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(57) ABSTRACT 

Generation, coding and transmission of an effective video 
form, scalable portrait video. As an expansion to bi-level 
video, portrait video is composed of more gray levels, and 
therefore possesses higher visual quality While it maintains a 
low bit rate and loW computational costs. Portrait video is a 
scalable video in that each video With a higher level alWays 
contains all the information of the video With a loWer level. 
The bandwidths of 2-4 level portrait videos ?t into the band 
Width range of 20-40 Kbps that GPRS and CDMA 1X can 
stably provide. Therefore, portrait video is very promising for 
video broadcast and communication on 2.5 G Wireless net 
Works. With portrait video technology, this system and 
method is the ?rst to enable tWo-Way video conferencing on 
Pocket PCs and Handheld PCs. 
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SYSTEM AND METHOD FOR SCALABLE 
PORTRAIT VIDEO 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional of a prior application Ser. No. 
11/067,554 entitled “SYSTEM AND METHOD FOR 
SCALABLE PORTRAIT VIDEO” ?led on Feb. 25, 2005, 
which was a continuation of a prior application entitled 
“SYSTEM AND METHOD FOR SCALABLE PORTRAIT 
VIDEO” which was assigned Ser. No. 10/302,653 and was 
?led Nov. 22, 2002. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] This invention is directed toward a system and 
method for video compression/decompression. More speci? 
cally, this invention is directed towards the generation, coding 
and transmission of a video form. 

[0004] 2. BackgroundArt 
[0005] Wireless networks have been deployed rapidly in 
recent years. GPRS (General Packet Radio Service) and 
CDMA 1X (Code Division Multiple Access) as 2.5 G solu 
tions to wide area wireless networks are available in increas 
ingly more regions in Europe, North America and Southeast 
Asia. Wireless LAN 802.11 and Bluetooth also compete 
strongly for local area wireless networks. The fast expansion 
of wireless networks calls for rich content and services for 
consumers. However, due to limited channel bandwidths in 
these wireless networks and the weak processing power of 
mobile devices, conventional media contents are dif?cult to 
distribute. 
[0006] Bi-level video [1] is an effective solution for low 
bandwidth mobile video conferencing, where previously 
there did not exist suitable video coding technology for cur 
rent wireless network and mobile device conditions. It was 
observed that although conventional video processing and 
coding technologies such as MPEG1/2/4 [2] and H.261/263 
[3, 4] could also code video for low bit rates, the resultant 
images usually looked like a collection of colorblocks and the 
motion in the scene became discontinuous. The block arti 
facts of these methods originate from the common architec 
ture ofMPEG1/2/4 and H.261/263, i.e. discrete cosine trans 
form (DCT)-based coding. In DCT-based coding, low spatial 
frequency values that represent the “basic colors” of the 
blocks possess high priority. However, in video communica 
tions, facial expressions that are represented by the motions 
of the outlines of the face, eyes, eyebrows and mouth deliver 
more information than the basic colors of the face. Bi-level 
video uses bi-level images to represent these facial expres 
sions, which results in very high compression ratios. Experi 
ments show that at low bandwidths, bi-level video provides 
clearer shape, smoother motion, shorter initial latency and 
much cheaper computational cost than do DCT-based tech 
nologies. Bi-level video is especially suitable for small 
mobile devices such as handheld personal computers (PCs), 
palm-siZe PCs and mobile phones that possess small display 
screens and light computational power, and that work in wire 
less networks with limited bandwidths. 
[0007] In bi-level video, scenes are always represented by 
two colors, usually black and white. Although black and 
white are su?icient to describe the outlines of a scene, the 
visual quality is not very satisfactory. Given that many mobile 
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devices are now able to display at least four levels of gray 
scale, users of a research prototype for mobile video confer 
encing have expressed a desire for improved video that con 
tains more gray values and has better visual quality. With this 
improved video, bit rates must also be kept low. 
[0008] After reviewing existing video technologies that 
cover different bandwidth ranges, it was found that MPEG/ 
H.26x performs well in the bandwidth range greater than 
about 40 Kbps and bi-level video works well in the range of 
10-20 Kbps for quarter common intermediate format (QCIF) 
siZe (e.g., 144 lines and 176 pixels per line). However, the 
visual quality of bi-level video can no longer be improved 
even if greater bandwidth is assigned to it. The task is then 
how to improve the visual quality of bi-level video in the 
bandwidth range of 20-40 Kbps or how to design a new video 
form that can work well in this range. It is very important to 
develop a video form to ?t into the 20-40 Kbps bandwidth 
range because this is the range that 2.5 G wireless networks 
such as GPRS and CDMA 1X can stably provide, although 
the theoretical bandwidths of GPRS and CDMA 1X are 115 
Kbps and 153.6 Kbps, respectively. 
[0009] It is noted that in the preceding paragraphs, as well 
as in the remainder of this speci?cation, the description refers 
to various individual publications identi?ed by a numeric 
designator contained within a pair of brackets. For example, 
such a reference may be identi?ed by reciting, “reference [1]” 
or simply “[1]”.A listing of the publications corresponding to 
each designator can be found at the end of the Detailed 
Description section. 

