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METHOD AND SYSTEM FOR STILL IMAGE
ENCODING AND RANDOM ACCESS
DECODING

TECHNICAL FIELD

[0001] The present invention relates to methods and sys-
tems for still image encoding and decoding that support
decoding at a random access point.

BACKGROUND

[0002] Commonly used JPEG baseline encoding and
decoding methods of the prior art all consist of the steps of
splitting an image into minimum coded units (MCU’s) and
sequentially performing DCT, quantization and entropy cod-
ing processes on the MCU’s, in the order where the MCU’s
are raster scanned.

[0003] FIG. 1 is a flow diagram illustrating the principal
steps of a compression algorithm executed by a standard
JPEG encoder, including:

[0004] a) division of an image into blocks of 8x8 pixels;
[0005] b) forward discrete cosine transformation (FDCT);
[0006] c) quantization;

[0007] d) zigzag scanning; and

[0008] e) entropy coding, accomplished by subjecting DC

coefficients to differential pulse-code modulation (DPCM)
and AC coefficients to run-length coding (RLC).

[0009] Due to the occurrence of data correlation of JPEG
bitstream, for example, in the DPCM of DC coefficients,
decoding of a JPEG file generated by this algorithm must be
done from the beginning of the compression data even when
the JPEG file has a large size and the region of interest (ROI)
only accounts for a small part of the image. That is, the
algorithm does not allow decoding at a random access point.
This disadvantageously necessitates a display cache large
enough to store the whole JPEG file to ensure a sufficient
display speed.

[0010] FIG. 2 depicts a flowchart illustrating the principal
steps of a decompression algorithm executed by the standard
JPEG encoder, including:

[0011] 1) entropy decoding, including run-length decoding
(RLD) for recovering AC components and inverse DPCM for
recovering DC components;

[0012] 2)inverse quantization;

[0013] 3) inverse zigzag scanning;

[0014] 4) inverse discrete cosine transformation (IDCT);
and

[0015] 5) image reconstruction based on the reconstructed

8x8 pixel blocks.

[0016] The existing solutions for random-access-point
decoding basically follow the approach of inserting, during
the compression encoding process, restart markers or other
separators between MCUs in bitstreams. However, these
approaches still require a thorough scan of the whole com-
pression data of the JPEG file to find out positions of the
MCUs in bitstreams corresponding to the restart markers or
separators. In particular, using the separators further necessi-
tates differential pulse-code demodulation of each DC coef-
ficient, thus increasing the amount of calculation payload and
requiring an additional storage space for storing the DC coef-
ficients.
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SUMMARY OF INVENTION

[0017] Itis therefore an objective ofthe present invention to
provide methods and systems for still image encoding and
random access decoding, which enable fast positioning of
MCU bitstreams corresponding to an image region of interest
without completely scanning the compression data of the
special JPEG file and independent decompression of each
MCU, thereby allowing decoding at a random access point,
namely, decompression of part of an image.

[0018] To that end, the invention provides, in one aspect, a
JPEG encoding method that supports decoding at a random
access point. The method includes: splitting an image into
8x8 pixel blocks and grouping the 8x8 pixel blocks into a
number of minimum coded units according to a format of the
image, such that each minimum coded unit consists of a
constant number of 8x8 pixel blocks; scanning the minimum
coded units in a raster scan order, by subjecting each of the
minimum coded units sequentially to forward discrete cosine
transformation for converting the 8x8 pixel blocks of each of
the minimum coded units into discrete cosine transformation
(DCT) coefficients, quantization of the DCT coefficients
according to a quantization table to obtain quantized DCT
coefficients, zigzag scanning the quantized DCT coefficients
to obtain sequenced DCT coefficients sequenced from a low-
est frequency to a highest frequency, and entropy encoding
for converting the sequenced DCT coefficients into bit-
streams in correspondence with the minimum coded units,
wherein the sequenced DCT coefficients include AC coeffi-
cients and DC coefficients, and the entropy encoding is
accomplished by run-length encoding the AC coefficients
while not performing differential pulse-code modulation on
the DC coefficients; aligning the bitstreams by byte stuffing to
obtain byte-aligned bitstreams in correspondence with the
minimum coded units; generating compression data of a spe-
cial JPEG file from the byte-aligned bitstreams; acquiring, in
the raster scan order, positions of the byte-aligned bitstreams
in correspondence with the minimum coded units in the com-
pression data of the special JPEG file, wherein a position of a
first byte-aligned bitstream is recorded as zero; and encoding
the positions by a run-length coding and compressing the
encoded positions by a Huffman coding to establish a position
table.

[0019] Further, the image may be of a YUV format.
[0020] Further, the byte stuffing may include inserting
zeros to align the bitstreams.

[0021] Further, the positions of the byte-aligned bitstreams
in correspondence with the minimum coded units in the com-
pression data of the special JPEG file may be recorded in the
position table in storage spaces having a same size.

[0022] Further, the same size of the storage spaces may be
4 bytes.
[0023] Further, the special JPEG file may include, besides

the compression data, a start of image (SOD, an end of image
(EOI), tables and a frame header/scan header, respectively the
same as an SOI, an EOI, tables and a frame header/scan
header of a standard JPEG file.

[0024] Further, the method may further include the follow-
ing steps after generating compression data of a special IPEG
file or after establishing a position table: transcoding the
header of the special JPEG file to a standard header by adding
thereto a JPEG DRI marker that specifies a restart interval
between the minimum coded units, wherein the JPEG DRI
marker code is “Ox FF DD 00 04 00 01”; transcoding the
compression data of the special JPEG file to standard com-
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pression data by inserting therein a restart marker at the end of
each of the minimum coded units, wherein the restart marker
is inserted, with 2 bytes thereof cycling from “Ox FF D0” to
“0Ox FF D7”; and creating a standard JPEG file from the
standard compression data, the SOI, the EOI, the tables and
the frame header/scan header.

