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Simulated Annealing Parameter Detection System for Object
Detection and Seismic Application
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Abstract

Simulated annealing is adopted to
detect the parameters of circles, ellipses, and
detect lines as asymptote of hyperbolas in
images and applied to seismic pattern
detection. We define the distance from a
point to a pattern such that the detection
becomes feasible. The proposed simulated
annealing parameter detection system has
the capability of searching a set of parameter
vectors with global minimal error with
respect to the input data. Based on the error
or energy, we propose a method to
determine the number of patterns.
Experiments on the detection of circles,
ellipses, and lines as asymptotes of
hyperbola in images are quite successful.
The results can  improve  image
interpretations and the system can be
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applied to seismic signal processing in the
future.

Keywords: simulated annealing,
optimization, neural network,
transform, seismic pattern.
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Fig. 1. Illustration of parameter learning.
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Fig. 2 shows the proposed detection
system. The detection system takes the N
data as the input, followed by the SA
parameter detection system to detect a set of
parameter vectors of K patterns. After
convergence, K patterns are recovered from

the detected parameter vectors.

SA parameter detection system consists
of two main parts: 1. definition of system
error (energy, distance); 2. SA algorithm for
determination of the parameter vectors with
minimum error. To obtain the system error,
we calculate the error or the distance from a
point to patterns, and combine the errors
from all points to patterns to be the system
error.

Any translated and rotated ellipse or
hyperbola in 2D space can be expressed by
the equation below:

al(x—m,)cos@+(y—m, )sin6]’ +

b[—(x—mx)sinc9+(y—m},)cost?]2 =f
Table 1 lists the relation between a, b, f, and

the graph. When an ellipse has the same a
and b, the graph represents as a circle.

(1)

Table 1 Relation between graph and a, b, f

in the equation.

a b f Graph
+ + + Ellipse
— — — Ellipse
+ — Asymptote
— + Asymptote

Detected parameters [P Detected K patterns

Fig. 2. The system overview.

The distance from a point X; = [x; y,»]T to
the kth pattern is defined as
dk ('xi ’yi) =
(al(x,~m, )cosf, + (3, -m ysing P+ (2
b,[~(x, —m; )sinG, +(y, —m, )cos, ]’ - f, |.
When a point is on any pattern we have d(x;,
yi) =0.

Error or distance from a point to the
patterns is defined as the geometric mean of
the distances from the point to all patterns.
The error of the ith point X; is



1
E =E(XX;)= [dl (X ), (X)-d (X;).d g (x[)]E (3)
where K is the total number of patterns. If
the point is on any pattern, the error of this
point will be zero.
The error or energy of the system is
defined as the average of the error of points,

1 N
EF=—)>» FE . 4
NZ (4)

The simulated annealing algorithm to detect
parameters is proposed below.

Algorithm: SA  algorithm to detect
parameter vectors of K patterns including
ellipses, circles, hyperbolas, and lines as
asymptotes.

Input: N points in an image. Set K as the
number of patterns.

Output: A set of detected K parameter
vectors.

Step 1: Initialization.

In the initial step ¢ = 1, choose 7(1) =
Tmax at high temperature, and define the
temperature decreasing function as 7(¢) =
Tinax % 0.98"

Initialize parameter vectors, p;, Pz, ...,
Px ..., Pk, where Pr= [mk,x, m .y, A, bk, Qk,
7", one p is for one pattern, and set P =

[pl; pZ: XT) pk: sy pK]
Calculate energy E(P) as (2), (3), and (4).

Step 2: Randomly change parameter vectors
and decide the new parameter vectors in
the one temperature.

For m =1 to Nt (Nt trials in a
temperature)

For £ =1 to K (k is the index of the
pattern)

Start a trial, including steps (a), (b), (c),
and (d) in the following.

(a)  Randomly change the center of the
kth pattern:

[m,k,x m,k,y]T =[m,_, mk,y]T +a,n

where n = [n; l’lg]T is a 2 x 1 random
vector, n; and n, are Gaussian random
variables with N0, 1) and a, is a
constant. Now, p’x = [m sy, m iy, ax, bi,
Qk,fk]T, and P’ = [p], P2, ..., p'k, ceey pK]

Calculate the new energy E(P’) from N
points to K patterns. Using Metropolis
criterion decides whether or not to accept
P’: If the new energy is less than or equal
to the original one, AE = E(P’) - E(P) <0,
accept P'. Otherwise, the new energy is
higher than the original one, AE = E(P’) -
E(P) > 0. In this case, compute the
probability prob = exp[-AE/T(f)]. We
generate a random number x uniformly
distributed over (0, 1). If prob > x, accept
P’; otherwise, reject it, and keep P.

