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EVALUATION OF THE SHAPE AND DIMENSIONS OF CEREAL SE EDS AND OTHER
CROPS FOR MODELING SOWING AND SEED SEPARATION

Summary

The paper presents the results of laboratory testthe shape and dimensions of cereal seeds aed atbp plants neces-
sary for modeling the sowing and separation of ¢heseds. Individual grains are not usually ideritisa their linear di-
mensions are not uniform in different directionkeTability to determine the shape and dimensiorgraihs is extremely
important from the point of view of basic reseaashwell as in practice as a boundary condition riweichine design. Dur-
ing the study a photogrammetric method was useddiasa the "Gabar” program written at Poznan Univigysof Tech-
nology. It allows us to significantly improve amuksd up the process of obtaining data with sufitcéecuracy and can be
applied to the overall assessment of other raw rasesuch as those from recycling.
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OCENA KSZTALTU | WYMIAROW NASION ZBO Z | INNYCH RO SLIN UPRAWNYCH NA
POTRZEBY MODELOWANIA PROCESU WYSIEWU | SEPARACJI NA SION

Streszczenie

W pracy przedstawiono wyniki batliaboratoryjnych ksztattu i wymiaréw nasion zbdnnych railin uprawnych niezgx-
nych do modelowania procesu wysiewu i separadji hasion. Poszczegodlne ziarna niezazwyczaj identyczne, agwiich
wymiary liniowe nie ¢ jednakowe w rinych kierunkach. Miiwos¢ okreslenia ksztattu i wymiaréw ziaren jest niezwykle
istotna z punktu widzenia batlpodstawowych, jak rowniev praktyce jako warunki brzegowe do projektowamizszyn.
Podczas badawykorzystana zostata metoda fotogrametryczna heaupa napisanym w Politechnice Po#skiej pro-
gramie ,Gabar”. Pozwala ona znacznie usprawmiprzyspieszy proces pozyskiwania danych z wystargzajdoktadno-

sCig, jak rownie€ mae by zastosowana do oceny gabarytowej innych surowgdiwecyklingowych.
Stowa kluczowewymiary ziarna, binaryzacja obrazu, wyebtnianie konturéw, pomiary fotogrametryczne

1. Introduction

Most of the cultivated crops are now sown by meazins
row drills, universal ones working alone or moré¢eafas
components of agronomic and sowing aggregatesdi6]
non-ornamental tillage and sowing [17]. Cereal aggtes
can be both row and spot drills. The most commaohyn
crops are: wheat, rye, triticale, barley oats,eatsrape, lu-
pine, pea, etc. Some of the seedlings previousiynsoy
means of row drills are now sown with precise see{#,
mainly beets and maize. Working units of the sedtiathd
other machines such as the cleaner, crusher ategrmust
be adapted to the size and shape of the seed.

Considering the sowing process, density (distiio)t
and depth of seed are also important. Hence kn@eled
the geometric parameters of the kernel plays adomehtal
role in the construction of not only seeders but ather
machine in which there is a grain flow, e.g. harees
cleaning and sorting machines, shredders, crustersrs,
grain conveyors and other materials such as aligenfu-
els etc. Learning about the geometrical featurekeofiels
is of interest not only to agricultural machine idesrs but
also to machine builders for the food industry. Pheblem
of evaluating the geometrical properties of the raaterial
is also apparent in the mining, extraction and wowmtlis-
tries, where we deal with various fractions of glaaggre-
gate, wood waste, etc. For the design of machindsrad-
els of heat and mass exchange, mathematical motiela-
terials are very helpful. They are intended [13]2,n order
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to correctly develop mathematical models, the dajea-
metrical dimensions of the seeds or other agricalltor in-
dustrial raw materials should be precisely deteethirirhe
presentation of lumps of grain, agricultural rawtengls or
industrial discrete material is of great important¢he de-
sign of work processes [16]. Mathematical modekscdb-
ing the shape of the seeds, agricultural and imidlisaw
materials are helpful in determining regulatorygraeters
for agricultural machinery and equipment and fooocpss-
ing [15].

Measurement of the dimensions and shape of tlie fgra
machine construction has been going on for a ey time.
Previously used measurement methods with claskiedr
measuring tools were relatively inefficient, ane tiesults of
old measurements may not meet current needs dygntdic
changes that occur in cultivated plant varietiesrdime and
progress in new cultures. On the other hand, metbbdalcu-
lating and simulating processes occurring in mahimclud-
ing seed sowing processes, require more precismajeo
models of seed. An example is the DEM method gwtires
precise modeling of the seed shape. There is trerafneed
to continually supplement the databases of seedasid shape
collected so far.