SUMMARY 

[0010] This invention relates to the generation, coding and 
transmission of an effective video form referred to as scalable 
portrait video. This form of video is especially useful for 
mobile video conferencing. As an expansion to bi-level video, 
portrait video is composed of more gray levels, and therefore 
possesses higher visual quality while it maintains a low bit 
rate and low computational costs. Portrait video is a scalable 
video in that each video with a higher level always contains all 
the information of the video with a lower level. The band 
widths of 2-4 level portrait videos ?t into the bandwidth range 
of 20-40 Kbps that GPRS and CDMA 1X can stably provide. 
Therefore, portrait video is very promising for video broad 
cast and communication on 2.5 G wireless networks. With 
portrait video technology, this system and method is the ?rst 
to enable two-way video conferencing on Pocket PCs and 
Handheld PCs. 
[0011] In the four level embodiment, to generate a portrait 
video frame, the scalable portrait video system and method 
obtains a frame of a video in grayscale format. This frame can 
either be input in grayscale format or can be converted to gray 
scale from a RGB or other color format using conventional 
methods.A ?rst threshold T1 is applied to the grayscale frame 
to generate two partial grayscale images, a ?rst of which, S1, 
has pixels which have values greater than (or equal to in one 
embodiment) the ?rst threshold T 1, and a second of which, S 2, 
has pixels which have values less than said ?rst threshold To. 
A ?rst bi-level image is also generated comprising pixels 
assigned a ?rst binary value if the value of the correspond 
ingly located pixel in the grayscale frame exceeds (or equals 
in one embodiment) T1 and pixels assigned a second binary 
value if the value of the correspondingly located pixel in the 
grayscale frame is less (or equal to in one embodiment) than 
T l. 
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[0012] A second threshold T2, is applied to the ?rst partial 
grayscale image, S1, to generate a second bi-level image 
which has pixels assigned a ?rst binary value if the value of 
the correspondingly located pixel in the ?rst partial grayscale 
image exceeds (or equals in one embodiment) T21 and pixels 
assigned a second binary value if the value of the correspond 
ingly located pixel in the ?rst partial grayscale image is less 
than (or equal to) T21. Likewise a threshold T22 is applied to 
the second partial grayscale image, S2, to generate a third 
bi-level image comprising pixels assigned a ?rst binary value 
if the value of the correspondingly located pixel in the second 
partial grayscale image exceeds (or equals) T22 and pixels 
assigned a second binary value if the value of the correspond 
ingly located pixel in the second partial grayscale image is 
less than (or equal to in one embodiment) T22. It should be 
noted that T2l>Tl and T22<T1. The ?rst, second and third 
bi-level images can then be combined to create a four level 
grayscale video frame representing a frame of the portrait 
video, or the images can be encoded and possibly transmitted 
?rst. 