(b) Randomly change the shape
parameters:

[ak'bk']r =[a, bk]T +a,n

and normalize it by /| a,'b,'|, where n =

[n; I’lg]T 1s a 2 x 1 random vector, n; and
n, are Gaussian random variables with
N(0, 1) and a, is a constant. Now, pi’ =
[ My, ai's by O £i', and P' = [py,
P2, ..., pk', ey pK]

Similar to Step 2(a), calculate the new
energy E(P’) from N points to K patterns.
Using Metropolis  criterion  decides
whether or not to accept P’.

(c)  Randomly change the angle:
0'.=0, +a,n

where n is a Gaussian random variable
with N(0, 1) and apis a constant. Here,
the angle is in degree. Now, Py’ = [myy,
Miys a bis Of, fil", and P’ = [py, P2, ...,
P, ..., Px]-

Similar to Step 2(a), calculate the new
energy E(P') from N points to K patterns.
Using Metropolis  criterion decides
whether or not to accept P'.

(d)  Randomly change the size:
Se=1 +af”|

where n is a Gaussian random variable
with N(0, 1) and oy is a constant. Now, p;/
= [Mpxs Myyy ar, br, Or, fi']7, and P’ = [py,
P2, ..., pk', ey pK]

Similar to Step 2(a), calculate the new
energy E(P') from N points to K patterns.
Using Metropolis criterion  decides



whether or not to accept P'.
End for k&
End for m

Step 3: Cool the System.
Decrease temperature 7" according to the
cooling function, 7(f) = Tiax x 0.98“",
for t = 1, 2, 3, ..., to the next cooling
cycle and repeat Step 2 and 3 until the
temperature is low enough, for examples,
repeat 500 times.

(b) Experimental Results

The detection system is applied to detect
the lines, circles and ellipses in the image.
The image size is 50x50. Each pattern has
50 points. Data are disturbed by Gaussian
noise with zero mean and variance is 0.5,
N0, 0.5) x N(0, 0.5).

In initial stage, m, and m, are randomly
distributed over (0, 50), i, =0, ar =1, by =1,
and 6, = 0. The cooling function is 7(¢) =
Tinax % 0.98Y, for =1, 2, 3, ..., with a high
enough temperature, 7. = 500. We have
100 trials in one temperature. The
temperature decreases 500 times to 7 =
0.0209, and this temperature is low enough.

Set constants, a,, = 1, awy = 1, ag = 2, and ar

=2.

Fig. 3-Fig. 6 show the detection results.
Table 2-5 list the ideal and detected
parameters in each figure. The results are
quite successful.
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Fig. 3. Detection of two ellipses, K = 2.

Table 2 Detected parameters in Fig. 3.

my m, a b 7 f

151

Ideal ellipse 25 25 25 04 10 121

t nd
parameters 2 30 30 2 05 0 64

ellipse
15[

bewcted  allipse 253 246 24 04 118 1188
nd

parameters 2 300 349 21 05 02 64
ellipse

%5 e 15 2 2 M 35 40 45 50

Fig. 4. Detection of a circle and an ellipse, K
=2.

Table 3 Detected parameters in Fig. 4.

my m, a b 0 f
15[
Ideal circle 2 2 ! ! 0 400

nd

parameters 2 ‘ 25 ) 05 0 225
ellipse
I -28.
. 24. 25. . 1. 403.

Detected circle ? 3009 0 7 038
nd

parameters 2% 252 250 20 05 -1.8 299
ellipse

a 5 10 15 20 2 0 k-7 ] a5 50

Fig. 5. Detection of three circles, K = 3.



Table 4 Detected parameters in Fig. 5.

my m, a b 0 S
st
I 35 10 1 1 0 100
circle
nd
[deal 2 40 40 1 1 0 100
parameters  circle
rd
> 10 25 1 1 0 144
circle
st
I 348 101 09 1.0 238  99.6
circle
nd
Detected 2 400 396 09 1.0 70 1002
parameters circle
3rd

. 98 250 1.0 1.0 47 144.5
circle

5 15

Flg 6. Detectlon of 2 lines, K = 2.

ZD 25 30 35 40 15 50

Table 5 Detected parameters in Fig. 6.

1st

Ideal . y=2x+10
rameter line
pa 2nd
s . x=x-10
line
my m, a b % f
Detected 11;2 254 157 -07 1.5 258  O(preset)
parameter >nd
s . 7.68 254 -0.6 1.8 213  O(preset)
line
(2) e

We propose a system that adopts the
simulated annealing algorithm to detect
patterns such as lines, circles, and ellipses
by finding their parameters in an
unsupervised manner and global minimum
fitting error related to points in an image.
Also, we define the distance from a point to
all patterns and this makes the computation
feasible. Using four steps to adjust
parameters through center, shape, angle, and
the size of the pattern can get fast
convergence. Experimental results on the
detection of these patterns in images are
successful.

The system

can be extended to

hyperbolic pattern detection in the future.
Also the determination of the number of
patterns, parameters setting, and the initial
temperature are the future work.
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