A 00 N O O

3/056835 Al

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
10 July 2003 (10.07.2003)

PCT

(10) International Publication Number

WO 03/056835 Al

(51) International Patent Classification’s HO4N 7/26, 7/30

(21) International Application Number:  PCT/IB02/05308

(22) International Filing Date: 9 December 2002 (09.12.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/029,823 27 December 2001 (27.12.2001) US

(71) Applicant: KONINKLIJKE PHILIPS ELECTRON-
ICS N.V. [NL/NL]; Groenewoudseweg 1, NL-5621 BA
Eindhoven (NL).

(72) Inventors: YANG, Yibin; Prof. Holstlaan 6, NL-5656 AA
Eindhoven (NL). BOROCZKY, Lilla; Prof. Holstlaan 6,
NL-5656 AA Eindhoven (NL). JANSSEN, Johanes, G.,
W., M.; Prof. Holstlaan 6, NL.-5656 AA Eindhoven (NL).
(74) Agent: STEENBEEK, Leonardus, J.; Internationaal Oc-
trooibureau B.V., Prof. Holstlaan 6, NL-5656 AA Eind-
hoven (NL).

(81) Designated States (rational): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FIL, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SI, SK,
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for the following desig-
nation CN

Published:
with international search report

[Continued on next page]

(54) Title: IMPROVING TEMPORAL CONSISTENCY IN VIDEO SHARPNESS ENHANCEMENT

210 220

INPUT SIGNAL
HIGH-PASS FILTER

225

GAIN ~—-235
230
245
> + OUTPUT SIGNAL
240 250

(57) Abstract: A method of and system for improving temporal consistency of an enhanced signal (210) representative of at least
one frame using a sharpness enhancement algorithm with an enhancement gain are provided. The method comprises the steps of:
receiving the enhanced signal (210) comprising at least one frame, obtaining an enhancement gain for each pixel in the frame, re-
trieving an enhancement gain value of each pixel in a reference frame from a gain memory using motion vectors, identifying if the
frame is an I, P or B frame type and determining an updated enhancement gain (235) for an I frame type by calculating a gain map for
use in the sharpness enhancement algorithm. The updated enhancement gain of each pixel is equal to enhancement gain previously
determined for use in the sharpness enhancement algorithm. In addition, the method includes storing the updated enhancement gain
to gain memory, and applying the updated enhancement gain to the sharpness enhancement algorithm to improve temporal consis-

tency of the enhanced signal (210).



wO 03/056835 A1 NN 0000 00O A

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

WO 03/056835 PCT/IB02/05308
1

Improving temporal consistency in video sharpness enhancement

BACKGROUND OF THE INVENTION
1. Field of The Invention

The present invention is directed to a system and method for enhancing the

quality of a digital video signal. In particular, the system and method of the invention

improves temporal consistency in a sharpness enhancement algorithm.

2. Description of the Related Art

The development of high-quality multi-media devices, such as set-top boxes,

high-end TV’s, Digital TV’s, Personal TVs, storage products, PDA’s, wireless internet
devices, etc., is leading to a variety of architectures and to more openness towards new
features for these devices. Moreover, the development of these new products and their ability
to display video data in any format, has resulted in new requirements and opportunities with
respect to video processing and video enhancement algorithms.

MPEG (Moving Picture Expert Group) video compression is used in many
current and emerging products. MPEG is at the heart of digital television set-top boxes, DSS,
HDTYV decoders, DVD players, video conferencing, Internet video, and other applications.
These applications benefit from video compression by requiring less storage space for
archived video information, less bandwidth for the transmission of the video information
from one point to another, or a combination of both. Most of these devices receive and/or
store video in the MPEG-2 format. In the future they may receive and/or store video in the
MPEG-4 format. The picture quality of these MPEG sources can vary greatly.

Research into human visual system has shown that the eye is more sensitive to
changes in luminance, and less sensitive to variations in chrominance. MPEG operates on a
color space that effectively takes advantage of the eye's different sensitivity to luminance and
chrominance information. Thus, MPEG uses a YCbCr color space to represent the data
values instead of RGB; where Y is the luminance component, experimentally determined to
be Y=0.299R+0.587G+0.114B, Cb is the blue color difference component, where Cb=B-Y,

and Cr is the red color difference component, where Cr=R-Y.
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MPEG video is arranged into a hierarchy of layers to help with error handling,
random search and editing, and synchronization, for example with an audio bit-stream. The
first layer, or top layer, is known as the video sequence layer, and is any self-contained
bitstream, for example a coded movie, advertisement or a cartoon.

