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A Fast Adaptive Motion Estimation Algorithm
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Abstract—Motion estimation (ME) is a multistep process that in-
volves not one, but a combination of techniques, such as motion
starting point, motion search patterns, and adaptive control to curb
the search, avoidance of search stationary regions, etc. The collec-
tive efficiency of these techniques is what makes a ME algorithm
robust and efficient across the board. This paper proposes a ME al-
gorithm that is an embodiment of several effective ideas for finding
the most accurate motion vectors (MVs) with the aim to maximize
the encoding speed as well as the visual quality. The proposed al-
gorithm takes advantage of the correlation between MVs in both
spatial and temporal domains, controls to curb the search, avoids
of search stationary regions, and uses switchable shape search pat-
terns to accelerate motion search. The algorithm yields very sim-
ilar quality compared to the full search but with several hundred
times faster speed. We have evaluated the algorithm through a
comprehensive performance study that shows that the proposed
algorithm achieves substantial speedup without quality loss for a
wide range of video sequences, compared with the ME techniques
recommended by the MPEG-4 committee.

Index Terms—Adaptive search patterns, adaptive threshold, in-
ertia tracing, spatial and temporal predictive search.

1. INTRODUCTION

HE overwhelming complexity of motion estimation (ME)

using a full search based brute-force approach has led to
explosive research in ME. The research has led to myriad fast
algorithms, and yet finding the “most efficient” algorithm re-
mains an open research problem. Most ME algorithms exhibit
tradeoffs between quality and speed. Since ME is highly scene
dependent, and, no one technique can be fully relied to generate
good visual quality for all kinds of video scenes. Instead, it is the
quintessence of a variety of techniques, such as motion starting
point, motion search patterns, and adaptive control to curb the
search, avoidance of search stationary regions, etc., that makes
an ME algorithm robust and efficient across the board.

While the performance of the full search method is consid-
ered to be “optimal,” its complexity is prohibitively high for
software implementation. Furthermore, since the full search
method aims to find the minimum sum of absolute differences
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(SADs), the presence of noise in a video can lead to suboptimal
motion vectors (MVs). The presence of noise can also cause
the full search to produce chaotic motion field for a smooth
motion video, costing more bits to encode MVs with fewer bits
left for encoding DCT coefficients with a given bit budget [1],
[22]. Designing fast and accurate ME algorithms remains an
open research problem. The most common ME method is the
block matching technique, in which a video frame is divided
into macroblocks (MBs) (16 x 16 pixels) or blocks (8 x 8
pixels) and a search window is defined. Each MB of the current
frame is compared with the blocks of the reference frame
within a search window. The displacement with the maximum
correlation or the minimum distortion between the current
block and the reference blocks within the search window is
selected as the MV.

A vast number of block matching algorithms (BMAs) have
been proposed (see [18] for an extensive survey). Some of
the well known algorithms are: block pixel decimation [16],
three step search algorithm (TSS) [18] and two dimensional
logarithmic search algorithm (2D-LOG) [16] as well as their
variations [25], [21], new three step search algorithm (NTSS)
[22], four step search algorithm [26], conjugate directional
search [23], [31], [37], orthogonal direction search algorithm
(OSA) [27], dynamic search window adjustment (DSWA) [20],
cross search [7], diamond search [32], [39], gradient-based
search [24], zone-based search [17], refined zone-based search
[11], parallel hierarchical one-dimensional search algorithm
(PHODS) [4], and candidate vector-based four step search
algorithm (CV4SS) [12]. Hierarchical search [3], [5], [21], [29]
and multiresolution algorithms [2], [3] perform ME at multiple
levels successively, starting with the lowest resolution level
using low-pass filtering or subsampling [28].

Almostall ofthe BMAsmakeexplicitand implicitassumptions
that the matching distortion increase monotonically as the
checking point moves away from the global minimum or the
error surface is unimodal over the global window. Indeed,
this assumption is not always true. Consequently, the resultant
MVs may be trapped in a local minimum. Most BMAs exhibit
proper behavior provided the following prerequisites are met:
1) object displacement is constant within a block of pixels;
2) pixel illumination between successive frame is spatially
and temporally uniform (this constraint can be relaxed in the
BMA with luminance correction); 3) motion is restricted to
translation; 4) matching distortion increases monotonically as
the displaced candidate block moves away from the direction
of the exact minimum distortion. Most of these conditions are
usually not met for real-life video sequences, but a large number
of ME algorithms still perform reasonably well. The problem
is these algorithms yield different performance on different
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video sequences, and the reasons for that are not obvious. The
second problem is their high complexity. MV prediction (MVP)
techniques have shows significant performance improvements.
An initial guess of the next MV is obtained by prediction from
the previous MV in temporal or spatial domain. Various MVP
are proposed in literatures [6], [14], [23], [30], [36]. Within the
MPEG-4 or H.26X framework, MVs are differentially coded.
The predicted MV is subtracted from the actual MV and the
resulting difference is coded using a variable length code.

MPEG and ITU series standards recommend block-based
motion compensation techniques. After considerable assess-
ment and rigorous testing, the MPEG-4 Part-7 adopted MV
field adaptive fast search technique (MVFAST) [8]-[10] as
a recommended ME algorithm [13]. Our group proposed an
algorithm named predictive MVFAST (PMVAST) [34] (part
of which appeared in [13]) that is also recommended in the
MPEG-4 standard. In this paper, we propose a ME algorithm
that is a combination of a number of novel ideas for finding
more accurate MVs and with a faster speed. The proposed
algorithm, named as fast adaptive ME (FAME) algorithm, out-
performs MVFAST and PMVFAST. FAME takes advantages
of the correlation between MVs in both spatial and temporal
domains, controls to curb the search, avoids search stationary
regions, and adaptively uses special diamond shape search
patterns to accelerate motion search. The algorithm yields
very close quality compared to the full search but with several
hundred times speedup.

The rest of this paper is organized as follows. Section II pro-
vides an overview of MVFAST and PMVFAST. The details and
descriptions of these algorithms set the stage for the discussion
of FAME that uses new features but takes into account some of
the good features of these two previous algorithms. Section III
describes the proposed algorithm in details. Section IV provides
extensive performance evaluation and comparisons, as well as
the comments and observations. The last section concludes the
paper with final remarks and future directions.

II. OVERVIEW OF MVFAST AND PMVFAST

MVFAST offers high performance both in quality and speed
and does not require memory to store the searched points and
MVs. The MVFAST has been adopted by MPEG-4 Part 7
(March 2000) as the core technology for fast ME.

MVFAST exploits an optional phase called early elimination
of search as its first step. In the phase of early elimination of
search, the search for a MB will be terminated immediately, if
its SAD value obtained at (0, 0) is less than a threshold T, and the
MYV is assigned as (0, 0). MVFAST defines local motion activity
of a MB to classify motion types as high, medium or low. The
local motion activity determines the initial search center as well
as the search strategy. If the motion activity is low or medium,
the search center is the origin. Otherwise, the vector belonging
to the set of MVs in the region of support (ROS) that yields the
minimum SAD is chosen as the search center.

MVFAST employs two search patterns to perform local
search around the search center: the small diamond search
pattern (SDSP) and large diamond search pattern (LDSP). The
choice depends on the motion activity identified. If the motion

421

MB(i.j-1) | MB(-1,/-1)

MB(i-1,/) MB(i, j)

Fig. 1. BMVCL.

activity is low or high, SDSP is employed; otherwise, LDSP is
chosen. LDSP switches to SDSP, if the center position gives
the minimum SAD.

A derivative of MVFAST, called PMVFAST is considered as
an optional approach that might benefit in special coding situa-
tions. PMVFAST incorporates a set of thresholds in MVFAST
to trade higher speed-up at the cost of memory size, memory
bandwidth and additional algorithmic complexity. PMVFAST
combines the ‘stop when good enough’ principle, the threshold
of stopping criteria and the spatial and temporal MV prediction
of advanced predictive diamond zonal search (APDZS) [33],
[35] as well as the efficient LDSP and SDSP of MVFAST. The
PMYV is used as the initial predictor. The search stops if the PMV
satisfies the stopping criterion. PMVFAST computes the SAD
of some highly probable M Vs and stops if the minimum SAD so
far satisfied the stopping criterion. PMVFAST performs a local
search using some of the techniques of MVFAST.

III. FAME ALGORITHM

Motion is generally classified as foreground and background
motion. Most ME algorithms assume the background is still
or has slow motion, and that the foreground motion is stable
(moving in constant direction). This assumption leads to a cer-
tain correlation between MVs, which are then searched using a
fixed shape, such as a diamond or square; MVFAST and PM V-
FAST use similar ideas. However, the above assumptions are
not always true. In many cases the foreground is almost still but
the background moves fast, such as the camera focusing on a
moving car. Here, the car may be relatively still but the back-
ground may have fast motion. In such situations, a fixed search
pattern may get trapped in a local minimal, leading to incor-
rect motion prediction. Further, a fixed threshold cannot adapt
to different kinds of sequence, and, wastes useful computational
resource. The FAME algorithm takes advantages of the correla-
tion between MVs in both spatial and temporal domains, and
uses adaptive shape search patterns to accelerate motion search.
Various features of FAME are described next.

Adaptive Threshold for Identifying Stationary Blocks: About
98% of the stationary blocks have their SAD at position (0,
0) less than 512 for MB size of 16 x 16 [8], [13]. If we can
detect a stationary MB, we can just set its MV as (0, 0) and
skip the motion search. Previous algorithms [8], [34] detect sta-
tionary blocks using a fixed threshold. An adaptive threshold
makes detection fast and more robust. Most stationary MBs have
small SADs at (0, 0). The proposed algorithm uses an adaptive
threshold, named threshold for stationary block (TSB), which
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Picture -1

Fig. 2. Temporal MV prediction.

Fig. 3. Illustration of motion inertia.

makes the detection faster and robust in the sense that it can re-
sist the influence of noise. If the SAD at (0, 0) is less than TSB,
the algorithm skips the rest of the search and use (0, 0) as the
MV of the current block. TSB is determined as follows:

¢ denote by MVCL the MV candidate list. Initially, MVCL
contains MVs of the upper, upper-right and left MBs.

« if all adjacent MBs in MVCL have MVs at (0, 0), the algo-
rithm uses the maximum of their SAD as threshold TSB;

* if one of adjacent MBs in MVCL has MV unequal to (0,
0), we use the minimum of SAD of adjacent MBs as TSB
since the possibility of current block inside stationary area
become lower.

