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Experimental Analysis of Performance
Comparison on Both Linear Filter and
Bidirectional Confidential Technique for
Spatial Domain Optical Flow Algorithm

Darun Kesrarat1 and Vorapoj Patanavijit2 , Non-members

ABSTRACT

Optical flow is a method for classifying the density
velocity or motion vector (MV) in a degree of pixel
basis for motion classification of image in video se-
quences. In actual situation, many unpleasant situa-
tions usually generate noises over the video sequences.
These unpleasant situations corrupt the performance
in efficiency of optical flow. In turn to increase the
efficiency of the MV, this research work proposes the
performance comparison on linear filter and bidirec-
tional confidential technique for spatial domain op-
tical flow algorithms. Our experiment concentrates
on the 3 classical spatial based optical flow algo-
rithms (such as spatial correlation-based optical flow
(SCOF), Horn-Schunk algorithm (HS) and Lucas-
Kanade algorithm (LK)). Different standard video
sequences such as AKIYO, CONTAINER, COAST-
GUARD, and FOREMAN are comprehensively eval-
uated to demonstrate the effectiveness results. These
video sequences have differences in aspect of action
and speed in foreground and background. These
video sequences are also debased by the Additive
White Gaussian Noise (AWGN) at different noise de-
gree (such as AWGN at 25 dB, 20 dB, and 15 dB
consequently). Peak Signal to Noise Ratio (PSNR) is
utilized as the performance index in our observation.

Keywords: Spatial Based Optical Flow, AWGN,
Motion Classification, and PSNR

1. INTRODUCTION

The spatial based optical flow approaches are uti-
lized in various areas to classify MV such as video re-
construction, video coding, object segmentation, su-
per image resolution reconstruction, and motion trac-
ing. Under the ordinary view of optical flow, the im-
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age velocities of every pixel are valued by utilizing the
movement between two images in sequence which are
picked. Various classifications of optical flow are pro-
posed but this research work concentrates on spatial
bases intensity gradient optical flow (such as SCOF
[1], HS [2] and LK [3]).

SCOF is classical spatial based intensity gradient
optical flow that using block-based for motion classi-
fication in a level of pixel where minimum sum of ab-
solute difference (SAD) is considered as the error es-
timation in mean filter (L2). This algorithm presents
simple in algorithm and high accuracy in MV but re-
quires high computation time. HS was proposed by
B.K.P. Horn and B.G. Schunck in 1981 by using the
technique of gradient intensity and minimization for
motion classification in mean filter (L2) as a result.
This algorithm presents high accuracy in MV but the
appropriate value of smoothness weighting should be
applied otherwise it may presents low accuracy in a
result.

LK was proposed by B.D. Lucas and T. Kanade
in 1981 by using the technique of gradient intensity
and weight least-square for motion classification in
mean filter (L2) as a result. Basically, this algorithm
presents fast computation but the accuracy is low
when comparing with SCOF and HS (under appro-
priate smoothness weight).

However, the performance in efficiency of these
classical spatial based intensity gradient optical flow
decreases under the noisy environments. Various al-
gorithms have been introduced to improve the ef-
ficiency in performance over the unpleasant situa-
tions or noisy domains. For example, Barron, Fleet,
and Beauchemin (BFB) [4] modified the ideal mat-
ter for performance evolution over HS and LK al-
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gorithms by balancing the intensity assessment for
gradient constraint in 1994. The result is the increas-
ing of the accuracy in MV from the original algo-
rithm of HS and LK. In 2008, R. Li and S. Yu pre-
sented a confidence-based optical flow algorithm for
high reliability (CHR) [5]. In accordance with the
results of performance evaluation from D. Kesrarat
and V. Patanavijit in 2010 [7], CHR produced an im-
provement in the quality over many domains of video
sequences. Bidirectional symmetry of forward and
backward technique was utilized to determine the re-
liability rate of the MV as a result. But under the
model of bidirectional, it required double computa-
tion times in approximately.

