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F. Parivash, M. Bamdad, H. Ahmadi, Gravity compensation improvement for a
cable-actuated elbow rehabilitation robot using sliding mode control, Modares
Mechanical Engineering, Vol. 15, No. 11, pp. 117-126, 2015(In Persian).

M. Bamdad, F. Parivash, Integrated active and passive gravity compensation
method for a cable-actuated elbow rehabilitation robot, International Conference on
Robotics and Mechatronics, ICRoM, IEEE, 2015.

F. Parivash, M. Bamdad, Independent position-stiffness control for elbow
rehabilitation robot with cable-based series elastic actuator, 22nd Iranian
Conference on Biomedical Engineering, ICBME, IEEE, 2015.
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! Physiotherapy
2 Physiological or physical therapy
® Post stroke disability
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! Rehabilitation
“Robot-aided rehabilitation therapy
*Biomechanics
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2 Robotic Industries Association (RIA)
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2 Risk evaluation
® Risk reduction
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! Variable stiffness actuators(VSA)
2 Antagonistic
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! Back derivability
2 Zero-Gravity state
* Whole Arm Manipulator (WAM)
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! Redundant kinematic chain
2 Pose
® Dexterity criteria
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! Continuous Passive Motion (CPM)

2 Simultaneous position-stiffness control
® Hybrid position-torque control

* Active rehabilitation
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! position-Based impedance control (Admittance control)
? Force-Based impedance control (Impedance control)

v



ly slash, sl pow b

Sl Blp P ke o po 50 (Sl (ol Loy el -Y-Y-Y

Ol ln el (J5S s SHle Lk et wilea 5 s)lBle s s A )3
& olgi oo oad a3 S5 ar ywulas ales 5 IAF] i) oot sapisal ciseilys slacl, o ol
o Ll AV T o STl lapinas 5 [AF] Toie Slolid lapina o [AD] ' LS5 100
P2l onge p 1y a8 e 5 (gt it Glo i 0Sles gu)p adiby (LSS el oS
g Egie ) il aelsl eSS peal wigd P s oad sl p slagle b slzt a5 ol
ald 0 ool Fy S Lice ione ololid slagin 25 oo 03le] o,bss g1l (sl |, aslyy
g 5@l Shlve slapians iad oo (915 (23 Sl s 45 005 plulin |,
by (6,500 g el 55 i 4 ol 9955k oaiiS pale (SG aS Wipie o0 4938l sla
Jelas o ol ol asie Lo eage |y Lol jguin o Sloe Cadls s ¢ )l
g 3 8os 9 00,5 ) Sl Sl Csrne jgein (23 Shle s (6 gt Sl
Plo Care joain (gl Gln (ol g WS o0 pelaS caS O jpein Gl 2 1) S

&S e

[AA] f@,b} L oasSThlae JyuS sboossl ¢ ol b Shloe 5 e Slolls slapiunw LS o
lrouss oS Gas atiwe (Bl s j0 5 a3 S G IS o w938l sl
Kol Cgare Dby sladS e 51 S aS Sloj a5l ool 69380 slapsuilSe jo o5 L ST las
WS el il (S5 slacasgaoe (185 Sl o LIy Sh, adsl oald gyl Saa
LT LS o 5 aiited cue olulid slapinnw 4 wojls o)laed o5 b 51 loe slooas s

wiled by eig (sl (2b 5y Wyl -Y-Y
TAR]s S (onail aius 50 LB 45 g e |, oieslys ol 1o oosl byl ol bns

o2l o 2L slajlne @
ol Blae b)) slo,lae @

! Watchdog timer

2 Fault detection systems

® Fault tolerant systems

* Fault tolerant control strategies
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Abstract:

Safety problem in human robot interaction (HRI) is very important and has always been
considered. Definition of a safe interaction is different in each practical field; and
regarding to its special characteristics, safety preparation and evaluation strategies are
different. A lot of professional works have been done in each field; and lead to publish
an international safety standard in that field. Although, many researches have been
established in the rehabilitation field; but, a special safety criterion have not been
introduced for quantitative safety evaluation until now. In this thesis, safety evaluation
in design and control of rehabilitation robots is studied. History of robots safety is
studied and applicable safety standards for rehabilitation robots are identified and
introduced. Safety evaluation criteria and its providing strategies are obtained by
studying this classified researches and standards. After that, realization of identified
strategies is expected for an elbow rehabilitation robot with cable actuator. Performance
of the elbow rehabilitation robot with different control strategies which is designed for
safe human-robot interaction is assessed by proposed safety criterion.

Keywords:

Safe human-robot interaction, Cable rehabilitation robot, Position-Stiffness control,
Impedance control, Safety index
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