The second layer, below the first layer, is the group of pictures (GOP), which
is composed of one or more groups of intra (I) frames and/or non-intra (P and/or B) pictures.
I frames are strictly intra compressed. Their purpose is to provide random access points to the
video. P frames are motion-compensated forward-predictive-coded frames. They are inter-
frame compressed, and typically provide more compression than I frames. B frames are
motion-compensated bidirectionally-predictive-coded frames. They are inter-frame
compressed, and typically provide the most compression.

The third layer, below the second layer, is the picture layer itself. The fourth
layer beneath the third layer is called the slice layer. Each slice is a contiguous sequence of
raster ordered macroblocks, most often on a row basis in typical video applications. The slice
structure is intended to allow decoding in the presence of errors. Each slice consists of
macroblocks, which are 16x16 arrays of luminance pixels, or picture data elements, with two
8x8 arrays (depending on format) of associated chrominance pixels. The macroblocks can be
further divided into distinct 8x8 blocks, for further processing such as transform coding. A
macroblock can be represented in several different manners when referring to the YCbCr
color space. The three formats commonly used are known as 4:4:4, 4:2:2 and 4:2:0 video.
4:2:2 contains half as much chrominance information as 4:4:4, which is a full bandwidth
YCbCr video, and 4:2:0 contains one quarter of the chrominance information. Because of the
efficient manner of luminance and chrominance representation, the 4:2:0 representation
allows immediate data reduction from 12 blocks/macroblock to 6 blocks/macroblock.

I frames provide only moderate compression as compared to the P and B
frames, where MPEG derives its maximum compression efficiency. The efficiency is
achieved through a technique called motion compensation based prediction, which exploits
temporal redundancy. Since frames are closely related, it is assumed that a current picture can
be modeled as a translation of the picture at the previous time. It is possible then to accurately
predict the data of one frame based on the data of a previous frame. In P frames, each 16x16
sized macroblock is predicted from the macroblocks of previously encoded I or P picture.
Since frames are snapshots in time of a moving object, the macroblocks in the two frames
may not correspond to the same spatial location. The encoder would search the previous

frame (for P-frames, or the frames before and after for B-frames) in half pixel increments for
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other macroblock locations that are a close match to the information that is contained in the
current macroblock. The displacements in the horizontal and vertical directions of the best
match macroblocks from a cosited macroblock are called motion vectors. The difference
between the current block and the matching block and the motion vector are encoded. The
motion vectors can also be used for motion prediction in case of corrupted data, and
sophisticated decoder algorithms can use these vectors for error concealment. For B frames,
motion compensation based prediction and interpolation is performed using reference frames
present on either side of each frame.

Next generation storage devices, such as the blue-laser-based Digital Video
Recorder (DVR) will have to some extent HD (High Definition) (ATSC) capability and are
an example of the type of device for which a new method of picture enhancement would be
advantageous. An HD program is typically broadcast at 20 Mb/s and encoded according to
the MPEG-2 video standard. Taking into account the approximately 25 Gb storage capacity
of the DVR, this represents about a two-hour recording time of HD video per disc. To
increase the record time, several long-play modes can be defined, such as Long-Play (LP)
and Extended-Long-Play (ELP) modes.

For LP-mode the average storage bitrate is assumed to be approximately 10
Mb/s, which allows double record time for HD. As a consequence, transcoding is an integral
part of the video processing chain, which reduces the broadcast bitrate of 20 Mb/s to the
storage bitrate of 10 Mb/s. During the MPEG-2 transcoding, the picture quality (e.g.,
sharpness) of the video, is most likely reduced. However, especially for the LP mode, the
picture quality should not be compromised too much. Therefore, for the LP mode, post-
processing plays an important role in improving the perceived picture quality.

To date, most of the state-of-the-art sharpness enhancement algorithms were
developed and optimized for analog video transmission standards like NTSC (National
Television System Committee), PAL (Phase Alternation Line) and SECAM (SEquential
Couleur A Memoire). Traditionally, image enhancement algorithms either reduce certain
unwanted aspects in a picture (e.g., noise reduction) or improve certain desired characteristics
of an image (e.g., sharpness enhancement). For these emerging storage devices, the
traditional sharpness enhancement algorithms may perform sub-optimally on MPEG encoded
or transcoded video due to the different characteristics of these sources.

