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1 . Computing paradigms for smart farming in the era of drones: a

systematic review CE AN BER ML T8RN : RS R BN

f#j4>: In the current era of agricultural robotization, it is necessary to use a suitable
automated data collection system for constant plant, animal, and machine monitoring. In
this context, cloud computing (CC) is a well-established paradigm for building service-centric
farming applications. However, the huge amount of data has put an important burden on
data centers and network bandwidth and pointed out issues that cloud-based applications
face such as large latency, bottlenecks because of central processing, compromised security,
and lack of offline processing. Fog computing (FC), edge computing (EC), and mobile edge
computing (MEC) (or flying edge computing FEC) are gaining exponential attention and
becoming attractive solutions to bring CC processes within reach of users and address
computation-intensive offloading and latency issues. These paradigms from cloud to mobile
edge computing are already forming a unique ecosystem with different architectures,
storage, and processing capabilities. The heterogeneity of this ecosystem comes with
certain limitations and challenges. This paper carries out a systematic review of the latest
high-quality literature and aims to identify similarities, differences, and the main use cases
in the mentioned computing paradigms, particularly when using drones. Our expectation
from this work is to become a good reference for researchers and help them address hot
topics and challenging issues related to this scope.
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2 . Visual Navigation and Obstacle Avoidance Control for Agricultural

Robots via LiDAR and Camera (=T B0t FH EAAENLF R A2 AL
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3 . An automated apple harvesting robot-From system design to field

evaluation (—F B 313 RIKERPLZ8 AN —— N R ¥ T2 H [E]7P4h)

4. Decreased availability and rising cost in labor poses a serious threat to the long-term
profitability and sustainability of the apple industry in the United States and many other
countries. Harvest automation is thus urgently needed. In this paper, we present the unified
system design and field evaluation of a new apple harvesting robot. The robot is mainly
composed of a specially designed perception component, a four-degree-of-freedom
manipulator, an improved vacuum-based soft end-effector, and a dropping/catching
component to receive and transport picked fruits. Software algorithms are developed to
enable synergistic coordination of the hardware components for efficient, automated
harvesting of apples in challenging orchard environments. Specifically, by integrating
modified triangulation and image processing and analysis algorithms, a novel perception
strategy is developed to achieve robust apple detection and precise localization. Improved
planning and control algorithms are developed to guide the robot to the target positions.
The performance of the robotic system was evaluated through field tests in two apple
orchards with different tree architectures and foliage conditions. In the orchard where trees
were young and well-pruned, the robot achieved 82.4% successful harvesting rate. In a
second, older orchard with dense, clustered branches and foliage, the robot had 65.2%
successful rate. The average cycle time to harvest a fruit was approximately 6 s, which
included software algorithm processing and hardware execution. Moreover, through an
in-depth analysis of the obtained results, limitations and planned future works are
discussed.
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4 .Motion-Control Strategy for a Heavy-Duty Transport Hexapod Robot
on Rugged Agricultural Terrains (RMVIRIX L B Rz E/S LA
BB SR g)

4. Legged agricultural transportation robots are efficient tools that can autonomously
transport goods over agricultural terrain, and their introduction helps to improve the
efficiency and quality of agricultural production. Their effectiveness depends on their
adaptability to different environmental conditions, which is especially true for heavy-duty
robots that exert ground forces. Therefore, this study proposes a motion-control strategy
for a heavy-duty transport hexapod robot. Two critical tasks were accomplished in this
paper: (1) estimating the support surface angle based on the robot's foot position and body
posture, and accordingly determining the motion constraint conditions on this support
surface and the body posture based on energy optimization; (2) proposing an adaptive fuzzy
impedance algorithm for real-time force-position composite control for adjusting foot
position, in order to reduce the steady-state force tracking error caused by terrain stiffness,
thus ensuring body stability through tracking of variable foot-end forces. An element of
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hardware in the loop control platform for a 3.55-ton device was designed and compared
with the current popular force-control methods under different external contact terrains.
The results show that the proposed control method can effectively reduce force errors,
establish support forces faster on less-stiff environments, and reduce the torso tilt during
phase switching.
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5 . Design and experiment of an integrated navigation system for a

paddy field scouting robot GK H iz P38 A&7 & MR LR TSR
L)

f8j4): The navigation system is a crucial part of a paddy field scouting robot, which directly
affects the working performance of the robot. The navigation error of the robot was
enlarged by the inclination of the robot, which was caused by the uneven surface of the
paddy fields. In this study, a map-based navigation system was proposed. The robot
navigation map was derived from the planting map of a transplanter. An IMU was
integrated with the GNSS to correct the navigation error using the inclination data of the
robot through the Kalman filtering technique. A series of simulations and tests were
performed to evaluate the performance of the integrated navigation system, including a line
following test, a rough road simulation and test, and a row tracking test, as well as a field
validation test. The lateral position offset and bearing angle deviation were measured and
analyzed to assess the performance. The test results showed that the integrated navigation
system significantly reduced the lateral position offset and bearing angle variation by 38.3 %
and 26.7 % respectively as compared to the control group without the IMU correction. In
the field validation test, the average lateral position offset was 5.93 cm, which was deemed
acceptable for paddy field scouting operation in terms of navigation accuracy. In conclusion,
the proposed integrated navigation system could be readily applied to the paddy field
scouting robot to minimize navigation errors due to uneven ground and random inclination.
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1 . A Map-Free LiDAR-Based System for Autonomous Navigation in

Vineyards (Z TG BB H AN E & I B E SRS

f&j4>: Agricultural robots have the potential to increase production yields and reduce costs
by performing repetitive and time-consuming tasks. However, for robots to be effective,
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they must be able to navigate autonomously in fields or orchards without human
intervention. In this paper, we introduce a navigation system that utilizes LiDAR and wheel
encoder sensors for in-row, turn, and end-row navigation in row structured agricultural
environments, such as vineyards. Our approach exploits the simple and precise geometrical
structure of plants organized in parallel rows. We tested our system in both simulated and
real environments, and the results demonstrate the effectiveness of our approach in
achieving accurate and robust navigation. Our navigation system achieves mean
displacement errors from the center line of 0.049m and 0.372m for in-row navigation in the
simulated and real environments, respectively. In addition, we developed an end-row points
detection that allows end-row navigation in vineyards, a task often ignored by most works.
Sk¥E: 2023 European Conference on Mobile Robots (ECMR);
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