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(57) ABSTRACT 

Systems and methods for compressing portions of a digital 
image, transmitting the compressed portions over a network, 
receiving them, decompressing them, and progressively 
displaying an image representing the original image. An 
encoder selects an interlaced portion of the original image 
based on a resolution factor and compresses each line of that 
portion by selecting the most efficient of multiple compres 
sion methods, including Group 3 and modi?ed Group 4 
coding schemes. Compressed portions of the original image 
are transmitted in successive stages, decompressed, and 
interlaced With the previously transmitted portions of the 
image, resulting in progressive enhancement of the trans 
mitted, displayed image. 
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SYSTEMS AND METHODS FOR DIGITAL IMAGE 
COMPRESSION 

FIELD OF THE INVENTION 

[0001] The invention relates to systems and methods for 
data compression, and more particularly, to systems and 
methods for compressing a digital image. 

BACKGROUND OF THE INVENTION 

[0002] Historically, the transmission of digital images 
over computer netWorks has long been a part of modem 
informational technology. Special graphic formats have 
been developed to provide the ability to store digital images 
on storage media and to transmit them over computer 
netWorks. These graphic formats typically provide for com 
pressing the image so that the image takes up less space 
When stored and/or takes less time to transmit over a 
netWork. Techniques have been sought and developed for 
the ef?cient compression of images in a progressive manner; 
that is, ?rst an image With limited resolution is displayed, 
then the same image is displayed in successive stages With 
progressively greater resolution. Some graphic formats pro 
vide for progressive image transmission but typically for 
color images only. For instance, one format is based on a 
standard format from JPEG (Joint Photographic Experts 
Group). The JPEG format alloWs progressive transmission 
of color images up to about 16 million colors. Another 
format is the interlaced GIF (Graphics Interchange Format) 
created by Compuserve, Inc. The GIF format also alloWs 
progressive transmission of color images of 256 colors and 
even bi-level or bi-tonal images, but the compression meth 
ods do not provide for a very high level of compression, thus 
causing netWork traf?c and delays When compressed images 
are transmitted over a netWork. 

[0003] A very high level of compression for bi-level 
images is reached in Group 4 compression based on the 
ITU-T Group 4 speci?cation from the ITU (International 
Telecommunication Union), formerly CCITT (International 
Consultative Committee for Telegraph and Telephone). The 
Group 4 compression scheme is used, for instance, in the 
TIFF (Tagged Image File Format) graphic format developed 
by Aldus Corporation and Widely used for storing docu 
ments as digital images. The Group 4 compression scheme 
does not alloW for progressive transmission but only for 
sequential transmission of lines in an image. This is due to 
a restriction on the Group 4 compression scheme Whereby 
the compression of each roW or line of the image currently 
being coded is based on the contents of the previous roW (the 
reference line). Thus, the Group 4 coding scheme requires 
the compression of sequential lines in an image. 

[0004] Therefore, one object of the invention is to provide 
methods for the high compression of bi-tonal and other 
images in a progressive manner and for on-demand enhance 
ment of the displayed images. Another object is to provide 
a compression technique suitable for ef?cient, progressive 
display of images over a global netWork. Another object is 
to provide an interlacing approach to progressive compres 
sion based on multiple compression methods, including a 
modi?ed Group 4 method, and adaptable to different levels 
of progressive compression. 

SUMMARY OF THE INVENTION 

[0005] The invention achieves the above objectives by 
providing methods for compressing a digital image in a 
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progressive manner using the most ef?cient of several 
compression methods and transmitting a portion of the 
compressed image over a computer netWork, receiving it, 
decompressing it, and providing a displayed image repre 
sentative of the original image. 

[0006] In one aspect, the invention is understood as a 
method for compressing an image comprising lines of data, 
including the steps of (a) de?ning a segment of s consecutive 
lines in the image; (b) determining a selected line in the 
segment as a starting line; (c) determining a plurality of 
lines, beginning With the starting line, by selecting addi 
tional lines spaced by multiples of s from the starting line 
until no further of the additional lines can be selected from 
the image for the plurality of lines; (d) compressing each of 
the plurality of lines; (e) selecting a longest range of lines yet 
to be selected in the segment; determining a middle line 
equally distant from the beginning and the end of the longest 
range of lines; (g) setting the middle line as the starting line; 
and (h) repeating steps (c) through (g) recursively until a 
predetermined limit of lines has been compressed. 

[0007] In one embodiment, de?ning the segment includes 
setting s to a poWer of 2. In another embodiment, de?ning 
the segment includes de?ning the segment as the ?rst s lines 
in the image. In an additional embodiment, determining the 
selected line includes determining a ?rst line in the segment 
as the starting line. 

[0008] In another embodiment, compressing each of the 
plurality of lines includes compressing each of the plurality 
of lines using a modi?ed Group 4 coding scheme using a 
nearest previous selected line as a reference line. 

[0009] In a further embodiment, determining a longest 
range of lines includes selecting a ?rst longest range of lines. 
In an additional embodiment, the predetermined limit is 
based on a predetermined percentage of the total number of 
the lines in the image, and in a further embodiment, the 
predetermined percentage is preferably in the range of about 
12.5% to about 50%. 

