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Abstract - Noise is the most important issue causing defects in the optical-flow for motion prediction where the end result in the 
Movement Vector (MV) is directly impacted. In the project reported in this paper, we carried out an experimental evaluation on 
several noise tolerance methods for a Geographical interaction optical-flow where the primary method uses the overturn 
confidence technique with the bilateral filter. For performance analysis, we focused on 2 major indicators: i) the Error Vector 
Magnitude (EVM) and ii) Structural Similarity (SSIM), where EVM was used to indicate the accuracy in MV issues and SSIM 
used to determine the satisfactory levels to resolve image reconstruction problems. In our experiments, the Additive White 
Gaussian (AWG) Noise was shaped at a number of noise tiers over various sequences for overall performance evaluation. 
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I. INTRODUCTION 
 
In many areas such as movement detection and tracking, 

video compression and encoding, superb picture 
reconstruction, and visual odometry, the optical-flow is one 
of the appreciated methods used to compute the movement 
vector or the MV from special photos in related time frames 
at each and every voxel position.  

There are many domains in optical-flow for MV 
prediction where there are differences in the approach and 
surroundings where they are applied such as Geographical 
interaction based [1], phased-based [2], local gradient-based 
[3], and global gradient based [4]. But none of the methods 
can produce efficient effects when they interfere with the aid 
of unpleased elements such as noise.  

Several methods of the optical-flow have been proposed 
such as gradient orientation statistics [5] and the overturn 
confidential with gradient orientation [6] for noise tolerance. 
One of the leading techniques is a bilateral filter [7]. Bilateral 
filter is a robust edge maintenance filter that is normally 
applied in a pc vision and in image processing. The return of 
high reliability from overturn confidential based optical-flow 
[8] and beneath the performance investigation [9,10] present 
an excessive overall performance in the reliability of MV 
over various models. Thus, our work is targeted on the 
experimental evaluation of the overturn confidential with a 
bilateral filter [11] and moreover underneath SSIM and EVM 
beneath an interfered AWG Noise environment.  

AWG Noise is a fundamental noise widespread used to 
signify random processes that show up in nature. In terms of 
noise interfered image, with Signal to Noise Ratio (SNR) in 
3 special decibels (dB), illness with 4 standard sequences 
was simulated in our experiment. 

 
 

II. OBJECTIVES 
 
As there are many utility areas in optical flow, the result 

of optical-flow can be utilized for many functions such as in 
the region of movement detection/tracking in which the 
accuracy in pace of MV is the vital issue and in the vicinity 
of photograph restoration and superb picture reconstruction 
the place the best of the image is the main problem. The goal 
of this paper is to give an explanation for the influence of 
noise tolerance on Geographical interaction optical-flow 
model via the use of EVM and SSIM as indicators. EVM 
index is a measure of how some distance away from the 
points are from their best locations. SSIM index is a method 
for measuring the similarity between two images. 

 
III. MATERIALS AND METHODS 

 
A. Geographical Interaction Optical-Flow 

 
The geographical interaction (GI) [1] is a classical 

representative optical-flow domain by determining 
geographical vicinity for movement classification that 
utilized block matching concept in a stage of the pixel. The 
determine areas is matched with the particular block 
measurement to emerge as aware of the minimal sum of 
absolute difference as the pleasant candidate MV.  

The GI gives immoderate accuracy over non-noise 
sequence on the other hand very touchy underneath noisy 
circumstance and requires excessive computation time in 
accordance with the effects of overall performance 
evaluation for photograph reconstruction. 
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B. Overturn Confidence 
 
The Overturn Confidence (OC) [6] is used to determine 

more reliability in MV by expressing 2 directions in back 
and forth (MV of frame i+1 to i and MV of frame i to i+1). 
The reliability of MV is calculated by using MV of back and 
forth directions as the confidence rate (C).  The equation is 
described as: 
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where l is i to i+1, l- is i+1 to i, prevents invalid 

denomination by way of zero, and k implies current pixel.  
Consequently, the ending MV ( v  and u ) is calculated 

as a common of confidence based totally pre-defined locale 
(L(k0)). The equation is described as: 
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This algorithm provides a gorgeous overall performance 
with reliable consequences in MV over numerous 
environments such as clear sequence and noise illness 
sequences. 

