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ROTATED READ-OUT OF J PEG COMPRESSED 
IMAGES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] This invention generally relates to processing com 
pressed digital images. More particularly, this invention 
relates to methods and apparatus Which accomplish rotation 
in conjunction With variable-length compression/decom 
pression operations. 
[0003] 2. Description of Related Art 

[0004] Data compression is required in data handling 
processes, Where too much data is present for practical 
applications using the data. Commonly, compression is used 
in communication links to reduce the transmission time or 
required bandWidth. Similarly, compression is preferred in 
image storage systems, including digital printers and copi 
ers, Where “pages” of a document to be printed are stored 
temporarily in precollation memory. The amount of media 
space on Which the image data is stored can be substantially 
reduced With compression. Generally speaking, scanned 
images, i.e., electronic representations of hard copy docu 
ments, are often large, and thus make desirable candidates 
for compression. 

[0005] The image compression standard disseminated by 
the Joint Photographic Experts Group (JPEG) committee is 
a compression technique Which reduces data redundancies 
based on pixel-to-pixel correlations. Generally, a photo 
graphic image does not change very much on a pixel-to 
pixel basis and therefore has What is knoWn as “natural 
spatial correlation.” In natural scenes, correlation is gener 
aliZed, but not exact. Noise makes each pixel someWhat 
different from its neighbors. 

SUMMARY OF THE INVENTION 

[0006] The methods and apparatus of this invention seek 
to enhance the conventional methods for rotating digital 
images. In a conventional method for rotating digital 
images, an image source provides the compressed image 
data to the system. The image source can be an input device 
such as a camera or scanner, a transmission channel or a 

storage device. The compressed image data is input to a 
decompression unit that reconstructs the image. The uncom 
pressed image is fed into the image rotation unit. The image 
output is sent to an output image sink, Which can be a storage 
device, a transmission line, or a display device such as a 
printer or monitor. The disadvantage of this conventional 
method is that the rotation operations are performed on the 
decompressed image. Color documents typically contain 
tens of millions of pixels, such that even simple operations 
on those image can be computationally and economically 
expensive and time consuming. 

[0007] This invention provides a method and apparatus for 
rotating a compressed digital image as it is decompressed. 

[0008] This invention separately provides a method and 
apparatus that generates additional information as the digital 
image is compressed, Where the additional information is 
used during decompression to rotate the digital image. 

[0009] This invention separately provides a method and 
apparatus that generates, as additional information, the DC 
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values of each scanline and pointers to the start position of 
each initial block of the current scanline. 

[0010] This invention separately provides a method and 
apparatus that generate additional information to rotate a 
digital image that can be stored using a small amount of 
memory space. 

[0011] The methods and apparatus of this invention pro 
vide an improved image rotation process by reducing its 
complexity. The methods and apparatus of this invention 
reduce the computational effort spent in decompressing and 
rotating a decompressed image. In the methods and appa 
ratus of this invention, rotation is assumed to be an operation 
Which rotates the image by +90° or —90° or may even 
represent image transposition. The rotation operations can 
also be combined With image mirroring in the vertical or 
horiZontal direction. 

[0012] The methods and apparatus of this invention 
expand on a variable-length compression operation by add 
ing an image rotation operation, Where the M><M blocks 
Within the image are orthogonally rotated to rotate the entire 
image using the compressed image blocks, to avoid the need 
for buffering the entire image or large sections of it. 

[0013] More particularly, the methods and apparatus of 
this invention reduce the memory necessary to orthogonally 
rotate a digital image in conjunction With a variable-length 
compression technique, such as Huffman encoding A small 
amount of auxiliary information, including pointers to the 
start of the scanlines and the DC coefficients, are stored. A 
signi?cantly reduced, small-sized block of Working memory 
can be used to save this information. In particular, the space 
required to store this additional information is proportional 
to the square root of the space required by the compressed 
image. 
[0014] One aspect of this invention deals With a basic 
problem in digital image processing systems regarding the 
memory-intensive and computationally-intensive image 
rotation operation. This aspect is further based on the 
discovery of a technique that alleviates this problem. This 
technique associates the rotation of a small image segment 
or block With decompressing that small image segment or 
block, and managing the rotated-decompressed blocks to 
enable rotation using minimal buffer memory. 

[0015] By avoiding the very expensive process of rotating 
the decompressed image, the method and apparatus of this 
invention reduces the computation necessary to rotate a 
digital image. Using the method and apparatus of this 
invention, the rotated image has excellent quality Without 
requiring a full buffer’s Worth of memory. 

