 
before the measurements. However, the obtained results have 
numerous limitations, and they apply only to selected points 
on the sample. Mathematical formulas from the literature can 
also be used to perform additional calculations [4, 5, 7, 9].

Measurements where the shape of a sample is rendered 
based on a cloud of points are a relatively new method. The 
points on the surface of a sample are registered with 3D 
scanners, and the results are used to develop a 3D model 
[16, 19]. Non-contact 3D scanners determine the distribution 
of points in the space of the analyzed object [16, 19]. A 3D 
numerical model supports metrological analyses, and the 
model’s accuracy is determined by the scanner’s resolution 
[17]. The generation of 3D numerical models is a laborious 
process, but the results can be stored in a computer. The 
numerical model represents the shape of the analyzed sample 
on the day of scanning, and it can be reproduced without the 
loss of data. This method can be applied to measure both 
small-sized and large-sized raw materials that are brittle and 
susceptible to damage [1, 2]. This article presents two methods 
for acquiring information about the physical parameters of 
food materials. The first method involves direct measurements 
with the use of a caliper (1D method). In the second method, 
the examined object is scanned to produce a 3D numerical 
model (3D method).

The	aim	of	the	study	was	to	compare	the	accuracy	of	both	
methods	in	determining	the	basic	geometric	parameters	of	
plant	materials	on	the	example	of	peanut	fruit.	The	relative	
error	in	the	surface	area	and	volume	of	peanuts	determined	
with	the	presented	methods	was	compared.

MATERIALS	AND	METhODS
The experiment was conducted on peanut fruit (Arachis 

hypogaea L.) purchased in a grocery store of the PSS Społem 
retail chain in Olsztyn. Thirty peanuts without visible signs 

Symbols
A – total surface area (mm2),
dw – arithmetic mean diameter (mm),
dz – 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.

Wykaz	oznaczeń
A – pole powierzchni całkowitej (mm2),
dw – arytmetyczna średnica zastępcza (mm),
dz – średnica zastępcza (mm),
L – długość (mm),
N – liczebność próby,
T – grubość (mm),
V – objętość (mm3),
W – szerokość (mm),
1D – pomiar metodą bezpośrednią,
3D – pomiar metodą opartą o przestrzenny model numeryczny.

of damage were selected randomly for analysis. The peanuts 
were stored at a stable temperature of 20±1°C and relative 
humidity of around 65%. The linear dimensions of peanuts 
were measured with a caliper with a resolution of 0.05 mm. 
The measurements of peanut length are presented in Figure 
1. Peanut width and thickness were measured at half-length.

Fig.	1.	 A	numerical	model	of	peanut.
Rys.	1.	 Model	numeryczny	orzechy	podziemnej.
Source: Own study
Źródło: Opracowanie własne

The surface area and volume of peanuts were determined 
with the use of 7 geometric models composed of selected 
geometric shapes (Fig. 2).
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Every geometric model was described with the following 
mathematical formulas:
– sphere (M1):
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– ellipsoid (M5):
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and F(Q,m) and E(Q,m) are incomplete elliptic integrals of 
the first and second kind [3].

Fig.	2.	 Geometric	models	of	peanuts:	M1	–	sphere,	M2	–	cylinder,	M3	–	elliptic	cylinder,	M4	–	spheroid,	M5	–	ellipsoid,	
M6	–	half	of	spheroid	and	half	of	cylinder,	M7	–	half	of	elipsoid	and	half	of	elliptic	cylinder,	dw	–	arithmetic	mean	
diameter,	dz	–	mean	diameter,	L	–	length,	W	–	width,	T	–	thickness.

Rys.	2.	 Modele	geometryczne	owoców	orzechy	podziemnej:	M1	–	kula,	M2	–	walec,	M3	–	walec	eliptyczny,	M4	–	elipsoida	
obrotowa,	M5	–	elipsoida,	M6	–	połowa	elipsoidy	obrotowej	i	walec,	M7	–	połowa	elipsoidy	i	walec	eliptyczny;	
dw	–	arytmetyczna	średnica	zastępcza,	dz	–	średnica	zastępcza,	L	–	długość,	W	–	szerokość,	T	–	grubość.

Source:	 Own study 
Źródło: Opracowanie własne
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– model composed of a cylinder and a semi-sphere (M6):

  (14)

                       (15)

– model composed of an elliptic cylinder and a semi-ellipso-
id (M7):
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In models M1, M2, M4 and M6, equivalent diameters 
were calculated with the following formulas:
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Three-dimensional numerical models of peanuts were 
generated with the use of a NextEngine 3D laser scanner [15]. 
Peanuts were mounted on a rotary table with a grip (Fig. 3). 
Scanning resolution was 248 points per mm2. The average 
scanning time to produce a complete numerical model was 
around 30 minutes.

