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ABSTRACT: The development of enhanced
multitasking agricultural robots required a greater
understanding of the mechanical properties of the
crop in question. This study evaluated the
physicomechanical properties (mass, failure force,
failure energy, and compressibility) of eggplant
(Melina F1) fruit to improve the performance of
harvesting and sorting robots. Compression loading
was applied to eggplant fruits of three sizes (small,
medium, and large) at three fruit regions (head,
middle and tail). The mechanical testing results
revealed that fruit size and fruit region had a
significant (p ≤0.01) effect on the mechanical
properties of the fruits. The fruit mass increased
significantly (p ≤0.01) as the fruit size increased. This
study revealed that small fruits had the lowest body
mass (225.9 g), while large fruits had the highest body
mass (402.8 g). Similarly, the results showed that the
failure force and energy increased significantly (p

≤0.01) as the fruit size increased from small to large,
with the middle region having the highest values and
the tail region having the lowest values. Small berries
In terms of fruit compressibility, the results revealed
that compressibility increased significantly (p ≤0.01)
as fruit size increased from small to large, with the tail
region having the highest compressibility and the
head region having the lowest. Because agricultural
robot optimization entailed optimizing the
effectiveness of object identifiers, manipulators, and
so on, the data obtained from this study will aid
software expertise in developing an advanced
agricultural robot for precision operations.
Keywords: Agricultural robotics, eggplant fruit,
multi-purpose robot, precision operation, software
developer

INTRODUCTION
In many countries, adequate food security is a pillar of
growth, development, and stability. Food insecurity leads
to famine, which causes crime and instability. According
to the Food and Agriculture Organization (FAO), the
United Nations agency in charge of food production,
there is a steady increase in food commodity prices due
to shortage in food production, growing population, labor
shortages, and climatic conditions (FAO, 2021). As a
result, the use of agricultural systems to supplement the

