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(57) ABSTRACT 

Disclosed is a video transcoding apparatus converting a 
specific bit rate of an MPEG (moving pictures experts 
group) bit stream into a different rate thereof for transpor 
tation. The present invention includes a video pre-process 
ing unit having a predetermined matrix structure and down 
sampling a macro block decoded by the video decoder by 
transforming the macro block into a corresponding picture 
structure to the compressed video bit stream, a transcoding 
parameter control unit detecting information about a picture 
from a previous bit stream variable-length-decoded by the 
Video decoder and setting up an encoding mode for a 
transcoding in accordance with the detected information, 
etc. Therefore, the present invention does not need the 
motion estimation unit of encoder and reduce the complexity 
of the bit allocation unit. When changing HD-rated MPEG 
sequence over 10 Mbps into NTSC-rated MPEG sequence 
below 6 Mbps, the present invention reduces calculation 
time and complexity of hardware. 
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FIG. 5 
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decoded macro blocks down-scaled macro block 
of high resolution to be encoded currently 
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VIDEO TRANSCODINGAPPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a digital TV or 
digital video appliance, and more particularly, to a video 
transcoding apparatus converting a specific bit rate of an 
MPEG (moving pictures experts group) bit stream into a 
different rate thereof for transportation. 
0003 2. Background of the Related Art 
0004 Lately, encoders such as MPEG and the like are 
used for reducing storage and transmission capacity of a 
digital video or audio. Specifically, required are various 
applications such as video search, picture-in-picture (PIP), 
Video coupling, video edition, transport bit rate conversion, 
and the like, in which Video transcoding methods converting 
an MPEG bit stream having a specific bit rate are demanded 
so as to have another bit ratio. For instance, a bit stream of 
JPEG (joint photographic coding experts group) is converted 
into an MPEG bit stream, a DV (digital video) format as a 
digital output of a digital camcorder is converted into an 
MPEG bit stream, and an MPEG bit stream of HD (high 
definition) is converted into the MPEG bit stream of SD 
(standard definition). 
0005 FIG. 1 illustrates a block diagram of a general 
video transcoding apparatus. 
0006 Referring to FIG. 1, a video transcoding apparatus 
includes a decoding unit 10, a frame memory 20 storing an 
out put of the decoding unit 10 for a video transcoding, an 
encoding unit 30 converting a bit rate of a video stored in the 
frame memory 20 into a different bit rate, and a bit rate 
control unit controlling a bit rate of the encoding unit 30. 
0007 Namely, a variable length decoding (VLD) unit of 
the decoding unit 10 decodes an inputted video bit stream by 
VLD so as to divide the bit stream into a motion vector, a 
quantized value, a DCT (discrete cosine transform) coeffi 
cient, and then outputs the motion vector MV to a motion 
compensation unit 16 and the quantized value and DCT 
coefficient to an inverse quantized (IQ) unit 12. The IQ unit 
12 inverse-quantizes the DCT coefficient in accordance with 
the quantized value, and then outputs the inverse-quantized 
value to an IDC unit 13. The IDCT unit 13 carries out IDCT 
on the inverse-quantized DCT coefficient so as to output the 
IDCT value to an adder 14. If the decoding unit 10 is a 
general MPEG-2 video decoder, the IDC unit 13 carries out 
the IDCT by an 8*8 block unit suitable for an MPEG-2 
Video syntax. 

0008. In this case, forms of pictures standardized by 
MPEG include I, P. and B pictures. Data restored by the 
IDCT unit 13 are the I pictures, which is a perfect picture 
able to be displayed intact. The data of the B or P picture are 
an imperfect picture requiring a motion compensation 
through the motion compensation unit 16. 
0009 Namely, by taking the I picture as a reference, the 
motion vector representing a motion is regarded as 0. 
When it is the B or P picture, the original image should be 
restored using the previous picture stored in a memory unit 
15. In this case, the motion vector means a 2-dimensional 
vector representing an offset of a coordinate of a field taken 
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as a reference frame from a current picture or a field 
coordinate for the motion compensation. 
0010. Therefore, the motion vector outputted from the 
VLD unit 11 is outputted to the motion compensation unit 
16. The motion compensation unit 16 carries out the motion 
compensation for a present pixel value using the motion 
vector and the previous frame stored in the memory 15, and 
then outputs the result to the adder 14. Namely, the motion 
compensation unit 16 predicts one direction or bi-directions 
using the motion vector of the present B or P picture 
outputted from the VLD unit 13 and the previous picture 
stored in the memory 15, thereby restoring the B or P picture 
into a perfect video. 
0011. The adder 14 restores the perfect video as a final 
pixel value by adding the IDCT (inverse discrete cosine 
transform) value to the motion compensation value, and then 
stores is in the memory for the motion compensation and the 
frame memory 20 for the video transcoding. Namely, the 
IQ/IDCT result is directly stored in the memories 15 and 20 
for the I picture. But, the compensation data and IDCT result 
are added each other by the adder 14 for the Por B picture, 
and then stored in the memories 15 and 20. 

0012. In this case, in order to convert the video stored in 
the memory 20 into a bit stream having a low transport bit 
rate and store the bit stream in a storage device Such as a 
hard disk, a video encoder Such as the encoding unit 30. 
0013 Namely, if data outputted from the frame memory 
20 is the I picture, a subtracter 31 in the encoding unit 30 
outputs the data to a DCT unit 32 as it is. But, if the data 
outputted from the frame memory 20 is the Por B picture, 
the adder 31 outputs a differential data to the DCT unit 32. 
The differential data is resulted from the data of which 
motion is compensated in the motion compensation unit 39. 
The DCT unit 32 then carries out DCT on the inputted data, 
and the outputs the DCT data to a quantizing unit 33 for 
quantization. 

0014. In such a procedure, the DCT unit 32 removes a 
relationship of the data through a 2-dimensional axis trans 
formation, in which a picture is divided into block units each 
of which axis is transformed in accordance with the DCT 
method. The axis-transformed data tend to be driven into 
one direction (toward low pass). The quantizing unit 33 
quantizes the driven data only with a predetermined quan 
tizing interval, and then outputs the quantized data to a VLC 
(variable length coding) unit 34. The VLC unit 34 represents 
a frequent value by a low number of bits and a rare value by 
a high number of bits, thereby reducing total bit number. 

0015. In this case, the data on which VLC is carried out 
in the VLC unit 34 is outputted to a buffer 40. The buffer 40 
stores the VLC data temporarily, outputs the VLC data to the 
storage device Such as hard disk at a constant speed, and 
outputs the VLC data to the bit rate control unit 50 by 
calculating a fullness of buffer. 
0016 Namely, the MPEG bit stream of a specific bit rate 
is transformed into that of a different bit rate such as a low 
transport bit rate using the decoding and encoding units 10 
and 30, and then stored in the storage device. 
0017 Moreover, the DCT coefficient quantized by the 
quantizing unit 33 is inputted to the IQ unit 35 again for 
inverse quantization, and then outputted to the IDCT unit 36. 
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The IDCT unit 36 carries out IDCT on the inverse-quantized 
DCT coefficient, and then outputs the IDCT coefficient to the 
adder 37. The adder 37 adds the IDCT value to the motion 
compensated value so as to restore a perfect video as a final 
pixel value, and then stores the added value in a memory 38 
for the motion compensation. The motion compensation unit 
39 carries out the motion compensation using the previous 
frame read from the memory 38, and then outputs the 
motion-compensated value to the subtracter 31 and the adder 
37. 

0018. As mentioned in the above explanation in FIG. 1, 
a specific bit rate of the MPEG bit stream is converted into 
a different bit rate such as a low transport bit rate using the 
decoding and encoding units 10 and 20, and the result is 
stored in the storage device such as a hard disk. 

