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» Specific functionalities
» Easily movable

» Optimal size

« Manually controllable

« Unstructured environment,
* No repetitive tasks,

* Sterilization of the components
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In contact with human body

Specific

safeties

Specific
kinematics
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6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

1& /\SLFDO 6DIHW\ 7TRROV L|IQ ,
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6DIHW\ +XPDQ )DFWR

LH:RUN GRQH RQ KXPDQ EHLQJ

— &KDQJH LQ ZRUNLQJ FRQGLWLRQY AN WIKLN
VRIW WLVVXHV SRVLWLRQ RILWKMWDBOE®HHY
ERG\ DQG DFFHVVLELOLW\ RI WKH RUJDQV

— 7DVN DQG H[HFXWLRQ VS HPW LLLFDWERR GBSO\ L
DIJDIRRYHPHQWYV

I 5SRERW GLUHFWO\ LQ FRQWDF\

VXUJHRQ GLDIJQRVWLF SRVVLEQW RRPBQLWV
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— '"HGLFDWHG XVHU IULHQGO\ +0,J WOQWNDWRWLH
PDQLSXODWLRQ RI WKH V\VWHP

UHFRQILIXUDWLRQ SURFHGXUHYV
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6DIHW\ &OLQLFDO &RQNVW!

"HVLJQ

H(YHU\ FRPSRQHQW RI WKH V\VWWMUDROHR QAW D BWP X
VWHULOL]J]HG JHQHUDOO\ WKHUUBGHRAM HMYAR X K UGIK
LV VHSDUDWHO\ VWHULOL]HG E\ DQ DXWRFODYH S

L (QYLURQPHQW LV XVXDOO\ XQFNW DXFHWMOXVEW RS H C
VHYHUDO RWKHU PHGLFDO V\VWHPWXUJIBGLRBWF [
URERW SRVLWLRQ ZLWK UHVSHW®WHWR WEKR BBWUWH Y
DQG HYHQ D VLQJOH RSHUDWLRXY H KRV E H\

H7KH URERW KDV WR EH HDVLOOB QR DXLG RAWWRJ D\
RSHUDWLQJ URRP

HL5HTXLUHG IXQFWLRQDOLWLHWDRK NBHQGORIGF DEBR
RSHUDWICRHZVPHGLFDO URERWY KDYH RIWHIQLEHHQ
RSHUDWLRQV
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— $YDLODELOLW\
— &RQILGHQWLDOLW\
— ,QWHJULW\
— ODLQWDLQDELOLW\
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6DIHW\ UXOHV (XURSHDQ 'L!

HVLJQ

HL,Q (XURSHDQ &RPPXQLW\ ,62 Q R URiskidggxeeE HH Q
PRGLILHG WR FRPSO\ ZLWK WKH VSHFLIL/AAFRQVWU
PHGLFDO GHYLFHV LQ WKH (XURSHRRQ |F FW|LYH

& (( Very serious
potential

L &(PDUNLQJ WKH (1 FHUWLILPDWLR{ |[HQDFWYV
YDULRXV FULWHULD QHFHVVDU\ WR FOD\ fLI\ POO
PHGLFDO GHYLFHV DFFRU Classe llb

High potential

U 'HYLFH FODVVLILFDWLRQ GHSHJE® BB

LWV OLIH VSDQ XVH IURP D IHZ PglgéaMiY | WHPSRUD!
VHYHUDO \HDUV LPSODQWDEOH yediym degree

LWV LQYDVLYHQHVV RU QRQ LQYDVds¥HQH
LWV VXUJLFDO RU QRQ VXUJLFDO XVH
LWV DFWLYHQHVV RU LODFWLYHDQ Hlagse |

WKH YLWDO RU QRQ YLWDO ERG\Sgpluegeer] RFHUQHG
GHYLFH of risk
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(PHUJLQJ RI D VWUDWHJ\

HVLJQ

XYAV
KDQLFDO GHYLFHVY VXUJLEDO RU UDGLRORJLF

H (OHPHQWDU\ UXOHV IRU GHVIRERWJ D VDIH® VXU.\
- 1R XQFRQWUROOHG PRWLRQV

- 1R H[FHVVLYH IRUFH RQ SDWLHQW
- .HHS WKH VXUJLFDO WRRO LI
- 6XSHUYLVLRQ E\ WKH VXUJHRQ RI DQ\ PRWLRQ

H7R JXDUDQWHH D KLJK OHYHOLRH WX FHKVD VDDPWRE R
EH GHVLJQHG FRQVLGHULQJ WK PDLQ IROORZLQJ
— 7KH GHJUHH RlI UHGXQGDQF\ LQ FRQWURO DQG VHQVI