[0013] In one embodiment, to combine the ?rst, second and 
third bi-level images, an array of two bit elements is created 
where each element corresponds to a different pixel location 
of the bi-level images. In one embodiment the second and 
third bi-level images are combined prior to encoding. The 
elements of the array have a most signi?cant bit taken from 
the associated pixel location of the ?rst bi-level image and a 
least signi?cant bit taken from the associated pixel location of 
the combined bi-level image. Different gray scale levels are 
assigned to each possible element value to create the four 
level grayscale frame. 
[0014] To transmit the encodedbi-level images, if the avail 
able bandwidth is small, approximately 10-20 Kbps in one 
embodiment, then the encoded ?rst bi-level image is trans 
mitted. However, if the available bandwidth is increased, in 
one embodiment to approximately 20-40 Kbps, then the 
encoded second and third bi-level images are transmitted to 
display more grayscale levels than available with said ?rst 
bi-level image alone. Likewise, if an available transmission 
bandwidth is large, then the encoded second and third bi-level 
images are transmitted to display more grayscale levels than 
available with said ?rst bi-level image, and if this bandwidth 
is decreased, then only the encoded ?rst bi-level image is 
transmitted. The encoded second and third bi-level video 
frames may be transmitted by fading them in and out to the 
?rst bi-level video transmission when the available band 
width is changed. 
[0015] As indicated previously, the ?rst, second and third 
bi-level images may all be encoded and potentially transmit 
ted prior to being used to create a portrait video frame. This is 
done in one embodiment using bi-level video coding. In this 
bi-level encoding of each of the ?rst, second and thirdbi-level 
images, for each pixel in raster order: (1) a context is com 
puted and assigned a context number; (2) a probability table 
is indexed using the context number; (3) the indexed prob 
ability is used to drive an arithmetic coder; and (4) the arith 
metic coder is terminated when the ?nal pixel in each respec 
tive bi-level image has been processed. Alternately, the ?rst, 
second and third bi-level images can be encoded by ?rst 
combining the second and third bi-level images by adding the 
pixel values of corresponding pixel locations of these images 
to create a combined bi-level image and then separately 
encoding the ?rst bi-level image and the combined bi-level 
image using a bi-level encoding process. The encoding of the 
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combined bi-level image can be done by, for each pixel in 
raster order: (1) determining whether the correspondingly 
located pixel in the ?rst bi-level image has the ?rst binary 
value or the second binary value; (2) whenever the corre 
spondingly located pixel in the ?rst bi-level image has the ?rst 
binary value, computing a context and assigning context 
number to this context; indexing a probability table using the 
context number; and using the indexed probability to drive an 
arithmetic coder; and (3) whenever the correspondingly 
located pixel in the ?rst bi-level image has the second binary 
value, computing a context and assigning context number to 
said context; indexing a probability table using the context 
number; and using the indexed probability to drive an arith 
metic coder. When the correspondingly located pixel in the 
?rst bi-level image has the ?rst binary value, a value is 
assigned to each context position of the context equal to the 
value of the corresponding pixel location of the combined 
bi-level image, otherwise the second binary value is assigned. 
Likewise, if the ?rst bi-level image has the second binary 
value, a value is assigned to each context position of the 
context equal to the value of the corresponding pixel location 
of the combined bi-level image whenever that pixel location, 
otherwise the ?rst binary value is assigned. 
[0016] In one embodiment of the scalable portrait system 
and method, the ?rst threshold Tl can be set by a user. The 
second threshold T21 and third thresholds T22 are then auto 
matically set to T 1 plus and minus a prescribed number. In a 
tested embodiment this prescribed number was 16. Alter 
nately, these thresholds can be automatically calculated via 
conventional thresholding techniques. In one embodiment 
Ostu’s single thresholding method was applied to the gray 
scale frame to obtain the optimal threshold values for T1, T21 
and T22. 
[0017] The coding of four-level video can be easily 
extended to the coding of multiple-level video. Each partial 
grayscale image of a lower level video canbe divided into two 
smaller partial grayscale images using a threshold. The value 
of each pixel in one smaller partial grayscale image is always 
greater or equal to the threshold and the value of each pixel in 
another smaller partial grayscale image is always smaller than 
the threshold. These smaller partial grayscale images can be 
converted into bi-level images, then be combined and 
encoded using bi-level video coding and ?nally become the 
lowest bit plane of the higher level video, while all the bit 
planes of the lower level video are used as the higher bit 
planes of the higher level video. 
[0018] The multi-level video according to the present 
invention is called portrait video because the coding is 
ordered from outlines to details, and the videos with lower 
levels look like a portrait. Much different from DCT-based 
coding methods, which put ?rst priority on the average colors 
of a scene, portrait video puts ?rst priority on the outline of a 
scene and then adds more details to it if more levels are 

involved. In some sense, portrait video always delivers the 
most important information of a scene for a given bandwidth. 
Portrait video is scalable because each video of a higher level 
always contains all the information of the video of a lower 
level and enhances the lower level videos. 

