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1. INTRODUCTION

The optical flow [1], [2] is a favorite specific method that it is used in numerous areas for more than
3 decades serving as movement prediction by pointing the motion vector (MV) as the main issue. In regular
movement capture [3], [4], motion remuneration [5], image compression [6], and film encoding [7], [8], the
MV is coded by using the optical flow method and it is applied in further processing. Also in image super-
resolution reconstruction areas [9], [10], the optical flow method is an essential part. At that point, the
certainty result of optical flow is necessary. Basically, the optical flow is the coding method that it is used to
point the MV base on the serial images. Numerous optical flow methods that were present like the global
intensity-based method [11], section-based method [12], and phase-based method [13]. However, this paper
attends to study the territorial intensity-based optical flow method [14]. T-OF is one of the accepted optical
flow methods that using the intensity-based algorithm where it has been adjusted in numerous areas in early
with a fine performance, coding speed, and noise resistance. Many research efforts may point to the
improvement on coding speed [15], [16] but the efficiency of noise resistance is focused on in this paper as
the main issue.
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In current situation, image and video transmission are a major application area of wireless
communication systems. A peripheral noise reduces sensed image quality and affects look patterns. This
effect of image noise interference on gaze distribution was mainly inclined by noise intensity rather than
noise type. With the image noise interference, the coding of the optical flow is impacted directly and leads to
the error in the result of MV. Many model emphasizes efficient transmission of images from one place to
another with minimum possible errors [17]-[19]. Many solutions proposed the improvement in the quality of
the interfered image or denoise process [20]-[22] in early-stage separately out of the optical flow. But these
approaches took additional denoise processing. The other solution is the improvement on the optical flow
coding itself for noise resistance by adding correlate function and algorithm in the optical flow coding like
inverse confidential and bilateral function [23], [24]. And this is the main issue in this work where the
effectiveness in noise resistance territorial intensity-based method optical flow was proved by using the
technique of inverse confidential in accompany with bilateral function.

This paper focuses on the noise resistance territorial intensity-based optical flow method using the
inverse confidential technique on bilateral function [25]. This paper intends to inspect the effectiveness of
optical coding on non-Gaussian noises in contaminating with sequences image data set. In our experiment,
the non-Gaussian noises like Satl&Pepper at 2 levels of density, Speckle at 2 levels of variance, and Poisson
are used in contaminating with the 4 patterns of standard image sequences like coastguard, foreman, akiyo,
and container. In our effectiveness analysis, we used the error vector magnitude (EVM). The EVM regards
the scale of fault in direction of the determined MV. The paper organization is regulated as follows. Part 2
describes the research methods in optical flow. Part 3 describes the measurement of the performance in noise
resistance adjacent to the other noise resistance methods to confirm the satisfying result of T-RB in noise
resistance. Part 4 describes the conclusion.

2. RESEARCH METHODS IN TERRITORIAL INTENSITY-BASED METHOD OPTICAL
FLOW AND NOISE RESISTANCE TECHNIQUES
In this part, it is explained the territorial intensity-based optical flow method and the noise resistance
techniques on this optical flow.

2.1. Territorial intensity-based optical flow method

The territorial intensity-based optical flow method (T-OF) [14] is an ordinary method for
determining the MV in 2 dimension movement. The T-OF determine via the value of “intensity of luminous
scale” and “smoothness deviation” [26], [27] with a weight least-square for each territorial. The formula is
coded to determine the classical MV as:

-1
[u(x,y,k)] _ [ Elazf(xlylk) le(x,y,k)ly(x,y,k)] x —le(x,y,k)lk(x,y,k) (1)
v(xy, K| Sy k)L (xy, k) Y 2(xy.k) XL,y B (x,y, k)

With the above formula for T-OF, the flow is constant in a territorial neary pixel. The formual for all
the pixels in that territorial is solved by the least squares. A weight least-square is coded to determine the MV
in each territorial. Where I(x,y,k) indicate the intensity of luminous value at a position (x,y) on an image at
sequence no. k. in a territorial of vertical and horizontal alignment. The formula for intensity of luminous is:

I = {Ixy+1Lk-Ixyvk + Ix+1y+1k-Ix+1 vk + Icy+1k+1 -

Ixyk+1 + Ix+1y+1Ek+1 - Ix+1 v k+1}
=% {Ix+ Ly k - Ix, vk + Ix+1,y+ 1k - Ix,y+1Lk + Ix+1,v.k+1

-Ixyk+] + Ix+1y+LE+I - Ixy+1k+1} (2)
It =% {Ixyk+1 - Icvk + Ict1yk+1 - It vk + I y+1Lk+1 -

Ixy+1k + Ix+1,y+1,k+1 - Ix+1,y+1,k}

2.2. T-OF using bilateral function

The bilateral function is one of the general famous noise removal functions. The use of the bilateral
function is found to good effective result in noise resistance when it is coded in correlate with the optical
flow called T-OF using the bilateral function (T-B) [23]. The main procedure is to code the bilateral function
[28]-[31] over the determined MV from the T-OF. The bilateral formula over the determined MV from the T-
OF is:

0y (%) = = Tjmiaw v)O(x +m) 3)
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With the above formula for T-B, the bilateral function is adopt to with averagely weighted from
territorial MV. Where K is the kernel normalization found on the conventional groundwork [28]. In our
analysis, we referred territorial for M by +7. The formula for kernel normalization (K) is:

K= ZImI<M @(x + m) (4)

Where m is the territorial group of bilateral gaussian kernel (¢). The formula for bilateral gaussian kernel (¢)
is:

|n]? [1CGe+n)—1(x)?]