— 7KH SRVVLELOLW\ WR GHVLJQ DQ LQSOFILAMNLWROPO\ VL
GHFUHDVH WKH PD[LPXP OHYHO RI ULVN E\ FRQWWUX

- 7KH WUDGHRII EHWZHHQ UHOUDEEG FIRWWD QG VDIHW)\
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L )RU VIVWHPY DSSO\LQJ HIIRUW ZKHQ
WKH URERW IRUFH EHFRPHV WRR
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HW'HFUHDVLQJ WKH KDOFWE DADLVPLUIQLIQ IRUP DV
LPSURYLQJ FRQWURO E\ XVLQJ UHGXQ[GDC
FRPSRQHQWYV

L ([DPSOHYV

- 6BWHUHRWDFWLF QHXURVXUJHUR @G SWK
GXSOLFDWLRQ RI MRLQW EUDNBVHWRFWHYHQW

- ,Q ,PDJH *XLGHG 6 XUJHUWXNMEQOIHFFOWMKRQGHBEHQ(
DFWLYH DQG SDVVLYH PDUNHU HDYHGL Y RRMMVW
WUDFNLQJ VI\VWHP HJ FDPHUDWGRXSOHG|ZLW
7TRPRJUDSK\ VA\VWHP
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3.0 YHUVXV 6HULDO

LIRMM HVLJIQ

Passive Joints

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

3.0 6HULDO LQ ORWLRQ
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6FDUBQYWKURSRPRUSKLF 7ZR

HVLJQ

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

1RW RQRRVF OB \6WIUR B B U LDRC

HVLJQ

L 5HGXQGDQW $UPV

— 211HU PRUH GRI WKD(
QHHGHG

— 0D\ KHOS WR DYRLG

- 1XPHULFDOO\ WULFN\® 7KH , . LV QRW VROYDEOHH LQ
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6ROYLQJ , . IRU 5HGXQGDQ
LIFE HVLJIQ
V(Tool) = V(Motoré
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— +
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PHFKDQLFDO VWUXFW
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RI PRWLRQ
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VXUJHU\
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RQH TIL[HG® SRLQW
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FRQVWUDLQHG LQ WZ
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- +RZ PDQ\ GRI IRU UHVSHFWLQJ "

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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HVLJQ

2SWLRQ SHPRWH 5RWDYV
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55& RU 7KH ODJLFDO 3DULI

*XLGHOLQHV IRU

H 55& ZLWK VSKHULFDO OLQNYV UHTXLU

1 ZKLOH D EDVLF SDUDOOHORJUDP P

pia
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55& LQ PRWLRQ

*XLGHOLQHV IRU

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

HVLJQ

55& RWKHU XQLTXH® VR

*XLGHOLQHV IRU

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

OoX

HVLJQ




55& RWKHU XQLTXH® VROX

*XLGHOLQHV IRU |HVLJQ

JURP VROLG OLQNYV Vﬁ EHO\

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

SHPDUN WKH SDUDOOHORJUDP

*XLGHOLQHV IRU |HVLJQ

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV




2SWLRQ IRUFH FRQV

*XLGHOLQHV IRU
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H 2SWLRQ SDVVLYH MRLQWYV
- J)HZ PRWRUYV

- 7KH WURFDU [IRUFHV® WKH SDVVLYH MRLQW WR
"PHFKDQLFDOO\®

— 1R DFFXUDWH SRVLWLRQLQJ LV QHHGHG
L 2SWLRQ 55&
- JHZ MRLQWYV |
- 7TKH WURFDU KDV QR LQIOXHQFH RQ WKH DUP PH

- %87 WKH DUP 0867 EH SUHFLVHO\ ORFDWHG SR
GHYLFH SURFHGXUH

H 2SWLRQ IRUFH FRQWURO

- 7KH WURFDU IRUFHV® WKH SDVVLYH MRLQW WR
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- $ ELW PRUH FRPSOH]
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UP
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1 6WLOO KDOI WKH ZD\

*XLGHOLQHV IRU

Passive Joints

Actuated Joints
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HVLJQ
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TKH 3.0 /IDQGYFDSH
$ &RQYHQWL\RRY BEH 'HUFULEH

*XLGHOLQHV IRU

Revolute Prismatic Universa Spherical
Passive R P U S
Passive + measurem R P U S
Actuated R P e S
Actuated + measurement| g p U 5

table 1. Symbols for Joint-and-Loop graphs.
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(not easy to implement)
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6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

TKH 3.0 /IDQGVFDSH
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TKH 3.0 /IDQGYFDSH
SRWDWLRQ@DO RU /LQHDU [UL)Y
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HVLJQ
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7TKH 3.0 /IDQGYFDSH
)XOO\ 3DUDOOHEIHRH QRIDQ VD G H B H(