Because picture quality will remain a distinguishing factor for high-end video
products, new approaches for performing image enhancement, specifically adapted for use

with these sources, will be beneficial. In C-J Tsai, P. Karunaratne, N. P. Galatsanos and A. K.
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Katsaggelos, "A Compressed Video Enhancement Algorithm", Proc. of IEEE, ICIP’99,
Kobe, Japan, Oct. 25-28, 1999, the authors propose an iterative algorithm for enhancing
video sequences that are encoded at low bit rates. For MPEG sources, the degradation of the
picture quality originates mostly from the quantization function. Thus, the iterative gradient-
projection algorithm employed by the authors uses coding information such as quantization
step size, macroblock types and forward motion vectors in its cost function. The algorithm
shows promising results for low bit rate video, however, the method is marked by high
computational complexity.

In B. Martins and S. Forchammer, "Improved Decoding of MPEG-2 Coded
Video", Proc. of IBC'2000, Amsterdam, The Netherlands, Sept. 7-12, 2000, pp. 109-115, the
authors describe a new concept for improving the decoding of MPEG-2 coded video.
Specifically, a unified approach for deinterlacing and format conversion, integrated in the
decoding process, is proposed. The technique results in considerably higher picture quality
than that obtained by ordinary decoding. However, to date, its computational complexity
prevents its implementation m consumer applications.

Both papers describe video enhancement algorithms using MPEG coding
information and a cost function. However, both of these scenarios, in addition to being
impractical, combine the enhancement and the cost function. A cost function determines how
much, and at which locations in a picture, enhancement can be applied. The problem which
results from this combination of cost and enhancement functions is that only one algorithm

can be used with the cost function.

SUMMARY OF THE INVENTION

The purpose and advantages of the present invention will be set forth in and
apparent from the description that follows, as well as will be learned by practice of the
invention. Additional advantages of the invention will be realized and attained by the
methods and systems particularly pointed out in the written description and claims hereof, as
well as from the appended drawings.

It is therefore an object of the present invention to provide a system for and
method of improving temporal consistency of a video signal in a sharpness enhancement
algorithm. The invention is defined by the independent claims. The dependent claims define
advantageous embodiments.

To achieve these and other advantages and in accordance with the purpose of

the invention, as embodied and broadly described, the invention includes a method of
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improving temporal consistency of an enhanced signal representative of at least one frame
using a sharpness enhancement algorithm with an enhancement gain. The method comprises
the steps of: receiving the enhanced signal including at least one frame, obtaining an
enhancement gain associated with the sharpness enhancement algorithm for each pixel in the
frame and determining an updated enhancement gain for the enhancement gain of each pixel
in the frame. The method further includes the steps of storing the updated enhancement gain
to gain memory, and applying the updated enhancement gain to the sharpness enhancement
algorithm to improve temporal consistency of the enhanced signal.

The system comprises a filter for filtering the video signal and generating a
high pass signal, a multiplier for multiplying the high pass signal by an updated enhancement
gain generated through the method of the present invention and generating a gain controlled
signal, and an adder for adding the video signal with the gain controlled signal, the adder
generating an enhanced temporally consistent video signal.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and are intended to provide further explanation
of the invention claimed.

The accompanying drawings, which are incorporated in and constitute part of
this specification, are included to illustrate and provide a further understanding of the method
and system of the invention. Together with the description, the drawings serve to explain the

principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an exemplary digital television set comprising the
system and method of the present invention;

Fig. 2 is a block diagram illustrating a sharpness enhancement algorithm used
in accordance with the present invention;

Fig. 3 is a flow diagram illustrating an advantageous embodiment of a method

of operation of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference will now be made in detail to the present preferred embodiments of
the invention, an example of which is illustrated in the accompanying drawings. The method
and corresponding steps of the invention will be described in conjunction with the detailed

description of the system.
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Figs. 1 through 3, discussed below, and the various embodiments herein to
describe the principles of the system and method of the present invention, are by way of
illustration only and should not be construed in any way to limit the scope of the invention.
The system and method of the present invention will be described as a system for and method
of enhancing image quality of a coded digital video signal in a digital television set. It is
important to realize that the system and method of the present invention is not limited to
digital television sets. Those skilled in the art will readily understand that the principles of the
present invention may also be successfully applied in any type of digital video system,
including, without limitation, television receivers, set top boxes, storage devices, computer
video display systems, and any type of electronic equipment that utilizes or processes digital
video signals. The term “digital video system” is used to refer to these and other similar types
of equipment available now or in the future. In the descriptions that follow, a digital
television set is employed as one representative illustration of a digital video system.

