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ABSTRACT

This pgoe describes the motivation, premises, and research plan for the Foresbott Project
(http://www.cs.pitt.edu/~ddey/foresbott/). Thegoal of the Foresbott Project is the development of
autononousrobots tha can navigate forests and carry outtasks assodated with maintenance of forest health,
induding detection and control of invasive species, in paticular, tree-of-heaven (Ailanthis altissma).
Briefly, thephyscal capabilities (hardware) of robots are much farther advanced than the behaviora
capabilities (software). Theapproach to the development of robotc behaviors suitable for forest hedth tasks
is described alongwith results from earlier work by the author on the co-evolution of robotbehaviorsfor
tasks in adifferent application.

Motivation

Theimportance of forests cannotbe overstated. Yet, thenumber of assaults on ourforests by invasive
speciesisincareasing dramaticaly. In Penng/lvania mog of theforestlandis privately owned, butthe
majority of landowners don®address theissue of forest health. Moreover, parcelization of forestland and
logging activities often promote the spread of invasives. Roboics offers asolution. Imaginearobottha
could navigate aforest, identify a problem (e.g., atree-of-heaven) and take corrective action (e.qg., apply
herbicide). Imaginefurthe tha it was possible (e.g., throughsome govenmenta grants program) for forest
landownersto deploy thisrobotto periodically maintain the health of ther forest. Thisisgod of the
Foresbott Project. There are numerousothe applicationsfor such arobotwereit to be developed, including
military surveillance, and search and rescue

Premises

A great dedl of progress has been madein thefield of roboics. The physcal capabilities (hadware) of
robots has advanced dramatically. One example of thisistheBig Dogrobotdeveloped by Bogon Dynamics
(http://www.bogondynamics.comv). However, heability to develop complex behaviors (software) for robots
isfar less advanced. For example, the DARPA program Q. earning LocomotionQ(BAA05-25)
(http://www.darpamil/ipto/programg/Il/) has asit god the development of control software tha will enable a
robot (viz., Boson Dynamic@ Little Dog) to moveacross roughterrain. Theapproach isto develop
agorithms tha will enable therobotto OearnGthis software (Ot is expected tha the performance of the
algorithms developed will far exceed the performance of handaafted systems, creating a breakthrough in
locomotion over extreme terrain.Q). The Foresbott Project will also developits roboic behaviors usng
learning algorithms.

Research Plan
Thedevelopment of arobottha can navigate forests, identify invasive species and take corrective actionis
indeed avery ambitiousundetaking. It should beundestoodtha this development will take decades to

1 Thiswork suppotted in part by USDA Forest Service Project FHP-FHTET-TD.0LMOL1.



complete. Thestrategy tha has been adopted hereisto develop those aspects that are specific to forestry
applications(navigaing in aforest, identifying invasive species, taking corrective action) and to complement
tha effort with state-of-the-art improvements in other aspects of roboics and artificial intelligence. Rather
than undeatake the cogly effort of building andtesting aroba in aforest, we will initially work with
simulated robots in asimulated forest environment.

Robot Morphology

Mog creatures tha navigae forests have legs sometimes very many of them, so it seems reasonable tha the
forest robotwill belegged. But, how many legs? Thiswill have to be determined as part of the platform
development. Likewise, numerousother physcal aspects (morphology) of therobotmug bedeermined for
theforest roba. Included in these are nunmber andtypes of joints, size of therobot lengthsof inter-joint
segments, sensors and actuators. Each of thethree mgjor fundiond components of therobot(navigaion,
identification, and corrective action) requires its own set of sensors and actuaors. Navigaion sensors will
indudean (active) vison system, sona, infrared, LIDAR, touch sensors, electronic whiskers, and passibly
others. Mog of these types of sensors have been studied widdy.

Sensors for identifying invasive species are specific to theforest health application and will indudea
(passive) vision system, an electronic nose (of some type) and a spectrophobmeter or spectroradiometer, and
possibly others. For example, thetree-of-heaven has a distinctive smell that might be detected by an
electronic nose. Multispectral andysis has had some successin identifying tree species fromairplanes, butit
remainsto be determined whether these techniques can be used for identifying tree-of-heaven at ground
level. Identification usng computer visionis an obviouschoice, butin general object recognitionusng
computer visonisvery difficult. Consderable experimental effort needsto bemadein order to ascertain
which combination of sensors will enable to robotto detect invasive species. Findly, therobotwill need
sensors and actuaors (as yet to be determined) that will allow it to take corrective action, e.g., apply
herbicideto atree-of-heaven specimen.