= P} =

*XLGHOLQHV IRU

L

-
i

HVLJQ

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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TKH 3.0 /IDQGVFDSH
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*XLGHOLQHV IRU |HVLJQ

s

=] - B EEREE
RﬂR RRE_I
L1

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV




7TKH 3.0 /IDQGVYVFDSH
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mSEISER H
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6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

3DUDOOHO RU +\EULG 6 |3
*XLGHOLQHV IRU |HVLJQ
= R
= ;3
6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
TKH 3.0 /IDQGYFDSH
SDUDOOHO RU +\EULG /+ |5+
*XLGHOLQHV IRU |HVLJQ




TKH 3.0 /IDQGYFDSH
.LQHPDWLF 5HGXQGDQF\

*XLGHOLQHV IRU |HVLJQ
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6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

7TKH 3.0 /IDQGYFDSH
$FWXDWLRQ 5HGXQGDQF\

*XLGHOLQHV IRU |HVLJQ
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OHDVXUHPHQW 5HGXQGDQ

F\

*XLGHOLQHV IRU HVLJQ
S e
Encoder
Gripper Axis
Nacelle
6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLF
7TKH 3.0 /IDQGYFDSH
1R /LPLW
*XLGHOLQHV IRU 1HVLJQ
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&RPPRQ &ODLPHG $GYDQW

*XLGHOLQHV IRU |HVLJIQ

6WLIIQHVY $FFXUDF\ 6SHHG $FFHOHUDWLRQ
*RRG :HLJKW /RDG 5DWLR
IRWV Rl &RPPRQ 3DUWYV

O9HU\ JRRG G\QDPLF FDSDELOHWRIWILER® DELOL"
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Flexion

Traction / Compression

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

ORVW &RPPXQ "UDZEDEKENYV

*XLGHOLQHV IRU |HVLJQ

/IRWV Rl 3DVVLYH -RLQWYV

ORGHOLQJ 6LQIJXODULWLHYV
1RW DOZD\V VXSSRUWHG E\ FRQYHQWLRC(
1RQ FODVVLFDO FDOLEUDWLRQ
7TRR mMmDGYDQFHG } IRU VRPH PDUNHWV
%DG ] 3ULQW :RUNYV

/_/- —-—
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*XLGHOLQHV IRU |HVLJQ

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

$SSOLFDWLRQ GRPDLQV SRVL!

*XLGHOLQHV IRU |HVLJQ
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$SSOLFDWLRQ GRPDLQV

*XLGHOLQHV IRU
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Tricept

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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HVLJQ

$SSOLFDWLRQ GRPDLQV

*XLGHOLQHV IRU

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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$SSOLFDWLRQ GRPWRRWD

*XLGHOLQHV IRU

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

PDF

HVLJQ

$SSOLFDWLRQ GRPDLQV

*XLGHOLQHV IRU

Surgiscope

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

HVLJQ




$SSOLFDWLRQ GRPDLQV

*XLGHOLQHV IRU

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

HVLJQ

$SSOLFDWLRQ GRPDLQV K

*XLGHOLQHV IRU

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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6LQIJXODULWLHYV

*XLGHOLQHV IRU

8QGHU PRELOLW\ VHULDO
PRWRU PRYRVWRRO PRWLRQ

HVLJQ

4
2YHU PRELOLW\ SpDUDC(
+LJK PRWRU WRUTRXH H DW
6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
).0 TURPNRNR
*XLGHOLQHV IRU |JHVLJQ
(Drive #1, :
IKM. closed form (x,y,z,a,b,):
Drive #2,
Drive #n)
W t !

F
* Few “nice” cases with closed form

« Often: numerical resolution (polynomial of 4, 8t 16" | ... order)

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV




).0 |URPVNRVR

*XLGHOLQHV IRU |HVLJQ

Two options for numerical solving:

« Solving the polynon@\l (  all solRions, tionunst)
« Looking for ONE solutih ( ®@ast, insthk

X ® 0o =mgi(X;)

X ® (Judge ® Jp=3:1,
€ =Omesure G0 ® X =X+ o6
..stopif |e | <accuracy threshold

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

H

*HQHUDO UHPDUNYV DERX

*XLGHOLQHV IRU

,Q -RLQW 6SDFH ZLWK ,.0

X g
_ |KM_.?f PID Machine
qmeasured
,Q &DUWHVLDQ 6SDF
X :
—( HPIDHJ ' Machine
=y
_ FKM
Xestimated Omeasured

HVLJQ
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1RW HQRXJK"