[0010] In another embodiment, the method further 
includes transmitting a compressed plurality of lines using a 
communications media; receiving the compressed plurality 
of lines from the communications media; decompressing the 
compressed plurality of lines; and displaying the com 
pressed plurality of lines as a displayed image representative 
of the image. 

[0011] In other embodiments, compressing each of the 
plurality of lines includes providing a plurality of compres 
sion methods; compressing each of the plurality of lines by 
each of the plurality of compression methods; determining, 
for each line, a highest compression for the line by a selected 
one of the plurality of compression methods; and storing, for 
each of the lines, a highest compression line. In one embodi 
ment, compressing each of the plurality of lines comprises 
compressing each of the plurality of lines using a Group 3 
coding scheme and a modi?ed Group 4 coding scheme. In 
another embodiment, storing a highest compression line 
includes af?Xing to the highest compression line an indicia 
identifying the selected one of the plurality of compression 
methods providing the highest compression. In a further 
embodiment, determining the highest compression for the 
line comprises selecting the highest compression providing 
a minimal bit length for the line. 
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BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0012] The invention is pointed out With particularity in 
the appended claims. The above and further advantages of 
this invention may be better understood by referring to the 
following description taken in conjunction With the accom 
panying draWings, in Which: 

[0013] FIG. 1 depicts a functional block diagram of one 
embodiment of the invention illustrating an encoder, trans 
mitter, receiver, decoder and other components; 

[0014] FIG. 2A depicts a digital image illustrating the 
selected roWs in a ?rst compression pass, for one embodi 
ment of the invention; 

[0015] FIG. 2B depicts the selected roWs for a second 
compression pass of the image for the embodiment of the 
invention illustrated in FIG. 2A; 

[0016] FIG. 2C depicts the selected roWs for a third 
compression pass of the image for the embodiment of the 
invention illustrated in FIG. 2A; 

[0017] FIG. 2D depicts the selected roWs for a fourth 
compression pass of the image for the embodiment of the 
invention illustrated in FIG. 2A; 

[0018] FIG. 3 depicts a How chart for one embodiment of 
the invention, illustrating the process for compressing a 
portion of an image, transmitting it, decompressing it, and 
providing a displayed image; 

[0019] FIG. 4 depicts a representation of roWs making up 
an image, including roWs selected in a ?rst compression pass 
for one embodiment of the invention; 

[0020] FIG. 5 additionally includes the roWs selected after 
the second compression pass for the embodiment of the 
invention illustrated in FIG. 4; 

[0021] FIG. 6 additionally includes the roWs selected after 
the third compression pass for the embodiment of the 
invention illustrated in FIG. 4; 

[0022] FIG. 7 additionally includes the roWs selected after 
the fourth compression pass for the embodiment of the 
invention illustrated in FIG. 4; 

[0023] FIG. 8 additionally includes the roWs selected after 
the ?fth compression pass for the embodiment of the inven 
tion illustrated in FIG. 4; 

[0024] FIG. 9 additionally includes the roWs selected after 
the siXth compression pass for the embodiment of the 
invention illustrated in FIG. 4; 

[0025] FIG. 10 additionally includes the roWs selected 
after the seventh compression pass for the embodiment of 
the invention illustrated in FIG. 4; 

[0026] FIG. 11 additionally includes the roWs selected 
after the eighth compression pass for the embodiment of the 
invention illustrated in FIG. 4; 

[0027] FIG. 12 illustrates a sample displayed image after 
transmission of about 6% of the original image for one 
embodiment of the invention; 

[0028] FIG. 13 illustrates the sample displayed image 
after transmission of about 13% of the original image 
represented in FIG. 12; 
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[0029] FIG. 14 illustrates the sample displayed image 
after transmission of about 25% of the original image 
represented in FIG. 12; 

[0030] FIG. 15 illustrates the sample displayed image 
after transmission of about 50% of the original image 
represented in FIG. 12; and 

[0031] FIG. 16 illustrates the sample displayed image 
after transmission of 100% of the original image represented 
in FIG. 12. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The invention relates to methods for compressing 
an image, transmitting a compressed portion of the image, 
receiving it, decompressing it, and producing a displayed 
image that represents the original uncompressed image. 

[0033] FIG. 1 depicts a functional block diagram of the 
components in one embodiment of the invention. FIG. 1 
includes a digital image 110, an encoder 114, a transmitter 
118, a communications media 122, an image data stream 
126, requests for additional data 130, a receiver 134, a 
decoder 138, and a display unit 142. 

[0034] The digital image 10 is an original, uncompressed 
image composed of lines or roWs of data. Typically the 
image 110 is a bi-level or tWo-tone image, such as White and 
black, in Which the roWs of data are composed of bits of data 
With 0 and 1 values. In one embodiment of the invention, the 
image may also be part of a multicolor image, in Which the 
image 110 referred to in FIG. 1 is one bit plane in the 
multicolor image, each bit plane representing one color 
value. For eXample, a color image can be composed of 8 bit 
planes, representing 8 basic colors in the image. In one 
embodiment of the invention, an encoder 114 compresses 
each bit plane as though it Were an image 110 (see FIG. 3). 

[0035] The encoder 114 is a device or computer program 
that compresses the image 110. The encoder 114 passes a 
compressed portion of the image 110 to the transmitter 118 
as an image data stream 126. The image data stream 126 is 
a continuous stream of data that the transmitter 118 transmits 
sequentially through a communications media 122 to a 
receiver 134. 

