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Design of a Robot-in-the-Loop Simulation Based on OPRoS
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Abstract: This paper proposes the architecture of the RILS (Robot-in-the-Loop-Simulation) consisting of the robot, the virtual robot,
and the avatar robot which is the type of virtual robots operating according to the robot status and behavior. And the synchronization
algorithm for mobilization part of the avatar robot is suggested, which reduces the difference between behaviors of the robot and
those of the avatar robot. This difference occurs due to the environmental and mechanical mismatches between the robot and avatar
robot. In order to reduce this difference in robots behaviors, the synchronization algorithm controls the avatar robot based on the data
observed from the robot’s behavior. The proposed architecture and the synchronization algorithm are validated from some simulation

results.
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Fig. 1. Example of OPRoS component composition.

<properties>

<-HFEIENA AR tiujo] 2 =gjoln] wjele] AR
<property name="APIName" type="string">KNU_HRC01_MC_V20.dIl
</property>

<A F AF>

<property name=""WheelDiameter" type="double">0.13</property>
<A 5 Aol

<property name="AxleDistance" type="double">0.30</property>
<G 2AE Aol

<property name="VarianceDistance" type="double">0.05</property>
<A B >

<property name="VarianceDirection" type="double">1.0</property>
I I o =

<property name="SafeRadius" type="double">0.3</property>
QA A

<property name="Maximum Velocity" type="double">0.2</property>
<Az ST

<property name="Acceleration" type="double">0.5</property>
</properties>

“1%] 2. WheelController X E T2 5} <] o,
Fig. 2. Example of wheelcontroller component profile.
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Fig. 3. Structure of robot.
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Fig. 4. Structure of virtual robot.
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Fig. 5. Difference in behav10r due to environmental differences.
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Fig. 8. Real robot (left) and avatar robot (right).



N

252

0x

ol

=]

7 heslControllerservice
<<atomic>> s
RobotControl

<<atomic>>
WheelControllerC...

WheelConfrollsseny

Laserscannersenvice

fcerscannersenvice

<<atomic>>
LaserScannerComp

a9 9. =R T
Fig. 9. Composition of robot application.

A97 A, 4G M=) Be] mERel FAw),
AR 23} opuetzite] 13 € 17 83} o, opubel
Be AR FAF @O AAH.

OPRoS 23388 o F3te] Fajah wlsiv], wisl o]

£ 93t WheelController H¥XAES} ASAS st
LaserScanner AXWE, 18|31 WheelController 7 XFES}

LaserScanner HXUEE o]§3ato] Foll&ES 3|95l7] 9gt
RobotControl AXHUER /35w 7] 9o ¥ o] 1
AlEfo] Tt

B2ESEo] HAF¥XUE F LaserScanner HIYXWEE
2o Fag 7MY LRF AN E 3l 7P S
AYAHRE 98 wown o] JHE o]fslo] AA|=Ee]
g Aojgitt & AAZRe] T F7|skE olnfElER

=

=

&) w3 AJEYo]H ETEE OPRoS AlEH 0]
H[1415 AR&SR3lem, AlEeol ol optel =538 w2t
ARtk oAl= AREE HIL Egfo|H= AR 253 ofvlela
x| FadE& F71st 7] $1%+ HIL_WheelControllero]™
OPRoS & H/W F733} QIE#|o]2 5 WheelControllerE:
Ap&=sle] FE E ok wEbd OPRoS WheelController ¥V E
ARHARl tiuto] 2~ oW E A Alshs WA FUsH
HIL Ete|HE AAIE = 9lom, HIL =aolH o] AA| H/wW
A ES o]-8alo] AR FhS AT F Uk

HIL WheelController 713} Aol AA%= 432
WheelController H¥WE X z2ulele] 5= HAAH|H
19 107 2k

HIL_WheelControllerol] = A AGA] AARET} 7143
Ao ELgo] FAld FA387] Wil AAZE W T-5=
St a9 29 HIVE ZT2upda) vlulste] AlEH o)A
&S 913 Aret opubetRite] AR Fo] F7hEh
ZaatdeA EEgAwE AR A HW AojEd]
A7 um, opuletESte] A He X E Hl jp 7 HHE
7V W Aloj2gol] AA €}

WheelController FAXAEE= %713} A]H o
Q1 HIL_ WheelControllerE 2 Al8lH, HEXAE

L
e

=efelH s/wW

ELE RS

1
Ot

A
=}

ARE  o]83le]  HIL WheelControllerS — *7]3}3c)
HIL_Wheel Controllerol| 3= AA| 250 sl=gl|o]e} ofnfel=
5] FEdolE Bl A 2 Adjseg, ¥ n¥ 2
o] HIL_ WheelController®] %713} A]&ol| A28 3} olufe}
2529 HW AJERES YA WheelController AETE
ZE Yo AR E o]gste] 27]sgith

I H/W Ao]RES] 273} Ao AAEE &gk
107} o] OPRoS HEHES] X2 ulo] ==
Aol AAZE H/W AlojiEol AAE SHR
2GR grolt) o]et &y opulel 2 H/W Ao

1
X

rir W rlo
ﬂ-qn m'[\j oL

i

<properties™

<!—Start of H/W Driver property-—>

A EAECA AL clnjolzs Egjolu] sjele] An>
<property name="APIName" type="string">HIL_Driver.dll</property>
A % Ag>