Fig. 1 is a block diagram of a digital television set 100 that utilizes the
apparatus and method of the present invention. Digital television set 100 comprises television
receiver 110 and display unit 115. Display unit 115 may be a cathode ray tube or a flat panel
display or any type of equipment for displaying video images. Television receiver 110
comprises antenna 105 for receiving television signals. Antenna 105 is coupled to tuner 120.
Tuner 120 is coupled to intermediate frequency (“IF”’) processor 125. IF processor 125, as
embodied herein, is coupled to a decoder 130. While the present invention depicts an MPEG
decoder, the invention is not limited to MPEG type encoding/decoding. According to other
embodiments of the present invention, any block based compression schemes, such as, for
example, JPEG (still image compression standard), MPEG-1,2,4 (digital video standards),
H.261, H. 263 (video conferencing standards) and others can be utilized. In these standards, a
two-dimensional (2D) DCT (Discrete Cosine Transform) is applied to 8 by 8 blocks of pixels
in the image that is compressed.

Alternatively, according to another embodiment of the present invention, the
video signal received from the IF processor does not have to be encoded, and therefore, there
is no need for an MPEG decoder.

The output of MPEG decoder 130 is coupled to post-processing circuits 135.
Post processing circuits 135 may comprise an adaptive peaking unit 140. Adaptive peaking
unit 140 may be located at an appropriate location within the post-processing circuits 135.

The output of post-processing circuits 135 is input to display unit 115.
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As embodied herein, adaptive peaking unit 140 processes the video signals
received from MPEG decoder 130. Adaptive peaking unit 140 generates a value of a gain for
use in the adaptive peaking process, such as a sharpness enhancement algorithm. It is
understood that the system and method of the present invention is not limited to the process
of adaptive peaking. The present invention may be used with more than one type of video
enhancement algorithm.

The output of adaptive peaking unit 140 is an enhanced luminance signal for
the video signals that adaptive peaking unit 140 receives from MPEG decoder 130. The
luminance signal determined by adaptive peaking unit 140 provides a more accurate, visually
distinct and temporally consistent video image than that provided by prior art adaptive
peaking units. Adaptive peaking unit 140 transfers the enhanced luminance signal to other
circuits within post processing circuits 135. Post-processing circuits 135 are capable of
utilizing the enhanced luminance signal to enhance the quality of video signals.

Post-processing circuits 135 are capable of carrying out several different types
of video signal processing. For example, some of the video signal processing applications
include () noise level adaptive noise reduction algorithms, (b) noise level adaptive sharpness
enhancement, (c¢) noise level adaptive luminance-chrominance separation, (d) noise level
adaptive motion detection, (e) noise level adaptive motion estimation and compensation,

(f) noise level adaptive up-conversion, (g) noise level adaptive feature enhancement, and (h)
noise level adaptive object based algorithms.

Fig. 2 is a block diagram illustrating the system and method of adaptive
peaking unit 140 according to one advantageous embodiment of the present invention. Fig. 2
illustrates how the gain, computed according to the methods of the present invention, can be
applied to an adaptive peaking algorithm for sharpness enhancement. The adaptive peaking
algorithm is directed at increasing the amplitude of the transient of an input luminance signal
210.

The above described system uses an adaptive peaking algorithm for sharpness
enhancement. Alternatively, the sharpness enhancement algorithm adopted for the present
invention could be a spatial-domain algorithm, for example, or other known algorithmic
techniques.

The present invention takes into account motion information of the video
signal to calculate an enhancement gain to be used with the sharpness enhancement

algorithm. Motion vectors are used to obtain information on the temporal characteristics of
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the video to be enhanced. Motion vectors present in the MPEG bitstream or motion vectors
from other motion estimation methods can be used as well.

An adaptive peaking sharpness enhancement algorithm illustrated in Fig. 2
shows the input luminance signal 210 first passing through a peaking filter 220 which is
typically a high-pass filter (HPF). The high-pass filtered signal is then multiplied by an
enhancement gain indicative of the allowable amount of peaking.