2. Current state of knowledge
Due to work on the modeling of threshing, sortarg

sowing processes and pneumatic transport, taskobes
carried out in this area for many years [2, 3,®, 111]. For
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these needs, their own software has been develfgred

photogrammetric seed measurement and the desitheiof
3D models in the form of meshes approximating theo
shape on the basis of a series of photographst pkatos
of the group of seeds spread out on the illuminateck of
the table are binarized and then subject to segtientand
geometric calculations, which consist in deterngniime

dimensions of the grain contours of moments oftiaesf

the grain silhouette, etc. The results of thesesomesnents
were statistically processed, i.e. calculationsglisfribution

parameters of geometric features. Similar work éndp
done at the University of Life Sciences in Poznad eom-
puter software for FEM modeling is being develop#d,

21]. This paper presents a computer program forgdme
eration of FEM meshes based on a series of phqibgraf
the cross sections of microtome obtained [20]. pitogram
has a wealth of photo opportunities for realistaging of
the grain model.

3. Aim of the study

The aim of the study was to supplement the sekatd
on the geometrical features of cereal and ceredh grops
for the purposes of the design of agricultural amiking
machines for sowing, threshing, cleaning, grindaider-
nels as well as industrial crushing and screeniaghimes.
The scope of work included measuring basic gdamen-
sions(length, width). Based on the data obtained, Haps
factor and surface area were also calculated. Tsae®les
of seeds were weighed before each measurementh-
sample consisted of 10 seeds - to determine the ofame
thousand seeds and the length, width and thickokgse
seedlings measured with a caliper.

4. Research subject

The following grains were the research object: (e

riety: Daakowskie zlote), winter wheat (Tulsa variety), win-

ter barley (Titus variety), winter triticale (Borwaariety),
oats (variety: Bingo), corn (Celux variety) Winteilseed
rape (Monolith), lupine (Obornik), white pea, satpsun-
flower, sorghum. A detailed description of the neetrand
the course of the experiment is illustrated byekemple of
lupine seeds (Obornicki), that is why, on the basdishe
literature, more important features and propefismge been

characterized.

E

Fig. 1. Lupin Obornicki
Rys. 1. Lubin Obornicki

tukasz GIERZ, Jarostaw SELECH, Konrad WLODARCZYK

38

Lupine seeds (Obornicki) are brown-gray seedsh wit
marbled texture of the surface (on the dark baakgplo
there are brighter spots), kidney shape. The wa§in00
seeds is about 180 g. The recommended sowing sthisda
140-160 kg/ ha, while the row spacing is 15-25 dapth is
3-4 cm. Optimal sowing date 10-15 April [12]. Figul
shows photographs taken at the upper Lupin Obarnick
grain.

5. Description of the method

On prepared glass plates with dimensions 100x180 m
randomly selected seed samples of the given plzatiss
obtained from the PozneSeed Center were sticked. These
plates were then photographed using a 5- megagigihl
camera. A disc 16 mm in diameter was placed orptiwe
tographed seed plates as a standard length.

Photographs were pre-processed using the paint.net
web-based program and then the correct measurements
were made using a program written in the Gabar Mach
Department [9]. This program automatically perforthe
binary image based on the accepted threshold ghimess
of the objects (see Figure 2 for an example of ri@aton
on the example of lupine “Obornicki”) and then ek the
contours of all the seeds in the seed frame (sgparé-i3 for
an example of isolated contours on the examplaipihé
“Obornicki” grains), calculating their geometric attacter-
istics such as surface area, overall dimensionsgite
width), moments of inertia and center of gravitheTmas-

eder object is measured first - in our case a dé&enin in di-
ameter - which allows the seed images to be autoatigt
scaled according to the known dimension of the.disc

] Source: screen dialog box of program "Gabar"
Zrodto: screen okna dialogowego programu ,Gabar”

o e e N O L O @

Fig. 2. Image binarization in "Gabar"
Rys. 2. Binaryzacja obrazu w programie ,Gabar”

The results of the measurements and calculations f
each sample are placed in a disk file. The resfitthe
measurements are then subjected to statisticaépsom by
calculating the average and mean square deviafidheo
seed dimensions. Once the measurement is comptate,
can print a measurement report - the sample regbanvn
in Figure 4.
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The results of the analysis of accu-racy are ptesein Ta-
ble 2. Based on the measurements’ accuracy anabysis
: grain size, the maximum square deviation (absauriar) is
( ( ¢ © C @ 0.01 mm. Thus, the measurements of grain size enett
L bench for dimensional and shape measurements tise sa
® o ° e o © o factory and can be used as boundary conditions wdeen
) s O o S & signing work machines. Currently the photogramroetri
- method is used for the geometric characterizatfdeemels
— ® o @ © O O for the validation of mgthematical models of gramove-
<« S o ] e S ment in pneumatic seed drills, although it is netleded
from its use for the examination of the shape bEomate-

