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Due to the temporal and spatial correlation of the image sequence, the motion vector of a block is highly

related to the motion vectors of its adjacent blocks in the same image frame. If we can obtain useful and

enough information from the adjacent motion vectors, the total number of search points used to find the mo-

tion vector of the block may be reduced significantly. Using that idea, an efficient fuzzy prediction search

(FPS) algorithm for block motion estimation is proposed in this paper. Based on the fuzzy inference process,

the FPS can determine the motion vectors of image blocks quickly and correctly.
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1. Introduction

In general, the motion estimation/com-pensation
techniques are efficient methods to reduce the re-
quired bitrate by eliminating temporal redundancy of
the image sequence. The most popular technique for
motion estimation is the blocking matching algorithm
(BMA) [1-5], which finds the best match for a block
in the current frame within a search area in the previ-
ous frame.

In a typical BMA, a frame is divided into blocks of
M XN pels or, more favorably, square blocks of N*
pels. Then for a maximum motion displacement of w
pels per frame, the current block of pels ts matched
against a corresponding block at the same coordinate
but in the previous frame, within the square window
of width N+2w. A straightforward BMA is the full
search algorithm (FS), which exhaustively searches
for the best-matched block within a search area in the
previous frame to get the optimal motion vector.
However, the computational requirement of FS is
often too high. Thus, efficient algorithms such as the
three step search algorithm (3SS) [1]. the cross scarch
algorithm (CS) [2], the four step search algorithm
(4SS) [4], and the simple and efficient search algo-
rithm (SES) [S] have been developed to reduce the
computational complexity significantly.

Due to the temporal and spatial correlation of se-
quence image, the motion vector of the current block
is highly related to the motion vectors of its adjacent

blocks. However, the real relation among the motion
vectors of the blocks is unknown and hard to extract,
so fuzzy reasoning [6]]7] is employed to solve the
problem. In this paper, we propose a novel ftuzzy
prediction search algorithm (FPS) for block motion
estimation. Based on the fuzzy reasoning, the motion
vectors of the adjacent blocks in the current frame are
used to find the predicted motion vector of the current
block. Using the predicted vector, the FPS can deter-
mine the initial center of the search area for the cur-
rent block. Then, the FPS searches the whole search
areca with a 3x3 movable search window until the
local minimum point lies in the center of the present
search window, or the iteration times of search loop
reaches the given maximum iteration times. Since the
FPS starts searching from the better initial search
center, it can determine the motion vectors of image
blocks more correctly and quickly

According to the experimental results, the proposed
method has the smallest average MSE. the largest
average PSNR, the smallest average prediction errors,
the smallest entropy of prediction errors, the least
percentage of unpredictable pels (pels with absolute
prediction errors larger than three, over a range of 2535,
are classified as unpredictable pels), and the least
average search times than other search methods such
as, 3SS, CS, 4SS and SES for some mage sequences.

2. The proposed algorithm
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2.1 Fuzzy prediction for motion vector

Since the relation among the adjacent motion
vectors in a image frame is not unknown, the fuzzy
inderence is applied to predict the motion vectors of
blocks. The fuzzy inference process, performed in the
design, is based on the concepts of fuzzy implication
and the compositional rules of inference for approxi-
mate reasoning [10]. Figure | shows the position-
relation of the current block and the reference blocks
used for fuzzy prediction in which each block is of
size 16x16. The current block, denoted as B, is
located at (m. n), where m (n) is the column (row)
number. Its four neighboring blocks, at location (m-
32, M, (m-16. m), (m, 7-32). and (m, n-106), are
denoted as B, for ie{l,2,3,4}. Here, we use the
neighboring motion vectors as the inputs to infer the
motion vector of the current block. The corresponding
membership functions and the 16 fuzzy control rules
used for rhe prediction problem are shown in Fig. 2.
Let the motion vector of B, be represented by
V =|Ac.Ar], and P =[A¢,.AF,] mean the pre-
dicted motion vector of B.. Then, Ac, is calculated
by using the following fuzzy prediction steps.

