6‘3 ENSTA

BRETAGNE

Ideas '(or ma,nV'Fa,aT'wms
consensys In

distribuTed robolics

Bernardo Hummes Flores

APvi[ 19, 2023



(Qu‘fline

* Thtrodvélion
cotlext and moltvalion

* Dynamic average consensvs*
PVOH&m fovmvlalion / from stafic to djham\l,

tm p\wemmﬂ and €xam Ples

o Mmufa.gﬂ/vins consensus

l’nghev ovdev LaPla,aia,ns' and The Hodﬂe Theover

e (onclusion

*Nofes from 2014 - S Kia et al- Tutorial on dynamic average consensus



(Qu‘fline

o Trtrodvchion
cotilext and moltvalion



Trtrodvetion

ConText
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Tatrodvetion

M 0Tl°v a.'[—i on
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* Dynamic average consensvs®
PVOH&m fovmvlalion / from stafic to djham\l,

th p\wemmﬂ and €xam Ples
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Dynamic average
consensvs

PVO[) lem formulalion

¢ Each O{: ﬂfc N sensors obSeVVes some Ye‘fcvence stghal
U R > R, i e {1, N3 (1)
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A’;"" /- adJa.cencg malvic
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Problem formoulalion

* \Ne Wd.ﬂ"' Trleiv cs'l_fmafion of the s'!gha( To convevge
to The avevage o bsev valion

N
Wt M=l wa 2
% (t) = w N'Ziu ) (2)

e We have “'0 de Sigh a conilvol To s‘fcer TWéir 5“'67"'6
=t (T1H), £ T4, ,(;“) (3)
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Dynamic average

F\rom static To dJ hamic’ consensvs
S+tqtic La[;laoian averege Cconsensvs

*\We consider vobols ?;ca,Pa.b\e of measviing eoch
oThev's [po;ﬂ?'ons ahd comm vmcafl'ng wilh neghbors

U'(F) = Rt — (RN"M
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Dynamic average

F\rom static To dJ hamic’ consensus

Stafic La[;laaian averge consensvs

This me asvremerit only ha.[:rens once ¢f Thestarf
X'(0)=«'(0)

‘_meg will meet bj awemﬂln5 The helﬁl'\Lon'hﬁ esfimdfes
N

X =2 ay Ot - )

- This can be Yewrillen os The Laplacc'ah of The
commvnicdlion 3nph on

. -1 if ay=1
X'() = - Apx#) (A =7 Dealad 5 iay
’ 0 otherwise
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EXam Plelﬂn[bh LaP[acmn n a jria[

T"le gvaph La. leCl.d.lﬂ a,PFhed 't'O a Sy(J3VaPh
can be seen slmllavlg to the Evelidean Plane disevelrzed

3%,\ e In fint ovder we have
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3% 5. I_F}LJ‘ 9%
,_1{ |
2> {‘ Gho (i) (ilies) |
)\ } ('..:L) \ |
‘\T_‘_‘ l |

40/4¢



D 5 nam ic average
consensvs

EXam Plelﬂn[bh LaP[acmn n a jria[

T"le gvaph La. leCl.d.lﬂ a,PFhed 't'O a Sy(J3VaPh
can be seen slmllavlg to the Evelidean Plane disevelrzed

3%,\ e Tn fint ovder we have
{I i —s 9f (i, ~ F(i,i+1)- £(i,))
et | 3"
i -0 G, i48) ®* In second ovder we have
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EXam Plelﬂnlbh LaP[acmn n a jria[

T"IC gvaph La. leCl.d.lﬂ a,PFhed 't'O a SyiJ3VaPh
can be seen slmllavlg to the Evelidean Plane disevelrzedd

2t .
2 e Tn fint ovder we have
{I Y 9f (i,0) ~ F(i,d+1)- £(i,))
_a_‘%{_ | Gy | 2%
° {‘ GLTLT(‘J;‘ * ];h Second ovdev we have
L B ~F (L) - F(1,0)
1L ] ax* - (5(i,3) -4 €3, 3-1)
; : ¢ And ForThe Laplacian
2 . AFG)~F(i, i+ +$(i,J-1)
M= BE B o T ) F i)
Y -
'4';('.".‘)
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FVO m 51’4’“ ¢ To 6‘3 hamic’ consensvs

(Fn'vs‘l‘) Dgna,mi c La[)laaian average Consensus

* We can 1m onve Pev":avm ance \io V¢Fe¢'f¢6[ oLsewérc‘ons
0f The veference scgha(, faeding i ("back to The conbol.