Fig. 2 also illustrates the system for improving consistency of a video signal in
accordance with the present invention. The system comprises a high-pass filter 220 for
filtering the input video signal 210, a multiplier 230 for multiplying the high pass filtered
signal 225 by the updated enhancement gain 235 determined through any of the methods of
the present invention. The multiplication generates a gain controlled signal 245. The system
further includes an adder 240 for adding the input video signal 210 with the gain controlled
signal 245 and generating an output video signal 250 which improves the sharpness as
compared to the input signal. In addition, the temporal consistency of the enhanced output
signal is improved relative to the prior art output signal generated by the sharpness
enhancement algorithm.

In accordance with the preferred embodiment of the present invention, a
method of improving temporal consistency of an enhanced signal representative of at least
one frame using a sharpness enhancement algorithm with an enhancement gain is provided.
The method comprises the steps of receiving the enhanced signal including at least one
frame, obtaining an enhancement gain associated with the sharpness enhancement algorithm
for each pixel in the frame and determining an updated enhancement gain for the
enhancement gain of each pixel in the frame.

According to a preferred embodiment of the present invention, the updated
enhancement gain of a pixel within a frame is computed according to the following equation:

gain_update = o *gainSEA + (1- a)*gainREF Equation (1)
wherein gain_update is the updated enhancement gain to use in the sharpness enhancement
algorithm, gainSEA is the enhancement gain previously defined in said sharpness
enhancement algorithm, gainREF is the gain value of a reference pixel pointed by a motion
vector in the reference frame, and « is a coefficient in the range between 0 and 1 (0 <o <1).

Equation 1 takes into account two values: the original gain previously
computed for or otherwise associated with the same pixel within the particular frame in
question for the sharpness enhancement algorithm (gainSEA) and the gain value of a pixel

within a reference frame from which the motion vector is computed (gain_REF). If alpha («)
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is 0, gain_update is equal to gainREF, and if alpha(a) is 1, gain_update is equal to gainSEA.
The gainSEA is the enhancement gain of a pixel which has been typically used with a prior
art sharpness enhancement algorithm, i.e. it is the gain which is to be improved according to
the preferred embodiment of the present invention. ,

According to the preferred embodiment of the present invention, the method
further includes the step of storing the updated enhancement gain to gain memory and
applying the updated enhancement gain to the sharpness enhancement algorithm to improve
temporal consistency of the enhanced signal.

Abrupt frame-to-frame changes in the gain for any given pixel can result in
temporally inconsistent sharpness enhancement, which is undesirable. Such changes can also
intensify temporally visible and annoying artifacts such as mosquito noise.

To remedy this effect, according to an additional aspect of the present
invention, the temporal consistency of the video signal in a sharpness enhancement algorithm
can be improved by using a motion adaptive temporal infinite impulse response (IIR) filter on
the gain map. In a preferred embodiment, one possible IIR filter can be defined according to
the following equation: |

gain_final = K*gainSEA + (1-K)*gain_prev Equation (2)
wherein gain_final is the improved enhancement gain to use in the sharpness enhancement
algorithm, gainSEA is the gain previously defined for the sharpness enhancement algorithm,
gain_prev is a gain value of a pixel at the same location in the previous frame, and K is a
factor calculated based on global motion evaluation.

Global Motion is evaluated as follows. First, an absolute value of the
difference between the current frame and the previous frame is calculated pixel by pixel.
Then, the absolute value is compared with a fixed predetermined threshold. Next, the number
of absolute values which are larger than the threshold is counted. As a result, global motion is
defined according to the equation:

motion_global = count_over/count_num Equation (3)
wherein count_num is the total number of the differences calculated, count over is the
number of absolute values larger than the predetermined threshold, and motion_global is the
K factor to be used in Equation 2. According to the preferred embodiment of the present
invention, to reduce the computational complexity the pixel-by-pixel difference between the
current frame and the previous frame can be calculated in every fourth line of a frame or

some other desired number of lines.
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According to another aspect of the present invention, the IR filter can be
applied in combination with the enhancement gain method according to Equation 1, as
opposed to being applied separately to a video signal.