labor shortage had become unavoidable. Many farmers
are now using automated systems for weed and pest
control, fertilizer application, harvesting, sorting and
grading, and containerization. A fully automated
agricultural system can perform multiple actions at the
same time, even in hazardous conditions, and thus can
work continuously in any environment, depending on how
it is designed and programmed (Emmi et al., 2012;
Rodriguez et al., 2017).
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Emmi et al. (2012) state that a fully automated
agricultural system should be familiar with in the field,
detect obstacles, communicate effectively with units,
have an automated navigation system, minimize damage
to the targeted crops, and so on. According to Bechar
and Vigneault (2017), agricultural robots can now operate
effectively in unstructured fields thanks to new
technologies and improved intelligence systems.
Crop harvesting and sorting operations, according to
Idama and Uguru (2021), are the most time-consuming
and delicate operations tasks in crop production. This is
because improper harvesting can result in food waste,
which is one of the contributing factors to global food
insecurity. According to the Food and Agriculture
Organization (FAO), the United Nations agency in charge
of food production, approximately 40% of total fruits
produced in the world are lost each year due to poor
harvesting and processing operations (FAO, 2011).
As a result, the need for advanced and robotic crop
production systems has become unavoidable. According
to Robotics (2017), robotic applications in crop
harvesting, handling, and grading/sorting operations have
become common in crop production due to their speed
and accuracy of operations if well managed, resulting in
increased crop production and reduced food waste in
some developed countries. Because soil compaction
caused by large agricultural machinery is a major issue
during crop production, the light weight of robots has
become a significant advantage.
This is because, due to their light weight, they do not
cause soil compaction when used in the field (Rodriguez
et al., 2017). According to Emmi et al. (2012), in order to
optimize the operation of robots for agricultural
operations, the robot architecture system (e.g. sensors,
actuators, computers performing the algorithms, etc.) and
the operation methods must be simple but robust.
Independent
controllers
typically
handle
robot
architecture components, specifically commercial off-theshelf (COTS) sensors such as LIDARs and vision
systems.
According to Bochtis et al. (2010) and Cheung et al.
(2008), combining many robots has many advantages, as
their collaboration will lead to the achievement of welldefined objectives in agricultural operations. Several fully
automated agricultural robots have been designed and
developed by robotic engineers and their sister
departments over the last two decades. Wageningen
University and Research Center (WURC) created a
robotic lettuce thinner that is appropriate for the American
environment (WURC, 2016).
Similarly, the ISO Group created an automated system
for precision grafting and transplanting of crop seedlings.
Similarly, Blue River Technologies created a robotic
system capable of thinning and weeding lettuce farms. In
the meantime, the Agrobot Company has successfully
tested a berry harvesting robot with 60 harvesting arms.
Rodriguez et al. (2017) designed and built a multitasking
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robot capable of performing laborious tasks such as
tilling, planting, and fruit harvesting.
Robotics (2017) and Nwanze and Uguru (2020) state
that proper knowledge of the optical and mechanical
properties of fruits under various climatic conditions and
cultivation methods is required for the design and
development of advanced agricultural robotic systems.
This is due to the fact that the optical and mechanical
properties of fruits are generally affected by the fruit's age
and ripeness, shape and size, climatic conditions (e.g.
light intensity, temperature level, relative humidity, wind
speed and pressure, etc.), farming method used, and so
on. According to Idama and Uguru (2021), in order to
create a reliable and effective agricultural robot, the
designer and programmer must consider the physical and
mechanical properties of the fruits in addition to the
optical properties. This is due to the fact that the robotic
gripper must delicately grasp the targeted fruit without
causing mechanical damage to it during harvesting or
sorting operations. Similar claims were previously made
by Robotics (2017), because agricultural materials differ
from non-biological materials (e.g. metals) in that their
mechanical properties are not easily affected by shape,
size, climatic conditions, and so on. The design and
manufacture of agricultural robots that use the
mechanical properties of indigenous crops will increase
the efficiency of these robots in those locations.
According to research (Eboibi et al., 2019; Uyeri and
Uguru, 2018), the mechanical properties of crops are
influenced by environmental conditions, crop cultivar,
farming methods, maturity stage, harvesting period, and
so on. There is a scarcity of information on the
mechanical properties of many hybrid eggplant fruits
grown in Nigeria, which are required for the design and
development of autonomous systems. As a result, this
study was carried out to evaluate the mechanical
properties of eggplant (cv. Melina F1) fruits grown
organically. The findings of this study can be applied to
the design and development of agricultural robots for the
harvesting and sorting of eggplant fruits.
MATERIALS AND METHODS
Plant Material Selection and Preparation
The eggplant (cv. Melina F1) was cultivated in the
research farm of Delta State Polytechnic, Ozoro, Nigeria,
under organic farming method. Fruits of the eggplant
were harvested at peak maturity state, before the
complete seed development, as recommended by
Ashtiani et al. (2016). This is the stage when eggplants
are consume fresh, as the seed are still soft and sequent,
while the nutritional qualities of the fruits are at their peak
(Msogoya et al., 2014). As this stage, the fruits usually
have purple color and glossy skin (Figure 1). All the
harvested eggplants were subjected to manual inspection
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Statistical analysis
Data obtained from this study were subjected to analysis
of variance (ANOVA) to using SPSS 20.0 software (IBM
Corporation, USA), to determine the effect of fruit region
and size on the mechanical properties of the eggplant
fruit. Then Duncan's Multiple Range Test (DMRT) was
used to separate and compare the mean at 99%
confidence level.
RESULTS AND DISCUSSION
Size categorization of the fruits
Figure 1: Eggplant (cv. Melina F1) fruits.

to remove all pre-matured, deformed or pest infested
fruits.

Laboratory analyses of the eggplant fruits
Physical properties characterization
The dimensional qualities (length “L” and width “W”) of
the fruits were measured with a digital camera (SONY
DSC-W830) by applying ImageJsoftware. Then the mass
of the fruits were determined by using the electronic
weighing balance.
Mechanical properties determination
The mechanical (compression and puncture) properties
of the fruits were determined in respect to the three
regions the fruit. The regions were the head, middle and
tail.
Compression testing
Compression testing of the eggplant fruit was done by
using the Universal Testing Machine (UTM), according to
ASABE (2008) recommendations. At each test, the
targeted region of the eggplant fruit was placed between
the fixed and compression cells of the machine, and
loaded at a speed of 20 mm/min until the fruit ruptured.
From the curved generated by the machine during the
compression loading, the failure point of the eggplant fruit
was determined. Steffe (1996) stated that failure point
(yield point) of an agricultural material correlates, to its
microstructural failure point, and it is a vital factor to be
considered during the design and utilization of agricultural
robots to minimize food wastage (Edafeadhe and Uguru,
2019). Twenty fruits were used for the compression test,
as recommended by ASABE (2008).