<property name="WheelDiameter" type="double">0.13</property>
A % dol>

<property name="AxleDistance" type="double">0.30</property>
-] Bk Zdol>

<property name="VarianceDistance" type="double">0.05</property>
<GH] B ek

<property name="VarianceDirection" type="double">1.0</property>
<A WA F>

<property name="SafeRadius" type="double">0.3</property>

<A HuEr>

<property name="MaximumVelocity" type="double">0.2</property>
<A 7>

<property name="Acceleration" type="double">0.5</property>

<!—Start of Simulation Driver property-->

< oplERR 95 2E og->

<property name="R_Motor Name" type="string">RightWheel</property>
A oplelRi 22 RE olg—>

<property name="L._Motor Name" type="string">Left Wheel</property>
< opulElRR 95 dlm o]E->

<property name="R_Enc_Name" type="string">enc_right</property>
A oilelRi 22 ela o)E—>

<property name="L_Enc Name" type="string">enc_left</property>
<=AlEo)d R P T

<property name="ip" type="string">127.0.0.1</property
<A-AlEHol & XE>

<property name="port" type="int">5500</property
<—opijg} 2RolE>

<property name="RobotName" type="string">avatar</property>
<= F718t £ F7)->

<property name="Period" type="string">100</property>
<property name="VelocityStep" type="double">0.01</property>
</properties>

213 10. RILS& WheelController X JE Z 23} 9] o,
10. Example of WheelController Component profile for RILS.

Fig.

int HIL._Driver::InitializeWheelController(Property parameter)

{
IPIAZSE W Ao g A
HW_WheelControl =new KNU_HRCO01_MC_V20();
NEZFHAGRE o]8g+ AA| W AlojE %713}
HW_WheelControl->Initialize(parameter);
fopEERS HW Alo15E A4
Sim_WheelControl = new Simulator WheelComp()
IEEIJARRE o] 3 71 HW AlojiE =7]3)
Sim_WheelControl->Initialize(parameter);

}
% 11. =2ko]8 HIL WheelController 713} .
11. Example of Driver HIL_ WheelController initialization.

Fig.
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VelocityStep<—0.01 //Velocity Step 8 1. 12
avatarLinearVelocity«RealLinearVelocity /A2 5: =41 918
avatarAngularVelocity<RealAngularVelocity /234|245 ZVeA W 91
realBotPos <~ HwWheelGetPosition /A Z5 YA A1 Q1=
avatarBotPos < SimWheelGetPosition //oJFE}Z3E 134 1. ]2
If is First then
IPAA 253} offel el ST £z Bl A4&ew S8
SimWheelDriveWheel(avatarLinearVelocity, avatarAngularVelocity)
end
otherwise
PR RS} ofrlElzSe] f1A]Ato] ALt
curPosDIff < calcPosDiff{RealBotPos, avatarBotPos)
if avatarBot is faster than RealBot
AR 253} opafelite] A&7} the g
if curPosDiff theta is not equal 0
orarerE S A4 gl Zh4 Ay
SimWheelDriveWheel(0,0)
SimWheelDrive Wheel(0,curPosDiff theta)
Otherwise
JoetE St 244
SimWheelDriveWheel(0, 0)
prePosDiff «<— curPosDiff
end
Otharwise
7 AEe] 7} ol KTt B A
If curPosDift greater than prePosDiff
Jofieme] &5
avatarLinearVelocity <— avatarLinearVelocity + VelocityStep
Otherwise
HoPIFERRFE} &egka
avatarLinearVelocity < avatarLinearVelocity - VelocityStep
avatarAngularVelocity < curPosDiff theta
pofiet o
SimWheelDriveWheel(avatarLinearVelocity, avatarAvgularVelocity)
prePosDift <— curPosDiff
end

9 12, AARRI optet RS FETIsh datelE.
Fig. 12. Synchronization algorithm of robot and avatar robot.
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OPRoS =3-8-89] 3ol weh AA|mitst opnfpet =32
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AAESe] AgE SRRl TUT Siew ol RS
SAAITE Ak AA| R} oputel 2ite] FAgE o]
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& Fdslof gt o714 B daElee AARRT of
HpERR S 7ho] fIAAH. QA 7Rke R opulelR e 5
2 ARt woF QAT Aits opntelRite] AAE
SR ddshs g dEeet AEnE x4sto] opnte
23] A oR HAATIAY AERE WAt o]9k
W= opufetz Ro] AARRRY F8eh= 76'
Tof I EHEEQD VelocityStep 7S 7HEs)H
ARGty Addgshs AAzREIe] Apol7t o] HAAET
o AR A A& VelocityStep abe 7417 ollel R
3ol £5 S7MAN71aL Rie] Aol AAaAIXIth opat
Efs o] F8sle= Aol VelocitySteps 7Hrate] 47w

“1% 13, RILS®] 3.
Fig. 13. Execution of RILS.
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14. Comparison of Moving Distance between the robot and the
avatar robot with the constant moving speed.
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Table 2. Distance difference between robot and avatar robot in Fig. 14.
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Fig. 15. Comparison of Moving Distance between the robot and the
avatar robot with speed profile.
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Table 3. Distance difference between robot and avatar robot in Fig. 15.
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