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UML based modeling for the behavior and schedulablity
analysis of autonomous soccer robots
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ABSTRACT

As real-time embedded systems become more complex, the reactive behavior of the real-time systems is hard
to implement using ad-hoc techniques. State machine based approaches are naturally suited for modeling reactive
behavior of real-time systems, thus several object-oriented development methodologies are attractive as a potential
development methodology for real-time systems. However these methodologies do not provide any mechanisms to
specify and enforce timing constraints that are required for schedulability analysis of hard real-time systems. In
this paper, we show UML, adapted as standard object-oriented development by OMG, based modeling for
autonomous soccer robot as a case study of a hard real-time system, and show how the proposed real time
scheduling theory may be applied to. the UML based model.
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dribble | .ve ball |control signal 200ms
avoidance obs detected |control signal 150ms
E:3 2. ®l2=8] A8AIzE
vision model strategy motor other
module manager .| planner | controller
Croncolorpinel | Chimeout | Cupdated_obj - C¥=
=20ms =2ms | _vee=5mSs Coma=8ms | g

Creqml;_i;ai,ghl\_ Ciusight_obi_ | ww3me | C*=3ms
obj_vec™ TS vec=3MS

Cimlge_cnpmm" C*=0ms
5ms

C*=3ms

2. Z EgizjMof ARAIZEAIN

EdAde) APAZRE Ads] HeiAde A
We) olmEd &gt M} elaze] A o
g Adst FasA ok 2k 7 sl ikt
A A Alejcielo e Fasie] qlelz 71
sled pehd 7ot} image capture EEiAAIe] Al
) A)7k2 image capture o[ Eo]| i} A=
£8)A|713] 5mse)t}. image processing EzAA1¢)
21327k RGB color pixel oWl Ee] gl ejAr=
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SYPAZIR] 20mso|rf. Alf@x clolol g Fxs)
# update model EdAGE £ 472 oW ER T
CAdHe] gie} wel 7139l timeout o]l Ee] £]
q+ e, request insight object_vector o] Ee]
23t e~ =, insight_object o|WlEe] 23 ejA=,
update_obj_vec o[l Eel| 2§t e8] APA|he
BT §5lo] APA7hE AlskslE 2+3+3+30] =)o)
% 11ms7} Fck AL 42O E go o ball EHA
¢ A7 Akl 28ms7} Elrk

3. ofARIol M & £of

E@ge] A HE FoIg g DM(dea-
dline monotonic)d72]Ee] AN rlztAjRlo)
B2 B 22 4 2918 FoiEisnk

4. A B Mmef=of X|1H

Vision Module-> Z2 wl7kAEHE 712 =4
A& F /) 7FAl ik image processing el A=
8] fA|zle] Y| ulFel] ti Ao} 7he 2%
ol ERAZ 7S, o EAAAY mRARle)
8¢ & 4 givk webd M.Saksena7} AAE
A 7lel=ailel W} Vision Moduled 3he]
e szd=le AAska, Yz AAES g
2y m(2H =)0 AR ek o]FA AAshd 2
#=le) #Hf RTC £25) A7k 20ms7}t H3,
2# =29 H L35 Az 8ms7} ¥k

5. 852 A2t Akt

EE7) AZRE HlM AAEE Al B =
max ; Cj (B =7MlelA=3 VT, ¢ RTCEES] A
7L C=7Pd ei2m Ve AfAzhE o83l +
) image capture EflAAGS sf=ie] FHy B
7] A7kl 20ms7} B27) Azke] vl image
processing EWAL Sms7} RTC £F7] A3ke]
¥r) update model EHAL BE7] Ak
8ms, determine next action®] EWA4HL Bms,
interpreter E1A1A-2 8ms7} BE7) A|7le] Hrl

6. AAEE THsA 2

SAZE GA] A A - AAERR A R=
SV Tie (i) r%ﬁ 1 %G+ Ci+ Bi (Ri, Ci, Bix
VTie] $¢A2L ANzl BE7 A3 hpiye
VT 8} =2 4 o998 7k VIES ah&
o]43led Fylth update model EalAAde] 814

Z¥e] 7-%- image capture EZAA, image process-

ing EAAAe] 2]gt v, update model iR
2] AA) AlsAZka) update model E#lAAdRc} o
£ 4 #4192 =0 2§k RTC 57 A7l
o3 Szt

