LaValle_Ch5-1

Tuesday, April 07, 2009
2:38 PM

S’aﬂv\@l’mc\~6ag,d Mot @lomﬂ'w/\a\
. J ~—

Geu*mﬂ} ne ’\)m\ohz/m&

’ [i'v@\\ Na C- g()(AQ(L,,

Sorna. quka,s'ts\‘ ahe
@‘b\akw\ﬁ Com s
Cast v (~epate too

Rasic apomm)f\ N sb\v{\f\ﬂ M P (ngumg

Ceancioc ﬂ R g

anL < ‘ i

Moded s M{M Disextre C"SQ’O‘@*
Seacc So«m@\w\f\

6‘3@0&:@_ l-.SV\”V
alyom\qg +he
Vlﬂl‘\’ S‘()o\c,q_.

(D‘jﬂ(lmllc,
S\js\ew\s l\ve
oA Sree Spoce

i GQM\L’\”‘(\L,\ ol Sonpling - Based
\4\'“1@;}&% | /Dd—eosi\w,;\ — %_\A\j{onmﬂ\\m

MotionPlanning Page 1



)

¢

GeoneTnae,
\(\rv\ln\ach;
Phuys ol

Mado\s

Colliston = ‘"“ﬁhl‘)?ﬁ“ —
D@x{&m\\*’ S ; g
\ i\QﬂSQoY\SQ_! k Sm’ [)f C‘S@O\U’—
ZXy Sovm@\\?\g
Acciavone Topul
Simlagion S‘PO\C%,
B S‘a/m@\mg) k

BO@OY\J MO are pa\mmddc, Azsif)w ()‘(@\Ou/ﬁ\é-
(DZS{CJW\ P‘(D\aU/YY\S lWe )(x?/ whate P s SIS
S(\)au_ o'l% Paéét\au OK.QS\%Y\ @r‘kmw\&%

:TJY\OSM, a LD Cs poce

IS

of V(’/\P(-/\A’b
el ¥

LYY\()OY(}OJ\){} -

/ OOH(SMW\ ol

becd on e odh /%////// nopen
obstacke / /
\—’-’—'—w&———\c % #////% Yo
R S S n
Q min
. Sea eA . .
S\v\ﬁ@ﬁr\ l&f—e_ Space IV\?\N\‘ \ﬂpu \/OV(LAM
C (NNH‘ \ Ptk Seﬂm/qu wn C , CUW+Vbl s CDH\SILW\
Zi/ \c\r\z‘:\aﬁcs\ C (Odos% (?)\C‘X-QA Ma’@- dQWbW\

: Pt in X F sudficext . :
Dgn“mlb X \Cw\er\ vt hordy, avanlable > ”:A:ﬁm
( w/ l(,mamd‘fcs\ . } -

i T%m/—toqwa +\fZ\Jec’)beQ) Coallis1 a7
a, kmoo\gw\amia : Dese. alum

.“C”’W\ inpwt  space
- ——

MotionPlanning Page 2

o %L



@

a, inopdynanmic ) “?(UW\ l'r’\()'bd' 5{)0:(,6 L Derecton

' S\ with
Quas’rs)rm\ic @ Ms ok some \%m\ cﬁ\, Deveor

Mmﬂﬁc«% C oodhs of some boduesy| | 57 o

adilols Cl. Deeer.
e.\l. Lo pa\w\, :
\Tokke %«\8,\(5 ,
but dent
Sp{éufj obect
Moty |, Gy,

/Baséc, A[ﬁOméﬂ'\ﬁ

id( Q(E/V) be a —]D{)o\\oglwk 3\(‘0\’\)\\ ‘-«J.l‘\J‘/\ Q&%L
omd vertey, sty B and cesp.

