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Fig. 3: Clearance-affected revolute joint.
i) 53 s asin ol 4z )0 F sl oSy 4 Capns Jenis
ey So b Lol Olgie s Sos e bglbalr 0l
S 98 O (o @bl (plpl ol Golel S5 ol
a Jaie o Slae olfiws 4 cod Jate S 4 Jate

il 2y D90 4 Jade
se=[sr op| =[6a & S ox Sy oz] (o)

S>s5 s las 4w sammslis Or € R’ ol o &S

Sos8 b gl aw swms il jope RY 5 sl
el Uizl

o] glacs > 5 (e slaglul (Jolie g5 4 diny

5o ol oolaiwl Jolas go5 4y azgi b ojls 0e>y ol o I

S35 5 @Yy Jate g5 90 @ llie (pl )5 (cm) 9550 Sl

RNV PESPUES N

Y Jako V-V
Sde ) olil azy0 0 (oY) Jate Ko Jlowyl > o
Sid g0 om 1y Shse oyl 4z Goojlal k5 WS (o
Ceys 2R ol cdate ;o (B 0szy Dose jo Ll ass e

alss 5929 obulx sad aibe gol3] Glx s ol jo 5 e

el



WAL WYY Sl AYAR Jlo D o)losd @Y 0553 S ol Sl puoino & pis

lme ©go ]y Ol leasles 51 Sy o lal elate (o 08
Bgdon draloe a2LE 12 50 Sl e sl g w85 L o

i Jaie oR | e Slaiie olfiws ok aw
& Slaize oKiws 9 (i =\,...,m) eli 9L ( =\,.. ,n)
s e o Copsyn o oy St Sy, b (555 B)
JE il 0gd o 00l (T, - Jlil pw 5le b 2B} @
el e BB Ol (gSas Sloiow jloslial b Jade ;o
30 il )0 oad solawl (glaoled wxzl e jo Sl jolaie 4
iload ools yioled ¥ Jgu

szl o el soik sl el Jade (Al (SBU Caxdse slax
SzsS wbrlr am LR, ) e
T, o5 )k

Cozlr A S Uz pl iy slaicn bily, 4 axg b

B lJ (RO (0 uLwé‘el’]
oz (B @R, | 51U il Glsie o

1090 50 Ao p) O g0 Ay & o

5ef; =adi(T, ;) e, ¥

i b (Solaiw 0,0 Joolio &) 5l L5U Cosdge (gl
ol )0 95250 Jolas den slallas ggame bl ol @l s930)
090 50 daolxe ) D90 Ay g 0,

= Zl5ei)’/ = ZladJ(T’/ )561 J (YY‘)
IE j=

sl s sl doiy -Y-Y
sldddie 51 SO ye ain Jlade 8L (Bun (isw cpl o

Ol Jolie ) wlal o (s5lae by S porie (s9%uw Cundge (slas

4 ,.;b i (6955 Juako F S
Fig. 4: Clearance-affected spherical joint

855 Joaio —¥-Y-Y
O o U (plmlz 52 65,5 Jate So 95 Sl
a0 dw ojlal a5 Jl> o S o sie oS b 4 1) Lail) g0

S o o ilyge 6ol a0 aw ol 9,00 5 Ao o 1y g0 bl
@ olgee Iy Jrate cpl jo 5l Lo gl 5 e0gs Juate Jlooy!

ol Gisled 3y &g
A
5e=[0 0 0 ox oy 52] )

3995 a5 s it an se GLii | (55,5 i 3 ¥ S

Sx>+8y°+8z° < A&’ )

ool o) SAE alaly oyl 4

S o 8w glas Jowo -Y-Y
oy, GBS 55 ead sl Ll 5l eslizal b b
aalyz wll Jolie (A bl » 2l e gl lp Joe

0000 1yl5 4 groled Caw ppd 1) Jous
Table 1: List of notations.