In 2009, T. Kondo and W. Kongprawechnon pre-
sented the robust motion estimation methods using
gradient orientation information (RGOI) [6]. In ac-
cordance with the results of a performance evalua-
tion from D. Kesrarat and V. Patanavijit in 2011 [8],
RGOI produced effectively outcome over noisy do-
main and presented better result in MV under high
noise level especially on slow movement sequence.
But under low noise level, the original algorithm still
presented better result in MV. Median filter (L1) was
utilized over the MV of original gradient-based algo-
rithm in RGOI. In 2012, D. Kesrarat and V. Patanav-
ijit presented an alternative robust and high reliabil-
ity spatial based optical flow algorithms using median
filter and confidence based technique (RHR). They
regarded on local intensity gradient optical flow on
the traditional spatial optical flow algorithms that the
MV was calculated for higher reliability over noisy en-
vironments by using bidirectional symmetry in com-
bination with median filter (L1). This RHR algo-
rithm was applied over SCOF [9], LK [10], and HS
[10] respectively with the positive result from the ex-
periment over noisy environments but double com-
putation time based on the model of bidirectional is
required.

In our experiment, we study the performance of
SCOF, SCOF on RGOI, SCOF on CHR, SCOF on
RHR, HS, HS on RGOI, HS on CHR, HS on RHR,
LK, LK on RGOI, LK on CHR, and LK on RHR
by using PSNR as an indicator in comparison when
they are applied in a level of sub-pixel translation on
various video sequences that are debased with AWGN
(25 dB, 20 dB, and 15 dB).

This research work is organized as follow. Section 2
explains the motion classification algorithms based on
inspected optical flow algorithms. Section 3 explains
the experimental analysis of performance comparison.
Section 4 introduces the experiment results to identify
the efficiency of the reference algorithms. Section 5
concludes the experiment result.

2. OPTICAL FLOW MOTION CLASSIFI-
CATION ALGORITHMS

This section states optical flow algorithms for mo-
tion classification that we simulate on our experi-
ment.

2.1 Spatial Correlation-Based Optical Flow
(SCOF)[1]

SCOF is the traditional spatial based optical flow
algorithm for motion classification that utilizes basic
block matching technique in a level of pixel based.
The best candidate MV is the minimum SAD of the
block over the determining area.

This algorithm presented high efficiency under
clear sequence but it utilized much of processing time
and less noise tolerance in accordance with the out-
comes of performance evaluation from D. Kesrarat
and V. Patanavijit [7-8].

2.2 Horn - Schunck Algorithm (HS) [2]

In 1981, B.K.P. Horn and B.G. Schunck proposed
HS algorithm. HS is spatial temporal gradient based
technique. The image intensity (Ix, Iy, It) is deter-
mined by image velocity from spatiotemporal of im-
age gradient is defined as:

Ix=
1/4{I(x, y+1, t)−I(x, y, t)+I(x+1, y, 1, t)

−I(x+1, y, t)+I(x, y+1, t+1)−I(x, y, t+1) (1.1)

+I(x+1, y+1, t+1)−I(x+1, y, t+1)}

Iy=
1/4{I(x+1, y, t)−I(x, y, t)+I(x+1, y+1, t)

−I(x, y+1, t)+I(x+1, y, t+1)−I(x, y, t+1) (1.2)

+I(x+1, y+1, t+1)−I(x, y+1, t+1)}

It=
1/4{I(x, y, t+1)−I(x, y, t)+I(x+1, y, t+1)

−I(x+1, y, t)+I(x, y+1, t+1)−I(x, y+1, t) (1.3)

+I(x+1, y+1, t+1)−I(x+1, y+1, t)}

Where I(x, y, t) denotes the gradient intensity
(brightness) of point (x, y) in the images at time t.