[0025] In this aspect, the invention also provides a method
for decoding the special JPEG file generated from the JPEG
encoding method. The decoding method includes: determin-
ing, based on a top-left corner entry, a width and a height of an
image region of interest, a position of a byte-aligned bit-
stream of a minimum coded unit in correspondence with the
image region of interest in the compression data of the special
JPEG file; extracting byte-aligned bitstreams from the com-
pression data of the special JPEG file according to the deter-
mined position, and entropy decoding the extracted bit-
streams to obtain corresponding quantized DCT coefficients
sequenced from a lowest frequency to a highest frequency,
wherein the quantized DCT coefficients include AC coeffi-
cients and DC coefficients, and the entropy encoding is
accomplished by run-length encoding the AC coefficients
while not performing differential pulse-code modulation on
the DC coefficients; inverse quantizing the sequenced, quan-
tized DCT coefficients to obtain inverse-quantized DCT coef-
ficients; performing an inverse zigzag scan on the inverse-
quantized DCT coefficients to rearrange the inverse-
quantized DCT coefficients in a raster scan order; converting
the rearranged DCT coefficients into reconstructed 8x8 pixel
blocks using an inverse discrete cosine transformation; and
combining the reconstructed 8x8 pixel blocks together in the
raster scan order to generate an image.

[0026] In another aspect, the invention provides a JPEG
encoding system that supports decoding at a random access
point. The system includes an image splitting module for
splitting an image into 8x8 pixel blocks and grouping the 8x8
pixel blocks into a number of minimum coded units according
to a format ofthe image, such that each of the minimum coded
units consists of a constant number of 8x8 pixel blocks; a
scanning module for scanning the minimum coded units in a
raster scan order, by subjecting each of the minimum coded
units sequentially to forward discrete cosine transformation
for converting the 8x8 pixel blocks of each of the minimum
coded units into discrete cosine transformation (DCT) coet-
ficients, quantization of the DCT coefficients using a quanti-
zation table to obtain quantized DCT coefficients, zigzag
scanning the quantized DCT coefficients to obtain sequenced
DCT coefficients sequenced from a lowest frequency to a
highest frequency, and entropy encoding for converting the
sequenced DCT coefficients into bitstreams in correspon-
dence with the minimum coded units, wherein the sequenced
DCT coefficients include AC coefficients and DC coeffi-
cients, and the entropy encoding is accomplished by run-
length encoding the AC coefficients while not performing
differential pulse-code modulation on the DC coefficients; an
aligning module for aligning the bitstreams by byte stuffing to
obtain byte-aligned bitstreams in correspondence with the
minimum coded units; a generating module for generating
compression data of a special JPEG file from the byte-aligned
bitstreams; and a position-table module for acquiring, in the
raster scan order, positions of the byte-aligned bitstreams in
correspondence with the minimum coded units in the com-
pression data of the special JPEG file, encoding the positions
by a run-length coding and compressing the encoded posi-
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tions by a Huffman coding to establish a position table,
wherein a position of a first byte-aligned bitstream is recorded
as zero.

[0027] Further, the image may be of a YUV format.
[0028] Further, the aligning module may align the bit-
streams by inserting zeros.

[0029] Further, the positions of the byte-aligned bitstreams
in correspondence with the minimum coded units in the com-
pression data of the special JPEG file may be recorded in the
position table in storage spaces having a same size.

[0030] Further, the same size of the storage spaces may be
4 bytes.
[0031] Further, the generating module may be further con-

figured to generate an SOI, an EOI, tables and a frame header/
scan header respectively as same as an SOI, an EOI, tables
and a frame header/scan header of a standard JPEG file.
[0032] Further, the system may further include a transcod-
ing module configured to: transcode the header of the special
JPEG file to a standard header by adding thereto a JPEG DRI
marker that specifies a restart interval between the minimum
coded units, wherein the JPEG DRI marker is “Ox FF DD 00
04 00 017; transcode the compression data of the special
JPEG file to standard compression data by inserting therein a
restart marker at the end of each of the minimum coded units,
wherein the restart markers is inserted, with 2 bytes thereof
cycling from “Ox FF DO to “Ox FF D7”; and create a standard
JPEG file from the standard compression data, the SOI, the
EOI, the tables and the frame header/scan header.

[0033] In this aspect, the invention also provides a system
for decoding the special JPEG file generated from the JPEG
encoding system. The decoding system includes: a position
module for determining, based on a top-left corner entry, a
width and a height of an image region of interest, a position of
a byte-aligned bitstream of a minimum coded unit in corre-
spondence with the image region of interest in the compres-
sion data of the special JPEG file; an entropy decoding mod-
ule for extracting byte-aligned bitstreams from the
compression data of the special JPEG file according to the
determined position, and entropy decoding the extracted bit-
streams to obtain corresponding quantized DCT coefficients
sequenced from a lowest frequency to a highest frequency,
wherein the quantized DCT coefficients include AC coeffi-
cients and DC coefficients, and the entropy encoding is
accomplished by run-length encoding the AC coefficients
while not performing differential pulse-code modulation on
the DC coefficients; an inverse-quantization module for
inverse quantizing the sequenced, quantized DCT coeffi-
cients to obtain inverse-quantized DCT coefficients; an
inverse-zigzag-scan module for performing an inverse zigzag
scan on the inverse-quantized DCT coefficients to rearrange
the inverse-quantized DCT coefficients in a raster scan order;
an IDCT module for converting the rearranged DCT coeffi-
cients into reconstructed 8x8 pixel blocks using an inverse
discrete cosine transformation; and a combination module for
combining the reconstructed 8x8 pixel blocks together in the
raster scan order to generate an image.