To make the detection more robust, we bound TSB within a
certain range. The upper boundary can be tuned in terms of the
type of the video sequence.

Detection of MBs Belonging to Same Moving Object: The
smoothness of the motion field, especially within the same
moving object, means high correlation of MVs. This property
can be used to accelerate motion search if we can identify the
current MB is within the same moving object of its adjacent
MBs. This property is explained as follows:

li =z = T| + lyi — 7] (L
L =Maz{l;} (2)

where L is local motion activity (LMA) measurement factor,
(Z,7) is the average of MVs of the upper, upper-right, and left
MBs, and (z;,y;) is the ith MV in MVCL.

The definition of LMA in FAME is different from that in MV-
FAST. In MVFAST, [; is defined as the cityblock length of MV
[8], [13]. In FAME, [; is defined as the cityblock length of the
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Fig. 5. Example of MV candidate list.

variation of MV. The notion of our LMA makes the measure-
ment more localized and more detailed. It also reflects the con-
sistency of MVs within MVCL. It can be observed that if the
current MB and MBs in MVCL belong to the same moving ob-
ject, L should have a small value. The LMA is defined as

Low, ifL < L
LMA = {Medium, ifL; < L <L 3)
High, if L > Lo.

In our experiments, L; = 1, L, = 4. When LMA is low, it
means its adjacent MBs have similar motion property. The cur-
rent MB may possibly be inside the same object with its adjacent
MBs, and may have the same MV.

Adaptive Threshold to Enable Half-Stop: In order to avoid
being trapped in unnecessary search, FAME uses a threshold to
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TABLE 1
ABBREVIATIONS USED IN SUBSEQUENT TABLES

Abbreviations |Explanation Abbreviations [Explanation

FS Full Search motion estimation algorithm MVF Motion Vector Field Adaptive Search Technique

PMV Predictive Motion Vector Field Adaptive Search Technique FAME Fast Adaptive Motion Estimation

BR Bit Rate, the unit is kbits per second. FR Frame Rate, the unit is frames per second

YPSNR Peak Signal-to-noise Ratio for Y Component; the unit is DB UPSNR Peak Signal-to-noise Ratio for U Component; the unit is DB

VPSNR Peak Signal-to-noise Ratio for V Component; the unit is DB ChkPts Number of Checkpoints

SR Search Range, the unit is pixels. The search window size igfSearch speed|The percentage of the search time saved by FAME over the
(2SR+1) by (2SR+1) increased designate motion estimation algorithm. It is obtained by (Search

time of the designate algorithm — search time of FAME) / search
time of FAME.

ST-sp Speedup according to the search time. This value is obtained by|PSNRgain Peak Signal-to-noise Rate Gain. This value is obtained by
divide the search time of the full search algorithm by the search subtract YPSNR value of the full search algorithm from the
time of the designate motion estimation algorithm. YPSNR value of the designate motion estimation algorithm.

TSBUB Upper bound of TSB THSUB Upper bound of THS

Search Time [Search Time is the time spent on the motion searh. The time unitjfChPt-sp Speedup according to the number of checkpoints. This value is
of search time is clock tick. The frequency of clock tick dependj obtained by dividing the number of checkpoints in the full search
on the computer. In our experiments, the frequency of clock tick algorithm by the number of checkpoints in the designate motion
is 3579545 ticks per second. estimation algorithm.

Chkpts saved [The percentage of checkpoints saved by FAME over thelLSAD-sp Speedup according to the number of lines of SAD. This value is
designate motion estimation algorithm. It is obtained by (Chkpts| obtained by dividing the Line-SAD value of the full search
of the designate algorithm — Chkpts of FAME) / Chkpts of algorithm by the Line-SAD value of the designate motion
FAME. estimation algorithm.

Line-SAD Number of Lines of SAD. A block SAD calculation is composed|Line-SAD The percentage of lines of SAD saved by FAME over the
of lines of SADs. Half stop technique is used in block SAD|saved designate motion estimation algorithm. It is obtained by
calculations. After the computation of a line’s SAD, the line SAD (Line-SAD of the designate algorithm — Line-SAD of FAME) /
value is added to the partial SAD of that block. If the partial SAD| Line-SAD of FAME.
value is larger than the minimum block SAD so far, it is not
necessary to compute the SAD for the rest of the lines in the
block. This technique can save computation without losing
accuracy.

stop the search when the result is good enough. If the prediction
error during the search is below this threshold, the search stops
earlier. We call this the threshold for half-stop (THS), which is
again adaptively set according to LMA of its MVCL.

» THS is equal to the mean value of SAD of adjacent MBs if
the local motion activity is less than 4.

* THS is equal to the minimum value of SAD of adjacent
MB.

* To avoid the extremely low or high value of THS caused
by noise, we bound THS within a certain range. Generally,
the lower bound has the same value of the lower bound of
TSB. The upper bound can be tuned in terms of the type of
video sequence.

Extended MV Candidate Set: The MVCL initially consists
of a basic MVCL, called BMVCL. This includes MVs from its
neighbor MBs as shown in Fig. 1, where MB (i, j) is the current
MB. The BMVCL is extended to include additional MVs, as
explained below.

Since the FAME algorithm is also based on motion prediction
technique, the candidates in MVCL are crucial for speed and
quality of FAME. If there are more MV candidates, the chance
to find true vector faster and more precise is higher. Fig. 2 shows
ordinary members in MVCL, presenting the prediction from the
spatial domain. However, the correlation of MVs does not exist
only in the spatial domain, but exists in the temporal domain as
well. FAME uses one MV prediction from the temporal domain.

Motion Inertia: Some temporal MV prediction based algo-
rithms are reported [8], [14], [33]. But these algorithms use only
the average of M Vs of adjacent MBs in the reference picture, or
the MV of corresponding MB in the reference picture. As shown
in Fig. 2, for MB (4, §), the prediction of MV from temporal do-
main would be V;_1 (4, j), or the average of MVs of adjacent
MBs in picture ¢ — 1. Based on our experiments and observa-
tions, the motion track of a moving object in a video sequence is
continuous except when scene change occurs. That means there
is a so-called motion inertia property in the temporal domain.
The property can be used for MV prediction and interpolation.

Let (x0, yo) present the coordinates of left-top corner of cur-
rent MB. Vijertia denotes the inertia MV predictor of current
MB. V is the set of MVs of the reference frame. Let (2¢—1, ¥+ —1)
be the coordinates of the left-top corner of MB in the reference
frame and V;_1 € V, Vi1 = (Va,4—1,0y,+—1) be the MV of
this MB. Based on the inertia property (the MB moves with the
same MV), the position of MB in current frame will be

“
)

Let d = |xg — x¢| + |yo — y¢|. The goal of MV prediction is
to find out a MV in the reference frame that minimizes d, as (6).
Fig. 3 illustrates the inertia MVs.

Vinertia = arg min E d.
"f

Tt =T 1+ Vg1

Yt =Yt—1 + Uy t—1-

(6)
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TABLE 1I
DETAILED COMPARISON OF FAME WIiTH FS, MVFAST, AND PMVFAST
Sequence BR [FR [SR YPSNR |UPSNR | VPSNR Bits ChkPts Line-SAD SearchTime ChPt-sp | LSAD-sp ST-sp  [PSNRgain
IFS 29.425 | 31.765 | 32.650 20010966 | 9511788726 | 48963643590 | 52876521460 1.00 1.00 1.00 0.000
IMVF 29.220 | 31.822 | 32.725 20010646 4188979 57300927 68680412 | 2270.67 854.50 769.89 -0.205
64
IPMV 28.950 | 31.660 | 32.569 20004198 4929845 72536859 85357957 | 1929.43 675.02 619.47 -0.475
[FAME | 29.307| 31.853 | 32.759 20010406 3468725 48375530 67251127 | 2742.16 [ 1012.16 786.25 —0.118
Cheerleader 4000 |30
(ccir 720X480) :
[FS 29.313 | 31.650 | 32.533 19744574 (31055725116 | 1.50029E+11 | 1.67227E+11 1.00 1.00 1.00 0.000
IMVF 29.115 | 31.744 | 32.657 19745038 4199261 57489855 69534450 | 7395.52 | 2609.67 | 2404.94 -0.198
128
IPMV | 28.852 | 31.574 | 32.493 19739582 4939382 72704360 85735712 | 6287.37| 2063.56 | 1950.49 -0.461
[FAME | 29.221( 31.784 32.7 19747502 3475139 48474341 71155300 | 8936.54 | 3095.03 | 2350.16 —-0.092
[FS 33.778 | 35.339 | 36.117 44402238 10040641104 [47759902109 | 59044262168 1.00 1.00 1.00 0.000
MVF 33.764 | 35.387| 36.202 44398870 4138731 55053487 67066425 | 2426.02 867.52 880.38 -0.014
64
IPMV | 33.624 | 35.280 | 36.093 44403782 4676206 69328258 81824476 | 214718 688.90 | 72160 -0.154
[FAME | 33.778 | 35.386 | 36.196 44402142 3436669 47503525 66261903 | 2921.62 ( 1005.40 891.07 0.000
Cheerleader 9000 |30
(ceir 720X480) N
[FS 33.766 | 35.321| 36.095 44400222 | 32756437918 | 1.45911E+11 | 1.63066E+11 1.00 1.00 1.00 0.000
IMVF 33.752 | 35.381| 36.196 44398926 4142424 55112378 67556335 | 7907.55 | 2647.53 | 2413.77 -0.014
128
[PMV 33.615 | 35.269 | 36.088 44404126 4680034 69377110 82181903 | 6999.19 | 2103.16 | 1984.20 -0.151
I[FAME | 33.763 | 35.376 36.17 44402630 3441746 47566307 70024530 | 9517.39 | 3067.54 | 2328.69 -0.003
[FS 29.423 | 32.402 | 34.081 19768446 | 9841304792 [41198077209 | 52724019817 1.00 1.00 1.00 0.000
IMVE 29,147 | 32.286 | 33.994 19773662 3228815 36480809 49896518 | 3047.96 ( 1129.31 | 1056.67 -0.276
64
IPMV 25.201| 30.428 | 32.463 19718078 4864019 68806582 87450378 | 2023.29 598.75 602.90 -4.222
[FAME | 29.215 | 32.315| 34.016 19767054 1602768 18948783 36535806 | 6140.19 | 2174.18  1443.08| -0.208
Flower Garden 4000 |30
(ceir 720X480) ’
[FS 29.394 | 32.378 | 34.064 19769174 (32139459256 | 1.21147E+11 | 1.09406E+11 1.00 1.00 1.00 0.000
IMVE | 29.112 | 32.257 | 33.977 19772326 3230152 36515798 50212299 | 9949.83 | 3317.67| 2178.87| -0.282
128
IPMV 25.184 | 30.419 | 32.464 19709718 4865892 68831709 87484387 | 6605.05( 1760.05 | 1250.58 -4.210
[FAME | 29.179 | 32.287 | 33.996 19766622 1604483 18975121 45044101 | 20031.04 | 6384.54 | 2428.87 -0.215
[FS 33.712 | 35.861 | 36.628 44434390 | 10162085820 | 38675482264 (49555325099 1.00 1.00 1.00 0.000
VF 33.506 | 35.782 | 36.540 44433358 3181659 34080035 47253909 | 3193.96 | 1134.84 | 1048.70 —0.206
64
[PMV 30.423 | 33.490 | 34.865 44438150 4755679 64975558 84291698 | 2136.83 595.23 587.90 -3.289
FAME | 33.518 | 35.773 | 36.534 44432742 1546122 17801917 34551283 | 6572.63 | 2172.55 | 1434.25 —0.194
Flower Garden %000 |30
(ceir 720X480)
[FS 33.774 | 35.908 | 36.666 45034966 | 33153562664 | 1.12899E+11 | 1.01957E+11 1.00 1.00 1.00 0.000
IMVEF 33.566 | 35.824 | 36.574 45034670 3181031 34055390 47071260 | 10422.27 | 3315.16 | 2166.02 -0.208
128
IPMV | 30.491| 33.541| 34.900 45038630 4750945 64909010 84831355 | 6978.31 | 1739.34| 1201.88 | -3.283
[FAME | 33.576 | 35.813 | 36.569 45034774 1546503 17802805 43152934 | 21437.76 | 6341.64 | 2362.70 —0.198
Coastguard | 415 |4 Fs 27.905 | 41,422 | 42.765 1122198 | 138312976 | 1017346319 | 1136439206 1.00 1.00 100|  0.000
(cif 352X288)
IMVE | 28.134| 41.613 | 42.849 1102654 793482 10178636 13050421 | 174.31 99.95 87.08 0.229
16
PMV | 27.229| 41.163 | 42518 1168214 889162 12430280 15877400 | 155.55 81.84 7158 | —0.676
[FAME | 28.126 | 41.615 | 42.847 1099478 602476 7859812 11713025 229.57 129.44 97.02 0.221
32 [FS 27.812 | 41.401| 42.765 1120982 | 533386562 | 3473871113 | 3786876366 1.00 1.00 1.00 0.000
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TABLE 11 (Continued)
DETAILED COMPARISON OF FAME WITH FS, MVFAST, AND PMVFAST

