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Abstract—Decimation approaches for image processing have of these temporal decimation methods discard some whole

been widely used for various applications. For video process- frames, hence, some high-speed motions could be missing and
ing, decimation refers to sampling the frame rate in order to some redundant frames might remain

reduce the number of processing frames. Most of these temporal The t | decimation techni . ded
decimation methods discard whole frames; as a result, some € tlemporal decimaton technique IS regarded as a pow-

high-speed motions could be completely eliminated while some €rful tool to increase compression for video coding. A simple

redundant frames might remain in the processing frames. Until temporal decimation can be achieved by periodically dropping
recently, an adaptive temporal decimation approach has been whole frames from the image sequence. However, dropping
successfully developed by Olstad to take both spatial and tem- g9 nas may cause objectionable temporal aliasing artifacts,

poral information into consideration and is fully compatible with ially i - h the t | tivity is hiah
some existing discrete cosine transform (DCT)-based standards, especially in regions where the temporal aclivity 1S hign.

such as MPEG and H.261. Moreover, it theoretically preserves The approach became more mature recently and some good
all high activity motions and discards all low activity motions. contributions were given by Olstad’s adaptive temporal deci-
However, we found that it is still not fully adaptive due to the mation [4]. Olstad’s algorithm adaptively adjusts the amount
confinement of the size of the time window. The discontinuity of decimation in the time direction depending upon the local

detection method is quite complex and, more importantly, the - .
efficiency of coding block position maps is fairly low. In this activity. The approach appears to be successful and it takes

paper, we propose to resolve the pr0b|em of the time window both Spatial and temporal information into consideration while
by a dynamic time window approach. By using variable sizes it is fully compatible with several existing discrete cosine
of the time window, the optimal number of remaining frames transform (DCT)-based standards such as the MPEG and the
could be produced. It also enhances the visual quality of the 1y 551 Theoretically, it preserves all high activity motions and

resulting video while the compression is comparable with the di ds all | tvit i H h found
conventional approach. Based on our proposed algorithm, a Iscards all low activity motions. However, we have foun

simple but efficient quantization process has been used to replacethat the approach is still not fully adaptive for only using the
the highly complex temporal discontinuity detection. The con- size of the time window. Its discontinuity detection method is
ventional adaptive temporal decimation algorithm operates on quite complex, and more importantly, the efficiency of coding
the basis of block sequences, but our dynamic approach which the block position maps is fairly low. There are some prone

can retain all high activity blocks operates on the spatiotemporal . , .
domain. This approach can reduce redundant planes with slow problems with Olstad’s algorithm as shown below.

activity and give higher precision for blocks with high activity. 1) No adaptive control on the number of segmeBi®cks
Experimental results show that the proposed algorithm achieves with no or little spatial activities are compulsively dec-
the optimal number of remaining frames. imated into a specified number of segments, expecting
Index Terms—Adaptive temporal decimation, dynamic time that very few bits are needed to represent them. On the
window, temporal discontinuity detection, video coding. other hand, blocks with significant changes are confined
to a limited number of segments so that more bits are
|. INTRODUCTION required. Hence, distortion is inevitable. The number of

segments in a block sequence is affected by the number
of remaining frames/K. In other words, the bit rate
heavily depends upon the input sequence.

Not to be able to preserve all important blockdigh
activity blocks may be anywhere in the time window. In
typical cases, continuous motions often occur in certain
block sequences. They should all be retained in order
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ECIMATION methods are common techniques that have

been widely used in image processing. They have been
used in conjunction with some existing video processing 2)
techniques such as with the motion vector estimation [1]—[3].
However, their major application is on sampling the frame
rate in order to reduce the number of processing frames. Most
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and a relatively small compression ratio for the variable t

length coding (VLC).
5) Too many Intra framedntra frames are much more ex- _

pensive than Inter frames. Each time window needs onel -
y

Intra frame for eliminating all propagating quantization
errors across the window boundaries.

Many of the above drawbacks could be reduced or eliminated
in our temporal decimation algorithm.

