


Background

= The research field of Intelligent Service
Robots ...

= Has become more and more popular over the last

years.

= Covers a wide range of applications from cleaning
robots to robotic assistance for disabled or elderly

people.

= Public Service Robot (PSR) systems have
been developed for mdoor service tasks

at Korea Insty

Technology (
* PSR-1,
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Background (cont.)

= The worldwide population of elderly
people is rapidly growing and is set
to become a major problem in the
future.

= This can lead to a huge market for
assistive robots.

= In this context, the intelligent
service robot for the elderly, called
T-Rot is under-developed at Center

:»@ for Intelligent Robotics (CIR).
Sel
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Background (cont.)

; , v - | :
asogang selab.sogang.ac.kr 4



Issues &

= Complexity of Software in Robot

= More 10 groups consisting of more than 150
researchers and engineers from academia and
industry.

= O years project that is divided into three stages.
= Dynamics in Environments and user’s
needs during run-time
= Changes in user needs

= \arious home environments/resources
» Unexpected faults

:@
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Challenges

= Software Engineering for
Development time

= Software Engineering for run-time

:@
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Requirements Modeling

x C D

Commander Navigation
A

(from 1.0 Av...) =:=:e><ténd>:=
Obstacle Avoidance %
Clock

(from 1.0 As...)
Use Case Diagram

) Use Case Description for Navigation

Set

@Sogang

Summary | The Commander enters a
destination and the robot
system moves to the
destination.

Actor Commander

Preconditi | The robot system has the grid map

on and the current position is

known

Descriptio | 1.
n

selab.sogﬂnﬂg

The use case begins when the
commander enters a
destination.

The system calculates an
optimal path to the destination.
The system commands the
wheel actuator to start moving
to the destination.

The wheel actuator notifies the
system that it has started
moving.

The system periodically reads
sensor data and calculates the
current position.

The system determines that it
arrives at the destination and
commands the wheel actuator
to stop.

.Jdkmvheel actuator notifiesSthe
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Analysis Modeling

interacts with » Outputs to # - -
<<external user>> <<external output device>> RObOt NaVIgatlon SyStem
CommandLine — WheelActuator H
R context class diagram
Commander
{from 1.0 Actors) e 1) +F Awiafiens
1.7 .
<<external input device>> <<external timer>>
Sensor Clock
Clock
(from 1.0 Actors)

<< Robot Navigation System >>
ObJeCt StrUCtU rlng CIaSS dlag ram <<ayxternal users > <<user interface=> <<state dependent=>
for RObOt NaVigation System %17 CommandLine ! ! CommandLinelnterface Mavigation Control

Cornrnander
(from 1.0 Actors) <=external input device>> 1= 1 <<input device interface=> _<<tir_’ner>>_
Sensar = Sensorinterface Mavigation Timer
<<gyternal output devices> <<output device interfaces> <<pntity=>
Wheel Actuator 1 ] YWheelActuatorinterface Current Positian
<<external timers= <<tim_er>> _ <<entity>>
Clock ] . ObstacleAvoidanceTimer Destination
<<entity=> <_<entlity>>
4 Mavigation Path Mawigation hiap

<<algarithrms==

<<algarithm=:
PathFlanner

Sel o
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<<gxternal user=>
: CommandLine

<<user interface=»
: CommandLinelnterface ‘

1: Enter Destinati on

15,28,3.8 Locdize
—

1.1: Destinaton Enteredl

=<entity==

-
14,2

2, 3-Aftgr(Elapsed Time) T8 Readcugpm

/7, 210, 3.10: Current Position

A
1.18,5.10: Start Timer <ctate dep rop> 1.2,25,3.5 Read Map
3.17,4.10: Stop Tirmer . Navigation 18,213 Update Map
Control =
S 13,26,36: Map
212 NO}Q' Yes 1.9, 2.14; Updated Map
O)ﬂﬁ Read a Fath
1.2a" Store Destination
<<sntity=>

211, 3,11 : Check Destinatio

111, 2.16: Plan a path
—

-
112,217 Path

<zalgorithm=>

1.8,2.9, 3.8 Current Position

<<entity==
: Navigation Map

==algorithm==

Path
Planner

Collaboration diagram for
Navigation use case

= N .. N R Y O
21 231R 219 Move
. e?/:! ensors 447 Startec{\ 313 Stop
3.16: Stopped 115 Start Whe elActuator Output