Fig.	3.	 Test	stand	for	acquiring	3D	scans	of	peanuts:	1–	
3D	scanner,	2	–	camera,	3	–	laser	diodes,	4	–	rotary	
table	with	a	controlled	inclination	angle,	5	–	mo-
tor,	6	–	needle,	7	–	sample,	x	–	distance	between	the	
sample	and	the	3D	scanner.

Rys.	3.	 Skanowanie	3D	owoców	orzechy	podziemnej:	 1–	
skaner	3D,	2	–	kamera,	3	–	diody	laserowe,	4	–	sto-
lik	obrotowy	z	regulowanym	pochyleniem,	5	–	sil-
nik,	6	–	igła,	7	–	próbka,	x	–	odległość	próbki	od	
3D	skanera.

Source: Own study
Źródło: Opracowanie własne

The acquired series of 3D scans were combined in the 
ScanStudio HD Pro program (http://www.nextengine.com) to 
generate 3D numerical models. The MeshLab program was 
used to measure surface area and volume in the generated 
models [13]. The significance of differences between the 
average values of total surface area and volume measured 
with the 1D method and the 3D method was compared by one-
way ANOVA for multiple independent samples. Data were 
processed statistically in Statistica v. 13 PL, and the results 
were regarded as significant at α = 0.05 [18, 20].

RESULTS	AND	DISCUSSION
The surface area and volume of peanuts were measured 

based on the acquired 3D numerical models. The total surface 
area of peanut samples determined with the 1D method and 
the 3D method is presented in Figure 4.

Fig.	4.	 Surface	area	of	peanut	fruit,	determined	by	the	1D	
and	3D	method.

Rys.	4.	 Pole	 powierzchni	 owoców	 orzechy	 podziemnej	
wyznaczone	metodą	1D	i	3D.

Source: Own study 
Źródło: Opracowanie własne

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

It was assumed that measurements of surface area in the 3D 
method were free of errors and that the calculated values could 
be used as a reference for the measurements performed with 
the 1D method. The relative error between the measurements 
conducted with the 1D method and the 3D method was 
referred to as the “error of the method”. The relative error in 
surface area measurements conducted with the 1D method and 
geometric models M1, M6 and M7 was determined at 0.79%, 
3.29% and 1.11%, respectively (Fig. 5). Relative error was 
higher than 5% in the remaining geometric models in the 1D 
method. In the 1D method, the actual surface area of peanuts 
was rendered as a continuous plane without indentations.
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Table	1.	 Results	of	 the	calculations	 to	verify	 the	signifi-
cance	of	differences	between	the	mean	values	of	
the	area	

Tabela	1.	Wyniki	 obliczeń	 weryfikacji	 istotności	 różnic	
między	średnimi	wartościami	pola	powierzchni

Pole powierzchni A (ANOVA test) / Area A (ANOVA test)

F(7, N=232)=43.26; p=0.000

Prawdopodobieństwa porównań wielokrotnych / Probability  
of multiple comparisons 

Metoda 
pomiaru
Measure-

ment 
method

Liczebność 
próby 

Number of 
observa-

tions 
N

Współ-
czynnik 

zmienności
Coefficient 
of varia-

tion

Odchylenie 
standardo-

we
Standard 
deviation

Średnia
Mean
(mm2)

3D 30 13.98 226.09 1617.13ab

M1 30 15.28 249.49 1632.52ab

M2 30 13.52 298.74 2208.18d

M3 30 13.53 298.87 2208.36d

M4 30 13.98 213.26 1525.32ac

M5 30 13.12 190.28 1450.07c

M6 30 14.49 242.25 1671.30b

M7 30 13.94 227.93 1634.22ab

Wartości w kolumnach z takimi samymi literami nie różnią się istot-
nie; a, b, c, d (P ≤ 0,05)
Values in columns marked with identical letters do not differ signifi-
cantly: a, b, c, d (P ≤ 0.05)
Source: Own study 
Źródło: Opracowanie własne

Fig.	5.	 Relative	error	in	determining	the	surface	area	of	
peanuts	by	the	1D	method	with	the	use	of	geome-
tric	models	and	the	3D	method.

Rys.	5.	 Błąd	 względny	 wyznaczania	 pola	 powierzchni	
owoców	orzechy	podziemnej	metodą	1D	z	wyko-
rzystaniem	modeli	geometrycznych	i	metodą	3D.

Source: Own study 
Źródło: Opracowanie własne

The volume of peanuts calculated with the tested methods 
is presented in Figure 6.

Fig.	6.	 Volume	of	peanut	fruit,	determined	by	the	1D	and	
3D	method.

Rys.	6.	 Objętość	owoców	orzechy	podziemnej	wyznaczo-
na	metodą	1D	i	3D.

