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motivation

e Robot inside an unknown
polygon

® TJasks:
® meet identical robots

® draw a map

e Q:How simple can we
make the robot!?

=find simplistic design
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Introduction
visibilities
® Vertices are mut. visible:

segment is inside polygon

® Visibility graph: edge for
every pair of visible verts

=topological map

® Meeting problem:

=robots form a clique

e Mapping problem:

= reconstruct vis. graph
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Introduction

robot model

® We assume n is given

¢ VWe allow the robot to

® while at a vertex:
® see visible vertices
® order vertices (ccw)
= no global ID!

® have (enough) memory

® move to visible verts

® |ook-back
= origin of last move
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Vertices as Viewpoints

view

e Capture information a
robot can collect about v

= view from v

= collection of all paths

o |evel-|-view:
vl = (L, Ly ..., Ld)

e |evel-k-view:
vk = (N||<-|’N2k-|, - Ndk-l)
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Vertices as Viewpoints

classes

e group all vertices with
same v® into classes C;

= periodic on boundary
=|Ci| = |G| Vi)

® |Ci| = I|:distinguishable

® Norris95:v™! is enough!
(same resulting classes)
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The Class C”

definition

e C'is the lexicographically
/ \ smallest class that forms
a clique
o Will show:

Every polygon has a class
that forms a clique (!)

\ / =C" is well defined, unique
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The Class C”

ears

® |eta,b,c be asequence of
vertices on the boundary

= b is an ear, iff a sees ¢

b is an ear, iff the move
first Ieft /= \second right Telghbci
1 ./ IOOK ba CYlE ds @second left

neighbor




The Class C”

ears

® |eta,b,c be asequence of
vertices on the boundary

= b is an ear, iff a sees ¢

® b is an ear, iff the move
-1, 2, look back yields “-2”

=>vertices in the same
class as an ear are ears




The Class C”

ears

® |eta,b,c be asequence of
vertices on the boundary

= b is an ear, iff a sees ¢

® b is an ear, iff the move
-1, 2, look back yields “-2”

=>vertices in the same
class as an ear are ears

® Every polygon has an ear
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The Class C”

existence of a clique

e Cut ears repeatedly...
= cut the entire class

=no class will split!

S —
\ e ... until only one remains

= must be a clique!
/ = contains all vertices of

N

some original class

= Every polygon has a class
that is a clique!
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problem re-definition

/b
12

°7 ? |
vert class neighbors
| ,C4,C1,Cr,C4,C1,Cr,C3,C4
2 ,C4,C1,C5,C4,C1,C5,Cy,
3 C4,Cy,
4 C4 ,C2,C4,C1,C0,C4, C1,Cy,
5 ,C4,C1,Cr,C4,C1,Cr,C3,C4
6 ,C4,C1,Cr,C4,C1,C),Cy,
7 C4,C),
8 C4 ,C2,C4,C1,C0,Cy, C1,Cy,
9 ,C4,C1,Cr,C4,C1,Cr,C3,C4
10 ,C4,C1,Cr,C4,C1,C),Cy,
| | C4,C),
12 C4 ,C2,C4,C1,C,,Cyq, C1,Cy,
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problem re-definition

4 3
5/ ® Views of level n-1 are
sufficient to infer classes

=>task in terms of classes

7 6
N .2
D\ e Given:
? |
vert | class neighbors
| ,C4,C1,C7,C4,C1,C5,C3,Cy
2 ,C4,C1,Cr,C4,C1,C),Cy4,
3 C4,CJ,
4 Cq4 ,C2,C4,C1,Cr,C4, C1,Cy,
5 ,C4,C1,C7,C4,C1,C,,C3,Cy
6 ,C4,C1,C0,C4,C1,Cy,Cy,
7 C4,C,
8 C4 ,C2,C4,C1,Cr,Cy, C1,Cy,
9 ,C4,C1,Cr,C4,C1,Cr,C3,C4
10 ,C4,C1,C0,Cy,C1,Cy,Cy,
| | C4,Cy,
12 C4 ,C2,C4,C1,C,Cy,
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problem re-definition