Step I: Use Ac, and Ac, as the fuzzy input ¢ and
input A respectively, and then infer the out-
put Ac, with the 16 fuzzy control rules
shown in Fig. 2.

Step 2: Similarly, use Ac, and Ac, as the input a

and input b respectively, and then infer the

output Ac, with the 16 fuzzy control
rules.
Step 3: Then determine Ac, as follows:
. (Acy,, +Acy)
<y - “‘—‘“_;-‘——“’

Step 4: Similarly, use Ar, and Ar, as the inputs,
and then infer the output Ar,, with the 16

fuzzy control rules.
Step 5: Use Ar, and Ar, as the inputs, and then in-

fer the output Ar,. with the 16 fuzzy con-

trol rules.
Step 6: Then determine AF, as follows:
AP, = By :~»~—Ar’ )

Thus. the predicted motion vector P can be deter-
mined.

2.2 Fuzzy prediction search algorithm

Suppose that the current block is located at the co-
ordinate (m, n). Let Count represent the maximum
iteration times of the search loop set by users and
BDM mean the block distortion measure used for
motion estimation. The FPS algorithm is summarized
as follows:

Step I:  Utilize the fuzzy inference procedure
described in subsection 2.1 to obtain the
predicted vector ﬁ:[Aé,,,AP,,]. Then
set the initial center of the search area at
((m+AC), (n+AF)),

and the loop counter (S) to 1.

the coordinate

Find the minimum BDM point among
the nine checking pomnts on a 3x3
movable search window .

If S > Count or the minimum BDM point
is located at the center of the present
search window, go to Step 4; otherwise
increase S by I, perform the search
process with the following two search
patterns, and then repeat this step.

(a)  If the minimum BDM point is lo-
middle of the
boundary column (row) of the

cated at the
present search window, the center
next search window is
shifted to the
point, and 3 additional vertical
(horizontal)

of the
minimum BDM
adjacent checking
points are used.
(b) If the minimum BDM point is lo-
cated at the corner of the present
search window, the center of the
next search. window is shifted to
the minimum BDM point, and 3
additional checking points are
used.

Step 4:  Stop the search and calculate the overall
motion vector.

Even we use a 3x3 movable search window,
only part of the window (not all the nine search points)
is searched. Thus, some unnecessary search points can
be omitted. With the halfway-stop technique, the FPS
algorithin stops the search process as soon as the
mmimum BDM point is found at the center of the
present search window. Two examples of FPS are
shown in

Fig. 3 with different search paths as
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Count=8; for the worst case, the total number of
search points required is (9+3x(8-1))=30. However,
the minimum BDM point will be found at the center
of the present search window at the first or second
search iteration if we can always make good predic-
tion. Thus. the average search points can be reduced
significantly. That can be proven according to the
experimental results described in the following sec-

tion.

3. Experimental results and performance compari-
sons

Since the fuzzy inference procedure requires com-
plex computations, the table-look-up approach is
applied to reduce the implementation complexity and
to prompt the inference speed. A table with 2
entries must be constructed. in which each entry needs
4 bits to store a predicted vector value between -7 and
7. Thus, it need 128 bytes of memory.

