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Matting, compositing and Environment Matting
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Traditional Matting and Compositing

Matting: }{ﬁ’%{é[’%}ﬂ[ﬁ’?ﬁﬁm element ZViT} -
Compositing: }[ﬁ’ﬁ?@z element ' ﬁf—“ﬂ» o

The great train Robbery(1903) matte shot: J3 Bty - 1| T [l A &
A PR R 8

King Kong: K] * FURJIAPE 4 H FSHZ ey 122 £ piSe ) Egfole
F|*'| stop motion 1 optical compositing i3 & o

Miniature Frojection




The lost world: (1925) Lkl F|™ |52 [y -
(1997) LHpLF(H gl % & -

The lost world (1925) The lost world (1997)
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Color Difference Method (Ultimate)

Blue-screen Spill suppression Matte creation
photograph if B>G then B=G o=B-max(G,R)

F: ﬁrJFJ B: TETFJ
i 7O R 2 39

Primatte Method
I 128 T %E[?E‘,,Fl color space 7i 5% = Wk > FlIfEIf~ I E4FY color fiu
alpha: 0 <alpha<1-



Compositing

C=aF +(1-0)B

compositing
equation

a E5EPE > kl- {f# undeterminated piy parameter -
Estimate the right part from the left part > this is an under constraint problem -
There are 7 undeterminated variables -

Resolve this equation & = {5 1%:
1. reduce unknowns:
difference matting: (when the background is known) » ﬁ{%l % (it thresholds.

Color difference method: (blue screen matting)
2. add observation: 7}%&%} : ﬁ‘g\%jﬁﬂfl— o RN T E E

C=aF +(1-a)B
C=aF +(1-a)B

triangulation
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3. add priors: user " 21l 5 iy Ruzon-Tomasi ik » 11 user &5y (g7 b

foreground, background #! unknown = {fi region -

Bayesian Image Matting

posterior probability

likelihood priors

5 F.B.« ( e ‘ j

wax [P(C| B, B.o|lP(F) P(B) P(a)]) P(C)

1
F,B,a
C: observation » =558 & pugy ik -

Likelihood: 7 =17%3E 4 F(foreground), B(background), a FUfifR-™ » 554+ C Y
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Priors: &% F(B or )it -

Ui e il optimal solution (L= Ffgnf -

= arg

L(C|F,B,a) = —||C—aF - (1-0a)B|*/o}

(£% Bilinear equation)

C=aF+(1-a)B

Minimize C % CUZHAE » LT 7| noise » 7l it - Efy b -
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Unknown region &&foreground(background)& i ¥ > weight @?ﬁq == foreground
(background) ¥ - weight &(% -

FI|®' | Gaussian U+ 5 TV log Eﬁ »equation &5y quadratic> 7V ["FTJET'L}} Eﬂj »equation
7Y linear system - A7l :

R —
lor) = —r-F)' 7' (F-F) /2]
(5% Gaussian ElfJ#F’[g!’(ﬁBj})

Optimize L(C | F, B, a)
ellC—aF —(1-)B|?*/o} — (F-F) T3 (F-F)/2
1. fixa » solve F » B (linear) -
Yo+ Ia? /o2 Ia(l — ) /c? I3
Io(1—a)/o Tz +1(1—a)?/cl B
Lp F+Cajod
EELF + C(1 — C\:)/(_T%
2. fix F ~ B > solvea(linear) -
(C = B)-(F-B)
IF" = B]]?

