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Motivation

Zerajectory tracking is natural an nonlinear spaces
Dots of robots belong to eg

rotolanslations

Different metrics of
determine different kinetic energies

this depends on the Levi Civita connection D

Inspiredby a metric modification strategy forobstacle avoidance
bump functions naturally deform the space
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Riemannian manifold M

unsical isomorphisms TMrightarrowTtM TAMrightarrowTM

vector fields XinXleftMright 1 forms muinOmega1leftMright
Cometic gtleftXbYbrightgleftXYrightXYinXleftright
retour transport VTprightarrowqTpMrightarrowTqM VTprightarrowqleftXpright
retraction setup TpMrightarrowMchip qretrpleftXpright
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Reward meticis

Given a metric f Cometic gt and muinOmega1leftMright
gmugmuotimesmu an M

induces
gmugfracmuotimesmu1leftmurightg2

a rewardmetric on TM

modification gmuotimesmu
which inspired gmu

inflates distances in the direction ofmu
but

gmuleftXXrightXg2fracmuleftXright21mug7leqXg2
rewards motion in the direction ofmu
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Completeness of9M

Given on continuous nondereasing V0left0inftyrightrightarrowleft0inftyright s t

int_0inftyfracdxsqrtV0leftxrightinfty I

if gina complete
Riemannian metric on M and muinOmega1leftMright it

1leftmuleftprightrightg2leqV0leftdyleftpx0rightrightforallpinM
for some x0FM then

gmu is complete
PROOF sketch

1 g
dominates the conformal metric frac11leftmurighty3gfg

21 1g in complete by
contradiction

using the growth
condition
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Affine Connection Control Systems

Given leftMgrightwith z k7 an ACES with

control distribution DTM takes the form

nablaqqY0leftqlefttrightrightsum_j1kujlefttrightYjleftqHright
with a drift Y0inXleftMright YiinXleftMright span D and

uiinC0leftleft0tfrightright are the control inputs for some final time tf0

If qdinC2leftleftotfrightright ina desired trajectory the task is to

design the alt sit the integral ones circf ACCS
track qbot on left0tfright


































































Affine Connection Control Systems cantonal

20 assess teaching quality configuration enors are defined

eq net overlineq1qmuinTqM


































































Affine Connection Control Systems cantonal

20 assess teaching quality configuration enors are defined

eq1 du overlineq1qmuinTqM

evqVTqdrightarrowqqdinTqM


































































Affine Connection Control Systems cantonal

20 assess teaching quality configuration enors are defined

eq net overlineq1qmuinTqM

evqVTqdrightarrowqqdinTqM
satisfying

lqeN0Leftrightarrowqqd locally


































































Affine Connection Control Systems cantonal
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Affine Connection Control Systems cantonal

Go assess teaching quality configuration enors are defined

eq net overlineq1qmuinTqM

evqVTqdrightarrowqqdinTqM
satisfying

lqeN0Leftrightarrowqqd locally

Use a proportional derivative PB control

uVTqdrightarrowqleftnablaqdqdrightkqeqkvev
with gains hqhNgeq0
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Geometric Precondition

Choose XinXleftMrightlambdageq0 and mulambdaXb then

leftYrightgmuleftYright if Yfrac1fX but

leftxrightgmu2rightarrow0 as lambdarightarrowinfty

hatnablaqlambdaqnablaqcdotqTqq in ACCS

RightarrowumucuVTqdrightarrowqleftTqdlambdaqdrightTqlambdaq
and if DneqTM umueDprod_Dmumue

Writing
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Numerical Experiment

Setup SEleft3rightleftleftbeginmatrixRP01endmatrixrightinmathbbR4times4leftRinSOleft3rightpmathbbR3rightright

xleft3rightleftleftbeginmatrixhatOmegav00endmatrixrightinmathbbR4times4hatOmegainSVleft3rightvmathbbR3right
pRvOmegaJ1leftJOmegatimesOmegarighttau

RRhatOmega

vOmegatimesvfe3
with controls finmathbbRtauinmathbbR3

that's where the reconditioning comes in


































































Numerical Experiment continued

Design a vector field X that navigates
the maze whose
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for gr


































































Numerical Experiment continued

Design a vector field X that navigates
the maze whose

integral cure 111 is the
desired trajectory qd and use muxh

for gr

1 Preconditioned Euclidean


































































Numerical Experiment continued

Design a vector field X that navigates
the maze whose

integral cure 111 is the
desired trajectory qd and use muxh

for gr
Zhen test also with a

qd that is not integral 2 for X

1 Preconditioned Euclidean


































































Numerical Experiment continued

Design a vector field X that navigates
the maze whose

integral cure 111 is the
desired trajectory qd and use muxh

for gr Ihren
test also with a

qd that is not integral 2 for X

1 Preconditioned Euclidean 2 Preconditioned Euclidean


































































Numerical Experiment continued

Design a vector field X that navigates
the maze whose

integral cure 111 is the
desired trajectory qd and use muxh

for gr Ihren
test also with a

qd that is not integral 2 for X

HM


































































Thank you

for yourarXiv

attention