[0016] The method and apparatus of this invention can be 
implemented, for example, by modifying basic JPEG com 
pression and decompression methods, Where image rotation 
is performed on the compressed image data (compressed 
units). Accordingly, the method and apparatus of this inven 
tion can be applied to any number of devices, including 
digital printers and copiers, that need to provide a rotated 
image. The apparatus according to this invention includes 
data or image processing systems capable of compressing 
images. 
[0017] These and other features and advantages of this 
invention are described in or are apparent from the folloWing 
detailed description of the preferred embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The preferred embodiments of this invention Will 
be described in detail, With reference to the following 
?gures, Wherein: 

[0019] FIG. 1 is a generalized functional block diagram of 
a compression and decompression system according to this 
invention; 
[0020] FIG. 2 depicts the segmentation of an exemplary 
image into blocks for compression as applied in the com 
pression and decompression system of FIG. 1; 

[0021] FIG. 3 shoWs a generaliZed functional block dia 
gram of a compressor according to this invention; 

[0022] FIG. 4 shoWs a generaliZed functional block dia 
gram of a decompressor according to this invention; 

[0023] FIG. 5 is a ?oWchart outlining an image compres 
sion and decompression method in accordance With this 
invention; 
[0024] FIG. 6 is a ?oWchart outlining in greater detail the 
compression step of FIG. 5; and 

[0025] FIG. 7 is a How chart outlining in greater detail the 
decompression and rotation step of FIG. 5. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] FIG. 1 shoWs a generaliZed functional block dia 
gram of a compression and decompression system 100 
according to this invention. The compression and decom 
pression system 100 includes an image source 110 that may 
be any one of a number of different sources, such as a 
scanner, a digital copier or a facsimile device suitable for 
generating electronic image data, or a device suitable for 
storing and/or transmitting the electronic image data, such as 
a client or a server of a netWork. The electronic image data 
from the image source 110 is provided to an encoder 400 of 
the compression and decompression system 100. 

[0027] In particular, the encoder 400 includes an image 
blocking portion 410 that divides the electronic image data 
into a plurality of M><M block or segments. In one embodi 
ment, the blocking operation may be accomplished by 
WindoWing or cropping that enables the transfer of data 
comprising one or more M><M blocks of data from the input 
document to a block memory to be stored in the encoder 400. 
Once stored, the data is input by a compressor 430. In the 
compressor 430, the M><M blocks of image data are com 
pressed to form a compressed image. Preferably, the com 
pressor 430 compresses the image using various compres 
sion operations associated With the JPEG compression 
standard to compress the image data Within a block, 
although any knoWn or later developed compression tech 
nique that compresses the image on a block-by-block basis 
is equally usable. In the compressor 430, the data may be 
operated on in any of a number of Well-knoWn bit- or 
byte-Wise operations to accomplish the compression of the 
image data, Wherein additional information are generated as 
the image is compressed. 

[0028] Once compressed, the compressed image data then 
is preferably transferred to the channel or storage device 
300. The channel or storage device 300 can be either or both 
of a channel device for transmitting the compressed image 
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data to the decoder 500 or a storage device for inde?nitely 
storing the compressed image data until there arises a need 
to decompress the compressed image data. The channel 
device can be any knoWn structure or apparatus for trans 
mitting the compressed image data from a ?rst apparatus 
implementing the encoder 400 according to this invention to 
a physically remote decoder 500 according to this invention. 
Thus, the channel device can be a public sWitched telephone 
netWork, a local or Wide area netWork, an intranet, the 
Internet, a Wireless transmission channel, any other distrib 
uted netWork, or the like. 

[0029] Similarly, the storage device can be any knoWn 
structure or apparatus for inde?nitely storing compressed 
image data, such as a RAM, a hard drive and disk, a ?oppy 
drive and disk, an optical drive and disk, ?ash memory or the 
like. Moreover, the storage device can be physically remote 
from the encoder 400 and/or the decoder 500, and reachable 
over the channel device described above. 

[0030] The compressed image data is then preferably 
processed by the decoder 500, Where rotation using the 
additional information or the like is accomplished. In par 
ticular, the decoder 500 includes a decompressor 530 that 
receives compressed image data from the channel or storage 
device 300 and an output controller 510 that pastes the 
blocks of decompressed image data from the decompressor 
530 in their corresponding position. Though the decoder 500 
is shoWn in FIG. 1 as physically separate from the encoder 
400, it should be understood that the decoder 500 and the 
encoder 400 may be different aspects of a single physical 
device. 

[0031] The output controller 510 sends the reconstructed 
image to the output device 200. It should be understood that 
the output device 200 can be any device that is capable of 
processing the decompressed image data generated accord 
ing to the invention, for eXample, a rotated image. For 
eXample, the output device 200 can be a printer, such as a 
laser printer, an ink jet printer, a thermal printer, a dot matrix 
printer, a digital photocopier or the like, a display device, 
such as a CRT, ?at panel LCD or LED display, or the like. 
Moreover, the decompressor 500 can be physically incor 
porated into the printer or the display device. 

[0032] FIG. 2 depicts the segmentation of an eXemplary 
image into blocks for compression, preferably in accordance 
With the JPEG standard, and subsequent rotation. Blocks 
Al-AN represent the top-most blocks of scanlines or rasters 
of data in the input image, While blocks Al-Z1 represent the 
left-most blocks of scanlines in the image. Each block is an 
M><M segment of the image. In a rotated image, each block 
is intra-block rotated and the relative position of each block 
Within the image is also inter-block rotated to completely 
rotate the image, so that blocks Z1‘-A1‘ are the top-most 
blocks and Z1‘-ZN‘ are the left-most blocks in a +90° rotated 
image. It should be appreciated that the intra-block rotation 
of a single M><M block can be accomplished in a rapid 
fashion using an equivalently-sized memory region so that 
the value associated With any piXel position is simply copied 
or moved to the corresponding rotated position. On the other 
hand, a more processing intensive approach may be to 
simply use a single register to temporarily store the data 
associated With only a single piXel position and to move 
successive piXels through that single register to rotate the 
piXels of that block. 
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[0033] FIG. 3 shows a generalized functional block dia 
gram of the compressor 430, When implementing the JPEG 
compression standard. It Will be apparent to those of ordi 
nary skill in the art, from the following description of the 
compressor 430, hoW to modify the compressor 430 to 
implement other compression techniques to generate the 
additional information according to this invention. Thus, 
because such modi?cations are readily apparent and pre 
dictable from the folloWing discussion of the JPEG and 
Huffman implementation of the compressor 430, additional 
descriptions of other compression techniques’ implementa 
tions are not necessary and are thus omitted. 

