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Abstract

A snake is an energy-minimizing spline guided by external constraint forces and influenced by image
forces that pull it toward features such as lines and edges. Snakes are active contour models: they lock
onto nearby edges, localizing them accurately. Scale-space continuation can be used to enlarge the cap-
ture region surrounding a feature. Snakes provide a unified account of a number of visual problems, in-
cluding detection of edges, lines, and subjective contours; motion tracking; and stereo matching. We
have used snakes successfully for interactive interpretation, in which user-imposed constraint forces
guide the snake near features of interest.
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Initialization

1. Use ginput function to pick initial
contour points

2. Use spline function to interpolate
with a spline curve
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Energy formulation

1. Internal energy

Eine = (a(s)[vs(s)|* + B(s)|vis(s)])/2

2. Image energy

Eimage = wlineEline = wedgeEedge

3. Constraint energy




Energy formulation

1. Internal energy

Eine = (a(s)[vs(s)|* + B(s)|vis(s)])/2

2. Image energy
Eimage = wlineEline = wedgeEedge E

. = Eimage + Econ
3. Constraint energy




Problem formulation

Minimize
1
E:‘nake = f Esnake(v(s)) dS
0

= [ En(s) 4 Eui(v(s)) ds




Discrete Representation

Minimize
1
E:‘nake = f Esnake(v(s)) dS
0

= [ En(s) 4 Eui(v(s)) ds

E::mke = Zl Eint(i) + Eext(i)




Discrete Representation

Minimize

E:;lakc = Zl Eint(i) + Eext(i)

Ein = (a(s)[vi(s)]* + B(s)Ivisl(s)]?)/2

finite differences

ﬁ Ei, (i) =alv,— vi—l|2/2

+p |Vi—1 — 2%+ Vi+1|2/2
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Discrete Representation

Minimize
Esa:lakc - i Eint(i) T Eext(i)
i =1

b Z alv; = vi |72 + Blviei — 29, + v [*/2+ E (i)
i =1

aE :nake
ov.

i ' AV = Vi) — & (Vgr— V)
+ BlVia— 2vi + V] — 2B [viey — 2v; + vl

+ BV = 2Vie1 + Vio] + (£(0), £,(i)) = 0

aEeXt aEeXt
\( dx, 0y, j
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Rearrange terms

(v, = Vo)) —a (Vg — V)
+ Blviea = 2vio, +v)] — 2B [vi; — 2v; + v, ]
+ B IVi = 2Vier + Vs + (£(0),£(D) =0

. 4

:BVi—z T (—OC o 4ﬁ)vi_1
+(2a+6B)v,

+ (—OC o 4:B)Vi+1 + :BVi+2 + (fx (i)»fy (l)) =0
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Write In matrix form

ﬁvi—Z + (—OC o 413)‘71'—1
+(2a+6B)v,

+(_05 - 4ﬁ)vi+1 +ﬁvi+2 +(fx (i)’fy(i)) =0

. 4

Ax + f (x,y) =0
Ay + f(x,y) =0




- 200+68

—a—-4p

p
0

0

p

I —a—-4p

Matrix A

Ax + f (x,y) =0
Bvis+(-o=4B)v,, Ay + f,(x,y) =0
+(2a+6B)v,

+(_05 - 4ﬁ)vi+1 +ﬁvi+2 +(fx (i)’fy(i)) =0

. 4

—a-48 B 0 0 0 B —a-4f
200+68 —o—48 B 0 0 0 p
—o—4B 20+6B —-o-4p B 0 0 0

B —o—4B 20+6B8 —-o-4p B 0 0

0 B —o—4B 20+6B —-o—-4B --- 0 0

0 0 0 0 0 - 20+68 -0—4p

B 0 0 0 0 o —a—4B 20+6
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Matrix A

Ax + f (x,y) =0

pv_, +(—0¢—4,3)V0 Ay + f(x,y) =0
+(2a+6B)v, y
(—o—4B)v, + Bvy+(£,(i). £, (i) =0

i=1:] 20+68 —o—4p p 0 0 0 p ~o-4f
—a—4B 20+68 —0—48  J 0 0 0 P
B —a-4B 20+68 -a-48 P 0 0 0
0 B —o-4B 2a+6B8 -a-48 B 0 0
0 0 B —a-4p 20+6f -a-4f -+ 0 0
i 0 0 0 0 0 o 200+68 —oa—-4p
—a—-4p B 0 0 0 0 - —a-48 20+6f
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Matrix A

