Image Decomposition using Geometric Region Colour Unmixing
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Figure 1: Left: input image with palette generated using our palette estimation step; Middle: the layers generated using our
image decomposition method; Right: Some recolouring and compositing results achieved using our layers.
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Figure 2: For simplicity, here we consider a palette with 4 colours only. (a) shows the tetrahedon t created by the Delaunay
triangulation with vertices {v;} = {x;} and boundary faces fi, f, f, o with normal vectors n/i. For the face fi, (b) and (c) show
the planes p1, p , p and p4 that bound the region perpendicular to fi. In (d), the regions we consider for faces fi, f and f are
marked in green yellow and blue. / Y
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Figure 3: For a colour ¢/ that lies in the region perpendicular to fi, (a) &/ is the projection of ¢/ onto fi. (b) Barycentric co-
ordinates {w;} are then computed for &/ with respect to {v;}. (c) The vertices {v;} are translated to {V;} and the barycentric
coordinates {w;} now relate to ¢/ and {vi}.
/ yd
™ // ’ / ye
ayd .
/
/
2 / /
Y. = / C RS
v P2 &
() ) 0) )
Figure 4: For the edge e = [vyv ], (a) highlights the planes p; and p , and (b) highlights p and p4. (c) depicts the region bounded
by these planes and any colours here are denoted c®. In (d), the projection of c® onto p and p4 create ¢{ and ¢°.
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Figure 5: For the vertex v , (a) highlights the plane p1, (b) highlight p , (c) highlights p , and (d) the region bounded by these
planes.



Image Decomposition using Geometric Region Colour Unmixing

T speusr g g ®»gur  r ars ¢
m srg ® fim T W we ows sop =1
» wm=x; T x =« S UrS T WA W W » au

3.6 Overlap and Consistency between regions

wurs » e frmrg ms m
ng rXrg ™ P W wrws X mr X ®m s
» WP SWEP S WSAX S WSS M P WWNL Mg ¥ SS
rg ™ wwm o r s Sx WP wrs » »
wex aw  Tr wgu O nS X »
» w » wrs (s mS mo) s
rg WPpIPWM W x s m(snwmS o)
[ s P S mw s rse m »
ng wRwm » urs S W » X mmzrx Xoomr
¥® S S rp WS wmg W x rmm
T s ®mss w X¥SSXrg ® MW X S NSHr S x
r® S MMM SN ap s W wrs s
g rw rss ffrm ps rg mswm G sp
3.7 Edges of the RGB cube
mS R 0SS oo wreP  swmox s G
.1 an  wsl4 wm x x wrs  mg ws
G sp T r x » s rowm s
ssu T r s m x wrs {u;}ti=1.m RS WU
s G w firs xp ws u; 1 r
1w # s m w »/r mg x
rwp {u;} wewma (s g () r s r WS
s {uj} s »/x mg e M m WS
» arc?  w wru; swopp WS G
W wrwg  Ss P r fim ujs ® s »ow
—
®» 1S » » G w worow r clu;
T s wsar s » ®»/r wg s » ncP(s g
()% {w} m r g P ows{@dimn v
rowmr rwm s cf rsp {w;} {uw}
n au w1 suws v {ai}i=,
s ww X X Sa SS® wem wrs
» we r G w wswg wms/r wg s(g
() ®s/r mg swaws W W wr el w ng ®
wmx Gsp T x r x wrs cP
r s G w we r ( ws> . xr< )
x ¥ WS wNg W X Ne ws 1w »r S
r o sq{u} s c? = LI R G
we x wm wwgcP (s g ()T s wmsurs s
ars r o wewa su  Ssw
4 PALETTE ESTIMATION
BoORpE Rg Sk » wrs roowr X i)
ms g nm s mg S [ vIm x »
sl sm e S sw » sz w r s
& » urs ue S WSS wr wa
s w nen x » xs s sp
» xs xs  sp x s S rp S W mu
s®m ws(s "g )T s s wu X S
» PsS w » wrs o G sp »
»Ss x x xox "wm X Ngh »
s T r x x fl re x swa mox
we sr g S W P ws rss rs(s S w4

CVMP 20, December 7-8, 2020, Virtual Event, United Kingdom

Twa X ) rox spowrp s m W
I T ) x ns ® s wm[ s
» rfimmm s p

w = 8
P

=t

4.1 Initial Palette

S wm wmg P s [ 17] ss » P
rprswm  ms x rP
ST pr s M wurs m » s [ s 1]
x s wpe wgrP) T nws  gr r s m
wurs » e ®x » sw U~

wpu rprsw wms xorP

=
=

e
=
»n
L]
—

» x fim msuxr

=t
2

&
w
L5}
-

w
! ! MR R ww e ¥ ® W or s
S gr r oW s sy 1.t »