DESCRIPTION OF THE DRAWINGS 

[0019] The ?le of this patent or application contains at least 
one drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
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vided by the US. Patent and Trademark O?ice upon request 
and payment of the necessary fee. 
[0020] The speci?c features, aspects, and advantages of the 
present invention Will become better understood With regard 
to the following description, appended claims, and accompa 
nying draWings Where: 
[0021] FIG. 1 is a diagram depicting a general purpose 
computing device constituting an exemplary system for 
implementing the invention. 
[0022] FIG. 2 shoWs a grayscale image and its bit planes 
from the highest bit plane at the top to the loWest bit plane at 
the bottom. 
[0023] FIG. 3 depicts the generation of a four-level image. 
[0024] FIG. 4A is a How diagram depicting the process 
actions of creating a four-level video. 
[0025] FIG. 4B is a How diagram depicting hoW to generate 
a 2+1 level video based on a 2i level video. 
[0026] FIG. 5 depicts 4-level grayscale images (Carphone) 
Without (a) and With (b) optimal thresholds. 
[0027] FIG. 6 depicts one frame of a full grayscale video 
and its bi-level and four-level images generated using Ostu’s 
method. 
[0028] FIG. 7 depicts tWo four-level images generated 
using Ostu’s method (a) and our empirical method (b). 
[0029] FIG. 8 depicts (a) The intra template and context 
construction. (b) The inter template and context construction. 
The pixel to be coded is marked With ‘7’. 
[0030] FIG. 9 is a How diagram depicting the process 
actions of encoding a four level video. 
[0031] FIG. 10 depicts the bit streams of multi-level videos. 
[0032] FIG. 11 depicts frames of an 8-level video Without 
(a) and With (b) doWnsampling in the third bit plane. 
[0033] FIG. 12 depicts the bit rates of multi-level videos. 
[0034] FIG. 13 depicts hoW the gray levels of a multi-level 
video can be increased or decreased by one. 
[0035] FIG. 14 depicts the fading in effects in a sWitch from 
a bi-level video to a tri-level video. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0036] In the folloWing description of the preferred 
embodiments of the present invention, reference is made to 
the accompanying draWings Which form a part hereof, and in 
Which is shoWn by Way of illustration speci?c embodiments 
in Which the invention may be practiced. It is understood that 
other embodiments may be utiliZed and structural changes 
may be made Without departing from the scope of the present 
invention. 

1.0 Exemplary Operating Environment 

[0037] FIG. 1 illustrates an example of a suitable comput 
ing system environment 100 on Which the invention may be 
implemented. The computing system environment 100 is 
only one example of a suitable computing environment and is 
not intended to suggest any limitation as to the scope of use or 
functionality of the invention. Neither should the computing 
environment 100 be interpreted as having any dependency or 
requirement relating to any one or combination of compo 
nents illustrated in the exemplary operating environment 100. 
[0038] The invention is operational With numerous other 
general purpose or special purpose computing system envi 
ronments or con?gurations. Examples of Well knoWn com 
puting systems, environments, and/or con?gurations that 
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may be suitable for use With the invention include, but are not 
limited to, personal computers, server computers, hand-held 
or laptop devices, multiprocessor systems, microprocessor 
based systems, set top boxes, programmable consumer elec 
tronics, netWork PCs, minicomputers, mainframe computers, 
distributed computing environments that include any of the 
above systems or devices, and the like. 