[0034] Advantageously, the encoding method and system
of the present invention can enable fast positioning of the
byte-aligned MCU bitstreams corresponding to an image
region of interest without completely scanning the compres-
sion data of the special JPEG file and independent decom-
pression of each of the MCU’s, thereby allowing decoding at
a random access point, namely, decompression of part of an
image, by: splitting an image into 8x8 pixel blocks and group-
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ing the 8x8 pixel blocks into a number of minimum coded
units according to a format of image, such that each minimum
coded unit consists of a constant number of 8x8 pixel blocks;
scanning the minimum coded units in a raster scan order, by
subjecting each of the minimum coded units sequentially to
forward discrete cosine transformation for converting the 8x8
pixel blocks of each of the minimum coded units into discrete
cosine transformation (DCT) coefficients, quantization of the
DCT coefficients according to a quantization table to obtain
quantized DCT coefficients, zigzag scanning the quantized
DCT coefficients to obtain sequenced DCT coefficients
sequenced from a lowest frequency to a highest frequency,
and entropy encoding for converting the sequenced DCT
coefficients into bitstreams in correspondence with the mini-
mum coded units, wherein the sequenced DCT coefficients
include AC coefficients and DC coefficients, and the entropy
encoding is accomplished by run-length encoding the AC
coefficients while not performing differential pulse-code
modulation on the DC coefficients; aligning the bitstreams by
byte stuffing to obtain byte-aligned bitstreams in correspon-
dence with the minimum coded units; generating compres-
sion data of a special JPEG file from the byte-aligned bit-
streams; and establishing a position table to record, in the
raster scan order, positions of the byte-aligned bitstreams in
correspondence with the minimum coded units in the com-
pression data of the special JPEG file.

[0035] Also advantageously, the decoding method and sys-
tem of the invention can also enable fast positioning of the
byte-aligned MCU bitstreams corresponding to an image
region of interest without completely scanning the compres-
sion data of the special JPEG file and independent decom-
pression of each of the MCU’s, thereby allowing decoding at
a random access point, namely, decompression of part of an
image, by: determining, based on a top-left corner entry, a
width and a height of an image region of interest, a position of
a byte-aligned bitstream of a minimum coded unit in corre-
spondence with the image region of interest in the compres-
sion data of the special JPEG file; extracting byte-aligned
bitstreams from the compression data of the special JPEG file
according to the determined position, and entropy decoding
the extracted bitstreams to obtain corresponding quantized
DCT coefficients sequenced from a lowest frequency to a
highest frequency, wherein the quantized DCT coefficients
include AC coefficients and DC coefficients, and the entropy
encoding is accomplished by run-length encoding the AC
coefficients while not performing differential pulse-code
modulation on the DC coefficients; inverse quantizing the
sequenced, quantized DCT coefficients to obtain inverse-
quantized DCT coefficients; performing an inverse zigzag
scan on the inverse-quantized DCT coefficients to rearrange
the inverse-quantized DCT coefficients in a raster scan order;
converting the rearranged DCT coefficients into recon-
structed 8x8 pixel blocks using an inverse discrete cosine
transformation; and combining the reconstructed 8x8 pixel
blocks together in the raster scan order to generate an image.

[0036] Still advantageously, the encoding and decoding
methods and systems of the invention can conveniently
transcode the special JPEG file to a standard JPEG file by:
transcoding the header of the special JPEG file to a standard
header by adding thereto a JPEG DRI marker that specifies a
restart interval between the minimum coded units, wherein
the JPEG DRI marker is “0Ox FF DD 00 04 00 01”*; transcoding
the compression data of the special JPEG file to standard
compression data by inserting therein a restart marker at an
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end of each of the minimum coded units, wherein the restart
markers is inserted, with 2 bytes thereof cycling from “Ox FF
DO0” to “Ox FF D77; and creating a standard JPEG file the
standard compression data, the SOI, the EOI, the tables and
the frame header/scan header.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 depicts a flowchart graphically illustrating an
encoding method implemented by a standard JPEG encoder
of the prior art.

[0038] FIG. 2 depicts a flowchart graphically illustrating a
decoding method implemented by a standard JPEG decoder
of the prior art.

[0039] FIG. 3A and FIG. 3B each depicts a flowchart
graphically illustrating a JPEG encoding method that sup-
ports decoding at a random access point in accordance with a
first embodiment of the invention.

[0040] FIG. 4 is a more detailed flowchart of the JPEG
encoding method of FIG. 3A.

[0041] FIG. 5 is a flowchart representing the process of
converting the special JPEG file into a standard JPEG file of
the method of FIG. 3A.

[0042] FIG. 6 schematically illustrates the raster scan order
in accordance with embodiments of the invention.

[0043] FIG. 7A and FIG. 7B each depicts a flowchart
graphically illustrating a JPEG decoding method that sup-
ports decoding at a random access point in accordance with a
second embodiment of the invention.

[0044] FIG. 8 is a more detailed flowchart of the JPEG
decoding method of FIG. 7A.

[0045] FIG. 9 schematically illustrates the functional mod-
ules of a JPEG encoding system that supports decoding at a
random access point in accordance with a third embodiment
of the invention.

[0046] FIG. 10 schematically illustrates the functional
modules of a JPEG decoding system that supports decoding
atarandom access point in accordance with a fourth embodi-
ment of the invention.

DETAILED DESCRIPTION

[0047] The above and other purposes, features and advan-
tages of the present invention will become more apparent
from the detailed description set forth below when taken in
conjunction with the drawings.

Example 1

[0048] FIGS. 3A to 6 show a still image encoding method
that supports decoding at a random access point and includes
the following steps S1 to S5.

[0049] In step S1, an input image is split into 8x8 pixel
blocks which are then grouped into a number of minimum
coded units (MCU’s) according to the format of the image,
such that each of the MCU’s consists of a constant number of
8x8 pixel blocks.

[0050] Preferably, the format oftheimage isa YUV format,
such as YUV422, YUV444 or YUV420.

