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Abstract: Computer-aiding of mathematical
modeling of the carrot (Daucus carota L.) root
shape. The developed method refers to computer
aided mathematical modeling of the carrot root.
The Bézier curves were used in mathematical
model for description of the carrot root shape.
Two smoothly connected Bézier curves described
half of longitudinal contour of carrot root cross
section. After rotation of these curves, the ob-
tained equations were subjected to scaling. The
proposed mathematical model can serve the ge-
nerating the 3D solids that are similar in respect
of the shape and basic dimensions of carrot roots.
In mathematical model it is possible to change the
values of parameters that determine basic geome-
tric dimensions (diameters and length of root) and
the root shape (coordinates of nodal and check
points of the Bézier curves).
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INTRODUCTION

The carrot (Daucus carota L.) belongs to
vegetables that take about 17% of their
cultivation [Swietlikowska 2008]. It is
used in food industry. The raw mate-
rial for processing is a storage root. The
carrot contains carotene [Swietlikowska
etal. 2008], sugars, vitamins of groups B,
C and E and others, as well as minerals:
potassium, calcium, iron, copper, phos-
phorus. The raw materials of agricultural

origin differ in respect of shape and are
characterized by substantial variability
of dimensions. The carrot root shape, as
report Swietlikowska at al. [2008] after
Ortowski et al. [1995], is spherical, oval,
cylindrical, conical and wedge-shaped.

The shape of carrot root is taken into
consideration during designing of its
processing technology [Gérnicki et al.
2009; Nowacka et al. 2010; Stepien 20009;
Stopa et al. 2008], as well as during
designing of machines and equipment
for its cultivation and processing [Babik
and Dudek 2000; 2003; 2006; Dudek et
al. 2007]. Janaszek and Trajer [2010] pro-
posed the method for undertaking deci-
sions on carrot processing usability based
on simplified information on the carrot
roots colour. Waszkiewicz et al. [2008]
investrigated the effect of technical and
exploitation parameters of the combine
on the selected energetic indices during
carrot roots harvesting.

The geometric features of raw plant
materials of agricultural origin, as report
Fraczek and Wrobel [2009], are simulated
with various accuracy by many research-
ers [Keska and Feder 1997; Donev 2004;
Mieszkalski 2011]. Fraczek and Wrébel
[2009] undertook an attempt towards
application of computer graphics for 3D
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reconstruction of such objects. Fraczek
and Wrdbel [2006] point out the use of
image-models in evaluation of raw mate-
rials; nowadays, when dynamic develop-
ment of informatics and computer tech-
niques take place, such models will be
more important and will have practi-
cal application. Mabille and Abecassis
[2003] proposed the parametric equa-
tions for modeling the shape of wheat
grain. With the use of image-models
one will be able to describe the shape of
wider and wider groups of raw materials
of biological origin. In practice, there are
needed the general methods for descrip-
tion of the raw materials’ shapes with
sufficient accuracy and at small labour
input. This requirement is met by mathe-
matical models. The author of this work
undertook an attempt towards applica-
tion of mathematical model to descrip-
tion of carrot root shape 3D.

This work aimed at elaboration of
mathematical models to describe the
carrot root shape with the use of Bézier
curves.

METHODICS

The research material was carrot (Daucus
carota L.) of hybrid variety Rodos F1,

originated from 2012 cultivation. There
were selected and photographed the three
carrot roots of different shapes. There
were measured the maximal diameters
at the root upper part cross section (D1,
D2), the minimal diameters (d1, d2) at
the root lower cross section and the
root length (a). The measurements were
executed with the use of a slide caliper
with accuracy 0.1 mm.

Detailed description of biological ob-
jects shapes can be obtained from Bézier
curves, that are commonly used in the
computer aided design programs and
computer graphics [Foley et al. 2001].
The mathematical models were develo-
ped with the use of two connected Bezier
curves, that created the half of carrot root
longitudinal contour; they allowed to
create the solid surfaces for given dimen-
sions, of the shape similar to the selected
carrot roots. The mentioned 3D solid
models were visualized with the use of
computer program Mathcad v. 14.

RESULTS OF MEASUREMENTS

The results of measurements on carrot
roots are presented in Table 1.

Exemplary photos of carrot roots are
presented in Figure 1.

TABLE 1. Basic dimensions of selected carrot roots of variety Rodos F1

Designation of carrot root
. Dimension A AB ABC
Cross section
mm mm mm
Length of root (a) 229.1 148.5 124.4
Upper part of root Diameter (D1) 55.2 45.3 33.2
Diameter (D2) 61.0 48.1 34.2
Lower part of root Diameter (d1) 34.1 35.9 24.2
Diameter (d2) 37.3 36.7 25.7




FIGURE 1. Exemplary carrot roots of variety
Rodos F1 of successive designations A, AB, ABC
(own elaboration, dimensions in Table 1), middle
view presents two connected Bézier curves on
carrot root contour

MODEL FOR CARROT ROOT
SOLID SHAPE REPRESENTED
WITH BEZIER CURVES

Matrix equations of coordinates xAl, zA1
of Bézier first curve points for carrot A:
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Matrix equations of coordinates xA2,
zA2 of Bézier second curve points for
carrot A have the following form:
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The matrix equations of Bézier curve
coordinates for carrot AB and ABC are
written down analogically.