Sequence BR [FR [SR YPSNR |[UPSNR | VPSNR Bits ChkPts Line-SAD SearchTime ChPt-sp | LSAD-sp ST-sp  |PSNRgain
MVF 28.371 | 41.742 | 42.928 1120582 783851 9895952 13101163 680.47 351.04 289.05 0.559
IPMV 27.219 | 41.150 | 42.518 1159822 890265 12446529 15841646 599.13 279.10 239.05 —-0.593
FAME | 28.367 | 41.738 | 42.905 1120166 584464 7489203 11484824 912.61 463.85 329.73 0.555
FS 30.746 | 42.495 | 42.996 479542 34846160 189599526 | 215061380 1.00 1.00 1.00 0.000
IMVE 30.749 | 42.465| 42.970 479270 181941 1919485 2666013 191.52 98.78 80.67 0.003
16
IPMV 29.959 | 42.212 | 42.754 479750 169421 2145466 2901172 205.68 88.37 74.13 —0.787
IFAME | 30.724 | 42.429 | 42.969 479414 106100 1185057 2050013 328.43 159.99 104.91 -0.022
Coastguard 48 10
(qeif 176X144)
FS 30.683 | 42.442 | 42.974 79662 127065512 | 590207188 | 647641896 1.00 1.00 1.00 0.000
IMVE 30.710 | 42.436 | 42.951 479422 182478 1929129 2624308 696.33 305.94 246.79 0.027
32
PMV 29.943 | 42.157| 42.721 479830 169062 2138081 20955561 751.59 276.05 219.13 -0.740
FAME | 30.702 | 42.436 | 42.941 479350 106502 1190667 2016880 | 1193.08 495.69 321.11 0.019
FS 28.737 | 36.643 | 35.235 105606 12150768 54490416 59445510 1.00 1.00 1.00 0.000
IMVF 28.782 | 36.721| 35.257 104886 27949 302344 429234 434.75 180.23 138.49 0.045
16
PMV 28.798 | 36.727 | 35.322 104958 29678 363401 537740 409.42 149.95 110.55 0.061
IFAME | 28.793 | 36.643 | 35.261 105694 23848 246806 424354 509.51 220.78 140.08 0.056
Container 1w |75
(qeif 176X144)
FS 28.716 | 36.643 | 35.332 105374 41802498 153324275 161451675 1.00 1.00 1.00 0.000
IMVF 28.730 | 36.630 | 35.299 104854 27890 303197 429181 | 1498.83 505.69 376.19 0.014
32
PMV 28.727 | 36.603 | 35.236 105430 30501 374890 592081 | 1370.53 408.98 272.69 0.011
FAME | 28.746 | 36.63 | 35.308 105134 21681 224107 382599 | 1928.07 684.16 421.99 0.030
IFS 36.308 | 41.274 | 42.784 10248766 | 414565280 | 1966578957 | 2217412491 1.00 1.00 1.00 0.000
MVF 36.270 | 41.258 | 42.788 10245926 2144869 26038220 34040603 193.28 75.53 65.14 -0.038
16
PMV 34.717 | 40.235| 41.694 10246046 2231551 32918196 41126347 185.77 59.74 53.92 -1.591
IFAME | 36.194 | 41.199 | 42.735 10243222 1267151 15899751 24609629 327.16 123.69 90.10 -0.114
FS 36.450 | 41.404 | 42.913 10247006 | 1597273676 | 5844138319 | 6417758637 1.00 1.00 1.00 0.000
MVF 36.376 | 41.344 | 42.887 10244222 2147248 25984233 34304537 743.87 224.91 187.08 —0.074
Foreman 1024 |30 |32
(cif 352X288) -
IPMV 34.733 | 40.252 | 41.707 10242774 2258148 33319044 41779718 707.34 175.40 153.61 -1.717
IFAME | 36.313 | 41.316 | 42.859 10240630 1263609 15665946 24578419 | 1264.06 373.05 261.11 -0.137
FS 36.475 | 41.430| 42.935 10246214 | 3422933360 | 10906541251 | 11842335317 1.00 1.00 1.00 0.000
MVF 36.384 | 41.361 | 42.904 10245926 2138988 25825944 34466406 | 1600.26 422.31 343.59 -0.091
48
IPMV 34.718 | 40.243 | 41.693 10247614 2261853 33370815 41632553 | 1513.33 326.83 284.45 —1.757
IFAME 36.32 | 41.317 | 42.862 10243230 1256764 15525367 25130325 | 2723.61 702.50 471.24 —0.155
Foreman
. . 112 |10 IS 31.538 | 38.376 | 39.612 1123102 131388144 | 694618502 | 760185705 1.00 1.00 1.00 0.000
(cif 352X288)
MVF 32.440 | 38.969 | 40.454 1111046 732698 9438788 12171120 179.32 73.59 62.46 0.902
16
IPMV 31.298 | 38.510 [ 39.762 1110454 619136 9169132 11730459 212.21 75.76 64.80 —0.240
IFAME 32.51 | 39.024 | 40.557 1110726 460604 5917730 9077969 285.25 117.38 83.74 0.972
32 [|FS 31.403 | 38.294 | 39.361 1125086 | 507311762 [ 2138638952 | 2282294416 1.00 1.00 1.00 0.000
IMVE 32.482 | 38.961| 40.481 1111918 737816 9497643 12020203 687.59 225.18 189.87 1.079
IPMV 31.303 | 38.522 ] 39.790 1110990 623252 9233316 11766649 813.98 231.62 193.96 —0.100
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TABLE 1II (Continued)
DETAILED COMPARISON OF FAME WIiTH FS, MVFAST, AND PMVFAST