[0034] In the compressor 430, a DCT compressor 432 
inputs the M><M blocks of image data and outputs com 
pressed data. A ?rst compressed data buffer 434 inputs and 
stores the compressed data. The DCT compressor 432 also 
outputs additional information related to the implemented 
JPEG compression technique. Thus, for JPEG compressed 
data, the additional information is the DC coef?cients of the 
blocks. An additional information register 433 inputs and 
stores the additional data. Because the compressor 430 uses 
the JPEG standard to compress the image data, the addi 
tional information register 433 includes a DC coef?cient 
buffer 437. The compressed image data from the ?rst 
compressed data buffer 434 is then input to an encoder 438 
to further compress this data. HoWever, it should be appre 
ciated that this additional compression is optional. 

[0035] In a preferred embodiment of the compressor 430, 
additional encoding, such as Huffman encoding, is per 
formed. In such instances, additional information, for 
eXample, scanline pointers, are output from the encoder 438. 
The additional information register 433 inputs and stores the 
scanline pointers. Thus, the additional information register 
also includes a scanline pointer buffer 435. 

[0036] It should be appreciated that though the encoding 
method of the encoder 438 discussed above is Huffman 
encoding, any other variable length encoding method, or any 
other second level encoding method, Which does not use 
image blocking, can be used. In such instances, such as 
run-length encoding, the image is compressed Without 
blocking the image prior to compression. 

[0037] In the preferred embodiment of the compressor 430 
described above, the image data is compressed using the 
JPEG standard With subsequent Huffman encoding. It 
should be appreciated that in instances in Which the addi 
tional encoding, such as Huffman encoding, is not per 
formed, the scanline pointer buffer 435 and the encoder 438 
are not needed. It Will also be understood by those skilled in 
the art that the particular components of the additional 
information register 433 Will depend on the particular com 
pression technique or techniques used to compress the M><M 
blocks. 

[0038] For the system described above that implements 
JPEG block compression, the DC coef?cient of only the 
left-most block of the set of scanlines forming the blocks, 
assuming left-to-right analysis of the blocks, is needed as the 
additional information suf?cient to decompress and rotate 
the compressed image data. This is because the JPEG 
decompression process of each block Will inherently gener 
ate the value of the DC coef?cient for the neXt block in the 
current scanline of the unrotated image. Similarly, only the 
start position or address of the left-most block is needed as 
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additional information suf?cient to decompress the Huffman 
encoded compressed image data. This is because the Huff 
man decompression process of each block Will inherently 
generate the start position or address of the neXt block in the 
current scanline of the unrotated image. 

[0039] Upon decompression, a rotated readout processor 
reads the scanline pointers from a scanline pointer buffer and 
the DC coefficients from a DC coefficient buffer, and pro 
cesses compressed data based on the read scanline pointers 
and DC coefficients. Accordingly, a signi?cantly smaller 
block of Working memory is used instead to store the 
scanline pointers and the DC coef?cients obtained from the 
compressor 430. 

[0040] FIG. 4 shoWs a generaliZe functional block dia 
gram of the decompressor 530, Which decompresses image 
blocks compressed using Huffman encoding and the JPEG 
compression standard. It Will be apparent to those of ordi 
nary skill in the art, hoW to modify the decompressor 530 
from the folloWing description of the decompressor 530 to 
implement other decompression techniques to use the addi 
tional information generated according to this invention. 
Thus, because such modi?cations are readily apparent and 
predictable from the folloWing discussion of the JPEG and 
Huffman implementation of the decompressor 530, addi 
tional descriptions of other compression techniques’ imple 
mentations are not necessary and are thus omitted. 

[0041] The compressor 530 includes a rotated read out 
processor 532, a second compressed data buffer 531 and an 
additional information register 533. The rotated read out 
processor includes a decoder 534, a DCT intra-block rotator 
536 and an inverse DCT processor 538. Because the decom 
pressor 530 is using the J PEG standard and Huffman decod 
ing to decompress the image data, the additional information 
included With the compressed image data includes the JPEG 
DC coef?cients and the scanline pointers of selected ones of 
the compressed blocks of image data. Thus, the additional 
information register 533 includes a scanline pointer buffer 
535 and a DCT coef?cient buffer 537. 

[0042] In operation, the decompressor 530 separates the 
additional information from the compressed image data and 
stores the additional information in the additional informa 
tion register 533 and the compressed image data in the 
second compressed data buffer 531. It Will be understood by 
those skilled in the art that the particular additional infor 
mation supplied With the compressed image data Will 
depend upon the particular compression techniques used to 
compress the M><M blocks. Thus, the particular components 
of the additional information register 533 Will depend on 
those particular compression techniques. 