 
C. Bilateral Filter 

 
The bilateral filter (BF) is a well understand strong edge-

preservation filter that used to be assigned over extensive 
photo processing, and computer imaginative and prescient 
[7]. The equation for computing the final MV is described 
as:  

     1
b

n N
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where n implies locale range and used to be set to ±3 in 
our experiment. The equation is expressed in correspondence 
with signal u(x) to decide MV. Y implies the kernel 
normalization factor and it is described as: 
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ɸ() implies a bilateral Gaussian kernel and it  is described 
as:- 
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where δa implies the preferred deviation of v(x) × 7  and 
δc  implies the trendy deviation of G(x). 

 
D. Overturn Confidence with Bilateral Filter 

 
The overturn confidence with bilateral filter (OB) [11] 

joins the OC procedure in combination with the BF. 
The system flow for OB is represented in Figure 1. 

Firstly, the MV on each directional in back and forth are 
computed using traditional GI optical-flow ((ul, vl) and (ul-, 
vl-)). This system was further continued with the aid of 
assigning the BF on (ul, vl) and (ul-, vl-) for back and forth 
MV as the unit vector orientation (ub, vb).  Finally, the OC 
based model (Eq.1 and Eq.2) is assigned to compute the 
ending MV with the aid of the usage of the values of the 
unit vector orientation (ub, vb) rather of ordinary MV (u, v).  

 

 

Figure 1.  System flow of OB 
 
The enjoined overturn confidence with bilateral filter is 

adapted to promote greater overall performance in the 
computation for extra reliability in MV underneath the noisy 
state. 
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IV. EXPERIMENTAL ANALYSIS AND 
PERFORMANCE COMPARISON 

 
In this research for the GI optical-flow, we prepared ±3 

for block region and put together ±7 for searching vicinity 
alongside 0.5 sub-pixel displacements of bilinear 
interpolation to in the simulation. So, completed four models 
are used in our experimental analysis. We ran the experiment 
through the usage of four extraordinary sequences in 
widespread QCIF structure (up to a hundred frames on each). 
These are AKIYO, CONTAINER, COASTGUARD, and 
FOREMAN. Then, we simulated three units of Signal to 
Noise Ratio (SNR) degrees in AWG noise. They are 25 dB 
(low noise), 20 dB (medium noise), and 15 dB (high noise). 
Thus, 12 sequences in whole are used in our test (3 units of 
AWG Noise x 4 sequences). 

The performances analysis was once evaluated by using 
EVM and SSIM. 

For EVM, we calculated with root-mean-square by 
means of common with the quantity of non-zero movement 
vector of floor fact vector the place the lower value meant 
higher performance. 

For SSIM, we reconstructed the picture with the original 
ground truth picture (T) frame on a particular frame from the 
result MV (F) of every model in contrast the place the higher 
cost supposed better performance. 
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where µT and µF are the average of picture T and F.  σ2 is 
variance  and σTF is covariance. C1 and C2 are variables to 
stabilize the division with susceptible denominator. 

 
V. EXPERIMENTAL RESULTS 

 
The average EVM and SSIM over 100 frames of every 

sequence are aggregated in Table 1 and Table 2 where the 
values in EVM and SSIM of the best performance for each 
experiment group are highlighted in red. Figure 2 illustrates 
the image number 32 of AKIYO, CONTAINER, 
COASTGUARD, and FOREMAN sequences when they are 
contaminated with AWG noise at differences level. Figures 3 
to 8 show the graph of EVM and SSIM through the frame 
(frame no.1 to frame no.100) under the different level of 
AWG noises. 