A I&\\HA}\\;?:Q QCE,\/S
E= {z V= q;k/ﬂ/éz‘ﬂ(@],\’.._

o \/: XT./ XGI\)XGqJ —

7 VSM - (yerdon eleckion vredhod)

Nead e o ehogse pO\?\’Ys
ok daivalle dictanes (Foc gr naa)

3, 1P (locad ()\OLV\*\'W\Q) VMMA&C&B

MotionPlanning Page 3



O(Aaoge, VQWW Qo:\(‘ ‘\b C‘/OY\Y\Q(/‘_\,'
Selve 2 gfr. by @\(o\o\ﬂm ‘h C(W\MC/* w1<\/\r\ Qﬂ%&.

(edgt cold e directed )
A T Lem smccgssM, \Y;\Sar*jr Qé\%x \r\% Q .

5. Search 9 Lo Sb\uuéﬂ‘,ow\. T ot -(O\u\ol,
Jo to Sjrﬁp ).

Pidke pors “carefully™  Dopords ot d@iu&% ot 20t bup.

) Ong=hone pblomns (ont (tz Xg) pare)
OL)  posds aasy +o conmd
b)) 9 (j‘(b\)\)& 0 absorb Soa,\ q\/\-\ok&}

1) Many pobloms i Same Spaa. (many (kz, Xg) g )
&) povt easy 4o connacl
) G gows Yo oppramake X el
D) G £ X have same #F of cmn. comp.
o/ -l cowegporvﬂm\w
) l\v\j it in X cambe connaoted
+ G ms\\»é_

77N v N

MotionPlanning Page 4



BES
Sy 4o Sdlve, Fhan
Seacdn Cam p«ow&
6\@ as Lor %ﬁm@rﬁc
P(D\o\ux\s. Cthpo (8 —7
Use NML Sa/m@\\}\&.

chl\ab{\&b (s oy\a\oﬂov\g + path sTenes in
%,ulvwmtdc @m\o\w\S~

A\g. C()W\&\Q»\QY\%S
Tf o con asts o will be fund n finde hirg

T no Son QJ{CL&SJ +has wll b da’\‘-e[m\;\go\ W)

SO\/TY\P\L’“%CA%QA MY A(ﬂé ang.  NOV Cm@@ﬂﬂ/

—_—

¥ “Good" samply selactten, sequinces algs cam e
2sdusien complote o pm\aa\ailxﬁic&lb cdm@(ﬂ%rﬁ-

MotionPlanning Page 5



B

Sugpose L?M tres | Negd morg porrts.
67\(\'3 0{)@&& PAS TF com doted rauw
O% QO\(\%, Thare

neod vnoce wesolutusy porogt CQY@T\\*(&M
Sc)ms\@\\f\lj NQAN 1‘1“,

e 6%(&{\)&!@ f\)\(b\a oY FQS()\. cm\@\gx\&v\ugj ‘H\ov
Sequance ok Smm@b@& muct be donce 1 X

Aset Uis M&Q Mo\ [? @,Q{(/{):\/

An e SeqALnCt of ()o{r\%s s dence olver X Fha
Sequance cordains O oot awbﬁmh\\\j Close. o Mé%\\«j
fofr\-% m X

D) dAOO%, {DQ’S X

Dy o
2 Concter syrall eacel

o LA ’pﬁf\%ﬂ

3) the wnim 4 o cieles mmst &/%rhmllj =X
f\’ﬁaw\r)\u\% OTE oy smal] “H\L cadiuns 1< -

Uv;an(“m rundom Sam(pl{s\j of T and = T\~

MotionPlanning Page 6



S provably dense- e can sohe Prbloms
for planar whshs (X =(T*%xS)"™)

%Hw\oxjf@B $OB) cam be. g’a/m(;uo\ auvmb as Pllows

Choge (u‘}ullug) W\hﬂom\j ot andom on [0 (].
= (Nm0y sin (9T 0, ) TW Ccos(2hua ..
W Sin(2m wy) |, 0 cos(aius) )