The fruits' two main dimensions (Length "L" and Width
"W") were used to classify them into various sizes. The
three fruit categories used in this study are detailed below
(Table 1). The width and length dimensions of the small
size eggplant fruit were less than 85 mm and 160 mm,
respectively, while the width and length dimensions of the
medium size eggplant fruit ranged from 85 mm to 150
mm and 160 mm to 210 mm, respectively, and the width
and length dimensions of the large size eggplant fruit
were greater than 105 mm and 210 mm, respectively.
Despite the fact that there is no universal standard for
grading/sorting eggplant fruits into sizes, these values
were accepted due to the large number of eggplant fruits
that fell within these three size ranges. Only the diameter
(width) of the middle region of the fruits was considered
in this study. Because this is the fruit region, robotic arms
and other autonomous devices can easily grasp it. These
findings can be used in the design, programming, and
implementation of automated Melina eggplant harvesting
and sorting systems.
Mass of the eggplant fruit
The ANOVA results presented in (Table 2) revealed that
fruit size had significant (p ≤0.01) effect on the fruit mass.
Average values of the fruits mass presented in (Figure 2)
showed that the eggplant mass increased significantly (p
≤0.01), as the fruit size increased from small to large size.
It was observed from the results that the small size fruits
had an average mass of 225.9 g, the medium size fruits
recorded an average fruit mass of 336.6 N, while the
large size fruits had a mean fruit mass of 402.8 g. This
showed that the small fruits had the lowest body mass
(225.9 g), while the large fruits had the highest body
mass (402.8 g). This variation in the fruits body mass is
a key factor to be considered during the design and
development of containerization system for the eggplant
fruits. Brusewitz et al. (1989) stated that prefect
knowledge on the mass and failure parameters of fruits is
necessary to optimize their automated handling and
packaging (containerization) systems.
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Table 1: Size categorization of the eggplant fruit.

Width (mm)
Length (mm)

Small
W <85
L <160

Size
Medium
85 ≤ W ≤ 105
160 ≤ L ≤ 210

Large
W ˃ 105
L ˃ 210

Table 2: ANOVA results of the effect of fruit size on the fruit mass.
Source of Variation
Df
F
P-value
Between Groups
2
1323.36
1.14E-27*
Within Groups
27
Total
29
*significant different at (p ≤0.01) according to DMRT.

F crit
5.4881

Figure 2: Mass of the Melina F1 eggplant fruit. Columns with the same common
letters are not significant different at (p ≤0.01) according to DMRT.

Mechanical characterization of the eggplant fruits
Compression parameters
Compression parameters (force, compressibility and
energy) of the eggplant fruits, recorded at failure point
were only considered in this study. Failure point of
agricultural products is one the most critical mechanical
factors to be considered during the design, programming
and utilization of agricultural robots, in order to prevent
food waste through mechanical damage. Several
researchers (Ince et al., 2009; Oghenerukevwe and
Uguru, 2018; Ijabo et al., 2019), had proved that crops
that experienced mechanical damage during harvesting
and handling operations are highly susceptible to
deterioration during storage, regardless of the storage

method adopted. Oghenerukewve and Uguru (2018)
stated that the application of excessive compressive
force, beyond the failure point of agricultural products, is
one of the main causes of their internal mechanical
damage.
The ANOVA results of the effect of size and region on
the compression parameters of the eggplant fruits are
presented in (Table 3). Table 3 showed that fruit size and
region had significant (p ≤0.01) effect on the fruit failure
force, failure energy and compressibility. The mean
failure force, failure energy and compressibility of the
fruits are presented in (Figures 3, 4 and 5). Figures 3 and
4 indicated that the irrespective of the fruit region, the
failure force and failure energy increased significantly (p
≤0.01) as the fruit size increased from small to large. The
minimum failure force and failure energy (286.67 N and
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Table 3: ANOVA results of the effect of fruit size on the fruit compression parameters.
Source
Size

Parameter
Failure force
Compressibility
Failure energy
Region
Failure force
Compressibility
Failure energy
Size * Region
Failure force
Compressibility
Failure energy
*significant different at (p ≤0.01) according to DMRT,
to DMRT.

df
F
2
740.058
2
1059.043
2
583.547
2
613.966
2
686.896
2
888.747
4
4.582
4
3.216
4
.243
*not significant different at (p

P-value
3.74E-35*
1.43E-38*
6.57E-33*
2.18E-33
1.90E-34*
6.79E-37*
3.44E-03*
ns
0.0209
ns
0.9125
≤0.01) according

Figure 3: Failure force of Melina F1 eggplant fruit. Columns with the same common letters
for the same fruit region are not significant different at (p ≤0.05) according to DMRT.