[0036] The communications media 122 is any media suit 
able for transmitting electronic data, including, but not 
limited to, electronic Wire or cable or optic cable In other 
embodiments, the communications media 122 may be based 
on any suitable part of the electromagnetic spectrum, such as 
visible light, infrared, microWave, or radio Wave transmis 
sions. In further embodiments, the communications media 
122 is based on any communications media suitable for 
transmitting an image data stream of bits from one location 
to another. The communications media 122 may be a con 
nection over a local computer netWork, such as a LAN, or a 
global computer netWork, such as the Internet. 

[0037] The receiver 134 is a device or computer program 
that receives the image data stream 126 and passes it to the 
decoder 138. The decoder 138 decompresses the image data 
stream 126 that it has received and produces an uncom 
pressed displayed image based on the original image 110. If 
only a portion of the original image 110 Was sent to the 
decoder 138, then the displayed image is a representation of 
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the original image 110, based on the portion of the original 
image 110 that Was compressed, transmitted, and decom 
pressed. In one embodiment, the decoder 138 also processes 
the decompressed image to make the displayed image more 
vieWable, such as by performing anti-aliasing methods that 
smooth the appearance of roWs and curves in the decom 
pressed image. In another embodiment, the decoder 138 also 
processes the decompressed image to ?ll in gaps or holes in 
the decompressed image to make the displayed image 
appear more complete to the vieWer. In further embodi 
ments, the decoder 138 uses more sophisticated techniques, 
such as analysis by arti?cial intelligence or other means to 
modify the decompressed image to make displayed image 
even more understandable and vieWable to the user. 

[0038] In one embodiment, the encoder 114, transmitter 
118, receiver 134, and decoder 138 are hard-Wired electronic 
devices or ASIC (application speci?c integrated circuit) 
devices. In another embodiment, the encoder 114, transmit 
ter 118, receiver 134 and decoder 138 are computer pro 
grams running on computer systems. A computer system 
may include an input device, a processor, a memory, and an 
output device. Optionally the computer system may include 
a display monitor for displaying the image 110. The com 
puter system can be a IBM-compatible PC computer, other 
type of personal computer, UNIX or other Workstation, 
minicomputer or mainframe computer. If the encoder 114 is 
a computer program, it may be implemented as a stand-alone 
softWare application, as a softWare object, or as part of a 

larger image storage and vieWing softWare application. The 
encoder 114, transmitter 118, receiver 134, and decoder 138 
are not required to be the same type of device or program. 
For example, in one embodiment, the encoder 114 is an 
ASIC device, the transmitter 118 is a computer system, the 
decoder 138 is another ASIC device, and the receiver 134 is 
a computer system. The encoder 114 and transmitter 118 are 
not required to be separate devices or computer programs. In 
one embodiment, for example, the encoder 114 and trans 
mitter 118 can be based on one computer system, including 
coding and transmission programs running on the computer 
system, Which also includes a storage device Which stores 
the digital image 110. Such a storage device can be a 
diskette, a hard disk, a CD-ROM disk, data storage tape, 
other type of tape or diskette, or other storage device suitable 
for and commonly used for storing digital data. In another 
embodiment, the encoder 114, transmitter 118, and storage 
device are located on physically distinct devices that may be 
connected by a direct electronic lines, a LAN (local area 
netWork) or a WAN (Wide area netWork). 

[0039] LikeWise, the receiver 134 and decoder 138 are not 
required to be separate devices or computer programs. In 
one embodiment, for example, the receiver 134 and decoder 
138 can be based on one computer system, Which also 
includes a display unit 142. The display unit 142 may be any 
suitable display device for digital images including a com 
puter display monitor, a television, a LCD or active matrix 
display or any other electronic display device suitable for 
displaying digital images in a vieWable format or for con 
verting digital images to a vieWable format for display. In 
another embodiment, the receiver 134, decoder 138, and 
display unit 142 are based on physically distinct devices and 
are connected by direct physical lines, a LAN, or WAN. 
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[0040] In further embodiments, different combinations of 
programs, devices, and computer systems may be used to 
implement the components illustrated in FIG. 1. 

[0041] Requests for additional data 130 may also be 
transmitted over the communications media 122. Typically, 
such a request 130 is a request for an additional portion of 
the original image 110 to be compressed, transmitted, and 
decompressed. In a further embodiment, the request 130 is 
for any other associated data about the image 110 that may 
be useful in receiving the image data stream 126, decom 
pressing it, and producing the resulting displayed image. 

[0042] FIGS. 2A, 2B, 2C, 2D illustrate a digital image 110 
in different stages of the compression process. FIG. 2A 
depicts a digital image 110 illustrating the selected roWs 
158a, 162a in a ?rst compression pass, for one embodiment 
of the invention. FIG. 2A shoWs a digital image 110, a 
marking line 146 that de?nes a segment 150 in the image 
110, a spacing factor 154, a selected starting roW 162a, and 
additional selected roWs 158a in the image 110. The marking 
line 146 is a line in the FIG. 2A used to de?ne a segment 
150 and does not indicate a roW or line of data inserted in the 
image 110. The segment 150 indicates a segment of four 
roWs equal in number to the spacing factor 154, Which has 
a value of 4 in FIGS. 2A, 2B2C, 2D. In the embodiment 
shoWn in FIG. 2A the segment 150 is the initial four roWs 
or lines (that is, L0, L1, L2, L3) of the image 110 determined 
by the value of the spacing factor 154. In an alternate 
embodiment the segment 150 is not required to be the ?rst 
roWs in the image 110, but can be located elseWhere in the 
image 110, as long as the segment 150 consists of consecu 
tive roWs equal in number to the spacing factor 154. 

