
Gap 5 Multifingered Hand

Kinematics.GraspingGiven models of object setof fingers

contact between fingersand object

grasping is appropriate setting of forces acting at each contact

esirable property I Force closure

Fingers can resist arbitrary external forces state

Manipal

ability.Fingers
can a kommodate arbitrary object motions dynamic

2 Grasp statics

Here we assume that

1 Everycontact between fingers and objects are idealized as a point

with a fixed location

2 Wu ignorethe kinematins of fingers me consideronly the transmissionof a

force.Contact

models and contact frame

bject frame lus on its center of mass

ontat coordinate frame

the z axis is indirection of the inward normal

ci



a describe the contact location as gcileftPciRcirightinSEleft3right

he wrench Fci applied to ci is represented as follows dependhy on themodel we choose
Frictionless pontcontact

Fcileftbeginmatrix001000endmatrixrightfcifcigeq0
Paint contact with frktien

Fcileftbeginmatrix111endmatrixrightfcifciinFCciFCcileftfinmathbbR3sqrtf12f22leqmuf3f3geq0rightfriction are at Ci

Soft finger

Fcileftbeginmatrix111001endmatrixrightfcifciinFCciFcifinmathbbR4 sqrtf12f21leqmuf3f3geq0leftf4rightleqgammaf3
In shot we write FciBcifci with fciinFCci P3 forplanagrasp

p6 fr spatialgrasp.Wrench
Basis inmathbbRptimesm

Note Basic propertyof care

FCci is a closed subsetof mathbbRM with non empty interior

f fz inFciRightarrowalphaf1betaf2inFci for alphabeta0



hegrasp map

s we did in Chap 3 we mayrepresentthe wrench exertedby a

contactmobject coordinates

F0AdgciTFcileftbeginmatrixRci0hatpciRciRciendmatrixrightFcileftbeginmatrixRci0hatpciRciRaiendmatrixrightBcifci
RightarrowGi

Wrench transformation

matrix.Thenwith k contact we may write

F0G1fc1ldotsGnfculeftbeginmatrixG1ldotsGnendmatrixrightleftbeginmatrixf11vdotsf1uendmatrixright
Wedefhe GleftbeginmatrixG1ldotsGnendmatrixrightleftbeginmatrixAdgc1TB1Adgc21B2ldotsAdgck1Bnendmatrixright
With this we may write FoGfcfcinFC

where feleftfc1ldotsfckrightinmathbbRmFcFc1timesldotstimesFcnllmathbbRmmSigmami

ample5 1 Grasp mapfor frictionless portcontacts

In this setthy we have

GileftbeginmatrixRkhatPiRliRciendmatrixrightleftbeginmatrix001000endmatrixrightleftbeginmatrixRrileftbeginmatrix001endmatrixrighthatPcRlileftbeginmatrix001endmatrixrightleftbeginmatrixnciPritimesnciendmatrixrightendmatrixright
xuple 5.3 Planargrasp of a rectangle with friction

C1leftbeginmatrix0110endmatrixrightRC2leftbeginmatrix0110endmatrixrightPC1leftbeginmatrixr0endmatrixrightPC2leftbeginmatrixr0endmatrixright
3Cileftbeginmatrix100100endmatrixrightFCileftfinmathbbR2leftf1rightleqmuf2f2geq0right

RightarrowGleftbeginmatrixAdgc1TBc1Adgc2TBc2endmatrixrightleftbeginmatrix01011010r0r0endmatrixright



Force Closure

Def Agrasp is farce closure if ghen fainmathbbRp existsfcinFC st FeGfc

rop Agrasp is face dosme iff GleftFCrightmathbbRp

Jef If fue kerGn FC then fN is internalforce

If fue kerG n int Ifc then fN is strictly internal force

정p A grasp is force closure if G is surjective and existsfsim strictly internalforce

Clos f1 EinthFC sat F0GF110 choose f2inFC sit Gf2f

fNf1f2 satisfies GfN0 fNin m1 t CFC

Choose f0inmathbbRp and let fcinmathbbRm so that F0Gfc Now forstrictly internal fN

Not that l_alpharightarrowinftyfracfcalphafNalphafNvarepsilonntleftFCright
exists

α so st fcalphafNleftarrowintleftFright
then fefcalphafN Satisfies GfcGfcF0

Constructhe force closure condition

In frictionless portcontactmotel grasp map has the fam

Gleftbeginmatrixn11ldotsncupc1timesnc1pcutimesn1uendmatrixrightFCfinmathbbRk 1 figeq0

GleftFCrightmathbbR6 if posithe linear combinationsofthe columns of G spurs mathbbR6



Pde

3 is equivalent to 2 She C0leftleftGldotsGwrightrightleftSigmaalphaiGiSigmaalphai1alphaigeq0right
4 isequlentto 3 She

such o defines the separately hyperplane through

origin.up

le 5 4 We considertoo differentgrasp on rectangle

RightarrowGleftbeginmatrix1111ababendmatrixright

RightarrowGleftbeginmatrix11110000endmatrixright
Here 4 also fails



uple 5.5 Graspwith friction

In planar cuse allcontact forcewhich lies in feta he

is a postthe Iver combinations of the forces that describe theedge of care

In is equivalent to defining contactmap

Gleftbeginmatrix11mumumurmuvendmatrixrightFCCileftfinmathbbR2f1f2geq0right
face we may use thesame ideaof proposit

h Spatial Case one can approximate the frictioncone

by the postthespanof file set of
vectors.C

Grasp Planning

Sofar we hour discussed whether a grasp Is force closure withguen ontat point

In this sector we consider following two question

I Given ant model how many fmgers are necessary tograsp any object

Underthe condition above how can we determine thecontactpoint

Gen an object 0subsetmathbbR3 or 0subsetmathbbR2 in planer Let SigmapartialO

esme Sigma is camected piecewise smooth

ant let LambdaleftEright be setofallwrenches that ca be applied to O usingfrictionless port antact



LambdaleftSigmarightleftleftbeginmatrixnciRcitimesnciendmatrixrightciinSigmaright
ef The surface Σ is exceptional if C0leftLambdalangleSigmaright doesnotcatch a nbd oforigin

Examplesof exceptional surfaces one sphere in mathbbR3 or circle in mathbbR2

For non exceptional surfaces we have
upper at lower bound forthe of contacts

required for a force close

grasp.These

are the classical them in amex analysis

Then ae hae ps plana 4 k 6

pit spatiall 9 k 12

Fr theplanar case the loner bat is achievable forall non exceptal

surfaces.Construct
y face clone

grasps.Inplanargrasp we introduce one algotitan that constructs face close groups

for thecase of two putcontacts with friction



he algorithm is based on the fat that

the audition of the thm can be written as asetof t.mearinegralitycenst.int

Aleftn1mun1frac1rightotimesleftp2p1right0Bleftn1mun1frac1rightotimesleftp2p1right0
aotimesbdetleftabright2a1b2a2b1C1leftn2mun2frac1otimesleftp1p2right0Bleftn2mun2frac1rightcdottimesleftp1p2right0right

ab Rightarrowaotimesb0 Rightarrowaotimesb0
a b

This hasalso extension to spatialcase usingthe following

them.In

this case thecastrahts are now nonlinear fetters of the contact location