The candom Crw&e(r\'\ms Lormad s w?\a A
uur\'ntowv\\ﬁ Aitedonled on SO,

Thes method s sinifon fo c)ﬂms\‘r\g (L,,u.) Mncovmb

ot andone o (O] ¢ [o o, = g
Vhas 6\%5 o dnse sequomce on
. >
Sl, bud o wot (Armforw\/ 9

e Poirts o denseC

Nean. “+ha PD\LS -

(j{n-ﬂcbf‘m R’W\Ad‘(\'\ Sam@l\ﬁf\j MC 8'()amm W@S o'p
srie~tod i o{ﬁ_gi N dange Sa,mp(u on SO@),/

So povy We o Sovm(JQL Whnfbﬂr\(ﬁ ot random

i @l rlavant spaces foc prbloms discnsed

s o, [(A),Q_ sl camnd Samply ov\[‘\/&@‘}\'ﬁs\\“\

MotionPlanning Page 7




Se go\f.

We still camnd Sawx()u on /l\/&ﬂ‘ﬂ/‘ﬁas\\
defining yalid configs of ~cloted chains
amc( am‘b& SQ')O\C,Q.S o\(‘ ar[oﬁmg S\jS‘I-Q/ﬂ\S_

TThere ¢ N fvv\()or)rowﬁ k;ﬂp\Qﬂ aSS\AmM l‘V\ es.
i(m\o\ complale ness of Sa/mph- hased m[ﬁg:

2 @Jrs ofe  close Qr\m}\ﬂ%/'no o solutum o

“the 'ZQ}‘ bv.p. exists, iHn oo {ound Linde

Jdm/

S\nce 1995 Fhow have bem vesearch pape written
on how ’\% \D&S)( chopse ()o\;f\+5 to Sokx)e @hﬂos,

ot naren) (0S92 S

Nere: 4l assem\o\j/ dlséexw\\obj pwblems howe naow
@assaaes :

Sﬁc}(\-o\r\ S.= (D\s)ranu £ Volumae

—

To wake unorn S&\W\P\ir\S N\ﬁav{w\gﬂm LW
ned o waaswre o distance (ie. o wahere )

O \/b\\LW\L (g.&, Co VNLOKSUW‘@) )

MotionPlanning Page 8



Meteic S()au = Ok+opo\03\é@l Spe W/ VY\Q/+‘(\L

Maasure g()o\&: e +O@o\0%\(;m,\ Space WANTIVES

Q\M o INLAS UK o

metae Yow codd Jo

Reoperhes A wodnes:
ek © denste o mehnc,
Dt alo ¢, be poirts in ke space, X
/\)onmaaj({vl{n: o4, >0 VY oabeX
Qﬂ.“glgxivl‘\’@= pla)b) = O i a=b e X
Symmat o plab) = plhey ¥ abeX

’\ri-’.[r\s%. f (J(Q,Q 4 ()(bjc_) Z playc) ¥ abceX

Somag, (M)rﬁcs

Lo mafrics: | P\VT
: Q:(z)al—b‘( ) abe P

MotionPlanning Page 9



L, = the “wsually’ Euchdean distanca
L.= Manhattan distanca
L= L (J = W%[ai"bﬁ‘}

/[‘O-Boo "
Exo\mpkl-' ty h
L= At ha i 0
L= K
|
L= L "\

Tﬂ\peﬁanjt ! A pmJ\Mcf( of metec s poces S

Ov YA SParca .

Cg&%(xb@\> GJ\A (K’L} (3\_3 b_qi YN,'{“ﬂL/ SP“CQS,
<)<\ X X'L} cl@l + CZ()'Ly (/U“\H’\ C|/ CL> O

s o vt Space -

T Yow have 6 moteic on @C and  angthe €

aon SO(5>/ +han Yo howe onie on B (),

Metrics o S0(2)

MotionPlanning Page 10



So(2) = i(a)b) e R | o= lj - codesic
Ly vs. QQOdQSfc,

cpodesic s shorFest poth
n tha space behween
o poirﬁs

N ar\o‘\)rmr[l\lﬁ cwwa@\ S’()aces) %200{.05116_5 Camn \/}e 1’\&(\0(
+ coMpUre..