Réacﬁve
Layer
‘ 22,32 Read

<=gxternal input devicess =

2 20:Move WheelActuator Output
314 Stop Whe elActuator Output
==output'device interface=>

24, fSensorData
<<input devige interface==
‘ : Sensorinterface

: Sensor

<<gxternal output device=
: WheelActuator

— \ I
23,33 Data 1.16,5.8: Started Ack
315 Stopped Ack

‘ : WheelActuatorinterface ‘

Collaboration diagram for Obstacle
Avoidance use case

@Sogang

Sequencing L 7T S TSTTIoTIIITIIITIIITIIIIIIIIIIIiIIIiiiTiinoiiiioiiiioooiioiiis ;

Laf':r ¢ <<state dependent contral-= :

: : Navigation :

; Control i
4.9 Suspend —_—

85 Times Expired—"-

4,5, 6 Timer Event 59 Started

<=external timer==

<=timer==
: Clock

| : ObstacleAvoidanceTimer

44,54, 64 Sq\n

4.5: Stop
e

.B.1: Read Sensar

sor Data

57 Start WheelActuator Qutput
46 Stop WheelActuator Cutput

42,5262 Read 41,51

j<<e><tema\in ut devicE=s <<input devite interface>> 4.8 Stop
: : Sensor : Sensorinterface
i P

43,53,63 Data

ice interface=>
: WheelActuatorinterface

Z<external outout devices> |

‘ - WheelActuator :
| :
5.8: Started Ack
4.7 Stopped Ack




3.16: Stopped / 317 5top Timer | Stopping

1.1 Destination Entered F 1.2 R ap, 1.2a: Store Destination

ctap /1.4, 2.7, 3.7 Read Current Position
Reading [ Localizing
Map L
1.7 Current Position| Sgart |/ 1.8 Update
210, 310 Current Positi

- . . Checkin
24,34 Sensor Qata/ 2.5, 3.5 Read Map ”p:f‘:;,"g 212:No /213 Update Map Haepattns

1.8, 2.14: Updated Map / 1.10, 2.15: Read a Path B.1: Time Expired

Planning a Path | 1.13: Planned Path[ Start ]/ 1.14: 5tait Starting
Reading Sensors |

2.18: Planned Path| Mowe ]/ 2.19: Move

312 %ep f3.13 Stop

we | /2,11, 3.11: Chetk Destination

5.9 Restart / 5.60 Start

1.17, 8.9: Starte A8, 5.10; Start Timer

2, 3 Afteri Elapsed Time )/ 2.1, 3.7 Regad Sensors

4.8 5uspend f4.10: Stop Timer [ Suspending

Statechart for Navigation Control
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Design Modeling

G o : : CommandLine : CommandLinelnterface
‘ CommandLine CommandLinemtertace | H
o~ Do 15.25,25 Locas : :
" Sequencing j :
147 R CUr IS 1 20,30 cormposin Layer :
TR 0 Ctronn I‘Ve Destination Entered '
i hE e e : ) <<entity> Localize <=algarithmz> :
Corerol i ' <<timer== " :
mzto gy N T 19,24 Updated Map N - :Current = Localizer |
T2k ‘ 10215 st ' : Navigation Position :
ﬁr'aiéﬁ%ﬁmm \p 19210 Bt Bt "2 P s : Timer " = '
= ;f -\ mmm’ﬁ‘ ; %Elapsed Tifme) Fead Current Position Current Position '
= e U 5 = = eunnteosin i
o s i o : i . :
..T%nm.-hqx_:m ; 24, JA Saemor Dt : S"w g ot st : gggg :ll_—:::nng: <state dependent ¢ UREZ?ENSE <<entity>> ;
e | b ; Navigation PEES® [ :Mavigationmap|
375 Sgpan Aok ; Control < E
. . ; hap :
Collaboration diagram for ; Yesnip ;
.. ; Read a Path i
Navigation use case . ; i R i
: <<entity=> Store Destination . i
; : Destination Check Destination Flannec pat SEEntly>> Plan a path pilllie i
' : Navigation Path :
! Path - Planner :
== T " |
3 pr— _Control_ : Tirhe Expired :
’—E-sam 5 5% Tins ied Reactive Ly T :
Leveq 59;Started, Start :
4,56 Timer Evert Layer :
B M1 oo e Read Sensmi/ Staf‘fﬁd\ Move Start WheslActuator Output :
\; : /gemr Data Stopped 5tap Mave WheelActuator Output :
445000 e e : _ _ _ N, Stop Wheelactuator Output ) :
L 4‘25 6 S O ! <<external input device=> Read <<input device interfaces>» <<output Yevice interfaces» TTF <<extemal output device»>
i B | : : Sensor : Sensorinterface : WheelActuatorinterface : Whe elActuator
i Data Started Ack :
. : H sor Data Sto Stopped Ack :
Collaboration diagram for : AN B\ }’/Smpped E
. : _ Read Sensors '
Obstacle Avoidance use case ; <cedernaltmer> ctirer>> i
: :Clock — _: ObstacleAvoidanceTimer :