4.2 Palette Refinement

4.2.1 Removing nearby colours. we ny wurs

)

s &
T s wss »

rm G sp rosm X O S
WS XSS xS ne qu
oW r RSP T oW P eau r W
mn7g )T SS r Wmg r m firs wr
nop wurs x s ( »
»n G sp X wr s xr W
1) s r wg firs » wr nsur
»r » wrs m N g € S ppr x

]

g
m';—\

4.2.2  Removing flat tetrahedra. * x x r s
romr P WX Wrsh W g S RN NM SW® P
WS xss s T x «x X »oxp wrs
ww (rmox noxoup e
m T sm » wr ss m
r W M R WS SW we ® o ssawp m[ wz omow
T wm s s s wr s wnwa » wrs
wrs S m wa hy
s ®m ox rm wrs » s wewm
X pr s m R
s s » x r®mSss m s fl »y
s rms MW s urs m r »

s / x ssa s s mY%g  wm
x s mS X W mSHXS W WP
rg WSW ¥ /
s s W] s rom
S srfimmms ps » rm nowpr oW
urs r oW » » s r swa x
S S wsur s S » wrs xr sr @
» »n G sp rowr x ®p s mwm

5 LAYER FILTERING

wg wr g sw X ss
s M WSS W S W X

X Wrs



CVMP 20, December 7-8, 2020, Virtual Event, United Kingdom

@

u; T
u;
u; uz & us
P — of
u; u;

Grogan and Smolic

l

©

Figure 6: Steps followed when a pixel colour ¢/ lies close to the RGB cube boundary. (a) Any layer colours {u;} outside the
RGB cube are scaled to lie inside it. If ¢/ now lies on the new triangle, ¢/ is unmixed by computing its barycentric coordinates
with respect to the new {u;}. (b) If ¢/ does not lie on the triangle after scaling, {u;} are translated so that they contain oSIf
the translated points u; are mapped outside of the RGB cube, they are shifted so that they are within it.(c) If the colour ¢/ is
on the RGB boundary, nearby {u;} are first translated so that they lie on the same plane as .

Figure 7: Rows 1-2: Input image and layers generated using
our layer decomposition. The palette was extracted using
the method in [Aksoy et al. 2017]. Row 3: Close up of layers
show blocky discontinuities. Close ups are on white back-
grounds for clarity.
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Figure 8: Images with palettes generated by our palette esti-
mation method before (top) and after refinement (bottom).
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Figure 9: Our layers before (top) and after filtering (bottom).
A close up of one of the layers is shown in red on the right.
Zoom in to see quantisation artifacts.
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Figure 10: Palettes generated by our approach, Aksoy et al. [2017], Tan et al. [2018] and Chang et al. [2015].

Figure 11: Colours of the layers created for an image using
Aksoy et al’s method (top) and our method (bottom). Pixels
with an alpha value of zeros are shown in black since their
colours do not matter. The variance of colours in the layers
created using our approach is very similar, if not more com-
pact, than those created using Aksoy et al’s method.
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Table 1: Here we present the results of each method with
respect to the three metrics used to assess layer quality.
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Figure 12: Here, we show the reliance of Aksoy et al. [2017]
on heavy filtering to remove strong changes in the alpha
channels of their initial layer estimation step. In contrast,
our layers are smooth before filtering is applied.
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Figure 13: Computation times of our method (red), ver-
sus Tan et al. [2018] (black) and Aksoy et al. [2017](blue).
Left: Time taken for each method using different input im-
age sizes; Right: Time taken for each method decomposing
images with different palette sizes.

» &r m X sr ma " » ux g s ®m
nopp Orow rs W s(s Tgi1 rogr W
we »r rw() » () » »® 1S

& W rpm W) [ s 1] s sgw
x g P RS W sm seff r xma s ssa Tw

ST Su SS sw ¥ wr wg s wrs(s “gl1) w
o wr WS X SP XS mST WS r WS ssu
swm r s [ 1]

Figure 14: Input images (top row) with recolouring (columns
1-2) and compositing results (column 3) using our layers.
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Figure 15: Keying results of our method, Aksoy et al. [2017]
and Tan et al. [2018]. Input image is shown at top of Fig. 16.
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Figure 16: Palettes and layers generated using the approaches of Aksoy et al. [2017] (left), Tan et al. [2018] (middle) and our
approach (right). Input images are shown at the top of the figure (including the input image used to generate results in Fig. 15).
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