[0043] The starting roW 162a, together With additional 
selected roWs 158a, make up the selected roWs 158a, 162a 
in the image 110 for FIG. 2A. In the embodiment shoWn in 
FIG. 2A, the starting roW 162a is the ?rst roW or line (L0 
in the image 110) in the segment 150, although this is not a 
requirement of the invention. Additional selected roWs 158a 
(L4, L8, L12 in the image 110) are spaced from the starting 
line or roW 162a by the spacing factor 154. The selected 
roWs 158a, 162a are then compressed in a ?rst compression 
pass. More details on the roW selection and compression 
process Will be discussed With respect to FIG. 3. 

[0044] FIG. 2B shoWs L2 as the starting line or roW 162b, 
Which is selected as the starting roW if the vieWer of the 
displayed image requests a second compression pass (see 
FIG. 3). The additional selected lines or roWs 158b (L6, 
L10, L14) in FIG. 2B are spaced from the starting line or 
roW 162b by the spacing factor 154. The starting roW 162b 
is chosen as the middle roW of the longest range of unse 
lected roWs in the segment 150. See the discussion associ 
ated With FIG. 3 for more discussion of hoW a starting roW 
162 is chosen. The selected roWs 158b, 162b are then 
compressed in a second compression pass. 

[0045] FIG. 2C shoWs L3 as the starting roW 162c, Which 
is selected as a starting roW if the vieWer of the displayed 
image requests a second compression pass. The additional 
selected lines or roWs 158c (L7, L11, L15) in FIG. 2C are 
spaced from the starting roW 62c by the spacing factor 154. 
The selected roWs 158c, 162c are then compressed in a third 
compression pass. 

[0046] FIG. 2D shoWs L1 as the starting line or roW 162b, 
Which is selected as a starting roW if the vieWer of the 
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displayed image requests a fourth compression pass. The 
additional selected lines or roWs 158d (L5, L9, L13) in FIG. 
2D are spaced from the starting line or roW 162d by the 
spacing factor 154. The selected roWs 158d, 162d are then 
compressed in a fourth compression pass. 

[0047] Table 1 summarizes the compression passes illus 
trated in FIGS. 2A-2D. 

TABLE 1 

Compression Pass Lines Selected 

L0, L4, L8, L12 
L2, L6, L10, L14 
L3, L7, L11, L15 
L1, L5, L9, L13 

[0048] FIG. 3 depicts a How chart of one embodiment of 
the invention, illustrating the process for compressing an 
image. At the start of the process (step 200) an image 110 has 
been selected for vieWing. In one embodiment, a user selects 
the image 110 from a site remote from Where the local site 
Where user is located. The local and remote site can be 
connected by a communications media 122, as previously 
discussed. Typically the user sets a limit on hoW much of the 
image is to be compressed (step 204). This limit can be 
indicated by a percentage of the image to be compressed in 
one pass, or by a resolution factor 54. For eXample, if a 
resolution factor has a value of 8, this value indicates that 
one-eighth of the image 110 Will be compressed on the ?rst 
and each subsequent pass. The resolution factor 154 is also 
knoWn as an interlacing factor (ILF) or spacing factor. 

[0049] For eXample, the user selects one compression pass 
at a resolution factor 154 With a value of 8, Which means that 
one-eighth of the image is displayed to her. Then the user 
determines if she Wants to see more of the image 110, in 
Which case she selects a higher limit, such as tWo compres 
sion passes, in Which case an additional eighth of the image 
110 is compressed, transmitted, decompressed, interlaced 
With the previous eighth of the image 110 that Was previ 
ously displayed, and resulting in a displayed image that 
represents one-quarter of the original image 110. 
[0050] The neXt step is de?ning a segment 150 of con 
secutive roWs based on the percentage or resolution factor 
154 (step 208). In one embodiment a compression module or 
encoder 114 de?nes the segment 150. In one embodiment, 
the number of roWs in the segment 150 is equal to the 
resolution factor 154. Thus, if the resolution factor 154 has 
a value of 8, then the number of roWs in the segment 150 is 
8. In one embodiment, the encoder 114 chooses the segment 
150 to be the ?rst roWs in the image 110. For eXample, if the 
resolution factor 154 has a value of 8, then the segment 150 
is the ?rst eight roWs in the image 110. In one embodiment, 
the resolution factor 154 is a poWer of 2. In another 
embodiment, the resolution factor 154 is an even number. In 
a further embodiment, the resolution factor 154 is only 
required to be a Whole number. 

[0051] The encoder 114 then determines a starting roW 
162 in the segment 150 (step 212). In one embodiment, this 
is the ?rst roW in the segment 150, but in other embodiments 
of the invention, the starting roW 162 can be any roW in the 
segment 150. 
[0052] Then the encoder 114 selects a plurality of roWs or 
a set of roWs to compress chosen relative to the starting roW 
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162 (step 216). In one embodiment, the selected roWs 158 
are each spaced by a multiple of the resolution factor 154 
from the starting roW 162. 