Let us give the organization of the rest of the paper.
Section Il of this paper defines some terms for our newly
proposed algorithm. Section Ill introduces a visually lossless
guantization algorithm for detecting temporal discontinuity.
Section IV gives an overview of the dynamic time window Block sequences
approach. Section V illustrates the shuffling mechanism of the =]
dynamic approach. Section VI examines the performance of
the proposed algorithm as comparing it with the conventional
algorithm. Section VII concludes the paper.

Time window L/,‘
N

Filtering

Il. TERM DEFINITIONS

In this section, we define some key terminologies for ] N oot |
the temporal decimation problem. Fig. 1 depicts a graphical Intra  Inter BPM
representation of the temporal decimation algorithm. Fig. 1(a) ()

indicates a time window while Fig. 1(b) explains the Spatl%Iig. 1. Graphical representation of temporal decimation algorithm. (a) Di-

tempqral decimation approach. agram showing time windows of a sequence. (b) Forming three prime
A fixed number of image frames from the sequence &mponents.

grouped as the initiatime windowsas shown in Fig. 1(a).

The initial size N of the time window is predefined. This Three prime componentdntra, Inter, and BPM, are re-
value is gradually squeezed to an optimal numidefwhich is duired for the reconstruction of the complete block sequence.
equal to the total number of Inter frames) due to the temporBne first block in the block sequence, which is calletra
decimation. The valugs, which is an unknown before theblock acts as a reference for the rest of the blocks. Blocks
process, is the total number of remaining frames. Each timéher than the Intra block arater blocks In order to recon-
window is spatially subdivided into block sequences as showtruct the complete block sequences, a mechanBaMj is

in Fig. 1(b). The block size was selected asx88 pixels required to indicate the positions of the discarded blocks. In
in our experimental work. Pixel intensities in each blockur example in Fig. 1(b), zeros indicate the missing blocks.
sequence can be mathematically representedasy, ) with

z,y €{0,---,7} andt € {0,---,N — 1} where N denotes . VISUALLY LOSSLESSQUANTIZATION

the initial number of frames in the current time window. For For identifying blocks to remain in the block sequence,
temporal decimation, a number of blocks within the blockistad provided a temporal discontinuity detection. However,
sequence has to be identified and discarded from the blagk method is computationally intensive. We propose a simple
sequence. The blocks to be eliminated contain relatively Ioyyt efficient method to identify high activity blocks of block
activity in the block sequence and are knownl@s activity gequences in this section. The basic principle of our approach
blocks On the other hand, blocks remaining in the bloclg o ,antization. We quantize block sequences into a smaller
sequence aréigh activity blocks The number of removed number of intensity levels, then apply the mean absolute

blocks is N — K. After the eI|m|nat|on.of the low activity diff(tjsrence (MAD) matching criterion to identify high activity
blocks, block sequences can be considered to be compo$%ckS for continuous segments

of segmentsLet us define a discontinuity plane to be the firs For a tvoical b-bit arav-scale image representation. the
block of a segment. Then all discontinuity segments are filtered yp . gray- b ag pre ’
mber of intensity levels i8°; for b is usually in the range

with respect to their segments by an averaging filter which e ) R
defined as follows. 6 < b < 8. It is noteworthy that quantization levels less

Let I(z,y) ={ -, L(z,y,1),I,(z,y,2), L(z,y,3), L(z, than 64 will introduce false contours or edges to the_humar_1
v, 4), I(z,4,5), I(z,y,6), I(z,4,7),---} be a possible se- visual system [5]. Therefore, a quantization process using 6-bit
guence of intensity values at a certain positi@ny) in the representation appears to be lossless to human visual system
temporal domain, where the subscriptstands for pixels (HVS). The number of representation levels is hot so important
in the eliminated blocks and refers to pixels in the re- to our method because our approach is just to make use of this
maining blocks. The average filter will repladg(z,y,2) by representation for the detection of temporal continuity within
I.(z,y,2), which is the average of.(z,y,2), I.(z,y,3), the block sequences. The process of uniform gquantization and
and I.(x,y,4), for example. compact representation of thex v image can be described
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Fig. 2. Our proposed adaptive temporal decimation with dynamic time window.
by the following equation: temporal decimation system, which is depicted in Fig. 2. It

[ zy,t) k] z=0.-.u—-1 first extracts a number of frames from the original sequence