According to an additional aspect of the present invention, the enhancement
gain can be calculated by differentiating between different types of pictures, such as I, P and
B frames in MPEG encoded sequence. The I (or intra coded) frames use DCT encoding only
to compress a single frame without reference to any other frame in the sequence. P (or
predicted) frames are coded as differences from the last I or P frame. The new P-frame is first
predicted by taking the last I or P frame and predicting the values of each new pixel. As a
result P-frames typically provide a compression ratio better than I-frames. B (or bi-
directional) frames are coded as differences from the last or next I or P frame. B-frames use
prediction similar to P-frames, but for each block either or both, the previous I or P frame is
used or the next I or P frame is used. Both P and B frames use motion prediction and DCT
encoding, however, B-frames typically have an improved compression compared with P-
frames, because it is possible to choose for every macroblock whether the previous or next
frame is taken for comparison. ‘

For purposes of example and not limitation, Fig. 3 illustrates these additional
combined aspects of the present invention.

For example, and as embodiment herein, the method may comprise the step
(315) of identifying if the frame is an I frame and calculating (320) a gain map for use in the
sharpness enhancement algorithm, wherein the updated enhancement gain of each pixel is
equal to enhancement gain previously determined for use in the sharpness enhancement
algorithm if the frame is I-frame type.

Similarly, and as further embodied herein, the method further comprises the
steps (340) of identifying if the frame is P-frame or B-frame type, retrieving (335) an
enhancement gain value of each pixel in a reference frame from the gain memory (325) using
motion vectors and calculating the updated enhancement gain according to Equation 1.

After decoding a video signal representative of a set of I, P and B frames is
received and global motion is evaluated (310) according to the Equation 3 based on a current
input video frame (305) and a previous video frame (300). The result of global motion
evaluation is applied to the motion adaptive IR filter (330). In parallel with the global
motion evaluation, the updated enhancement gain of the input video frame is computed based
on the frame type. If the input video frame is an I-frame, the gain map (gain of each pixel in a

frame) for the frame is computed in accordance with prior art and stored into gain memory
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(325). Gain calculation of each pixel within a frame is well known to those skilled in the art.
If the input video frame is a P or a B frame, the updated enhancement gain values for this
frame are computed using Equation 1 and then stored into memory. Since Equation 1 uses
gain values of the reference frame and the previous frame, the necessary gain values are
retrieved from the gain memory. Alternatively, instead of using Equation 1, if the input video
frame is a B-frame, the updated enhancement gain values can be computed by simply
copying (345) the gain map of the previous reference frame (by retrieving the gain values
from gain memory) and storing the values into gain memory. For intra-blocks (I-frames), the
motion vector value used is zero (0), but for B-frames, as noted above, the gain map of the
previous reference frame can be used. According to one aspect of the present invention, the
same method of calculating the updated enhancement gain can be used for B and P frames.

Following the calculation of the updated enhancement gains for each frame,
and as previously noted, the video signal can be further improved by applying the temporal
adaptive IIR filter (330) as described above, thereby further modifying the updated
enhancement gains. The final improved gain values are then stored back into the gain
memory.

The determination of the original enhancement gain (gainSEA) is well known
in art, and those skilled in the art can design their own formulas to calculate the gain. The
present invention can be used to modify that original enhancement gain to achieve temporally
consistent sharpness enhancement.

The invention can also be applied to high definition (HD) and standard
definition (SD) sequences such as would be present in a video storage application having
high definition (HD) capabilities and allowing long play (LP) mode. The majority of such
video sequences are transcoded to a lower storage bitrate from broadcast MPEG-2 bitstreams.
For the long play (LP) mode of this application, format change can also take place during
transcoding. Standard definition (SD) or high definition (HD) video sequences are encoded,
decoded, and then processed with the sharpness enhancement algorithm, according to the
present invention, to provide superior video quality.

The result of the sharpness enhancement algorithm, as illustrated in Fig. 2 is
the following:

out_pixel = input_pixel + mpeg gain*convolution_result, Equation (4)
wherein output_pixel is the final luminance value to be used for the pixel, input_pixel is the

luminance value of the input pixel, mpeg gain is the enhancement gain computed through
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any of the above methods (i.e. either an updated enhancement gain or an improved
enhancement gain), and convolution result is the high-pass filter output.

The method and system of the present invention, as described above and
shown in the drawings, provide for an improved way to enhance the quality of a digital video
signal, by utilizing a sharpness enhancement algorithm. In particular, temporal consistency in
a sharpness enhancement algorithm is achieved.

