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Abstract

Observing wildlife, monitoring forest health, conducting research, and detecting invasive
species and infections are just a few of the crucial tasks that currently require humans to
climb trees. Putting people into trees is an expensive, and potentially dangerous task. The
CHAMP (Compliant Hook Arboreal Mobility Platform) is a tree climbing robot that carries
and controls task-specific payloads to improve the safety and efficiency of these arboreal
tasks. To traverse the tree, the CHAMP uses a three DOF (Degree of Freedom) continuum
manipulator with rotating grippers at each end. Each gripper has an arrays of compliant
acupuncture needles to attach to the tree without causing damage. The robot’s systems
enable easy support for a variety of custom payloads to be used for future expandability and
development of arboreal mobility platforms.
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1 Introduction

As it stands, the state-of-the-art for interfacing with trees is lacking. Ecologists wanting to
collect data about conditions of the upper canopy of a tree often construct large structures
to move their sensors into trees. For scientists studying lichen, samples must be collected by
humans who scale hundreds of feet at great personal risk. People also must scale and inspect
trees for invasive species, such as the Emerald Ash Borer (EAB) or the Asian Longhorned
Beetle (ALB). This manual tree-inspection process is slow, unnecessarily risky, and costly.
It is particularly expensive for small municipalities which cannot a ord full-time arborists.

This presents an opportunity to improve these processes using robotics.

The CHAMP is a platform designed and implemented to be able to venture into trees
and complete tree-based tasks by transporting custom payloads. This enables arborists to
quickly and safely complete tree-based tasks. The AMP developed as a product of these
e orts can complete a useful climb into the tree, navigate branches and limbs, and carry a
mission-relevant payload. For the purpose of this project, an AMP is useful if it can carry a

functional payload, climb up and down a tree, and navigate branches.



2 Background & Project Motivation

2.1 Applications of an Arboreal Mobility Platform

At a high level, research has identi ed three core groups of reasons as to why trees would

need to be climbed. These break down as follows:

~ Long Term Sensor Data Collection
~ Animal Observation and Detection

" Tree Sample Collection

The following sections identify critical applications for this technology that t into

these three groups.

2.1.1 Observations in/from Trees

2.1.1.1 Long Term Data Collection With the advent of global climate change, more
and more attention is being paid to the way trees are able to deal with changes in enviromen-
tal conditions. For many data-logging applications in trees, large and expensive structures
like a 32-meter sca olding [13], or 51-meter construction cranes [14] are used to gain access
to the upper tree canopy for observation. These solutions are far from optimal as they are
often expensive and disruptive to the local ecology of a section of forest. These structures
could be replaced by an unmanned sensor package delivery robot to decrease the impact the
research as on the forest, and make the process more cost-e cient. In tropical environments,
tree climbing is often regarded as a particularly dangerous activity [15]. Tim Kovar, a pro-
fessional tree climber for researchers states that \In the tropics, as much as 90 percent of
animal life occurs in the canopy. Ants, scorpions, spiders and snakes live in the branches

and use them as highways". In summary, for researchers looking to use sensors to collect
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long- or short-term data about the upper canopy of a forest, it is often complex, expensive,

or dangerous. An arboreal mobility robotics platform could easily mitigate these issues.

2.1.1.2 Animal Detection and Observation The original goal of the of WPI's past
Arboreal Mobility Projects was to be able to detect Asian Longhorned Beetle (ALB) infesta-
tion. Since these projects were completed, the threat posed by the beetle has only increased,
and is still a critical application of this technology. The ALB is native to China, the Koreas,
and Japan, but is an invasive species that has spread to North America within the last 20
years due to global trade [16]. The beetle has successfully become established in ve U.S.

states, Canada, and at least 11 countries in Europe.

Figure 1: Susceptibility Potential for ALB in the US [1]

To quantify the impact that this beetle could have on the U.S, it is estimated that
ALB is capable of destroying 30.3% of the urban trees in the United States at an economic
loss of$669 billion [17]. The adult female beetle bores its way into the bark of the host tree,

creating an oviposition pit in the summer or early fall. The real damage is done to the tree

3



after the egg hatches into a larvae. The larvae can tunnel into the heartwood of the tree,
causing irreversible damage [17]. The best method for eradicating this pest is to destroy the
tree entirely. Doing this prevents the beetles from spreading to nearby trees. There are two
methods that surveyors generally use to investigate trees for ALB infection, but neither is
completely e ective. Researchers score how e ective a method is by recording the percentage
of the time a method can successfully identify an ALB infestation. The rst method is ground
inspection with binoculars and is approximately 30% e ective. The alternative is the use of
a tree climber, which is shown to be 60-75% e ective [1]. Tree climbing is signi cantly more

e ective, but is also more expensive, time consuming, and dangerous.