R £ =
R= (] 100 1#5)+([ 557 1%20)+11+8 300]. &

t} o]y 2oz Aulsle B2 vjehid 337
I 2E EfAde] wighARME A7l 9leS ¢
s9lck UML7|4E & 258 mdle] 2559 7}
TAEHe] o]feiRloga, mdgsl AlAglel A
AEY 7FsAEA P8 z} wpEe] A
tjoloaie] AjzkAel @I B} wAx]9] A
79 3] FY, Zeja Aejriole] el A
2 5 UEE BEE £ =Rl AR -S54
7 B4 Aol Wagt HegEe EdAde) wizt
AL, 7 2 Frisl 2 AlARL whe
4 o9 "zl 23t 5] Azleloh

k3 3. A AT B Aoj Aage AAE FFEEA

wizt | 941 | Al 5

Image
ca 100ms| 70ms 1 5 20 25
Image 1 ooms| Soms | 2 |20 | 5 | 29

process
Update | oymel 100ms| 3 | 11| 8 | 30

model
go to ball 200ms| 5 28 8 60
dribble 200ms 5 25 8 57
avoidance 150ms|{ 4 21 8 38

1) EgiziMe| nfztAlEt

EPAde] siRkAEhe A tiololnaiel
timing marks& o484 2 =alayol G =iz
Algo] viehdch,

2)2} EssMe] F7|

7t EQAARY ) By b gz AR
2 vlelojisield Zh EfAMdvic) gA)E A7HA -
o}, PERIOD(BventID EventD)§ej 2 viehiA,
EYAAE FEATe AR diee) Ay
o g vehdc

3)2 B3NS AR

7t ExiAde] AR Cie AR celo)ad
oM EdAde TAshe ollEd oyt Pue
e tolelnde Fasld AR IE 18P
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o EdAAE sk o|RE o3 4 AA)
A =l A Bz AYATE §sled Al
Aol 7hsstet

4)28Z A7t
zA=d AAge] i Sgirl B2 s}
o Ak At

7. UMLo gt 72X 29| Alg3oiM

(HAEold &

AefalE] wpehs F AAAY AEHeld Eal
emultekA}e] rapid B'-¢ A8k rapid &
o A s(multi-tasking), oWl E-F-F{(cvent-
driven)A|=gl, z2]i WA Al2Ele] L2 Eelo
¥(prototyping)®] AlE#eldel HigE Bolch =
g+ UDO(User Define Object) S Apg-5)ed A)A}-8-A1
o] foldlz, FAAH M v AANEE viE A
g Vet AR D57} foldly] wiEe] 24
i‘ﬂ Fabol gt Aol AHYsek g FFEE
£ windows NT g Alo|lA AlEdH o] slgnk

(2)AMEaolMel F= A

Al gHolAde] AAH TEF UMLe] 2RI EcH
o]eiz8l(component diagram) o8 1jehfle] ®B
13129} ek player UDOE 7o axe] gl
& 4 2ee g, aelm T SjAd] 93 An
& JRZ kg 35E AAse 9%E
playerg UDOZ 2= 277718 A&
ol & w €8 o}E 2R AF A AAHEA

LD 0O=>

"~ Y TN T
————————— goalimm

o U e e
apponent

o ==RPO==>
ay FOBDOCUR

a8 12, WATRS) AEUE oo

move(next direction, range)

= kick(direction)
pass{plavar#)

&2 EHH(eurr).
WCOH2 BHE(eurr).

22 . e EHE(curr),
& CHE 21 B (curr)

robocup.rpd playear.udo

8 13, Axd=Ee A

866

o] Z7lgh}t robocup RPDE AlAl A E#le)de
FEAT oEeAel e 2 UDOA e A
BE vgko g gu A Exshe zh 2R4He)
A A WEste B4 A3 AEHeldE vla
£90) ¥}k D313S 4 AXIESTS) AR
B}

{3)player UDO=Z RPDel T4
player UDO¥ Aol E28E8 A3 AL
2 FAE) AlEdeld s s A4 AEY 2
zte] Adcielol 1 ES PHFE HHR 3o =
= Egjyyog Jehlgich 4 Aele 2ug o
efflojAl s P A A (active object)?] AEHE FAl
X =(concurrent mode) . el AGTh i mia]of| A
L+E}L.1- AANS] S ase A 9% o
5 A Hoh AA sleselE el
] 1- O]H]Z] za AN e A7k 329 A4
7R Fasle AR RS e WlR s
t}. robocup RPD 4] Hx 3‘&75‘—4 waloll chgk
Ae)E Bz Ezlgiaes ez UDO A
o]-§k}.

