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APPLICATION OF MODEL-BASED DESIGN IN ALGORITHMS’ PROTOTYPING
FOR EXPERIMENTAL ACORN SCARIFICATION RIG

Summary

Assessment of viability of oak seeds is mainly performed by mechanical scarification followed by visual assessment by
trained employees. This procedure is slow and prone to human errors, thus automation of this process is desirable. Shorten-
ing the design of complex automation systems requires the use of modern methods, allowing for modeling and simulation of
systems containing elements of mechanical, electrical and digital components. The article presents selected aspects of the
design of control algorithms for the acorn scarification prototype. A virtual prototyping and Model-Based Design (MBD)
approach have been used.
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ZASTOSOWANIE METODYKI PROJEKTOWANIA OPARTEJ NA MODELU
W PROTOTYPOWANIU ALGORYTMOW DLA BADAWCZEGO STANOWISKA
SKARYFIKACJI ZOLEDZI

Streszczenie

Jedng ze stosowanych metod badania zmian mumifikacyjnych nasion jest skaryfikacja mechaniczna, polgczona ze wzrokowgq
oceng zywotnosci nasion przez cztowieka. Recznie wykonywana procedura jest powolna i podatna na biedy, dlatego tez au-
tomatyzacja tego procesu jest pozqdana. Skrocenie czasu projektowania ztoZonych systemow automatyki wymaga stosowa-
nia nowoczesnych metod, pozwalajgcych na modelowanie i symulacje systemow zawierajqcych elementy zaréowno mecha-
niczne, elektryczne, jak i podzespoly cyfrowe. W artykule zaprezentowano wybrane aspekty projektowania algorytmow ste-
rujgcych stanowiska badawczego do skaryfikacji zoledzi. Do rozwoju stanowiska badawczego wykorzystano wirtualne pro-

totypowanie oraz metodyke projektowania opartqg na modelu (MBD — ang. Model-Based Design).
Stowa kluczowe: skaryfikacja zoledzi, projektowanie z wykorzystaniem modeli, sterowanie

1. Introduction

Virtual prototyping is a known technique in develop-
ment of various devices application areas. Dedicated CAD
software tools (e.g. SolidWorks™) are used for verification
and analysis of agricultural machinery [8, 12, 13]. In con-
trol applications MATLAB/Simulink or LabView software
is often used for modeling, simulation, identification and
verification [1, 3, 5, 6, 7, 10]. In this paper we propose to
use MATLAB environment for simulation of behavior of
mechanical components along with control algorithm. Sim-
plified functional models of mechanical components are
used for simulation of acorn trajectories and collisions. De-
lays and values of signals vital for control are evaluated
during the same simulation run. This approach demands
integration of multiple domains (physical, electrical, dis-
crete control logic) and using various numerical solvers
(fixed step size, variable step size, stiff or non-stiff). Simi-
lar approach including simulation of vision-based motion
detector has been presented in paper [9].

A simplified model of an automaton has been build for
the purpose of acquisition of data parameter identification,
and eventually verification of algorithms (Hardware-In-the-
Loop simulation — HIL). It includes mechanical compo-
nents (produced using 3D printing technique), actuators
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(servos, and stepper motors) and a CPLD-based control in-
terface (Complex Programmable Logic Device) connected
to the MATLAB software PC via USB2.0 interface. The
experimental setup comprises two high speed digital cam-
eras for analysis of the acorn in subsequent stages of pro-
cessing.

2. Materials and Methods

In order to design and verify initial design of the scarifi-
cation automaton, a well-known Model-Based Design ap-
proach (MBD) [2, 4] has been used. MBD is the methodol-
ogy where an engineer creates a high-level system model
(executable specification) at the beginning of product de-
velopment, based on a set of requirements. This model can
be simulated and verified in respect of requirements at any
stage of the development cycle — system level design, com-
ponent design and implementation. By using automatic
code generation and continuous verification, the design er-
rors can be quickly identified and addressed. This can speed
up development of the product. A system model usually
consist of two parts — a model of the plant (in this case scar-
ification automaton experimental setup under development)
and a controller (Fig. 1).
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Fig. 1. Principles of Model-Based Design
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Rys. 1. Idea metodyki Model-Based Design (projektowanie w oparciu 0 modele)
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Fig. 2. Hardware used for initial stages of processing: (a) rotator, (b) feeder
Rys. 2. Mechanizm wykorzystany w poczgtkowych fazach przetwarzania: (a) rotator, (b) podajnik

The goal was to design scarification automaton, which
consist of an input container for the seeds, connected to an
input of a seed transportation path that comprises the fol-
lowing elements arranged in the following sequence: a
feeder, a length and orientation detector, a rotator, a posi-
tioner, a gripper, a scarifier, vision-based sorter of seeds
and seed containers. Fig. 2 shows the hardware performing
initial stages of acorn processing sequence: form the feeder
to the rotator.