Also, in sudn spaas Ly tan he very bod .
go(,éj)(aﬂ\f(ﬂv?

Gord mekac Lo S s

o= min}loalf, 1] o-al} <— hard s wenp-

He ascumes 0,0, € ):o/ 2??)

Swwoél_ we. want to use. 4 \()WVY\M,

MotionPlanning Page 11



v wekexd of LL%\-{\\C) cod w\@)ﬂf\ o +ha W}hb/
Wel onc Uh@le\?

loLerés oo .
Aldernahive - baged on

b
dot podict 1n R /7@
Yatow
A TA
s-f= u/?/n 13 costp
2

Y
1
p(&, b) = cos (abi+ a,b,)

tm Map +o EO/(\T)

A wabric on SE() embedded 1o BT
q.=(*Y,a,b)
p=C, \(x"i x;f) + (jrjﬁl + CL(:cos_l (Qla')_‘f‘ b\bqj

“Tha \/\5\/\@\\3 Bachdean norm cold be ysed oo

Note: ¢ & C, com be Wsed fo  dual W
&Af\»“\-é W\'lévm*o\'\

FO\A\.;JU\S/ A(ﬂ\r@,s , o

MotionPlanning Page 12



“?&Ck} \(Y\‘LHHY\L\!-US} <=~

Somahimas u&%mcw\ +o choose ¢, w/o U
ok c/\/\ov%& Cq w‘\“\r‘/\ w{o\s 0@ (&»’\3%\
INNE S ?\aﬂs ol ot vc\’\o\fowjmhséﬂb L‘“\j}i\“

%‘ $xT! TIs 4h &\(Slf(\\ov&’klw\
Jood ?
Mou\u)bt
‘ -L'l .lS_
Cjooo}\ UC
G COnNICNS
"/ Hho Colv\mr\g

A Medac B Q00):
Use cluac\reﬂ\'\uw\g/ \/\\}\/\L |

L) = min (psh Y, pslhy,~he))
bd\\lu\sh
950,\') h,) = s (o, + b oy + c,Cy* o\ldq_s
{S@\Qr\'w& londan \'V\Qrer()a\a&x:&\(\ ~

s mmedvic P\AS],\Q\S the cord in Rdr ovt ondo
the sudace of Hhe 3-sphore, SSJ o wWhick

MotionPlanning Page 13



The C{ijriem;m e, s s e tﬂr\?jn\ of +he
%ZOAQQ(, \betwoeon 2 q‘wﬁerv\m .

Preteraly JowL e m\()resfm)rs 7 @‘\331@@
{)VDF{(% {M(Jof’\'an+ + o \OM’L)U/M@

IF collisions an amissus, rarbe yrahic should e -

pla,4)= ranc{arq) - acg)}
YA

— Max a{k(ylaaw\aﬂf 07[
«1/€ A any pint on obot.
A(q/) A<C1,/>

Mﬁ\a\o& Mr\\!j ass&mbb with  a hiﬁ% avhedared b

7

—— —
pe i + ey + -
Magle 0 < ¢ <c < ¢, < -

Lkt e ke o different Cm\‘{\'ﬁ 1

W Mavbe ¢.5s ans

MotionPlanning Page 14



g/ Ve s an
/”///// /’////

Co‘mcij OUFM\AM\A‘ ‘

Metde bastd m Jacban !l prnds goud we(csk)v\'r\\cjx
o= (et (Jtq) Tg)))™

1§ wanpaloder s nod cedandant, how Hs ceduas

e = | e (T

Cmfc\z)mmﬁﬁﬁ G‘\!LQQ/WML would adJLAg’r SamPl\hg okc/ngi{—ﬂ
ACVOSS VOMLOWS va\’s oxﬁ C‘S(’a@\.

MotionPlanning Page 15