0019. A bandwidth of a HDTV transmission channel is 
fixed, while a generated data amount varies in accordance 
with time since video data are variable-length-coded 
(VLCed) finally. In order to adjust the generated data 
amount to keep up with a given transmission rate, the bit rate 
control unit 50 is required. The bit rate control unit 50 varies 
a step size of the quantizing unit 33 mainly in accordance 
with a fullness of the buffer 40 so as to control the generated 
data amount. Namely, as the data amount filling the buffer 40 
increases if a generated bit number is higher than a refer 
ence, a following bit number is reduced by increasing a 
quantizing step size. If the generated data amount is lower 
than the reference, the quantizing step size is reduced so as 
to increase the generated bit number. Thus, a state of the 
buffer 40 is controlled so as to maintain a predetermined 
value overall. 

0020. In this case, when referring to MPEG-2 statements 
(test model 5, file No. AVC-491) in progress of standard 
ization by a subordinate organization, IS/IEC JTC/SC29/ 
WG11, of ISO (international organization for standardiza 
tion), the bit rate control unit 50 carries out the following 
three steps. 

0021. A first step predicts a complexity and allocates a 
target bit. Namely, a predetermined bit rate is allocated by 
GOP (group of pictures) unit in accordance with a transport 
bit rate, and bits to be allocated in GOP are allocated in 
accordance with the complexity of each of the pictures (I, P. 
and B frames). In this case, each complexity X of the I. P. 
and B pictures after encoded is attained by the following 
formula 1. 

, where S, S, and S. are bit amounts generated after the I. 
P. and Ppictures are encoded, and Q, Qp, and Q are average 
values of quantizing parameters used for encoding all the 
macro blocks of the respective pictures, respectively. And, 
initial complexities are given as X=160*bit rate/115, 
X=60*bit rate/115, and X=42*bit rate/115, where each of 
the bit rates is found by bit number/second. 

Formula 1 

0022. Namely, target bits T.T., and T of the I, P. and B 
pictures to be encoded in accordance with the bit rates of the 
I, P, and B pictures as video transcoded forms, respectively, 
are allocated by the following formula 2. 
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Formula 2 T = R bit rate 
i = max -- NX -- NX, 8x picture rate 

XX XX, 

T = R bit rate 
p = max Ni, KX, 8x picture rate 

N + KX 

T R bit rate 

b r NKh, X, 8x picture rate N, + 
KX, 

0023) In the Formula 2, K, and K are constants depen 
dent on a quantizing matrix, where K=1.0, K=1.4, and R 
is a bit number of the remaining allocated bits after encoding 
the previous picture. And, bit rate is a channel transmission 
rate (bit/sec) and picture rate is a number of pictures 
decoded per second. R (bit rate) is given as 0 when GOP 
initiates. 

0024 R becomes R+GOP target every GOP, and then 
updated by a value found by Subtracting bit amount gener 
ated every GOP from R. 
0025. In this case, G=bit rateN/picture rate, N is a size 
of GOP and N, and N, are numbers of P and B pictures 
respectively to be encoded in the present GOP. 

0026. The second step controls the transmission rate, i.e., 
bit rate, in which a reference quantizing parameter for each 
macro block is calculated in accordance with the fullness of 
the virtual buffer 40. And, the bit rate is adjusted so that each 
picture is encoded to be suitable for the bit allocated by the 
first step. 

0027. In this case, it is assumed that each picture has a 
random virtual buffer, and a method of adjusting the quan 
tizing parameter in accordance with a status of the buffer. 
0028. The third step is an adaptive quantizing step. In the 
third step, activity of a macro block to be encoded currently 
is found to be normalized, and a quantizing parameter to be 
used substantially for the quantization is found by multiply 
ing the reference quantizing parameter in the second step by 
the normalized activity. Namely, the adaptive quantization 
enables to increase a Subjective image quality, in which the 
reference quantizing parameter is varied in accordance with 
the complexity of the current macro block. 
0029 Namely, the first and second steps, which calculate 
the bit allocation and the fullness of buffer, are performed 
through the buffer 40 and the reference quantizing parameter 
calculating unit 51, and the third step of carrying out the 
adaptive quantization is performed by an activity calculating 
unit 52 and a quantizing parameter generating unit 53. 

0030. In this case, the bit rate control unit 50 carries out 
effectively the bit allocation and bit rate control so as to 
attain the numbers and structures of the I-, P-, and B-pictures 
inside the GOP structure in the encoder 30. 

0031. A real-time video transcoder needs to encode the 
inputted bit stream immediately, whereby information of the 
currently encoded picture is acquired. Yet, the real-time 
video transcoder fails to recognize the GOP structure or 
picture coding type of the following picture. Hence, if the 
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order or number of the P-pictures or the B-pictures is 
changed irregularly, it is difficult to control the bit rate of the 
encoder 30 So as to degrading a video quality. 

0032 Moreover, the video transcoder shown in FIG. 1 
brings about a loss of the video quality in the process of 
making a transmission rate lower than the transmitted bit 
rate. 

0033. In order to save the video quality loss, used are 
methods such as bit amount reduction removing a RF AC 
coefficient from an MPEG decoder, bit rate variance 
changing a bit rate through re-quantization in an MPEG 
decoder, and cascaded transcoding connecting simply 
MPEG decoder and encoder each other. 

0034). Yet, the bit amount reduction removing a RF AC 
coefficient grasps a boundary between a bit length and a sign 
by parsing a bit column only so as to remove the DCT 
coefficient at an exceeding position by adjusting a target bit 
amount by macro block unit. Therefore, the bit amount 
reduction has a simple structured hardware. But, the DCT 
coefficient is removed so as to generate a drift error. Hence, 
the bit amount reduction degrades the video quality as 
well. 

0035. The method using re-quantization caries out 
inverse-quantization after VLD and applies a wider quan 
tizing width to a quantization step again. Therefore, such a 
method has a video quality superior to that of the bit amount 
reduction, but increases a complexity of hardware. 
0.036 And, the cascaded transcoding is excellent in 
Video quality, but the cascades transcoder has a built-in 
MPEG-2 encoder. Therefore, the cascaded transcoding has 
a complicated hardware and carries out lots of calculation. 
0037 Namely, the storage device for high speed play or 
long time record in a digital VCR or the like has a relatively 
Small record space, whereby considerable portions of data 
are cut from the received MPEG bit stream for record. 
Moreover, if a record time is extended twice longer in VCR 
record, a bit rate of the bit stream should be reduced to half. 
Home applications prefer a simple hardware degrading a 
quality to a complicated one costing much. Therefore, the 
home applications use the method of removing the RF AC 
coefficient or using re-quantization, or the like. Moreover, 
the cascaded transcoder removes the drift error through a 
motion compensation circuit so as to maintain a good video 
quality. Therefore, the cascades transcoding is used for a 
VOD (video on demand) server, broadcasting station, or the 
like. 

0038 However, such a method requires massive calcu 
lation for determining new macro block determining mode, 
motion compensating mode, and the like. 

SUMMARY OF THE INVENTION 

0039. Accordingly, the present invention is directed to a 
video transcoder that substantially obviates one or more 
problems due to limitations and disadvantages of the related 
art. 

0040. An object of the present invention is to provide a 
Video transcoder transforming a HD (high definition) signal 
into an SD (standard definition) bit stream of low resolution 
by minimizing a loss of video quality. 
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0041 Another object of the present invention is to pro 
vide video transcoder improving a video quality by measur 
ing an amount of a bit stream decoded by a decoder and 
controlling a bit rate of an encoder using a result of the 
measurement. 

0042 A further object of the present invention is to 
provide video transcoder reducing a screen resolution using 
a down-conversion method in decoding a video signal. 
0043. Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following 
or may be learned from practice of the invention. The 
objectives and other advantages of the invention may be 
realized and attained by the structure particularly pointed out 
in the written description and claims hereof as well as the 
appended drawings. 