TABLE I. AVERGARE EVM 

 

AKIYO COASTGUARD CONTAINER FOREMAN 

AVG EVM SD of EVM AVG EVM SD of EVM AVG EVM SD of EVM AVG EVM SD of EVM 

A
W

G
N

 2
5d

B
 

GI 3.6492 0.6857 2.5953 0.3585 4.7653 0.1281 3.1800 0.1984 

OC 3.1862 0.5965 2.3324 0.3285 4.1737 0.1330 2.7902 0.1982 

BF 3.1140 0.5237 2.5080 0.4368 3.9900 0.1235 2.8437 0.2650 

*OB 2.8982 0.4940 2.3589 0.4385 3.7291 0.1283 2.6241 0.2916 

A
W

G
N

 
20

dB
 

GI 3.9099 0.5703 3.2796 0.3730 4.8347 0.1214 3.7132 0.1768 

OC 3.3793 0.5136 2.8619 0.3596 4.2290 0.1300 3.2328 0.2234 
BF 3.2233 0.4644 2.8516 0.4383 4.0429 0.1125 3.1712 0.2946 

*OB 2.9735 0.4430 2.6389 0.4487 3.7679 0.1205 2.9196 0.3345 

A
W

G
N

 
15

dB
 GI 4.1212 0.4385 3.7974 0.3604 4.8314 0.1282 4.1320 0.2085 

OC 3.5188 0.4036 3.2579 0.3778 4.2112 0.1278 3.5816 0.2853 
BF 3.3369 0.3945 3.1252 0.4282 4.0224 0.1213 3.4616 0.3407 

*OB 3.0468 0.3909 2.8583 0.4504 3.7569 0.1255 3.1833 0.3882 
 

TABLE II. AVERAGE SSIM 

 
AKIYO COASTGUARD CONTAINER FOREMAN 

AVG SSIM SD of SSIM AVG SSIM SD of SSIM AVG SSIM SD of SSIM AVG SSIM SD of SSIM 

A
W

G
N

 2
5d

B
 

GI 0.9502 0.0022 0.8508 0.0868 0.9006 0.0025 0.8790 0.0188 

OC 0.9681 0.0013 0.8724 0.0921 0.9274 0.0020 0.9133 0.0197 

BF 0.9559 0.0024 0.8564 0.1021 0.9247 0.0017 0.8575 0.0209 

*OB 0.9712 0.0020 0.8833 0.1083 0.9464 0.0016 0.8945 0.0223 

A
W

G
N

 2
0d

B
 

GI 0.9059 0.0031 0.7463 0.0749 0.8556 0.0032 0.8231 0.0167 

OC 0.9402 0.0021 0.7918 0.0829 0.8970 0.0025 0.8768 0.0186 

BF 0.9295 0.0026 0.7849 0.0927 0.8976 0.0024 0.8265 0.0213 

*OB 0.9541 0.0019 0.8262 0.1018 0.9270 0.0019 0.8731 0.0232 

A
W

G
N

 
15

dB
 

GI 0.8434 0.0039 0.6150 0.0652 0.7894 0.0048 0.7502 0.0162 
OC 0.8987 0.0031 0.6901 0.0754 0.8485 0.0040 0.8241 0.0194 
BF 0.8951 0.0028 0.6968 0.0842 0.8575 0.0036 0.7929 0.0219 

*OB 0.9326 0.0024 0.7542 0.0961 0.8981 0.0029 0.8491 0.0249 
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Figure 2  Example of image frame contaminated by AWG noise 
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Figure 3  EVM through frame of AWG noise 25 dB 

 

 

Figure 4  EVM through frame of AWG noise 20 dB 
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Figure 5  EVM through frame of AWG noise 15 dB 
 

 

Figure 6  SSIM through frame of AWG noise 25 dB 
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Figure 7  SSIM through frame of AWG noise 20 dB 
 

  

Figure 8  SSIM through frame of AWG noise 15 dB. 
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VI. CONCLUSION 
 

From the experimental results, OB gives better noise 
tolerances than the traditional optical-flow on both indices 
(EVM and SSIM). The results in EVM, SSIM and the 
quality of reconstructed images indicate that OB presents the 
best result overall.   

In slow motion sequences (AKIYO and CONTAINER), 
OB presents a significantly higher performance where the 
deviation is higher than other reference models upon 
increasing noise levels.  

In fast motion sequences (COASTGUARD and 
FOREMAN), traditional OC presents better result only in 
low noise levels. OB still presents the best performance in 
noise tolerance at the higher level but shows only a slight 
deviation.  OB can present better results because OB focuses 
on the strength of the overturn model on the correlation with 
the bilateral filter to gain better effectiveness in noise 
tolerance for motion estimation by optical-flow. 
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