[0053] In the ?rst pass the encoder 114 determines that no 
roWs have yet been compressed and that the selected roWs 
158, 162 must be compressed (step 220). The encoder 114 
then compresses the ?rst selected roW by a compression 
method (step 224). In one embodiment, the encoder 114 is 
not required to select the ?rst selected roW in the set of roWs 
determined in step 216, but can select any roW to compress 
?rst. 

[0054] If only one compression method is available, then 
the encoder 114 compresses the selected roW using that 
compression method (step 224). If more than one compres 
sion method is available, then the encoder 114 compresses 
the selected roW by the ?rst available compression method, 
or, alternatively, by any compression method that is avail 
able (step 224). If other compression methods are available, 
the encoder 114 then compresses the same selected roW by 
all of the compression methods until all or a subset of the 
available compression methods have been used (steps 228 
and 232). The encoder 114 then compares the results of 
compressing the selected roW by all or a subset of the 
available compression methods (step 236) and determines 
Which method produced the highest compression; that is, the 
shortest compressed roW (step 240). In one embodiment, this 
shortest roW is the resulting compressed roW With the least 
number of bits compared to the number of bits in other 
compressed roWs for the same selected roW. The encoder 
114 then selects and stores the highest compression roW 
(step 240). In one embodiment, the encoder 114 tags each 
compressed line to indicate What compression method Was 
used to compress the line. 

[0055] The encoder 114 then determines if any more roWs 
remain to be compressed in the selected set of roWs (step 
220). If additional roWs remain to be compressed, then the 
encoder 114 repeats steps 220-240 until all of the roWs in the 
selected set of roWs have been compressed. 

[0056] The encoder 114 then determines if the limit (ini 
tially set in step 204) has been reached (step 244). In one 
embodiment, the user selects the limit before vieWing the 
image 110. For eXample, if the user originally requested tWo 
passes at a resolution value of 8 and only one pass has been 
completed, then the encoder 114 continues the compression 
process. Alternatively, the user has vieWed the image 110 
and increased the limit, so that the encoder 114 continues. 
The encoder 114 continues the compression process by neXt 
determining the longest range of not yet compressed roWs in 
the segment 150 (step 248). For eXample, if the resolution 
factor 154 has a value of 8 and the encoder 114 has 
completed one compression pass, then the longest range 
available in the segment 150 is seven roWs. The encoder 114 
then determines if there is only one longest range in the 
segment 150 or tWo or more ranges that are all longest and 
equally long (step 252). If there are tWo or more ranges that 
are all longest ranges, then the encoder 114 selects one range 
as a selected longest range (step 256). In one embodiment, 
this selection is done by selecting the longest range in the 
segment 150 that is closest to the beginning of the segment 
150, or, in an alternate embodiment, selecting the longest 
range in the segment 150 that is closest to the end of the 
segment 150. The method used to select longest range is not 
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required to folloW any rule, and can be chosen by any 
method, including a random selection, so long as one of the 
longest ranges is determined to be a selected longest range. 

[0057] The encoder 114 then determines the middle roW in 
the selected longest range (step 260). For example, if the 
resolution factor 154 has a value of 8 and the longest range 
in the segment 150 is roWs 1-7 of an image 110, then the 
middle roW is roW 4. 

[0058] In one embodiment, the resolution factor 154 has a 
value that is not an even number. For example, if the 
resolution factor 154 has a value of 11 and the longest range 
in the segment 150 is roWs 1-10 of an image 110, then there 
is no single middle roW; that is, either roW 5 or roW 6 could 
be chosen as a middle roW. The encoder 114 can chose either 
roW 5 or 6 as the middle roW, using any method that alloWs 
a choice betWeen roWs 5 and 6 to be made. The encoder 114 
then sets this middle roW as a neW starting roW 162 (step 

264). 
[0059] The encoder 114 selects a neW set of selected roWs 
based on the neW starting roW 162 (step 216), and proceeds 
to compress all the roWs in the set of selected roWs (steps 
220-240). The encoder 114 then determines if the limit has 
been reached (step 244). If not, then the encoder 114 
determines a neW starting roW 162 and neW set of selected 
roWs 158, 162 and compresses them (steps 248-264, then 
steps 216-240). 
[0060] If the limit has been reached (step 244), then the 
encoder 114 passes the compressed roWs, Which represent a 
compressed portion of the original image 110, to a trans 
mitter 118, Which transmits the compressed portion of the 
image 110 via a communications media 122 to a receiver 
134, Which then passes the compressed portion of the image 
110 to a decoder 138, Which decodes and produces a 
displayed image (step 268) The user vieWing the displayed 
image then determines if this image is suf?ciently clear and 
detailed enough to understand it (step 272). If the displayed 
image is not suf?ciently clear, the user can set a neW limit 
on hoW much of the image 110 to be compressed, transmit 
ted, decompressed, and displayed (step 276). Alternatively, 
the user can decide to set a neW limit for other reasons. For 