3.41 Nm) were recorded when the small fruits were
compressed at the tail region, while the maximum failure
force and failure energy (435.33 N and 4.97 Nm) were
recorded when the large fruits were compressed at the
middle region. It terms of compressibility, the results
(Figure 5) showed that the fruits compressibility
increased significantly (p ≤0.01) as the fruit size
increased from small to large. But in contrary to failure
force and failure energy, the compressibility increased
significantly (p ≤0.01) from the head region to the tail
region. Regardless of the fruits size, the lowest
compressibility was obtained at the head region, while
the tail region had the highest compressibility. Similar
results were obtained Uyeri and Uguru (2018) for
groundnut kernels. Uyeri and Uguru (2018) observed that
the rupture force of SAMNUT 10 groundnut kernel from

37.21 N to 76.10 N as the size increased from small to
large, while the rupture energy increased from 0.021 Nm
to 0.054 Nm as the size increased from small to large.
With regards to the fruits compressibility, the study
revealed that fruit tail region had the highest
compressibility, while the head region had the lowest
compressibility regardless of the fruit size. This implies
that the tail region is made up of weaker cellular
structures that cannot withstand compressive force.
Likewise, it was seen in the results that the large fruits
were able to withstand more deformation during
compression loading, hence absorbing compressive force
before failure.
As presented in this study, the failure force and failure
energy were invariably highest at the middle region of the
intact fruit during compression.
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Figure 4: Failure energy of Melina F1 eggplant fruit. Columns with the same common
letters for the same fruit region are not significant different at (p ≤0.05) according to DMRT.

Figure 5: Compressibility of Melina F1 eggplant fruit. Columns with the same common
letters for the same fruit region are not significant different at (p ≤0.05) according to DMRT.

This was contrary previous results obtained by Ashtiani et
al. (2016) for cut out section of Siah-e-Mashhad eggplant
fruit, when the head region had the highest failure force
and failure energy. This could be attributed to the
buffering effects provided to the middle region by the
head and tail regions, during the compression of the
intact fruit, which is not obtainable during the

compression of the isolated cut out section (Ijabo et al.,
2019). Ijabo et al. (2019) in their study reported that the
failure force and failure energy of three yam cultivars
were at the peak when tested at the middle region,
compared to when tested at either the head or tail region.
According to Pérez-López et al. (2014) the arrangement
pattern of the parenchymal cells and other morphological
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Figure 6: A simple flowchart
ALGORITHM
STEP1: START
STEP2: Check for password.
STEP3: If correct password, then go to step5 otherwise go to step4.
STEP4: Display incorrect password, go to step2.

STEP5: Check for input command
(1.harvesting, 2.fruit sorting)
STEP6: If input = =1 go to step7,else if input = =2 go to step9,else go to
step5.
STEP7: Move the robot arm to harvest the fruit.
STEP8: Stop the robot and activate the camera.
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STEP9: Process the image
STEP10: If the fruit is matured go to next step11 else go to step25.
STEP11: Determine fruit size
STEP12: If the fruit size is determined go to next step else go to step10
STEP13: Determine fruit region
STEP14: If the fruit region is determined go to next step else go to
step12
STEP15: Applied the appropriate compressive force and harvest the
fruit.
STEP16: Harvest all the matured fruit
STEP17: Check if end of field is reached. If yes go to step 25 else go to
step7.
STEP18: Moved the robot arm to the harvested fruits.
STEP19: Determine the fruit size
STEP20: If the fruit size is determined go to next step else go to step18
STEP21: Applied the appropriate compressive force
STEP22: Pick the fruit and drop it in the appropriate fruit chamber else
go to step18.
STEP23: Check if it is the last fruit. If yes go to next step else go to
step18.
STEP24: Display task finished.
STEP25: STOP