2 ® Views of level n-1 are
\ sufficient to infer classes
|

=>task in terms of classes

class

C4

C4

SIS lolo|N|o v a|w|o|—

C4

g e Given:

® classes along boundary
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problem re-definition

sufficient to infer classes

4 3
- .
5 / 2\ ® Views of level n-1 are
|

76 =task in terms of classes
\’ 2
—T e Given:
T '
vert | class neighbors ® classes along boundary
| ,C4,C1,Cr,C4,C1,Cr,C3,Cy
2 otz L ® classes of neighbors
4 Cq4 ,C2,C4,C1,Cr,Cy, C1,Cy,
5 ,C4,C1,Cr,C4,C1,Cr,C3,C4
6 ,C4,C1,Cr,C4,C1,C),Cy,
7 C4,Cl,
8 C4 ,C2,C4,C1,C0,C4, C1,Co,
9 ,C4,C1,Cy,C4,C1,Cr,C3,Cy
10 ,C4,C1,Cr,C4,C1,C0,Cy,
| | C4,Cy,
12 C4 ,C2,C4,C1,Co,Cy,
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_ = e Given:
° ? A
vert | class neighbors ® classes along boundary
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2 it e classes of neighbors
4 Cs ,C2,C4,C1,Cy,Cy, C,Cy,
5 ,C4,C1,Cr,C4,C1,Cr,C3,Cy
6 ,C4,C1,C2,C4,C1,C2,Ca, ® Jasks:
7 C4,C,
8 C4 ,C2,C4,C1,Cy,C4, C,Cy,
9 ,C4,C1,Cy,C4,C1,Cr,C3,Cy
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| C4,C,
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_ = e Given:
° ? A
vert | class neighbors ® classes along boundary
| ,C4,C1,Cr,C4,C1,Cr,C3,Cy
: o e classes of neighbors
4 Cs ,C2,C4,C1,Cy,Cy, C,Cy,
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7 C4,C,
R T e ® meet other robots
y =4, y y \—4, ’ ’ y =4
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problem re-definition

sufficient to infer classes

4 3
- .
5 / 2\ ® Views of level n-1 are
|

76 =task in terms of classes
\— 2
— e Given:
ST q
vert | class neighbors ® classes along boundary
| ,C4,C1,Cr,C4,C1,Cr,C3,Cy
2 otz L ® classes of neighbors
4 C4 ,C2,C4,C1,C0,C4, C 1,5,
5 ,C4,C1,Cr,C4,C1,Cr,C3,Cy
6 ,C4,C1,C2,C4,C1,Cs,Cs ® Tasks:
7 C4,C1,
8 & Gt Lt ®* meet other robots
s =gy, 2,4, ], D, 3,4
10 ,C4,C1,Cr,C4,C1,C0,Cy, . o o of°
I R e infer visibility graph
12 Cq4 ,C2,C4,C1,C0,C, C,C,
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meeting
4 3
S <€
\.
7»\6
12
T IO, 1