By 2

&z 29zl

el o3k 3l el Jraio a4 Juaio ome gzl

5el-,j {R,-,j} elr & Lo Jaite o 0 alnle sl
59?,j {B} wsilr & e Jaie o 0 bl sllas
T, (B} & {R, )} ot 5 g o ste
OE, Fli 93l cosdye (slas ol

max OE Sl Condye slaz aiio

ARSY



WAA LYY Slio ATAA Lo D o)loud @Y 0,53 ¢y el Sl puoigen 4 s

S e 95 sl sladdlie 51 G e anii Jlade 5,00
S lmadlse cpl 515G o jlade 085S b cl il ol e

09 0 ool UM.)LA.: 2y SHgpe L
max J0E, = min(max oK, , ) L

%)

i=L1L....m k=1..,6

Sygo 4 (Gilge Db, S mie g gllax ainn Colys o
xY)

max 6E =[max SE, max JE, max K, |

5 035.5 Sgdme ool by 4y ouldsll Jaw a5 el S ay 03

D50t oolaiwl (55lse g

by )b glas -f
&l o] ey o cas ool (Las i s ,0 4Sjghilen
ol sl g0l 51l o condse a aly (aled 50 s>
Iy Uas aiiin g 0ol 13 6,15 glad jo calime slacoadse o
6 lad Gales sl dllie (ol )0 0ged drulne CuaBge 2 5
Syge S slad o9l e oolitu[p,0,p] ksl bl 5l b,
‘(pe{iﬁ} Sy &y 5 el o o0l L B S 40 dalllae

T g=.

>

slad (S5 Ghaled Grizren 39 o0 ey e
ool as il azgr Wb Ll ealds ooly lad () O IS o g8
Voo 5l G o ok, 5SS e s SByme (5,15 sLad o Uas
Aion g oad odls 18 oI5 glad opl o iz oS

el 00 ML?!A L{bu] M...:Ss.o 6Ua.>

Lol cds dwlio -0
5 slabhs oluly) Caxdge gl aiy (isw ol o
S odd (Byre 59,5 Slge by dw S e S58w (S S
e 5 sl aslono Jolio 1 olal iy (slo iy
Iy Uz 0ogamme a5 (YY) doles ;0 04290 sload il ol jelats
Y ol iy a5 lad ol jlade 000,80 atedee

ol 00 uojs POy A ciloas eols wLu o i 9

Syge a4 asls 1S e b ol (o cpl 4 ol .ol
SO0 2l 6 yme sl g goad ad)F L s wlSTas

,6 el Sygo 4 a5 098 o hawd gileaiyge

max JE, , = maximizei I, adj(Tl.J )531-,,-

j=l
2 2 2
50(” +5ﬂi’j < 591.,]

@Y Jelio o= S8k 40y ] <op],
6z}, <é07,

(¥e)

S35 Jolas slp = 6x} +6y] +06z], <86,
ROE, o g cwloas Gups (00) alaly o I ] o oS
wizmed sl Al (595L Cumdge sl (K =)\,Y,...,8) ok adlge
Sl 5% a8 Sl o Slae sllas 55,5 Sl o sk
b Sl o ) Syge 4 JW oYY Jolie Glyed pow adlhe
10940

5y}, <ow] (Y0)

i,

ol gl o5 el bt b oS, (VF) aoles Gan b
e o Cll S e g8 Sudge sl 4 |y Jolas (o
@z by Jolio sl slaadlie ol a5 olood 505 som
ol 51 mho Sibles Sed clodel Ceway o] & oo
5 o (V) all)) 0,8 U315 pz 5 (VA 5 (V) Luls))
DBl ge paze oS (pl aS 85 asel o0

oled g Buan 2l 4 conl gladins (oo (g5l aius
Ban w09 (b 4 dax g b g0l 5l atdl o o] glaad
et A 457 285 A Ol o0 calis slaa3 (o9 o
Silwtinte o9y 3l Olpsn 9 Sl azme alins S )

