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Intro duction

This technicalsketchpresents simpleandef cient algorithmfor
editingrealisticsequencesf imagesf dynamicsceneshatexhibit
someform of temporalregularity. Suchscenesnclude o wing wa-
ter, steam,smole, ames, foliage of treesin wind, crowvds, dense
trafc ow etc. We call thiskind of sceneslynamictextures

Traditionallythe problemis approacheeitherby physics-based
(PHB) techniquegPopuic et al. 2000] or by image-basedIMB)
techniqueqdSchidl et al. 2000]. Here we proposean IMB tech-
nique, basedon the work of [Soattoet al. 2001], thatrelieson a
statisticalmodel of the visual signal. We saythat a sequencef
imagesf I (t)g,-,.., 2 R™ representsa linear dynamictexture if
it is a realizationof a second-ordestationarystochastigrocess.
If we call y(t) = I(t) + w(t) a sequenceof imagescorruptedby
white, zero-meanGaussiamoisefw(t)g2 R™w(t) N (0;Q),
the assumptiorof second-ordestationarityof f y(t)g corresponds
to the existenceof a positive integern, a process x(t)g 2 R" with
initial conditionx, 2 R" andsymmetricpositive-de nite matrices
Q2 R" "andR2 RM Msuychthat

X(t+ 1) = AX(t) + v(t) X(0) = Xy V() N (0;Q) 1
y(t) = Cx(t) + w(t) w(t) N (OR)

with I(t) = Cx(t), for somematricesA2 R" "andC2 R™ M,
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System Overview

Referringto the gure above, the overall systemtakestwo types
of inputandproducesneoutput. Theinputsare(a) a nite video
clip and(b) a setof editing parametersThe outputof the system
is apotentiallyin nitely long videoof adynamictexture similarto
the original one, that can be interactizely modi ed by editing the
parametergb).

The systemis composedf several “modules: The rst mod-
ule, learning takes as input a nite, noisy sequenceof images
fy(1);:::;y¥(t)g andreturnsan estimateof the model parameters
A C, O, R Thisis borraved from the prior work of [Soattoet al.
2001].

Oncea modelhasbeenlearned new sequencesanbetrivially
generatedy the synthesisnodulewhich simulatesthe model (1).
This entailschoosingan initial conditionX,, (for instanceone of
theoriginalimages) drawing a sampleof anlID Gaussiarprocess
with covarianceQ, performingonestepof theiterationX(t + 1) =
A)"((t) + ¥(t) and computingthe new synthesizedmageas((t) =
C(t). However, onewould lik e to insertan editing modulebefore
thesynthesisThis is describedn the next section.

Editing

This moduleallows the editorto (1) simulatea novel sequenc¢hat
hasthe samespatio-temporastatisticsasthe input video clip, and
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to (2) interactvely modify the spatio-temporatharacteristicof
the simulationin orderto achieve the desiredperceptuakffect. In
principle, ary modi cation of the systemparametersfor instance
A; C; Q, resultsn anovel syntheticsequencahosespatio-temporal
statisticsis alteredwith respecto the original sequenceUnfortu-
nately naive manipulationof themodelparametersarelyresultsin
sequencethat have ary resemblancevith reality. Thereforethis
moduleallows manipulatinggroupsof parametersvhile enforcing
causality stability, andotherconstraintghatarenecessaryo yield
arealisticoutcome.

Thesketchshavs how to changehe spatialscalesy deforming
theactualsub-spacepannedy the columnsof C. Thisis doneby
substitutinghematrix C with thematrixC = CW, wherew 2 R" N

asits diagonalentries. To alter the speedof a synthesized/ideo
clip, we provedthatthefrequenciesssociateavith thepolesof the
systemmatrix A have to be multiplied by the sameconstantfac-

replacedby y; = Wy;. In orderto reversethe time axis, so asto

invert the visual o w of a given dynamictexture, while maintain-
ing the sa[netemporaldynaNmics(speedz,aII we needto dois to

substituteA= VLV lwithA=V LV 1 whereL andv respec-
tively arethe diagonalmatrix of eigervaluesandthe matrix whose
columnsarethe correspondingigervectorsof A, and denoteghe
comple conjugate. Finally, noticethatfor a non-zeroQ, theinput

Vv(t) excitesthe modesof the statex(t) andcausest to evolve asa

discrete-timeBrownian motion. The intensity of the driving noise
determineshow far away from the initial conditionthe Brownian

motiontravels. We shov experimentswherewe rescalethe noise
componentsdy a positive constanta, i.e. we substituteQ with

Q= aqQ.

The sketch shavs examplesof dynamictextureslike “Ocean,
“Fountain’; “Fire,” and“Smoke; andtheir spedup, sloved down,
andtime reversedversions,incorporatedwith effectsinducedby
spatialscaleandintensitychanges.
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