)

@Sogang

<<User interface

pS

Defiberate Ly T T :
Layer <=external Users» !

Consolidated collaboration diagram for
sel LSRN Sy REem




Design Modeling (cont.)

<< gynchronous message without reply== <<asynchronous message=:=
nter Destinatio Timer Event
: CommandLine — — : Clock
ez ' =5 << SYNChronous message without reply==
synchronous message wit reply Star}{Wheelﬁuctuator Dﬂq‘[put Py
Read lStop WheelActuator Output
/ Mowe W heel Actuator Output

I
[
- Sensor : WheelActuator

Distributed Software Architecture
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Design Modeling

Deliberate << external user »>
Layer
S _: CommandLine

Sequencing Ny brter (in destination) ~ <<dataabstraction>> << agyem
Layer 1 : Current
: Position -+
readiout, out)
readiout updateding
[Benbarats T R e B H
Loyer — <cusar asticer ' .
l : ) ' starefin)
S— < N checkiin, out) read(oLt)
oo™ p—— i <= data abstraction == updats(in, in. out) <= data abstraction ==
. | comps Locaim . : L - ,in, A
I Gurens E= i | _ Destination — : Navigation Map
__eterEapees Tiey *“’—“"'mj"ﬂ:"',.-" Currant Pastan -
siog Timr T?.‘Z;T.ELJ ’ ey T ! read{out, out, out)
e~ G [N s = data abstraction >> << asy nious alg
: éﬁ’;’::?T \ : Navigation
7 st ' orData) readiout, out, out)
Start WheelActuator Cutput update(in)

i << passive input device ==
' _ Sensor

restart()T

Consolidat llaboration
ation System

readout sensorCata)

<< DASEkS OULPUE device ==
: WheelActuator

<=gxtarnal timeﬁ

=
merEvent
: Clock —

—
o pwheslActuatoroup

=3

itecture for Navigation System

ssugany selab.sogang.ac.kr 15



Design Modeling

<<dlata abstraction>» << external user >» <<data abstraction-»
- Destination : CommandLine : Current
Position

store(in destination)
i cu@nwusitinn,uutyesmu)

nter(in destination)
I read{in sensorfiata, in map, out CurrentPosition)

M-S =Tl 1= Tim it =}
e tHEE

==control ol - - L
'Navigatlun : CommandLinelnterface
startRokot irldestinatiun
=<timers> activate( ) _<scoordinator tat rga?(uut maptlp " <«rjata abstractions»
: Navigation —» - Navigation Update(sensarbata, EUrrentPositian, map) ™\ o ation
Timer Coordinator Map

startTimer( )
stopTimer( )

read{destination, currentPosition, map)

mu:essEventdn Event,o <<data abstraction=»

start{in path out started)
{olt sensorData) move(in path) B : Navigation
top(out stopped) Path
=<=input device inteffaces > «<«state dependent control=>  <<outguf device interfaces=
: Sensorinterface : Navigation : WheelActuatorinterface
Control
Start WheelActuator Output
tove WWheelActuator Jutput
xréadmut sensorData) \Etup WheelActuator Output

:Sensor

: WheelActuator

Detailed software design for Navigation Controller
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esign Modeling

-0 ._'Jc

: Navigation

Control Coordinator Map Position Path Timer Sensorinterface

1. startRobot(déstination)

T h e t aS k eve nt d i ag r am 1.1. processEvent(event, action)

1.2. store(destination)

for Navigation 12 psenton cior

1.4. read(map)

Controller T S |-

1.6. read(sensorData, map, currentPosition)