Py, + (_05 — 4ﬁ)vn
+(2a+6B)v,

+(—a—4B)v,+PBv,+

. 4

1. Snake iIs circular!

- 20+68 —a—4p

 200+68 —0—4B B 0 0 0
—o—-4B 20+6B —-o-4p B 0 0
B —o—4B 20+6B —-o-4p B 0
0 B —o—4B 20+6B8 —-o-4p B

0 0 B —o—4B 20+6B —-o—-4B ---
i 0 0 0 0 0
—a—-48 B 0 0 0 0

Ax + f (x,y) =0
Ay + f(x,y) =0

-a—-4p ]
p

0
0
0

- O O O O™

- —o—4B 20+6p
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Matrix A

ﬁvi—Z + (—OC o 413)‘71'—1
+(2a+6B)v,

Ax + f (x,y) =0
Ay + f(x,y) =0

+(_05 - 4ﬁ)vi+1 +ﬁvi+2 +(fx (i)’fy(i)) =0

2. Use circshift function! ‘

- 20+68 —a—4p

 200+68 —0—4B B 0 0 0
—o—-4B 20+6B —-o-4p B 0 0
B —o—4B 20+6B —-o-4p B 0
0 B —o—4B 20+6B8 —-o-4p B

0 0 B —o—4B 20+6B —-o—-4B ---
i 0 0 0 0 0
—a—-48 B 0 0 0 0

-a—-4p ]
p

0
0
0

- O O O O™

- —o—4B 20+6p
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Solve equations

Ax + f (x,y) =0
Ay + f(x,y) =0




Solve equations

Ax + f (x,y) =0
Ay + f(x,y) =0

g

Axl 25 fx(xt—h YI—l) == _Y(xl T x:—l)
Ay, + fy(xt—la yl—l) = _Y(yt o yt—l)
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Solve equations

Ax + f (x,y) =0
Ay + f(x,y) =0

g

Axl 2z fx(xt—h YI—l) == _Y(xl _ xl—l)
Ay, + £,(X,-1, ¥,-1) = —Y(Y, — ¥i-1)
Use LU

decomposition

if needed! X, = (A + yD7'(yx—; — f.(x,-1, vi2)))
Y. T (A s = YI)_I(Yyt-l — fy(xt-la yt—l))
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Solve equations

Ax + f (x,y) =0
Ay + f(x,y) =0

g

Axl 2z fx(xt—h YI—l) = _Y(xl _ xl—l)
Ay, + f(X,- 1, y-1) = —v(Y, — Yio1)

\ 4

X, = (A + YI)—I(Yx:—l T fx(xt—la yl—l))
Y. T (A s = YI)_I(Yyt-l — fy(xt-la yt—l))

Use interp2
function
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Last

1. Don’t forget to smooth images to
enlarge “potential field”

2. Start with a simple case first

3. Snake needs parameter adjustment




Codes that we used in the

discussion session

clc;
clear all;
close all;

img = imread('lena.jpg');
figure;

imshow(img);

hold on;

button = 1;

n=0;

while button ==
[xi,yi,button] = ginput(1);
plot(xi,yi,'go")
n=n+1;
xy(:,n) = [xi;yi];

end

n=n+1;
xy(:,n) = [xy(1,1);xy(2,1)];

% Original curve
Xys = Xy;

xs = xys(1,:);
ys = Xys(2,);

hold on;
plot(xs, ys, 'r-");

% Interpolate with a spline curve
t=1:n;

ts=1:0.1: n;

xys = spline(t,xy,ts);

xs = xys(1,
ys = xys(2,

)
)

hold on;
plot(xs, ys, 'b-');
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Codes that we used in the
discussion session

% Read multiple images from a folder

srcFiles = dir('/Winter 2015/liptracking2/*.jpg');
fori=1:length(srcFiles)
filename = strcat('/Winter 2015/liptracking2/',srcFiles(i).name);

| = imread(filename);
end
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