[0051] In step S2, the MCU’s of the image are raster
scanned and then processed in the raster scan order, as illus-
trated in FIG. 6. Scanning the MCU’s in the raster scan order
further includes the following steps (i.e., steps S21 to S24):
[0052] S21: using a forward discrete cosine transform
(FDCT) to convert the 8x8 pixel blocks of each of the MCU’s
into DCT coefficients;
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[0053] S22: quantizing the DCT coefficients to obtain
quantized DCT coefficients;

[0054] S23: zigzag scanning the quantized DCT coeffi-
cients to obtain sequenced DCT coefficients sequenced from
the lowest frequency to the highest frequency; and

[0055] S24: entropy encoding the sequenced DCT coeffi-
cients to generate a bitstream, wherein the AC coefficients in
the sequenced DCT coefficients are run-length encoded,
while the DC coefficients therein is not subjected to differen-
tial pulse-code modulation (DPCM).

[0056] In step S3, the bitstreams of the MCU’s are aligned
by byte stuffing to obtain byte-aligned bitstreams in corre-
spondence with the MCU’s.

[0057] Preferably, the byte alignment is accomplished by
inserting zeros. Specifically, in steps S2 and S3, each of the
MCU’s undergoes, in the raster scan order, the same FDCT,
quantization and zigzag scanning processes as in a standard
JPEG encoder. However, the method of the invention differs
from that of the standard JPEG encoder in not subjecting the
DC coefficients to DPCM during the entropy encoding and in
byte aligning the corresponding MCU bitstreams in the same
manner such as, for example, by inserting zeros in each of
them.

[0058] Instep S4, compression data for a special JPEG file
are generated from the byte-aligned bitstreams of the MCU’s.
[0059] Preferably, besides the compression data, the spe-
cial JPEG file further contains SOI, EOI, Tables and Frame
header/Scan header. The header can keep the same format as
the header of a standard JPEG file. Additionally, for commer-
cially available hardware encoders of some types, the header
may be made in a stereotype format and even assume a fixed
size. Furthermore, the EOI of the special JPEG file can be
created in the same manner as how a standard JPEG encoder
generates EOI for a standard JPEG file, i.e., adding a 2-byte
EOI “Ox FF D9” to the end of the special JPEG file, namely
immediately after the last byte-aligned MCU bitstream.
[0060] In step S5, a position table recording, in the raster
scan order, positions of the byte-aligned bitstreams in corre-
spondence with the MCU’s in the compression data, as shown
in FIG. 6, is established. Each cell of the table holds informa-
tion indicative of the position of the byte-aligned bitstream of
a corresponding MCU.

[0061] Preferably, the position table records each position
of the byte-aligned MCU bitstreams in storage spaces of the
same size, and the same size of the storage spaces is preferred
to be 4 bytes. In a specific embodiment, in the position table,
each position of the byte-aligned MCU bitstreams is stored in
the order where the MCU’s are raster scanned, each in a space
of 4 bytes, as values ascending from zero (i.e., the position of
the first byte-aligned MCU bitstream is recorded as the value
zero), taking one bit as the minimum recording unit (for
large-sized images, one byte can also be used as the minimum
recording unit). As such, the number of total bytes storing the
position table is 4 times the number of the MCU’s. For
example, in accordance with this method, a VGA image in the
format of YUV422 will be divided into (%4%16)x(#3%%)=2400
MCU’s and a position table for storing their bitstream posi-
tions having a size of 2400x4=9600 bytes will be established.
Since the position of the first byte-aligned MCU bitstream is
recorded as the value zero, the position table may include a
great number of “zeros”. To reduce the size of the position
table, after acquiring the positions of the byte-aligned MCU
bitstreams, the positions can be encoded by run-length coding
(RLE) and then compressed by Huftman coding, as such, the
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number of total bytes storing the position table is greatly
decreased. In addition, by using different coding methods to
compress the position table, the confidentiality of the position
data can be greatly increased, so that this method can be
adapted to occasions where encryption is required.

[0062] Preferably, as shown in FIG. 5, the method further
includes the following steps S6 to S8 for transcoding the
special JPEG file to a stand JPEG file, after Step 4 or Step 5.
[0063] In Step S6, the header of the special JPEG file is
transcoded to a standard JPEG file header by adding thereto a
JPEG DRI marker that specifies a restart interval between the
MCU’s. The JPEG DRI marker may be “Ox FF DD 00 04 00
01”.

[0064] InStepS7,thecompressiondataofthe special IPEG
file are transcoded to standard JPEG compression data by
inserting therein restart markers, each immediately after a
MCU bitstream. The restart markers may be inserted, with 2
bytes cycling from “0x FF D0” to “Ox FF D7”. More specifi-
cally, in accordance with the JPEG standard, each MCU
bitstream may be added, by querying the position table or
during the encoding process, with a restart marker immedi-
ately next to the end thereof, which cycles in value from O to
7 (i.e.,m=0,....,7).

[0065] In Step S8, a standard JPEG file is created from the
standard JPEG compression data and SOI, EO], Tables and
Frame header/Scan header of the special JPEG file. As such,
the special JPEG file can be conveniently transcoded to a
standard JPEG file.

[0066] Advantageously, the method in this example can
enable fast positioning of byte-aligned MCU bitstreams cor-
responding to an image region of interest without completely
scanning the compression data of the special JPEG file and
independent decompression of each of the MCU’s, thereby
allowing decoding at a random access point, namely, decom-
pression of part of an image.

[0067] Inaddition, as shown in FIG. 3B, the method in this
example can use one or more encoding engines to achieve
parallel encoding due to the elimination of the inter block
correlation existed in standard JPEG encoding methods. Such
parallel encoding may be achieved by using software (e.g.
adopting multithread coding) or hardware (e.g. adopting par-
allel encoding modules) to greatly improve the processing
speed.

Example 2

[0068] FIGS. 7A and 8 show a method for decoding the
special JPEG file generated from the method of Example 1.
The decoding method includes the following steps S10 to
S15.