Robot Behaviors

Each of thethree major fundiond components will aso need complex control software. Thiswe view asan
assemblage of interconnected robotbehaviors. Like the DARPA Learning Locomotion Project, we plan to
QearnGthis assemblage of behaviors. We will be using co-evolutionary algorithms to learn most of the
(lower-level) roboic behaviors. To be sure other techniques from artificial intelligence (e.g., planning) will
have to be employed also. Thepaticular learning system to be used isthe SAMUEL genetic algorithm (GA)
system developed by John Grefendette [4] at theNaval Center for Applied Research in Artificial Intelligence
(NCARAI) of theNaval Research Laboratory. Infact we will beusng the SAMUEL system to co-evolve
both the behaviors and the morphdogy of theroba. We briefly mention some previouswork [2,3] dealing
with the co-evolution of robotbehaviors usng the SAMUEL system.

In [2,3] we built a2D simulator for the Nomadic (wheeled) Robotand used SAMUEL to co-evolve a
complex task conssting of two somewha conflicting gods of tracking a second robotand periodically
dodking at arecharging station. We consdered several regimes for co-evolving this complex behavior. One,
theMonolith regime, conssted of oneGA tha tried to learn theentire behavior. Our results showed that this
complex task could not belearned as awhole (Figure 1 bdow). We also studied several regimes where the
task was decomposed into three behaviors: a Tracking behavior, a Docking behavior, and an Executive
behavior tha decided periodically which task to peform. Our results showed tha for mog of these
decompostion regimes the complex behavior was successfully learned (Figure 2 bdow). Our main purpose
in these studies was to determine the best regime for the co-evolution of this complex task. Therelevant
aspects of thiswork for the Foresbott Project isthat indeed complex behaviors, if propealy decomposed, can
belearned usng co-evolutionay methods
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Figure 1. Monolith Learning
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Figure 2. Decompo<ed Learning

Over thelast few years the author has been developing at NCARAI adistributed computation platform for
the SAMUEL system tha will run on cluger computers and that will allow co-evolutionay methodsto be
applied to large scale problems, i.e., complex tasks conssting of alarge number of interconnected behaviors.
Therequirementsfor this platform involve fault-tolerant computing within a network of computers, since
there will bemany GAs ssmultaneoudy and jointly evaluaing ther popuktionsover an extended period of
time. Thisiscritica for theco-evolution of ourforest robotbehaviors.

Simulation Tools
Theinitial phases of the Foresbott Project will work with smulated environments. There are many

advantages to this approach. First of al, it is much less cogly to smulate arobotthan to build oneand test it
(and possibly damageit, and have to repair it). Second,since we plan onlearning the robotbehaviors, usng
areal robotwould take too longBlearning on a simulated robot, where time can be sped up, isthe preferred



approach. Similarly, we plan to evolve theroboi® morphology as well, and QinkeringOwith small changes
in theroba® physcal components would consume an inordinate amourt of time. Findly, arobotsimulator
can GakeOunmlved problems. For example, roboic visionis an extremely hard problem and for areal robot
could prevent progress on many of the othe behaviors. In asmulated environment, development of the
vison component can be pogponel until further progress on therobotc vision problem is made Ingead, the
smulation@ god®eye view can beused to pass information to the behaviors that depend onthevision
system.

Thereal chdlengein usngasmulated robotisin finding high qudity simulators for therobotandits
sensors and actuators. For legged robots, a 3D simulator that can perform the necessary kinematics (physcs)
calculationsis essential. Fortunaely, such simulators are available and we describetwo such here. Thefirst
is the Open Dynamics Engine (ODE) (http://www.odeorg). ODE providesthebasicsfor 3D simulations
induding several types of joints and the corresponding kinematics. In addition, there are several smulation
systems tha use ODE asther basis but provide smulation software for many of the sensorsthat are of
interest induding pan-tilt-zoom (ptz) cameras, sona, lidar. Induded inthislist are: Player-Stage
(http://sourceforgenet/projects/playerstage), URBI (http://www.urbiforge.conv), and Webots
(http://www.cyberbotics.conv).

However, another possible sources of 3D simulators are computer game engines. Of paticular promiseis
theUnrea Tournament Game (UT2004)(http://www.epicgames.conV). TheUrban Search And Rescue
Simulation (USARSImM) [5] (http://sourceforgenet/projects/usarsim), currently being maintained by NIST, is
built ontop of the UT2004platform. Oneimportant consderation for this approach isthat thenext version
of Unreal Toumament (UT2007) will use the AGEIA physcs coprocessor (hitp://www.agea.conv). This
will consderably speed up the smulationsand alows for more complex environments. However, because
we will beusngthesimulator for learning robotbehaviors, it isimportant tha thesimulation clock can be
run at arate tha isfaster than real-time. Findly, Microsoft Corporation
(http://msdn.microsoft.com/roboics/) has begundevelopment of aroboics development platform that will
also use the AGEIA physcs coprocessor. Oneinteresting feature of their approach isthat ther smulations
will use software emulation (viathe AGEIA PhysX SDK) in case the coprocessor is notingdalled.

In conduson, theForesbott Project isindesd a very ambitiousundetaking, butalso onethat in thelong run
will beworthwhile.
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