0044) To achieve these objects and other advantages and 
in accordance with the purpose of the invention, as embod 
ied and broadly described herein, a video transcoding appa 
ratus according to the present invention includes a video 
decoder receiving to decode a compressed video bit stream 
So as to restore a pixel value of an original scene, a video 
pre-processing unit having a predetermined matrix structure 
and down-sampling a macro block decoded by the video 
decoder by transforming the macro block into a correspond 
ing picture structure to the compressed video bit stream, a 
frame memory storing the down-sampled macro block, a 
transcoding parameter control unit detecting information 
about a picture from a previous bit stream variable-length 
decoded by the video decoder and setting up an encoding 
mode for a transcoding in accordance with the detected 
information, a video encoder encoding down-sampled data 
stored in the frame memory by macro block unit in accor 
dance with the encoding mode outputted from the transcod 
ing parameter control unit, and a bit rate control unit 
controlling quantization of the video encoder by calculating 
a bit amount encoded Substantially by every picture among 
a bit stream to be decoded currently by the video decoder 
and finding a fullness of a buffer in the video encoder using 
the calculated bit amount. 

0045 Preferably, the video pre-processing unit carries 
out a down-sampling through a field based processing if the 
data decoded in the video decoder is an interlacing sequence 
and the macro block having a frame picture or through a 
frame based processing if the data decoded in the video 
decoder is a sequential scanning sequence or an interlacing 
sequence having a field picture structure so as to maintain 
information of field unit. 

0046 Preferably, the transcoding parameter control unit 
establishes a motion vector and a motion mode of the macro 
block down-sampled by the video pre-processing unit using 
a motion information of a previous bit stream variable 
length-decoded by the video decoder. 
0047 Preferably, the transcoding parameter control unit 
establishes a following video encoding reference and then 
set up encoding parameters for a low resolution video of the 
Video encoder based on the encoding reference: maintain a 
decoded picture coding type; maintain a decoded picture 
structure; maintain a decoded GOP (group of pictures); vary 
a decoded motion type or a macro block type; vary a 
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decoded quantizing parameter, vary a decoded motion vec 
tor; and vary a decoded VBV delay and a decoded 
VBV buffer size. 
0.048 More preferably, the transcoding parameter control 
unit controls the video encoder so as to intra-code macro 
blocks outputted from the frame memory if a currently 
decoded picture coding type outputted from the video 
decoder is an I picture. 
0049 More preferably, the transcoding parameter control 
unit determines whether to carry out a motion compensation 
through types of previously-decoded macro blocks corre 
sponding to the macro block to be encoded currently if the 
currently-decoded picture coding type outputted from the 
video decoder is a P or B picture. 
0050 More preferably, the transcoding parameter control 
unit controls the video encoder so as to intra-code the macro 
block to be encoded currently if at least three intra macro 
blocks exist in the previously-decoded four macro blocks 
corresponding to the macro block to be encoded currently. 
0051 More preferably, the transcoding parameter control 
unit controls the video encoder so as to intra-code the macro 
block to be encoded currently if two macro blocks in a 
diagonal direction among four previously-decoded macro 
blocks corresponding to the macro block to be encoded 
currently are at intra mode. 
0.052 More preferably, the transcoding control unit 
judges that a motion compensation is necessary if none of 
previously-decoded macro blocks corresponding to the 
macro block to be encoded currently is an intra macro block, 
and then distinguishes the P and B pictures from each other 
with the picture coding type. 
0053 More preferably, average and median values of 
motion vectors of the previously-decoded macro blocks 
corresponding to the macro block to be encoded currently 
are found for the Ppicture and then the motion vector having 
a less mean absolute error (MAE) found from two vectors 
defined by the average value and median value respectively 
is selected as a motion compensating vector. 
0054 More preferably, the video encoder encodes the 
macro block to be encoded currently as the intra mode if the 
selected MAE is over a predetermined value, and wherein 
the video encoder carries out the motion compensation by 
setting up the macro block type and the motion type fitting 
for the P picture if the selected MAE is less than the 
predetermined value and then encodes a difference between 
the motion-compensated macro block and the macro block 
to be encoded currently. 
0.055 More preferably, average and median values of 
forward and backward motion vectors of the previously 
decoded macro blocks corresponding to the macro block to 
be encoded currently are found for the B picture and then a 
motion vector at a least one of mean absolute errors (MAE) 
found from four vectors defined by the average and mean 
values is selected as a motion compensating vector. 
0056 More preferably, the video encoder encodes the 
macro block to be encoded currently as the intra mode if the 
selected MAE is over a predetermined value, and wherein 
the video encoder carries out the motion compensation by 
setting up the macro block type and the motion type fitting 
for the B picture if the selected MAE is less than the 
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predetermined value and then encodes a difference between 
the motion-compensated macro block and the macro block 
to be encoded currently. 
0057 Preferably, the bit rate control unit includes a 
picture bit counting unit calculating a bit amount encoded 
substantially for each picture in a video bit stream which is 
inputted to the video decoder and to be encoded currently, a 
buffer in the video encoder finding a target bit number for a 
picture to be encoded using the bit amount calculated by the 
picture bit counting unit and a video bit stream variable 
length-coded in the video encoder and then calculating the 
fullness of the buffer in the video encoder using the found 
target bit number, a reference quantizing parameter calcu 
lating unit calculating a reference quantizing parameter in 
accordance with the buffer fullness outputted from the 
buffer, an activity calculating unit producing an activity of a 
Video outputted from the video decoder, and a quantizing 
parameter generating unit generating a quantizing parameter 
to be used for a Substantial quantization in accordance with 
the calculated reference quantizing parameter and the cal 
culated activity So as to control a quantization of the video 
encoder. 

0058 More preferably, the picture bit counting unit 
detects a picture start code picture start code in the video 
stream inputted to the video decoder and counts to output a 
bit number between the detected picture start code and a next 
picture start code. 
0059 More preferably, the activity calculating unit 
receives an output of the frame memory, finds the activity of 
the macro block to be encoded currently, normalizes the 
activity, and outputs the normalized activity to the quantiz 
ing parameter generating unit, and wherein an initial value 
of an average value of the activities used for the activity 
normalization is set up by finding an average activity of a 
macro block to be decoded into an original resolution. 
0060. In another aspect of the present invention, a video 
transcoding apparatus includes a video decoder receiving to 
decode a compressed video bit stream through variable 
length decoding, inverse quantization, inverse DCT, and 
motion compensation processes, carrying out a down-sam 
pling for a conversion to a different bit rate to output a 
down-sampled video, carrying out an up-sampling on the 
down-sampled video, and carrying out a motion compensa 
tion on the up-sampled video, a frame memory storing the 
down-sampled macro block, a transcoding parameter control 
unit detecting information about a picture from a previous 
bit stream variable-length-decoded by the video decoder and 
setting up an encoding mode for a transcoding in accordance 
with the detected information, a video encoder encoding 
down-sampled data stored in the frame memory by macro 
block unit in accordance with the encoding mode outputted 
from the transcoding parameter control unit, and a bit rate 
control unit controlling quantization of the video encoderby 
calculating a bit amount encoded Substantially by every 
picture among a bit stream to be decoded currently by the 
video decoder and finding a fullness of a buffer in the video 
encoder using the calculated bit amount. 
0061. It is to be understood that both the foregoing 
general description and the following detailed description of 
the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as 
claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0062) The accompanying drawings, which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment(s) of the invention and together with 
the description serve to explain the principle of the inven 
tion. In the drawings: 

0063 FIG. 1 illustrates a block diagram of a general 
Video transcoder; 

0064 FIG. 2 illustrates a block diagram of a video 
transcoder according to a first embodiment of the present 
invention; 

0065 FIG.3 illustrates a detailed block diagram for FIG. 
2: 

0.066 FIG. 4 illustrates a diagram of transforming an HD 
macro block into SD Sub-blocks in a video pre-processing 
unit according to the present invention; 

0067 FIG. 5 illustrates an operational flowchart of a 
video encoding unit in FIG. 2; 

0068 FIG. 6A and FIG. 6B illustrate diagrams for deter 
mining macro block types; 

0069 FIG. 7 illustrates a diagram of selecting a motion 
vector adaptively in motion compensation; and 

0070 FIG. 8 illustrates a block diagram of a video 
transcoder according to a second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0071 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. 

0072 The present invention is characterized in that an 
MPEG-2 bit stream transmitted at a high speed transport bit 
rate (over about 10 Mbps) is converted into the MPEG-2 bit 
stream having a low transport bit rate (below about 6 Mbps), 
and described by first and second embodiments using a 
technique of reducing a memory size. 

