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Fig. 1. Traditional texture atlas generation frameworks, such as [Poranne et al. 2017] (a), produce results which can have low packing efficiency and are

not necessarily bijective (see inset). We produce an overlap-free atlas with the same parametric distortion and significantly higher packing efficiency by

strategically segmenting and repacking the original charts directly in 2D space (b). We use the same framework to efficiently pack 2D patterns for 3D

fabrication (c-e).
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Fig. 2. Box Cutter overview: Overlaps in the input (a) are resolved and seams are closed (if feasible), leading to a bijective parameterization with short
boundaries (b). The main stage of our algorithm then repeatedly cuts and repacks charts producing an atlas with high packing efficiency (PE) and controlled

maximum boundary length (BL) (c).

b) D-Charts
PE=65%, BL=17.0

c) Optimized from b)
PE = 81%, BL = 20.5

a) VSA Charts
PE =65%, BL=21.3

Fig. 3. Compactness versus packing efficiency: Packing compact, near con-
vex, charts produced by VSA [Cohen-Steiner et al. 2004] (a) produces an atlas
with the same packing efficiency as the much less compact ones produced
by D-Charts [Julius et al. 2005] (b), which have much shorter boundaries.
Our method refines the D-Charts atlas (b) to produce an atlas (c) with
significantly higher packing efficiency, while constraining the boundary
length to be less than the charts in (a).
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Fig. 4. (left) Large void boxes in an existing atlas (grey) are strongly sugges-
tive of desirable cut locations (dashed lines). (right) After executing the cuts

and repacking the new charts, packing efficiency significantly improves.

sSm x »x S »yp » 8 nRRp
Xs »p x we xr wMg s wm» [ Lt
fi » (Fgur )Swm =« Prwm s P g W xS
» x i omp wg[ wm 1] » ®» s
fim Y I x s sm S r ms ® i I 1
fi w» Rnow % r wg S s
»S mg r W or px rprm®r s »
oW m fi »mp wg X » wr
» wsrwmooww ngs w WS » e ®m D
] »s wwas  wyp sp s x voids x
SX mg sSuge S P owm s w ns (7 gur 4)
"pr oW x side lines r wgw © s gw s r void
boxes x sr mg sugs S fi » wpr wng w »s
» wmg s sidelines » » rfim xs
» CI S v O V-3 ma war fiowm
s ror us s R WS PSS x
Pr 0w wr P Wz W rm X
Overview. » Wz ng fi » wswg » «x cut-
and-repack px  ss room » wr rswm w
s S W Ssss wyp rwa mg  ma
us ng W s » o ow P WS ns » o
MR WS P s wmpr sp wng fli w
g weor ng » T wr »norm
ssssp  wg fli w waRL W e us
»r ®m xS m x ® wpe rgrp Sssp [ moaw
] » wp XS rz X NgSsp S rsp P
» s us fi » rop xs s w
wpu Frw sprprx s
T mwr ssr SSgmx PPU KPR XZ W
maus r opp W e omoxp r  ws w
» I )y S Ng g . » o) 1. rs(S
» 4) »% SS . wa fin wmg S ¥ sSw™ ss«x
®S WS S T PP REr @ WS S Bowws S



Box Cutter:

@« wPr wm( P)wm fi »n s s
g & & mwas mowr xroow " g ng
rsu mg rs g x xss ffirxms s es »
r g W or S r s r ®™mr ® rmr ng
Contribution. » sawawa x MX oW WS pr S
»PPrx s S S ® X W XX m mzZNgp neg
fi w» np ss gurm®m s rpr s s
» sw® srx ®g X wR X S wWrm s »
Pr  SSWg WPpM WS S nS us WS X mg S
»us BRE S WX T oW X s s » »
» wp wws w ff X oW wmg wrs s
» s s fi ms «x X sx s
wfigux  ®s ™ gmr x 1w ropox us
» MRWZS Xsw Wg wm r wNg
wur W » W ZNg p wng fi w
g r Ng S spr W B ® P pM XPIr WX
z MW s (S ) wrrmwm r  mm S Y
rps m wyppr sp  wmg fi ow 14 rwax  wpr
» » xmwr usS B W W e
4 WRX S B WR ¥ WNg X ss W
®X  WXx Sw s SSgmr us ng v »pr S
» WS x wr nr x ny ne
fi » = o r wg ®» Wr grxr W W ¥
»r X ng ws r Mrx S W RS ¥ s
ur WPAS XX W TRNE W x O ) ws

2 PREVIOUS WORK

wr X W S NPX Xrs r WWS Prm rxz WNSg
L m X Prm rz M N uw mg w wg 1 ¥
now S rp gwnp ne
Mesh Parameterization. S RIWS PrmWm rz Rm
S W o ngs S S € ™ s » 8
weoox mnuwmzwg frm s r » wmrg s[ s
1. 1w mm S fir 1 um
X oW s [® 1 . Gu ] remx
sr X Pgy TP LW XZ » Ss . R ]
neg i w r s m SHX W ®War s xr
» X r weor am rp rs(se s ‘
Swm x 1.S ffr Swa » S x 1]
B WS ¥ SS T QMW WS » s m s ’m
. wg i oW » ff rm wm ws ®x wr
w mpr ss NS » S r®m  xrs W
wypr o wg fiow xsu wg S »Ng
mppng s r wnfi wr  r PrS W MPr SS SP X
wox osw XPr SsSwg wpPpHS @ PXm®m xz =
W s[ m» » gm 4, r
s ® w1 o prow r s wx
" res 4 PP RE W R »r
wR T WAN W Z N mgpr  ss(S ™ 4)
wr r W r SW x » rPrm rz  ms
mSX W ox r ™ s pr wr wssu s
1] & w» s oW i) ssa  s[ =
1] we r Wg  Sgn §Wmr S W Ss
ur s
Mesh Cutting. w 1 ™ S w sur ®S Sprox
prwm rz wn( s [CGu S ffrow x D