Iy(,y,t) = int S + 2] z=0...0-1 and forms the first time window. Then the time window is

spatially subdivided into block sequences. After the visually

where infa] extracts the integer portion of, t) is o : L -
tal ger p » z,y.7) ssless quantization, all high activity and low activity blocks

the pixel intensity,S is the corresponding quantizer step, an

I,(z,y,t) is the resulting quantized intensity. The parameté\re ideljtified in the bl_OCk sequences. Evgry block sequence
J takes the value of one for quantization with rounding to tHe then independently filtered with an adaptive temporal filter.

nearest integer and zero for quantization with truncation. FEPe f|It§r|ng Process IS to mlampu'late or to smooth.the tem-
using a 6-bit representatiors; is equal to four if the initial poral signals into arbitrary piecewise constant functions. The
range ofI(z,y,t) is from O to 255 temporal filter is a mapping from an original time evolution

) ) N

Let us apply the above quantization process to the currd:¥,t) 10 @ piecewise constant functiof(z, y, ). It can
time window. Then the MAD matching criterion is used t¢€¢ any linear or nonlinear decimation filter [2], [8]. The
identify the discontinuous segments. Due to the fact that tRECr betweerl(z, y, ) andg(z, y, ¢) could have already been
dynamic range of the gray levels has been greatly reduc@?!i,”'m'zed by t-he visually Iossless_ guantization procedure.
a continuous segment in the block sequence has very snkch segment is represented by & image blocks that hold

MAD with adjacent blocks in the temporal domain the temporal averages within the given time segment for each
- spatial location. The dynamic time window control in Fig. 2 is
MAD (m,n,t) = Z Z|Iq(m +z,n+y,t) to increaseV in order to achieve a desirable number of high
y=0 =0 activity blocks in the time window. All high activity blocks

are then packed intd{ remaining frames by the shuffling

—I,im+z,n+yt—1 . .
ol Y )| process. The locations of removed blocks are recorded in the

b=1.-N-1 BPM. Eventually, the remaining frames are delivered to the
wherem, n is the spatial location of the block standard coder such as the H.261, whereas the BPM is coded
MAD (m, 1, £) = {cpntinu_ous, if MAQUm, n,t) < thr by VLC. . _ N
v discontinuous, otherwise. Fig. 3 illustrates the temporal interpolation process. It ini-

The constanthr is a predefined threshold which is equal t&@lly recovers the BPM and the remaining frames, then
one for the representation using 6 bits. All temporal activitig§Stores the resulting time window. S
are preserved by the corresponding segments. Blocks classifie§ihe dynamic time window approach can retain all identified
as continuous are low activity blocks, while blocks classificigh activity blocks and remove all identified low activity
as discontinuous are high activity blocks. The topology of tHéocks within the time window since the number of discontinu-

temporal segments is kept in the BPM. ity planes is not fixed similar to the situation of the Olstad’s
algorithm.
The block sequences in Fig. 4 are typical examples for head-
IV. DYNAMIC TIME WINDOW APPROACH and-shoulder image sequences. We use them to demonstrate
FOR ADAPTIVE TEMPORAL DECIMATION the basic principle of our approach. Fig. 4 shows the compar-

The MPEG standard [6] and the CCITT H.261 [7] are botigon of the discontinuity segments assignment of the proposed
based on block coding with the use of the DCT. Hence, it &gorithm and the conventional adaptive algorithm [4]. Three
natural that the design of the temporal decimation algorith@®nsecutive block sequences in a time window are used in
should be on block base in order to be compatible with thefés example. In addition, their corresponding BPM'’s are also
video coding standards. The adaptive temporal decimatishown on the right-hand side. For this example, there are eight
algorithm makes use of the spatiotemporal information withiplocks (V) in a block sequence. The first block (Intra block)
the time window, which should retain all high activity blockss always used as a reference block. All high activity and
and remove all low activity blocks. The conventional algorithrtow activity blocks are marked as shown in Fig. 4(a) and (b),
fails to fulfill this mission. Let us elaborate our adaptiveand this identification has been made by using our visually
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Fig. 3. Block diagram of temporal interpolation.