‘ : CommandLinelnterface : Navigation

‘ : WheelActuatorinterface H : Navigation

‘ : Navigation H : Destination

: Current H : Navigation

1.7. processEvent(event,| action)
< -3
1.8. update(sensorData, currentPosition, map)

I

1.10. read(destination, cufrentPosition, map, path)

1.9. processEvent(event,| action)
<

1.11. processEvent(event, action)
<
1.12. start(path, started)

1.13. processEvent(event, action)
< 1.14. startTimer( )

2. activate( )

2.1. processEvent(event,| action)
T 2.2. read(sensorData)

2.3. processEvent(event,| action)
Fe—————] 2.4. read(map)

2.5. processEvent(event,| action)
— 2.6. read(sensorData, map, currentPosition)

2.7. processEvent(event,| action) /U
|
2.8. check(currentPosition, yes/np)

2.9. processEvent(event, action) }
<~

2.10. update(sensorData, currentPosition, map)

2.11. pfocessEvent(event, pction) L

= 2.12. read(destination, cufrentPosition, map, path)
not desitniation
2.13. processEvent(event, action) L
< |
2.14. move(path)

‘ 3. stop(stopped)

if destination 4. prqc it b tion) L
< .
[ 5. stopTimer( )
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Lessons Learned

= UML for service robot domain

= UML was very useful for analyzing, designing and
modeling the service robot system

= Different research groups and development teams can
communicate among themselves and with others to
develop and integrate specific components by UML.

= Importance of systematic process/method
for service robot domain

= Jt is not possible to resolve the issues in integrating
and developing the robots without systematic
software development methods, particularly for service

robots.

0 APpIying the COMET/UML method led to developing an
effective service robot architecture, implementing

technical components based on the architecture, and

4 - - .
:@ integrating these components systematically.
ssugany selab.sogang.ac.kr 18



Lessons Learned (cont.)

» Human communication

= Human communication to understand and
develop what is desired of the service robot is
likely to be more difficult than expected.

= Several things can be done to improve the
situation.
= Tt is very important that all engineers and

developers from different groups and teams
interact directly.

= A common medium or language such as UML is
critical.

» Guidelines about what notation to use, when to use
it, and how to use the notation systematically are
required.

:@ = One day or half-day technical workshop is needed
Set

when there is little domain knowledge and

experience. selab.sogang.ac.kr 19



Lessons Learned (cont.)

= Customizing the COMET method
for service robot domain

= The layered strateqgy of the prior PSR
systems has been applied for designing
and modeling the T-Rot and was helpful in

arranging various hardware and software
modules.

= The task event diagrams were used for
the event sequencing logic instead of
pseudo code to improve understanding
and readability in the detailed software

:@ design.
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Lessons Learned (cont.)

= Necessity of multi-aspect integration
method for service robot domain

= We focused on desighing and modeling the
robot’s behavioral aspect.

= Planning and learning abilities have to also be
considered when designing and developing the
intelligent service robots.

= Task Manager has been in charge of these robotic
abilities.

= Different analysis and design methods are needed
for the task manager.

= To integrate these methods with COMET into a
multi-aspect integration method is required for
developing intelligent service robot software.

:@
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Software engineering for run-

LEITri=

= We understood that SE for
development time is not enough to
handle run-time changes

= SW systems must become very
flexible enough to handle these
requirements => really “soft”
software is needed

:@
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Why “Soft” Software is difficult ?:

= Complexity
= Software is limited by the skill of the

human and not limited by the
strength of the raw materials

= Invisibility
= Hard to understand - Progress,
changes and its impacts

:@
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Making software really soft = 15t

= Just do it !
= Programming focused development

= Development of computer program
not software

:@
oo selab.sogang.ac.kr 24



Making software really soft — 274.

= Reduction of complexity - Modularization
= Decomposition

s Software visualization
» \/isualized software model

= Visualization of software development
activities
= Visible software process
= Software measurement

= Structured Method, OO method etc

:@
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Maklng software really soft — 3rd.

» AUTESRINHE O2IEH DB LE 14
(build by composition)

» AUERN 2ERASE WAHIE IS
(Interface)

s AHER 224
(Connector)

s ATEQ N RARAESE LHEQ HEIF 28
Hl Set= 0IXI Al 2S(Component)

= CBD, Software Product line

:@
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Making software really soft = 4th|

= Run Time Softness

" AZES0 AL /2% BetE A
" ATEQ0 AAZ S0 S CHH 2otS

2

- ATDE N AAR2 THQASO DA L X
24 b

- ATEQ0 AAR KA #RIE AE IS

» Self-Managed Software

:@
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Self-Managed Software

= "Self-managed software evaluates
its own behavior and changes
behavior when the evaluation
indicates that it is not
accomplishing what the software
Is intended to do, or when better
functionality or performance is
possible.” (WOSS 2004 )

:@
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Run-Time Software Engineering.

