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we present the model-based autonomic computing framework for a

cyber—-physical system which provides a self-management and a self-adaptation characteristics. A

development process using this framework consists of two phases: a design phase in which a

developer models faults,

normal status constrains,

and goals of the CPS, and an operational

phase in which an autonomic computing engine operates monitor—analysis—plan-execute(MAPE)

cycle for managed resources of the CPS. We design a hierachical architecture for autonomic

computing engines and adopt the Model Reference Adaptive Control(MRAC) as a basic feedback

loop model

to separate goals and resource management. According to the GroundVehicle

example, we demonstrate the effectiveness of the framework.
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k7% A (self-adaptation) 54& & AXEY]
o] "]i‘:’“«] At &, #BEE A Yol T&
stk [6]. Al A7) el A7 He 54&
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Fig. 1. Autonomic Computing Reference Architecture
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SingleWheel
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double x
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Fig. 2. CPS Structure Model (CSM)
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(GroundVehicle)2] n}7o] HAgz zds wEA 77 98] A#:E CPSe FE  RE(CSM)
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Target Cyber-Physical System

CPS Autonomic Computing Framework (CACF)
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Manager)
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Fig. 5. Model Reference Adaptive Control (MRAC)
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Table 1. Normal Status Constraints Table 3. Adaptation Policy
Category| NSC name CBM/state Condition Policy FM name |Strategy name| Parameters
M N forward VehicleController/ | Rotated_angl StopMoving | BrokenMotor Kill (process ID)
ove ove_torwar Tracking/Forward e=0 ChangeTorque| BrokenMotor | ChangeValue | ({var, val})
T N | rot VehicleController/ | Compass_sen
urn ormal_ro ~ H— J ay
Tracking/Forward | sor = normal ChangeMission WheelBroken' SWUpgrade (SW ID)
. | VehicleController/ |Power_remain UpgradeSW | UnknownObj | SWUpgrade EW D)
Power |Battery_remain K
Ready/WaitComm | > threshold
3T d o
N N | VehicleController/ |Current_location ¥ 4. A8 A
ove ormal_mov .
- Tracking/Forward | = desired_loc Table 4. Adaptation Strategy
VehicleController/ Detected_ Object
e .
Sensor |Obj_recognition| Tracking/Sensing | _ Strategy Action Type
Obj ChangeValue Change internal values Internal
Kill Kill Process External
%2 A% wy SWUpgrade |Update current SW to new SW External
UpgradeSW UnknownObj SWUpdate
Table 2. Fault Model
FM name CSM substructure Status image Analysis() = fail)
BrokenMotor |GroundVehicle Rlij;t:Slde Ri;oluzolnd< A mele] x3] A T FolEe] THRE #
otor resno -
W3 22 Q)= A O AMEQ jjo] = i)
WheelBroken|G dVehicl Location getGPSdata() 2 e A= Edele] dagel =t 2
e e = fail 23S # 39 As AAoRTY ZAsta, ® 49
4 A Fol 2xEdo] dulol=E A
Visi - A - - B ;
UnknownObj |GroundVehicle S1s1on faﬂyms() olw] F2 JulolE #EAHDUM)7} o] &%t}
ensor =
Ao Azt Ae Age 7]Ee setEA
e Aze deel Folwg Axeln, dF ol
N - ) A : - - B
o BEEe] AW AMmel~E SQlite WOl mo ygAY, AASRE F gelE Bve] oa 2
gulol st AEHAG. A7k Ag A% A& D e raw - og
R A48 AE e ETRI CPS Algeold = woAg AdE B CPS A& AFY Zeld
* EcoSIMeIA Al#a|old =90 979 ¥ b4 FHE B S vk A WA
S EcoSIMe| A& el4 A7 (Map) $ellA Al2Elo] zpLlo] A wAlEl 22 @Al Aty o
E 49 Hi mdeS vhten A% T 5 g7 g 9 ALe Aulolag B BT
AL F3 T Aol Aod o fF mdol adate omm TR == Uo] ZARL} oexa
A5 2 A A HAFE 71Ee] FdHET. dE E5) o= oxaty uLs W wa A
So] F3 = Zxoz yehte AojEo sk OB AW W Ao B4 Zy W Ay A WA
3y AL Fdshe 53 AellE I9(Gh) So| A5EA BTl So1A Q= A~E aa &
B, A 19} NSCaol tit 488 $ASk oo spajant. F wAR CPSe) Axw 27A}
o7t gellE: & Al NSCE SIWHghs <14 g, o sutow AAE BE wulo] HA AHE
(el SensingObj, NSCH: Obj_recognition, & gt A g AFY dPS Ea AxEo] o
A: Detected_Object = normal) A S EAow gAagils gRE A4S 5 9
ezl vl AlM7E A4E 5 gle ¥, AY th A HAAZ 54 QuolE BAE E3 £
Aw o FEd 2AY AF A TAY] T 2 ojZa Aol J)E AHEZ ) A]xHE
SA, 28N e A A% ARG DAL AT el d2d + s BBl o 2t
FEe Aoz wdsta ¥ 29 4 2ds = HowZ wo 2 9t}
3)3ich. (A3 =dH: UnknownObject, Z3F AFe):