The coordinates of nodal and check
points that occur in equations (1, 2, 3, 4)
for the first and second Bézier curves for
carrot roots A, AB, ABC are written down
in matrixes 5, 6, 7:
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XAll zA11] [0 229.1]

XALl2 zA12| |52 229.1

XAL3 zA13| |28 132

XAl4 zAl4 |=|27 119 (5)
xA22 zA22| |26 98

xA23 zA23| |31 0

| xA24 zA24| |0 O |

[xAB11 zAB11] [0 1485]
XAB12 zAB12| |28 1485
XAB13 zAB13| |27 112
xAB14 zABl4 |=|24 80 (6)
xAB22 zAB22| |21 48

xAB23 zAB23 32 0

| XAB24 zAB24| |0 0 |
[XABC11 zABCl1] [0 124.4]
XABC12 zABCl12| |24 124.4
XABC13 zABC13| |18 71
XABC14 zABCl4 |=|17 55 | (7)
XABC22 zABC22| [16 39
XABC23 zABC23| [21 0

| XABC24 zABC24| [0 0 |

In vector 8 there is given number of
meridians and parallels in the model
that describes the carrot root shape in
relations to a single Bézier curve, while
the range variables are written down in
vector 9:

NT [30
n [=|50 (8)
nl 10

t 0..N
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In order to obtain the solid of revolution
that represent carrot root A, one should
rotate the first Bézier curve (equations
10, 11, 12), then the second Bézier curves
(equations 13, 14, 15):

XA, j = xAlg1-Sin(gy)

YAlt, j = XAlt1 - €0S(¢j) (10)
ZAly1, j = zAI11
XA2t, j = xA2t-sin(¢;)
YA2t, j = A2t - 0S(4)j) (11)
ZA?t, ji= ZA2t
2.7 ]
here: ¢j = —— 12
where: ¢; N (12)
Matrixes obtained from rotation of

Bézier curve should be connected with
columns with the use of Mathcad stack
procedure:

Xa : = stack (XAl XA2)

Ya:=stack(YAL YA2) (13)
Za:=stack(ZAL ZA2)

Dimensions (a, D1, D2, d1, d2) from

the real carrot root measurements A, AB,
ABC are placed in matrix 14.



In order to obtain the set dimensions (a,
D1, D2, d1, d2) of carrot root model one
should execute the scaling of equations
13. The scaled matrix equations of coor-
dinates XA, YA, ZA of net nodal points
for surface describing A carrot root shape
have the following form:
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[ @A aAB  aABC | [229.1 1485 124.4]
D1A Dl1AB Dl1ABC 55.2 453 332
D2A D2AB D2ABC (=| 61 48.1 34.2 (14)
dlA dl1AB dl1ABC 341 359 242
| d2A d2AB d2ABC| [ 373 36.7 257

Similar calculations should be executed
for carrot roots designated as AB and
ABC.

The 3D models for carrot roots A, AB
and ABC are presented in Figure 2.

VERIFICATION OF CARROT ROOT
MODEL SOLIDS

~ D1A (15)
XA= max(Xa)—min(Xa)'Xa The worked out mathematical models
that describe the shape of carrot roots
D2A by rotation of the two connected Bézier
YA= vy Ya (16) curves were subjected to dimensional
max(Ya) —min(Ya) verification. The characteristic verifying
dimensions for carrot root were: maximal
7= aA za (A7) diameters (D1, D2) minimal diameters
max(Za) — min(Za) (d1, d2), length of root (a). The verifica-
{_ ——
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FIGURE 2. 3D models for carrot roots A, AB, ABC
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TABLE 2. Verification results for A, AB, ABC car-
rot root model

Result (mm) determined on basis of:
Designation | max(X) — min(X), max(Y) — min(Y),
of root max(Z) — min(Z)

a D1 | D2 |d1 d2
A 229.1| 55.2 | 61 34 37.6
AB 1485| 453 | 48.1 | 35.2 | 37.4
ABC 1244|332 | 342 | 244 | 25.1

tion results for A, AB, ABC carrot root
models are presented in Table 2.

Comparing the dimension results
obtained on the basis of models (Tab. 2)
and the real carrot root dimensions
(Tab. 1) one can find, that the shapes of
solids represented by carrot root models
(Fig. 2) are similar to the real carrot roots
presented in Figure 1. The proposed mat-
hematical models can serve generating
the 3D solids similar in respect of shape
and basic dimensions of carrot roots and
can be used in agricultural engineering
and food engineering.

CONCLUSIONS

1. The proposed mathematical model
represented by Bézier curve can serve
generating the 3D solids similar in re-
spect of shape and basic dimensions of
carrot roots.

2. In the proposed mathematical
model one can change the value of
parameters that determine the basic geo-
metric parameters and the root shape
(coordinates of nodal and check points
of Bézier curves); it enables to generate
any (within the species) solids similar to
carrot roots in respect of the shape and
basic dimensions.
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Streszczenie: Komputerowe wspomaganie mate-
matycznego modelowania ksztaftu korzenia mar-
chwi (Daucus carota L.). Proponowana metoda
dotyczy matematycznego modelowania korzeni
marchwi wspomaganego komputerowo. W mo-
delu matematycznym do opisu ksztattu korzenia
marchwi zastosowano krzywe Béziera. Dwie gtad-
ko potaczone krzywe Béziera opisywaty potowe
konturu wzdtuznego przekroju korzenia marchwi.
Po dokonaniu obrotu tych krzywych otrzymane
rownania poddawano skalowaniu. Proponowany
model matematyczny moze stuzy¢ do generowa-
nia bryt 3D, podobnych pod wzglgdem ksztattu
i podstawowych wymiaréw korzeni marchwi.
W modelu matematycznym istnieje mozliwosé
zmiany wartosci parametréw decydujacych o pod-
stawowych wymiarach geometrycznych (sredni-
ce i dtugos¢ korzenia) oraz o ksztatcie korzenia
(wspdtrzedne punktéw weztowych i kontrolnych
krzywych Béziera).
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