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Review of the “Production Engineering Program” for the 2020 Freshmen,
Incorporated in the Revised Syllabus

Kazuhiro Miura
(Building Utilities Course)
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Hiroyasu Fujii

(Electronics Course)
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Artificial fBm Noise Generation Model Based on Markov Chain

Batjargal SOSORBARAM
(Information Technology Course)

Abstract

This research introduces a novel method for generating fractional Brownian motion (fBm) noise using a Markov-type
transition matrix. Unlike the FFT method, which has limitations such as predefined noise length and characteristic
parameter f, our method allows for endless noise generation with different B values. This makes it a more versatile and
flexible approach to generating fBm noise. The generated fBm noise can be used in various applications, including natural-

phenomenon animation.

Keywords: Markov chain, Transition Matrix, Fractional Brownian motion (fBm) Noisee , FFT, Natural-phenomenon

animation

I. INTRODUCTION

Fractional Brownian motion (fBm) noise, also known as
1/f B noise, [9] is frequently encountered in natural
processes and patterns. Therefore, many studies involving
the animation of natural phenomena utilize fBm noise [1-
5].The fast Fourier transform (FFT) method is commonly
employed to generate fBm noise [6]. However, the FFT
method has certain limitations, such as the need to
predefine the noise length and characteristic parameter 3.

In this study, we have generated 1/f B noise using a
Markov-type transition matrix [7, 8]. Our approach enables
the generation of endless noise using various 3 values.

II. GENERATION OF FBM USING FFT[6]

There are numerous methods available for characterizing
different sources of noise. In this study, we have utilized a
previously established noise function that exhibits similar
behavior to various natural phenomena, namely the
fractional Brownian motion (fBm) noise function (also
known as 1/f noise). The term "1/f noise" is commonly
used in scientific literature to describe any noise with a
power spectral density that takes on the following form:

Noise Value

—

| White Noise

“‘/V’W’”}*'ﬁ"*rs}fﬁ‘"\‘,\

Pink Noise

Mt

Brown Noise

Log Power Spectral Density

() =k

S =14

| 1 1 | 1 |

Time

Log Frequency

Figure 1. fBm noise generated by FFT[6]
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S(f) = Where,
c+fP
F(k) = Sy cos(2nRand) + jSy sin(2nRand) and
o A CNrand
T T Sl 2 W M B Sl 2 W MBS SkzichandF*(N_K‘)
PR 3 S 0 0 1 0 0 0 0 s 00 00 10 00 00 00 00 kB/2
5 \ /'!\ T f\\ 9 0 0 0 0 0 1 0O §1 00 00 00 00 00 10 00
S Wun et ¢ E s e e e e 00 00 1 00 0
55 vV i S4 0 0 0 0 0 0 © 5400 00 00 0O 00 00 00
4 i § 0 0 2 0 0 0 0  §5 000D 10 00 00 00 00
§2->80->82->85->82-386->81->++ % 0 1 0 0 0 0 0 S8 00 10 00 00 00 00 00

(a) Sequence of (b) Transition
amplitudes counts

(c) Transition

- 33 32 . H H
probability Here, denotes conjugate, Rand is uniform random

number [0,1], Si? is the spectral density, ¢ is constant,

Nrand is normal random number [0,1], and k is

frequency [0,N/2]. Next, compute the inverse Fourier

transform f(n), n=0,1,...,N-1, by applying IFFT
algorithm to F(k). The obtained real parts of f(n) become
1/f Pnoise values in the time domain.

Figure 2. Markov-type transition matrix

11l. MARKOV-TYPE TRANSITION MATRIX OF FBM
NOISE

We have analyzed FFT-based fBm noise, as depicted in
Figure 2(a), and recorded the Markov-type transition
values of the amplitudes in the time domain in a transition
matrix. We have divided the entire range of fBm noise
amplitude into N levels, denoted as SO through SN-1 (see
Figure 2(a)). In each time step, we identify and count the
Markov-type transition of the amplitude. For example, as
shown in Figure 2(a), in time step t1, the amplitude
changes from level S2 to SO, in time step t2, it changes
from SO to S3, in time step t3, it changes from S3 to S4,
and so on. The transition matrix, represented as N x N,
stores the Markov-type transition counts from level Si to
level Sj (see Figure 2(b)). Normalization of the transition
matrix yields the transition probabilities, as shown in
Figure 2(c) and Figure 3.

Figure 3. Markov-Type transition matrix of

fBm noise (f=1.0)

In the context of modeling a specific process, the factors
K and C are dependent on that process, while f represents
frequency, and [ represents the slope of the power
spectrum. Figure 1 depicts several representations of 1/f
noise in time series and their corresponding power spectra,

with varying IV. GENERATION OF FBM NOISE

p coefficients. The algorithm devised by Voss [9] is the
primary reference point for generating 1/f noise. To
generate fBm noise through a Fast Fourier Transformation
(FFT) based algorithm, the F(k) function is first defined as
its conjugate in the frequency domain.

F(k) = F*(N — K)

The following procedure is used to generate fBm noise:
First, an initial fBm noise amplitude is chosen from the
values of SO through SN-1 (see Figure 3). This value
serves as the first component (matrix row) of the Markov
chain, which has multiple possible transitions (matrix
column). A random number function is then employed to
select the second component (matrix column) of the
Markov chain from among the possible transitions.
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5 i

B=1.0)

transition matrices of the fBm
noises

(B=2.0)

(B=0.0)
Figure 4. Markov-Type

The selected transition value becomes the next fBm noise
amplitude in the time domain. The second component then
becomes the first component of the Markov chain. By
repeating these steps on different matrices, an endless fBm
noise is generated.

(a) (b)

Figure 5. Comparison results of fBm noise

V. RESULTS

Figure 5 presents a comparison between fBm noise
generated using the traditional method [Figure 5(a)] and
fBm noise generated from the Markov-type transition
matrix [Figure 5(b)]. Interestingly, the reverse generation
of fBm noise from the transition matrix produces noise that
is almost identical to the original fBm noise. Power
spectrum comparison results are shown in Figure 6.

The Markov-type transition matrix of fBm noise generated
in Figure 4 inspires us to use Transition Matrices with
specific patterns for generating fBm noise directly, without
employing the FFT method. For example, different fBm
noise can be generated using different Transition Matrices,
as depicted in Figure 7. By utilizing multiple Transition
Matrices (Figure 8), seamlessly connected endless fBm
noise with varying 3 values can be generated.

CONCLUSION

In this research, we have shown that fBm noise can be
generated using a Markov-type transition matrix. Our
method enables the generation of endless fBm noises with
different B values, and the correctness of the method has
been verified by regenerating the fBm noise from the
transition matrix.

As future work, we plan to focus on the following tasks to
further enhance our method:

o Develop an interactive user interface to enable
users to generate endless fBm noises with any
desired B value by adjusting the noise  parameter

e Extend the method to generate higher dimensional
noises (2D and 3D) using the transition matrix

o Explore the use of the generated fBm noise in
natural-phenomenon  animation and  other
applications in computer graphics and sound

design.
o )

; e
I "
Q
O' )
W ™
[}
a i
g

@ (®)

Figure6. Comparison results of power spectrums
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