First Embodiment 

0.073 FIG. 2 illustrates a block diagram of a video 
transcoder according to a first embodiment of the present 
invention. 

0074 Referring to FIG. 2, a video transcoder according 
to a first embodiment of the present invention carries out a 
Video decoding and a video encoding simultaneously 
through a couple of memories 100 and 200 and a couple of 
independent memory interface units 101 and 201. Besides, 
a DMA (direct memory access) unit 700 is arranged between 
the memory interface units 101 and 201 for data transmis 
sion between the memories 100 and 200 so as to receive 
MPEG-2 TS (transport stream), packet element stream 
(PES), and element stream (ES). In this case, the memories 
are DRAMs or synchronous DRAMs (SDRAM). The 
present invention uses SDRAMs for the embodiment of the 
present invention. 
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0075) Moreover, the transported MPEG-2 video and 
audio bit stream is multiplexed. Hence, the transported 
MPEG-2 video and audio bit stream is divided into an 
MPEG-2 video bit stream and an MPEG-2 audio bit stream 
in a transport decoder 102. 
0076. The divided video and audio bit streams are 
decoded in an MPEG-2 video decoder 103 and an audio 
decoder so as to be outputted to a screen and a speaker, 
respectively. In this case, a video is displayed on a screen 
through a VDP (video display processor) 105. 
0077. A frame decoded in a video sequence of HD rate or 
high transport bit rate is reduced to a normal degree of 
resolution, i.e., a low resolution of SD or NTSC rate, 
through a video pre-processing unit 300, whereby a memory 
size is reduced about /4. Therefore, a video encoder 202 
enables to decrease a memory bandwidth and a processing 
time greatly. 
0078 Consequently, the high transport rate is reduced to 
a low transport bit rate so as to increase a capacity of a 
storage device Such as a video recorder or the like. And, 
encoding parameters of the reduced resolution are readjusted 
to be suitable for the low transport bit rate through the 
MPEG-2 video encoder 202 so as to maintain a video 
quality. This is because the encoding parameters suitable for 
the transport bit rate of high resolution fail to be optimal in 
low resolution. 

0079 Moreover, the present invention uses the currently 
decoded parameters among various parameters of a video 
encoding for the MPEG-2 video encoder 202, whereby a 
time taken to calculate the parameters and a hardware 
complexity in the MPEG-2 video encoder 202 are reduced. 
Besides, it is not necessary to perform a motion estimation 
during the motion compensation in the video encoder 202, 
thereby making a motion compensating fast. 
0080 FIG. 3 illustrates a detailed block diagram of the 
video transcoding unit for FIG. 2, in which video decoder 
103 and video encoder 202 have the same construction in 
FIG 1. 

0081 Referring to FIG. 3, a video pre-processing unit 
300 and a transcoding parameter control unit 500 are added 
to FIG. 1. An external memory 15 in FIG. 3 is the same of 
the SDRAM 100 in FIG. 2, and another external memory 38 
in FIG. 3 is the same of the SDRAM 200 in FIG. 2. These 
devices differ just in numeral expressions. For the conve 
nience of explanation, the present invention uses the exter 
nal memories 15 and 38. 

0082) Moreover, a bit rate control unit 600, which 
improves the first step carrying out a target bit allocation, 
controls a generating amount of data by calculating a bit 
amount encoded Substantially in every picture of an 
MPEG-2 bit stream to be encoded currently and varying a 
step size of a quantizing unit 33 using a result of the 
calculation. 

0083. In this case, the video pre-processing unit 300 may 
receive an MPEG-2 bit stream, which is video-decoded in 
the video decoder 103, of high transport bit rate or a digital 
video signal of SD rate from outside. 
0084 Namely, a bit stream parsed through the VLD unit 
11 of the video decoder 103 passes through the IQ unit 12, 
IDCT unit 13, adder 14, and motion compensating unit 16 so 
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as to be stored in the external memory 15. In this case, a 
general MPEG-2 video decoder 103 carries out IDCT by 8*8 
block unit so as to be fit for the MPEG-2 video syntax. For 
an I-picture, a result of IQ/IDCT is directly stored in the 
external memory 15. For a P or B-picture, a motion 
compensated block and the IDCT result are added each other 
in the adder 14 so as to be stored in the external memory 15. 

0085 And, a video stored in the external memory 15 is 
displayed on a screen through the VDP 105. 

0086. In order to reduce a memory bandwidth, macro 
blocks decoded from the video decoder 103 are outputted to 
the video pre-processing unit 300 so as to reduce a degree of 
resolution up to 4. 

0087 FIG. 4 illustrates a detailed diagram of operating 
the video pre-processing unit 300 having a downscaling 
algorithm for memory reduction. 

0088 Namely, the conventional MPEG-2 video decoder 
performs the motion compensation by reading pixels by 
frame or field unit from a memory in accordance with a 
frame or field picture. Yet, when a down-sampling is carried 
out in a vertical direction for 75% reduction, a down 
sampled result of the frame picture is different from that of 
the field picture. Hence, the frame and field pictures existing 
in one sequence fail to provide uniform down-sampling 
results. 

0089. In order to improve such a problem, the present 
invention, as shown in an upper part of FIG. 4, down 
samples a macro block, which has the frame picture and is 
an interlacing sequence, through a field-based processing, 
whereby the result shows that top/bottom fields coexist. On 
the contrary, the frame-based processing, as shown in a 
lower part of FIG. 4, is carried out on a sequential scanning 
sequence or an interlacing sequence of a field picture 
structure that has only the information corresponding to the 
same field in one macro block. 

0090 Accordingly, the information about the field is not 
lost even if the frame picture is down-sampled in a vertical 
direction. Thus, excellent video quality is maintained. As a 
result, the case of the interlacing sequence enables to main 
tain the information of field unit continuously. 

0.091 The following Formula 3 expresses a relation used 
for down-sampling the video pre-processing unit 300. 

x0 Formula 3 
x1 

x2 

x3 
X = = T8x), 

X4 

5 

x6 

where X represent 8 frame coefficients and X denotes 8 
pixel values. 

Dec. 27, 2007 

0092. In this case, the following Formula 4 expresses an 
8x8 DCT based matrix T8). 

Formula 4 

t O t t 2 t 3 is 4. t 5 t 6 t 7 

where T8) denotes the 8x8 DCT matrix consisting of 8-point 
DCT bases. 

0093. And, lets assume that T4 is 4*4 DCT matrix 
comprising 4-point bases similar to that in Formula 4. Then, 
the following Formula 5 denotes a down-sampling process 
of removing RF number components in horizontal/vertical 
directions and carrying out IDCT. 

XO Formula 5 
X1 

X2 

X3 

| x4 
X5 

X6 

X7 

P 4 T 

0094) The following Formula 6 denotes P4). 

Formula 6 (P4 - /V2 O O 

0095 Consequently, the following Formula 7 expresses 
the 1-dimensional downscaling process using Formula 4 and 
Formula 5. 

P4-1-C," Xis. -IT4'OV2: T8xts. Formula 7 
where X represents 8x1 pixels, y denotes down-sampled 4x1 
pixels, and X is a DCT coefficient block for x. T8 is a 8x8 
DCT based matrix, 

and C is a 4x4 DCT based matrix. 
0096. Accordingly, the following Formula 8 expresses a 
downscaling transformation from pixel to pixel unit using 
Formula 7. 

34x1-C4x88x1- Formula 8 

where Cass=Ca"T8 defines 4x8-dimensional down-sam 
pling matrix and converts 8 pixels into 4 pixels. 
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0097. In this case, the following Formula 9 expresses a 
down-sampling matrix having an input of 4 pixels and an 
output of 2 pixels, which is similar to Formula 8, in case of 
a chrominance signal. 

J2x1-C2x4's 4x1- Formula 9 

where C=T2 O'T4V2 and T2 is a 2*2 DCT based matrix 
as in Formula 4. 

