Non-parametric synthesis of laminar volumetric textures from a 2D sample
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M otivation Experimental benchmark and application

Many tools in image processing and computer grapirigolve Experimental evaluation is performed on laminatuees of dens
texture analysis and synthesihe field of exture synthesis iscarbons observed by HigtResolution Transmission Electror
particularly dynamic with notable applications image compressio Microscopy (HRTEM)and we present some results in [2.

inpaiting, extrapolation or texture mapping. Thisearchield has led
to the development of many 2D synthesis technidugstheir extensio
to the 3D environment remains unstable provindfiesea very comple
and computational issu&D textures are mainly used for textur
volumetric objects trying to imease the realism of 3D scenis, but
they can also be observed in 3D vision when expipfior instance
material structure or seismic data.

In this article, we are interested in nparametric algorithms th. a b _E— d
achieve 3D texture synthesis from a singlesziinple In particular, we
investigate their capability t@roduce laminar textures, i.e. textu
made of anisotropic sheets stacked along a giveactdin. The
algorithms under study are variants of the origalgorithm proposed
by Wei and Levoy [1]. In spite ofts versatility and its goo . L ) )
computational properties, this algorithm is alsown to produce outpt Beyond the traditionakubjective evaluatic of the synthesized
textures that are more regular than the exampleg thy to mimic. textures as in [1-5], weropose a genuine quantitative benchmark
Several authors have proposed variafthese algorithmshat intend to the analysis of the synthesized textures which istsn comparing
better reproduce, in the output texture, the digetsarned in the inpt input and output image characteristics. Both gresellestatistics an
sample. How do these algorithms perform laminar texture with Pattern morphology are studie@ecisely, thicoriginal study focuses on
strong anisotropyPlow are their properties modified when inferring the one hand, on grey level dynamicl* order statistics) and spatial
from 2D? That is what we intdrto investigate in this wor statistics (autocorrelationspnd on the other hand on morpholog

properties (fringe lengthsortuosity and orientatic).

Figure 2: Volumetric resultsb - the 3D view of the solid texture
obtained from the raw HRTEM sample a; andd is the volumetric
texture obtained by synthesizing the filter HRTENhgdée fromc.

Algorithmsunder study

) . . . . . ray level histograms orientation histograms
The first algorithm we implemented is2D/3D extension oWei 12 e, # . —
) . . . op!
and Levoy'’s algorithm [1] that usesily a single 2l image as source of . JT ——Chen & Wang ——Chen & Wang
synthesis. Based on a Markov field hypoth§&jsthe metho relies on ' Wei & Levoy “ Weiglevoy |
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texture locality and texture stationaritystarting from a randoi
initialization, we synthesize voxel by voxebxamining the 2D
neighbourhoodsf the current voxel from two orthogonal views bé
3D block. This phase implies a search of the besch for each of the:
two neighbourhoods in the same input imabee output voxel value
updated with the averagd the two found voxels and we reiterate u
reaching the same neighbourhoods afterdamsecutive iteratior

Next we turned ouattention to the approa proposed by Kopf et
al. [2]. It aims at aroptimal combination of information from the frc
view and the side vievas suggested by Kwatra al. [5] and, in the
same time, atdding a colour histogram matching mechanin the
texture optimization procedure. But the results arare or less, affected
by blurring or missing textural patterns.
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Figure 3: Indicators of thebgective comparison of the 3D textures:
comparing the gray level arientatior histograms of the sample and the
ones obtained after a muRD blocks analysi

Our objective comparison of the evolution of the 3Ddle statistic:
towards the ones dhe 2D samplestrengthens the visual assumptions
relative to the improvements brought by the histagmatchin, while
Wei and Levoy’s algorithm is natble toconserve the contrast. In terms
of preserving texture structurcour study reveals the 3D textures
. , tendency towards the same structure observed on2D sample.
To improve these results, we addrestea algorithm o Chen and Computationally, using Kopfspproac with a fractal scan type to

Wang [6]. Their optimizatiorprocedure, constrained ltwo new kinds o6 the convergence tipeoves to be the most efficient mett
of matching histograms position and index histogray, indirectly

achieves colour histogram matching whileesering the input texture ) ) .
by distributing uniformly the input pixels in theitput blocl. [1] L.-Y. Wei and M. Levoy.Texture synthesis from multiple sources.

Whatever the method, a problematic isseimain: the choice of the Proceedings oACM SIGGRAPH 200 Sketches & Applications.

neighbourhood systerThe causality of the neighbourhood is stror [2] J. Kopf, C.W. Fu, D. Cohe@r, O. Deussenn, D. Lischinski and
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