Source: Own study
Źródło: Opracowanie własne

The significance of differences between the average values 
of peanut volume was determined 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	 obliczeń	 weryfikacji	 istotności	 różnic	
między	średnimi	wartościami	objętości

Objętość V (ANOVA test) / Volume V (ANOVA test)
F(7, N=232)=23.128; p=0.000

Prawdopodobieństwa porównań wielokrotnych / Probability  
of multiple comparisons

Metoda 
pomiaru
Measure-

ment 
method

Liczebność 
próby 

Number of 
observa-

tions 
N

Współ-
czynnik 

zmienności
Coefficient 
of variation

Odchylenie 
standardo-

we
Standard 
deviation

Średnia
Mean
(mm2)

3D 30 17.41 843.60 4843.62a

M1 30 22.47 1405.78 6255.49b

M2 30 18.71 1345.09 7187.51c

M3 30 18.65 1337.42 7170.24c

M4 30 18.71 896.73 4791.67a

M5 30 18.65 891.61 4780.16a

M6 30 18.71 1120.91 5989.59b

M7 30 18.65 1114.51 5975.20b

Wartości w kolumnach z takimi samymi literami nie różnią się istot-
nie; a, b, c (P ≤ 0,05)
Values in columns marked with identical letters do not differ signifi-
cantly: a, b, c (P ≤ 0.05)
Source: Own study 
Źródło: Opracowanie własne
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It was assumed that volume measurements in the 3D 
method were free of errors and that the calculated values could 
be used as a reference for the measurements performed with 
the 1D method. The error in volume measurements conducted 
with the 1D model and geometric models M4 and M5 ranged 
from 1.22% to 1.45% (Fig. 7).

Fig.	7.	 Relative	error	in	determining	the	volume	of	pea-
nuts	by	the	1D	method	with	the	use	of	geometric	
models	and	the	3D	method.

Rys.	7.	 Błąd	 względny	 wyznaczania	 objętości	 owoców	
orzechy	podziemnej	metodą	1D	z	wykorzystaniem	
modeli	geometrycznych	oraz	metodą	3D.

Source: Own study
Źródło: Opracowanie własne

CONCLUSIONS
The comparison of two methods for determining the 

geometric parameters of peanuts revealed that the 3D method 
produced more reliable results. The geometric parameters 
(linear dimensions, surface area, volume) of entire samples 
and selected fragments of the examined samples can be 

determined based on 3D numerical models. The surface area 
of peanuts was more accurately rendered with the use of 3D 
numerical models than the direct method involving geometric 
models (1D method). In the 1D method, the surface area of 
peanuts can be determined with the use of geometric models 
M1 (sphere), M6 (semi-spheroid and a cylinder) and M7 
(semi-ellipsoid and an elliptic cylinder). Geometric models 
M4 (spheroid) and M5 (ellipsoid) can be applied to determine 
the volume of peanuts in the 1D method. The relative error was 
below 5% when the above models were applied to measure 
the surface area and volume of peanuts. Reverse engineering 
of 3D numerical models (3D method) is a laborious process 
which requires adequate lighting, and the relevant conditions 
can be met only under laboratory conditions. 

WNIOSKI
Z przeprowadzonych badań na owocach orzechy podziem-

nej, wynika, że spośród zastosowanych dwóch metod wyzna-
czenia parametrów geometrycznych owoców najlepsze efekty 
uzyskano przy metodzie 3D. Na podstawie przestrzennych mo-
deli numerycznych można wyznaczyć parametry geometrycz-
ne (wymiary, powierzchnię, objętość) całych próbek jak i ich 
wybranych fragmentów. Pomiar pola powierzchni owoców z 
wykorzystaniem przestrzennych modeli numerycznych jest do-
kładniejszy niż pomiar pola powierzchni metodą bezpośrednią  
z wykorzystaniem modeli geometrycznych (metoda 1D). Do 
wyznaczenia pola powierzchni owoców orzechy podziem-
nej metodą 1D można zastosować modele geometryczne M1 
(kula), M6 (połowa elipsoidy obrotowej i walec) i M7 (połowa 
elipsoidy i walec eliptyczny). Wyznaczając objętość owoców 
orzechy podziemnej metodą 1D można wykorzystać modele 
M4 (elipsoida obrotowa) i M5 (elipsoida). Wykorzystując wy-
mienione modele do wyznaczania pola powierzchni i objęto-
ści owoców popełnia się błąd względny pomiaru mniejszy od 
5%. Budowanie za pomocą inżynierii odwrotnej przestrzenne-
go modelu numerycznego (metoda 3D) jest procesem długim, 
wymagającym zachowania określonych warunków oświetle-
niowych, które na chwilę obecną są łatwe do spełnienia tylko  
w warunkach laboratoryjnych.
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