0.098 Moreover, in order to maintain the information 
about the field in the memory for 75% memory reduction, 
luminance and chrominance signals are separated from each 
other so as to be processed. In this case, the chrominance 
signal is divided into 48-sized top/bottom fields for the 
frame picture, while the luminance signal is divided into 
88-sized top/bottom fields. As the number of lines in the 
vertical field of the chrominance signal becomes a half of the 
luminance signal, a down conversion is carried out using 
Formula 9. And, the down conversion is carried out using 
Formula 9 for the luminance signal. 
0099] The video pre-processing unit 300 carries out the 
above down-sampling processes so as to reduce the resolu 
tion to 4. Therefore, the originally-decoded 16*16-sized 
macro block is naturally converted into 88-sized sub 
blocks. Thus, the macro block in the MPEG-2 encoder 202 
comes from the 4 originally-decoded macro blocks by 
mergence. In this case, it is important to use the previously 
decoded parameters in order to reduce the processing time or 
complexity of hardware. 
0100. Accordingly, the present invention regulates the 
following reference for a video encoding of the video 
encoder 202. 

0101 1. maintain a decoded picture coding type 
0102) 2 
0103 3. maintain a decoded GOP (group of pictures) 

4 0104) 
type 

0105 5. Vary a decoded quantizing parameter 

... maintain a decoded picture structure 

. Vary a decoded motion type or a macro block 

0106 6. Vary a decoded motion vector 
0107 7. vary a decoded VBV delay and a decoded 
VBV buffer size 
0108. The previous parameters are maintained or read 
justed with the above regulations, thereby enabling to realize 
a video converter of excellent performance. 
0109 Namely, the transcoding parameter control unit 500 
in FIG.3 defines the encoding parameters for a video of low 
resolution based on the above encoding regulations. 
0110. An operation flowchart for the above procedure is 
shown in FIG. 5. FIG. 5 illustrates an operational flowchart 
of a video encoding unit in FIG. 2. 
0111 Referring to FIG. 5, it is judged whether a currently 
decoded picture type which is outputted from the video 
decoder 103 is an I picture (step 501). If it is judged that the 
currently decoded picture type is the I picture by the step 
501, all macro blocks are intra-coded (step 502). 
0112) If it is judged that the currently decoded picture 
type is not the I picture, i.e., that the currently decoded 
picture type is an P or B picture, by the step 501, it is 
determined whether the motion compensation is performed 
through a type of the previously decoded macro block 
corresponding to the currently macro block to be encoded. 
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0113 Namely, the transcoding parameter control unit 500 
determines whether to perform the intra-coding or motion 
compensation from the type of the previously decoded 
macro block corresponding to the currently macro block to 
be encoded in accordance with a table shown in FIG. 6B. 

0114. If at least one of four previously-decoded macro 
blocks MB1 to MB4 corresponding to the currently macro 
block to be encoded is an intra macro block in FIG. 6A and 
FIG. 6B, the intra-coding is carried out (step 502). 
0.115. When the number of the intra macro blocks among 
the four previously-decoded macro blocks MB1 to MB4 
corresponding to the macro blocks to be encoded currently 
is at least 3, the macro blocks to be encoded currently are 
intra-coded. This is because there are lots of motions in a 
scene or a probability of representing scene transition is 
high. 

0.116) Specifically, when the MB1 and MB4 among the 
four previously-decoded macro blocks MB1 to MB4 corre 
sponding to the macro block to be encoded currently are at 
the intra mode or the MB2 and MB3 are at the intra mode, 
the macro block to be encoded currently is intra-coded. This 
case has a high probability of irregular motions or different 
motions in a scene, thereby having difficulty in motion 
compensation. 

0.117) The rest of cases are determined as the macro 
blocks having motions, and then proceeds to a step 504 So 
as to carry out the motion compensation. For instance, if 
there is no intra macro block in at least one of the four 
previously-decoded macro blocks MB1 to MB4 correspond 
ing to the macro block to be encoded currently, the motion 
compensation is carried out by proceeding to the step 504. 
0118. The step 504 judges whether it is the Por B picture 
by checking a picture coding type. Namely, if is judged that 
the motion compensation is necessary by the step 503, the P 
or B picture is distinguished from the picture coding type in 
the step 504 and then the motion compensation is carried out 
on the P and B pictures separately. 
0119) If it is the P picture, there exists a forward motion 
vector only. Hence, average and median values of motion 
vectors of the four macro blocks, as shown in FIG. 7, are 
found (step 505). Formula 10 and Formula 1 1 express the 
methods of finding the average and median values MV and 
Med (MV), respectively. 

4. Formula 10 
XMV. A. - i=1 1, non-intra 

W = 4. , where A = 
XE Ai O Intra 
i=1 

Med(MV)=media (MV, I=1,..., 4) Formula 10 

0120 And, absolute average errors MAE attained from 
two vectors in Formula 10 and Formula 1 1 are compared to 
each other, and then the motion vector having the MAE 
Smaller than the other is selected as a motion compensating 
vector MVs (step 506). In this case, if it is judged that the 
MAE selected in the step 506 is higher than or equal to a 
predetermined value Th1, it is decided as the intra mode so 
as to proceed back to the step 502 (step 507). 
0121 Meanwhile, if it is judged that the MAE selected in 
the step 506 is lower than the predetermined value Th1, a 



US 2007/0297507 A1 

macro block type MB TYPE and a motion type MC type 
and the like are selected (step 508). 
0122) In this case, the motion type MC TYPE in the 
frame picture is divided into a frame unit motion compen 
sation MC FRAME and field unit motion compensations 
MC FIELD and MC DMV. As the MC FRAME may be 
regarded as the motion vectors such as top and bottom fields, 
thereby being processed as motion vectors for fields by 
Formula 10 and Formula 1 1. If all the motion types 
MC TYPE are MC FRAME, the motion type of the macro 
block to be encoded currently is defined as MC FRAME. If 
there exists at least one motion type MC TYPE in the 
MC FIELD, it is processed as MC FIELD. 
0123 The above explanation is summarized in the fol 
lowing table 1. 
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0128. After MAE has been found from the respective 
motion vectors in Formulas 12 to Formulas 15, the motion 
vector having the least MAE is selected as a motion com 
pensating vector MVs (step 511). Moreover, after determin 
ing the corresponding macro block type MB TYPE and 
motion type MC TYPE (step 513), the motion compensa 
tion is carried out on the B picture using the determined 
parameters (step 509). In this case, the step 512 judges 
whether the selected MAE is equal to or higher than a 
predetermined value Th2. If it is equal to or higher than the 
predetermined value Th2, it is determined as the intra mode 
so as to proceed to the step 502. If it is lower than the 
predetermined value Th2, the process proceeds to the step 
513 so as to determine the macro block type MB TYPE, the 
motion type MC TYPE and the like. 

TABLE 1. 

MB1 MB2 MB3 MB4 Result 

MC FRAME MC FRAME MC FRAME MC FRAME MC FRAME 
MC FIELD MC FIELD MC FIELD MC FIELD MC FIELD 

Set up as MCFIELD if MC FIELD exists in at least one macro block of blocks MB1 to 
MB4 

0.124. In this case, MC FIELD has motions of a top block 
motion vector and a bottom block motion vector. Hence, if 
MC FIELD exists in at least one macro block of blocks 
MB1 to MB4, one MV of the MC FRAME is allocated to 
the top and bottom blocks equally. 
0125. As is the same of the above case, the filed picture 
motion type MC TYPE is divided into MC FIELD, 
MC 16*8, and MC DMV. If at least one MC 16*8 exists, 
the motion type is determined as MC 16*8. 
0126 The motion compensation is then carried out on the 
P picture using the above-described parameters (step 509). 
0127. Meanwhile, forward and backward motion vectors 
coexist in the B picture. If it is judged as the B picture in the 
step 504, average and media values of the motion vectors for 
the two cases, as shown in FIG. 5, are found through the 
following Formulas 12 to Formulas 15(step 510). 

4. Formula 12 
X. MVF. A 

MVF = 
4. 