Sequence BR |FR |SR YPSNR |UPSNR | VPSNR Bits. ChkPts Line-SAD SearchTime ChPt-sp LSAD-sp ST-sp PSNRgain
FAME | 32,553 | 39.039 | 40.607 1112966 164313 5936919 9148308 | 1092.61| 360.23| 249.48 1.150
IFS 37.416 | 42.154 | 44.099 5119726 204431040 863767043 993550327 1.00 1.00 1.00 0.000
MVF | 37.337 | 42.093 | 44.068 5120470 991931 11577270 | 15472443 |  206.09 74.61 6421 —0.079
16
PMy | 36.233 | 41.392  43.355 5121654 831884 | 12174599 | 16306278 | 245.74 70.95 6093 -1.183
FAME | 37.245| 42.016 | 44.008 5120622 539861 6631956 | 10434967 | 378.67| 13024 9521 —0.171
IFs 37.399 | 42.153 [ 44.082 5120566 | 787584890 | 2634528574 | 2927037395 1.00 1.00 1.00 0.000
. MVF | 37.338 | 42.098 | 44.064 5120718 998213 |  11668611| 15673484 | 788.99| 22578 186.75| -0.061
(cif 352X259) " emv 36.232 | 41.399 | 43.360 5121302 834455 12212881 16205035 | 943.83| 21572 179.63| -1167
FAME | 37.254 | 42.065 | 44.051 5120246 545025 6672340 | 10815112 | 1445.04 | 39484 270.64| ~0.145
IFs 37.374 | 42.137 [ 44.069 5120022 | 1687209488 | 4924327380 | 5389924601 1.00 1.00 1.00 0.000
MVF | 37.307 [ 42.085 | 44.041 5120046 998665 | 11674712 | 15681968 | 1689.46 | 421.79| 343.70| -0.067
48
PMV | 36.198 | 41.377 | 43.334 5122694 833784 12206887 | 16276819 | 2023.56 | 40341 33114 -1176
FAME | 37.218 | 42.014 | 43.985 5120198 547550 6706190 | 11256641 | 3081.38 | 734.30| 478.82| -0.156
IFS 28.390 | 35.658 | 39.152 104718 | 10465408 | 42391423 | 46127398 1.00 1.00 1.00 0.000
MVF | 28.365 | 35.633 | 29.093 103806 32917 387739 570749 | 317.93| 109.33 80.82| —0.025
16
PMY | 28.404 | 35.640 | 39.120 103142 26955 373360 573385 | 388.25| 113.54 80.45 0.014
patonior | | FAME | 28.416 | 35.649 | 39.117 103422 23169 265897 426171 | 45170 | 159.43 | 108.24 0.026
(S IFs 28.381 | 35.669 [ 39.171 105222 | 39321366 | 138293935 | 146255894 1.00 1.00 1.00 0.000
IMVE | 28.315 | 35.589 | 39.094 103374 32355 383581 530140 | 1215.31| 360.53 | 275.88| -0.066
32
PMyv | 28.409 | 35.639 | 39.102 103398 27512 378239 545264 | 1429.24 | 365.63| 268.23 0.028
FAME | 28.358 | 35.604 | 39.093 103286 22952 263362 467726 | 1713.20 | 52511 31270 -0.023
IFs 35.358 | 41112 41449 240758 | 24412096 | 91688196 | 103516928 1.00 1.00 1.00 0.000
IMVF 35.266 | 41.021| 41.319 240734 61033 687763 1037964 399.98 133.31 99.73 —0.092
16
My | 35.135 [ 40.906 | 41.250 240846 47646 727661 1179810 | 512.36| 126.00 87.74| -0.223
Mother & FAME | 35298 | 41.02| 41.354 240798 41767 485997 909203 | 58148 | 188.66| 11385 —0.060
Daughter 24 10
(qeif 176X144) IFs 35.338 | 41.074 | 41.350 240710 | 92145284 | 278746673 | 300511057 1.00 1.00 1.00 0.000
MVE | 35.265 [ 40.981 [ 41.282 240718 60833 683861 1025679 | 1514.73| 40761 29299| —0.073
32
PMV 35.082 | 40.897 | 41.221 240486 47768 731996 1107156 1929.02 380.80 271.43 ~0.256
FAME | 35.174 | 40.892 | 41.265 240710 42742 499106 951086 | 2155.85 | 55849 31597 -0.164
IFS 33.254 | 38.741| 39.563 1120614 109819168 462852114 515442881 1.00 1.00 1.00 0.000
MVE | 33.242 | 38.803 | 39.591 1119958 353587 4109849 5668365 | 310.59 | 112.62 90.93| -0.012
16
PMV | 33.157| 38.715| 39.475 1120502 264578 3773725 5360279 | 41507 | 122,65 96.16 [ —0.097
News FAME | 33.307 | 38.88| 39.654 1119878 244864 2817341 4557334 |  448.49 | 16429| 113.10 0.053
(irasaxasy | 12| 1°
IFs 33.249 | 38.737| 39.542 1119718 | 427025996 | 1416108820 | 1529769426 1.00 1.00 1.00 0.000
IMVF | 33.224| 38805 39.583 1119950 353995 4125401 5658913 | 1206.31| 343.27 270.33| -0.025
32
PMV | 33.063| 38.650 | 39.414 1119878 266310 3801828 5500532 | 1603.49 | 372.48| 27811 —0.186
[FAME 33.3| 38.853| 89.629 1120078 245999 2832111 4708318 | 1735.89 | 500.02 | 32491 0.051
(cif;“;ez"‘;m) 48 |75]16 [Fs 32.382 | 37.463| 38.562 498942 | 53663024 | 229099430 | 250364111 1.00 1.00 1.00 0.000




AHMAD et al.: FAST ADAPTIVE ME ALGORITHM

427

TABLE 1I (Continued)
DETAILED COMPARISON OF FAME WITH FS, MVFAST, AND PMVFAST

For bidirectionally predicted frames, the MVs can be inter-
polated from its reference pictures. The interpolated MVs are
computed by inertia criteria and scaling. The MVs are used as
Vinertia for B-frames. From observation, we found that the inter-
polated MV can provide good prediction of MV for B-frames,
and this the motion search can be terminated quickly.

When LMA is not low, Vi,ertia and an additional MV Vy,
resulting from the mean filter is added to the BMVCL. V), =
(Vata, Vary), where Vi, and Vyy, are obtained from (7)

Ve = Mean(le7 V2x7 Vv?;m)
Vary =Mean(Vyy, Vo, Va,) (7)
where V7, Vs, and V3 are the M Vs of the upper, upper-right, and
left MBs.

For instance, if Vi = (—1,4), Vo = (1,3) and V5 = (3,5),
then Vys, = 1 and Vyry = 4.

Adaptive Search Patterns: FAME adaptively uses four mo-
tion search patters: small diamond pattern (SDP), large diamond
pattern (LDP), elastic diamond pattern (EDP), and motion adap-
tive pattern (MAP). The first three patterns are shown as Fig. 4.
LDP and EDP are used to locate raw MV inside search range,
while SDP is used to fine tune an MV. MAP is used to find pre-
dictors in the MVCL. The algorithm selects these patterns adap-

Sequence BR |FR [SR YPSNR | UPSNR |VPSNR Bits ChkPts Line-SAD SearchTime ChPt-sp | LSAD-sp ST-sp PSNRgain
MVF 32.536 | 37.639 | 38.708 498822 154363 1770846 2402253 347.64 129.37 104.22 0.154
PMV 32.404 | 37.512 | 38.614 498502 112378 1595651 2388670 477.52 143.58 104.81 0.022
IFAME 32.49 | 37.556 | 38.634 498030 109331 1244951 2103255 490.83 184.02 119.04 0.108
IFS 32,391 37.441| 38.553 4198662 | 208286090 [ 713018729 754363336 1.00 1.00 1.00 0.000
IMVF 32.560 | 37.657 | 38.707 499934 152879 1759159 2403431 | 1362.42 405.32 313.87 0.169
32
PMV 32.318 | 37.434 | 38.541 497878 115229 1634235 2358699 | 1807.58 436.30 319.82 -0.073
IFAME | 32.521 | 37.636 | 38.718 499478 105324 1203413 2068072 | 1977.57 592.50 364.77 0.130
S 30.933 | 35.520 | 37.161 240742 24735904 [ 101465319 113694664 1.00 1.00 1.00 0.000
IVF 30.934 | 35.539 | 37.168 240478 88023 1067370 1435090 281.02 95.06 79.22 0.001
16
PMV 30.842 | 35.467 | 37.108 240430 88052 1204274 1638650 280.92 84.25 69.38 —-0.091
IFAME | 30.974 | 35.576 | 37.21 240822 69530 837233 1332698 355.76 121.19 85.31 0.041
Silence 24 10
(qeif 176X144) | =
FS 30.913 | 35.497 | 37.133 241214 91959056 [ 311014220 337945663 1.00 1.00 1.00 0.000
IVF 30.880 [ 35.474 | 37.122 240766 88548 1076258 1501308 | 1038.52 288.98 225.10 —-0.033
32
IPMV 30.836 | 35.475| 37.138 240678 7639 1198234 1679425 | 1049.29 259.56 201.23 -0.077
IFAME | 30.944 | 35.536 | 37.173 240950 70825 853727 1343523 | 1298.40 364.30 251.54 0.031
IFS 1.00 1.00 1.00 0.000
MVF over
Fs 2011.67 673.34 544.17 0.033
Average
PMV over
Fs 1723.03 483.52 406.44 0.901
EQME YN 328783 105316 61093 0.040

tively depending upon LMA. The algorithm switches these pat-
terns when needed.

The search patterns are selected according to the following

principles.
* SDP is used to refine a predicted MV. Once the minimum
of SAD is located at the center of diamond, the center rep-
resents the MV, and the search can be terminated.
» If the number of successively executed SDPs exceeds a cer-
tain predefined constant, called elastic factor K, the search
pattern switches to EDP.
* EDP and LDP are used for fast wide-range search in diag-
onal direction and in horizontal and vertical direction re-
spectively and to avoid the search from being trapped at
local minima. The algorithm switch to LDP once after exe-
cuting EDP. LDP will switch to EDP when the minimum of
SAD is not located at the center. Other wise, it will switch
to SDP for further refinement.
* MAP is used to search the predictors in MVCL. It is used
first if the local motion activity is not low.
Search Strategy: The search strategy is as follows.
1) Add the spatial predictors to BMVCL, as shown in Fig. 5.
Compute LMA with (1)-(3).

2) When LMA = Low, the search starts from SDP, and
elastic factor K = 2, and initial search center is the av-
erage in MVCL.
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TABLE III