[0043] In the preferred embodiment of the compressor 430 
described above, the image data is compressed using the 
J PEG standard With subsequent Huffman encoding. Accord 
ingly, the additional information supplied With the com 
pressed image data includes scanline pointer data and DC 
coef?cient data. Accordingly, the additional information 
register 533 includes the scanline pointer buffer 535 and the 
DC coef?cient buffer 537. In particular, the scanline pointer 
data is stored in the scanline pointer buffer 535 While the DC 
coef?cient data is stored in the DC coefficient buffer 537. As 
each compressed and encoded block is output by the second 
compressed data buffer 531 to the rotated read out processor 
532, the appropriate scanline pointer data and DC coef?cient 
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data for that particular block are output by the scanline 
pointer buffer 535 and the DC coef?cient buffer 537 to the 
rotated reader processor 532. 

[0044] In particular, the scanline pointer data is output by 
the scanline pointer buffer 535 to the decoder 534 While the 
DC coef?cient data for that block is provided to the inverse 
DCT processor 538 from the DC coefficient register buffer 
537. The decoder 534 uses the scanline pointer data to 
eXtract the appropriate Huffman encoded data for that block 
and decodes that Huffman encoded block to form a decoded 
block. The decoded block is then output by the decoder 534 
to the DCT intra-block rotator 536. The DCT intra-block 
rotator 536 intra-block rotates the compressed image data, as 
set forth in copending US. patent application Ser. No. 
08/721,130, herein incorporated by reference in its entirety. 
The intra-block rotated block is then output by the DCT 
intra-block rotator 536 to the inverse DCT processor 538. 

[0045] The inverse DCT processor 538 inverse DCT trans 
forms the current block to decompress it using the DC 
coefficient for the current block supplied by the DCT coef 
?cient buffer 537. The inverse DCT processor 538 then 
outputs the decompressed intra-block rotated block to the 
output controller 510, Where it is placed into the image at the 
appropriate inter-block rotated location. 

[0046] It should be appreciated that in instances in Which 
Huffman encoding is not performed, the decoder 534 and the 
scanline pointer buffer 535 are not needed. 

[0047] In operation, the +90° rotated image is formed 
left-to-right and top-to-bottom. Thus, the compressed and 
Huffman encoded blocks of image data are decoded and then 
decompressed and simultaneously rotated by selecting the 
compressed and encoded data corresponding to the Z1 
through A1 blocks to form the top scanline of the +90° 
rotated image. The neXt scanline is formed by selecting the 
compressed and encoded data corresponding to the Z2 
through A2 blocks, and so on. 

[0048] Thus, for each of the Z1 through A1 blocks, the 
decoder 534 inputs the scanline pointers for the Zth through 
Ath blocks in order from the scanline pointer buffer 535. 
Based on each of the Zth through Ath scanline pointers read 
from the scanline pointer buffer 535, the decoder 534 selects 
the set of encoded data that it Will decode to form each of the 
Z1 through A1 blocks of compressed image data. This also 
identi?es the start position or address of each of the sets of 
encoded data that Will decode to form each of the Z2 through 
A2 blocks of compressed image data. These ZZ-A2 neW start 
positions or addresses are then re-stored in the scanline 
pointer buffer 535 as the Zth-Ath scanline pointers, respec 
tively, and Will be used to point to the start positions or 
addresses to be used When decoding the rotated second 
scanline data. 

[0049] Similarly, for each of the Z1 through A1 blocks of 
compressed image data, the inverse DCT processor 538 
inputs, in order, the DC coefficient for the Zth through Ath 
blocks from the DC coef?cient buffer 537. The inverse DCT 
processor 538, based on each of the Zth through Ath DC 
coef?cients read from the DC coef?cient buffer 537, inverse 
DCTs, or decompresses, the intra-block rotated Z1 through 
A1 blocks of image data, respectively. This also generates the 
DC coefficient values needed to decompress the Z2 through 
A2 blocks of image data, respectively. The Zth through Ath 
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neW DC coefficient values are then re-stored in the DC 
coef?cient buffer 537 as the Zth through Ath DC coef?cients, 
respectively, and Will be used to decompress the rotated 
second scanline of compressed image data. 

[0050] FIG. 5 is a ?oWchart outlining one embodiment of 
an image compression and decompression method in accor 
dance With this invention. Beginning in step S1000, control 
continues to step S1100, Where electronic image data is 
generated from an original image. Then, in step S1200, the 
electronic image data is input from the image source. 

[0051] It should be appreciated that, While the ?oWchart of 
FIG. 5 shoWs generating the electronic image data as part of 
the process, this step is not necessarily needed. That is, While 
the electronic image data can be generated by scanning an 
original image, or the like, the electronic image data could 
have been generated at any time in the past. Moreover, the 
electronic image data need not have been generated from an 
original physical image, but could have been created from 
scratch electronically. Accordingly, if the electronic image 
data is already available to the image source, step S1100 can 
be skipped, With control continuing directly from step S1000 
to step S1200. 

[0052] In step S1300, the M><M image blocks are gener 
ated from the electronic image data. Then, in step S1400, the 
compressed image data and the additional information are 
generated from the M><M image blocks. Next, in step S1500, 
the compressed image data and the additional information 
are transmitted to an alternate image source or to storage. 

