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Figure 1: Vectorization Challenges. Noise (a) and spatially adja-
cent strokes (b) require fine tuning of threshold parameters in exist-
ing approaches. Even for clean, high resolution input images, the
superposition of strokes near junctions and sharp corners results in
inaccurate centerline placement (c). (Results of Adobe Live Trace
for different threshold settings shown in purple and green.)
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Figure 5: Local Ambiguity. A junction (a) and a stroke with vary-
ing thickness (b) cannot be distinguished by considering the local
appearance only (c).
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Figure 3: The gradient threshold € defines two bands of pixels with
opposite gradient directions.
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% x- and ¥- derivatives as the moving direction of each particle
index = subhZind(sizelM), v, xJ);
DY = Ig - circshift(lz, [1 0]);
D¥ = Ig - circshift (g, [0 1]1);

dv = double(DY¥(index));

dx = doubleiDX{index));

mag = sart (dy % dw + dv % dv) + 1e-10;
dy = dv ./ mag;

dx = dx ./ mag;

% Move each particle
subplot (3, 3, 4); plot (e, -v, 72705 pause(D.02);
for i = 1:40
% = max(l, min(x - dx % 0.1, size(M, 2)07);
v = max (1, min(y - dy * 0.1, size(M, 1)));
index = subZindisize(M), flooriv), floorix));
d = double(D¥{index)) .% dv + double(D¥({index)) .+ dx;
dv = dv % (0 < d);
dy = dy % (0 < d);
subplot (3, 3, 4); plot(x, -y, ".70; pause(0.02);
end
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¥ Wake the graph
% = onesisize(x, 1), sizelx, 110 % diag(x);

df = (X" - ¥);
Y = ones(sizelv, 1), sizely, 130 % diag(y);
df = (¥ - ¥);

D= di % dd + oY ¢ dY + evelsize(x, 1)) % let10; ¥ Distance natriz
8G = gparse(D . (D < radius™2)); ¥ Adiacency matrix
(R, G, ¥] = find(AG);
subplot €3, 3, 8) ¥line([x(C), «(R)], [-v(C), -w(RI]):
for i = lisizetR, 1) % This rendering is slow...

if Rii) < G(i)

line ([ (RCIDY, wiGCidd], [-w(RCiJ), -w(C(i)1]);

end
end
MST = zraphminspant ree(AG);
(R, C, W] = find(M3T);
subplot i3, 3, B); ¥linet[x(C), «(Ry], [-w(C), —w(RI]);
for i = l:isizefR, 1) % This rendering is slow...

line (LeRCIDD, w(CGia)], [-wiRCID), —w(CCiDITDS

end
¥ Cull leaves
AG = MST + MST’;
for § = 1:iteration
for i = 1:isizel(fG, 1)
if sumiD < AGCi, 1) <=1
AGLE, i) = 03
G, 1) = 0;
end
end

and



7\\77 D1E J'Jth 70N 0 ,%tfé:l%"f‘n@ Bf"léi\

e d) ED/—FZ=HAHEREEETHIR
— BIZEREXG D IEZHIFRT 5
. _UD(d) XL TCTEFIEZRITS

I’Cliu‘rd)‘tb\%mu =hTL%
h, BHEGEEIEEEELELT-

Pi < Pi ((C@ — pi) - ni)Tnij with

,andw; = e 202
Z Wy

C;, —



T 57D ERRGEBRDORRE

% Bmooth the zraph
for § = 1:ismoothlter

e
vE = v,
for i = lisize(dG, 1)

if 2 <= sumf{0 < AG(i, :))
F = findfdGCi, ));
%000 = mean(x20[F 11003
v (i) = meanty2 ([F i]1);
end
end
end
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% Modify junctions

BG2 = AG:
wd = ow;
w2 = w;

for i = lisize(hG, 1)
if sumid < AG(i, )} == 3

ro= 3;

E=[1;

Rmv = [1;

for j = 1:gizeiR, 1}
g = enrt ((x (R - =002 + (wiR{GDY - w(id)"2) - r:
bz osgrt (0e(CCid) - w0072 + (w(C0D) - (02720 - r;
i

fe<D &0t
E=1[Eil;

% Remove the edzes at R(j)I-C(J)
BE2(CCHY, REGIY = 0;
BEZCROGD, CCEIIY = O;

Rmw = [Amv R{i11;
end
and

% Remove the junction
while 0 < size(Rmv, 2)
Ry = [Rmy find (4G2 (Ruw (1), 1115
BGZ(Rmw (13, ) = 0;
BGE2C, Rmw (1)) = 0;
Rmy = Rmv(l, 2:end);

end
cog = [1s
far j = 1:size(E, 2}
el = E{il;
g2 = Elmod(j, size(E, 210 + 17;
cl = [u(Cleldd; vi(Cle1))];
r1 = [x(R{ell); v(R{e11)]1;
c2 = [u(Cle2)); yi(C(e2))];
r2 = [x(R{e2}); w(Rie2))];

cps = [el, rl + (rl - cl) %« rx 2, r2 + (r2 - c2) % r %2, c2];

end

ZLDOD.TEXZ

ces = [el, vl + (k1 -l 2 v e 2, r2 + (r2 - c2) % r % 2, c2];
cds = hezier([0:0.1:11, cps);
ChEC:, oy J) = cds;

end

minCurvature = 1;
for j = 1:sizeiCD5, 3)
curvature = 1;
for k = 1:size(CDS, 2) - 2
wl = [CDS(T, k, 005 COS(2, k, 0]
w2 = [CDECT, ko + 1, )5 CDSC2, k + 1, i)];
wd = [CDE(T, k + 2, j); CDS(2, k + 2, j);]

w12 = (w2 - w1l;
w12 = w12 / norm(w12);
w23 = (w3 - w2);
w23 = w23 / norm(w23);

curvature = min(curvature, dot (w12, ¥23));
end
if curvature < minCurvature
minCurvature = curvature;
minlndex = j;:
end
end

for j = 1:size(CDS, 3)
if I 7= minlndex

co= GEECHYY:

for k = 1:size(CDG, 2}
¥R = [x23 CDEO1, k, i01:
v = [v2; CDR(2. k, j)];
bGE(size(x?, 13, ) = 1;
LG2 0, sizelx?, 1]) = 1;
c = sizel(x?, 1);

end

end
end
eni
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