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¢ Acary & Brogliato: “Numerical Methods for Nonsmooth
Dynamical Systems”, Springer, 2008.

¢ ... An interesting contribution 1s in Kikuuwe et al. (2005)
where the implicit discretization of Coulomb friction 1s
rediscovered and extended to more sophisticated
multivalued nonsmooth models (equations (14a)-(14c¢) in

Kikuuwe et al., 2005 exactly correspond to the procedure
described in Fig. 1.17) ...
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“Proxy-based Sliding Mode Control”
[Kikuuwe and Fujimoto: ICRA2006]

virtual coupling sliding mode

PID controll

(PID controller controller | jasired
position

controlled
T .( ll. m
e R :-»:cw-.'-:':-;\o:w:v.-:-'a:r.oze'-‘ T R s
".» S ,s:.,,ag:.,_;_:,z:, : R R

o AR SR [ € Fsgnlpa—p— i+ Hipa—p— i)

E D f= La—l—Ka—l—Ba
.
e RS f € Fsgn(pak — qe + H(Vpak — Var))

(%ﬁﬁ&E%Fﬁﬁ) fk — Lak+KVak/T+BV2ak/T2
AT (EE1ZFA): vesen(u—y) <= y=sat(u)

ok :=pak — Pk + H(Vpar/T - Vpi/T)

. B+KT+LT20 | KH- B+LT(2H-|—T)a _ KH-B+LTH
k H+T (H+T)T k=1 (H+T)T

¢ 7)LdYX L fi=Fsat(f; /F)

. (QB—}—KT)ak 1—Ba_ Q‘I‘T fr
B4+KT+LT?

Ak—-2




W, KYUSHU UNIVERSITY

PSMCOF| =

¢ PIDH|{HIEPSMCOD EEER
" X7 IROBEEAAD  » REOAIISHTBINE
2% BN




W, KYUSHU UNIVERSITY

PSMCOFI =

¢ PSMCIZ, PIDFI{HEREZEIZIERET, LUE L.
 NSMIERENSIFRZFEEIR(EE=PIDORE)
B KEVMIEBEBENSTEONERF(ZEL=SMCOFE)

¢ PID®1E or SMCDH TRIBRDEBWFIEZEADET D&
REFTAD/ARDOEELEZITTLED.

A FHE *riB

y
ST rees
EVNRE

>
RFfE ¢

¢ SMCOHFYFERSNTI@h >=HEHim L DF| =
=L, ERRGHERIZ3EIR.




W, KYUSHU UNIVERSITY

A=5TI)ILTLARL—I3>
® XTAT4V T EDFEHZKYEREF|R

* NLOIXEEELANILTE]
B (COLRILBATGATAVTE—RAIOTAVIZFHEY)

® RTA T4V IRRE (BEFIRIIRRE) Tld &7 1 PIDEZEM




g\\f;/g KYUSHU UNIVERSITY

*llFFJ%'CDF'
SUEORYNMIZEE I =500

. Van Damme et al., “Proxy-based sliding mode control of a Planar Pneumatic
Manipulator," IJRR, 2009.
= @ Vrije Univ. Brussel, Belgium

n UNEYTF—2 3 0RO ENEE W

T Pressure
= censors

B Flexor
i FFAM

1N Ectensor
Bl PPAM

(a) (b)

[Van Damme et al., ICRA2007] [Beyl et al., 2011, Advanced Robotics]
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¢ Watanabe et al., “Extension motion assistance for upper limb W N\ .
using Proxy-Based Sliding Mode Control,” Proc. SMC, 2011, | ‘
= NEUORYh @ SEXRF '

® Prieto et al.: Proxy-based sliding mode control on platform of 3 w.. -

degree of freedom,” Advanced Robotics, 2013.
» NSLIWID DT ZINTH—L@F 21—/
¢ Hastiirk et al., “Proxy-Based Sliding Mode Stabilization of a
Two-Axis Gimbaled Platform" Proc. World Congress on
Engineering and Computer Science, 2011.
B HASDEHDO VNIV TITIYNTA—L @ L.
¢ Tanaka et al.,
"Development of a real-
time tactile sensing system

for brain tumor diagnosis,"
Int. J. CARS, 2010.

" WMELH@ LT N .
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¢ Calanca et al. “Improving continuous approximation of sliding mode control,”
ICAR2013.

¢ Among the existing methodologies, the Sliding Mode Control (SMC)
technique is characterized by high simplicity and robustness. Also,
despite not in original purpose, has been recently outlined that SMC
in human-robot interaction can effectively improve safety, thanks to
its intrinsic saturation of control action [1], [2]. Combining
robustness with safety, control laws based on SMC have been
recently applied to rehabilitation robotics [3], [4], being one of the
favored control concepts 1n the area.

REFERENCES

[1]1 R. Kikuuwe and H. Fujimoto, “Proxy-based sliding mode control for
accurate and safe position control,” in IEEE International Conference
on Robotics and Automation, 2006, pp. 25-30. [Online]. Available:
http://ieeexplore.ieee.org/lpdocs/epicO3/wrapper.htm?arnumber=1641156

[2] M. V. Damme and B. Vanderborght, “Proxy-based sliding mode control
of a planar pneumatic manipulator,” International Journal of Robotics
Research, vol. 28, no. 2, pp. 266-284, 2009. [Online]. Available:
http://ijr.sagepub.com/content/28/2/266.short

[3] P Beyl, M. Van Damme, R. Van Ham, B. Vanderborght, and
D. Lefeber, “Design and control of a lower limb exoskeleton
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