Repeat until converge

@

Pixels in the unknown region are inserted into a priority queue. Pixels near FG
or BG will be processed first. %EP"E’%"»Q%%%F%@J » ¥} trimap L sensitive -



Bayesian Matting is often used in natural image matting, but still performs
good in blue screen matting and the result is better than traditional blue screen
matting algorithm

Result:

composite

Comparisons:
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Bayesian Mishima

Mishima: & — %IHEUT 3 i o
Bayesian: smooth computing -

Video Matting

interpo-
lated
trimaps

473 fif frame 3 trimap H1SE » Bof i) HEf keyframe i trimap ik -
(EIFI TS frame T’FE‘”’FH’EU Hil<IR



%] keyframe fiY trimap - ™| optical flow §1E F9[Y trimap » = &' ETH =i [
f* optical flow > F| warp ¢\l {909 trimap > ﬁ’ﬁxj (it trimap combination -

Optimize: Fﬁ}l@‘]"ﬂ%}i TEl s o



Result:

Smoke:

1. Assume clean plane is known.

Remove foreground.

Compare the color on the foreground removed image and clean plane.
Solve the color of smoke (least square).

el o

frame

clean plate




Shadow Matting
constrain: image i light ﬁ'ﬁﬁﬁ °

Shadow on Traditional Matting
1. geometric errors
2. double shadow errors(photometric errors)

Shadow Matting Equation
C=beta*L+ (1-bata) * S
Assume shadow image and light image is known

C=BL+(1-B)S
shadow
compositing
equation

Estimate shadow image and light image from a video sequence
1. Remove foreground.



2. Construct a video volume.
3. The brightest pixel — lit image, The darkest pixel — shadow image

Environment Matting

Capture S8 FUPTHH IS Ff

Framework
C=F + Integrate (WT)

C=F+JWT
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Arbitrary Weighting Function
LCD scanning. Capture n*n images
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Hierarchical environment matting

1. C=F + (A-alpha)B + RM(T,A)

2. Hierarchical backgrounds

3. Divide a 4D optimization problem to two 2D optimization problems.

C=F+(1-a)B+RM(T,A)

SNE

L

C =

com% }ground

background

Extension

1. tree side background

2. background on several distance
Disadvantage

1. need many background images
2. multiple mapping

3. glossy surface

Real-time environment matting

C=F+(1-a)B+RM(T,A)
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C=F+(-a)B+RM(T,A)

The properties of the matte that we would most like to preserve:

(1) the capacity to refract, reflect, and attenuate the background(A,R)
(2) smooth blending with the background on silhouettes(a)

(3) specular highlights due to foreground lighting(F)

% fFﬁEJgﬁi}ﬁ?ﬁiﬁFﬁaf [EHES
C=RM(T,A)

fﬁ;l%’#ufirfg colorless » #fi Rﬁiﬁﬁﬁé‘ﬁﬁ‘}— AT El p ?i’ﬁz:%:"'l?f& °
I'E;l%’#ufi# £ specularly reflective and refractive - Eﬁﬁ] neighboring pixels T%J:
EI"EJ overlapping support in their weighting functions -

Area A ' I'| BLHH5{C,W} C=(Cx, Cy) - area ElfJHI%Hh W=(Wx , Wy)£L x gl y
R o

0 1
Wy = acx = E[Cx(x +1,y) - Cp(x—1,)]

0 1
Wy =2Cy = E[Cy(x,y+1)—Cy(x,y—1)]
M(T,A) =~ T(c)
= C= pI'(cy,cy)
3 observations, 3 variables

RETS D i A1

Single image matte recovery

Because we assume that F=0 everywhere, we photograph the object in a dark
room, lit only by the structured backdrop. The structured background is a
smoothly-varying wash of color, in particular, a planar slice through the rgb
cube. Due to non-linearities in the system, including crosstalk between the
spectra of monitor phosphors and the CCD elements, the gamma of the
backdrop display, and processing in the camera’s electronics, this plane in
color space will be distorted, becoming a curved 2D manifold lying within the
rgb cube.



Ideal plane in RGB cube Calibrated manifold in RGB cube
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To extract matte parameters at each pixel, we consider the line joining the
observed color and the black point in rgb space. The point where this line
intersects the background-color manifold gives us the point ¢, and the
fractional distance of the observed color to the manifold gives us p.