274
Vi, 22

2 =EdAE AlolB-EE] Al ='I(CPS) 4
A, ’\]iE‘ﬂ/] 27y e 2 A7E Ag 7159 AE
= 98 g 6k A8 AFE ZHdaE A
skt
AR ZH AN AE Bk CPS /e Ag =d,
98 gojste AA wAt
2UHH
(Monitoring)-% (Analysis)—ﬁﬂ@,(Plan)—/‘a'f‘E
(Execute) erxég T33F= ‘MAPE ©@HAZ o] Fof
9t} 3 Zﬂ oF ZHdYaE= vy Hx ;H&
All(MRAC) F2 & 7|wko g AZFste A& 35F
AR F2E T3 CPSY Alz=yl Ao Eip
= ek 2 A AR #Eske ke A
FHE M
o] el dis] Abs
om, Fu 7 3
delel fddelE &

o of

>
M
g
15
:‘XE >(E
rH F
E Hj

AE FAHeR

E_l—g}]\

oft oX 10 N ox 2 off
i :
@
e
> o
233
Ho il
>
br 21‘7
s r s

.
=
JL
N
)
)
olo
i)
N
)
% off
ol
E

Bt ﬁJJr

1A 5k, CPSe] Fz, 39,

12 A7kl 9% 1

2 oA I

IS AYskE A, dF

A A 2 % H

Ao}, 3 A& 74%‘%‘ =

939 2z F3 T AHSRM, DUM, HFM), g

2] 29 2 g A% P digk F
T= g Blej),

[«

2 K u&éy}::\.‘:im o
i)
“"EQ‘.‘,
é
5‘.:
r%’i
£
Lo
1o
oy
l

[1] R. Kazman, HM. Chen, “The
Model: A New Logic for the Development of

Metropolis

4

Crowdsourced Systems,” Communications of
the ACM, pp.78-84, 2009.

[2] SEI (ISIS),
“Integration of Software-Intensive Systems

Addressing
Interoperability,” 2007.

[3] P. Feiler, R.P. Gabriel, J. Goodenough, R.
Linger, T. Longstaff, R. Kazman, M. Klein, L.
Northrop, D. Schmidt, K. Sullivan, K.

Wallnau, “Ultra-Large-Scale Systems - The

Software-Intensive  Systems

Initiative: System-of-Systems

AE A

(4]

(5]

(6]

[7]

(8]

(9]

(101

[11]

[12]

[13]

[14]

El
S

[E

dle f3

3
40

Software Challenge of the Future,” TR, 2006.
E.A. Lee, “Cyber physical systems: Design
challenges,” Procdeengs on ISORC'08, 2008.

o] 3j g, ALH, 5, “CPS
$8k HLA/RTI 7]4te] 3
QYA ggdut=
83 FAE=d 3], 2010.

H. Muller, H. Kienle, U. Stege,
Computing Now You See It, Now you Don't,”
LNCS, Vol. 5413, pp. 32-54, 2009.
C. Lee, H. Youn, I. Chun, E. Lee,
Evaluation Methodology and Framework for
Autonomic Systems,” Int. J. on Network
Security , Vol. 3, No. 2, pp.21-25, 2012.

IBM, “An  Architectural

Autonomic Computing 3rd Edition,”

a4,

“Autonomic

“A Runtime

for
IBM

Blueprint

Autonomic Computing White Paper, 2005.
J.O. Kephart, D.M. Ches, “The
IEEE Computer, Vol.

Vision of
Autonomic Computing,”
36, No. 1, pp.41-50, 2003
IBM Research Blue Gene Project, http://
www.research.ibm.com/bluegene/index.html

D. Garlan, S. Cheng, A. Huang, B. Schmerl,
P. Steenkiste,
Self Adaptation with Reusable Infrastructure,”
IEEE Computer, Vol. 37, No. 10, pp.46-54,
2004.

I. Hong, H. Youn, I. Chun, E. Lee,

“Rainbow: Architecture -Based

“Autonomic

Computing  Framework for Cyber-Physical
Systems,” Proceedings on Int. Conf. on
Advances in  Computing, Control, and
Telecommunication Technologies, pp.148-151,

2001.

I. Chun, J. Kim, H. Lee, W. Kim, S. Park, E.
Lee, “Faults and Adaptation Policy Modeling
Method for Self-adaptive Robots,” UCMA'11,,
2011.

A. Karl, B. Wittenmark, “Adaptive Control,”
Dover Books, 2008.



tetHiti=Es=tal==x Xl

¥4 5

2003 gdoistal
ML

2005\ gFFishaL A}t
AL

20109 R=atel7lesd, 7t
dpraed Aiedskt A
AL

A, vﬁxﬁliﬂﬁ? AdaT-l.

Mok CPS, AFgAlof

Email: sjkang@etri.re.kr

2

19964 Ao
AREF4} A,
19984 A #uoistu
AFE B3 AAL
20103 &g g u A
FEF o A

A, SFAAFZAAF
Y HAATY.

ek CPS, M&S &A1)

Email: igchun@etri.re kr

78 M 5s 20124 103 275

9 9
20039 F=1td7laheta
A IiEi—z—aLJ,]_ tsl—/\]_
20051 AdraEtal A
g AL,
2009 AdraEtal A
g5} A,
~ ,"i A, AR FAA
T AYA T
RK CPS, MES, 28]
Email: jmpark23@etri.re.kr

394
1994 Fohstal A=}
I} AL
1996 Fehetal A=}

I AAL
s 2000 grFdista Mzt
o} HRAL
A, S AAEAATd AdAT.
#Al ok CPS, M&S
Email: wtkim@etri.re.kr