It will be apparent to those skilled in the art that various modifications and
variations can be made in the method and system of the present invention without departing
from the invention. Thus, it is intended that the present invention include modifications and

variations that are within the scope of the appended claims and their equivalents.
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CLAIMS:

1. A method of improving temporal consistency of an enhanced signal
representative of at least one frame using a sharpness enhancement algorithm with an
enhancement gain, said method comprising the steps of:

receiving the enhanced signal (210) including at least one frame;

obtaining an enhancement gain associated with the sharpness enhancement
algorithm for each pixel in the frame;

determining an updated enhancement gain (235) for the enhancement gain of
each pixel in said frame;

storing said updated enhancement gain (235) into gain memory (325); and

applying the updated enhancement gain (235) to said sharpness enhancement

algorithm to improve temporal consistency of said enhanced signal (210).

2. The method of claim 1, further comprising the step of identifying if the frame
is an I frame (315); and

the determining step including the step of calculating a gain map for use in the
sharpness enhancement algorithm, wherein the updated enhancement gain (235) of each pixel
is equal to the enhancement gain previously obtained for use in the sharpness enhancement

algorithm if the frame is I-frame type.

3. The method of claim 1, further comprising the steps of identifying if the frame
is P-frame type (340) or B-frame type (355); and, if the frame is P-frame type or B-frame
type,

retrieving (375) an enhancement gain value of each pixel from a reference
frame in the gain memory (325) based on motion vectors;

wherein the determining step includes calculating updated enhancement gain
(235) according to the equation:

gain_update = o *gainSEA + (1- o) *gainREF

wherein gain_update is the updated enhancement gain to use in said sharpness

enhancement algorithm, gainSEA is the enhancement gain previously defined in said
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sharpness enhancement algorithm, gainREF is the enhancement gain value of a reference

pixel pointed by a motion vector in said reference frame, and « is a coefficient in the range

between 0 and 1.

4. The method of claim 1, further comprising the step of identifying if the frame
is B-frame type (355); and

the determining step including the step of calculating a gain map for use in the
sharpness enhancement algorithm, wherein the updated enhancement gain of each pixel is

equal to the enhancement gain from a previous reference frame if the frame is B-frame type.

5. The method of claim 1, further comprising the step of

calculating an improved enhancement gain of a pixel in a frame by applying a
motion adaptive temporal IIR filter (330) on said updated enhancement gain stored in said
gain memory (325), said improved enhancement gain is determined by the equation:

gain_final = K*gain_update + (I-K)*gain_prev,

wherein gain_final is the improved enhancement gain to use in said sharpness
enhancement algorithm, gain_update is the updated enhancement gain previously stored in
said gain memory (325), gain_prev is the enhancement gain of a pixel at the same location in
the previous frame, and K is a factor calculated based on global motion evaluation (310); and

storing said improved enhancement gain to gain memory (325).

6. The method of claim 5, wherein said global motion evaluation (310) of a
frame to determine said K factor comprises the steps of:

calculating an absolute value of the difference between the current frame and a
previous frame pixel by pixel;

comparing said absolute value with a predetermined threshold value;

counting a number of absolute values which are greater than said threshold
value; and

evaluating global motion based on the equation:

motion_global = count_over/count_num,

wherein motion_global is used as the K factor, count_over is a number of
absolute values greater than said threshold, and count_num is a total number of differences

calculated.
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7. A method of improving temporal consistency of an enhanced signal (210)
representative of at least one frame using a sharpness enhancement algorithm with an
enhancement gain, said method comprising the steps of:

receiving the enhanced signal including at least one frame;

obtaining an enhancement gain associated with the sharpness enhancement
algorithm for each pixel in the frame;

calculating an improved enhancement gain (235) of a pixel in a frame by
applying a motion adaptive temporal IIR filter (330) on said enhancement gain, said
improved enhancement gain (235) is determined by the equation:

gain_final = K*gain_SEA + (1-K)*gain_prev,

wherein gain_final is the improved enhancement gain to use in said sharpness
enhancement algorithm, gain _SEA is the enhancement gain previously defined in said
sharpness enhancement algorithm, gain_prev is an enhancement gain of a pixel at the same
location in the previous frame (300), and K is a factor calculated based on global motion
evaluation (310); )
. storing said improved enhancement gain (235) to gain memory (325); and
applying the improved enhancement gain (235) to said sharpness enhancement

algorithm to improve temporal consistency of said enhanced signal (210).

8. The method of claim 7, wherein said global motion evaluation (310) of a
frame to determine said K factor comprises the steps of:

calculating an absolute value of the difference between the current frame (305)
and a previous frame (300) pixel by pixel;

comparing said absolute value with a predetermined threshold value;

counting a number of absolute values which are greater than said threshold
value; and

evaluating global motion based on the equation:

motion_global = count_over/count_num,

wherein motion_global is used as the K factor, count_over is a number of
absolute values greater than said threshold, and count_num is a total number of differences

calculated.



