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MOTIVATION

Reconstruction Simplification | Analysis
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00 triangles = 100, 000 triangles

3D scans ~ 400, 000, 0

large gigantic reduced
data sets simplicial complex simplicial complex




* TFlag G = largest simplicial complex whose 1-skeleton is G.
¥ vy, . upp e FlagG <— vv; € G Yi,3

Hasse diagram

P

Flag complexes have a compressed form of storage




SHAPE RECONSTRUCTION

INPUT OUTPUT
Point cloud P Flag G, (P) = Rips complex

/Za@e

4

G, (P) = proximity graph
pq € Go(P) < d(p,q) < 2a
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SHAPE RECONSTRUCTION

INPUT OUTPUT
Point cloud P Flag G, (P) = Rips complex

G (P) = proximity graph

pq € Go(P) < d(p,q) < 2a



SHAPE RECONSTRUCTION

INPUT OUTPUT
Point cloud P Flag G, (P) = Rips complex

Y

for sampling conditions stated in

[AL 2010] when d = duo
[ALS 2011] when d = ds

G (P) = proximity graph

pq € Go(P) < d(p,q) < 2a



Part 1: Part 11:

Guarantees Simplification

NS

under some “good” sampling conditions

Shape Point cloud Flag complex

can be high dimensional !




operation that identifies vertices a and b to vertex c

7 ab — c > R

{---,a,b,x,ab,ax,bx,abx, -} {---,c,x,cx, -}



operation that identifies vertices a and b to vertex c

ab — ¢
K > K~ v
e icanfiise ol
Wl {z) if v & {a,b}
C
7%

{---,a,b,x,ab,ax,bx,abx, -} {---,c,x,cx, -}



operation that identifies vertices a and b to vertex c

ab — c
K > K' ={f(0)| s e K}
e icanfiise ol
f()_{v if v & {a,b}
C
X
{---,a,b,x,ab,ax,bx,abx, -} {---,c,x,cx, -}

¥ What if the result is not a flag complex?

¥ How to preserve homotopy type?




ab — c

K = Flag KW > K' = Flag K')




EDGE CONTRACTION

K = Flag K(l) ab — C) K/ # Flag K/(l)

CEAVE

a b C




EDGE CONTRACTION

K = Flag K(l) ab — C) K/ # Flag K/(l)

Encode a simplicial complex K by storing the pair:

1 ( KU, Blockers(K) )

. M \__ indicates how much
= vertices and edges K differs from Flag K1)




DATA STRUCTURE FOR
SIMPLICIAL COMPLEXES

Hasse diagram

edges

vertices

simplicial complex
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DATA STRUCTURE FOR
SIMPLICIAL COMPLEXES

Hasse diagram

Blockers of K are
inclusion-minimal simplices
of Flag KM\ K

o blocker of K

dimo > 2
o ¢ K
Vr Co, Te K

edges

vertices

simplicial complex



DATA STRUCTURE FOR
SIMPLICIAL COMPLEXES

Hasse diagram

Blockers of K are
inclusion-minimal simplices

of Flag K1) \ K

o blocker of K

<

edges dimo > 2

vertices

Vr Co, Te K

simplicial complex

Encode a simplicial complex K by storing the pair:
( K1), Blockers(K) )




Hasse diagram

abed Hasse diagram

abc| |abd| |acd] |bed| | cdf | |ecf

7
edges 0-0—0-0-0-0-0-0—C )""b“'q
vertices w ab ac ad be bd cd fe fe ec
X
simplicial complex \V#,é“’/“‘!’/’/gf
a b e f

Blockers(K) = {bcd, cdf }




DATA STRUCTURE FOR
SIMPLICIAL COMPLEXES

Hasse diagram

Blockers ot K are
inclusion-minimal simplices

of Flag KM\ K

If K is a flag complex
Blockers(K) = ()

edges

vertices

simplicial complex

For a flag complex K, the pair reduces to:

(KW, 0)




UPDATING DATA STRUCTURE

K == (K(l) : BlOCkeI‘S(K)) Clb bt 1 - K’ o (K/(l) : Blockers(K’))




UPDATING DATA STRUCTURE

K = (K(l) ) BlOCkerS(K)) a’b b 4, = K’ — (K’(l) : Blockers(K’))

Lemma 1. co € Blockers (K') with o C Vert(K) \ {a, b} and dimo > 1 iff:
(i) 0 € K; forall T C o, 7 € Lk(a) U Lk(b),
(ii) o = af with a8 € Blockersg(K) and ba. € Blockersy(K),

where Blockersy(K) = Blockers (K) U complement of K (1)




UPDATING DATA STRUCTURE

K = (K(l) ) BlOCkerS(K)) a’b b 4, = K’ — (K’(l) : Blockers(K’))

Lemma 1. co € Blockers (K') with o C Vert(K) \ {a, b} and dimo > 1 iff:

(i) 0 € K; forall T C o, T €]Lk(a) U-
(ii) o = af with a8 € Bloekersg(K) and ba: € Blockersy(K),
where BlockersgfK ) = Blockers (K) U complement of K1)

g Lkv = ((Lkv)"V, Blockers(Lkv) )



UPDATING DATA STRUCTURE

K = (K(l) ) BlOCkeI’S(K)) a’b b 4, = K’ — (K’(l) : Blockers(K’))

Lemma 1. co € Blockers (K') with o C Vert(K) \ {a, b} and dimo > 1 iff:

(i) 0 € K; forall T C o, T €]Lk(a) U-
(ii) o = af with a8 € Bloekersg(K) and ba: € Blockersy(K),
where BlockersgfK ) = Blockers (K) U complement of K1)

g Lkv = ((Lk fu)(l) , Blockers(Lk v) )

If no blockers “around” a and b, costs in O(fneighbors(a) x fneighbors(b))



How to preserve homotopy type?

ab — c

> K/




[Dey, Edelsbrunner, Guha & Nekhayev 1999]
If K triangulates a 2- or 3-manifold

Lkab = LkaNLkb

= Xp =F




For arbitrary simplicial complexes, we established that:

ab — ¢ R

~Y C

whenever

Lkab = LkaNLkb

= Xp =F




For arbitrary simplicial complexes, we established that:

ab — ¢ . R

~Y C

whenever

Lkab = LkaNLkb

YO
E

No blocker of K contains ab



For arbitrary simplicial complexes, we established that:

L

ab — c

implies that
Lkab # LkaNLkb

YO
E

4 a blocker of K containing ab



EXPERIMENTS
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We keep contracting
shortest edge with
no blocker through it

EXPERIMENTS

Y
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EXPERIMENTS

extended anticollapse

K =(G, B) - K = (G 808

MY

whenever

Lkg/ b 1s a cone i

2 O """" number Iof blockersI = 4 5 """"
18 - d

0
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

. C3 46656 pts S3 46656 pts




Al

¥ Promising data structure for encoding high
dimensional simplicial complexes.

A

¢ Need further invistigations:

VA

«study other strategies to prioritize

QUA

contractions besides edge length

VA

¢study other simplification operations

Az

besides edge contractions (collapses, ...)