N
X () = ’Zf” (X8 -3 (1) + %' (1)
which can be rewrilen in terms of The Laplccian
X' (f) = 'A)(‘.(-l-) +u'()

wheve ¥'(0) = u' (D).
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Exam Ple'- PaiTeVn fOde;TiOn

¢ We can dascm[)e. "lrc Pa’ffcvn 'For\'nafwn ‘{"as[(
from The consensvs Proklem l";{ ada[t'ns biases

b hi desived distance beTween robofs R' and ﬁ'i

Wl‘ICY& T[:!e c.on'f'vo[ becomes
N
i) - -.Ziai;, (X8 -3 () -b )

i N
= - A, Xt - E aij bi;
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consensvs

I 14| Pva‘\l e MCnTs
le'h p(e a,SPecTS Of The ihﬂid‘ salvfion can be imFravcd:

* The requirement of The Khowlea(je of The
devivalive of The sig nal can be mﬂ?—sd’ed

° TFM va,Te a‘f convergence can he conTvolled.

e Modifications qve Possil;le. to vender iT robust
to inifial condlions, wilh lafev appeaving robdts.

o Move comPIeK sa'gnwl} cahn l>e lm(,keo( vsfha
a priovi Knowledge.
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o Mmufa.énvins consensus

l’nghev ovdev LaPla.aia,ns' and The Hodﬂe Theover



Ma,nu 'Fo.mvins

consensvs

Hlﬂher ovder La Pla.cia.ns

* NofTe The vsage of TﬁchaPh Laplacian as an
DPemT-OV )cor Knowfedge di fFusion.

* We can consider move complex nelfworks to
model diffevent levels of sghc.hwniclfﬂ and
fault Tolevance n communication.

° F'lhdt'hﬂ consensvs (wn dislveboTed sgs'few-s Cah
bc s‘f'a‘f?.al as Jc'md'lns The corresponding lﬂa?mom’c

forms , where Knowledge becomes S'&Twnavg.

13748



Ma,nu 'Fa.mvins

consensvs

The Hodje Theorem

The Hoatge The orem connac:f's geom?ﬁfiod'l
FVOPCVﬁes o‘f Tﬂ'ose com P[ex ne'f'wovks 'f'o

the velated dyn amieal ggd’em descvibed by
ifS LaPlacian.

HCm) = Ker (A, )

Thu‘s Pofnf a{' view a.“ow: (743 -(—0 wnsider new

avguim enfs fovThe sa[va[si('c'fj of c(is(viLu'feal Yobﬂ‘f'
'('a:s‘fs d.hc[ for aenevmg alsavﬂﬁms.
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Ma,nu 'Fo.znlvins

consensvs

Ex amp'c : connccﬁvi'(’3 a.t:ﬂurrnen‘f'

We can see The asi&‘oﬁ’ﬁc convergence of
a canTvol ba.scn on e Lap‘acian th _revms

of conneo'fiv?fg

We desire :Fov TFc sinjle conv egen ce Poih‘("x
to VesFeoT A%=0, ie.
xe Kev A and dim(Key A®) =1

Via Hnge Wneomj,we can see That 6 must
have o smsle 3eneva,'l'ok, i.e. be connecfed

H (o) = Kev A®
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Conclusion

TaKea waﬁs

* Theve are significant differences to comsidev
when -rrackihs fime-vavgins ctsnals.

* The LcPla,cian operator for Knowleclse deffusion
is an vseful concept

°Tt is Poss'l,ue to relafe geome—lﬁcd properhies
'f'o The S‘fud:r a‘f c(:.rnamfc SgSfemS
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Conclusion

FU vTEev 3(/6{“( ons
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‘Theoveffcal )meecuovk fm S’fudg 'nﬁ
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RO‘DO_( ¢\atheving

GIATHERING PROBLEM

We wish for N7 2 Uhdtsﬁh9m'$l1a[>[e robots exew('in9
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ROBOT TASKS Robot tesle
INPUT COMPLEX

TG S K ::: "l P([f co mpl ex
deﬁm“mn <5 i Ou'fpu'f’ complex

------
- ~

SPecificcd’ion
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ROROT TASKS Cobot besle
TINPUT COMPLEX T

We yse sim Phcia[ com Plcxes To chVcseh‘('
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ROBOT TASKS st tle
TASK DEFINITION T =TT

A robol Task is a e Ple (I (7 1) That defines
The pairs of inifial and finel stetes vest.’cZ‘uy

the mission oEJec‘fwes h J

No o
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ROBOT TASKS Cobat fecke
ROBOT SPECIFICATION
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M e T x(9
el —~

Speciﬁccd'ion
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ROBOT TASKS Cobot fosle
SOLVABILITY

sovablity crileria
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ROROT TASKS Cobgt besle
SOLVABILITY

aﬂ Poss;“e evo(u't(‘ohs of all wf:ofs
how all robots may ctart

achd end Their missions
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