Then, minimization process is took in iterative
by weighted average [1/12 1/6 1/12 ; 1/6 -1 1/6 ;
1/12 1/6 1/12] of the value at neighbouring points
where the relevant smoothness weight (α) should be
regarded to minimize the sum of error and obtain MV
(u, v) as follow:

uk+1(x,y,t)=ūk(x,y,t)−

Ix(x,y,t)

 Ix(x,y,t)ū
k(x,y, t)

+Iy(x,y, t)v̄
k(x,y,t)

+It(x,y,t)


α2+I2x(x,y,t)+I2y (x,y,t)

(2.1)
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Fig.1: Example of gradient computation of image
brightness at point (x, y).

vk+1(x,y,t)=v̄k(x,y,t)−

Iy(x,y,t)

 Ix(x,y,t)ū
k(x,y, t)

+Iy(x,y, t)v̄
k(x,y,t)

+It(x,y,t)


α2+I2x(x,y,t)+I2y (x,y,t)

(2.2)

Where ūk(x, y, t) and v̄k(x, y, t) denote neighbour-
hood average of horizontal and vertical (uk(x, y, t)
and vk(x, y, t)) which first are set to 0 and k is the
number of iterative calculation.

In accordance with the outcomes of performance
evaluation from D. Kesrarat and V. Patanavijit [7-
8], this algorithm presented fast computation but
the quality was varying under different smoothness
weight (α). The relevant value of α should be re-
garded for the best performance

2.3 Lucas - Kanade Algorithm (LK) [3]

This algorithm was proposed in 1981 by B.D. Lu-
cas and T. Kanade. Differential technique is derived
like HS by using intensity for gradient constraint
based on Eqs.(1.1)-(1.3) but utilizes a weight least-
square as a regular model in each small spatial neigh-
bourhood for obtaining MV instead of minimization
process in HS is defined as:

[
u(x,y,t)
v(x,y,t)

]
=

[ ∑
I2x(x,y,t)

∑
Ix(x,y,t)Iy(x,y,t)∑

Ix(x,y,t)Iy(x,y,t)
∑

I2y (x,y,t)

]−1

×
[
−
∑

Ix(x,y,t)It(x,y,t)
−
∑

Iy(x,y,t)It(x,y,t)

] (3)

The initial MV is obtained by a linear system
based on matrix in Eq.(3). Then, the iterative pro-
cess is utilized for final MV.

This algorithm presents fast computation with ac-
ceptable quality.

2.4 Barron, Fleet and Beauchemin Ideal Mat-
ter for Gradients Estimation (BFB) [4]

In 1994, J.L Barron, D.J. Fleet and S.S. Beau-
chemin presented performance evaluation over vari-
ous optical flow algorithms and proposed the ideal
matter of mask coefficient to compute image inten-
sity which has been applied in the primary part over
HS and LK algorithms. The gradient estimation ideal
mater of BFB uses 4-point central differences for de-
termining image intensity.

Fig.2: The ideal matter coefficient of BFB.

The image intensity for gradient constraint on
ideal matter of BFB is defined as:

Ix(x,y,t)=1/12{−1×I(x,y−2,t)+8×I(x,y−1,t)+ (4.1)

0×I(x,y,t)+−8×I(x,y+1,t)+1×I(x,y+2,t)}

Iy(x,y,t)=1/12{−1×I(x−2,y,t)+8×I(x−1,y,t)+ (4.2)

0×I(x,y,t)+−8×I(x+1,y,t)+1×I(x+2,y,t)}

It(x,y,t)=1/12{−1×I(x,y,t−2)+8×I(x,y,t−1)+ (4.3)

0×I(x,y,t)+−8×I(x,y,t+1)+1×I(x,y,t+2)}

In accordance with the performance evaluation
from J.L Barron, D.J. Fleet and S.S. Beauchemin [4],
it showed the better performance in reliability of the
MV over traditional HS and LK algorithms.

2.5 Confidence Based Optical Flow Algorithm
for High Reliability (CHR) [5]

In 2008 by R. Li and F. Yu proposed this algorithm
to enhanced the efficiency of MV by applied the bidi-
rectional symmetry approach to presented forward
MV (frame t → t + 1) and backward MV (frame
t + 1 → t) with confidence assessment model. Both
of MVs in forward and backward is computed by HS
with extra computation on confidence assessment in
reliability.