example, the displayed image may be sufficiently detailed 
for vieWing on a screen, but the user may Want to obtain 
100% of the original image 110 for local storage of it or for 
local printing out of a high quality printout of the image 110. 
The neW limit is then transmitted back to the encoder 114 
(not explicitly shoWn on FIG. 3). The encoder 114 deter 
mines that the neW limit has not been reached (step 244) and 
then repeats the compression process (steps 248-264, then 
steps 216-240) on the same image 10, thus determining a set 
of neW selected roWs 158, 162 that have not been previously 
compressed, and then compresses them. When the neW limit 
is reached (step 244), then the neWly compressed portions of 
the image 110 are transmitted, decompressed, and displayed 
to the user (step 268). The user can then decide Whether a 
sufficient amount of the original image 110 has been trans 
mitted to her to be clear and understandable, and Whether 
she chooses to have further portions of the image 110 
compressed and sent to her (step 272) by selecting a further, 
higher limit (step 276). This process can continue until the 
user is satis?ed or the Whole image 110 is transmitted to her 
(step 280). The process is then complete, unless the user 
chooses a neW image 110 to vieW and starts the process 
again (step 200). 
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[0061] Other embodiments of the invention may imple 
ment the process in more detail. One such embodiment is 
NetVueTM from AccuSoft Corporation, Westborough, Mass. 
The folloWing describes such a particular embodiment. 

[0062] In such an embodiment, the bi-level image 110 
being transmitted is initially kept in an arbitrary digital 
image format. The encoder 114 ?rst loads the image 110 into 
the computer memory and decodes the image 110 from its 
original representation. The internal representation of the 
image 110 being transmitted uses different formats. In one 
embodiment, the image 110 is presented as a set of raster 
lines containing 0’s and 1’s or in some other format, for 
example, in run-ends format. 

[0063] Run-ends format is a type of run-length compres 
sion that compresses data based on the next changing 
column, Which is a column Where a bit in a roW changes 
value. For example, assume the folloWing roW of data: 

Columns: 1 5 11 18 26 
Bits: 00000111111000000011111111000000000 

[0064] The compressed line Would be stored using the 
folloWing values: 5, 11, 18, 26, etc. In the sample line of data 
shoWn above, the ?rst color is assumed to be black or 
background, With a 0 value. If the ?rst color is White, then 
a 0 Would be the ?rst value in the compressed line. Using 
this method, a pixel at a given column number can readily 
be determined to be black or White. In addition, using this 
approach, most image processing algorithms execute more 
quickly. 

[0065] Each given transmission is characteriZed by the 
interlacing factor (ILF), also termed a resolution or spacing 
factor 154. In practice the interlacing factor may have value 
from 2 to 32. In another embodiment, the ILF is a poWer of 
2, as discussed previously. Both the transmitter 118 and 
receiver 134 must knoW the ILF of the image 110 being 
transmitted. 

[0066] Each digital image 110 is a rectangular area of 
pixels (picture elements) de?ned by parameters for Height 
roWs and Width columns. The Height and Width parameters 
are sent by the transmitter 118 to the receiver 134 at an initial 
stage of transmission. 

[0067] The encoder 114 codes the image roWs, and the 
transmitter 118 sends them to the receiver 134 on a roW 
by-roW basis, but the sequence of roWs is not a sequential 
order of roWs in the image 110 but is an interlaced order as 
described beloW. 

[0068] The image data stream 126 that is transmitted from 
the transmitter 118 to the receiver 134 is a sequence of bits. 
In one embodiment, the bit sequences that correspond to 
different roWs are not separated one from another, thus 
alloWing maximal packing of bits. Other embodiments of 
the invention employ roW separators to distinguish Where a 
neW roW begins in the sequence of bits in the image data 
stream 126. 

[0069] The coding of the entire original image 110 
involves several passes through the original image 110. The 
number of passes is equal to the interlacing or spacing factor 
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154. On each pass a portion of the image 110 is coded and 
transmitted. In one embodiment of the invention, the trans 
mission of the image 110 can start in parallel With the 
coding, thus minimiZing delays. In another embodiment of 
the invention, the encoder 114 compresses the entire image 
110 ?rst and then transmits the compressed image using the 
image data stream 126. 

[0070] FIGS. 4 through 11 shoW an example of the 
compression of an image 110 in eight passes. In the example 
shoWn in FIGS. 4 through 11, the ILF is set at a value of 
8. Each roW is indicated by a number and a square in FIGS. 
4 through 11. RoWs that have been compressed and trans 
mitted are shoWn in black. For example, roW 0 is indicated 
by a black box in FIG. 4, Which represents bits in roW 0 that 
have been compressed. On the ?rst pass, the sequence of 
roWs is determined by 0, ILF, 2*ILF, 3*ILF, 4*ILF, . . . etc., 
as shoWn by roWs 0, 8, 16, and 24 in FIG. 4. 

[0071] On each subsequent i-th pass the initial or starting 
roW 162, also termed Ri, is chosen in such a Way that its 
value divides the maximal range of yet unsent roWs into tWo 
approximately equal parts. The sequence of roWs on i-th 
pass is: Ri, Ri+ILF, Ri+2*ILF, Ri+3*ILF, . . . etc. (See also 
the discussion associated With FIG. 3.) 