vert class neighbors

| ,C4,C1,C0,Cy,C1,Cr,C3,Cy
2 ,C4,C1,C5,C4,C1,C5,Cy,

3 C4,Cy,

4 C4 ,C2,C4,C1,C0,C4, C1,Cy,

5 ,C4,C1,Cr,C4,C1,Cr,C3,C4
6 ,C4,C1,Cr,C4,C1,C),Cy4,

7 C4,Cy,

8 C4 ,C2,C4,C1,Cy,C4, C,Cy,

9 ,C4,C1,Cr,C4,C1,Cr,C3,C4
10 ,C4,C1,Cr,C4,C1,C),Cy,

| | C4,C),

12 C4 ,C2,C4,C1,C,,Cyq, C1,Cy,
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meeting
Ve
\
Tt ) e C'is unique

vert class neighbors

| ,C4,C1,C0,Cy,C1,Cr,C3,Cy
2 ,C4,C1,C5,C4,C1,C5,Cy,

3 C4,Cy,

4 C4 ,C2,C4,C1,C0,C4, C1,Cy,

5 ,C4,C1,Cr,C4,C1,Cr,C3,C4
6 ,C4,C1,Cr,C4,C1,C),Cy4,

7 C4,Cy,

8 C4 ,C2,C4,C1,Cy,C4, C,Cy,

9 ,C4,C1,Cr,C4,C1,Cr,C3,C4
10 ,C4,C1,Cr,C4,C1,C),Cy,

| | C4,C),

12 C4 ,C2,C4,C1,C,,Cyq, C1,Cy,
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meeting
Ve
\
Tt ) e C'is unique

vert | class neighbors

’C49 ’ ,C4) ’ ’ 9C4

) ’
’C4’ ’ ,C4’ ) ’ 9C4

’C4’ ] ’C4’ bJ ’C4’

C4,C1,

|

2 ,C4,C1,Cr,C4,C1,C),Cy4,
3 C C4,Cy,

4 (g) ,C2,C4,C1,Cr,Cs, C1,Cy,
5 ,C4,C1,Cr,C4,C1,Cy,C3,Cy
6 ,C4,C1,Cr,C4,C1,C),Cy4,
7 C4,C,

8 @ ,C4, ,C4, C1,Cy,
9

10

| |

|2

@ ,C2,C4,C1,C,Cy, C1,Cy,



eeting and Mapping
meeting
./ <
\

7 . .
N > e C'is unique
|2
e—g %]y e C" can be infered

vert | class neighbors

’C49 ’ ,C4) ’ ’ 9C4

) ’
’C4’ ’ ,C4’ ) ’ 9C4

’C4’ ] ’C4’ bJ ’C4’

C4,C1,

|

2 ,C4,C1,Cr,C4,C1,C),Cy4,
3 C C4,Cy,

4 (g) ,C2,C4,C1,Cr,Cs, C1,Cy,
5 ,C4,C1,Cr,C4,C1,Cy,C3,Cy
6 ,C4,C1,Cr,C4,C1,C),Cy4,
7 C4,C,

8 @ ,C4, ,C4, C1,Cy,
9

10

| |

|2

@ ,C2,C4,C1,C,Cy, C1,Cy,



Meeting and Mapping

meeting

i— > e C'is unique
5 ly e C" can be infered

vert | class nelghbors

| ,C4,C1,85,C4,C1,C0,C5,C4 . . « .

2 C4.C1.C2,C4,C1.Cr.Co = Meeting is trivial: move
3 C C4,C, .

4 | (©) | CLCaCaCiCaCaCiCa along boundary until a
5 ,C4,C1,C0,Cy,C1,Cr,C3,Cy . X

6 ,C4,C1,C0,C4,C1,C0,Cy, vertex In C

7 C4,C,

8 @ ,C2,C4,C1,Cy,Cy,

9 ,C4,C1,C),Cy,C1,Cr,C5,Cy

10 ,C4,C1,C,C4,C1,C,Cy,

| ] CsC,

12 @ ,C2,C4,C1,Co,Cy,
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12
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® need to identify vertices
" in the list of neighbors

5 2

® |f own class is a clique:

® classmates are €asy

R

] — 10 |

vert | class neighbors

I | | ’C4’ ’ ’C4’ ’ ’ ,C4

||
) 12

~
~
ol
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~
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Meeting and Mapping

visibility graph reconstruction

® need to identify vertices

) " in the list of neighbors
5 2
® |f own class is a clique:
® classmates are easy
7
6
" ® classmates can be used
\’ _ to segment neighbors
] — |o|
vert | class neighbors
| | | ,C4,C1,C,C4,C1,Cr,C35,C4

|
2

~
~
ol
-~
~
O —
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¢ We show:
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e Case ll: there is one
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= Criterion for deciding v; = vi+
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Summary

The class of a vertex can be determined in finite
time by a look-back robot

Every polygon has a class C™ that forms a clique
Because of this, robots can always meet “easily”

C" can be used as frame to infer the visibility graph



Thank you!