Estimate c, ,c,and p
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background w

manifold
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To classify pixels, we first take a series of pictures of the background without
the object and average them to give us a low noise estimate of the ramp
background. Once we begin recording video of the object, we apply a simple
difference threshold to each frame, comparing the image of the object to the
image of the background alone. This step separates foreground and
background pixels.

Difference thresholding

We then use some morphology operations(dilation followed by hole-filling
followed by erosion) to clean up this binary map, giving us a reasonably



accurate mask of the pixels covered by the object.

Morphological operation

To avoid a sharp discontinuity, we slightly feather the alpha at the boundaries
of the object as a post-processing step.

Feathering

Problem: noisy matte

Apply the edge-preserving smoothing operator of Perona and Malik to the Cx
and Cy channels. This operator average each pixel with its neighborhood, with
unequal contributions are determined by difference of the pixels’ values, so
that similarly-values pixels affect each other more. This filter smoothes out
regions with low-to-moderate noise levels while preventing significant energy
transfer across sharp edges.

Edge-preserving filtering Edge-preserving filtering

isotropic filter anisotropic filter



Heuristics for specular highlights

To recover the intensity of the foreground color F, under the restriction that it is
white. Thus , F=fW where W=(1,1,1), so that only one additional parameter, f is
added to the matting equation. This new single-image environment matting
equation then becomes

C=fW+(A-a)B+ pl(c)

Foreground F

The recovery algorithm of the last section will discover some points where p> 1,
i.e., where the observed color point lies on the side of the background
manifold closer to white.

44

background
manifold

T o

The theory of light transport tells us that this should not happen when the
object is lit only by the backdrop, so we assume that wherever p exceeds unity
there must be some F-term contribution to the pixel.

J=C-(-a)B~-pI(c)



input estimation foreground
(highlights)

Composite with highlights




Multimodal oriented Gaussian

Arbitrary weighting function

b |
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We generalize arbitrary weighting function to a sum of Gaussian:

n
W (x) =2 R,Gi(x)
i=1
Here, Ri is an attenuation factor, and each Gi is the unit-area, elliptical,
oriented 2D Gaussian:

— '
Gi(x)=Gyp(x'sc;,04,0;)
Where G, is defined as

u2 V2

1
Gop(x'se,0,0) = ————exp| ——— -
27[61/10-\/ 2014 20\/

2

with

u=(x—cy)cosd—-(y—c,)sind
v=(x-cy)sinf+(y—c,)cosd

Here, x=(x,y) are pixel coordinates, ¢ =(c,,c,) isthe center of each

Gaussian, o =(0,,0,) are unrotated widths in a local uv-coordinate system,
and 0 is orientation.
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Thus, our weighting function is some n-modal Gaussian with each term
contributing a reflective effect from the object. We arrive at new form of the

matting equation:

n
C=F+ ZRiIGZD(x'aciaai701')T(x)dx
i=1

T(x) represent the set of all texture maps.

Multimodal oriented Gaussian
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The key advantage of this weighting function:

(1) the spatial variation can be coupled with wavelength to permit modeling of
dispersion.

(2) it supports multiple mappings to a single texture.



(3) it approximates the behavior of BRDF’s more closely.

Multimodal oriented Gaussian

+ Better BRDF
approximation

« Multiple
mappings

« Wavelength-
coupled variation

Horizontally and vertically swept stripes alone are not enough to determine the
weighting function, so we introduce two diagonal passes at 45° and -45°.