10

15

20

25

30

WO 03/056835 PCT/1IB02/05308
16

9. A system for improving temporal consistency of an enhanced signal
representative of at least one frame using a sharpness enhancement algorithm with an
enhancement gain, said system comprising:

means for receiving the enhanced signal including at least one frame;

means for obtaining an enhancement gain associated with the sharpness
enhancement algorithm for each pixel in the frame;

means for calculating (135) an improved enhancement gain (235) of a pixel in
a frame by applying a motion adaptive temporal IIR filter (330) on said enhancement gain,
said improved enhancement gain is determined by the equation:

gain_final = K*gain SEA + (1-K)*gain_prev,

wherein gain_final is the improved enhancement gain to use in said sharpness
enhancement algorithm, gain_SEA is the enhancement gain previously defined in said
sharpness enhancement algorithm, gain_prev is an enhancement gain of a pixel at the same
location in the previous frame (300), and K is a factor calculated using global motion
evaluation means;

means for storing said improved enhancement gain to gain memory (325); and

means for applying the improved enhancement gain (235) to said sharpness

enhancement algorithm to improve temporal consistency of said enhanced signal (210).

10.. The system of claim 9, wherein said global motion evaluation means for
determining said K factor comprises:

means for calculating an absolute value of the difference between the current
frame (305) and a previous frame (300) pixel by pixel,

means for comparing said absolute value with a predetermined threshold
value;

means for counting a number of absolute values which are greater than said
threshold value;

means for evaluating global motion based on the equation:

motion_global = count_over/count_num,

wherein motion_global is used as the K factor, count_over is a number of
absolute values greater than said threshold, and count _num is a total number of differences

calculated.
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11. A system for improving temporal consistency of an enhanced signal (210)
representative of at least one frame using a sharpness enhancement algorithm with an
enhancement gain, said system comprising:

means for receiving the enhanced signal including at least one frame;

means for obtaining an enhancement gain associated with the sharpness
enhancement algorithm for each pixel in the frame;

means for retrieving an enhancement gain value of each pixel from a reference
frame in a gain memory (325) based on motion vectors;

means for identifying if the frame is an I, P or B frame type;

means for determining an updated enhancement gain (235) for an I frame type
by calculating a gain map (320) for use in the sharpness enhancement algorithm, wherein the
updated enhancement gain of each pixel is equal to enhancement gain previously determined
for use in the sharpness enhancement algorithm;

means for determining an updated enhancement gain for a P or B frame type
according to the equation (335):

gain_update = a *gainSEA + (I- a)*gainREF

wherein gain_update is the updated enhancement gain (235) to use in said
sharpness enhancement algorithm, gainSEA is the enhancement gain previously defined in
said sharpness enhancement algorithm, gainREF is the enhancement gain value of a
reference pixel pointed by a motion vector in said reference frame, and « is a coefficient in
the range between 0 and 1;

means for storing said updated enhancement gain to gain memory (325).

12. The system of claim 11, further comprising;

means for calculating an improved enhancement gain of a pixel in a frame by
applying a motion adaptive temporal IIR filter (330) on said updated enhancement gain, said
improved enhancement gain is determined by the equation:

gain_final = K*gain_update + (1-K)*gain_prev,

wherein gain_final is the improved enhancement gain to use in said sharpness
enhancement algorithm, gain_update is the updated enhancement gain previously calculated
for said sharpness enhancement algorithm, gain_prev is an enhancement gain of a pixel at the
same location in the previous frame, and K is a factor calculated using global motion
evaluation means;

means for storing said improved enhancement gain to gain memory (325); and
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means for applying the improved enhancement gain to said sharpness

enhancement algorithm to improve temporal consistency of said enhanced signal (210).

13. The system of claim 12, wherein said global motion evaluation means for
determining said K factor comprises:

means for calculating an absolute value of the difference between the current
frame (305) and a previous frame (300) pixel by pixel;

means for comparing said absolute value with a predetermined threshold
value;

means for counting a number of absolute values which are greater than said
threshold value;

means for evaluating global motion based on the equation:

motion_global = count_over/count_num,

wherein motion_global is used as the K factor, count_over is a number of
absolute values greater than said threshold, and count_num is a total number of differences

calculated.
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