SUMMARY OF PERFORMANCE COMPARISON WITH MVFAST, PMVFAST

Chkpts saved over Line-SAD saved over | Search speed faster than PSNR Gain over
Sequence BR | FR | SR
MVF PMV MVF PMV MVF PMV MVF PMV
reeteader | 000l 50 |4 2076%|  42.129%  18.45%  49.95% 213%  26.92% 0.087 0.357
(ecir 720X480) 128 2084%|  4213%  18.60%  49.99% 228%  2049% 0.10 0369
Chesteader {9000 | 30 |2 2043%  36.07%  15.89%  45.94% 121%  23.49% 0.014 0.154
(ccir 720X480) 128 2036%  3598%  15.86%|  45.85% 3520 17.36% 0.011 0.148
Fiower Garden | 4000 | 50 |4 101.45%  203.48%  92.520%  263.12%  36.57%  139.36% 0.068 4014
(ecir 720X480) 128 101.32%  20327%  92.44%  262.75% 11.47%  94.22% 0.067 3.995
ower Gaden | 0000 | 50 |52 105.78%|  207.59%  91.44%  264.99%  36.76%  143.96% 0.012 3.095
(ccir 720X480) 128 105.69%  20721%  9129% 264 60% 9.08%  96.58% 0.010 3.085
comsgard | 115 | 10 |16 31.70%  47.58%  29.500%|  58.15% 114290  35.55% -0.008 0.897
(cif 352X288) 32 34.11%|  5232%  32.14%  66.19% 14.07%  37.94% -0.004 1.148
comsgard | 4o | 10 |16 7148%  59.68%  61.97%  81.04%  30.05%  41.52% -0.025 0.765
(qeif 176X144) 32 7134%  5874%  62.02%  79.57°%  30.12%  46.54% -0.008 0.759
contaner | 10 |55 |18 1720%|  2445% 22500  47.24% L15%  26.72% 0.011 -0.005
(qeif 176X144) 32 28.64%  40.68%  3529%| @ 67.28%  12.18%  54.75% 0.016 0.019
16 69.27%  76.11%  63.76%|  107.04% 3832  67.11% -0.074 1477
Foreman . c
(it 35mogg) [ 1024] 30 | 32 69.93% 78719  65.86%| 112.68%  39.57%  69.99% -0.063 158
48 7020%|  7997%  66.35%  114.94%  37.15%  65.67% -0.064 1.602
Foreman 16 5007°%|  3442%  59.50%  54.94%  34.07%  2922% 0.070 1212
, 112 | 10
(cif 352X288) 32 58.90%|  3423%  59.98%| 55520  3139%  28.62% 0.071 1.250)
16 83.74%|  54.00% 74579  83.57°%  4827%  56.27% -0.092 1.012
Foreman . y
it soosg) | D12 | 15| 82 83.15%  53.10%  74.88%  83.04%  44.92%  50.67% -0.084 1.022
48 8239%|  5228%  74.09% 82029  3931%  44.60% -0.089) 1.020
atvonior | 1 | - 5 |16 42.07% 1634%  45.82% 40429  33.92%  34.54% 0.051 0.012
(qeif 176X144) 32 40.97% 19.87%  45.65%  43.62% 13.34% 16.58% 0.043 -0.051
Mother & 16 46.13% 14.08%  41.52%  49.73%  14.16%|  29.76% 0.032 0.163
Daughter 24 | 10
(qeif 176X 144) 32 42.33% 11.76%  37.02%  46.66% 7.84%  16.41% -0.091 0.092
News 16 44.40% 8.05%  45.88%  33.95%  2438%  17.62% 0.065 0.15
. 112 | 15
(qeif 176X144) 32 43.90% 826%  45.67%  3424%  20.19%  16.83% 0.076 0.237
News 16 41.19% 279%  4224%  2817°% 14229 13.57% -0.044 0.086
, 18 |75
(cif 352X288) 32 45.15% 9.40%  46.18%  35.80°%  1622%  14.05% -0.039 0.203
Silence 16 26.60%  26.64%  27.49%  43.84% 7.68%  22.96% 0.040 0.132
, 24 | 10
(qeif 176X 144) 32 25.020  2374%  26.07°%| 40359 11.74%  25.00% 0.064 0.108
Average 53920  5829%  50.70%  85.54%  20.85%  44.53% 0.01 0.94

3) When LMA = Median, MVCL is extended by adding
Var and Vipertia. The initial search pattern is the MAP.
MVs in MVCL are checked respectively. The candidate
with the minimum SAD is selected as the search center
for subsequent search. Then the search pattern is SDP, and
elastic factor K = 4.

4) When LMA = High, MVCL is extended by adding

Var and Vipertia. The initial pattern is MAP. The
candidates in MVCL are checked respectively. The
one with the minimum SAD is selected as new search
center. Subsequent search is starts from SDP, and
elastic factor K = 1.
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Fig. 6. Average number of checkpoints versus upper bound of TSB (CCIR
format video).
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Search Track: FAME keeps track of accessed checking
points so as to avoid duplicate checking.

IV. PERFORMANCE EVALUATION

This section includes the performance of the proposed algo-
rithm and its comparison with MVFAST and PMVFAST. Table I
lists the abbreviations used in the comparison. Compared with
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Fig. 9. Average PSNR versus upper bound of TSB (QCIF and CIF format
video).
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Fig. 10. Average number of checkpoints versus upper bound of THS (CCIR
format video).
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Fig. 11.

these two supposedly the “best” algorithms, FAME is in faster
and yields better visual quality, as demonstrated by the results
presented in this section. The full search (FS) technique is also
included for comparison. All ME algorithms being compared
were implemented on Microsoft VM software. The rate control
algorithm was TMS. The selection of the video sequences was
according to MPEG-4 testing [15]. MVFAST and PMVFAST
were implemented according to their description reported in
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TABLE 1V
PERFORMANCE COMPARISON WITH DIFFERENT UPPER BOUND OF TSB (CCIR FORMAT VIDEO)

TSBUB =4096 | TSBUB = 4608 | TSBUB =5120 | TSBUB = 5632 | TSBUB = 6144| TSBUB= 6656 | TSBUB = 7168 | TSBUB = 7680 | TSBUB = 8192

Sequence | BR |FR|[ SR

YPSNT chipes [vpSNR| chikpts | V2SN chipts | YESN [ chkprs | YESN

YPSNR| ChkPts R R R R

ChkPts [YPSNR| ChkPts |YPSNR| ChkPts |YPSNR| ChkPts

64 | 29309 3470714| 29.307| 3468725| 29.311| 3466475 29.309| 3452796] 29.309| 3448723| 29.305| 3442811| 29.308| 3437470 29.306| 3433760 29.306| 3433366

Cheerleader

(ceir 720X480 4000] 50

128 29.217| 3480004| 29.221| 3475139 29.219 3463995( 29.219| 3460707| 29.213| 3452438] 20.221| 3447852( 29.218( 3439730] 29.217| 3441074) 29.217| 3431715

64 | 33.775| 3441346 33.778| 3436669 33.773 3427313| 33.778] 3420234] 33.77

)

3413892 33.777| 3409404) 33.777| 3403335 33.778| 3400195] 33.77¢ 33
Cheerleader

(ceir 720X480 9000 30

128 33.763| 3445266 33.763| 3441740 33.7¢ 3431886 33.758] 3424157 33.759 3416913 33.764] 3410552| 33.763 3406256 33.764| 3401836 33.762 3395231

64 | 29.211f 1603659 29.215| 1602768| 29.214f 1602647| 29.205 1601607| 29.207| 1600816| 29.205| 1600895 29.202| 1598328 29.199) 1598947 29.198 1599159

Flower Garden

(ceir 720X480 40001 30

128 2918 1604495) 29.179] 1604483| 29.179| 1604423 29.178] 1603574 29.177] 1602605] 29.169 1600916 29.17[ 1600890} 29.169 1602181] 29.163] 1600115
64 | 33.517] 1547390] 33.518] 1546122| 33.515| 154679¢ 33.512] 1546721| 33.515| 1544550 33.513[ 1543586 33.51| 1543517 33.508 1543567 33.505 1544112
Flower Garden) 9000l 30
(ccir 720X480)" h
128| 33.578) 15465835 33.57 33.5600] 1543165

1546503| 33.574 1545547) 33.571| 1545071) 33.571( 1544543( 33.569 1543483| 33.508] 1542[38' 33.567| 1542539 33

Average

31.444) 2517444) 31.445( 2515269 31.443 2511135|31.441 2506858] 31.4411 250306

31.440] 249993

31.440 2496458| 31.439) 2495512 31.437 2493023

[13]. For the experiments reported in Tables II and III, both the
upper bound of TSB and THS were 4608 for the CCIR format
video sequences, and 896 for the QCIF and CIF format video
sequences.

To investigate the effect of the upper bounds of TSB and THS,
we examined a number of values. For the CCIR format video,
we set the upper bounds of TSB and THS from 4K (4096) to 8K
(8192), with steps of 512. For the QCIF and CIF format video,
we set the upper bounds from 512 to 1536, with steps of 128.
Tables VIII and IX show the effect of different values for L; and
Lo.

A. Detailed Assessment and Comparison

We compare FAME with FS, MVFAST and PMVFAST, in
terms of speed and quality. The number of checkpoints is the
measure for search speed. From the results in the Table II, we
observe that FAME has a speedup of 3000 over FS, and far out-
performs MVFAST and PMVFAST in the terms of the number
of checkpoints. The search time is another speed measure that
takes into account the overhead of the algorithm. The over-
head of the algorithm includes the time spent on setting the list,
storing and fetching temporal and spatial MV candidates and
computing motion inertia, etc. Table Il indicates that FAME out-
performs MVFAST and PMVFAST in the search time compar-
ison as well. As for the visual quality comparison, MVFAST and
FAME both slightly outperform FS, and are better than PM V-
FAST. FAME yields the best peak signal-to-noise ratio (PSNR)
among the four algorithms.

B. Comparison Summary

Table III provides a summary of the performance comparison
of FAME with MVFAST and PMVFAST. The percentages of
checkpoints less than the reference algorithms are included in
the table. On average, FAME is 54% faster than MVFAST and
58% faster than PMVFAST. In terms of PSNR values, FAME
is slightly better than MVFAST by 0.01 dB and outperforms
PMVFAST by almost 1 dB. We observe that FAME achieves
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Average PSNR versus the upper bound of THS (QCIF and CIF format

different speedup compared to MVFAST and PMVFAST on
various video sequences.