N=8 K=3 not much different. However, practically, motion tends to be
’ around the center of the picture; for instance this is the case
BPM of the head-and-shoulders type of images [9]. The proposed
algorithm only needs to code one Intra frame and all changes
1001010  within the block sequence can be handled by using the motion-
compensation prediction errors [6], [7]. As a result, a faithful
0011100  reconstruction can be achieved. Finally, all remaining frames
are passed to the video coding stage with various coding
0010101 techniques and standards, such as the H.261 and the MPEG.
The major advantage of our dynamic time window approach
is that all the identified high activity blocks are included and
R . ‘ . delivered. As a result, the reconstructed sequence must be
: s : : : : : 0001000 superior to the ones that were obtained by the conventional
approach. Our adaptive temporal decimation system employs
1011100 3 simplified temporal discontinuity detection which could also
speed up the processing time. The compression ratio for coding
BPM'’s has been significantly improved due to the arrangement
of the dynamic time window approach.

Irtra blocks

0000100

V. SHUFFLING MECHANISM FOR
discontinuity plane © H : high activity block DYNAMIC TIME WINDOW APPROACH

""" Having illustrated our adaptive temporal decimation system
""" in the previous section, let us introduce our approach giving
an additional shuffing mechanism for the dynamic time
Fig. 4. The assignment of the discontinuous segments. (a) Olstad’s allgoritwm-d-oW approach. After the quantization proces_s, al -hlgh
and (5) dynamic time window. : Q%Wty blocks can be extracted. The numbers of discontinuity

planes are different for different block sequences over the

lossless quantization. Three higher activity blo¢ié§ = 3) entire time window. By using the conventional algorithm,
are to be identified from a block sequence in the conventiorsgiveral high activity blocks are ignored since its temporal
approach, while there is no constraint on the number discontinuity detection can only identifyk (the total
high activity blocks in a block sequence for our approachumber of remaining frames) most different (discontinuity)
Therefore, the total number of discontinuity or coded blockdanes and ignore other planes in the block sequence (see
in a block sequence could vary differently for different imag®ig. 4). This may result in serious aliasing artifacts at the
sequences in our dynamic approach. From the coding poiatonstruction if the sequence contains a lot of motions. On
of view, the total numbers of coded blocks (which is 9 ouhe other hand, the conventional system may include some
of 21 as shown in Fig. 4(a) for the conventional adaptiveery low activity blocks in the remaining frames which
decimation and is 6 out of 21 in Fig. 4(b) for our dynamishould be abandoned ideally. Keeping all those high activity
time window approach) are significant to very low bit-ratblocks may requireV remaining frames for the worst case,
applications. We cannot predict the number of high activitye., KX = N, the total number of frames in the time window.
blocks, but the number can be controlled by the thresholdis is against the principle of the decimation.

value of the visually lossless quantization. Our arrangementTherefore we propose a dynamic time window approach
of block positions improves the VLC coding efficiency forto resolve these drawbacks of the conventional algorithm.
BPM's and it requires a smaller number of bits according ®©@ur dynamic approach basically identifies all high activity
the information theory. If high activity blocks are distributedlocks by the visually lossless quantization and then packs
equally all over the block sequence, the two approaches #nem as remaining frames intelligently. As a result, a superior

L. . low activity block
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Fig. 5. A simple shuffing mechanism for additional discontinuity planes.

perceptual quality of the reconstructed sequence can always be TABLE |
malntalned espeCIa”y for motlon Sequences' A feedback |08EBFORMANCECOMPAR|SON OFVARIOUS TEMPORAL DECIMATION ALGORITHMS
can be used to increase the size of the current time window Periodically Olstad’s The proposcd
(N) in order to fill up all possible spaces in remaining fram_es. dropping frames | algorithm algorithm

