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A Layered Architecture for Robot Automated Services
on Ubiquitous Computing Environments
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Abstract In ubiquitous computing environments, users want to receive the robot services regardless
of various physical status or devices such as time, place, various sensors, and high-performance
servers. Thus, the ubiquitous service robots have to provide users with automated services according
to situational information that they properly recognize. Beyond these problems, robot software has to
establish a foundation to support the functions with the network infrastructure that are not able to be
solved by a single independent resource. On the basis of a robot middleware that is capable of
minimizing dependencies among hierarchy structures, the robot software also has to provide
execution environment to control the flow of robot application services. In this paper, we propose a
layered architecture to provide users with automated services through ubiquitous robots. The
proposed architecture is based on CAWL (Context-Aware Workflow Language) and RSEL (Robot
Services Execution Language). CAWL easily represents the flow of robot services from user
application service levels, and RSEL is able to support the composition and reusability of robot
services through abstraction of robot device services. In our experiments, we applied the proposed
architecture to an example of “booth guide robot service.”
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<node name="Move2User">
<condition expression="C1">
<context>
<rule contribute="paositive">
<constraint name="C1">
i zsubject type="Person”>Kim</subject>
zverb>selected</verb>
i <object type="Service">BoothGuideService</object>
</constraint|
io<frule>
i <fcontext>
</condition> - e
<invoke serviceProvider=" robotServlcd, peratlon moveToUser’
<fnode> T menme

<node name="Move2Booth">
<condition expression="C1">
i <context>
! zrule contribute="positive"=
<constraint name="C1">
i zsubject type="Robot">R01</subject>
<verbzisSelected</verb=
i <object type="Booth">B03</object>
<fconstraint>
<frule>
i <fcontext>
<fcondition> e .
<invoke serviceProvider="robotServie? operatlon— moveToBooth =
</nodes> e e

<node name="InfoBooth">
<condition expression="C1 and C2">
<context>
<rule contribute="paositive">
<constraint name="C1">
i zsubject type="Robot">R01</subject>
<verbzisLocated</verb>
i <object type="Booth">B03</object>
<fconstraint>
<constraint name="C2">
<subject type="Person”>Kim</subject>
<verbrisLocated</verb>
i <object type="Booth">B03</object>
<fconstraints
<frule>
<fcontext>
<condition> .
<invoke serviceProvider="robotSeryie™ uperatlon—
<invoke serviceProvider="robotServie “aperatio
<fnode> o

|sp|ayBouthInfu ,?“;-
oothInfo e
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moveToUser User location

moveToBooth Booth number
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[-] <RSEL layer="RS-Layer" name="BoothGuide"

<parameter>

:<variable name="g$userlLocation"/>
:<variable name="$boothNumber" />
i<variable name="g$processResult” />
</parameter>

<process>

<l-- send data -->

<invoke layer="RS-Layer"
operation="moveToUser"
inputVariable="$userlLocation”
outputVariable="$processResult"/>

<invoke layer="RS-Layer"
operation="moveToBooth"
inputVariable="$boothNumber"
outputVariable="$processResult”/>

<invoke layer="RS-Layer"
operation="displayInformation”
inputVariable="$boothNumber"
outputVariable="¢$processResult” />

<invoke layer="RS-Layer”
operation="briefInformation™
inputVariable="$boothNumber”
outputVariable="$processResult” />

</process>

<returns
| <variable name="$processResult"/>
<freturn>

</RSEL>
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