Generally, motion in a scene is of two types: camera pan-
ning dominant or foreground object dominant. In the former,
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TABLE V
PERFORMANCE OF FAME WITH DIFFERENT UPPER BOUND OF TSB (QCIF AND CIF FORMAT VIDEO)
TSBUB=512 | TSBUB=640 | TSBUB= 768 | TSBUB = 8% | TSBUB= 1024 | TSBUB= 1152 | TSBUB= 1280 | TSBUB = 1408 [ TSBUB = 1536
Sequence | BR | FR | SR
YPSNR | ChkPts | YPSNR | ChkPts | YPSNR | ChkPts [ YPSNR | ChkPts | YPSNR | ChkPts | YPSNR | ChkPts | YPSNR [ ChkPts [ YPSNR | ChkPts | YPSNR [ ChkPts
16 | 28.115 604127 28.121| 604975 28126 604012 28126 60247¢| 28127 597272 28.13| 589555 28134 57983¢] 28.13| 572264 28133 563114
Coastguard
(cif352x288) | 112 10
: 32 | 28349 583830 28359 584330\ 28.354| 584779 28.367| 584464 28366 577840 28374 508481 28374 560024 28.377| 551066 28371 54330
16 | 30684 106673 30.713| 106503 30.726] 106014) 30.724| 106100| 30.74| 102042] 30692] 98660 30.719 94427 30.716] 91874 30685 8965
Coastguard
(qeif 176X 144) 18110
a 32 | 30.664] 106856 30.665| 106808 30.716] 106677 30.702| 106502 30.666| 103045 30.746] 98641 30703 95281 30.709] 92159 30.684] 8958
Contai 16 | 28.737] 235800 28.799| 24501 28.797| 24360 28.793 23848 28762 21118 28759 20870 28723 20841| 28723 20387 28757 19392
st rreas] 10|75
q 32| 28763 22761 28.747| 22214 28.747| 21958 28.746] 21681| 28.73 22587 28.73 2220 28724 20590 28.724] 20157 28.718 19682
16 | 36.2021280206 36.202{1275128 36.203|1270585 36.194{1267151 36197125739  36.191247363 36.189]1239637| 36.196{1231173 36.186]1224924
(Cif‘;gez";(aj‘gg) 1024 30 [ 32 | 36.315(1273244 36.321[1267205 36.312(1265255 36.313|1263609 36.309/1251820) 36.303|1241980 36.305{1232752 36.307[1225225] 36.303{1217607
48 36.33201267399 363281262304 36.323|1257844 363211256764 36.312(1244233] 36.311|1235581| 36.315/1225636§ 36.31]121848 363191211016
16 32.51] 464598 32.505| 464161 32.51| 462769 32.51| 460604] 32523 453189 32.517| 447240 32.502 443415 32.503| 438181 32.497 43574
Foreman
(cif 352X288) 112] 10
32 | 32.535| 468353 32.531| 467717 32.543| 464817 32.553| 464313 32.544] 457413 32.548| 449247 32.551| 446114 32.546) 441600 32.559 438827
16 | 37.271| 545809 37.252| 54384¢ 37.249 541586 37.245| 539861 37.237 533522 37.231) 529558 37.235 525088 37.234] 523151| 37.223[ 521841
(Cif;’ge;;’;‘,"gs) 512| 15 | 82 | 37.269 551591 37.257| 548887 37.256 547373 37.254| 545025 37.236) 539926 37.24] 534831 37.241| 531541 37.236 528263| 37.237| 526356
48 | 37.238 553825 37.231| 550774 37.225 548952 37.218| 547550| 37.217 540577 37.204] 536714 37.196 533475 37.202] 529821 37.202 529043
) 16 284 23443 28406 23353 28406 23207 28416 23169 2841\ 2224d 28437 21257 28.428] 20849 28411 19937 28.404 19471
Hall Monitor -
(qeif 176x144) 10 [ 78
32 | 28354 23258 28352 23251| 28352 23161 28358 22052 28364 22299 28354 21169 28387 20764 28388 20177 28351 19712
Mother & 16 | 3526 44933 352606 44003 35318 42574 35298 41767 35279 37824 35309 34771 35297 320000 35291| 30500 35293 29689
Daughter 24 | 10
(qeif 176X144) 32| 35221 44935 35245 442200 35.13| 43598 35174 42742] 35253| 37806 35149 35311 3525 32483 35228 30700 35233 29557
N 16 | 33316 250972 33.314] 249065 33.333 246498 33.307| 244864 33.295| 237268 33.208| 233173 33.338] 2238500 33.32 218346 33.294 214368
(cifBSEZ\{;(S?SS) 1215
- 32 33.277 254962 33.3] 251705 33.314f 248899 333 245999 33337 237728 33328 231091 33.333] 223800] 33.321| 220233| 33.322| 213923
N 16 | 32514 1117400 32.447) 1122100 3237 112439 32.49) 109331 32504 104680) 32.575| 98819 32453 100072 32.47¢] ©5012( 32463 9256
(cif‘iS?)?’SS) 481175
i - 32 32461 112329 32526 110114 32.472( 110300, 32.521| 105324] 32546 102504 32519 100358 3243 99694] 32465 9556¢ 32459 93514
sil 16 | 30969 71515 30975 70991 30971 71076 30974 69530] 30989 67182 30977 64723 30974 61964 30.956] 59383 30983 5601
(qcii‘llggf{elm) 2410
32| 309220 720120 30912 71912 3093 71001 30944 70825 30967 67197 30972 65169 30964 622601 30939 5948¢| 30971 56291
average 32.5701 369290 32.574| 367932 32.570| 366656 32.577] %52651 32.580| 359946 32.579| 355282 32.574] 351103 32.571| 347251| 32.569 343966

most background elements move in the same direction. In the
latter, the motion reflects the direction of the foreground object
motion. In most talking-head video sequences, the background
is relatively steady and only the foreground objects are active.
Thus, they are object motion dominant video. In contrast, in
most sport videos, the camera usually focuses on the athletes
(objects), while the background elements move in the same di-
rection when the camera is panning. Such videos are camera
panning dominant video. Among the video sequences involved
in the experiments, “flower,” “coastguard,” and “foreman” are
camera panning dominant video sequences, while the rest are
foreground object motion dominant video sequences.

From Table III, we observe that the average number of
checkpoints of FAME is 30% less than MVFAST and 20% less
than PMVFAST in object motion dominant video. However,
the values increase to 60% less as compared MVFAST and

90% less than PMVFAST in camera panning dominant video.
That implies that FAME can handle camera panning dominant
video better than MVFAST and PMVFAST. This is due to the
inertia temporal MV predictor that can predict the background
panning motion more accurately than the spatial MV predictors.

C. Effect of TSB Upper Bound

We investigated the performance of the algorithm by setting
deferent upper bound for TSB (see Tables IV and V). Figs. 6
and 7 show the checkpoint curves. Figs. 8 and 9 show the PSNR
curves. We observe that an increase in the upper bound leads to
small number of checkpoints involved. However, the PSNR also
tends to decrease. The reason is that when the upper bound of
the threshold is increased, more MBs are detected as stationary
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TABLE VI
EFFECT OF DIFFERENT UPPER BOUND OF THS (CCIR FORMAT VIDEO)

THSUB = 4096 | THSUB = 4608 | THSUB = 5120 | THSUB = 5632 | THSUB = 6144| THSUB = 6656 | THSUB = 7168 | THSUB = 7680 | THSUB = 8192

Sequence | BR |FR|[ SR
YPSNR| ChkPts |YPSNR| ChkPts [YPSNR| ChkPts [YPSNR| ChkPts |[YPSNR| ChkPts |YPSNR| ChkPts [YPSNR| ChkPts |YPSNR| ChkPts |YPSNR| ChkPts

Cheerlead 64 | 29.320] 3523243 29.307|3468725 29.3063429603| 29.296 3393062 29.291{3363067 29.289 3336576 29.285| 3322757| 29.280) 3306738 29.281[ 3298434
“heerleader

(ceir 720X480 4000] 30

128| 29.233| 3528157 29.221(3475139] 29.21513429531| 29.203| 3392882 29.201(3367414] 29.19¢ 3343488 29.198| 3334509 29.187| 3317598 29.188] 3314362

Cheerleader 64 | 33.784] 3489972| 33.778|3436669 33.7693390762| 33.770 3355696 33.7653329527| 33.7621 3308772| 33.765] 3291425| 33.765| 3280519 33.763[ 3270014

(coir 720X480 9000} 30

128 33.770| 3492197 33.763[3441746| 33.758339501¢ 33.757| 33600 33.754{3331162| 33.748 3309340 33.756 3290302 33.753| 3281444f 33.750 3271002

F Gard 64 | 29.230 1636181| 29.2151602768 29.192/1579797) 29.164] 1563982] 29.139(1552338( 29.11¢ 1545368| 29.098] 1535569 29.083| 1531822 29.068 1532217
ower Garden|

(ccir 720X480 4000} 30

128 29.19¢] 1639178 29.1791604483| 29.159(1580064 29.132) 1565101 29.1101553310f 29.085] 1546266 29.070[ 1536757 29.052{ 1533322] 29.049 1531784

64 | 33.

Ci
wn
ot}
[

1573833| 33.5181546122 33.496(1528781| 33.472| 1516144 33.456(1506624] 33.440] 1498861| 33.421( 1491898 33.401| 1488141 33.377 1486497
Flower Garden)

(coir 720X480

9000| 30

128 | 33.587| 1573213| 33.576|1546503| 33.555|1528755| 33.534] 1514359 33.514]1505342] 33.499 1499041 33.482| 1491326 33.464| 1487450 33.437 1484984
Average 31.457| 2556997 31.4452515269] 31.431{2482789 31.416( 2457654 31.4 2438598' 31.392) 2423464f 31.384| 2411818' 31.373| 2403379 31.364] 2398662
TABLE VII

EFFECT OF DIFFERENT UPPER BOUND OF THS (QCIF AND CIF FORMAT VIDEO)

THSUB =512 | THSUB =640 | THSUB= 768 | THSUB=896 | THSUB= 1024 | THSUB = 1152 | THSUB = 1280 | THSUB = 1408 | THSUB = 1536

Sequence | BR | FR [ SR
YPSNR | ChkPts | YPSNR | ChkPts | YPSNR | ChkPts | YPSNR | ChkPts | YPSNR | ChkPts [ YPSNR | ChkPts | YPSNR | ChkPts | YPSNR | ChkPts | YPSNR | ChkPts

16 28.13| 613878 28.131] 611022f 28.131| 607258 28.126] 602476/ 28.123| 589253 28.127| 569596 28.133| 547025 28.136] 525919 28.124 506983

Coastguard
(cif 352X288) 1z 10
! 32 | 28367 597225 28.368| 593862 28.365 590152 28.367| 584464 28.371) 567565 28.362| 547292 28.362| 524831 28.377| 503422 28.374] 483434
16 | 30.704] 109775 30.731] 109060 30.707| 108589 30.724] 106100{ 30.708] 99521 30.737 92484 30.709 86423 30.661] 81542 30.634 76891
Coastguard
(i 176X 144y 48 | 10
32 | 30.69¢ 110261 30.7| 109501 30.703| 108676 30.702 106502 30.709( 99759 30.691] 92914 30.692] 87221] 30.653] 81921 30.653] 76888
. 16 28.8] 24593] 28.793| 24386| 28.793] 24285 28.793| 23848 28.738 21249 28.739 21021 28.731 20453 28.731] 200501 28.7521 19840
Container 10|75

cif 176X144
(@ ) 32| 28747 22432 28747 22164 28747 21960, 28746 21681] 28.761| 22201 28,761 218241 2872 20619 28.72] 20246 28719 19835

16 36.23|1459818 36.223|1385029 36.207|1321331] 36.194[1267151) 36.189|1218164f 36.168/11810021 36.157)1147596 36.15111124664 36.137/1102359

(ci}:g;i";énsg) 1024 30 | 32 363601460403 36.346/1383603 36.323[1317651] 36.313[1263609 36.293|1210691[ 3628241171244 36.273|1139173 36.2641115874 36.254/1090662)