[0039] The invention may be described in the general con 
text of computer-executable instructions, such as program 
modules, being executed by a computer. Generally, program 
modules include routines, programs, objects, components, 
data structures, etc. that perform particular tasks or imple 
ment particular abstract data types. The invention may also be 
practiced in distributed computing environments Where tasks 
are performed by remote processing devices that are linked 
through a communications netWork. In a distributed comput 
ing environment, program modules may be located in both 
local and remote computer storage media including memory 
storage devices. 
[0040] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general purpose com 
puting device in the form of a computer 110. Components of 
computer 110 may include, but are not limited to, a process 
ing unit 120, a system memory 130, and a system bus 121 that 
couples various system components including the system 
memory to the processing unit 120. The system bus 121 may 
be any of several types of bus structures including a memory 
bus or memory controller, a peripheral bus, and a local bus 
using any of a variety of bus architectures. By Way of 
example, and not limitation, such architectures include Indus 
try Standard Architecture (ISA) bus, Micro Channel Archi 
tecture (MCA) bus, Enhanced ISA (EISA) bus, Video Elec 
tronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnect (PCI) bus also knoWn as 
MeZZanine bus. 

[0041] Computer 110 typically includes a variety of com 
puter readable media. Computer readable media can be any 
available media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By Way of example, and not limita 
tion, computer readable media may comprise computer stor 
age media and communication media. Computer storage 
media includes both volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information such as computer readable 
instructions, data structures, program modules or other data. 
Computer storage media includes, but is not limited to, RAM, 
ROM, EEPROM, ?ash memory or other memory technology, 
CD-ROM, digital versatile disks (DVD) or other optical disk 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices, or any other 
medium Which can be used to store the desired information 
and Which can be accessed by computer 1 1 0. Communication 
media typically embodies computer readable instructions, 
data structures, program modules or other data in a modulated 
data signal such as a carrier Wave or other transport mecha 
nism and includes any information delivery media. The term 
“modulated data signal” means a signal that has one or more 
of its characteristics set or changed in such a manner as to 
encode information in the signal. By Way of example, and not 
limitation, communication media includes Wired media such 
as a Wired netWork or direct-Wired connection, and Wireless 
media such as acoustic, RF, infrared and other Wireless 
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media. Combinations of the any of the above should also be 
included Within the scope of computer readable media. 

[0042] The system memory 130 includes computer storage 
media in the form of volatile and/or nonvolatile memory such 
as read only memory (ROM) 131 and random access memory 
(RAM) 132. A basic input/output system 133 (BIOS), con 
taining the basic routines that help to transfer information 
betWeen elements Within computer 110, such as during start 
up, is typically stored in ROM 131. RAM 132 typically con 
tains data and/ or program modules that are immediately 
accessible to and/ or presently being operated on by process 
ing unit 120. By Way of example, and not limitation, FIG. 1 
illustrates operating system 134, application programs 135, 
other program modules 136, and program data 137. 

[0043] The computer 110 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. By Way of example only, FIG. 1 illustrates a hard disk 
drive 141 that reads from or Writes to non-removable, non 
volatile magnetic media, a magnetic disk drive 151 that reads 
from or Writes to a removable, nonvolatile magnetic disk 152, 
and an optical disk drive 155 that reads from or Writes to a 
removable, nonvolatile optical disk 156 such as a CD ROM or 
other optical media. Other removable/non-removable, vola 
tile/nonvolatile computer storage media that can be used in 
the exemplary operating environment include, but are not 
limited to, magnetic tape cassettes, ?ash memory cards, digi 
tal versatile disks, digital video tape, solid state RAM, solid 
state ROM, and the like. The hard disk drive 141 is typically 
connected to the system bus 121 through anon-removable 
memory interface such as interface 140, and magnetic disk 
drive 151 and optical disk drive 155 are typically connected to 
the system bus 121 by a removable memory interface, such as 
interface 150. 