In our experiments, the BDM is defined to be the
mean squared error (MSE) and the block size is fixed
at 16x16. The first 100 frames of the “ Football,”
“Mobile,” “Windmill,” “Flower,” “Tennis,” “Sales-
man,” and “Miss America” sequences (in CIF format)
are used to test the proposed algorithm. It is noted that
these sequences contain different combinations of still,
slow, and fast moving objects. The comparisons are
made by using six search algorithms: 1) FS, 2) 385, 3)
CS. 4) 4SS, 5) SES and 6) FPS in terms of six differ-
ent measures. These measures include 1) average
MSE per pixel as shown in Table I, 2) average PSNR
as shown in Table 1, 3) average prediction errors per
pixel as shown in Table IlI, 4) average entropy of
prediction errors as shown in Table 1V, 5) average
percentage of unpredictable pels per frame (pels with
absolute prediction errors larger than three, over a
range of 255, are classified as unpredictable pels [3])
as shown in Table V. and 6) average search points per
trame as shown in Table VL In the tables, FPS(Count)
is the proposed algorithm in which Count means the
maximum iteration times. While the result of FS is set
to 100%, the average percentages of results for other
search algorithms are shown in the last “Percentage”
column of the tables. According to the experimental
results. the proposed FPS performs better than such
algorithms as 3SS, CS. 4SS, and SES in terms of the

above six measures.

4. Conclusions

An efficient fuzzy prediction search algorithm for
block motion estimation is presented in this paper.
Using the fuzzy reasoning, the algorithm can deter-
mine the motion vectors of image blocks quickly and
correctly. To reduce the implementation complexity
and to prompt the prediction speed, the fuzzy predic-
tion procedure is implemented with the table-look-up
approach. The experimental results show that the
proposed algorithm works better than other search
algorithms. Now, the VLSI architecture for the FPS

algorithm is under developing.
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Fig. 2. The corresponding membership functions and fuzzy control rules.
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Fig. 3. Two different search paths of the FPS.
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TABLE I

Comparison of MSE of the search algorithms

Football | Mobile |Windmill] Flower | Tennis |Salesman| Miss_A || Average |Percentage
FS 360.93 | 357.59 | 350.35 | 268.85 | 135.14| 28.71 1631 216.84 100%
35S 400.83 | 371.84 | 362.49 | 332.30 | 175.55] 29.30 17.57 || 242.27 [11.7%
CS 458.62 | 387.51 | 597.43 | 742.30 |219.65| 29.34 18.70 || 350.51 161.6%
4SS 406.26 | 363.78 | 358.68 | 298.03 | 156.53| 29.30 17.57 || 232.88 107.4%
SES 463.02 | 371.42 ] 36291 | 331.40 | 196.29| 29.32 17.72 || 253.15 116.7%
FPS(8) 386.00 | 359.06 | 357.92 | 278.67 | 151.90] 29.28 17.54 || 225.77 104.1%
FPS(10) || 381.74 | 359.06 | 357.80 | 278.66 | 149.48 | 29.28 17.54 | 224.79 103.7%
FPS(12) || 379.37 | 359.06 | 357.76 | 278.66 | 148.58 | 29.28 17.54 || 224.32 103.4%
TABLE 1
Comparison of PSNR of the search algorithms
Footballl Mobile IWindmill Flower | Tennis |Salesman| Miss A | Average Pcrcenta;ﬂ
FS 22.61 22.70 22.40 23.92 [ 2924 | 33.92 36.07 27.27 100%
3SS 22.09 2251 22.65 2298 | 28.07 | 33.86 35.80 26.85 98.5%
CS 21.55 22.34 20.44 19.44 | 27.24 | 33.85 35.59 25.78 94.5%
4SS 22.09 22.62 22.70 23.46 | 28.55 33.86 35.80 27.01 99.1%
SES 21.52 2251 22.64 23.00 | 27.64 | 33.85 35.76 26.70 97.9%
FPS(8) 22.31 22.68 22.71 23.76 | 28.75 33.86 35.80 27.12 99.4%
FPS(10) 22.35 22.68 22.71 23.76 | 28.76 | 33.86 35.80 27.13 99.5%
FPS(12) 22.38 22.68 22.71 23.76 | 28.78 | 33.86 35.80 27.14 99.5%
TABLE III
Comparison of prediction errors of the search algorithms
Football | Mobile | Windmill | Flower | Tennis |Salesman| Miss_A | Average |Percentage
FS 10.40 10.01 9.46 8.66 5.00 3.31 2.66 7.07 100%
3SS 11.00 10.19 9.04 9.87 5.77 3.31 2.69 7.50 106.1%
CS 11.58 10.37 12.66 15.19 6.33 3.31 2.73 8.88 125.6%
4SS 10.93 10.09 9.57 9.32 5.35 3.31 2.69 7.32 103.5%
SES 11.04 10.18 9.65 9.87 6.06 3.32 2.70 7.63 107.9%
FPS(8) 10.61 10.01 9.55 8.77 5.21 331 2.69 7.16 101.3%
FPS(10) 10.55 10.01 9.55 8.77 5.19 3.31 2.69 7.15 101.1%
FPS(12) 10.52 10.01 9.55 8.77 5.17 3.31 2.69 7.15 101.1%
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TABLE IV

