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Algorithm 1: Content-Aware Bounded Biharmonic Weights

Function computeLM((2)

Inputs:
Is € R¥*M3  source LAB image
Rs € R¥t*"  ROI image
m number of weights
Outputs:
wi € R k=1,...,m weight functions,

m = #independently moving
pieces between source and target

// seed selection
G < gradient_magnitude(I,) + gradient_magnitude(Rs == 0)
// blur gradient
fort=1,...,5do
| G <+ G+ conv(G, gaussian_kernel(c ~ 9))
end
confidence image C' < R, .* (1 — G)
handles H < {}
fork=1,...,mdo
H + H Uargmax C(p)
P

C + C — gaussian_kernel(y = p,o =
end

|Rs > 0]/ (wm))

// weight computation
Q < triangulate(Rs > 0)
for v € Q2 do
‘ V= (957%5[5(337%1)7315(557.%2)7515(%?/73))
end
// Compute @
(L, M)=22(Y)
Q«— LM 'L
fork=1,...,mdo
Solve using MOSEK:

/s~ 16

: T
argmin Wi Qwg
Wi

{=1,...,m

Vp € Q

subject to: Wk|H£ = Oke

end
// enforce partition of unity
fork=1,...,mdo

" )

Vp e
we(p) P

end

// Compute L and M, for given mesh )
for Triangle (i, 7, k) in Q do
lig < lvi = vjll, Lk < llvi — vl
r < 2 (Lij + Lk + lki)
Aijie = /r(r = i) (r = L) (r — lii)
Cotj < % (l?k + 1 — l?j) [ Aijk
cotjk = 3 (I + 1 — 1a) [ Aijw
v 172 2 2 ”

Cotg; < 7 (llﬂ + ljk‘ - lkq) /A'L]k
for each of 6 permutations (a, b, c) of (i, 7, k) do
L(a,b) < L(a,b) — 0.5 * cotay
L(a,a) < L(a,a) + 0.5 * cotap
if cot;; > 0 and cotj; > 0 and cotg; > 0 then

| M(a,a) < M(a,a) + %12, cotas
else

lki = [V — vill
// semi-perimeter

// area

1 .
LA if cotpe >0
M(a, a) « M(a,a) + 4 574k i cotie =
1Ak

otherwise

end

end
end
return (L, M)

Algorithm 2: Initialization

Inputs:
I € Rwxhx3 source RGB image
I, € Rwexhexs target RGB image
R, € R¥*h ROI image
wi € R¥*" k=1,...,m weight functions
Outputs:

TIS €R?>*3 k=1,...,m affine transformations

// SIFT points
// other feature point detectors should produce similar results

S, < SIFT(I, | Ry > 0)
S, « SIFT(Iy)

(Ms, M) < match(Ss, St)
T <+ delaunay (M)
remove nodes from 7~ with triangle flips in 7 (M)
compute piecewise affine map Mgy : T (M) — T (My)
compute global affine map A using RANSAC on (M., M)

// cv::FeatureDetector
// cv::FeatureDetector
// ratio test (0.8) + mutually best

Solve // cv:isolve, v =~ 0.1
argmin = Ry(p)|[Msir(p) — > wi(p)Tip|* +
TP, k=1,...,m peT =1

7Y Ri(p)llAp - Zune(p)Tz?pH2

p€Els




Algorithm 3: Warp Optimization in LBS Subspace

Inputs:
I, € R3wh source RGB image vectors
I, € R3wtht target RGB image vectors
wik € R®" k=1,...,m weight functions
TP eRC, k=1,...,m initial affine transformations
Outputs:
M : Rs — I;  warp from ROI to target
a,be R™ appearance parameters

// precomputation for warp
G € R®" < gradient(I,)  / color gradient images in x and y
// compute Jacobian
J c RGthGm —0
fork=1,...,mdo
. z 0 0 1
J(]ak): ( 0 = ?(J) y 0 )'LUk(pj), ij €l
J(j + 2wh k) = J(G + wh, k) = J(j, k)
end
// basic steepest descent images for each color channel

SD € R3“h*6™ |SD(i, k) = G(2i — 1: 20)TJ(2i — 1: 24, k)
// Block Hessians H; € R™*%™ with 10 x 10 blocks B;.

// N; = 3(# pizels) and L = # blocks

Hi > SD(j,:)"SD(j,:),i=1,...,L

T T2, k=1,....,m // initial warp parameters

p;€B;

// precomputation for appearance
A e R A(LK) = ((wetL wi ) // appearances

// Block appearance Hessians HE € R5™*6™
// same blocks as in the block Hessians

Hf =%, cp, AUG)TAG,), i=1,...,L

A+0 // initial appearance parameters
// Main loop
repeat
Z < backwards_warp([¢, M)
E+—7Z—-1,— Zf;"l XiAi(:, 1) // difference image
R = ¢ (E(p)?) // robustness image

@ +— (X pen,; (P))/Ni // average block robusmess values

Hy «+ Zle @5 HY  // update robust appearance Hessians

AX + H\ [AT(R*E)] // solve linear system
A A+AX // update Appearance parameters
E< Z—1I,— 32" XNiAi(:,i)  / update difference image
R = ¢'(E(p)?) // update robustness image
@+ (X pen,; (P))/Ni // average block robusmess values
Hy < ZiL:1 ¢ H; // update robust Hessian
ATy, k=1,...,m+ Hy\ [SD" (R*E)]

// Update warp

M(p) « S0 we(p)Tk (AT:) ' p, Vp € I
untile > |[ATy|, k=1,...,m

// Appearance (gain and bias) parameters
a=A(1:2:end—-1)

b=X(2:2:end)