48 | 36.3751453458] 36.3561377908] 36.341|1310528]  36.32)1256764] 36.311]1200597| 36.3)115941¢ 36.28411279321 36.277)1102351 36.268/1081523

F 16 | 32.498 533517 32.512| 511288 32.509] 483945 32.51| 460604 32.532 432897 32.516| 412916 32.501) 395258 32.497| 384084 32.486| 374810
oreman 112! 10

(cif 352X288)
32 | 32.541] 538269 32.531| 516673| 32.546 489536] 32.553| 464313 32.551| 434752 32.537| 415671| 32.532| 39745¢( 32.523| 386753 32.51¢[ 37719

16 | 37.294 648365 37.281| 604217 37.266 568683 37.245| 539861| 37.224 51283¢ 37.209 493932f 37.19¢ 478791 37.167) 468980 37.166 460792

Foreman
(cif 352X288)

o

12| 15 | 32 | 37.302| 656497 37.289 610763 37.271 575251] 37.254 545025| 37.226] 5187500 37.203| 4988241 37.192f 483760 37.18] 473378 37.172] 464621

48 | 37275 657297 37.27| 612493] 37.245 576909 37.218| 547550| 37.194] 519585 37.179| 499552 37.163| 485448 37.148] 474098 37.135] 466134

16 | 28383 25215 28391 24702| 28416 23775 28.416] 23169 28406 21936 28379 20895 28.42¢ 19911 28.441] 19678 28.452 19179

Hall Monitor -
(qeif 176X144) 10175
q 32 | 28.367] 24738 28359 24237 28.356] 23722 28358 22952 28372 21843 28413 20927 28.404 20380 28.424] 19593 28393 19048
Mother & 16 | 35188 44143 35189 43592 35.182) 43191 35298 41767 35.306| 38325 35298 35272 35294 32952 35306 31243 35.25 29969
Daughter | 24 | 10
(qoif 176X144) 32| 35117 44300 35.076] 44535 35069 43938 35.174] 42742) 3529 37815 35.189] 35218 35209 33209 35.109 31716 35.17 30384
N 16 | 33289 266566 33327 255658 33303| 251583 33.307| 244864 33328 235213 33.335| 225993 33348 221052 33328 214083 33306 208908
(cimsezv;(szss) Hz) 15
32 | 33.221f 270078 33.329 257107 33.287 252558]  33.3| 245999 33.343 236123 33307 229192 33.313 223603 33.309 216719 33.289 21315
N 16 | 32553 116011) 32.557] 113284 3249 111276 32.49) 109331 32.501| 102728) 32.542] 99062 32.539] 04579 32.484] 01929 32598 87925
ews -
(cif 352%288)| 8| 7B
32 | 32491 1179100 32.549 113114] 32.516] 111581 32.521] 105324] 32,534 102719 32428 99573 32.506 94444 32517 91954 32511 89762
si 16 | 30959 74041 30955 73259 30958 71726 30974 69530f 30955 66806 30.962] 63873 30964 61475 30945 58763 30971 55729
1lence B
(qeif 176X144)) 24110

32| 30955 73242 30948 73055 30.945 72247 30.944] 70825 30.942] 66823 30.962] 64023 30.93¢] 62061] 30947 58831 30.9 56123

average 32,577 4142521 32.582f 395605 32.570| 379681| 32.577| 365269 32.580 349090 32.56§ 336322 32.56¢ 325236 32.554] 316575 32.5541 308839
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TABLE VIII
EFFECT OF L; AND L, (CCIR FORMAT VIDEO)

433

Seauence Cheerleader Cheerleader Flower Garden Flower Garden
& (ceir 720X480) (ceir 720X480) (ceir 720X480) (ceir 720X480)
Bit Rate 4000 9000 4000 9000
average
FR 30 30 30 30
SR 64 128 64 128 64 128 64 128
YPSNR 29. 329 29.233 33.798 33. 786 29.26 29.217 33.549 33. 606 31.471
L, =2 Li=1
ChkPts 3757754 3763713 3719084 3721614 1839594 1841064 1759044 1760208 2770259
YPSNR 29,319 29,227 33.789 33, 769 29,229 29, 188 33. 533 33. 687 31.455
L, =1
ChkPts 3588284 3596631 3555875 3558995 1688914 1691011 1626755 1627411 2616735
L, =3
YPSNR 29. 32 29.231 33. 787 33.778 29.212 29.176 33. 501 33. 554 31.445
L, =2
ChkPts 3611720 3617348 3575935 3576867 1841475 1841355 1776489 1776253 2702180
YPSNR 29. 307 29.221 33.778 33.763 29.215 29.179 33.518 33.576 31.445
L, =1
ChkPts 3468725 3475139 3436669 3441746 1602768 1604483 1546122 1546503 2515269
YPSNR 29. 31 29.215 33.778 33. 766 29. 187 29. 163 33. 482 33.541 31.430
L, =4 L,=2
ChkPts 3493382 3500597 3457556 3459970 1757880 1759205 1698860 1698028 2603185
YPSNR 29. 312 29.217 33.779 33. 764 29. 177 29. 136 33. 463 33. 524 31.422
L, =3
ChkPts 3509345 3514197 3473569 3476639 1798182 1799488 1738962 1739050 2631179
YPSNR 29. 296 29. 21 33. 767 33. 751 29. 191 29. 156 33. 503 33. 56 31.429
L =1
ChkPts 3366673 3371234 3335806 3340567 1541739 1545356 1487550 1487125 2434506
YPSNR 29,298 29.21 33. 768 33. 754 29.17 29.134 33.472 33. 529 31.417
L =2
ChkPts 3391352 3396211 3357791 3359110 1696148 1697812 1641654 1640598 2522585
L, =5
YPSNR 29. 296 29. 208 33. 767 33. 754 29. 16 29. 12 33. 453 33.516 31.409
Ly =3
ChkPts 3406590 3412522 3377505 3378873 1735050 1737118 1682351 1681366 2551422
YPSNR 29. 289 29. 196 33.761 33.745 29. 131 29. 089 33. 432 33.492 31.392
L, =4
ChkPts 3422256 3429917 3390773 3392882 1755329 1766117 1701380 1701297 2568744
YPSNR 29. 283 29. 196 33.756 33.739 29. 162 29. 127 33. 489 33. 552 31.413
It = 1l
ChkPts 3280962 3283192 3245020 3249603 1504306 1504861 1452739 1450846 2371441
YPSNR 29. 284 29. 203 33.754 33.739 29. 151 29.114 33. 452 33.515 31.402
Ly=2
ChkPts 3300388 3303941 3267009 3269673 1657198 1659037 1607173 1606191 2458826
YPSNR 29. 286 29.195 33. 754 33.739 29,125 29. 097 33.439 33.499 31.392
;=6 Ly =3
ChkPts 3320709 3325306 3287533 3287275 1697464 1699717 1646555 1645457 2488752
YPSNR 29. 276 29. 186 33.748 33.732 29,112 29. 071 33.419 33,479 31.378
Ly =4
ChkPts 3333727 3333510 3301818 3300361 1721546 1724187 1669040 1668692 2506610
YPSNR 29, 264 29.176 33.736 33.725 29, 064 29. 026 33. 379 33.437 31.351
L, 5
ChkPts 3346135 3350963 3316627 3315310 1752617 1752483 1697923 1699405 2528933
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TABLE IX

EFFECT OF L AND L, (QCIF AND CIF FORMAT VIDEO)