[0053] It should also be appreciated that the compressed 
image data could have been previously stored and/or previ 
ously transmitted to the location Where the compressed 
image data is to be decompressed, and that steps S1100 
S1500 can be omitted from the process. That is, the decom 
pression method according to this invention is unconcerned 
With hoW and/or When the original image Was converted into 
electronic image data, and hoW and/or When the electronic 
image data Was generated, converted to compressed image 
data, and/or transmitted to and/or stored at the location 
Where the compressed image data is to be decompressed. 
Accordingly, if the compressed image data is already avail 
able, steps S1100-S1500 can be skipped, With control con 
tinuing directly from step S1000 to step S1600. 

[0054] In step S1600, the compressed image data is 
decompressed and rotated using the additional information. 
Subsequently, in step S1700, the rotated blocks are pasted 
into their corresponding inter-block rotated positions. Next, 
in step S1800, the image data is output. Then, in step S1900 
the control routine ends. 

[0055] According to the method and apparatus of this 
invention, rotation of the compressed image data occurs in 
the decompressor at step S1600. This rotation step can be 
done by intra-block rotating each image block separately, 
and pasting the consecutive image blocks in their respective 
inter-block rotated positions. 

[0056] FIG. 6 outlines in greater detail the compression 
process of step S1400. Beginning in step S1400, control 
continues to step S1405, Where the control routine deter 
mines the number of block scanlines N in the image. Then, 
in step S1410, the number of blocks M in each block 
scanline is determined. 
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[0057] In step S1415, the scanline counter n is set to 1. 
Then, in step S1420, the block counter m is set to 1. Control 
then continues to step S1425. 

[0058] In step S1425, the block (n,m) is compressed. In 
step S1430, the DC component is extracted. In step S1435, 
block (n,m) is encoded. Control then continues to step 
S1440. 

[0059] In step S1440, the control routine determines if m 
equals 1. If so, control continues to step S1445. OtherWise, 
control jumps to step S1455. 

[0060] In step S1445, the control routine determines a 
pointer to the beginning memory location for the scanline 
based on the stored block. Then, in step S1450, the DC 
coef?cient and the pointer for the stored block are stored. 

[0061] In step S1455, the control routine determines if m 
equals M. If not, control continues to step S1460. OtherWise, 
if the last block M has been compressed and encoded, 
control jumps to step S1465. 

[0062] In step S1460, m is incremented by one. Control 
then returns to step S1425. 

[0063] In step S1465, the compressed block (n,m) is stored 
to memory. In step S1470, the control routine determines if 
n equals N. If not, control continues to step S1475. Other 
Wise, if the last scanline is reached, control jumps to step 
S1480. 

[0064] In step S1475, n is incremented by one. Control 
then returns to step S1420. 

[0065] In step S1480, the control routine returns to step 
S1500. 

[0066] FIG. 7 outlines in greater detail the decompression 
process of step S1600. Beginning in step S1600, control 
continues to step S1605, Where the compressed image data 
and additional information are input and stored to memory. 
Then, in step S1610, the number of blocks M in each block 
scanline and the number of block scanlines N in the image 
are determined. 

[0067] In step S1615, the block counter m is set to 1. Then, 
in step S1620, the scanline counter n is set to N. Control then 
continues to step S1625. 

[0068] In step S1625, the DC coefficient and the pointer 
for the scanline n are input from memory. Then, in step 
S1630, the compressed and encoded image data for block 
(n,m) at the memory location indicated by the pointer is 
input. Control then continues to step S1635. 

[0069] In step S1635, the encoded and compressed block 
(n,m), is decoded to obtain the compressed image data for 
the block (n,m) and thus the neW DC coefficient and scanline 
pointer for the current scanline n. Then, in step S1640, the 
neW DC coefficient and the neW scanline pointer for the 
current scanline n are stored in the memory in place of the 
present DC coefficient and scanline pointer for the current 
scanline n. Next, in step S1645, the decoded compressed 
block (n,m) is intra-block rotated. Control then continues to 
step S1650. 

[0070] In step S1650, the rotated compressed block (n,m) 
is inverse transformed using the input DC coefficient. Then 
in step S1655, the decompressed block (n,m) is output. 
Control then continues to step S1660. 
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[0071] In step S1660, the control routine determines if n 
equals 1. If not, control continues to step S1665. OtherWise, 
control jumps to step S1670. 

[0072] In step S1665, n is decremented by one. Control 
then returns to step S1625. 

[0073] In step S1670, the control routine determines if m 
equals M. If not, control continues to step S1675. OtherWise, 
the last block M of each of the scanlines has been decoded 
and decompressed and control jumps to step S1680. 

[0074] In step S1675, m is incremented by one. Control 
then returns to step S1620. 

[0075] 
$1700. 