X Ai 
i=1 

1, non-intra and forward MV 
where A = 

O, otherwise 

4. Formula 13 
X. MVB. A 

MVB = 
4. 

X Ai 
i=1 

1, non-intra and backward MV 
where A = 

otherwise 

Medi(MVF)=median(MVF, I=1,..., 4) Formula 14 
Med(MVB)=median (MVB, I=1,..., 4) Formula 15 

0129 Operation of the video encoder in FIG. 3 is 
explained as follows. For the intra picture, a result through 
the IDCT unit 13 is instantly down-sampled in the video 
pre-processing unit 300, passes again through the frame 
memory 400, DCT unit 32 of the video encoder 202, and 
quantizing unit 33, and then outputted to the VLC unit 34. 
In this case, each of the macro blocks is intra-coded, and the 
bit rate control unit 600 controls the quantizing parameters. 

0.130) If the Por B picture is judged as the intra mode, the 
above process of the intra picture is carried out as it is. If it 
fails to be judged as the intra mode, a predictive motion 
compensation is carried out on a video of low resolution 
which is newly quantized. Namely, as mentioned in the 
foregoing explanation, the predictive motion compensation 
is carried out as a frame prediction and a field prediction in 
accordance with the motion types MC TYPE. A difference 
between the predictively compensated video and the cur 
rently down-sampled video of low resolution is found by the 
adder 31. The found difference is encoded through the DCT 
unit 32, quantizing unit 33, and VLC unit 34, and then stored 
in the buffer 40. 

0131 Meanwhile, the bit rate control unit 600 includes a 
picture bit counting unit 601 calculating an amount of bits 
encoded substantially for each picture in an MPEG-2 bit 
stream to be encoded currently, a reference quantizing 
parameter calculating unit 602 calculating a reference quan 
tizing parameter in accordance with a buffer fullness out 
putted from the buffer 40, an activity calculating unit 603 
producing an activity of a video outputted from the frame 
memory unit 300, and a quantizing parameter generating 
unit 604 generating a quantizing parameter to be used for a 
Substantial quantization in accordance with the calculated 
reference quantizing parameter and the calculated activity So 
as to output the quantizing parameter to the quantizing unit 
of the encoder 400. 

0.132. The present invention explains just the bit rate 
control unit 600 and the calculation of the fullness of the 
buffer 400. 
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0133) First, the buffer 40 finds a target bit number for a 
picture to be encoded in the encoding unit 400 using the bit 
amount calculated by the picture bit counting unit 601, 
calculates the buffer fullness using the found target bit 
number, and outputs the buffer fullness to the reference 
parameter calculating unit 602 of the bit rate control unit 
600. 

0134. Namely, it is important to adjust a quantizing 
coefficient of the quantizing unit 33 for video quality. 
Therefore, the present invention controls the bit rate control 
and the quantization using the picture bit counting unit 601. 
0135 For this, the picture bit counting unit 601 has a 
function of detecting picture start code in the currently 
inputted video stream and another function of counting bits 
between the picture start code and the next picture start 
code. The bit number counted by the picture bit counting 

unit 601 becomes the bit number TsT. T. and T. 
resulted from encoding one picture of a high resolution 
video. 

0136. The buffer 40 then enables to predict the target bit 
number of one picture to encode a low resolution video 
using the bit number T and the following Formulas 16 to 
Formulas 18. 

T=c'R Formula 16 

T=cR2 Formula 17 

R ormula 18 

where T and R. denote the target bit number of one picture 
of a transported video stream and a bit rate of one sequence, 
respectively. T and R represent a target bit number of one 
picture of a video stream to be transcoded and a bit rate of 
one sequence thereof, respectively. And, c is a proportional 
constant resulted from the complexity and number of I, P. 
and B pictures remaining in GOP 

0137 In this case, assuming that there is less difference 
between the complexities of the low resolution video and the 
complexity of the high resolution video, Formula 18 is 
resulted from Formula 16 and Formula 17. 

0138 R is easily found from syntax of MPEG bit stream, 
and R is the bit rate to be retransmitted. As T is detected 
by the picture bit counting unit 601, it is easy to find the 
target bit number T of the picture to be encoded currently. 
Thus, a portion of allocating the target bit number is 
removed from the conventional bit rate control system, 
thereby enabling to reduce hardware. 
0139 Three steps of controlling the bit rate and quanti 
Zation using the found T are explained in detail as follows. 
0140) Step 1) Bit Allocation 
0141 First, the buffer 40 finds the target bit number for 
a picture to be encoded using the following formula 19. 

R Formula 19 
T(k) = TI(k) X A. 

where ke{i, p, b}. 
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0.142 Formula 19 is resulted from normalizing Formula 
18. T(k) is the target bit number to allocate k-picture to 
GOP, and is found in the picture bit counting unit 601. 
0143 Step 2) Rate Control 
0.144 Step 2 adjusts a transport rate, i.e., a bit rate. In the 
step 2, the bit rate is controlled to encode a current picture 
so that each picture fits for the target bit number found in the 
step 1. 
0145 For this, in the following Formula 20, the buffer 40 
seeks a fullness of each buffer before a macro block j is 
encoded using the target bit number T found by the step 1. 

i i Tax (i-1) Formula 20 
d = di + B-1 - { MB cnt } 

T2, x (i-1) d; = di + B-1- MB Clt } 
T2, x (i-1) d = di + B-, -} 

where each of d.d.o.d, shows an initial fullness of the 
virtual buffer 40. 

0146 The initial fullness is a bit rate control error in the 
most previous picture of the same type. Namely, the bit rate 
control error is a difference between the bit number gener 
ating from encoding the previous picture of the same type 
and the other bit number allocated to the corresponding 
picture. B, is a bit number generated from encoding macro 
blocks up to the present including. MB cnt represents total 
number of the macro blocks in the picture. d.d.o.d, shows 
an initial fullness of the virtual buffer 40 of the correspond 
ing picture. The fullness do.d.o.d.j=MB cnt of the last 
virtual buffer 40 is used for the initial fullness do.d.o.d of 
the next picture. 
0147 The above-found fullness d of the buffer is out 
putted to the reference quantizing parameter calculating unit 
602 of the bit rate control unit 600. 

0.148. The reference quantizing parameter calculating 
unit 602 seeks a reference parameter Q, of the jth macro 
block by the following Formula 21 using the generated 
fullness of the buffer 40 from an encoding up to the (i-1)th 
macro block, and then outputs the reference parameter Q, to 
the quantizing parameter generating unit 604. 

Formula 21 

0149. In this case, a reaction parameter r in Formula 21 
is found by the following Formula 22. 

R2 Formula 22 
r = 2x -- - 

p1cture rate 

0.150 Step 3) Adaptive Quantization 
0151. The adaptive quantization is a method enabling to 
increase a subjective video quality, and varies the reference 
quantizing parameter in accordance with a complexity of the 
current macro block. 
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0152 For this, the activity calculating unit 603 receives 
an output of the frame memory unit 300 so as to find an 
activity act, of the macro block to be encoded currently, 
calculates an activity N act, normalized from the activity 
act, and outputs the normalized activity to the quantizing 
parameter generating unit 604. In this case, the act, is used 
as is represented by a minimum value of variances of the 
respective sub-blocks in the macro block. 

0153) A normalization of act, representing the complexity 
of each macro block is carried out by the following Formula 
23. 

(2xact) + avg act Formula 23 
N act = acti + (2 xavg act) 

0154) In this case, avg act is an average value of activi 
ties act, of the lately encoded picture. Generally, it is defined 
as avg act=400 in the first picture. Yet, the present invention 
seeks avg act of a first-decoded macro block of original 
resolution and sets up the sought avg act as an initial value. 
Therefore, the present invention provides a better video 
quality. 

0.155) A flat portion sensitive for human eyes has act, 
lower than an overall average complexity avg act of the 
current picture, thereby having a smaller N act. On the 
contrary, a portion less sensitive to human eyes has acts 
higher than the average complexity, thereby having a larger 
N_act, 
0156 The quantizing parameter generating unit 604 mul 
tiplies the normalized activity N act, by the reference quan 
tizing parameter Q, like the following Formula 24, thereby 
finding a quantizing parameter mauant of a macro block to 
be substantially used for quantization. 

mquanti-g;N act, Formula 24 

where a value of mauant lies within a range of 1,..., 31) 
and is coding-transported by macro block unit. 