Early, this algorithm was implemented over HS [2]
only, but we also utilized this model in our experiment
over SCOF [1] and LK [3] for performance evaluation.
The reliability rate of MV is described as:

Rul(x,y,t)=exp

− |ul(x,y,t)+ul−(x+ul(x,y,t), y, t+1)|[
|ul(x,y,t)|

+|ul−(x+ul(x,y,t),y, t+1)|

]
/2+β

(5.1)
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Rvl(x,y,t)=exp

− |vl(x,y,t)+vl−(x+vl(x,y,t), y, t+1)|[
|vl(x,y,t)|

+|vl−(x+vl(x,y,t),y, t+1)|

]
/2+β

(5.2)
Where Ru(x, y, t) is the reliability rate of MV in

horizontal axis and Rv(x, y, t) is the reliability rate of
MV in vertical axis. u and v are the MV in vertical
and horizontal on forward direction (l) and backward
direction (l−) that are calculated by traditional opti-
cal flow algorithm. β is a parameter that it is set to
avoid divined by 0 in the equation. Then, the average
MV in horizontal (ū(x, y, t)) and vertical (v̄(x, y, t))
axis based on reliable rate and pre-defined neighbour-
hood (N(s0)) over each pixel base on frame t of the
location s0 = (x, y, t) is defined as:

ūl(s0)=

 ∑
si∈N(s0)

Rul(si)ul(si)

/

 ∑
si∈N(s0)

Rul(si)

 (6.1)

v̄l(s0)=

 ∑
si∈N(s0)

Rvl(si)vl(si)

/

 ∑
si∈N(s0)

Rvl(si)

 (6.2)

The final optimum MV is obtained by using the
ū(x, y, t) and v̄(x, y, t) as the center on reliable area.

This algorithm presented an improvement of the
quality in MV under clear and noisy domains in ac-
cordance with the outcomes of performance evalua-
tion from D. Kesrarat and V. Patanavijit [7-8].

2.6 Robust Motion Estimation Methods Us-
ing Gradient Orientation Information
(RGOI) [6]

In 2009, T. Kondo and W. Kongprawechnon pro-
posed this algorithm to enhance the performance in
efficiency in changing of light conditions by utilized
gradient orientation information of L1 median over
MV of traditional algorithm described as:

(uL1(x,y,t), vL1(x,y,t))=

(
u(x,y,t)

|u(x,y,t)|
,
v(x,y,t)

|v(x,y,t)|

)
(7)

Where u(x, y, t) and v(x, y, t) are the MV from
tradition optical flows in horizontal and vertical
axis (such as SCOF, HS, or LK) and (uL1(x, y, t),
vL1(x, y, t)) are indicated by 2 scalars (-1 to 1) and
zero value is assigned when the magnitude is zero as
a result.

Early, this algorithm was implemented over HS [2]
only, but we also utilized the model in our experiment
over SCOF [1] and LK [3] for performance evaluation.

This algorithm presented an improvement of the

quality in MV under noisy environments especially
on slow movement sequence and presented high de-
viation in improvement of the result in accordance
with the outcomes of performance evaluation from
D. Kesrarat and V. Patanavijit [9-11].

3. EXPERIMENTAL ANALYSIS OF PER-
FORMANCE COMPARISON

In this research work, we summarize the optical
flow research framework as shown in Fig.4. In ac-
cordance with the classical spatial based optical flow
algorithms (such as SCOF [1], HS [2], and LK [3])
as shown in Fig.4, these algorithms concentrate on
gradient intensity which is widely applied in many
areas. In general, the unidirectional symmetry with
mean filter (L2) is presented as the result for MV from
original algorithm of motion classification. From per-
formance testing, sometime the result of MV presents
wrong direction from the experiment cases. Then,
we cannot conclude the accuracy in the result of MV
that is really correct or not because the estimation
process is very sensitive to many conditions such as
light changing or noise contaminating.