(HHE 78 =2

HEAoR 74 3 muld T34} ok 231
< FEWH ol oF TE AL ool o
2 AdE F& sl olFRE o] FAPe
Zelesl ’&ﬂ]iﬁxvﬁ— whig dAdAeield 9rlE

kS 4. AEHeIA AelAe) $FA7T

=44 F71 | "R | Aes] AR
image capture| 100ms 70ms 1 40
;ig:s 100ms | 80ms 2 65
update model | 100ms 100ms 3 75
go to ball 200ms 5 110
dribble 200ms 5 110
avoidance 150ms 4 102
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g e -
I3 14, 720 Y
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FollA] Alorgk Azt UMLS X|(3ke 447 A
&5 7Y CASE E%o AL4=eid 74 WAy
AAZE Ax”] AA W 240 £84E A
A7 4 gl Zelr) ¢hege ¥ =Y 97 4
g wigreg F71AQl WAAe Ae(itter)el] B
¥ BAs FAel AAe] A wE 4 £
e gt A8 shaa) gk

g |

[1] Unified Modeling Language for real-time
design ver2.0, rational software, available at
http://www rational.com

[21 M.Awad, Object-otiented technology for
real-time systems:pratical approach using
OMT and fusion, Prentice Hall, 1996

[3] Wei-min chen, Autonomous soccer robots,
Working notes of the AAAI 1997 fall
symposium on model-directed autonomous
systems

[4] Wei-min chen, Building integrated mobile
robots for soccer competition, proceedings of
1998 international conference on robotics and
automation

[5] A Burns, A.Wellings, Real-time systems and
ptogramming languages, Addison -Wes
ley,1996

[6] Keith Edwards, Real-time structured methods,
Wiley and Sons

[71 David Harel, E.Gery, “Executable object
modeling with statecharts”, Proceedings of
18th Int. Conf. Soft. Eng, pp.246-257, March
1996

[8] Ivar Jacobson, Object-oriented software
engineering: A use case driven approach,
Addison-Wesley,1992

[91 James Rumbagh, Obci-oriented modeling and
design, Prentice Hall, 1991

[10] M.saksena, “Guidelines for automated
implementation of executable object oriented
modéls for real-time embedded control
systems,” IEEE real-time system sympos
ium,1997

[11] Bran Selic, Real-time object-oriented mode
ling, p219, wiley,1994

[12] ITU-T, message scquence charts standard
(z.120), International Telecommunication
Union, 1994

[13] Frank slomaka, MSC-based schedulability
analysis

[14] Rapid user Manual, Emultek Ltd Press, 1996

867

www.dbpia.co.kr



A8 =-Fx] "99-5 Vol24 NoSB

0] & 2|(Jac-ick Lee) 3
: 19979 24: ABoiga HxFE
3 &4

1999+ 24 ARHEE AAFH
o} A4}

1999\ 34~®A) - A EEE A

Agatst AAZE A2

A QT

<FHA] Bop ALEHY T, AAAF 2L

e-mail:jilee @rtlab.kyungpook.ac.kr

Zt & F(Soon-Ju Kang) e R
Kl 19831 24 : FEC S A4}
ek} (FEhAD
19853 24 : g=raelrlarsd
AAFE I FEA AP
1995 241 3=slrlesd A
Abersl(Fahatah

(4

19853 ~-1996\ 84 : JFUAH AT AYFTAF
Al AT, Aab B Al AlA]l.
1996+ 9Y~¥AAENEL FapfE Fu,
IEEE, KISS, KIEE, KICS3]¥
<FHA Fol HAZE Al2®AEA, AAA=EY &
ZEfo] T2 Y AxEYY 7
e-mail:sjkang @ee.kyungpook.ac.kr

A CH =Dae-Dwa Seo) 3]
19814 29 : AREtz AR
Feal(FEah
19831 29 : gty eel
AAFSLIHFEA AL
19939 24 : P=HEr|ed
A4 s FEEMp

19811 39~1995\d 24 : &=
AAFANATFE FF
19981 241~1999+1 24 : University of California,
Irvine Q-3

1995 38~ ARohels gl AR

Cain M
<FRA Pop WREAAE, TEAA, WRTH
=
e-mail:dwseo @ee. kyungpook.ac.kr

868

www.dbpia.co.kr