[0069] Instep S10, based on the top-left corner entry, width
and height of an image region of interest, the position of a
byte-aligned bitstream of a MCU in correspondence with the
image region of interest in the compression data of the special
JPEG file is found out through querying the position table.
[0070] In step S11, byte-aligned bitstreams of the MCU’s
are extracted from the compression data according to the
determined position, and the extracted bitstreams are entropy
decoded to recover corresponding quantized DCT coeffi-
cients sequenced from the lowest frequency to the highest
frequency, wherein the quantized DCT coefficients include
AC coefficients and DC coefficients, and the AC coefficients
are recovered by run-length decoding, while the DC coeffi-
cients are recovered without performing differential pulse-
code demodulation.
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[0071] In step S12, the quantized DCT coefficients
sequenced from the lowest frequency to the highest frequency
are inverse-quantized.

[0072] Instep S13, an inverse zigzag scan is performed on
the inverse-quantized DCT coefficients to rearrange the
inverse-quantized DCT coefficients in a raster scan order.
[0073] In step S14, an inverse discrete cosine transforma-
tion (IDCT) is carried out to convert the rearranged DCT
coefficients into the reconstructed 8x8 pixel blocks.

[0074] In step S15, the reconstructed 8x8 pixel blocks are
combined together in the raster scan order to generate a
decompressed image.

[0075] In addition, the header of the special JPEG file can
be read out and decoded using the method specified in the
JPEG standard. Decoding at a random access point can be
achieved by this method, through first determining the MCU
based on the top-left corner entry, width and height of the
image region of interest as well as the input format of the
image, such as aYUYV format, and then querying the position
table to find the position of bitstream of the MCU in the
compression data of the special JPEG file. Since the DC
coefficient of any MCU is not subject to DPCM during the
encoding process, the method allows independent decoding
of each MCU and parallel decoding of multiple MCU’s.
[0076] Advantageously, the method in this example can
enable fast positioning of MCU bitstreams corresponding to
an image region of interest without completely scanning the
compression data of the special JPEG file and independent
decompression of each of the MCU’s, thereby allowing
decoding at a random access point, namely, decompression of
part of an image.

[0077] Inaddition, as shown in FIG. 7B, the method in this
example can use one or more decoding engines to achieve
parallel decoding due to the elimination of the inter block
correlation existed in standard JPEG decoding methods. Such
parallel encoding may be achieved by using software (e.g.
adopting multithread coding) or hardware (e.g. adopting par-
allel decoding modules) to greatly improve the processing
speed.

Example 3

[0078] Referring to FIG. 9, the invention also provides a
JPEG encoding system that supports decoding at a random
access point. As illustrated, the system includes an image
splitting module 11, a scanning module 12, an aligning mod-
ule 13, a generating module 14 and a position-table module
15.

[0079] Imaging splitting module 11 is configured to split an
input image into 8x8 pixel blocks and then group them into a
number of MCU’s according to the format of the image, such
that each of the MCU’s consists of a constant number of 8x8
pixel blocks.

[0080] Preferably, the formatofthe image isa YUV format,
such as YUV422, YUV444 or YUV420.

[0081] scanning module 12 is configured to process the
MCU’s in the raster scan order, as illustrated in FIG. 6, by
subjecting each MCU sequentially to FDCT for converting
the 8x8 pixel blocks of each of the MCU’s into DCT coeffi-
cients, quantization of the DCT coefficients using a quanti-
zation table to obtain quantized DCT coefficients, zigzag
scanning for sequencing the quantized DCT coefficients from
the lowest frequency to the highest frequency, and entropy
encoding for converting the sequenced DCT coefficients into
a bitstream, wherein the sequenced DCT coefficients include
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AC coefficients and DC coefficients, and the entropy-coding
is accomplished by run-length encoding the AC coefficients
while not performing differential pulse-code modulation
(DPCM) on the DC coefficients.

[0082] Aligning module 13 is configured to aligning the
bitstreams of the MCU’s by byte stuffing to obtain byte-
aligned bitstreams in correspondence with the MCU’s.
[0083] Preferably, the byte stuffing is accomplished by the
insertion of zeros.

[0084] Specifically, each of the MCU’s undergoes, in the
raster scan order, the same FDCT, quantization and zigzag
scanning processes as in a standard JPEG encoder. However,
the system of the invention differs from the standard JPEG
encoder in not subjecting the DC coefficients to DPCM dur-
ing the entropy encoding and in generating byte aligned
MCUs in bitstreams by inserting zeros.

[0085] Generating module 14 is configured to generate
compression data for a special JPEG file from the byte-
aligned MCU bitstreams.

[0086] Preferably, generating module 14 is further config-
ured to generate SOI, EOI, Tables and Frame header/Scan
header for the special JPEG file. The header can keep the
same format as header of a standard JPEG file. Additionally,
for commercially available hardware encoders of some types,
the header may be made in a stereotype format and even
assume a fixed size. Furthermore, the EOI of the special IPEG
file can be created in the same manner as how a standard JPEG
encoder generates EOI for a standard JPEG file, i.e., adding a
2-byte EOI “Ox FF D9” immediately after the end of the
bitstreams.

[0087] Position-table module 15 is configured to establish a
position table recording, in the raster scan order, positions of
the byte-aligned bitstreams in correspondence with the
MCU’s in the compression data. As shown in FIG. 6, each cell
of'the table holds information indicative of the position of the
byte-aligned bitstream of a corresponding MCU.

[0088] Preferably, the position table records each position
of the byte-aligned MCU bitstreams in storage spaces of the
same size. In a specific embodiment, in the position table,
each position of the byte-aligned MCU bitstreams is stored in
the order where the MCU’s are raster scanned, each in a space
of'4 bytes, as values ascending from zero (i.e., the position of
the first byte-aligned MCU bitstream is recorded as the value
zero), taking one bit as the minimum recording unit (for
large-sized images, one byte can also be used as the minimum
recording unit). As such, the number of total bytes storing the
position table is 4 times the number of the MCU’s. For
example, a VGA image in the format of YUV422 will be
divided into (%*%16)x(*8%%)=2400 MCU’s and a position table
for storing their bitstream positions having a size of 2400x
4=9600 bytes will be established.