There is also the Emerald Ash Borer (EAB), another highly destructive invasive
species. This insect is originally native to Eastern Asia, and out of its native range is very
destructive to ash trees in North America and Europe. As it stands, the impact of this
tree killer is immense. It has killed tens of millions of trees since its introduction to North
America in 2002 [18]. Unlike the ALB, the EAB can be e ectively lured or trapped as a
method for detection. Detection surveys rely on sticky prism traps made from purple or
green coroplast and suspended high into ash trees [19]. These traps are either placed near
the base of the tree, or pulled up into the tree by a line throwing apparatus [20]. An AMP
could help bring lines into target trees, or use a camera to check traps in dense canopies

without removal.

Many other animals inhabit trees in a less destructive manner. For those that nest or
otherwise occupy sections of the tree that are di cult to access, observation by researchers
quickly becomes impossible using conventional methods like binoculars. The Osprey, for
example, constructs large nests, typically in high places, like on the tops of utility poles or
in large, tall trees [21]. Ospreys mate for life, and a single family occupies the same nest
for several years. The conventional observation method of these types of nests is to ax a
camera apparatus (shown in Figure 2 to the tree that the bird is nesting in, mounted such

that it is looking down into the nest [2].

To install these cameras, the target tree must either be stable enough to handle the



Figure 2: Video camera system for observing Osprey Nests [2]

weight of a human climber, or exposed enough to use a crane. Researchers also run the risk
of damaging the nest during the installation process. Unmanned multi-rotors (drones) have
been used to survey Osprey nests as well, but these solutions do not allow for long-term
observation [22]. In any case, having a platform that could safely deliver a camera payload
to an observation site without putting the observer or the observed at risk would be a great

asset to researchers.

2.1.2 Collecting Samples from Trees

Currently, there is no substitute for tree climbers when collecting samples from trees. This is
a long and potentially dangerous process for the climbers, and an expensive one for scientists,
municipalities or organizations trying to inspect trees. One of the key reasons for sample
collection in trees is to study lichen. Lichen can act as a gauge for the state and health of
the canopy, particularly in large, old-growth forests [23]. Tree climbers typically use a bow
and arrow to launch their rst line high into the tree, then winch themselves into branches,

launching and winching subsequent lines until they have scaled the full height of the tree



[24]. An arboreal mobility platform could give climbers another tool to increase productivity
and safety while collecting these samples, or even replace the need for humans to scale trees

in this application.

2.1.3 Problems With Alternate Methods For Tree Exploration

Naturally, comparisons are drawn between an AMP and other, more straight-forward meth-
ods to get into a tree such as a UAV or devices like pole-mounted cameras. The team has
identi ed several key disadvantages that these alternate methods may have when compared

to an AMP.

Disadvantages of a UAV

" Complexity for operator

~ Short mission time

" Can't be used in windy conditions
" Di cult to operate at night

" Di cult to navigate though obstacles like branches
Disadvantages of a Pole

" Di cult to transport

" Mission speci c-tree height

" Require physical strength and dexterity to carry the pole and inspect the tree
" Di cult to complete complex sample retrieval mission

" Cannot navigate dense branches

While these alternate methods may seem more intuitive, their key disadvantages give

way to a need for more research into an AMP.



2.2 Current Solutions

This section discusses each of WPI's ve previous robotic AMP projects, as well as four
non-wpi robotic AMP projects. It is worth reviewing the current state-of-the-art in robotic

arboreal mobility to gain an understanding of how others have approached the problem.

2.2.1 WPI AMP Projects

There have been several Major Qualifying Project (MQP) and graduate level projects that
involve tree-climbing robots at Worcester Polytechnic Institute (WPI). It is useful to review

the current state of the art of the technology at WPI.

2.2.1.1 Design and Construction of a Tree Climbing Robot (2012) [25]

WPI's rst MQP attempt at a tree climbing robot, shown in Figure 3 occurred in
2012. In coordination with the USDA, the team conducted signi cant research into the
requirements of an arboreal robot speci cally tailored to inspect trees for ALB infestations.
Despite signi cant progress in other aspects, the team was not able to meet most of their
intended goals. The proposed design included a camera and six legs, each comprising three
servos for articulation, and weighing just over 1.5 kg. The robot held onto the tree by
holding around a su cient radius to pinch the tree between toes and legs on opposing sides
of the chassis. Unfortunately the nal design iteration was a power-hungry, tethered device
that was only able to hold on to the given tree, not climb it. In addition to their valuable
research and experience, the team succeeded in creating a basic User Interface (Ul) to show

the camera feed and allow smooth theoretical control.

2.2.1.2 Design and Construction of a Tree-Climbing Robot (2013) [3]

WPI's second team took the opportunity of a new project to build o of the previous

team's research while pursuing a di erent mechanical approach. The team carried on the
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