[0076] According to the methods and apparatus of this 
invention, When implementing the JPEG compression/de 
compression standard, the DC coefficient employed is based 
upon the current block or an initial condition. For a +90° 

clockWise rotation, each block Zl-A1 is treated as the ?rst 
block in a sequence of blocks, and the DC coef?cients for 
each block Al-Z1 are stored in the DC coef?cient buffer 437 
so that the DC coef?cients Will be available during the 
processing of blocks that Will immediately folloW each of 
the Zl-A1 blocks in the rotated image. Accordingly, the 
output of the variable length encoding operation stores the 
DC coefficients in the DC coef?cient buffer 37 so that they 
are available When needed as an initial condition. Also, the 
scanline pointers for the ?rst blocks Al-Zl, of the scanline 
are stored in scanline pointer buffer 435. It Will be appre 
ciated that the siZe of the buffers 435, 437, 535 and 537 are 
dependent upon the siZe, or more particularly the length, of 
the initial image, requiring memory of suf?cient siZe to store 
offsets of each block Al-Zl. 

[0077] In the decompression process, using InScan as the 
indeX value of the current scanline of blocks, ranging from 
1 to N, and InBlock as the indeX value of the current block, 
ranging from 1 to M, the folloWing steps are folloWed: 

[0078] 1. For InBlock=1 to M 

[0079] 2. For InScan=N doWn to 1 by 1 
. DC=DCVals[InScan] 

. PTr=ScanPtrs[InScan] 

. Huffman decode( ) 

. Intra-block Rotate( ) 

. Decompress( ) 

. DCVals[InScan]=DC 

. ScanPtrs[InScan]=Ptr 

In step S1680, the control routine returns to step 

[0087] If another rotated copy is to be made, the values of 
DCVals and ScanPtrs may be recovered as: 

[0088] For InScan=1 to N-1 by 1 

[0089] DCVals[InScan+1]=DCVals[InScan] 

[0090] ScanPtrs[InScan+1]=ScanPtrs[InScan] 

[0091] DCVals[1]=128 

[0092] ScanPtrs[1]=(address of start of image). 

[0093] For 8-bit image data, a value of “128” is the 
assumed value of the DC term of the block before the ?rst 
block of the ?rst scanline. 
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[0094] For a tiny image of 12 blocks, wherein M=3 and 
N=4, the blocks 1 through 12 are numbered as: 

[0095] There are 4 scan pointers and 4 DC values initial 
iZed for the scanlines. The pointers and DC values are 
initialized as if the decompressor were about to decode 
blocks 1, 4, 7 and 10. For each block, the DC term for that 
block and the memory address of that block are, for 
example: 

128 0 5O 1O 45 18 
33 27 67 38 78 47 
35 5 6 35 63 35 69 
4O 68 41 79 43 96 

[0096] First, the following values are assigned or obtained 
from memory: InBlock=1, which is less than N (3); InScan= 
4, which is greater than 1; DC=40; and PTr=68. That is in 
steps 1-4, m is set to 1, n is set to 4, the value of the DC 
coef?cient read from memory for the fourth scanline is 40 
and the value for the scanline pointer for the fourth scanline 
is 68. 

[0097] Then, block 10 of the encoded compressed image 
data is read from memory beginning at the memory location 
68. Then, decoding, such as Huffman decoding, is per 
formed in step 5. This effectively sets the value of the DC 
coef?cient (DC) to 41 and the value of the scanline pointer 
(PTr) to 79 for the neXt block, block 11, in the fourth 
scanline. Then, block 10 is intra-block rotated in the trans 
formed domain and decompressed in steps 6 and 7. Then, 
DCVals[4] is set to 41 in step 8 and ScanPtrs[4] is set to 79 
in step 9 and stored in memory as the DC coefficient and the 
scanline pointer for the fourth scanline to enable decoding 
and decompressing block 11. 

[0098] Then, in step 2, for InScan=3, which is greater than 
1, the following values are obtained from memory for the 
third scanline: DC=35 and PTr=56 in steps 3 and 4. 

[0099] Next, block 7 of the compressed image is read from 
the memory beginning at the memory location 56 and 
Huffman decoded in step 5. This effectively sets the value of 
the DC coef?cient (DC) to 35 and the value of the scanline 
pointer (PTr) to 63 for the neXt block, block 8, in the third 
scanline. Then, block 7 is intra-block rotated and decom 
pressed in steps 6 and 7 as before. Then, DCVals[3] is set to 
35 in step 8 and ScanPtrs[3] is set to 63 in step 9 and stored 
in memory as the DC coef?cient and the scanline pointer for 
the third scanline to enable decoding and decompressing 
block 8. 

[0100] The process continues in like fashion, Huffman 
decoding blocks 4 and then 1 in step 5, which are read from 
the memory beginning at memory locations 27 and 0, 
respectively, rotating blocks 4 and 1 in step 6 and decom 
pressing blocks 4 and 1 in step 7, as above. At this point 
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InScan reaches 0. In response, the value of InBlock is 
increased by 1 to 2 in step 1, and the entire process of steps 
2-9 is repeated for blocks 11, 8, 5 and 2. This process of 
steps 1-9 is repeated a third time for blocks 12, 9, 6 and 3, 
after which InBlock reaches the value 3. 