3,90 alius diion Hlade 10,91 e (sl "o i) o
Slo e 50 ol Grme slas At 5,000 5l oged colil s
D yg] s azme (g lwaige i Jles! b olg3 oo Imax O,

h solae by 5o 2l sme sl ain Wb am 5 0
S0 aS Uas slaadlge 51 SO o ancion jlade aSl 50,60 Cawss

1 Standard Convex Optimization

AR



WAL WYY Sl AYAR Jlo D o)losd @Y 0553 S ol Sl puoino & pis

0.2
0.15
~ ll“'.
=) \‘:
3 0.1 i
N s
} it
0.05 Shpe?
55 G N
0 > L7 iR .
0 e / i 0
0.05 S 0.05
0.15 0.15
Y(cm) 02 02 X(cm)
(&)

S laize 1o Siled (@) .glasgl; giles (1) .0 =

50

30F

1 (degree}

-101

-20 0 20 40
¢ (degree)
M

-40

*ealagli b g9, ilge sl o, slad b s

Fig. 5: SPMs workspace with &= 0. (a) Angular representation. (b) Cartesian representation.

Slr @lBle s a) | GSilsg o il a1l A
alts el 38L (sl (Y7 5 YOI Game Jilae Jo> 5 pansess
Lol ol solazul

las adlie il :S0hoe 5 iy pole ¥ 5 ¥ b Jour
sy Oy50 Dby aw 65 glad IS 0 S yme (555 Cunbge
s oo lis |

9 b sbadlse ¥ g5 5l ol aslie jslaie 4y (rizron
sl 5 St sl Gl sln i sa JUsl sleadlse
el o0t o0l S jxte (s55s (gl bl

2GSz slbs 5 glabhd olnlr glas avin # SO
oS sohailen aimo o ol |y b, dw sy 5 0,50 (6,15 sl
Ol eyao 3l Llgs molidl b ol onls ools lis o yloges ol o
2olie f il 4 )15 slad sloj e 50 5 b so I3l 5o L
e ) 50 9=

a5 dgei evalie Glgie (D F US55 ¥ Jooz 4 azgi b
3-RRR &by 4 3lais slabats olml> glhas aiion jlade oy yieS
Koo il g0 o s ol a5 Il 4 cta leat IOV b el il 5
el plp L 5

Slaie o yieS el THRY by 5 (s pSige sl 950 50
Az, VO POL cul plp g oo 1) S e (g9 (gllas aniins

1 CVX

weq

A, ; =0.01rad = 0.57 (YA)
Ap; ; =0.1mm ARy
Ao, ; =0.Imm ¥+
Ag, ; =0.2mm XY

Alas ol jo o oolatwl Jaw jo wl SO 5 iy oS jghiles
e ged Bl 3515 e Slee gllas « Jolan &) 5 ogdle )lg5 oo
Jud Jolan ;o Sligs slas pow ailie plore 4 ez cnl jolase

g (28 25 Oyge g ol Aniin Hlade g oal aid S e o

Aw, =0.01rad =0.57 (*Y)

sloailie | Sy il ol dead b (et Sl e

bla 51 S oye 0wl (7F) dolee oS =i g95w glla>

ouds oolo ioled O K& jo a5 &b, (6,15 slad o cud asrine

o slp b max OE o ow) Gl 4 (o 090 Jo ol
2335 o by dlne b bl IS5

dod g oy Al o o)Ll [ty o iSu j0 &5 jshilen

3 dds e o |y Case (gludigs aliine SO Lyl S



WAA B AFe) Slorio AYAA Lo 0 )lads DY 053 «ppsS psel SilSo sino i

6955 Slge Sl am (gl a5 0590 6,5 (SLad IS jo Camdge glas laadlge 51 S o anulay Hlude Y Jgua
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