¢ 9 L] [ L) © o rials such as wood chips.
& 6 6 © & o |
rsiatystyka prawidiows badani ik
“ e ‘ ‘ ‘ . ‘ Plik Edyca Format Widok Pomoc

wyniki pomiardw ksztattu 1 wymiardw ziarna

Wyrniasaiszony [16

G:\aktualne prace \granty s1ewmk1\prmgramy symulacyjne'fortogrametria\zyto. bmp
wspdlczynnik skali= 1272

srednia powierzchnia z1ar|’|af 17.01 mm2 +- 2.86
S d I b f "G b , éd* Sregma d?uquzc ziarna= 7.81 mm2+- 1.06
. . srednia szerokos¢ ziarna= 2. 94 mm2+— 0.25
ource: screen dialog box of program "Gabattbdio: screen SR S 1 i
H ”
Okna dla|OgowegO programu ”Gabar E‘S;gﬁg;mp‘skp;ggﬂgranty\ﬂewm i programy Symu acy]me\ otogrametria‘\Pszenica. bmp
! Sregma gg\«ﬂerzchma ziarna= 18.50 mm2 +- 2.32
. . srednia diugos¢ ziarna= 6.80 mm2+- 0.39
" srednia szerokos¢ ziarna= 3.70 mm2+- 0.35
Fig. 3. The extracted contours of the seeds iri@abar | e I S ) i
H H H G:\aktualne prace\granty\siewniki\programy symulacyjne\fotogrametria‘Jeczmien. bm
Rys. 3. Wyod@bnione kontury nasion w programie ,Gabar” e P 1 oy eprkiNprogramy symaey! 2 P
srednia powierzchnia z1arna— 23.35 mm2 +- 6.55
srednia dtugos¢ ziarna= 9.98 mm2+- 3.00
Srednia szerokosc ziarna= 3. 34 mm2-+— 0.5?

sredni wspotczynnik kszrattu=
G:\aktualne prace\granty\s‘lewmm \prm;ramy syrnu'\acy]ﬂe\futugrametma\kukurydzal bmp
wspdlczynnik skali=

49.89 mm2 +- 24.84

srednia powierzchnia z1ar’naf ¢
6. Research results Srednia §Tugese ziarna 73 el L
srednia szerokos¢ ziarna= 6. 34 mm2+— 2.7'1
sredni wspotczynnik ksztaitu= 0. +- .21
G:h\aktualne prace \granty\s‘lewmkﬂprugramy symu'\acy]ne \fotogrametria\rRzepak. bmp
wspalczynnik skali=

Based on the measurements, basic seeds of 16 CHf stz bowierschnia ziarnas 150 m2 4= 0.57

. . srednia dtugosé ziarna= 2.26 mm2+- 0.23

plants were characterized for the sowing, transpean- :ﬁiﬁﬂlmzssazsaz;sz;zs;m_ LeE i

ing, screening, selection and shredding of seels.résults

of photogrammetric measurements for 16 plant keraed SOUI:CEZ printout of a_text file of collected meanents_ln

summarized in Table 1. "Gabar" / Zrédto: wydruk pliku tekstowego zebranych pomiarow
In order to perform an accuracy analysis of thengr w programie ,Gabar

lometric method of measuring grain dimensions,aswle- Fig. 4. The report on the results of measuremantthe

cided to use measurements of the same grains wiliger "Gabar"

of 0.01 mm accuracy. Rys. 4. Raport z wynikéw pomiaréw w programie ,Gdba

Table 1. The results of photogrammetric measuresrientselected types of grains
Tab. 1. Wyniki pomiarow fotogrametrycznych dla vayiych rodzajow ziaren

NoO Species, variety TSW Length Width Shape Surfac% area
[0] [mm] [mm] Factor [mm9]
1. Rye, Dakowskie zlote 32,547,5 7,81+1,06 2,94+0,25 0,3860,( 17,01+2,86
2. Winter wheat, Tulsa 42,5+7,5 6,80+0,39 3,70+0,35 0,55+0,05 18,50+2,32
3. Barley winter, Titus 45,542 5 9,98+3,0 3,34+0,57 0,37+0,14 23,35+6,55
4. Winter triticale, Borwo 42+7 7,50%0,46 3,0+0,30 ,4@+0,04 16,36+2,02
5. Oats, Bingo 28,5+2,5 10,96+1,89 3,08+0,52 0,300 25,40+4,88
6. Corn (Celux) 2502 8,73+1,87 6,34+2,71 0,68+0,21 9,84+24,84
7. Winter rape, Monolith 5,240,1 2,26+0,23 1,89#,4 | 0,83+0,17 3,50+0,57
8. Winter oil-yielding rape, Brachina 3,5+0,1 1,7180 1,04+0,57 0,64+0,26 2,40+0,49
9. Lupine (Obornicki) 179,5£3,5 7,24+0,48 5,67+0,56 0,77+0,08 32,62+4,88
10. Lucerne, Planet 2,620,9 2,240,26 1,32+0,27 M358 2,51+0,44
11. White pea 275+25 8,03+0,37 7,31+0,42 0,91+0,04 45,23+4,03
12. Peluszka, Milwa 175425 8,01+0,39 6,93+0,41 80805 41,23+4,12
13. Southern hempen 2244 4,84+0,49 3,65+0,58 0,05+0 12,9743,13
14. Sunflower striped 8412 11,05+0,61 4,48+0,5( 180106 39,7745,23
15. Sorghum 37,5+1,5 4,79+0,47 2,85+0,29 0,59+0,06  9,23+1,30
16. Mustard 7+0,5 2,30+0,36 1,93+0,46 0,83+0,15 730668
Abbreviations: TSW- mass of 1000 seeds Source: own elaborationZrédto: opracowanie wtasne
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Table 2. The results of the accuracy measuremeyadf size
Tab. 2. Wyniki badadokfadngci pomiaru wymiaréw ziaren