The model of confidence based algorithm for high
reliability (CHR) [5] presents bidirectional symmetry
that brings the result of MV from original algorithm
using mean filter (L2) in forward direction as usual
in comparison with the result of MV in backward di-
rection. The objective of CHR is to ensure that the
results of MV when they are calculated in forward
and backward are really the same by rating the value
base on Eqs. (5.1)-(5.2) for reliability rate. Then,
the average MV base on pre-defined neighborhood is
calculated as the final result of MV. From the exper-
iment’s outcome of D. Kesrarat and V. Patanavijit
[7-8], it presented an improvement in the accuracy of
MV.

The model of robust motion estimation (RGOI)
[6] presents the using of median filter (L1) over the
result of MV from original algorithm. The objective
of this algorithm is to increase the accuracy of mo-
tion classification under the noisy environments. In
motion classification, when the sequence is interfered
by noise, it presents the wrong result of MV in both
direction and magnitude. The objective of RGOI is
to limit the distance of wrong direction or magnitude
in MV to ?1. From the experiment’s outcome of D.
Kesrarat and V. Patanavijit [7-8], it presented better
performance of MV under the increasing of noise.

In accordance with the performance evaluation of
D. Kesrarat and V. Patanavijit [7-8] over the model
of CHR and RGOI, we combined the model of me-
dian filter (L1) together with bidirectional symmetry
and reliability of confidence based as an alternative
robust and high reliability spatial based optical flow
algorithms using median filter and confidence based
technique (RHR). The RHR algorithm is described
in Fig.3
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The traditional spatial based optical flow (such
as SCOF, HS, or LK) is utilized to determine the
forward MV in horizontal axis (ul(x, y, t)) and verti-
cal axis (vl(x, y, t)) and backward MV in horizontal
axis (u−

l (x, y, t+1)) and vertical axis (v−l (x, y, t+1))
by mean filter (L2) on the focus sequence based
on predefine approach of bidirectional symmetry in
CHR. Then, the gradient orientation (median fil-
ter) from the model of RGOI on Eq.(7) is utilized
over the (ul(x, y, t), vl(x, y, t)) and (u−

l (x, y, t + 1),
v−l (x, y, t+ 1)) respectively to obtain the unit vector
orientation in forward (uL1, l(x, y, t), vL1, l(x, y, t))
and backward (uL1,l−(x, y, t + 1), vL1,l−(x, y, t + 1))
as a result. Afterwards, reliability rate based on
Eqs.(5.1)-(5.2) is applied by using unit vector orien-
tation on forward (uL1, l(x, y, t), vL1, l(x, y, t)) and
backward (uL1,l−(x, y, t + 1), vL1,l−(x, y, t + 1)) MV
to calculate instead of traditional MV (ul(x, y, t),
vl(x, y, t)) and (ul−(x, y, t+1), vl−(x, y, t+1)). Then,
the final optimum MV is obtained base on Eqs.(6.1)-
(6.2) as the process step in CHR which is represented
as the final result in RHR algorithm.

4. EXPERIMENTAL RESULTS

We implement the experiment by using different
100 frames on 4 standard video sequences (AKIYO,
CONTAINER, COASTGUARD and FOREMAN) of
QCIF (176?144) which are original video sequence,
AWGN 25dB (low noise), 20dB (medium noise), and
15dB (high noise) consequently (totally 16 video se-
quences). In the experiment, we utilize 0.5 bilinear
interpolations for all proposed algorithms.

For SCOF algorithm, we set±3 for neighbors block
size and set ±7 for window search area for an experi-
ment. The experiment’s outcomes of SCOF, CHR on
SCOF, and RGOI on SCOF are used in comparison
with the RHR on SCOF.

For HS algorithm, we set global smoothness and
use the ideal matter of BFB mask coefficient for gra-
dient estimation with smoothness weight (?) = 0.5 as
same as the domain in the performance evaluation of
Barron, Fleet, and Beauchemin [4] at 100 iterations.
The experiment’s outcome in efficiency of HS, CHR
on HS, and RGOI on HS are used in comparison with
RHR on HS.