Sequence Coastguard Coastguard Container Foreman Foreman Foreman
equ (cif 352X288) (qeif 176X144) (qeif 176X144) (cif 352X288) (cif 352X288) (cif 352X288)
Bit Rate 112 18 10 1024 112 512
FR 10 10 7.5 30 10 15
SR 16 32 16 32 16 32 16 32 48 16 32 16 32 18
YPSNR _ _ _
-9 [y 28. 11§ 28. 352 30. 702, 30. 703 28. 796 28.746] 36.217]  36.331] 36.347] 32.508] 32.542 37.278 37.288 37.256
2 = 1=
ChkPts i i I . _ . _ I . l
735275 T10799) 117975 117395 24863 22857 1391239 1385984 1376804 534134 539275[ 611992 617908 618916
YPSNR _ _
L =1 28.12 28. 39 30. 723 30. 71 28. 793 28.746] 36.201 36.32[ 36.335] 32.512] 32.543[ 37.25 37.254] 37.239
L=
ChkPts . | I i . . - - - [N . o
T 645656 6522586 107573 107915} 23891 219600 1303906 1295691 1287054 483229 487128 562136 567627 H6T619
YPSNR ‘ o - - - - - A . . o = - - - .
L-2 28. 125 28. 356 30. 738 30. 664 28. 794 28.748] 36.199 36. 32| 36. 334 32.511] 32.558 37.272 37.27]  37.233
L=
ChkPts . o . Jp— . X | . =
672917 651261 117328] 117778 24101 221300 1350755 1343067 1337398] 497969 498976 58677l 591910, 591704
YPSNR oe 1od  og s an 7 a7 . . oe a6l ag O i s I
L= 1 28. 126 28. 367 30. 724 30. 702 28. 793 28.746| 36.194 36. 313 36. 32] 32.51) 32.583 37.245 37.254 37.218
L=
ChkPts ] e . - . o o - . . . . .
602476 584464 106100 106502 23848 21681 1267151 1263609 1256764 460604]  464313[ 539861 545025 54755
YPSNR . ) - | . . - - i
-4 | =2 28. 126 28. 361 30. 734 30. 667 28. 794 28.746| 36. 199 36. 313  36. 332 32.501)  32.538[ 37.254 37.256| 37.227
2 = =
ChkPts - - ] - - N - - - -
632734 61248 115752, 116447 24058 220350 1318348 1310642 1304352 474808 478858 565267 569668 572221
YPSNR i
L =3 28. 115 28. 367 30. 689 30. 674 28. 791 28. 748 36.167] 36.271] 36.296] 32.465 32.511] 37.192] 37.208] 37.176
L=
ChkPts _ _ _
619868 628342 118820) 118982 24051 21954 1346311 1340443 1334984 487647 489526( 584255 587841 589302
YPSNR ~ ) -
L= 1 28. 123 28. 356 30. 724 30, 702 28. 793 28.746| 36,179 36.311] 36. 318 32.519 32.548 37.244 37.246| 37. 207
L=
ChkPts _ i _ _ - = =
585825 567565 105563 105940f 23753 21639 1248270 1242046 1235451 448251] 451819 527209 533340 5H3483(
YPSNR i -
Lo=2 28. 125 28, 36 30, 734] 30. 667] 28. 794 28, 746| 26, 197 36,3 36,318 32,489 32,531 37,25 37,253 37,218
L=
ChkPts _ _ _ _ - -
- 612278 595166 115313 115983 23961 218950 1296155 1292141 1286081] 465389 466332 553026 557356] 560264
YPSNR ~ - -
Lo-3 28. 113 28. 35/ 30. 689 30. 674 28. 794 28,748 36.166] 36,278 36,282 32.472] 32.515 37.202] 37.208] 37.17
L=
ChkPts _ N _ N _
630413 611739 118319 118473 23954 21809 1327481 1321576 1315668 475955 4788031 572482 576229 577974
YPSNR X . . - - o X . i -
L4 28.101 28. 34 30. 694 30. 688 28. 791 28.718] 36. 145 36. 263  36.272 32.468 32.508 37.147 37.165] 37.133
0=
ChkPts N _ | _ N
64111¢ 622591 118605 118585 23968 21799 1338918 1330713 1325058 48169¢ 483765 581193 584080 585208
YPSNR ~ . | i
ey = 11 28. 124 28. 359 30. 724 30. 702 28. 793 28.746] 36. 186 36. 305 36 312 32. 49¢ 32,541 37.233 37.237 37. 207
L =
ChkPts _ o _ . e 5
577833 560856 105493 105862 23745 21631 1236193] 1232482 1224979 442565 445746 520641 526242 527998
YPSNR . . .
L =2 28.13 28. 364 30. 734 30. 667 28. 794 28.746] 36. 199 36. 307 36. 316 32,493 32527 37.238 37.2321 37.21
L=
ChkPts X _ _ _ _ . . . . . __
604421 588327 115195 115888 23953 21863 1284418] 12786201 1273811 45816 461481 546578 550800 552835
YPSNR o . . R . . .
6 e 28. 114 28.3 30. 689 30. 674 28. 791 28.748| 36.156| 36.272] 36.28] 32.467| 32.513 37.183 37.183 37.164
2 = 1
ChkPts . R _ N i o - _ - . i
623398 60507¢ 118268 118383 23941 21777) 1317229 1309809 1305548 470141 472432[ 566774 569489 571285
YPSNR - . R R - . on : P
Ll =4 28. 105 28. 34 30. 694 30. 688 28. 79 28.748)  36.14] 36.251] 36.263[ 32.458] 32.493  37.14] 37.152 37.123
ChkPts _ _ - -
632758 615701 118542 118512 23955 21767] 1326713 1319572 1313083 474676 477697 573376 578095 AHT7915)
YPSNR . 3 Ll - | n ~ - - - -
Ll=5 28. 104 28. 332 30. 681 30. 683 28. 792 28.748] 36. 116 36. 234 36. 242] 32,459 32.497 37.111 37.123] 37.097
ChkPts i _ - -
639535 622459 118764 118769 24083 21789 1337421 1331099 1324105 479128 481318 580036 584063 585249
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TABLE IX (Continued)
EFFECT OF L; AND L (QCIF AND CIF FORMAT VIDEO)
s Hall Monitor Mother & Daughter News News Silence
equence (qeif 176X144) (qeif 176X144) (cif 352X288) (cif 352X288) (qeif 176X144)
Bit Rate 10 24 112 48 24
average
FR 7.5 10 15 7.5 10
SR 16 32 16 32 16 32 16 32 16 32
YPSNR 28.44 28.364 35.28 35.175 33.294 33.302 3249 32.489 30.962 30.953 32.579)
L. =2 [Ly= 1
ChkPts 2684 2644 45504 4573 277987 278979 127028 12570 75913 76528 413003
YPSNR 28.41 28.356 35.227 35.151 33.282) 33.34 32.508) 32.539 30,978 30936 32.576)
Ly = 1l
ChkPts 24328 24148 42886 43574 256166 255429 114637 112154 71827 72427 379231
a= 8
YPSNR 28415 28.356) 35.216 35.18 33.327) 33.34 32.573 32.558) 30.953 30.959 32.584
o = 2
ChkPts 24977 24732 44879) 44243 261388 263085 115244 114811 73842 73646 393538
YPSNR 28.416| 28358 35.298 35.174) 33.307) 333 324 32.521 30974 30.944) 32,577
Ly =
ChkPts 2316 22952 41767 42742 244864 24599 109331 105324 6953 70825 365269
YPSNR 28.41 28.357 35.276) 35.12) 33.349 33.308 32474 32.527 30.969 30.97 32576
L. = 4 Ly =2
ChkPts 23724 23521 42018 44083 249800) 253784 111681 110599 7093 71823 380022
YPSNR 28.368 28.321 35.234 35,264 33.271 33.216) 32.442 32,50 30,981 30,932 32.550
L =3
ChkPts 24193 24175 43592 4224 257765 262549 114582 113184 70964 71709 389470,
YPSNR 28.414) 28.358 35.225 35.11 33.321 33.245 32.437 32,409 30.95 30.948 32,560
Iy = I
ChkPts 22674 22661 41318 42022 238045} 244752 108572 109201 68556/ 68830 358256
YPSNR 28.414) 28.355 35219 35.16 33.3 33.275 32.563 32.484 30,971 30.964) 32.570
=
ChkPts 23311 23203 42616 42802 247819 250549 108857 110855 69869 69415 372943|
=B
YPSNR 28.3 28.304 35.184 35.224) 33.259) 33.285 32.539 32.522) 30,994 30.97 32,556,
L, =3
ChkPts 23551 23829 43659 42287 254002 251566 110387 111184 69424 69793 382106
YPSNR 28.369 28.279 35.221 35.273 33.253 33.26 32,524 32498 30,942 30.946 32.543
Ly =4
ChkPts 23492 24214) 42832 41754 258126 254503 113033 113362 70615} 70503 386239
YPSNR 28.414) 28.371 35.194 35.163 33.307) 33.277 32.546) 32.503 30.981 30.957) 32.570)
g
ChkPts 22547 22347 41065 41257 237123 238574 104727 105096 67232 67581 354159
YPSNR 28.414) 28.371 35.26) 35.12 33.289 33.297 32.513) 32.555 3097 30.97 32.573)
iy — &
ChkPts 23072 22818 42191 42894 243209 244001 109219 107523 68359 68342 368666
YPSNR 28.413 28.348 35.178 35.229) 33.273 33.308 32.53 32.548 30.973 30.958 32.556
L. =6 |L =3
ChkPts 23315 23344 42744 41948 249139 247732 109483 108768 68588 69166 378241
YPSNR 28.374) 28.343 35.199 35.259) 33.282] 33.292 32431 32.554) 30,957 30.962) 32.543
L1 =4
ChkPts 23117 22970) 43092 42104} 251956) 251799 114036] 109935 69693 69760) 382118
YPSNR 28.3 28.3 35.273 35.248 33.292 33.197 32.507 32.53 30,973 30.95 32.539)
L1 =5
ChkPts 23407 22846 42478 41916 254376 259427 112078 111538 6991 7028 385670)




436 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, VOL. 16, NO. 3, MARCH 2006

TABLE X
QUALITATIVE COMPARISON OF MVFAST, PMVFAST, AND FAME ALGORITHM

MVF

PMV

FAME

Threshold
comparisons

No threshold or one
optional threshold

A set of compulsory thresholds. Coding
performance and sensitivity of PMVFAST
using these thresholds for the video sequences
and encoding conditions outside the MPEG-4
test set has not been studied and verified.

A set of adaptive thresholds.

No need to store either
search points or motion
vectors

Memory

Memory is compulsory.

Up to 4 Mbytes of memory for a search window | window size of +1024 to store search
size of +1024 to store search points and up to
1.3 KB for storing MVs

Memory is compulsory.
Up to 4 Mbytes of memory for a search

points and extra memory for storing
MVs of reference frame.

Objective quality [On average, about 0.2 dB

On average, about 0.1dB less than Full Search

Similar to full search in our experiment

(PSNR) less than Full Search.
(0.033dB better than full  [(0.9dB less than full search in our experiment)
search in our experiment)
Speed-up Claimed to be about 50% faster than MVFAST | About 50% faster than MVFAST and
PMVFAST
(Not better than MVFAST in our experiments)
Motion inertia Not supported Not supported supported

MBs. Consequently, the number of checkpoints decreases. This
is a tradeoff situation as some MBs can be wrongly taken as
stationary, which lowers the video quality. The selection of the
upper bound of the threshold would depend on the user require-
ments in terms of the speed and quality. Here UB is the upper
bound of TSB.

D. Effect of THS Upper Bound

Different upper bounds for THS were used to investigate its
effects (see Table VI and VII). Figs. 10 and 11 show the check-
point curves. Figs. 12 and 13 show the PSNR curve. When we
increase the upper bound of THS, both the numbers of check-
points and the PSNR value decrease. This observation is similar
to the effect of the upper bound of TSB. When the upper bound
of THS is increased, the algorithm terminates search in more
MBs with larger SAD values. The match is not considerably ac-
curate but is much faster. Hence, the numbers of checkpoints as
well as the PSNR values decrease. Here UB is the upper bound
of THS.

E. The Effect of L1 and Lo

We used different L; and Lo values to investigate their effect
on the performance. From Tables VIII and IX, we observed that
by fixing the value of Lo, generally, both the speed and PSNR
performance tend to decrease when the value of L; increases.
Again, by fixing L; to 1, we find that generally when the value
of Ly increases, the speed increases but the PSNR drops. Thus,
there is a tradeoff between speed and visual quality. We choose
L1 = 1 and Ly = 4 in the experiments.

F. Qualitative Comparison

We summarize the qualities of MVFAST, PMVFAST, and the
proposed FAME algorithm. The qualitative comparison is made
in Table X.

G. Conclusions

FAME outperforms MVFAST with much faster speed while
yielding the similar picture quality with full search. MVFAST

causes steep degradation when coding fast motion sequences,
like Stefan, in our experiments. However, FAME not only
achieves the similar quality with full search, but also uses less
checking points compared to MVFAST. The experiments show
that FAME can cope well with both large dynamic motion
variation sequence and simple uniform motion video. FAME
is very suitable for real-time high quality MPEG-4 video
encoding.
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