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In most work in plan generation and execution the as- its most likely state is a failure state the system can replan to
sumption has been made that the goals being addressed byachieve its outstanding goals.
the planning system (and executive) are imposed externally The execution behaviour of the system differs from that
and that once a plan has been constructed to achieve theseexhibited by most plan executives because it might replan
goals the activity of the planner can cease. Similarly, once behaviours during the execution trajectory in order to man-
the plan has been successfully executed and a state satisfy-age goals generated in response to newly observed situa-
ing the externally imposed goals has been reached, it hastions. These occur when:
been assumed that the planning and execution behaviours) Thg pian being executed leaves resources unused, making

will suspend until a new goal set and consequent plan has  ,am ayailable for previously unplanned activities.
been imposed. These assumptions do not hold for fully au-

tonomous systems, which are capable of directing their own 2. €hanges in the execution environment cause the motiva-
behaviour and prioritising their own goals. The problemwe  tions of the system to change in value, so that some exceed
are most concerned with is determining how goals arise dur-  their “comfort” thresholds.

ing the autonomous behaviour of a system. 3. The plan experiences a failure, requiring the system to

Recent work by Knightet al (Knight et al. 2001) and reconsider the priorities of its outstanding goals.

Qh|en et gl (Ch'ef‘ etal. 2001) relaxe_d the above assump- In these situations the system will incorporate additional
tions by introducing the idea of continuous planning in the goal-achieving activities into its behaviour. A plan adapta-
Casper system. Casper is an architecture for an autonomous,, system (Gerevini & Serina 2000), is used to plan how
plannlng.ar_\d cqntrol system intended for apphcathn N to incorporate the new goals into the remainder of the plan.
space missions involving onboard autonomy. In (Cleén ;4o iding which goals to address, and how to incorporate
al. 2001), the authors indicate that the system can respond to y, . sq into the plan., the top level goals of the original plan un-
failures and opportunities during execution of a plan within der execution remain paramount. However, it might be that

2 %'ng t%ogﬁq?oﬁrrwér;?alpfrgg:ﬁ?Tuhpggt,i)l(tss gs?::nse\ltc:rqsr;c;n the pressing need to respond to a motivated goal temporarily
p Vi : y ( suppresses the plan and allows an originally unplanned-for

et z?‘l' 200.0) der_nonstrated the integration of plann_lng, EXE" " task to take priority. This would only happen if failure to pri-
cution, failure diagnosis and s_ubsequent P'a_” repair. Qur ap- oritise this task could lead to the failure of the overall plan.
proe_lch to autonomous pla_nnmg and execution is to ad(_jress To create a concrete context in which to explore this sys-
the issues of goal generation and management according 0am behaviour we have constructed a simple problem do-

the changingnotivationsof an autonomous system. main in which a roving robot is gathering scientific data

tA(\jltPough n gtenetral alrll qutonomdotLls Eystem Wlt” bde gre- at various sites. This scenario is motivated by the current
ated o carry out externally-ImpOsed asks, any Ex(ended pe- , . itiag of the NASA MER rovers and the planned ESA

rio_d of autonomous behaviour will require asystem to react g, o\jars mission. The system we have developed is cur-

f\ﬂ :ggn}[/lron_mg[nt and to beﬂ?blg to ri‘reate |tts o;/rv;tgoatlsd The rently equipped with five motivations: the motivation to
ot project concerns the development oimlivated - 4yqiq |ong periods without gathering science-data (called

autonomous system, capable O.f generating its own goa_ls In opportunisn), the motivation to free memory by commu-

accordance with a system of drives and impulses (Codding- ia4ing stored data (calletita communication the moti-

ton & Luck 2004) and monitoring its own behaviour in the vation to self-localise (calletklocalisatior), the motivation

exec;rilon tOf ﬁlar:_s. Exgclutlopﬂr]nonltt(_)rlng tlr? cti(t)t?e W'éh tre- to identify interesting sources of datsc{ence target identi-
spect to stochastic models of the actions that the robot can fication) and the motivation to remain charged (we term this
execute. At any point durlng the execution of its plan the replenish-energy The replenish-energy motivation is mod-
ro_bot can estimate its most likely state based on the appro- elled as a function of time and the difference between the
priate model and the current observations of the system. If current and expected power levels of the system. Relocali-