[0101] In this fashion, intra-block rotated versions of 
blocks 10, 7, 4 and 1 are formed ?rst and pasted into the 
appropriate inter-block rotated position in the output image. 
This is then followed by forming and inter-block pasting the 
intra-block rotated versions of blocks 11, 8, 5 and 2, and so 
forth, giving a rotated ?nal version of the image as: 

[0102] It should be appreciated that, although the method 
and apparatus described above provides for a clockwise 
rotation, counterclockwise rotations may be obtained. For a 
counterclockwise rotation, readout is from top-to-bottom, 
but from right to left. That is, in step 2, InScan increases 
from 1 to N while in step 1, InBlock decreases from M to 1. 
However, right to left decoding of Huffman encoded data is 
not possible. Thus, direct counterclockwise rotations can 
only be used without subsequent variable length encoders. 
Thus, steps 4, 5 and 9 will be omitted. 

[0103] Thus, for a counterclockwise rotation of data of 
—90° (or a clockwise rotation of data of +270°) where 
Huffman encoding is used, the blocks of the image data are 
?rst mirror-transformed about a vertical aXis before it is 
compressed, and then the decoding is modi?ed to effectively 
transpose the image about a diagonal aXis to provide a 
clockwise rotated image of +270°. It should be appreciated 
that in order to provide a mirror-transformed image before 
compression, the image creator is required to know that a 
counterclockwise-rotated image is to be formed upon 
decompression before the compression is performed. 

[0104] Thus, for a counterclockwise rotation, the image is 
?rst mirror-transformed about a vertical aXis: 

[0105] Also, the following steps are followed: 

[0106] 1. ForInBlock=1 to M 

[0107] 2. For InScan=1 to N 
. DC=DCVals[InScan] 

. PTr=ScanPtrs[InScan] 

. Huffman decode( ) 

. Intra-block Rotate( ) 

. Decompress( ) 

. DCVals[InScan]=DC 

. ScanPtrs[InScan]=Ptr 

[0115] In this instance, the scanlines are read from top 
to-bottom instead of the bottom-to-top process of the clock 
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wise rotation. Thus, instead of N down to 1, InScan ranges 
from 1 to N for a counterclockwise rotation. That is, step 2 
is modi?ed to increase InScan from 1 to N. This effectively 
transposes the mirror-transformed image about a diagonal 
aXis and thus provides an image rotated by +270°, or 
counterclockwise rotated image of —90°. In this fashion, 
intra-block rotated versions of blocks 3, 6, 9 and 12 are 
formed ?rst and pasted into the appropriate inter-block 
rotated position in the output image. This is then followed by 
forming and inter-block pasting the intra-block rotated ver 
sions of blocks 2, 5, 8 and 11, and so forth, giving a rotated 
?nal version of the image as: 

[0116] It should be appreciated that the counterclockwise 
rotation of data of —90° (or a clockwise rotation of data of 
+270°) where Huffman encoding is used can alternatively be 
done by ?rst mirror-transforming about a vertical aXis and 
additionally mirror-transforming about a horiZontal aXis 
before compression and then performing the +90° clockwise 
rotation discussed above. 

[0117] It should be appreciated that if rotation is not 
necessary, the additional information can be ignored and that 
decompression is performed normally. In particular, it 
should be appreciated that if a counterclockwise-rotated 
image is to be provided by rotating the decompressed image 
after the image is decompressed normally, the counterclock 
wise rotation process described above is not required and 
storing the additional information can be avoided. 

[0118] For an 81/z><11 page, this invention requires a sig 
ni?cantly smaller siZed buffer to store the pointers and 
coef?cients than that needed for an uncompressed rotation 
buffer. Thus, using the method and apparatus of this inven 
tion, the rotated image has eXcellent quality without requir 
ing a full buffer’s worth of memory. 

[0119] As shown in FIG. 1, the encoder 400 may be 
implemented on a programmed general purpose computer. 
However, the encoder 400 can also be implemented on a 
special purpose computer, a programmed microprocessor or 
microcontroller and peripheral integrated circuit elements, 
an ASIC or other integrated circuit, a digital signal proces 
sor, a hardwired electronic or logic circuit such as a discrete 
element circuit, a programmable logic device such as a PLD, 
PLA, FPGA or PAL, or the like. In general, any device, 
capable of implementing steps 51400-51500 of FIGS. 5 
and 6 can be used to implement the encoder 400. 

[0120] As shown in FIG. 1, the decoder 500 is preferably 
implemented on a programmed general purpose computer. 
However, the decoder 500 can also be implemented on a 
special purpose computer, a programmed microprocessor or 
microcontroller and peripheral integrated circuit elements, 
an ASIC or other integrated circuit, a digital signal proces 
sor, a hardwired electronic or logic circuit such as a discrete 
element circuit, a programmable logic device such as a PLD, 
PLA, FPGA or PAL, or the like. Furthermore, as set forth 
above, both of the encoder 400 and decoder 500 can be 
implemented in a single general purpose computer, a single 

Aug. 23, 2001 

special purpose computer, a single programmed micropro 
cessor or microcontroller and peripheral integrated circuit 
elements, a single ASIC or other integrated circuit, a single 
digital signal processor, a single hardwired electronic or 
logic circuit such as a discrete element circuit, a single 
programmable logic device such a PLD, PLA, FPGA or 
PAL, or the like. 

[0121] As shown in FIGS. 3 and 4, the additional infor 
mation register 433 and 533, and the scanline pointer buffers 
435 and 535 and the DC coef?cient buffers 437 and 537 can 
be implemented using any known or later developed 
memory devices and structures including RAM, video 
RAM, ?ash memory, cache memory, registers, buffer 
memory, a hard disk and drive, a ?oppy disk and drive, an 
optical disk and drive, a magneto-optical disk and drive, and 
the like. That is, the operation and structure of the memory 
device is not critical to the operation of the system and 
method of this invention. 