[0072] FIG. 5 shoWs that additional roWs (4, 12, 20, etc.) 
have been selected for Ri equal to 4 (all roWs selected up to 
this point are colored black). FIG. 6 illustrates that addi 
tional roWs (2, 10, 18, 26, etc.) that have been selected for 
Ri equal to 2. FIG. 7 illustrates that additional roWs (6, 14, 
22, etc.) have been selected for Ri equal to 6. Thus, after the 
?rst ILF/2 passes are done, the encoder 114 has compressed 
and transmitted all the even roWs, but has not compressed 
and transmitted any of the odd roWs. 

[0073] In one embodiment, for the compression and trans 
mission of the second half of the image 110, the order of 
roWs is selected arbitrarily. In another embodiment, to obtain 
the best possible quality of the displayed image on each 
stage of the transmission, the encoder 114 chooses a 
sequence of roWs such that there is a maximal uniform 
distribution of sent and unsent roWs. For instance, this 
distribution is shoWn in the roWs selected in FIGS. 8 
through 11. FIG. 8 illustrates that additional roWs (1, 9, 17, 
25, etc.) have been selected for Ri equal to 1. FIG. 9 
illustrates that additional roWs (5, 13, 21, etc.) have been 
selected for Ri equal to 5. FIG. 10 illustrates that additional 
roWs (3, 11, 19, 27 etc.) have been selected for Ri equal to 
3. FIG. 11 illustrates that additional roWs (7, 15, 23, etc.) 
have been selected for Ri equal to 7. Table 2 summariZes the 
roWs selected in each compression pass. 

TABLE 2 

Compression Pass RoWs Selected 

0, s, 16, 24 
4, 12, 20, 2s 
2, 10, 1s, 26 
6, 14, 22, 30 
1, 9, 17, 25 
5, 13, 21, 29 
3, 11, 19, 27 
7, 15, 23, 31 

[0074] The coding of the each roW involves the folloWing 
steps: 
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[0075] First, each coded roW is pre?xed With the tWo-bit 
tag describing the method of coding used for this roW. The 
possible values are: 

[0076] 00—Group-4 compression using nearest previous 
roW as a reference line 

[0077] 01—Group-4 compression using nearest next roW 
as a reference line 

[0078] 10—Group-3 compression 
[0079] 11—empty roW (1) or uncompressed roW (2) 

[0080] Group 3 and 4 both refer to ITU-T speci?cations 
Which, in one embodiment, may be modi?ed from the basic 
ITU-T speci?cations. In particular, the Group 4 method is 
modi?ed to alloW use of a reference line that is not the 
immediately adjacent line in the uncompressed image 10. In 
other embodiments, any compression method that uses a 
reference line immediately adjacent to the line being com 
pressed may be used if modi?ed to use a nonadjacent 
reference line, as described here for Group 4 coding. 

[0081] The Group 4 compression method is most ef?cient 
When the current line being compressed and the reference 
lines are similar (for example, the black pixels in the tWo 
lines are in the same or almost the same locations). The 
Group 4 compression is ef?cient When applied to text 
images. This occurs due to the shapes of alphanumeric 
characters, With the result that a remote reference line may 
have black pixels in similar locations to the black pixels in 
the current line being compressed. 

[0082] The treatment of the tag set to one-one may vary 
for different images 110. The encoder 114 determines What 
approach to use. The transmitter 118 and receiver 134 should 
agree on the approach to be used at the initial stage of the 
transmission. The transmitter 118 and receiver 134 use a 
packet-based exchange protocol to establish an agreement 
on the approach to be used for the tag set to one-one. For 
images 110 With large White ?elds, the treatment of a tag set 
to one-one as an empty line is more ef?cient. For images 110 
containing a lot of roWs With randomly intermixed White and 
black pixels, treatment of a tag set to one-one as an uncom 

pressed roW is more ef?cient. 

[0083] On coding of each j-th roW, the encoder 114 
performs the folloWing steps: 

[0084] a. If the current coded roW is an empty roW 
and the tag set to one-one is treated as an empty roW, 
then the encoder 114 Writes the tag set to one-one 
into the output stream With no more extra-bits. 

[0085] b. The encoder 114 estimates the bit length B0 
of this roW as it being coded With Group 3 compres 
sion 

[0086] c. The encoder 114 estimates the bit length B1 
of the current roW for coding it With Group 4 
compression using the nearest previous roW that 
already has been coded before as the reference line 
(as a consequence the reference line is already 
knoWn to the decoder 138). The nearest previous roW 
that has already been coded is not necessarily the 
nearest line physically to the encoded line in the 
original image 110. For instance, While coding roW 
12 on pass 2 in the example given above in FIG. 5, 
the encoder 14 uses roW 8 as a reference line. 
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[0087] d. The encoder 114 estimates the bit length B2 
of the current roW for coding it With Group 4 
compression using the nearest neXt roW that already 
has been coded before as the reference line (as a 
consequence the reference line is already knoWn to 
the decoder 138). For instance, When the encoder 114 
compresses roW 12 on pass 2 using Group 4 com 
pression in FIG. 5, the encoder 114 uses roW 16 as 
a reference line. 

[0088] e. If the 11 tag is treated as an uncompressed 
line, then the encoder 14 estimates the original 
(uncompressed) bit length B3 of the current line. 

[0089] f. The minimal value of B0, B1, B2 and B3 is 
chosen. 