Copyright © 2005, American Association for Artificial Intelli- sation is modelled as a simple function of time spent navi-
gence (www.aaai.org). All rights reserved. gating between locations. The longer a navigation task takes
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Figure 1: The architecture of MADbot. Rectangles repre-
sent components of the architecture. Ovals represent the
data types communicated between the components in the di-
rections indicated by the arrows. The dotted line and oval in-
dicate a Halt instruction being communicated from the con-
troller to the dispatcher.

the more pressing the need to relocalise, until eventually the
motivation generates a goal to take a panoramic photograph,
which is intended to help to relocalise the robot. The level

Serina 2000) which exploits the existing (unexecuted) plan
fragment as a starting point to seed a search for a new plan
that achieves the newly formed goal set each time the plan-
ner is invoked.

The granularity of operations is an important parameter in
the design of the behaviour of each element of the system.
It is essential that the system should not thrash, continually
replanning in response to the smallest changes in its environ-
ment but, equally, it is necessary to ensure that motivations
are capable of reacting to changes in the (perceived) state
in order to generate goals in a timely and appropriate way.
Chienet al (Chienet al. 2001) also emphasise this need for
responsiveness of the system at different levels of granular-
ity. This partly motivates their introduction of a continuous
planning system with a shifting plan horizon.

It is important that the motivations of the system do not
interfere with its planned activities whilst these are pro-
gressing well. Therefore, the system maintains a log of its
progress, keeping track of the time and resource consump-
tion of its actions and how these relate to the expectations
imposed by the plan. If resources become available, because
the plan was too conservative in its estimates of resource us-
age, the system can use the accumulated resource to satisfy
its opportunism motivation. Additional activities are only
incorporated into the plan if the system can be adequately
confident (to some probabilistic threshold determined a pri-
ori) that these additional activities will not prevent the rest of

of the opportunism motivation is affected by the acquisition the plan from being executable. If resources become scarce
and communication of scientific data and the time taken over the replenish-energy motivation of the system will increase
these tasks. When the robot begins executing its plan theseand the system will eventually insert a refuelling sub-plan
functions have low values, but as time passes they increaseinto the plan. The objective is to ensure that at least the ex-
according to simple polynomial functions. The science tar- pected science gains of the plan are achieved, and that they
get identification motivation causes the system to look for are often exceeded because of the goals generated by the

features in its wider environment that indicate the potential
to gather interesting science. The opportunism motivation
might subsequently prompt the system to explore such fea-
tures. The data communication motivation ensures the sys-
tem downlinks any stored data whenever opportunities to do
so arise between planned actions in the appropriate temporal
windows.

The architecture of our system is illustrated in Figure 1.
Goals can be injected into the system from an external
source whilst others are created internally according to the
motivations. Motivations can react to the passage of time,
monitoring the perceived state over time and generating
goals if the system does not make appropriate observations
in motivation-specific intervals. Motivations can also re-
act to state changes when they occur. The goal arbitration
sub-system decides which subset of a collection of goals
should be given priority. This decision has been explored by
other authors as the over-subscription problem (Smith 2004;
Sanchez & Kambhampati 2005), although here it is also re-
quired to account for the distinction between top level goals
(from the external source) and internal goals triggered by
motivations. The planner sub-system must face the possibil-
ity of goals changing before a plan is completely executed.
It is therefore important that it be capable of replanning to
meet a combination of new and old goals. We have adopted
a strategy based on planning by plan adaptation (Gerevini &

motivation system.
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