0157 Accordingly, the present invention uses the picture 
bit counting unit 601, thereby enabling to simplify the bit 
allocation in the step 1 as well as improve a video quality by 
using the bit allocation information of the encoder 400 
effectively. Moreover, the present invention needs no infor 
mation about a GOP structure, thereby enabling to carry out 
the bit allocation and quantization on the current picture 
instantly. 

Second Embodiment 

0158 FIG. 8 illustrates a block diagram of a video 
transcoder according to a second embodiment of the present 
invention. 

0159 Referring to FIG. 8, the second embodiment of the 
present invention includes a down-sampling unit 701 and an 
up-sampling unit 702 in the video decoder 103 instead of the 
pre-processing unit 300 so as to reduce a bandwidth of a 
frame memory and a processing time greatly. In this case, 
blocks and devices having the same construction and opera 
tion in FIG. 2 are denoted by the same numerals, of which 
explanations are skipped in the following description. 
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0.160 Namely, macro blocks decoded out of the adder 14 
pass through the down-sampling unit 701, thereby reducing 
resolution to 4. Proportionally, a size of the frame memory 
400 is reduced to 4 as well. Accordingly, the present 
invention enables to reduce a bandwidth and a processing 
time of the frame memory 400 greatly. 

0.161 In this case, a down-sampling method of the down 
sampling unit 701 may use the method performed by the 
pre-processing unit 300 of the first embodiment. The frame 
memory 400 then has the memory structure of field units. 
Hence, a field-based uniform down-sampling result is 
attained when the frame and field pictures coexist in one 
sequence. Moreover, luminance and chrominance signals 
are separated to process So as to maintain the information 
about the field inside the memory in 75% reduction. In this 
case, the chrominance signal in the frame picture is divided 
into 4x8-sized top/bottom fields. Yet, the luminance signal is 
divided into 8x8-sized top/bottom fields. Therefore, an 
interlaced sequence enables to maintain the information of 
field units if fine video quality continuously. 

0162. As the resolution is reduced to /4 through the 
down-sampling unit 701, the originally-decoded 16x16 
sized macro block is naturally changed into 8x8-sized 
sub-blocks. Therefore, the macro block outputted to the 
video encoder 202 becomes one macro block by four 
merging originally-decoded macro blocks. 

0.163 Looking into a transcoding process of I picture in 
FIG. 8, the IDCTed I picture is down-sampled in the 
down-sampling unit 701 and then outputted to the video 
encoder 202 through the frame memory 400. The encoding 
unit 202 carries out DCT and quantization on the inputted I 
picture, and then transports the I picture to the VLC unit 34. 
In this case, each macro block is intra-coded, and the 
quantizing unit 33 receives quantizing parameters from the 
bit rate control unit 600 so as to quantize the DCTed I 
picture. Meanwhile, for a Por B picture, a predictive motion 
compensation is carried out on a down-sampled video of low 
resolution. In this case, the down-sampled Por B picture is 
restored to its original state by the up-sampling unit 702, and 
then inputted to the motion compensating unit 16. The 
motion compensating unit 16 carries out frame prediction or 
field prediction in accordance with a motion type motion 
type. The Sum of the prodictively-compensated video and 

the IDCTed video is down-sampled by the down-sampling 
unit 701, and then inputted to the encoding unit 202 through 
the frame memory 400. The encoding unit 202 carries out 
DCT and quantization on a difference between the video 
compensated predictively by the motion compensating unit 
39 and the currently-down-sampled video of low resolution, 
and then transports the DCT/quantized difference to the 
VLC unit 34. 

0.164 Meanwhile, it is more effective to use the intact 
motion vector of a perfect resolution than to downscale the 
motion vector in vertical and horizontal directions in order 
to increase a video quality for the motion compensation in 
the video decoder 103. When using a motion vector MV of 
a perfect resolution, required is a process of up-sampling the 
macro block having the down-sampled resolution, which is 
stored in the frame memory 400, to have the original 
resolution. This up-sampling process is carried out by the 
up-sampling unit 702. The up-sampling unit 702 converts 
four pixels into 8 pixels through the inverse transformation 
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of the sown-sampling unit 701, and then outputs the con 
version to the motion compensating unit 16. Namely, the 
up-sampling unit 702 has a structure transformed into a 
prepositional matrix like a matrix type of the down-sampling 
unit 701. 

0165. Therefore, the present invention enables to store 
the MPEG-2 bit stream transported to a digital VCR or a 
DTV set-top box as well as convert a HD or SD-rated video 
signal of high bit rate into a bit stream of low bit rate. 
0166 And, the present invention enables to be installed at 
an appliance built in TV, an STB-(set-top box) type appli 
ance, and the like. 
0167 Moreover, the present invention is essential to 
applied fields having built-in storage devices such as digital 
TV, digital VCR, and the like, thereby strengthening tech 
nology competition in Video recorder and digital TV having 
high performance. 

0168 Furthermore, the present invention is applicable to 
Video servers, personal video recorders, and the like. 
0169 Specifically, the bit rate control unit according to 
the present invention is applicable to all kinds of video 
transcoders transporting a video signal by varying a bit rate 
thereof arbitrarily. 
0170 As mentioned in the above description, the video 
transcoding apparatus according to the present invention, 
when changing HD-rated MPEG sequence over 10 Mbps 
into NTSC-rated MPEG sequence below 6 Mbps, removes 
a motion-predicting process for motion compensation in an 
encoder suing video-decoded MPEG-2 parameters, thereby 
enabling to reduce time for motion compensation and cal 
culation and complexity of hardware. Besides, the present 
invention enables to achieve reduction of storage capacity 
effectively as well as maintain excellent video quality. 
0171 Moreover, the present invention, when changing 
HD-rated MPEG sequence over 10 Mbps into NTSC-rated 
MPEG sequence below 6 Mbps, reduces calculation time 
and complexity of hardware using the bit rate control unit 
including the picture bit counting unit and the pre-process 
ing unit or down-sampling unit. Besides, the present inven 
tion enables to achieve reduction of storage capacity effec 
tively as well as maintain excellent video quality. 
Specifically, the present invention simplifies the bit alloca 
tion in the first step of the bit rate control unit, thereby 
enabling to improve the video quality as well as reduce 
hardware. Moreover, the present invention needs no infor 
mation about GOP structure, thereby enabling to carry out 
instantly the bit allocation and quantization for the current 
picture. 
0172 The forgoing embodiments are merely exemplary 
and are not to be construed as limiting the present invention. 
The present teachings can be readily applied to other types 
of apparatuses. The description of the present invention is 
intended to be illustrative, and not to limit the scope of the 
claims. Many alternatives, modifications, and variations will 
be apparent to those skilled in the art. 

1. A video transcoding apparatus comprising: 

a video decoder receiving to decode a compressed video 
bit stream so as to restore a pixel value of an original 
Scene, 
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a video pre-processing unit having a predetermined 
matrix structure and down-sampling a macro block 
decoded by the video decoder by transforming the 
macro block into a corresponding picture structure to 
the compressed video bit stream; 

a frame memory storing the down-sampled macro block; 
a transcoding parameter control unit detecting informa 

tion about a picture from a previous bit stream variable 
length-decoded by the video decoder and setting up an 
encoding mode for a transcoding in accordance with 
the detected information; 

a video encoder encoding down-sampled data stored in 
the frame memory by macro block unit in accordance 
with the encoding mode outputted from the transcoding 
parameter control unit; and 

a bit rate control unit controlling quantization of the video 
encoder by calculating a bit amount encoded substan 
tially by every picture among a bit stream to be decoded 
currently by the video decoder and finding a fullness of 
a buffer in the video encoder using the calculated bit 
amount. 