The essential part of the automaton is a controller,
which is responsible for reading out signals from sensors
and driving actuators of particular subsystems. The required
sequence of actions is following:

o the acorn is released from an input container by a latch
and falls down to the feeder,

¢ in the feeder, acorn moves across the field of view of
the camera subsystem that detects its orientation and length,
o then, the acorn falls down to the rotator which rotates
the seed if necessary and forwards it to the scarification
module,

o the seed is positioned and a scarifier cuts the end of the
seed,

e vision-based detector performs visual assessment of the
viability of the seed on the basis of the image of the cross-
section,

o finally, acorns are separated into healthy and spoiled
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and placed into output containers.

Mummification changes that appear in cross-sections
after scarification allow to predict viability of each seed by
means of computing vision-based features. These features
can be used in a similar way like mass and density [11] for
estimating quality of seeds.

Time of the acorn processing is an important factor — we
aim to minimize it (assumed performance of the seed sys-
tem is about 1 acorn per second). Therefore, identification
of delays introduced by individual automaton components
is essential. Above description of the automaton defines our
requirements: (I) individual components and connections
between them, (1) methods of controlling transportation of
seeds from the input container, through transportation path,
into a one of the output containers based on mummification
detector results, (111) overall automaton performance.

3. Results and future work

Based on the requirements, the modeling of the entire
system and its individual components was made using
MATLAB® environment (MathWorks®) and its modules
(Simulink®,  Stateflow™ and Simscape Multibody™).
A model of the scarification automaton and the controller
(Fig. 3) acts as a reference specification of the whole sys-
tem, allowing us for simulation and testing both plant and
its controller together at different stages of design.
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Fig. 3. A Simulink model of the scarification automaton along with the controller at one of the early stages of development
Rys. 3. Model Simulinka automatu do skaryfikacji wraz z kontrolerem (poczgtkowy etap modelowania)
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Fig. 4. A part of the automaton model: (a) mechanical part of the feeder and transport, (b) discrete part of a machine vision

subsystem

Rys. 4. Czes$¢é modelu automatu: (a) elementy mechaniczne podajnika i systemu transportowego, (b) elementy cyfrowe pod-

systemu przetwarzania obrazow

The individual components can be simulated separately,
allowing more detailed focus on various aspects of the au-
tomaton. For example we’ve modeled and simulated behav-
ior of the transportation of seeds from the input container,
through transportation path and field of view of the orienta-
tion detector (camera), into a rotator (Fig. 4). The realized
model uses Simscape Multibody Toolbox. The model func-
tionality allows to test the operation of acorn’s feeder in the
continuous or steeping simulation mode. The feeder output
allows to trigger the subsequent component of the automa-
ton. The preparation of testing scenarios allows to simulate
the behavior of the virtual prototype and further operation
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of the real device.

Based on mixed design (simplified mechanical model,
discrete time camera system), we designed the controller
for that part of the system. Using Model-Based Design, op-
timization of the control system and automated code gener-
ation for HIL (Hardware-In-the-Loop) testing was also pos-
sible. By implementing a set of drivers (in a form of Sim-
ulink s-functions) to a real prototype (Fig. 5), we were able
to test functionality of another part of the automaton and
identify its parameters (i.e. rotator rotation angles corre-
sponding to the respective outputs, delays).
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Fig. 5. A set of Simulink s-functions for interfacing sensors and actuators for the scarification experimental setup
Rys. 5. Zestaw s-funkcji Simulinka opracowanych do polgczenia sensoréw i elementéw wykonawczych ze stanowiska ekspe-

rymentalnego
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Fig. 6. Exemplary results of the simulation of acorns passing by across the feeder
Rys. 6. Przykladowe rezultaty symulacji nasion przesuwajgcych si¢ wzdtuz podajnika

These parameters can be used to fine tuning mechanical
model of the automaton, and thus enable modeling and
concurrent functional simulation of the whole system, in-
cluding simplified models of mechanical components, actu-
ators and sensory part. Fig. 6 shows a exemplary output of
the simulation comprising open control signal of the feeder
and estimated sensor readout. The article shows current
state of our work-in-progress. In further stages it is planned
to perform Hardware-In-the-Loop simulation of the system
comprising real plant and virtual model of the control algo-
rithm according to Fig. 1. The next step includes the inte-
gration of image processing and recognition algorithms into
the proposed complex model of the automaton.
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