In order to perform our dynamic approach, a mechanism- _ :
. ; Lo . High activity preservation || Poor Good
is needed to shuffle those discontinuity planes in such a way*

that the correlation between frames remains reasonably higfft0ility for all sequences j No No

and a reverse process exists during the reconstruction. Thigh good quality

is a necessary process in order to maintain the compatibilif§peed in decimation and | Very fast Fast relatively slower
to the H.261 and the MPEG standards. Before the shufflingterpolation

process actually starts, the required number of remaining o roquroment Very Titile Nore Most
framesK has to be obtained by counting the total number ogerceptua] mage qualiy | Poor Betior

discontinuous segments or discontinuity planes within the time )
window. A simple and straightforward approach is to movg " moton seauences)
all high activity blocks or discontinuity planes to the left-most
positions and then to reorganize all additional discontinuithe most trivial decimation technique by dropping frames
planes to fill up nonoccupied spaces in a top-down scannip@riodically is another candidate for our performance compar-
order. The graphical representation is shown on Fig. 5. ison. A number of motion sequences have been used for the
Note thatK is a variable since the total number of disconcomparison. Let us use 30 frames of the image sequence “Miss
tinuous planes is video dependent. The percentage of the oG&therica” of common intermediate format (CIF) to illustrate
pation of remaining frames cannot be determined in advangge results, which are found to be typical.
In order to keep a higher percentage of the occupation, the sizefhe performance comparison between the three temporal
of the time window/V is arranged to be dynamic. An increasglecimation algorithms is summarized in Table I. The proposed
in NV can yield a larger number of high activity blocks to fillalgorithm has been found to be able to process video sequences
up nonunoccupied spaces. When the size of the time windewdifferent natures. For any image sequences, it can gradually
is optimized and all additional discontinuity planes are accorhcrease the number of remaining framd§, but Olstad’s
modated inK remaining frames, it may result in the situatioralgorithm has to be tuned manually. Although the memory
of not having high correlation between remaining frames. requirement for our proposed algorithm appears to be higher
Due to the simplification of the complexity of the temporafiue to the storage requirement of the dynamic time window
discontinuity detection, this additional shuffling process hasechanism, and a longer time is required for decimation and
not increased much the processing time of the overall decimiaterpolation, it gives much better perceptual quality and uses.
tion; furthermore, for some cases such as dealing with largerThe second experiment is to evaluate the efficiency of
time windows, our proposed algorithm runs much faster. coding the BPM'’s for Olstad’s algorithm and our algorithm.
For the receiving end, an additional reverse process The threshold value for our visually lossless quantization
required to reorganize the discontinuity planes into a propgrone, and all BPM's were coded by the arithmetic coder
order. It is the reverse operation as depicted in Fig. 5. T€0], [11] in our experiments. Table Il shows that 18 frames
overheads of this process are very little since the reversethe “Miss America” sequence have been used. They are
operation can be included in the temporal interpolation stagsjually divided into three groups and are fed to the two adap-
tive temporal decimation algorithms. The proposed algorithm
greatly reduces the total number of bits for coding the BPM’s.
We consider that the Olstad’s adaptive temporal decimatitdMoreover, the numbers of remaining framés are also
is the closest as compared to our algorithm. In additioamaller, in the ratio of one to three for all three time windows

VI. EXPERIMENTAL RESULTS
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TABLE 1

EFFiciENcY oF Cobing BPM

109

Miss America Sequence

Coded BPM

Number of

(N=6) (bits) discontinuity plancs
Proposed algorithm Frame 1 - 6 K=1 2448 1269
Olstad’s algorithm (K=13) 7728 1320
The proposed algorithm | Frame 7- 12 (K=1) 2072 1004
Olstad’s algorithm K=3 7744 1320

The proposed algorithm

Frame 13- 18 (K= 1)

2608

1181

Olstad’s algorithm

K=3)

7760

1320

N=15, K=4

‘ Olstad's algorithm

— — — Proposcd algorithm

|
t

— o) wy

— ol ol (o]

Frame No.

Fig. 6. The SNR of the proposed algorithm and Olstad’s algorithm.

over the 18-frame sequence. The number of remaining frames
K varies adaptively according to the temporal activity of the
sequence. The size of time windows has not been fixed to
six, but it happened to be this value for all three time windows
by chance in the simulation.

From Table Il, we also see that our algorithm needs to
handle a smaller number of discontinuity planes at the video
coding stage (MPEG or H.261), while the number of discon-
tinuity planes is fixed to 1320 for Olstad’s algorithm with the
current settings oV and K. Our approach could be beneficial
to Inter frame coding.