For LK algorithm, we set global smoothness and
use the ideal matter of BFB mask coefficient for gra-
dient estimation with spatial neighborhoods window
(5×5) without pyramid at 5 iteration loops. The ex-
periment’s outcome in efficiency of LK, CHR on LK,
and RGOI on LK are used in comparison with RHR
on LK.

For confidence base model, we set β = 0.0001, and
pre-defined neighbourhood (si) = ±1.

Finally, the performances evaluations over the en-
hancement in PSNR are inspected on our experiment
by confront these rebuild image frames with their
original sequence define as:

Fig.3: Overall Process sequence of the proposed al-
gorithm.

E =
1

mn

m−1∑
x=0

n−1∑
y=0

[A(x, y, t)−B(x, y, t)]
2

(8)

PSNR = 10 · log10
(
M2

I

E

)
(9)

Where E is mean squared error of two m?n gray
scale 8 bits image A and B. MI is the maximum pixel
value of the image equal to 255 (8 bits image).

In Fig. 4 shows the structure of the research frame-
work of this experiment. In Fig.5 illustrates the image
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frame no. 21 of AKIYO, CONTAINER, COAST-
GUARD, and FOREMAN sequence when they are
debased with AWGN 25 dB, 20dB, and 15dB respec-
tively. Due to page limitation, this paper presents
only some of results in Fig. 6-8 by indicate the
value of PSNR of the rebuild image from the out-
come of MV on each algorithm under different degree
of AWGN and sequences. In Fig. 6 focuses on the
performance of PSNR on SCOF based algorithm. In
Fig. 7 focuses on the performance of PSNR on HS
based algorithm. And in Fig. 8 focuses on the per-
formance of PSNR on LK based algorithm.

5. CONCLUSIONS

In accordance with the experiment’s outcome, we
conclude our experiments into 3 main groups. There
are SCOF, HS and LK.

In SCOF (including SCOF, CHR on SCOF, RGOI
on SCOF, and RHR on SCOF), we conclude as:-
� Under the clear condition, SCOF and CHR pro-

duce greatest outcome while RGOI produces least
outcome with slightly better in RHR-SCOF.

� Under the noisy domain, RHR-SCOF produces
greatest outcome.

� Under strong noise domain, RHR-SCOF gains dra-
matically in higher performance.

� In accordance with the references sequences where
slow sequence (AKIYO and CONTAINER) and
fast movement sequence (COASTGUARD and
FOREMAN), we conclude that RHR-SCOF pro-
duces greater efficiency from low noise domain and
increasing in higher deviation on higher noise do-
main on slow sequence while produces higher ef-
ficiency on medium to high noise domain on fast
sequence.
In HS (including HS, CHR on HS, RGOI on HS,

and RHR on HS), we conclude as:-
� Under the clear domain, RHR-HS produces

marginally lower efficiency when confronts with
the HS, CHR-HS, and RGOI-HS.

� Under the noisy domain, RHR-HS produces great-
est outcome.

� Under slow sequence, RHR-HS produces high de-
viation in better outcome when confronts with
HS, CHR-HS, and RGOI-HS on increasing of noise
while produces low deviation but still presents the
greatest outcome under the increasing of noise on
fast sequence.
In LK (including LK, CHR on LK, RGOI on LK,

and RHR on LK), we conclude as:-
� Under the noisy domain, RHR-LK produces great-

est outcome.
� Under slow sequence, RHR-LK produces dra-

matically higher efficiency than other algorithms.
It produces higher performance on increasing of
noise.

� Under fast sequence, RHR-LK produces higher ef-
ficiency but stabilizes in deviation on increasing of

noise.
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Fig.4: Optical flow research framework. (where “*” is our research framework).

Fig.5: Example of image frame that contaminated by AWGN.
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Table 1: Average PSNR, standard deviation and deviation in average PSNR of several AWGN sequence
with original (no noise) sequence (100 frames each). .
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Fig.6: PSNR of SCOF algorithm.
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Fig.7: PSNR of HS algorithm.



Experimental Analysis of Performance Comparison on Both Linear Filter and Bidirectional Confidential Technique 167

Fig.8: PSNR of LK algorithm.