[0089] Preferably, the size of the storage spaces is 4 bytes.
[0090] Preferably, JPEG encoding system further includes
a transcoding module 16, configured to transcode the header
of'the special JPEG file to a standard header by adding thereto
a JPEG DRI marker that specifies a restart interval between
the MCU’s, transcode the compression data of the special
JPEG file to standard compression data by inserting therein a
restart marker at the end of each of the MCU’s, and create a
standard JPEG file from the standard compression data, SOI,
EOI, Tables and Frame header/Scan header. As such, the
special JPEG file can be conveniently transcoded to a stan-
dard JPEG file. The JPEG DRI marker may be “0Ox FF DD 00
04 00 01”. More specifically, the restart markers may be
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added, with 2 bytes cycling from “0x FF DO” to “Ox FF D7”;
in accordance with the JPEG standard, each MCU bitstream
may be added, by querying the position table or during the
encoding process, with a restart marker immediately next to
the end thereof, which cycles in value from 0 to 7.

[0091] Advantageously, the system in this example can
enable fast positioning of MCU bitstreams corresponding to
an image region of interest without completely scanning the
compression data of the special JPEG file and independent
decompression of each of the MCU’s, thereby allowing
decoding at a random access point, namely, decompression of
part of an image.

Example 4

[0092] Referring to FIG. 10, the invention further provides
a JPEG decoding system for decoding the special JPEG file
generated from the system of Example 3. As illustrated, the
decoding system includes a position module 21, an entropy
decoding module 22, an inverse-dequantization module 23,
an inverse-zigzag-scan module 24, an IDCT module 25 and a
combination module 26.

[0093] Position module 21 is configured to find out, based
on the top-left corner entry, width and height of an image
region of interest, the position of a byte-aligned bitstream of
aMCU in correspondence with the image region of interest in
the compression data of the special JPEG file through query-
ing the position table.

[0094] Entropy decoding module 22 is configured to
extract the byte-aligned bitstreams from the compression data
according to the determined position, and to entropy decode
the extracted bitstreams to recover corresponding quantized
DCT coefficients sequenced from the lowest frequency to the
highest frequency, wherein the quantized DCT coefficients
include AC coefficients and DC coefficients, and the AC
coefficients are recovered by run-length decoding, while the
DC coefficients are recovered without performing differential
pulse-code demodulation.

[0095] Inverse-quantization module 23 is configured to
inverse-quantize the quantized DCT coefficients sequenced
from the lowest frequency to the highest frequency.

[0096] Inverse-zigzag-scan module 24 is configured to per-
form an inverse zigzag scan on the inverse-quantized DCT
coefficients to rearrange them in a raster scan order.

[0097] IDCT module 25 is configured to carry out an IDCT
to convert the rearranged DCT coefficients into the recon-
structed 8x8 pixel blocks.

[0098] Combination module 26 is configured to combine
the reconstructed 8x8 pixel blocks together in the raster scan
order to generate a decompressed image.

[0099] In addition, the decoding system may further incor-
porate a functional block for reading out and decoding the
header of the special JPEG file as specified in the JPEG
standard. Decoding at a random access point can be achieved
by this system, through first determining the MCU based on
the top-left corner entry, width and height of the image region
of interest as well as the input format of the image, such as the
YUYV format, and then querying the position table to find the
position of bitstream of the MCU in the compression data of
the special JPEG file. Since the DC coefficient of any MCU is
not subject to DPCM during the encoding process, the system
allows each independent decoding of each MCU and parallel
decoding of multiple MCU’s.

[0100] Advantageously, the system in this example can
enable fast positioning of MCU bitstreams corresponding to
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an image region of interest without completely scanning the
compression data of the special JPEG file and independent
decompression of each of the MCU’s, thereby allowing
decoding at a random access point, namely, decompression of
part of an image.

[0101] As indicated above, the encoding method and sys-
tem of the present invention can enable fast positioning of the
byte-aligned bitstreams corresponding to an image region of
interest without completely scanning the compression data of
the special JPEG file and independent decompression of each
of'the MCU’s, thereby allowing decoding at a random access
point, namely, decompression of part of an image, by: split-
ting an image into 8x8 pixel blocks and grouping the 8x8
pixel blocks into a number of minimum coded units according
to a format of the image, such that each minimum coded unit
consists of a constant number of 8x8 pixel blocks; scanning
the minimum coded units in a raster scan order, by subjecting
each minimum coded unit sequentially to forward discrete
cosine transformation for converting the 8x8 pixel blocks of
each minimum coded unit into discrete cosine transformation
(DCT) coefficients, quantization of the DCT coefficients
using a quantization table to obtain quantized DCT coeffi-
cients, zigzag scanning the quantized DCT coefficients to
obtain sequenced DCT coefficients sequenced from a lowest
frequency to a highest frequency, and entropy encoding for
converting the sequenced DCT coefficients into bitstreams in
correspondence with the minimum coded units, wherein the
sequenced DCT coefficients include AC coefficients and DC
coefficients, and the entropy encoding is accomplished by
run-length encoding the AC coefficients while not performing
differential pulse-code modulation on the DC coefficients;
aligning the bitstreams by byte stuffing to obtain byte-aligned
bitstreams in correspondence with the minimum coded units;
generating compression data of a special JPEG file from the
byte-aligned bitstreams; and establishing a position table to
record, in the raster scan order, positions of the byte-aligned
bitstreams in correspondence with the minimum coded units
in the compression data of the special JPEG file.

