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Particle Swarm Optimization Algorithms for Fundamental

Matrix Estimation

Abstract

Fundamental matrix is a very important parameter in image processing. In
corresponding point determination, coordinate system conversion, as well as
three-dimensional model reconstruction, etc., fundamental matrix always plays an
important role. Hence, obtaining an accurate fundamental matrix becomes one of the

most important issues in image processing.

In this paper, we present a mechanism that uses the concept of Particle Swarm
Optimization (PSO) to find fundamental matrix. Our approach not only can improve

the accuracy of the fundamental matrix but also can reduce computation costs.

After using Scale-Invariant Feature Transform (SIFT) to get a large number of
corresponding points from the multi-view images, we choose a set of eight
corresponding points, based on the image resolutions, grouping principles, together
with random sampling, as our initial starting points for PSO. Least Median of Squares
(LMedS) is used in estimating the initial fitness value as well as the minimal number
of iterations in PSO. The fundamental matrix can then be computed using the PSO

algorithm.



We use different objects to illustrate our mechanism and compare the results
obtained by using PSO and using LMedS. The experimental results show that, if we
use the same number of iterations in the experiments, the fundamental matrix
computed by the PSO method have better estimated average error than that computed
by the LMedS method. Also, the PSO method takes about one-eighth of the time

required for the LMedS method in these computations.

Keywords: Image processing, fundamental matrix, PSO, Least Median of Squares.
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o RE R T EDEDER S E(VaVy)

ﬁ;?\l M ERMFE L R £ (Vxi, Vyi)

1. if (Vxi > Vimax) then ty = Vimay / Vi
else iIf (Vxi < Vmin) then ty = Vpin / Vyi
elsety=1

2. if (Vyi > Vima) then ty = Vinax / Vyi
else if (Vyi < Vmin) then ty = Vimin / Vyi
elsety=1

3. tmin = min(ty, ty)

Vi = Vi * tmin

Vyi = Vi * tmin
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Q(xX, ;)= Ax’ +2BxY, +Cy; > +2Dx, + 2Ey, + F =0 (4.2)
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&3V 430

Q(X.¥:)= A(x?—y*)+2Bxy, +2Dx, + 2Ey, + F =—y;’ (4.3)
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<+ 10 713.37 0.772005
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3 % | 44 fitness | &t fitness
F+ 1 149.632 0.578291
o+ 2 638.63 0.427444
F+ 3 564.287 0.993407
B+ 4 447.188 0.776515
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3 % | 44 fitness | &t fitness
F+ 1 442915 0.529885
o+ 2 303.232 0.946604
o+ 3 293.222 0.667126
B+ 4 622.15 0.399617
.+ 5 317.972 0.877642
3+ 6 220.954 0.76358
o+ 7 425.336 0.464154
#+ 8 379.04 0.96982
e+ 9 605.182 0.266683
#+ 10 953.246 0.568593
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Particle(i,14) x2+.. +Particle(i,18) = 0
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Particle(i, 14) x>+, +Particle(i,18) = 0

8 T T
6+ 81 86 i
82
4
76 6B m
&ﬁ ?Q(e gy
89 iﬁﬁ A,
E o7 6
me 80 85 - 73 g0 A
6188° 78
68 !
7
67 ¢
> 0F 69
98
88 82 64
b 20
-2F s 91 43
8 a2
q ; :
-4 s 58 0 &7
o3 L'y 74
77 400
94 o6
75
e 72 .
.8 1 1 1
-8 6 4 2 0 2 4 6 8

i
4

W57 R ds B A @- A b)E s O824 75

5.2.2 ¥+ Gbest Jz &

R § 5F T g ¢ ch fitness & 437 » 2 e

s
-_
px

N
ED

&
ot
g
—=\
)
T\4

MoK (iR

11 2
PE R S EAIY &S P ha BB S{r Gbest e BB E Dk

—\
P

M

3851 F it E o

6
convergence = Z\/( Particle, —Gbest, )2 (5.1)
N=1

# ¢ Particlej 7% S BT B NELZTS SBLKBIE cLTAPIE

ST aciE o & F A P T ac iE convergence B3 AL{S 0 U TSP Bk o

57



convergence €<12.25
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Particle(i,14) x%+.. +Particle(i,18) = 0
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Particle(i,14) x2+.. +Particle(i,18) = 0
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convergence £<7.35

Particle(i,14) x2+.. +Particle(i,18) = 0
8 T T T T T T T

> 0

2k

Particle(i,14) x2+.. +Particle(i,18) = 0

T T T

2f

oo R - _/6_3 Af 1
4 & Sqpwter ®

(b)

61




Particle(i,14) x2+.. +Particle(i,18) = 0
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Particle(i,14) x2+.. +Particle(i,18) = 0
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