Atlas Refinement for Efficient Packing via Void Elimination

153:3

BL =141 BL=175

é:‘\- g g,‘» p g\, 3
BL=120 BL=17.7 BL =14.1
a) Input i b) [Lévy et al. 2002] ¢) Our method

Fig. 5. Given an input parameterization with visible overlaps (left) the stan-
dard overlap removal approach of [Lévy et al. 2002] produces unnecessarily
long boundaries (center); our results (right) have shorter boundaries and
typically contain fewer charts (all examples packed using our method).
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Fig. 6. Influence of different parameters when optimizing an input parameterization (a). Our algorlthm can be configured to terminate at different boundary
length budgets (b-d), as well as to prevent (b-d) or to allow (e) the creation of small pieces during cutting.
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Fig. 7. Compacting cut: a) detected maximal void boxes; b) a pair of cut X @ 2 L3

lines derived from one of the void boxes, and the associated supporting
chart in green; c) conceptual collapsing of the void box after removal of the
supporting chart; d) a more efficient packing achieved using these cuts.
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b ) 4

PE =80%, BL=11.2
Fig. 9. Local and global cuts on the horse model. The atlas shown in (a) is
already relatively compact. In this case, a global cut solution (b) is outper-
formed by a local cut (c).

Fig. 8. Local and global cuts, as derived from local and global void boxes
(shown in yellow and gray respectively). Left: an axis-aligned chart and a 35 Vs 56 Mesh 25 Vs S5 iiesi 2BVs S5 Mesh
respective void box. Right: global atlas layout, including the chart from the o A
left. Both boxes induce cuts that may help to improve the overall packing
efficiency.
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Fig. 11. Example of cutting through the Duck dataset). As an alternative to
straight cuts through re-tessellation (a), our framework supports shortest-
path cuts, which do not introduce new trianlges, but may lead to significantly
different results depending on the mesh (b-d).
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3D Charts

[Lévy etal. 2002] Our method

PE = 55% PE = 62%
Fig. 13. Results of chart packing into a square-shaped atlas, using different
packing algorithms. For [Noll and Stricker 2011], the bounded (non-modulo)
variant has been used.
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Fig. 14. Overlap removal. After removing overlaps from the input (left),
resulting charts (center) can be welded together along a common 3D space
seam segment if the parameterization is globally continuous across this
segment, and if the combined chart (right) has no self-overlaps. Input has
been globally parameterized using [Lipman 2012].
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[Poranne et al 20'17] ~ [Poranne et al. 2017] \\ []uhus et al. 2005]
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Fig. 15. Results of optimization on various kinds of input models, generated by different parameterization algorithms. The horse and cow models have been

parameterized using ABF++ [Sheffer et al. 2005].
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Fig. 16. Removing overlaps to obtain a bijective parameterization. From left to right: input, overlaps removed using the standard method of [Lévy et al. 2002],
overlaps removed using our method. The feline model has been parameterized using ABF++ [Sheffer et al. 2005].
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Table 1. Results of optimization of various input data, using straight cuts

and re-tesselation(top) and shortest-path cuts through the mesh (bottom).

The tables show, for different boundary length thresholds, the increase in
packing efficiency compared to the overlap-free version, the output packing
efficiency and boundary length.

Table 2. Boundary length increase through overlap removal (smaller is
better), using [Lévy et al. 2002] and using our method. Models from the first
section (cut using [Sheffer and Hart 2002]) do not have globally continuous
parameterizations, hence no welding is possible. Models from the second
section use globally continuous methods [Bommes et al. 2013; Bright et al.
2017; Levi and Zorin 2014; Lipman 2012; Myles et al. 2014].
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[Chen etal. 2015] Matching No. Charts Matching PE (2) Matching BL (<)
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Fig. 17. Comparison results generated by Dapper [Chen et al. 2015](leftmost _
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efficiency (third column), and boundary length (fourth column).
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Fig. 20. Results for both stages of our algorithm on various kinds of input
models, generated by different parameterization algorithms. From left to
right: input parameterization, overlaps removed, compacted result.
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Fig. 21. Fixed-resolution textures ( 4 X 4 px), used to store normals and
occlusion, applied to the girl model (cp. Figure 1). Left: Maps generated using
the unoptimized input of [Poranne et al. 2017]. Right: Maps generated using
our optimized version. The higher packing efficiency of our parameterization
leads to significantly sharper features on the rendered result.
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Fig. 23. Papercraft fabrication example. An unoptimized layout (a) is op-

timized (b) in order to efficiently exploit available material for fabrication
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