[0102] Also advantageously, the decoding method and sys-
tem of the invention can also enable fast positioning of the
byte-aligned bitstreams corresponding to an image region of
interest without completely scanning the compression data of
the special JPEG file and independent decompression of each
of'the MCU’s, thereby allowing decoding at a random access
point, namely, decompression of part of an image, by: deter-
mining, based on a top-left corner entry, width and height of
an image region of interest, a position of a byte-aligned bit-
stream of a minimum coded unit in correspondence with the
image region of interest in the compression data of the special
JPEG file; extracting byte-aligned bitstreams from the com-
pression data of the special JPEG file according to the deter-
mined position, and entropy decoding the extracted bit-
streams to obtain corresponding quantized DCT coefficients
sequenced from a lowest frequency to a highest frequency,
wherein the quantized DCT coefficients include AC coeffi-
cients and DC coefficients, and the entropy encoding is
accomplished by run-length encoding the AC coefficients
while not performing differential pulse-code modulation on
the DC coefficients; inverse quantizing the sequenced, quan-
tized DCT coefficients to obtain inverse-quantized DCT coef-
ficients; performing an inverse zigzag scan on the inverse-
quantized DCT coefficients to rearrange the inverse-
quantized DCT coefficients in a raster scan order; converting
the rearranged DCT coefficients into reconstructed 8x8 pixel
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blocks using an inverse discrete cosine transformation; and
combining the reconstructed 8x8 pixel blocks together in the
raster scan order to generate an image.
[0103] Still advantageously, the encoding and decoding
methods and systems of the invention can conveniently
transcode the special JPEG file to a standard JPEG file by:
transcoding the header of the special JPEG file to a standard
header by adding thereto a JPEG DRI marker that specifies a
restart interval between the minimum coded units, wherein
the JPEG DRI marker is “0Ox FF DD 00 04 00 01”*; transcoding
the compression data of the special JPEG file to standard
compression data by inserting therein a restart marker at the
end of each minimum coded unit, wherein the restart markers
is inserted, with 2 bytes thereof cycling from “Ox FF DO” to
“0Ox FF D7”; and creating a standard JPEG file from the
standard compression data SOI, EOI, Tables and Frame
header/Scan header.
[0104] It should be noted that, embodiments in the specifi-
cation are described in a progressive manner, with differences
there between being explained in emphasis. Thus, reference
can be made for the same or similar elements between differ-
ent embodiments. Specifically, the systems of Examples 3
and 4 are provided to implement the respective methods of
Examples 1 and 2, and are thus explained relatively simply. A
better understanding could be obtained by referencing the
description of the systems.
[0105] Those of skill would further appreciate that the vari-
ous illustrative modules and method steps described in con-
nection with the embodiments disclosed herein may be
implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchange-
ability of hardware and software, various illustrative modules
and steps have been described above generally in terms of
their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.
[0106] It is apparent that those skilled in the art can make
various changes and modifications without departing from
the spirit and scope of the present invention. It is therefore
intended that the invention covers all such changes and modi-
fications that are within the scope of the appended claims and
their equivalents.
What is claimed is:
1. A JPEG encoding method, comprising:
splitting an image into 8x8 pixel blocks and grouping the
8x8 pixel blocks into a number of minimum coded units
according to a format of the image, such that each of the
minimum coded units consists of a constant number of
8x8 pixel blocks;
scanning the minimum coded units in a raster scan order,
by subjecting each of the minimum coded units sequen-
tially to forward discrete cosine transformation for con-
verting the 8x8 pixel blocks of each of the minimum
coded units into discrete cosine transformation (DCT)
coefficients, quantization of the DCT coefficients
according to a quantization table to obtain quantized
DCT coefficients, zigzag scanning the quantized DCT
coefficients to obtain sequenced DCT coefficients
sequenced from a lowest frequency to a highest fre-
quency, and entropy encoding for converting the
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sequenced DCT coefficients into bitstreams in corre-
spondence with the minimum coded units, wherein the
sequenced DCT coefficients include AC coefficients and
DC coefficients, and the entropy encoding is accom-
plished by run-length encoding the AC coefficients
while not performing differential pulse-code modula-
tion on the DC coefficients;

aligning the bitstreams by byte stuffing to obtain byte-

aligned bitstreams in correspondence with the minimum
coded units;

generating compression data of a special JPEG file from

the byte-aligned bitstreams;

acquiring, in the raster scan order, positions of the byte-

aligned bitstreams in correspondence with the minimum
coded units in the compression data of the special JPEG
file, wherein a position of a first byte-aligned bitstream is
recorded as zero; and

encoding the positions by a run-length coding and com-

pressing the encoded positions by a Huffman coding to
establish a position table.
2. The JPEG encoding method of claim 1, wherein the
image is of a YUV format.
3. The JPEG encoding method of claim 1, wherein the byte
stuffing includes inserting zeros to align the bitstreams.
4. The JPEG encoding method of claim 1, wherein estab-
lishing a position table includes recording the positions of the
byte-aligned bitstreams in correspondence with the minimum
coded units in the compression data of the special JPEG file in
storage spaces having a same size.
5. The JPEG encoding method of claim 4, wherein the
same size of the storage spaces is 4 bytes.
6. The JPEG encoding method of claim 1, wherein the
special JPEG file further includes, besides the compression
data, a start of image (SOI), an end of image (EOI), tables and
a frame header/scan header, respectively the same as an SOI,
an EOI, tables and a frame header/scan header of a standard
JPEG file.
7. The JPEG encoding method of claim 6, further compris-
ing the following steps after generating compression data of a
special JPEG file or after establishing a position table:
transcoding the header of the special JPEG file to a stan-
dard header by adding thereto a JPEG DRI marker that
specifies a restart interval between the minimum coded
units, wherein the JPEG DRI marker code is “Ox FF DD
00 04 00 017,

transcoding the compression data of the special JPEG file
to standard compression data by inserting therein a
restart marker at an end of each of the minimum coded
units, wherein the restart marker is inserted, with 2 bytes
thereof cycling from “Ox FF DO” to “Ox FF D7”; and

creating a standard JPEG file from the standard compres-
sion data, the SOI, the EOI, the tables and the frame
header/scan header.

