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Forest Robotics means robots can be applied in the forestry area. They are divided into the following subsections:
environmental preservation and monitoring; wildfire firefighting; inventory operations; and forest planting, pruning and
harvesting.
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| 1. Introduction

Forest environments are part of the daily lives of many people around the world. According to the Food and Agriculture
Organization (FAO), forests have about 4.06 billion hectares, an area equivalent to 31% of the global land area,
generating around 86 million green jobs and, of the people living in extreme poverty, more than 90% depend on forests for
at least part of their livelihoods such as food, fodder, shelter, energy and medicine @ In addition, according to the FAO,
there are about 391,000 species of plants, 5000 amphibian species, 7500 bird species and more than 3700 different
mammals. The formal forest market generates an income of more than $580 billion per year when considering direct,
indirect and induced employment (. These numbers represent not only the richness of forest regions in fauna and flora
but also their great economic potential, capable of generating employment and income. The global urbanization process is
transforming the means of production and labor, not only farmers, but also forestry workers, biologists and
environmentalists. The relevant problem generated by accelerated urbanization is the lack of control, monitoring and
preservation of forest regions, generating conflicts between loggers and indigenous people, deforestation &I, burning
(being that, between 2019 and 2020, about 5.8 million hectares of temperate forest in Australia were burned ) and
extinction of species of fauna and flora (butterfly coloration affected by forest deforestation activities ). According to
CRED 8, between 1998 and 2017, about 3.5% of global disasters were related to wildfires, affecting the lives of 6.2
million people, with 2398 deaths, in addition to causing economic losses of $68 billion.

To overcome the aforementioned challenges and improve the execution of the various forestry tasks, the concept of
Forest 4.0 emerges, as shown in Figure 1.
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Figure 1. Forest 4.0 composition model.

As shown in Figure 1, the Forest 4.0 concept is similar to the Smart Cities concept &l Forest 4.0 has gained prominence
with the use of robotic systems and electronic devices in forestry tasks such as environmental monitoring, fire prevention,
inventory, planting, pruning and harvesting .



| 2. Robotic Applications in Forest
2.1. Robotic Applications for Environmental Preservation and Monitoring of Forests

Designed to operate in the interior of the Amazon, the Environmental Hybrid Robot (EHR) Chico Mendes is a remotely
operated vehicle developed to carry out monitoring missions for the Brazilian Oil Company Petrobras S.A. between the
cities of Coari and Manaus, that is, about 400 km of gas pipeline along the forest. Chico Mendes is a wheel-legged
amphibious robot with active reconfiguration, capable of walking on gas pipelines, land, water, swamps and sand, as
shown in Figure 2a. To control the robot’s distance from the ground along with its orientation, the distance to the ground
along with its gradient stability margin and traction indices, the robot has an optimal multi-objective control approach. With
this approach, the robot increased the maximum tilt angle from 35° to 44.8°, an improvement of 28%. The robot also has
a robotic arm with sensors for water quality and gas, Red, Green and Blue (RGB) camera and sampling support located

on the final actuator, to monitor possible gas leaks and water pollution, in addition to checking out dengue outbreaks 1%
[11]

Figure 2. Examples of robotic applications used for environmental preservation and monitoring tasks in forests: (a) Chico
Mendes 19 (b) Legged robot 12, (c) SlothBot 18], (d) Ranger and Scout 241, (e) Romu 2], (f) Unmanned Aerial Vehicle
(UAV) robot 1 281, (g) UAV robot 2 17, (h) UAV robot 3 (28], (i) UAV robot 4 22 and (j) UAV robot 5 (29,

2.2. Robotic Applications for Wildfire Fighting

Unlike the monitoring of forest activities, wildfire fighting activities require direct intervention (traditionally through
firefighting trucks and planes) in the forest environment so that there is a minimum of damage not only to the fauna and
flora but also to the populations that live in such locations. Although forest monitoring via satellites is of paramount
importance in the fight against illegal deforestation, when there are forest fires they do not contribute to the extinction of
the fire. In this case, this function is entirely dependent on the replenishment of several teams of firefighters, water trucks
and firefighters aircraft. The robotic applications for wildfire fighting can contribute to faster, safer and more efficient action
of spraying water or retarding agents in forest regions. The design of firefighting robots has requirements such as having
a mechanical structure resistant to high temperatures and concentrations of gases and dust, high payload capacity and a
locomotion system designed to transport large payloads through rough terrain and be used for multitasking.