[0090] The encoder 114 pre?xes the current roW With the 
tag value, encodes it according to the chosen compression 
scheme, and Writes the compressed roW to the output image 
data stream 126, Which is sent to the receiver 134. Alterna 
tively, the encoder 114 sends the uncompressed representa 
tion of the current roW, if the B3 value is minimal. 

[0091] On pass 1, the B1 bit length is not estimated, and 
the 01 tag never appears in a coded bit stream. 

[0092] In conjunction With using of the ef?cient Group 3 
or 4 coding schemes, this coding method results in progres 
sive image coding With the compression ratios comparable 
With Group 4 ef?ciency. In one embodiment of the inven 
tion, the actual siZe overheads vary for different images 110 
and are typically a percentage in the range of —10% to 20%. 
The actual siZe overhead, Y, means that if an image ?le’s 
original siZe is X, then the total data transmitted is typically 
X+Y. For some images 110 the coding scheme provides an 
even better compression ratio than if only the Group 4 
coding scheme is used. 

[0093] After the image data stream 126 begins to arrive to 
at the receiver 134, the receiver 134 passes this data to the 
decoder 138. The decoder 138 ?rst analyZes the tWo-bit tag 
(00, 01, 10, 11) and determines What compression scheme to 
use for this roW. Then it decodes the current roW according 
to the given compression scheme. 

[0094] On each stage of decompression, the decoder 138 
constructs the displayed image from the decompressed data 
by ?rst de?ning roWs in the displayed image based on the 
roWs that have been transmitted and decompressed. Each not 
yet de?ned roW is assumed to have the same bit values as the 
nearest previous already de?ned roW. For instance, on pass 
1 (see FIG. 4), the decoder 138 assumes roWs 1, 2, 3, 4, 5, 
6, 7 have the same bit values as de?ned roW 0 in the 
displayed image. On pass 2 (see FIG. 5), the decoder 138 
assumes that roWs 1, 2, 3 have the same bit value as de?ned 
roW 0, and roWs 5, 6, 7 have the same bit value as de?ned 
roW 4 in the displayed image, and so on. This alloWs the 
display unit 142 to display a more complete appearing 
loW-resolution image just after pass 1 and/or pass 2 data are 
received. FIG. 12 shoWs such a displayed image. 

[0095] After pass 1 data are sent to the receiver 134, the 
transmitter 118 stops further transmission. In one embodi 
ment, the encoder 114 may continue to code an image 110“in 
advance” of an actual request or transmission. The trans 
mitter 118 continues data transmission only after a request 
for an additional portion of the image 110 is received from 
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the receiver 134. The receiver 134 sends the request to the 
transmitter 118 requesting it to send data from the neXt 
compression pass. The events causing this request may be 
one of the folloWing: 

[0096] The currently received number of roWs is not 
enough to display the image With the resolution 
available for the display unit 142. 

[0097] The displayed image is Zoomed-in. The user 
has enlarged the image to Zoom in on vieWing a part 
of it, and thus Wants a higher level of resolution in 
the displayed image. 

[0098] The user eXplicitly requests image quality 
enhancement for the displayed image. 

[0099] After the receiver 134 receives data from the neXt 
compression pass, the decoder 138 decompresses the data 
and the data is integrated into the currently displayed image, 
thus enhancing the quality of the image. For instance, after 
pass 3 data are received (see FIG. 6), roW 2 is de?ned by 
using the transmitted and decompressed roW 2 bit values 
from the pass 3 data. Then, the decoder 138 assumes that 
roW 1 has the same bit values as previously de?ned roW 0, 
and roW 3 has the same bit values as previously de?ned roW 
2. 

[0100] The process continues until one of the folloWing 
events occur: 

[0101] All data from the original image 110 are 
transmitted, and the vieWed image is displayed With 
the maXimal possible resolution/quality. 

[0102] The user aborts the process of transmission 
being satis?ed With the current displayed image 
quality. In fact, 300 dpi (dots per inch) teXt images 
110 are typically fully readable after 50% of the 
image data are transmitted. 

[0103] The user aborts the process of transmission 
after determining that this image 110 is not the 
desired image. 

[0104] FIGS. 12-16 illustrate a displayed image based on 
progressive transmission of portions of an original image 
110, using an interlacing or spacing factor 154 With a value 
of 16, for one embodiment of the invention. FIG. 12 shoWs 
the displayed image after pass 1 and about 6% of the image 
110 has been transmitted. FIG. 13 shoWs the displayed 
image after pass 2 and about 13% of the image 110 has been 
transmitted. FIG. 14 shoWs the displayed image after pass 4 
and 25% of the image 110 has been transmitted. FIG. 15 
shoWs the displayed image after pass 8 and 50% of the 
image 110 has been transmitted. FIG. 16 shoWs the dis 
played image after pass 16 and 100% of the image 110 has 
been transmitted. As can be seen from these ?gures, a 
recogniZable image may be seen at loW resolution (see FIG. 
13), and a more clear image can be seen at loW to moderate 
resolutions (see FIGS. 14 and 15). 

[0105] Having described the preferred embodiments of the 
invention, it Will noW become apparent to one of skill in the 
art that other embodiments incorporating the concepts may 
be used. It is felt, therefore, that these embodiments should 
not be limited to the disclosed embodiments. 