Comparison of entropy of prediction errors of the search Algorithms

Football | Mobile [Windmill| Flower | Tennis |[Salesmanj Miss A || Average|Percentage
FS 5.66 5.50 5.39 5.37 4.40 4.13 3.83 4.90 100%
3S8S 5.73 5.53 5.42 5.57 4.57 4.13 3.84 497 101.4%
CS 5.79 5.55 5.74 6.15 4.65 4.13 3.85 5.12 104.5%
488 371 5.51 5.40 5.49 4.47 4.13 3.84 4.94 100.8%
SES 5.79 5.52 5.42 5.57 4.01 4.13 3.84 4.98 101.6%
FPS(8) 5.08 5.50 5.40 5.38 4.44 4.13 3.84 491 100.2%
FPS(10) 5.67 5.50 5.40 5.38 4.44 4.13 3.84 491 100.2%
FPS(12) 5.67 5.50 5.40 5.38 443 4.13 3.84 491 100.2%

TABLE V

Comparison of percentage of unpredictable pels of the search algorithms

Football | Mobile | Windmill| Flower | Tennis |Salesman | Miss_A | Average | Percentage
—

FS 59.5% | 50.4% | 48.5% | 31.2% | 34.7% | 33.9% | 25.0% § 43.3% 100%

388 60.4% | 50.8% | 49.1% | 55.0% | 37.9% | 33.9% | 25.1% i 44.6% 103.0%
CS O11% | 51.2% | 52.0% | 62.0% | 394% | 33.9% | 25.3% | 46.4% 107.2%
4SS 59.8% | 50.6% | 48.6% | 53.7% | 36.0% | 33.9% | 25.1% [ 44.0% 101.6%
SES 61.0% | 50.8% | 49.1% | 55.0% | 38.8% | 33.9% | 25.2% || 44.8% 103.5%

FPS(8) 59.6% | 50.4% | 48.5% 51.3% | 352% | 33.9% | 25.1% 43.4% 100.2%
FPS(10) || 59.5% | 50.4% | 48.5% | 51.3% | 35.1% | 33.9% | 25.1% j 43.4% 100.2%
FPS(12) || 59.5% | 50.4% | 48.5% | 51.3% | 351% | 33.9% | 25.1% 43.3% 100.1%

TABLE VI

Comparison of search points of the search algorithms

Football | Mobile [Windmill[ Flower | Tennis |Salesman| Miss_A | Average|[Percentage
FS 66676 | 66676 | 66676 | 66676 | 66676 | 66676 | 66676 | 66676 100%
3SS 7632 7599 7646 7662 | 7627 7596 7608 7624 11.4%
CS 5097 5090 5135 5113 511 5104 5106 5108 7.7%
488 6037 5227 5701 6265 5873 5178 5340 5660 8.5%
SES 5357 5572 5369 5238 | 53060 5594 5501 5427 8.1%
FPS(8) 4558 3049 3695 3969 | 3766 2798 3167 3572 5.4%
FPS(10) 4631 3049 3697 3970 | 3801 2798 3167 3587 5.4%
FPS(12) 4674 3049 3698 3971 3808 2798 3167 3595 5.4%

—755—