A Six-Wheel Drive (6WD) autonomous ground vehicle, developed by military product manufacturer Lockheed Martin, was
adapted to perform firefighting operations. The Fire Ox robot can be integrated with an existing infrastructure or used
individually, as it has a tank with a capacity of 250 gallons and an electrical generator of up to 1000 W. This robot can be
operated using a remote control and RGB and Infrared (IR) cameras [24],

Another company in the military sector, Milrem Robotics, has developed two versions of robots to firefighting operations,
one to extinguish the fire and the other to assist in the transportation of hoses in hostile and difficult to access
environments. Figure 3a exhibits the Multiscope Rescue with Hydra, a firefighting robot equipped with a modular foam
and/or water monitor with a flow rate of 3000 L/min, which can rotate 360° and disperse liquids (foam and/or water) at a
distance up to 62 m 22, The robot has two sprinklers located on its front that serve as a protection system. To increase
the system autonomy, the robot is powered in a hybrid way (diesel engine and battery pack) reaching a maximum
autonomy of 12 h.



Figure 3. Examples of robotic applications used for wildfire fighting: (a) Multiscope Rescue with Hydra 22, (b) Multiscope
Rescue Hose Cartridge 23! and (c) Colossus [241,

2.3. Robotic Applications in Forest for Inventory Operations

A group of researchers assessed the performance of SLAM-aided stem mapping for forest inventory with a small-footprint
mobile LIDAR. Using the FGI ROAMER R2 vehicle (Figure 4a) moving at 4 km/h, between open and dense forest regions,
they compared three forms of navigation: only by Global Navigation Satellite System (GNSS), using GNSS + IMU and
adopting SLAM + IMU. The proposed SLAM algorithm was the Improved Maximum Likelihood Estimation (IMLE). For the
open forest regions, the SLAM algorithm was shown not to be feasible, as in this region there are few detection
characteristics available and the GNSS signals have greater availability. On the other hand, in regions of dense forest, the
precision of the SLAM + IMU technique was 38% higher than the use of GNSS + IMU [22],
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Figure 4. Examples of robotic applications used in forests for inventory operations: (a) FGI ROAMER R2 [23], (b) Komatsu
Forest 931.1 ¥, (c) AgRob V18 (28], (d) Forest robot 1 24, (e) Forest robot 2 28], (f) Superdroid 22 and (g) Husky A200
130

2.4. Robotic Applications in Forest for Planting, Pruning and Harvesting

To develop technological solutions that positively impact the environment, Birch and Rhodes B developed the TreeRover
tree planter prototype, as depicted in Figure 5a. Guided by a GNSS system, the 4WD robot is capable of planting up to 10
tree seedlings. It has an exclusive system that pierces the earth, deposits the seedling with a compressed air system and
finally covers the hole by pressing the local terrain 211,




Figure 5. Examples of robotic applications used in forests for planting, pruning and harvesting tasks: (a) TreeRover B4,
(b) Multiscope Forester Planter 22, (¢) Multiscope Forester Brushcutter 23], (d) Pruning robot 1 24!, (e) Pruning robot 2
(331 (f) Pruning robot 3 381, (g) Walking harvester B4, (h) Harvester CTL [28 and (i) Harvesting robot 2],

| 3. Conclusions

The main characteristics observed were: (a) the locomotion system is directly affected by the type of environmental
monitoring to be performed; (b) different reasons for pruning result in different locomotion and cutting systems; (c) each
type of forest (tropical or temperate), in each season and each type of soil can directly interfere with the navigation
technique used; and (d) the integration of the concept of swarm of robots with robots of different types of locomotion
systems (land, air or sea) can compensate for the time of executing tasks in unstructured environments. Two major areas
are proposed for future research works: loT-based smart forest and navigation systems. In addition, due to the existence
of few studies developed in tropical forest areas, it is proposed to develop future research works in tropical regions, such
as those found in Latin America and on the African and Oceania continents. Therefore, it is expected that, with the various
characteristics exposed, the current robotic forest systems are improved, so that forest exploitation becomes more
efficient and sustainable.
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