components of the fruits and vegetables, is responsible
for the variation in the mechanical properties across their
bodies’ length.
Applications of the results in agricultural robots and
other autonomous systems design
Agricultural robots are highly complex system, which
comprises of different sub-units which are integrated, if
synchronized accurately can perform different farm
operations perfectly (Bechar and Vigneault, 2017). Fruit
mass is a crucial factor to be considered during the
design and production of robotic arms. The fruit mass will
determine the strength of material used to produce the
robot arm, the capacity of the direct current (DC) motor
and motor driver board to be used in the production of the
robot or any automated system. Fragile materials and low
capacity electric motor cannot handle heavy materials
effectively. Additionally, fruits mass aids the design and
development of the packaging/storage container of a
robotic or an autonomous system. The results of the
mechanical properties observed in this study confirmed
the non-homogeneous behaviour of the eggplant fruits,
and the fruits tissues were less rigid at the tail region,
compared to the head and middle region. Therefore
during the application of agricultural robots for harvesting
or sorting operations, it must be programmed in such a
manner that lesser force is applied to this tail region. As
depicted by this study results, once the fruit size had
been registered by the computer sensor, the amount of
compression force applied by the robotic arms used for
the harvesting or sorting operations must be less than the
failure forces values stated in (Figure 3). This is to
prevent failure of the eggplant fruits, which will lead to
food wastage.
Furthermore, failure energy (Figure 4) of the eggplant
fruits is an essential factor that aids the optimization of
agricultural robots and other autonomous systems.
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Failure energy will determine the energy required by the
robots to perform specific farm operation. This will enable
the software developer to determine the energy required
by the robot at each particular operation. As revealed by
the results, the middle region of the fruit required the
maximum energy to accomplish either harvesting or
sorting operations. Furthermore, during the design and
programming of agricultural robots for either harvesting or
sorting operations, the large fruits can absorbed more
energy before failure, when compared with the small or
medium size fruits. This further confirmed that
significance of an agricultural robot or autonomous
systems to fully registered the eggplant fruit size, before
some major farm operations like harvesting, sorting etc.
Appling this data for containerization of eggplant fruits
using autonomous system, the maximum allowable
weight of the container for the small size eggplant fruits
must be less than 286.67 N, the medium size fruits must
be less than 330.67 N, while the large size fruit must be
less than 356.33 N. Once this weight had been achieved,
the container must be disengaged, conveyed away
another container engaged. This is done to prevent
failure of the eggplant fruits at the bottom of the
containers during transportation and storage. Gongal et
al. (2015) stated that the amount of compression force an
agricultural robot will applied to a targeted fruit, must be
considered during its design and development, mostly if
the robot will be utilized for harvesting, sorting or
packaging for storage operations.
Figure 6 showed a simple flowchart and algorithm of
how data obtained in this research, can be utilized to
design an eggplant fruit harvesting and sorting robot. As
shown in (Figure 6), although the robotic imaging system
considered the eggplant fruit matured, the appropriate
fruits size and fruit region must be registered by the
robotic system before harvesting operation can occur.
According to Robotics (2017), agricultural robotic arms
should be designed and programmed to ensure accuracy
and flexibility in their operation, to optimize their
effectiveness and minimize damage the harvested fruits
and plants. Data obtained from this research will help in
managing some major challenges highlighted by Lehnert
et al. (2017) during agricultural robots design and
operations. Lehnert et al. (2017) reported that fruit
orientation, gripper’s force and manipulation and fruit
picking method, are major challenges software developers
and system integration specialists need to tackle during
the development of agricultural robots, in order to
enhance their efficiency. According to Shamshiri et al.
(2018), during the process of robot harvesting of fruits,
after the senor had determined the maturity of the fruit,
the actuation mechanism must pick and move the fruit
delicately. Therefore, robust dada and software expertise
are required for the application of precision technologies
in agricultural operations. Hence, the production of
precision
agricultural
machines
required
broad
knowledge of the engineering properties of the crops.
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Conclusion
The purpose of this study was to evaluate the
physicomechanical properties of eggplant fruit, which will
help software engineers design and develop an improved
multitasking robot for eggplant fruit production. Based on
the
fruit
size
and
region,
some
essential
physicomechanical properties (mass, failure force, failure
energy, and compressibility) of eggplant fruit were
determined. The study's findings revealed that fruit size
and fruit region have a significant (p 0.01) impact on all of
the parameters evaluated. The middle region of the fruits
had the highest failure force and failure energy,
regardless of fruit size, while the tail region had the
lowest failure force and failure energy. In contrast,
regardless of fruit size, the fruit tail region had the highest
compressibility, while the head region had the lowest.
Similarly, regardless of the fruit's region, the body mass,
failure force, failure energy, and compressibility increased
from small to large size. The results showed that smaller
fruits had poorer physicomechanical properties than
larger fruits. Although the multi-purpose robot was not
built due to a lack of funds, as shown in the flowchart, the
data obtained from the results can be used by software
developers, robotic engineers, and others to build a
working agricultural robot for harvesting and sorting
eggplant fruits.
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