8. A method of decoding a special JPEG file established
according to the method of claim 6, comprising:

determining, based on a top-left corner entry, a width and a

height of an image region of interest, a position of a
byte-aligned bitstream of a minimum coded unit in cor-
respondence with the image region of interest in the
compression data of the special JPEG file;

extracting byte-aligned bitstreams from the compression

data of the special JPEG file according to the determined
position, and entropy decoding the extracted bitstreams
to obtain corresponding quantized DCT coefficients



US 2016/0007037 Al

sequenced from a lowest frequency to a highest fre-
quency, wherein the quantized DCT coefficients include
AC coefficients and DC coefficients, and the entropy
encoding is accomplished by run-length encoding the
AC coefficients while not performing differential pulse-
code modulation on the DC coefficients;

inverse quantizing the sequenced, quantized DCT coeffi-
cients to obtain inverse-quantized DCT coefficients;

performing an inverse zigzag scan on the inverse-quantized
DCT coefficients to rearrange the inverse-quantized
DCT coefficients in a raster scan order;

converting the rearranged DCT coefficients into recon-
structed 8x8 pixel blocks using an inverse discrete
cosine transformation; and

combining the reconstructed 8x8 pixel blocks together in
the raster scan order to generate an image.

9. A JPEG encoding system, comprising:

an image splitting module for splitting an image into 8x8
pixel blocks and grouping the 8x8 pixel blocks into a
number of minimum coded units according to a format
of'the image, such that each of the minimum coded units
consists of a constant number of 8x8 pixel blocks;

a scanning module for scanning the minimum coded units
in araster scan order, by subjecting each of the minimum
coded units sequentially to forward discrete cosine
transformation for converting the 8x8 pixel blocks of
each of the minimum coded units into discrete cosine
transformation (OCT) coefficients, quantization of the
DCT coefficients using a quantization table to obtain
quantized DCT coefficients, zigzag scanning the quan-
tized DCT coefficients to obtain sequenced DCT coef-
ficients sequenced from a lowest frequency to a highest
frequency, and entropy encoding for converting the
sequenced DCT coefficients into bitstreams in corre-
spondence with the minimum coded units, wherein the
sequenced DCT coefficients include AC coefficients and
DC coefficients, and the entropy encoding is accom-
plished by run-length encoding the AC coefficients
while not performing differential pulse-code modula-
tion on the DC coefficients;

an aligning module for aligning the bitstreams by byte
stuffing to obtain byte-aligned bitstreams in correspon-
dence with the minimum coded units;

a generating module for generating compression data of a
special JPEG file from the byte-aligned bitstreams; and

a position-table module for acquiring, in the raster scan
order, positions of the byte-aligned bitstreams in corre-
spondence with the minimum coded units in the com-
pression data of the special JPEG file, encoding the
positions by a run-length coding and compressing the
encoded positions by a Huffman coding to establish a
position table, wherein a position of a first byte-aligned
bitstream is recorded as zero.

10. The JPEG encoding system of claim 9, wherein the

image is of a YUV format.

11. The JPEG encoding system of claim 9, wherein the

aligning module aligns the bitstreams by inserting zeros.

12. The JPEG encoding system of claim 9, wherein the

position-table module records the positions of the byte-
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aligned bitstreams in correspondence with the minimum
coded units in the compression data of the special JPEG file in
storage spaces having a same size.

13. The JPEG encoding system of claim 12, wherein the
same size of the storage space is 4 bytes.

14. The JPEG encoding system of claim 9, wherein the
generating module is further configured to generate an SOI,
an EOI, tables and a frame header/scan header respectively as
same as an SOI, an EOI, tables and a frame header/scan
header of a standard JPEG file.

15. The JPEG encoding system of claim 14, further com-
prising a transcoding module configured to:

transcode the header of the special JPEG file to a standard
header by adding thereto a JPEG DRI marker that speci-
fies a restart interval between the minimum coded units,
wherein the JPEG DRI marker is “Ox FF DD 00 04 00
017,

transcode the compression data of the special JPEG file to
standard compression data by inserting therein a restart
marker at an end of each of the minimum coded units,
wherein the restart markers is inserted, with 2 bytes
thereof cycling from “Ox FF DO to “Ox FF D7”; and

create a standard JPEG file from the standard compression
data, the SOI, the EOI, the tables and the frame header/
scan header.

16. A JPEG decoding system for decoding a special JPEG
file establised using the system of claim 14, the system com-
prising:

a position module for determining, based on a top-left
corner entry, a width and a height of an image region of
interest, a position of a byte-aligned bitstream of a mini-
mum coded unit in correspondence with the image
region of interest in the compression data of the special
JPEG file;

an entropy decoding module for extracting byte-aligned
bitstreams from the compression data of the special
JPEG file according to the determined position, and
entropy decoding the extracted bitstreams to obtain cor-
responding quantized DCT coefficients sequenced from
a lowest frequency to a highest frequency, wherein the
quantized DCT coefficients include AC coefficients and
DC coefficients, and the entropy encoding is accom-
plished by run-length encoding the AC coefficients
while not performing differential pulse-code modula-
tion on the DC coefficients;

an inverse-quantization module for inverse quantizing the
sequenced, quantized DCT coefficients to obtain
inverse-quantized DCT coefficients;

an inverse-zigzag-scan module for performing an inverse
zigzag scan on the inverse-quantized DCT coefficients
to rearrange the inverse-quantized DCT coefficients in a
raster scan order;

an IDCT module for converting the rearranged DCT coef-
ficients into reconstructed 8x8 pixel blocks using an
inverse discrete cosine transformation; and

a combination module for combining the reconstructed
8x8 pixel blocks together in the raster scan order to
generate an image.
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