B(x +n) = exp(m + T) (5)

2.3. T-OF using inverse confidential

In the T-OF using inverse confidential (T-I) [24], the 2 ways hypothesis was proposed to identify
confidence rate to ensure certainty of the MV from the optical flow. With the confidence function, the optical
flow is coded to determine the MV in inverse direction and used to determine the confidential base on the
following formula:

o (s ) +ofL (s o] (s ) e+ 1)
(R (s+ef sk k1)) v
2+

Cl'(s, k) = exp

Where vl and vl- are ordinary MV and inverse MV, and n is the number of territorial MV. s is the

point (x,y) on a 2-dimensional image and B bypasses the division by nil in the formula. The confidence rates
are used to code the ending MV in an average of territorial (N(s0)) by:

SEEN(SO) Cjn (-‘;i)UF (Si)

z sy
S;EN(sq)

Sn Z
' (o) = @)

Where (" (s,)) is coded from the confidence rate among territorial N(so) based on the point so=(x, y, k).

2.4. T-OF using inverse confidential technique with bilateral function

The T-OF using the inverse confidential technique with bilateral function (T-IB) [25] is the
accompanying method between inverse confidential technique and bilateral function. The procedure of T-RB
is illustrated in Figure 1.

Code the MV with Run Bilateral 2 ways Code the ending

Capture the _quuence T-OF by thfe 2-ways 2 ways function on 2-ways Bilateral MV by confidence

sequence Images images hypothesis of T-I MV MV vector rate based on T-I
method method

Figure 1. The procedure of T-1B

First, the traditional T-OF is used to code the MV under the 2 ways hypothesis in T-1. Consequently,
the results of MV in 2 directions are used to calculate with bilateral function. After that, the determination
MV is continued to process through a confidence rate based on the T-1 method.

3. EXPERIMENTAL AND CONSEQUENCE

In our experimental, we focused mainly on T-OF and compared its performance against the other
methods where the environment and configuration for the experimental was stated as follow. For T-OF, we
adjusted the smoothness deviation with mask coefficient on 5 iteration loops of territorial (5x5) without
pyramid for coding MV.
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About the standard image sequences, we adjusted 4 different patterns of QCIF (176x144) image
sequences (coastguard, foreman, akiyo, and container) in line for 100 frames each. Figure 2 shows each
illustration. And Poisson Noise, Speckle Noise at variance 0.01 and 0.05, and Salt&Pepper Noise at density
0.005 and 0.025 are represented as the non-Gaussian noise used in the experiment. Entirely, there were 20
sets of the image sequence in the experiment along with the performance comparison of the proposed T-IB
with classical T-OF, T-1, and T-B.

o

0 )

Figure 2. The image sequences on the experiment, (a) coastguard, (b) foreman, (c) akiyo, (d) container

Obviously, the consequence of noise resistance was determined by the EVM. The EVM s
accurately to admeasure the MV for quantifying the performance. The low value in EVM means the
improvement in noise resistance. Here, we adjusted only the active movement vector against the ground truth
vector with root-mean-square by average.

Table 1 shows the compiled average EVM of each optical flow method through 100 frames on each
kind of non-Gaussian noise in correspondence with each pattern of the standard image sequence. Figures 3 to
Figure 6 present the “EVM frame outline” in comparison among several noise resistance optical flow
methods over each kind of noise based on each pattern of standard image sequence by the graph.