Let us evaluate the perceptual quality of the reconstructed
sequence using our proposed algorithm and Olstad’s algorithm.
Fig. 6 shows the corresponding SNR of the reconstructed
sequences for both algorithms when there is no video codec
in between the decimation and the interpolation. We try to
demonstrate that the reduction in the number of remaining (c)
frames means a degradation for an objective measuremeqy{.7. Comparison of actual nineteenth frames.(a) Original nineteenth
In fact, there could not be much visual difference betwedrame, (b) produced by Olstad’s algorithm, and (c) produced by our proposed
them since our HVS can usually perceive very good qualif§2°mt"™-
images when the SNR is above 40 dB. The lowest SNR for
the reconstructed sequence using our approach is 39.713 dBhe objective degradation is due to the fact that a smaller
at frame 19 while an SNR of 45.536 dB is given by Olstad’sumber of discontinuity planes as well as remaining frames
algorithm. The actual reconstructed images of frame 19 amere coded in our dynamic approach. The perceptual quality
given in Fig. 7(b) and (c) while Fig. 7(a) illustrates the originabf images produced by our approach is better, however it is
image of frame 19. It appears that there is no visual differennet easy to make a demonstration since the way to objectively
among the original, our picture, and Olstad’s picture, evaneasure is to compare pixel by pixel. It is a matter of fact that
though there is 6-dB objective difference between Figs. 7(thje visual quality of the resulting sequence generated by our
and (c). dynamic time window approach can always be guaranteed, it

(b)
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always meets the HVS criterion when the 6-bit representatiofs] P. Saint-Marc, J. Chen, and G. Medioni, “Adaptive smooting: A general
and the threshold valuar = 1 are maintained at the visually tool for early vision,”IEEE Trans. Pattern Anal. Machine Intelivol.
L . . . 13, pp. 514-529, June 1991.

lossless quantization stage. Olstad’'s algorithm is not abl@; r'Chellappa, C. L. Wilson, and S. Sirohey, “Human and machine
to deliver a good quality image when motions occur in a recognition of faces: A survey,” ifProc. IEEE vol. 83, pp. 705-740,

. . . . ) . - . May 1995.
partlcular point of the time window; for mStar,lce’ this is typlca{10] P. G. Howard and J. S. Vitter, “Arithmetic coding for data compression,”
for head-and-shoulder sequences that motions tend to appearin proc. IEEE vol. 82, pp. 857-865, June 1994.
in the center since some high activity blocks at the centBfl M. R. Neés%' “AfiLhmegi)C coding and statistical modelinff. Dobb’s
are removed. However, our approach can retain all these high J- PP- 16-29. Feb. 1991.
activity blocks.

VII. CONCLUSION

A dynamic time window is suggested for the adaptive
temporal decimation algorithm in this paper. This can be
regarded as a refined version of Olstad’s adaptive tempa
decimation algorithm. Although the objective measures
both our proposed algorithm and the Olstad’s algorithm a
comparable, our approach can greatly improve the over
compression as compared with Olstad’s algorithm, due to t
reduction in the number of remaining frames (the number
discontinuity planes) and the reduction in coding the BPM. | Hong Kong University of Scienee and Technology
fact, our dynamic approach can guarantee an adequate vic _ . (HKUST). He was a visiting scholar at the Hong
quality for reconstructed sequences when the 6-bit imageng Polytechnic University (1994-1995). While pursuing the Ph.D. degree,
representation and a threshold valuetof= 1 are maintained he taught MIS at HKUST. He has published in IEERARSACTIONS ON

. . . . IMAGE PROCESSING, IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR
at the visually lossless quantization stage. Experimental resu)’tio TecHnoLoy, Graphical Models and Image Processings well as
have also proven that our dynamic time window approadh numerous refereed conference proceedings such as ICNNSP and IEEE
outperforms the conventional adaptive decimation algorithm fiCSPCS. His research interests include image segmentation, segmented
. . oding, image database system, and object oriented database.
many ways; such as the usability for different sequences, {he
ability to preserve high activity, and so on. We also introduce a
visually lossless quantization, which has a simple structure, to
replace the temporal discontinuity detection used in Olstad’s
algorithm. However, an interesting problem of our approach
is that a more intelligent scheme is desirable at the shuffling
stage, while at the present moment it is not intelligent enou
to allocate additional discontinuity planes to sensible positio
Without such a scheme, a lower correlation between fra
might be produced. However, the design of a better shulffli
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