Multimodal oriented Gaussian Multimodal oriented Gaussian
ql wx SR
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Result

Glossy surface Glossy surface

higher accuracy photograph

SIGGRAPH 99 photograph algorithm
Oriented Gaussian Oriented Gaussian

without orientation photograph with orientation photograph

Color dispersion Color dispersion

SIGGRAPH 99 photograph higher accuracy photograph
algorithm

Frequency-based environment matting
Frequency analysis




{a) Original signal (b) Frequency contents of the
original signal

(c) Zero-mean corrupted signal (d) Frequency contents of the
corrupted signal

(e} Scaled signnl. (fy Frequency contents of the
scaled signal

We display the background image B on the CRT monitor. Light rays start from
pixels B(s, t) in the background image, interact with the foreground object and
finally reach pixel C(x, y) in the recorded image plane. The goal of environment
matting is to compute the inverse mapping of this process, i.e. to find the
mapping from C(x, y)
to B(s, t). It is noteworthy that the mapping can be one-to many.

We regard each pixel in the background image as a signal emitter. Recorded
images are stacked in time order and the pixel intensities are interpreted as



signals in this “time” axis.

Signal pattern in C(x,y) and its frequency components.

Results: refraction Results: color dispersion

frequency-based photograph frequency-based photograph

environment matting environment matting
Results: oriented Results: oriented
frequency-based photograph frequency-based photograph
environment matting environment matting

Wavelet environment matting

M= 1% EEE
T EHEE-

An overview of the wavelet environment matting algorithm.




initialize error—tree }

'

{ choose wavelet with

lowest level

generate wavelet
. : g
pattern and emit

record photograph

LY A
s * ™)
compute contribution exit feedback loop
to scene illumination TS stop condition is met
p ¢ v
' N Ty

store in error—tree

'

search error—tree for

next wavelet to emit

C=J.WB =ijal~Bl- :ZaijWBi =Zal~Cl~

%F—tﬁffp I 5 2R = fr v weighting function




a is reference image, b is 1200 basis image.

Results: number of basis images

reference image 1200 basis
images

a b c
hn - _ N I

a is reference image, b is 1000 Haar patterns, c is 1000 Daubechies (9,7)




patterns

Diffuse material

A scene containing colored cubes placed on a diffuse surface. The scene,

composited with a low frequency plasma backdrop, is shown in figure b. A
reference image is shown in figure a. In figure c, d and f the same scene is
composited with different backdrops containing a white square at different

locations (respectively located on the left, middle and right).

Image-based environment matting
FIH Y &Y image if)i= false peak

Input image Iy

Background By

Correlation
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Cumulative

The query pixel is marked with a white cross. Each column corresponds to a
new image pair. The first two rows show measured foreground /t and
registered background Bt. The white smudge on the background images is an
area where no background color could be computed, as it was always
occluded by the magnifying glass. The third row shows the receptive field r(u, v)
of the output pixel, computed from just that view pair. The fourth row shows a
cross-section through the receptive field. It can be seen that a single image
does not constrain r(u, v) very tightly — the curves are far from unimodal. The
red curves in the fifth row, on the other hand, show the normalized cumulative
products of the preview curves. These represent the integrated receptive fields,
and show that the erroneous peaks in the distribution are quickly eroded as
more images are added. Furthermore, the finally accepted peak does not
necessarily correspond to a maximum in any individual image.

2 4 8 16 32
2 4 8 16 32

Refining receptive fields for a single output pixel. The receptive field r(u, v) for

a single (x, y) pixel as more views are added. After the first pair, the receptive
field is far from accurate, with many false maxima (dark regions). As more
views are integrated, the estimate is progressively refined. (Top row): intensity
map—dark pixels have higher weights. (Bottom row): surface plot.



Results Results

Comparisons

asymptotic #  typical # S )
category | method . . weighting function materials
of images of images

RTEM 1 1 warping function colorless, specularly refractive
HEM O(log k) 20 box filter refraction, translucency, highly
specular, color transparency
s — .
GEM O(k) 600 sum of Gaussians LO]O.r dispersion, multiple .
mappings and glossy reflection
active product of two . .
FBEM O(k) 1,200 ) functions -multiple mappings

WEM O(k?) 1,200 object images +diffuse reflection

. IBEM N/A 40 probability map  colorless, specularly refractive
passive

ROEM N/A 200 warping function colorless, specularly refractive
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