[0044] The drives and their associated computer storage 
media discussed above and illustrated in FIG. 1, provide 
storage of computer readable instructions, data structures, 
program modules and other data for the computer 110. In 
FIG. 1, for example, hard disk drive 141 is illustrated as 
storing operating system 144, application programs 145, 
other program modules 146, and program data 147. Note that 
these components can either be the same as or different from 
operating system 134, application programs 135, other pro 
gram modules 136, and program data 137. Operating system 
144, application programs 145, other program modules 146, 
and program data 147 are given different numbers here to 
illustrate that, at a minimum, they are different copies. A user 
may enter commands and information into the computer 110 
through input devices such as a keyboard 162 and pointing 
device 161, commonly referred to as a mouse, trackball or 
touch pad. Other input devices (not shoWn) may include a 
microphone, joystick, game pad, satellite dish, scanner, or the 
like. These and other input devices are often connected to the 
processing unit 120 through a user input interface 160 that is 
coupled to the system bus 121, but may be connected by other 
interface and bus structures, such as a parallel port, game port 
or a universal serial bus (U SB).A monitor 191 or other type of 
display device is also connected to the system bus 121 via an 
interface, such as a video interface 190. In addition to the 
monitor, computers may also include other peripheral output 
devices such as speakers 197 and printer 196, Which may be 
connected through an output peripheral interface 195. Of 
particular signi?cance to the present invention, a camera 163 
(such as a digital/electronic still or video camera, or ?lm/ 
photographic scanner) capable of capturing a sequence of 
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images 164 can also be included as an input device to the 
personal computer 110. Further, While just one camera is 
depicted, multiple cameras could be included as an input 
device to the personal computer 110. The images 164 from 
the one or more cameras are input into the computer 110 via 
an appropriate camera interface 165. This interface 165 is 
connected to the system bus 121, thereby alloWing the images 
to be routed to and stored in the RAM 132, or one of the other 
data storage devices associated With the computer 110. HoW 
ever, it is noted that image data can be input into the computer 
110 from any of the aforementioned computer-readable 
media as Well, Without requiring the use of the camera 163. 

[0045] The computer 110 may operate in a netWorked envi 
ronment using logical connections to one or more remote 
computers, such as a remote computer 180. The remote com 
puter 180 may be a personal computer, a server, a router, a 
netWork PC, a peer device or other common netWork node, 
and typically includes many or all of the elements described 
above relative to the computer 110, although only a memory 
storage device 181 has been illustrated in FIG. 1. The logical 
connections depicted in FIG. 1 include a local area netWork 
(LAN) 171 and a Wide area netWork (WAN) 173, but may also 
include other netWorks. Such netWorking environments are 
commonplace in o?ices, enterprise-Wide computer netWorks, 
intranets and the Internet. 
[0046] When used in a LAN netWorking environment, the 
computer 110 is connected to the LAN 171 through a netWork 
interface or adapter 170. When used in a WAN netWorking 
environment, the computer 110 typically includes a modem 
172 or other means for establishing communications over the 
WAN 173, such as the Internet. The modem 172, Which may 
be internal or external, may be connected to the system bus 
121 via the user input interface 160, or other appropriate 
mechanism. In a netWorked environment, program modules 
depicted relative to the computer 110, or portions thereof, 
may be stored in the remote memory storage device. By Way 
of example, and not limitation, FIG. 1 illustrates remote 
application programs 185 as residing on memory device 181. 
It Will be appreciated that the netWork connections shoWn are 
exemplary and other means of establishing a communications 
link betWeen the computers may be used. 
[0047] The exemplary operating environment having noW 
been discussed, the remaining parts of this description section 
Will be devoted to a description of the program modules 
embodying the invention. 

2.0 Scalable Portrait Video System and Method. 

[0048] In this section the scalable portrait video system and 
method according to the present invention is described. Addi 
tionally, since this system and method builds on bi-level video 
this system and method of generating video is provided by 
Way of background. 

2.1 Background-Generation of Bi-Level Video. 

[0049] One embodiment of the scalable portrait video sys 
tem and method of the present invention employs a bi-level 
video form. A system and method of generating bi-level video 
is the subject matter of a co-pending patent application 
entitled “A System and Process for Broadcast and Commu 
nication With Very LoW Bit-Rate Bi-level or Sketch Video” 
?led on Apr. 28, 2001, Ser. No. 09/844,549. 
[0050] The process of generating bi-level video is preceded 
by obtaining or capturing an input video that Will typically 
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contain both audio and video components. The input video 
can be either a color video or a gray-scale video. The gener 
ating process begins by inputting the aforementioned digi 
tiZed full-color or gray scale video. The input video is then 
split into its audio and video portions. The splitting can be 
accomplished using any conventional audio-video splitting 
method. Typically, the input video Will have been compressed 
using some conventional video compression process. Thus, 
once split, the video portion of the frame, Which constitutes 
image frames of the video, is decompressed if necessary. 
Next, the input video image frames are converted into bi-level 
image frames and compressed using a very loW bit-rate, bi 
level video coding system and process, Which Will be 
described in detail beloW. 