Average length Average width

No Species, variety [mm] [mm]

MF MS B MF MS B
1. Rye, Dakowskie ztote 7,81 7,81 0 2,94 2,94 0
2. Winter wheat, Tulsa 6,80 6,81 0,01 3,70 3,70 0
3. Barley winter, Titus 9,98 9,97 -0,01 3,34 3,33 -0,01
4. Winter triticale, Borwo 7,50 7,50 0 3,0 3,0 0
5. Oats, Bingo 10,96 10,96 0 3,08 3,07 -0,01
6. Corn (Celux) 8,73 8,73 0 6,34 6,34 0
7. Winter rape, Monolith 2,26 2,25 -0,01 1,89 1,89 0
8. Winter oil-yielding rape, Brachina 1,71 1,71 0 1,04 1,04 0
9. Lupine (Obornicki) 7,24 7,23 -0,01 5,67 5,66 -0,01
10. Lucerne, Planet 2,20 2,20 0 1,32 1,32 0
11. White pea 8,03 8,03 0 7,31 7,31 0
12. Peluszka, Milwa 8,01 8,01 0 6,93 6,92 -0,01
13. Southern hempen 4,84 4,84 0 3,65 3,64 -0,01
14. Sunflower striped 11,05 11,05 0 4.48 4.48 0
15. Sorghum 4,79 4,79 0 2,85 2,85 0
16. Mustard 2,30 2,30 0 1,93 1,93 0

Markings: MF - photogrammetric measurements, M&asaring caliper, B - Measurement error
Source:own elaborationZrédio: opracowanie wiasne

7. Conclusions [9] Keska W.: :Program komputerowy do analizy wymiaréw
i ksztaltdw ziaren, Zeszyty Naukowe PolitechnikizRah-
Based on the measurements made, the following con- skiej. Maszyny Robocze i Transport, 2004, 57, 126-1
clusions can be drawn: [10] Keska W., Feder S.: Zastosowanie funkcji sklejanych d
1. The photogrammetric method of measuring the geom _ _aproksymacji ksztaltu nasion. Prace PIMR, 20085167.
rical features of the kernels allows for a sigmific im- [111Keska W., Feder S.. Trojwymiarowa rekonstrukcja Ksata

provement and quickening of the process of obtgidita; elementéw rélinnych z dwuwymiarowych obrazéw rastro-

) . R 4 wych. Prace PIMR, 1997, 1, 15-17.
2. The procedures implemented in the “Gabar” CORIPUL [15] Kowalczuk J., Zarajczyk J., Chocz D., Kaliniewicz Blarkow-

program allow for proper measurement and calcuiatio ski P.: Nowe rozwizania w budowie siewnikdw precyzyjnych.

Verification of the accuracy of this method haswhdhat Cze$¢ 2. Technika Rolnicza Ogrodniczashe, 2012, 6.

the maximum square deflection of measured measumtsme [13] Markowski P., Chocz D., Kaliniewicz Z., Golder Mkielewicz
is 0.01 mm; A.: Analiza poréwnawcza jakoi siewu nasion pszenicy siewni-
3. The photogrammetric method for the price of sisap kiem uniwersalnym i agregatem uprawowo-siewnyrayrreria
and dimensions can be used to evaluate the sizeptled Rolnicza, 2013: Z. 4(147), T. 1, 213-222.

raw materials such as wood chips, green PVC fbis are [14] Mieszkalski L.: Metoda tworzenia modelu bryty ziarnbé.

. . . - Problemy Irzynierii Rolniczej, 2001, 1(31), 29-36.
increasingly used as alternative fuels or recyohaderials. [15] Mieszkalski L. Metoda matematycznego modelowania

ksztaltu bryly ziarna pszenicy za pomoparametrycznej
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