-
i il D -] \J:)

= Run-Time Requirements Analysis

= Observe the running system and abstract observed
behavior

= Analyze new environments or situation based on
original requirements

Run-Time Design

= Determine the cause of constraint violation and choose
a repair strategy in terms of SW architecture

Run-Time re-implementation

= Adapt new SW components or change the structure of
SW without violating run-time environment

Run-Time Testing

= Continuously check design constraints via explicit run-
time models

:@
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Our Approach ‘*‘

Monitoring

Brokering Learning

Decision Reconfigu-
Making ration

:@
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SHAGE Framework -

= SHAGE(Self-Healing, Adaptive, and
Growing SoftwarE) Framework
integrates following technologies
= Monitoring

= Brokering: Ontology(authoring relations
between environmental information and
architectural information)

= Decision & Learning: Case-Based Decision
Theory

3 = Reconfiguration: Slot-based architectural
@5@( style

ssogan selab.sogang.ac.kr 31



SHAGE Overall Architecture 5

Repository Manager
Ontology Repository Component Repository

Ontology Repository Component Repository

Monitor sear:h’_,.:- ‘K_\ search

Compoment-LIRIs

current situation Architecture Broker Component Broker

Evaluator

Decision Maker & Learner o Reconfigurator

immed. rewards

Reconfiguration

Target S/W Architecture
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Architecture/Component Broker:

Current Situation [T7LT LT "
<i1, 5> Task Manager) (reduced by the / - T~
Architecture Broker) , %

L

eeesescesccsscsscscse

5

\

Q

Q

5§ U
R

ee900s0cesesecesececececececscsscscscscsote,
*etcctans,,

N

<i,, S>>

‘looo-ooo-ooo-oo.-oo-.o.'.
() awemecture Broker 2120000t o \

Monitor

o

4 Architecture Broker & Component Broker )

Siled UOIIBN])IS—UOIJBUIOU| JO 188

\
Q

\
\
\Ug

Q

Situation ‘ | Architecture | ‘ Function ‘ ‘ Repository
.
P situation P AcchitectireRecanfiguration P Furction 3 navigator/coordinatarfar ] U U :
¢ P Extemaproblem 7 P changeofode = pu B : AutoMove.class S
P undefinedcammand o P solveobstacle o P BshavioraFunction )+ MapBuider.cass S
B : PathPlanner.class
¢ P Erwionmentalchange ¢ P ChangePathPlanringt... o P sigorithmicunction || ) pravided dass s
¢ P Encounteringbstacle 7 | PathPlarringTovisionbasedPat | = b HardwareControfun | (3 navigatar/localizer/lase ‘. 5
¢ P Encourteringnikng £} TovizorbasedPathplanning B ¢ J_Wrapper class '-‘ :'
B : Provided.class :

33 UnknownObstack B PathPlanring ToMaphasadPath .

lzati & navigator/mapbuilderfla . .

o Encounteringknown! ¢ P changelocalizationtode . Da. a. a s
. B

[B) : INI_wrapper dass

3 Obstacle 7 P LocaleationTovisionbasedLoca
B : Provided.class A A9
P ChangeofGliobaltian 4 Tovisionbased. oralization X . = 5 o
3 navigator/motioncontrol . D
8 B
o } EncounteringFloarChang } Localization Tol aserbasedLocal B INI_CMationCantrol lass . [l 5
o P RequirementsChange o P ChangeMapBuidingtode B : Provided.dass 5 . o
. B
L3 BxtermalTroublelnstance P EstablishinghewPath 3 navigator/pathplanner/ 3 s +
. B
o P Intemalrroblem o P GuidecExploration [ : JNI_cPathPlanner.class - o
: . .
) Stancingsy B : Provided.class . .
o .
. .

o P ChangeMoveMode 4
‘ £} ChangeOftoclnstance

» A set of architecture configurations
T DI T T T T z (Abstract Level Architectures)

N Y,
See »
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Architecture/Component Broker:

= Role

= Searching abstract-level architecture
configurations related fe=th
situation. 5

4 Architecture Broker & Component Broker N

‘ Situation H Architecture H Function H Repository ‘

. P situstion D architectureReconfiguration P Function (3 navigator/coordinator/ar—
¢ P Externaroblem ¢ P Changeofiode - pu Bl : AutoMave.class
P Undefredcommand o P soiveObstacle ) : IMapBuider cass

o P BehavioralFunction
[ : PathPlanner.class

¢ P Emvionmentaichange ¢ P ChangePathPlanring... o P Algerithmicuncton | | &) ; provideddlass
¢ | EncourteringOnstace § P PathPlarningTovisionbasedPat | & B HardwareControfun | [ navigator/localizer/lase
- o o ¢ P EncounteringUrkno: 3 TovisionbasedPattPlannin Bl : INL_Wrapper.class
. ::_!unkmwnohstam P PathPlanringToMapbasecPath [ : Provicied. class
I I I I o P Encounteringknown ¢ P changelocaizationtode @ navigator/mapbuilder/la
b L 3 Obstacle ¢ P LocalizationTovisionbasedLocs [E1 @ INI_wrapper.class
B : Provided. class
P changeofaiobalian 3 TovisinbasedLocdlization ! : =
& navigator/motioncontrol
o P EncounteringFoorChang P LocalzstionToLaserbasedLocal

[ : MI_CMotionContral.class
o P RequrementsChange o P changeMapBuldingMode B : Provided.class

3 ExternalTrovblelnstance P EstablishinghiewPsth 3 navigator/pathplanner/
- o P Intemalroblem o P cuidederploration B : INI_CPathPlanner.class
P Stancingy B : Prowied.class
o P changemovenviode
n
Bl o Vo 1 SN T™
[ r I ST N =
\J | (& ) ) &

configurations related to the navigation
> subsystem.

Sel= Rule-based searchq.itsannal relax rules,

N\
I @
\J
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Decision Maker & Learner

Candidate Set L7
(reduced by the i = —~
Architecture Broker) / \ B

/ 747 0\

gelec?ted Archﬁecture UU
onfiguration :

(Selected by the

Decision Maker) 1

cey
ces
0o,
e,
ooy

Selected Concrete
Component
(Selected by the
Decision Maker)

. .
.....
........
.....
..........
...........

B ol e
A set of archltecture configurations .
“ (Abstract Level Architectures)
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Decision Maker & Learner

= Role

= Select exactly one configuration and one
component for each slot from the
candidate set retrieved by the
architecture broker.

= Technology

= Case-Based Decision Theory

= Current Status
= [t only carries out in limited scope.

= Limited search space: only in the
navigation subsystem.

)
’@5& Limited learning time: few scenarios.
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Reconfigurator

| Before Reconfiguration I

Slot: MotionControl Slot: Coordinator Slot: Localizer

Slot: PathPlanner U

Abstract Level

| After Reconfiguration I

Slot: MotionControl Slot: Coordinator Slot: SLAM

Slot: PathPlanner

Concrete Level

Slot MotionControl Slot Coordlnator Slot: Localize,r

Slot MotlonControl Slot Coordlnator Slot SLAM x

/7 ]
Slot: PathPlanner ,” B8 D =
4 z Z Slot: PathPlanner,” B3 G
» Vi
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Reconfigurator '

= Role

= Reconfiguring the current software architecture
dynamically.

= Technology
= Slot-based two-level software architectural style.
= Current Status
= [t has reconfigured only the navigation subsystem.

= All configurations for the subsystem were verified in
the demonstration.

= It can manage components distributed in SBCs(Single
Board Computers) by RMI.

= It supports components implemented in Java and
C++(through JINI).

:@
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Demonstration

Archtecture Broker

Monitor Decision Maker
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Research Issues

= Internal monitoring
= Ontology construction
= | earning speed

= Run-time measurement and
validation

= Componentization
= Domain Knowledge
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Conclusions

= Software in Robot is getting more important

= Software Engineering need to be applied not
only for development but run-time softness

= SHAGE Framework has been developed to
provide ‘self-managing capabilities’ to robot
software.

= The framework integrated ontology, decision
theory, and dynamic architecture and comprises

= Monitor
= Architecture/Component Broker
= Decision Maker & Learner

:@ = Reconfigurator
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