[0051] While the video component of the input video frame 
is being decompressed, and then recompressed, the audio 
component of the frame can be processed concurrently. The 
processing of the audio component of each input video frame 
entails decompressing the audio data if necessary using stan 
dard methods speci?c to the type of audio compression used 
to compress the data. Preferably this decompression Would 
also include a standard noise reduction procedure. The audio 
data is then recompressed. In this case it is preferred that a 
very loW bit-rate audio compression method be employed to 
minimize the amount of data that must be transmitted. Some 
currently available examples of this type of audio noise com 
pression are the HP Mobile Voice, SIPRO ACELPNET, FnG 
MPEG Layer 3, and Microsoft Corporation’s WindoWs 
MediaTM audio codec (version 2) methods. 
[0052] After the video part of bi-level video has been gen 
erated and compressed, and the audio data has been com 
pressed, the audio and video components are synchronized 
and combined to produce a complete bi-level video. Any 
appropriate existing AVI multiplexing technique can be used 
for this purpose, such as AVI Mux in Microsoft DirectMedia 
6.0. The completed bi-level video can be in the form of a 
video ?le or can take the form of a bit stream. The video ?le 
can be used in a broadcast application Where the broadcast of 
the video is to take place sometime after its generation. The 
bit stream form of the video could be used for an immediate 
broadcast application, or for a video communications appli 
cation. It is noted that in the case of the bit stream, the bi-level 
generation process can be vieWed as a sequential process With 
the foregoing actions being performed on each frame or a 
group of frames of the input video. As portions of the overall 
bi-level video are generated, they are transmitted thus creat 
ing the aforementioned bit stream. 
[0053] In order to transmit the bi-level video over a netWork 
to a receiving device, either from a previously generated ?le 
or as a real time bit stream, the video data Will typically have 
to be prepared ?rst using a packetiZing technique applicable 
to the transmission method. For example, if the bi-level video 
is to be transmitted over the Internet, the data Would be 
packetiZed via Internet protocols. 
[0054] In general, the image frame portion of the bi-level 
video mentioned above is generated as folloWs. If the input 
video is a full color video, each frame is converted to a gray 
scale frame using conventional methods. The gray scale 
frames are then input in sequence to the present conversion 
process. Next, the incoming gray scale image frames are put 
through a group of conventional noise reduction ?lters to 
reduce noise. It is then determined Whether the frame under 
consideration is an intra-frame (i.e., I-frame) or an inter 
frame (i.e., p-frame). If the frame is an I-frame, it is processed 
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directly using an adaptive thresholding procedure. Otherwise 
(i.e., the frame is a p-frame), it is compared With its immedi 
ately preceding frame using a static region detection and 
duplication procedure. The static region detection and dupli 
cation procedure entails inputting the gray scale image frame 
(j —1) preceding the p-frame under consideration. In addition, 
a dissimilarity threshold is input. This dissimilarity threshold 
de?nes at What point the difference betWeen a pixel in the 
p-frame under consideration and the correspondingly-located 
pixel in the preceding gray scale image frame is considered 
drastic enough to indicate a change due to movement betWeen 
the frames. For image regions that are Within a dissimilarity 
threshold, each pixel is duplicated from its corresponding 
pixel in the preceding frame, and for pixels of the p-frame 
under consideration that are greater than the threshold, the 
pixel values remain unchanged. Once this process is complete 
the modi?ed p-frame undergoes the aforementioned adaptive 
thresholding procedure. The adaptive thresholding procedure 
is used to calculate a suitable threshold for each image frame. 
This threshold is employed to compute both a bi-level image 
frame and a tWo-dimensional con?dence level array from 
each gray scale image frame, Which are then output. The 
con?dence level array is made up of con?dence level values 
assigned to each pixel location of the frame that are indicative 
of hoW likely each pixel is to be the color indicated by the 
threshold. The con?dence level of each bi-level pixel can be 
simply measured by the difference betWeen the gray-scale 
value of a pixel and the threshold. If the difference falls 
outside a threshold band around the computed threshold value 
for the frame under consideration, then the con?dence level is 
high and a ?rst binary reliability value is preferably assigned 
to the pixel location. The Width of the threshold band is 
inputted for this purpose from a rate control procedure. If, 
hoWever, the aforementioned difference falls Within the 
threshold band, the con?dence level is loWer and a second 
binary reliability value is preferably assigned to the pixel 
location. After that, each frame is compressed by an adaptive 
context-based arithmetic coding technique. If the frame is an 
I-frame, it is coded With an intra-frame template, otherWise it 
is coded With an inter-frame template constructed With 
respect to pixels in the previous frame. To this end, the bi 
level image frame computed for the frame preceding the 
frame under consideration is input. For pixels With their con 
?dence levels Within the threshold band, their bi-level values 
are modi?ed according to the prediction of the context-based 
arithmetic encoding. The result of the adaptive context-based 
arithmetic coding technique is a series of bits representing a 
compressed bi-level image frame. A rate control procedure 
that employs factor adjustment and frame dropping can be 
used to limit the bit rate of the compressed video data output 
to Within a given bandWidth. As a result, When the present 
coding process operates at very loW bandWidths, What is 
reserved in high priority is the outline features of the objects. 
The factors adjusted include the dissimilarity threshold men 
tioned previously, Which is output for use in the static region 
detection and duplication procedure, and the Width of a 
threshold band, Which is output and used in the aforemen 
tioned adaptive thresholding procedure. Finally, the bit 
stream representing the compressed bi-level video frames is 
output. 