2. The apparatus of claim 1, wherein the video pre 
processing unit carries out a down-sampling through a field 
based processing if the data decoded in the video decoder is 
an interlacing sequence and the macro block having a frame 
picture or through a frame based processing if the data 
decoded in the Video decoder is a sequential scanning 
sequence or an interlacing sequence having a field picture 
structure so as to maintain information of field unit. 

3. The apparatus of claim 2, wherein the video pre 
processing unit transforms an 8x8 block outputted from the 
Video decoder into a 4x4 block using a following matrix: 

, where Pal-' /v2. O O 

T4 is a 4-point DCT-based 4*4 DCT matrix, y denotes 
down-sampled 4x1 pixels, and X is 8 DCT coefficient 
blocks. 

4. The apparatus of claim 3, wherein the video pre 
processing unit carries out an 1-dimensional down-sampling 
using a following matrix: 

ya-Ca"Xs--T4' 01/V2: T8Xs where X repre 
sents 8x1 pixels, y denotes down-sampled 4x1 pixels, 
and X is a DCT coefficient block for X. T8 is a 8x8 DCT 
based matrix, 

and C is a 4x4 DCT based matrix. 
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5. The apparatus of claim 3, wherein the video pre 
processing unit carries out a down-sampling of a luminance 
signal using a following matrix: 

ya-Ca-sixts where Cass=Ca"T8 is a 4x8-dimen 
sional down-sampling matrix and converts 8 pixels into 
4 pixels. 

6. The apparatus of claim 3, wherein the video pre 
processing unit carries out a down-sampling of a chromi 
nance signal using a following matrix: 

y2=C2-axa where C2-a-T2 O'T4V2 and T2 is a 
22 DCT based matrix. 

7. The apparatus of claim 1, wherein the transcoding 
parameter control unit establishes a motion vector and a 
motion mode of the macro block down-sampled by the video 
pre-processing unit using a motion information of a previous 
bit stream variable-length-decoded by the video decoder. 

8. The apparatus of claim 1, wherein the transcoding 
parameter control unit establishes a following video encod 
ing reference and then set up encoding parameters for a low 
resolution video of the video encoder based on the encoding 
reference: 

1) maintain a decoded picture coding type; 

2) maintain a decoded picture structure; 
3) maintain a decoded GOP (group of pictures); 
4) vary a decoded motion type or a macro block type; 
5) vary a decoded quantizing parameter; 

6) vary a decoded motion vector, and 
7) vary a decoded VBV delay and a decoded 
VBV buffer size. 

9. The apparatus of claim 8, wherein the transcoding 
parameter control unit controls the video encoder so as to 
intra-code macro blocks outputted from the frame memory 
if a currently-decoded picture coding type outputted from 
the video decoder is an I picture. 

10. The apparatus of claim 8, wherein the transcoding 
parameter control unit determines whether to carry out a 
motion compensation through types of previously-decoded 
macro blocks corresponding to the macro block to be 
encoded currently if the currently-decoded picture coding 
type outputted from the video decoder is a P or B picture. 

11. The apparatus of claim 10, wherein the transcoding 
parameter control unit controls the video encoder so as to 
intra-code the macro block to be encoded currently if at least 
three intra macro blocks exist in the previously-decoded four 
macro blocks corresponding to the macro block to be 
encoded currently. 

12. The apparatus of claim 10, wherein the transcoding 
parameter control unit controls the video encoder so as to 
intra-code the macro block to be encoded currently if two 
macro blocks in a diagonal direction among four previously 
decoded macro blocks corresponding to the macro block to 
be encoded currently are at intra mode. 

13. The apparatus of claim 10, wherein the transcoding 
control unit judges that a motion compensation is necessary 
if there are other conditions except those described in claims 
11 and 12, and then distinguishes the P and B pictures from 
each other with the picture coding type. 

14-22. (canceled) 
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23. A video transcoding apparatus comprising: 
a video decoder receiving to decode a compressed video 

bit stream through variable length decoding, inverse 
quantization, inverse DCT, and motion compensation 
processes, carrying out a down-sampling for a conver 
sion to a different bit rate to output a down-sampled 
video, carrying out an up-sampling on the down 
sampled Video, and carrying out a motion compensa 
tion on the up-sampled video; 

a frame memory storing the down-sampled macro block; 
a transcoding parameter control unit detecting informa 

tion about a picture from a previous bit stream variable 
length-decoded by the video decoder and setting up an 
encoding mode for a transcoding in accordance with 
the detected information; 

a video encoder encoding down-sampled data stored in 
the frame memory by macro block unit in accordance 
with the encoding mode outputted from the transcoding 
parameter control unit; and 

a bit rate control unit controlling quantization of the video 
encoder by calculating a bit amount encoded substan 
tially by every picture among a bit stream to be decoded 
currently by the video decoder and finding a fullness of 
a buffer in the video encoder using the calculated bit 
amount. 

24. The apparatus of claim 23, wherein the video decoder 
carries out the down-sampling through a field based pro 
cessing if the decoded data is an interlacing sequence and the 
macro block having a frame picture, or a frame based 
processing if the decoded data is a sequential scanning 
sequence or an interlacing sequence having a field picture 
structure so as to maintain information of field unit. 

25. The apparatus of claim 23, wherein the transcoding 
parameter control unit controls the video encoder so as to 
intra-code macro blocks outputted from the frame memory 
if a currently-decoded picture coding type outputted from 
the video decoder is an I picture. 

26. The apparatus of claim 23, wherein the transcoding 
parameter control unit determines whether to carry out an 
intra coding or a motion compensation through types of 
previously-decoded macro blocks corresponding to the 
macro block to be encoded currently if the currently-de 
coded picture coding type outputted from the video decoder 
is a P or B picture. 

27. The apparatus of claim 26, wherein average and 
median values of motion vectors of the previously-decoded 
macro blocks corresponding to the macro block to be 
encoded currently are found for the P picture and then the 
motion vector having a less mean absolute error (MAE) 
found from two vectors defined by the average value and 
median value respectively is selected as a motion compen 
sating vector, and wherein the macro block to be encoded 
currently is encoded as the intra mode if the selected MAE 
is over a predetermined value and wherein the video encoder 
carries out the motion compensation by setting up the macro 
block type and the motion type fitting for the Ppicture if the 
selected MAE is less than the predetermined value and then 
encodes a difference between the motion-compensated 
macro block and the macro block to be encoded currently. 

28. The apparatus of claim 26, wherein average and 
median values of forward and backward motion vectors of 
the previously-decoded macro blocks corresponding to the 
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macro block to be encoded currently are found for the B 
picture and then a motion vector at a least one of mean 
absolute errors (MAE) found from four vectors defined by 
the average and mean values is selected as a motion com 
pensating vector, and wherein the macro block to be encoded 
currently is encoded as the intra mode if the selected MAE 
is over a predetermined value and wherein the motion 
compensation is carried out by setting up the macro block 
type and the motion type fitting for the B picture if the 
selected MAE is less than the predetermined value and then 
encodes a difference between the motion-compensated 
macro block and the macro block to be encoded currently. 

29. The apparatus of claim 23, the bit rate control unit 
comprising: 

a picture bit counting unit 
detecting a picture start code picture start code in the 

video stream inputted to the video decoder and count 
ing a bit number between the detected picture start code 
and a next picture start code so as to calculate a bit 
amount encoded Substantially for each picture in a 
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video bit stream which is inputted to the video decoder 
and to be encoded currently: 

a buffer in the video encoder finding a target bit number 
for a picture to be encoded using the bit amount 
calculated by the picture bit counting unit and a video 
bit stream variable-length-coded in the video encoder 
and then calculating the fullness of the buffer in the 
video encoder using the found target bit number; 

a reference quantizing parameter calculating unit calcu 
lating a reference quantizing parameter in accordance 
with the buffer fullness outputted from the buffer; 

an activity calculating unit producing an activity of a 
video outputted from the video decoder; and 

a quantizing parameter generating unit generating a quan 
tizing parameter to be used for a Substantial quantiza 
tion in accordance with the calculated reference quan 
tizing parameter and the calculated activity So as to 
control a quantization of the video encoder. 

k k k k k 