*XLGHOLQHV IRU |HVLJQ

Surgisc
ope

ROBOL@C@ROBOT CASPAR

Neuromate

Zeus

Da Vinci
6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

$ OHHG IRBX PRI SRNH XV RNW

*XLGHOLQHV IRU |HVLJQ

H $Q LQGXVWU\N VHFWRU LV PDWXUH ZK

H 7KLV KHOS WR UHDEFK
- /IRZHU FRVWYV
- %HWWHU
— 3BRUWDELOLW\ RI DSSOLFDWLRQVY DQ
- &UHDWLRQ RI D XQLYHUVDO®°® NQRZO

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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*XLGHOLQHV IRU

M +tRZ PDQ\ GRI"
u :KDW YHORFLW\ DFFHOHU
I KDW I|F
U :KDW NLQHPDWLFV"

H $ERYH TXHVWLRQV KROG IF
PDVWHU DQG VODYH DUP)Y

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

HVLJQ
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0 X O SRS RAOD Y B IOYUH

*XLGHOLQHV IRU

U 1E RI GRI
~ %UDLQ@RI D SRLQW RQH GLUHFWLRQ
~ 2UWKRSHG&RI GULOOLQJ RU GRI FXWWL
~ 0,6 GRIH[WUD ERG\ GRI LQWUD ERG\
GRI H[WUD ERG\ LI 5] LV DFERWWW HE
- 6NLQ JU G

$ PXOWL SXUSRVH VODYH DUP PD\
- $ XQLYHUVDO® FDUULHU ZLWK
— $ VSHFLILF® ZULVW ZLWK WR

» DG

HVLJQ

QJ
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EH |
RU
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OXOMWKIW SRVISRANOD Y B YU DUFBHF

H 6SHHG DFFHOHUDWLRQ

%YUDLRIWHQ ZRUNV DW UHVW
6NLQ JUDDNIHXIPP V

*XLGHOLQHV IRU

HVLJQ

0O, 6 VHYHUDO PPV ODUJH URWDWIKRQV|RI V

2ZUWKRSHGLHZ PP V

+HD $FFHOHUDWLRQ SUREDE
FRQVLC

JRUFHYV

%UDLQ
6NLQ JUDIWLQJ 1

EHDWLQJ V.

0,6 IHZ1 GLVWXUEDQFHV GXH WR WKH
2UWKRSHGI WWR 1 H[WUHPHO\ GHSHQGHQW R

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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Efforts en N

}\{L 75 000 Tours/min

j

'"HSWK RI FXW BP . )
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SHPDUN 'DO9LQFL DUP LV QRW PDGH Il

*XLGHOLQHV IRU |HVLJQ

L NJ 1 PP H 9HU\ ORZ YLEUDWLRQ IUF
no N\

U NJ

Displacement (mm)
O RPN WA OO N O O

/ ~
e -
// -

5 10 15 20 25 30
Force (N)

L) -
A‘/r AV/ERV VAV e T | Y
0/01 O, 110,@1 0,31 0,41 051 0,61 0,71 0,81 0,91 z

acceleration (m/s2)
o

time (s)
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0 XOWW SRVIS RAOD Y B IMYUP D LRAU H

*XLGHOLQHV IRU |HVLJQ

H $ PXOWL SXUSRVH VODYH DUP PD\ EH UH
- *RRG EHKDYLRU DW VSHHG DV ORZ DV IHZ PP V
— 7KH FDSDELOLW\ WR PRYH DV IDVW DV VHYHUD((
- $ VHQVLWLYLW\ JRRG HQRXJK WR JXDUDQWHH C
— 7KH FDSDELOLW\ WR H[HUW IRUFH XS WR 1
- *RRG DFFHOHUDWLRGC EHDWLQJ "
- *RRG VWLIIQHVYV

$ PXOWL SXUSRVH VODYH DUP FRXOG EH |
VDIHW\ LVVXHV"
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6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV
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6HOHFWLRQ RI D PDVWHU

*XLGHOLQHV IRU |HVLJIQ
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5DQJH RI PRWLRQ

~ 7UDQVODWLRP®®> FP@

- 5RWDWLRQ [ [ GHJUHHYV
JRUFH IHHGEDFN FDSDEOH

- 6HYHUDO 1 IRU URXJK IRUFH VHQVL
— 1 IRU O

- +LJK G\QDPLF HJ IRU KHDUW VRU
RQ DQ DWKHURPDWRXVY DUWHU\®

+LJK G\QDPLFVY DQG H{WUHPH VIHRQ\M O WLYLW\ PRDNH
IRU VHULD Q@ @QROPH/GLEOH FRVWYV

1R SXUH®° 3.0 H[LVWV ZLWK VXFKRIR ODUJH UDQJH

6XPPHU 6FKRRO RQ 6XUJLFDO 5RERWLFV

6HOHFWLRQ RI D PDVWHU DUP

*XLGHOLQHV IRU '"HVLJQ
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