[0122] This invention has been described in connection 
with the preferred embodiments. However it should be 
understood that there is no intent to limit the invention to the 
embodiments described above. On the contrary, the intent to 
cover all alternatives, modi?cation, and equivalents as may 
be included within the spirit and scope of the invention. 

What is claimed is: 
1. A method for processing an image represented by 

digital data, comprising: 
inputting compressed image data, the compressed digital 

data comprising a plurality of compressed units; 

inputting additional information about a number of the 
plurality of compressed units; 

decompressing the compressed units based on the addi 
tional information; and 

combining the decompressed units to form a rotated 
image. 

2. The method of claim 1, wherein the compressed digital 
data comprises a plurality of blocks forming the plurality of 
compressed units. 

3. The method of claim wherein the plurality of blocks 
comprises JPEG compressed blocks. 

4. The method of claim 3 wherein the additional infor 
mation about the number of the plurality of compressed 
units comprises DC coef?cients of selected ones of the JPEG 
compressed blocks. 

5. The method of claim 2, further comprising intra-block 
rotating the compressed blocks before decompressing the 
compressed blocks. 

6. The method of claim 5, wherein decompressing the 
rotated blocks comprises decompressing, for each intra 
block rotated block, that block based on the additional 
information. 

7. The method of claim 1, wherein: 

the digital data comprises a plurality of scanlines; 

the compressed digital data comprises run-length encoded 
scanlines forming the plurality of compressed units; 
and 

the additional information comprises a starting point of 
each run-length encoded scanline in the compressed 
digital data. 
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8. The method of claim 7, wherein decompressing the 
run-length encoded scanlines comprises decompressing, for 
each scanline, that run-length encoded scanline based on the 
starting point for that scanline. 

9. The method of claim 1, Wherein: 

inputting the compressed image data comprises inputting 
encoded compressed units forming encoded image 
data; and 

inputting additional information further comprises input 
ting further additional information about a second 
number of the encoded compressed units; 

the method further comprising decoding the encoded 
compressed units based on the further additional infor 
mation to provide decoded compressed image data as 
the plurality of compressed units. 

10. The method of claim 9, Wherein the encoded com 
pressed units comprise variable length encoded compressed 
units, the further additional information about the second 
number of the encoded compressed units comprising a 
starting point in the encoded image data of selected ones of 
the variable-length encoded compressed units. 

11. The method of claim 10, Wherein the variable length 
encoding comprises Huffman encoding. 

12. The method of claim 10, Wherein decompressing the 
encoded compressed units comprises decompressing, for 
each unit, that variable length encoded compressed unit 
based on the starting point of one of the selected ones of the 
variable-length encoded compressed units. 

13. An apparatus for processing an image represented by 
digital data, comprising: 

a memory that stores compressed image data, the com 
pressed digital data comprising a plurality of com 
pressed units; 

a memory that stores additional information about a 
number of the plurality of compressed units; 

a decompressor that decompresses the compressed units 
based on the additional information; and 

a combiner that combines the decompressed units to form 
a rotated image. 

14. The apparatus of claim 13, Wherein the compressed 
digital data comprises a plurality of blocks forming the 
plurality of compressed units. 

15. The apparatus of claim 14, Wherein the plurality of 
blocks comprises JPEG compressed blocks. 
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16. The apparatus of claim 15, Wherein the additional 
information about the number of the plurality of compressed 
units comprises DC coefficients of selected ones of the JPEG 
compressed blocks. 

17. The apparatus of claim 14, further comprising an 
intra-block rotator that rotates the compressed blocks before 
the decompressor decompresses the compressed blocks. 

18. The apparatus of claim 17, Wherein the decompressor 
decompresses, for each intra-block rotated block, that block 
based on the additional information. 

19. The apparatus of claim 13, Wherein: 

the digital data comprises a plurality of scanlines; 

the compressed digital data comprises run-length encoded 
scanlines forming the plurality of compressed units; 
and 

the additional information comprises a starting point of 
each run-length encoded scanline in the compressed 
digital data. 

20. The apparatus of claim 19, Wherein the decompressor 
decompresses, for each scanline, that run-length encoded 
scanline based on the starting point for that scanline. 

21. The apparatus of claim 13, Wherein: 

the compressed image data memory stores encoded com 
pressed units forming encoded image data; 

the additional information memory stores further addi 
tional information about a second number of the 
encoded compressed units; and 

the decompressor provides decoded compressed image 
data as the plurality of compressed units by decoding 
the encoded compressed units based on the further 
additional information. 

22. The apparatus of claim 21, Wherein the encoded 
compressed digital data comprises variable length encoded 
compressed units, the further additional information about 
the second number of the encoded compressed units com 
prising a starting point in the encoded image data of selected 
ones of the variable-length encoded compressed units. 

23. The apparatus of claim 22, Wherein the variable length 
encoding comprises Huffman encoding. 

24. The apparatus of claim 22, Wherein the decompressor 
decompresses, for each unit, that variable length encoded 
compressed unit based on the starting point for one of the 
selected ones of the variable-length encoded compressed 
units. 


