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Traditional Snakes

e Active contours to detect outline in image |




Traditional Snakes

Contour
detection

e Energy functional of a traditional snake parameterized by q(s) = [u(s), v(s)]

1
:nake :/ Esnake (q(S)) ds
Jo

=.[0 Eun (a(s)) + Eex(a(s)) ds

e «a and p control parameters for amount of stretch and curvature

1
Eld = [ 5 (ald@I*+ 510 OI%) + Eas(a(s) ds

e Assume local minimum of E'in q to derive the Euler-Lagrange equation
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Traditional Snakes

Contour
detection

e Typical external energy E .. (q) = — |VI( )|
which points towards reglons of interest in image |
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Gradient Vector Flow

Contour
detection

e New external force field w(u,v) = [¢(u, v), ¥(u, v)]
which minimizes the functional

Elw] = // 1 (08 + op + 0+ v3) + [V 12w — Vf]? du dv

K smoothing term and edge map f derived from image

e GVF Snake
O:'q” . 'qu/ +w =0
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Gradient Vector Flow

detection
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Contour
detection

GVF-Snakes

e Solvefor -1 _,- 1 g~ 4
5% = %92  Paa TWa

with time-integration method

e |nitial contour
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Results

(d)t=10

(b)yt=1

(e) t =50

Contour
detection
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Contour
detection

(b) Angle 0 (c) Angle +1
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e Algorithm to detect outline

GV F_S Nna keS e Success ensured by initial

contour and preprocessing steps




Pinhole camera model O

virtual image plane

I ;\
focal length‘f\s




Pinhole camera model O

e Pointin camera reference frame;

r’ — [ I, ’ y/’ zl ] Virtli;tl image plane
3D Contour
Reconstruction

e Projection equations:

T
f — = U~ U
y O
Y
— =1 — 1
A

(up, Vo) center of image plane
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Pinhole camera model

e Pointin camera reference frame:

rl — [I,, yl’ 2/]

virtual image plane
L

3D Contour
Reconstruction

e Normalized image coordinates:

x' )2
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Two-view geometry

e Two camera’s aiming at the same point P
! ! !
r' = [2,y, 7]
I_II — [I-”, yl/* :N] 3D Contour

) Reconstruction
t — [tlv t‘Z? t'3]

r" = Rr' +t P
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Essential Matrix O

o r = Rr' +t |
Z”y” _ ::-'Ry' +t
0=(y")"EY
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Essential Matrix O

° r = Rr' +t |
Z”y” _ ::-'Ry' +t
0= (y\ By’ e (@)

e Where Eis a 3x3 matrix called the Essential Matrix defined by E = [t]« R |

0 —t3 t9
tx R = [t]xR, [t]x e i3 0 —1t O
—tz tl 0 |
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Essential Matrix

e Determine Efrom (y")IEy’ =0

o Ye=0 R nx9 matrix Y 3D Contour

Reconstruction

e Minimum of 8 point correspondences

e Find nullspace of Y using Singular Value Decomposition
U D, VI =svd(Y)
in column of V'




Point matching

3D Contour
Reconstruction

(a) Image and contour 1 (b) Image and contour 2




Point matching

e Rough alignment

3D Contour
Reconstruction

e Choose 8 random points on contour
and find the corresponding closest points

e Compute E and check
(y")'Ey' <¢

e Continue until satisfied




3D Contour reconstruction

e Obtain rotation and translation via another
Singular Value Decomposition of F

3D Contour

e Retrieve depth coordinate Reconstruction
y// — %I‘” — RI" +t

2 el (Rr' + t)
V' = RzZ'y' +t
ei (R2'y' + t)

yITRT (ylleél“ . I)T (y//eél“ . I) T
y/TRT (y//eg’ _ I)T (yneg’ _ I) Ry'

2= —
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3D Contour reconstruct

3D Contour
Reconstruction




3D Contour reconstruction
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https://docs.google.com/file/d/1yL_JmYcLfbvJ8fsrwNG-a64LdoXY0kCM/preview

x=-3.14622 ,y=0269611 ,2=-0.250866
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https://docs.google.com/file/d/1FvGKdtTJH8i8uYuWDvMP2hWvvIIqgxLA/preview

3D Contour reconstruction

0.30

1 97
0.25 %05 - ’# /Q\
Z) Ii\ﬁéi 4 \ g
] \ L \ ! 33
0.20 1.2;8/35 §12 \ ‘3/7485 "?_1447
r/ ﬂ

~n 015 A

/
/

S
»
%-h

0.10 1

0.05 A

0.00

0 50 100 150 200




Observation of growth

3D Contour
Reconstruction




Misalignment
o r'(r))=aRr(m)+t

e Alignment based solely on corner points 3D Contour

Reconstruction
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https://docs.google.com/file/d/1SA-NVq-Znehs_OYTIRJkQiB96chU-5w3/preview

Observation of growth

2.7 -26 _2‘5)( -24 -23 =22
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3D

Reconstruction

3D reconstruction up to scale
In camera reference frame

SVvD
Alignment of plant’s container
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Double Snakes

e Combine previous problems
e Evolve both snakes simultaneously and match points on contour

® Minimize the functional
1

I Tq . - N
Blyny) = [ |= Iyl + lysl?) + (||y 112 + ly212) + = (yZEy,)?| ds
/12 2

Double Snakes

8)’1 0%y 'y T
—a—— — 3 —F 'E F
dt x 092 (954 y2YZ ¥y + (Yl)

d)’z dz)’z 04Y2
dt dSz dS ylyl y2 + ()’2)




Convexity

e Whendoes (y")'Ey’ =0 hold?

e (y)'E=0
Ey'=0

The left and right nullspace of E

Double Snakes




Double Snakes

Simultaneously updating both
contours
Convexity of the essential matrix

39



Conclusion

e GVF-Snakes algorithm to detect contour
e 3D contour reconstruction up to scale
e Observation of growth due to alignment of plant’s container

e |[ntroduction of Double Snakes

Conclusion




Recommendations

e Stabilizing the estimation of the essential matrix
e More advanced camera model
e Improve alignment of plant’s container

e Explore convexity of the coplanarity constraint

Conclusion




Questions?



