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|R=Ux}@W ẁv u}= QO "CU= xOw@ u}kkLt R= |Q=}U@ ẁ[wt 'sDU}U l} |m}v=mt
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x@ \w@ Qt R=i Q=Owtv w |@ QHD R=i Q=Owtv R= pY=L G}=Dv |xU}=kt "CU= xOW sUQ
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"QwDwt |m}t=v}OwtQD |R=Ux}@W w |@ QHD G}=Dv R= pY=L QwDwt QwLt QwO "7 pmW

|m}t=v}OwtQD |R=Ux}@W w|@ QHDG}=Dv R= pY=L QwUQBtm R=|HwQN Q=Wi "8 pmW
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x=ou; OW=@ xDW=Ov j@=]D 'xOW x@U=Lt |v=tR Q}N-=D =@ |ak=w |v=tR Q}N-=D Qo =
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Qou=}@ � = +5ms Cr=L "O@=}|t Vy=m |R=Ux}@W CkO '(� = �5ms) OW=@
� = �5ms Cr=L |rw OwW xOR u}tND q=@ CUO '|v=tR Q}N-=D xm CU= |]}=QW
G}=Dv "CU= xOW xOR u}tND u}}=B CUO '|v=tR Q}N-=D xm CU= u; |xOvyOu=Wv

10



1x
Q=tW

'38
�3

|xQ
wO'

�14
01

Q=y@
�h

}QW
l}

v=mt
|U

Ovyt Q=Ri=CNU |R=Ux}@W G}=Dv w Ovm u=Q@H =Q QwNTB Q}Ut |v=tR Q}N-=D CU= xDUv=wD
QDsm |}=]N |=Q=O (MIL) xkrL QO pOt |R=Ux}@W x@ C@Uv (HIL) xkrL QO

"CU= �5 R=
|=yQ}eDt QoxOy=WtVkvutr=m QDr}i 'xOW x�=Q= pOt |=v@tQ@|v}@V}B VwQ QO
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|m}t=v}O QF= u=Q@H |=Q@ "OwW|t |R=Ux}@W |xkrL |Q=O}=B=v Ea=@ 'CNwU
xO=iDU= pOt |=v@tQ@ |v}@V}B VwQ R= 'CNwU |@O |Q}oxR=Ov= R= |W=v xDU=wN=v
|R=Ux}@W w xkrL QO Q=Ri=CNU |R=Ux}@W R= pY=L G}=Dv |xU}=kt "CU= xOW
'CU= xOW |R=Ux}@W sDU}U |=RH= s=tD u; QO xm 'xkrL QO pOt |}xv=}=Q
xOW xO=O u=Wv u}vJty "CU= xOW x�=Q= |v}@V}B VwQ ?U=vt OQmrta Qou=}@
xDi=} Vy=m �5 =D xkrL QO Q=Ri=CNU |R=Ux}@W R= |W=v |=]N xm CU=
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G}=Dv 'OwW xOR u}tND q=@ CUO |v=tR Q}N-=D Qo = xm OyO|t u=Wv |R=Ux}@W
|=Q=O 'OwW|t xOR u}tND u}}=B CUO |v=tR Q}N-=D xm |Dr=L x@ C@Uv |R=Ux}@W
Q=Ri=CNU |R=Ux}@W 'xOW x�=Q= VwQ OQmrta |@=} RQ= |=Q@ "CU= |QDW}@ CkO
QOkQy "CU= xOW xU}=kt (MIL) xkrL QO Q=Ri=sQv |R=Ux}@W =@ (HIL) xkrL QO
x@ (HIL) xkrL QO Q=Ri=CNU |R=Ux}@W G}=Dv 'OW=@ QDy@ xOW x�=Q= VwQ OQmrta
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"OW=@ QF-wt sDU}U |=QPo MU=B QO Ov=wD|t \ki 'xOW x�=Q= VwQ QO |v}@V}B ji=
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"Ov=xOW xO=O u=Wv |}=wy R=o u}@ QwD QwDwt QwLt QwO x@ \w@ Qt (MIL) xkrL QO
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Q=O}=B=v sDU}U MU=B '|v=tR Q}N-=D |xOvvmu=Q@H R= xO=iDU= sOa CQwY QO "CU=
|@ wN x@ pOt |=v@tQ@ |v}@V}B VwQ xm OyO|t u=Wv |R=Ux}@W G}=Dv "Ow@ Oy=wN

=yCWwv=B
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2. software in the loop (SIL)
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