Table 1. The compiled average EVM

COASTGUARD FOREMAN AKIYO CONTAINER
Average SD of Average SD of Average SD of Average SD of
EVM EVM EVM EVM EVM EVM EVM EVM
c T-OF 3111 0.611 3.654 0.590 3.141 0.206 3.606 0.103
3 T-B 2.983 0.592 3.492 0.584 2.985 0.205 3.494 0.097
S T-I 3.036 0.600 3.566 0.588 3.067 0.206 3.544 0.103
*T-1B 2.947 0.586 3.449 0.583 2.946 0.205 3.463 0.097
_ T-OF 3.360 0.631 4.004 0.696 3.291 0.225 3.713 0.134
= é-?, T-B 3.188 0.590 3.779 0.624 3.110 0.192 3.547 0.105
R é T-I 3.274 0.612 3.877 0.677 3.215 0.217 3.640 0.121
*T-1B 3.145 0.580 3.714 0.616 3.066 0.188 3.513 0.101
. - T-OF 3.423 0.594 3.901 0.567 3.341 0.319 3.849 0.189
°,§ 2= TB 3.155 0.569 3.659 0.562 3.145 0.240 3.654 0.150
$E T 3.287 0.584 3.762 0.565 3.217 0.282 3.735 0.167
*T-1B 3.077 0.568 3.579 0.566 3.062 0.228 3.573 0.134
o @ T-OF 3.112 0.601 3.619 0.588 3.106 0.206 3.580 0.102
X § 2 TB 2972 0.589 3.466 0.583 2.982 0.220 3474 0.099
§'§ S T-I 3.038 0.592 3.537 0.587 3.038 0.208 3.523 0.102
> *T-1B 2.938 0.583 3.425 0.582 2.950 0.218 3.448 0.101
°© @ T-OF 3.074 0.573 3.511 0.554 3.081 0.219 3.577 0.092
3 § v T-B 2.934 0.578 3.368 0.565 2.944 0.223 3.474 0.094
;’-7_% S T-I 3.000 0.573 3.438 0.560 3.009 0.221 3.519 0.093
- *T-1B 2.898 0.579 3.332 0.569 2.907 0.226 3.448 0.093
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Figure 3. The EVM frame outline of COASTGUARD, (a) poisson, (b) salt & pepper density 0.005, (c) salt &
pepper density 0.025,(d) speckle variance 0.01, (e) speckle variance 0.05
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Figure 4. The EVM frame outline of FOREMAN, (a) poisson, (b) salt & pepper density 0.005
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Figure 4. The EVM frame outline of FOREMAN, (c) salt & pepper density 0.025, (d) speckle variance 0.01,
(e) speckle variance 0.05 (continue)
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Figure 5. The EVM frame outline of AKIYO,(a) poisson, (b) salt & pepper density 0.005, (c) salt & pepper
density 0.025, (d) speckle variance 0.01

3.4

Noise resistance territorial intensity-based optical flow using inverse confidential ... (Darun Kesrarat)



32460

ISSN: 2302-9285

EVM —T-OF —TB — T ——*T_IB

3.7

3.5 ﬁ‘

Plot Area

2 7 1217 22 27 32 37 42 47 52 57 62 67 72 77 B2 87 92 97

Frame No.

(€)

Figure 5. The EVM frame outline of AKIYO, (e) speckle variance 0.05 (continue)

EVM —~T-OF —TB —=TI1 —+*TIB
4

3.9

3.7 I
36 AL X

3.5

34 13 3

3.8 I

3.3 L' +
3.2

3.1

2 7 1217 22 27 32 37 42 47 52 57 62 67 72 77 82 87 92 97

(@)

EVM —T-OF —T-B ——T- ——*T.IB

Frame No.

3.6

3.4 T b
3.2

2 7 1217 22 27 32 37 42 47 52 57 62 67 72 77 82 87 92 97

(©

Frame No.

EVM —T-OF ——T-B —=T1 —+*TIB
4.4

4.2

4

» Pl

3.6 —

+

3.4 1: qvi & 4 1 * ME X 2 f Rad

3.2

8 13 18 23 28 33 38 43 48 53 58 63 68 73 78 83 88 93 98
Frame No.

EYM —T-OF ——T-B —aT-1 ——*T_IB

3.6 ¥

g

2 7 12 17 22 27 32 37 42 47 52 57 62 67 72 77 82 87 92 97
Frame No.

EVIM —T-OF —T-B —Tl ——*T_IB

3.9

3.8

3.7 1

¥ Xk ]

3.6

3.5

3.4 -

3.3

3.2 e

Iﬁ T

2 7 12 17 22 27 32 37 42 47 52 57 62 67 72 77 82 87 92 97

Frame No.

O

Figure 6. The EVM frame outline of CONTAINER,(a) poisson, (b) salt & pepper density 0.005, (c) salt &
pepper density 0.025, (d) speckle variance 0.01, (e) speckle variance 0.05
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4. CONCLUSION

Regarding the character of territorial processing in T-OF, it provided a good result in noise
resistance by traditional. Then, the overall result of noise resistance of T-1, T-B, and T-1B was slightly
improved over T-OF. In our investigation, we proved that the proposed method (T-IB) presented the best
noise resistance on the non-Gaussian noise overall. Then, the software areas such namely move to track
within the noisy surroundings are appropriate in accordance with adopting this method in accordance with
gain accuracy among the territorial intensity-based optical flow method. By the way, there is no beyond
compare method at this moment. Regarding the detail in the frame outline, the performance of T-1, and T-B
still presented the best result in noise resistance in a few frames. Then, the research on numerous kinds of
noise with numerous noise resistance methods is a controversy for the prospective research.
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