2.2 OvervieW of Scalable Portrait Video 

[0055] A better approach to providing a video technology 
that Works Well in both the 10-20 Kbps and 20-40 Kbps 
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bandwidth ranges is a scalable video approach. Given a small 
bandwidth (e.g., of about 10-20 Kbps) the previous bi-level 
video is employed; if the available bandWidth increases (e.g., 
to about 20-40 Kbps), then more grayscale levels are 
smoothly added to the previous bi-level video. The ?nal result 
is that greater bandWidths are utiliZed When available With 
more grayscale levels displayed. 
[0056] An intuitive solution to getting more grayscale lev 
els into video is to code each bit plane of a grayscale video in 
turn. FIG. 2 shoWs a grayscale image and its bit planes from 
the highest bit plane at the top to the loWest bit plane at the 
bottom. As can be seen, in those loWer bit planes, the images 
appear like noise. It is very dif?cult to compress such noisy 
images. An image can be effectively compressed if it is regu 
lar. In arithmetic coding, if the value of a pixel can be pre 
dicted Well, it can be coded Well. HoWever, the prediction 
quality of a pixel value depends on the regular distribution of 
its context, ie its neighbor pixels. Noise is not regular. In 
addition the ef?ciency of the approach in Which all the bit 
planes are coded separately for a full grayscale image 
sequence Will be much loWer than that of a DCT-based coder, 
in Which only residuals of an image sequence are coded. 
Multi-level video coding and DCT-based coding Will be com 
pared in Section 2.4. The bit-plane approach is applicable 
only if it is applied to limited numbers of bit planes. 
[0057] Another approach to getting more grayscale levels is 
based on multiple divisions. If a threshold is used to convert a 

grayscale image (FIG. 3(a)) into a bi-level image (FIG. 3(d)), 
the threshold actually divides the original grayscale image 
into tWo parts: one part consisting of all the pixels With 
grayscale values greater than or equal to the threshold (FIG. 
3(b)), and the other part consisting of all the pixels With 
grayscale values less than the threshold (FIG. 3(c)). Their 
histograms are shoWn at the left. The remaining areas in 
FIGS. 3(b) and (c) are marked by red. If tWo bits are available 
for each pixel of the ?nal image, it Would be possible to 
further detail both the brighter and darker areas of the bi-level 
image (FIG. 3(d)) With tWo gray levels respectively. This can 
be realiZed by using a higher threshold to divide FIG. 3(b) into 
tWo parts: FIG. 3(e) and FIG. 3(f), and using a loWer threshold 
to divide FIG. 3(c) into tWo parts: FIG. 3(g) and FIG. 3(h). 
The remaining areas in FIG. 3(e), (f), (g) and (h) are also ?lled 
by red. The resultant bi-level images are FIG. 3(1) and FIG. 
30), respectively. The ?rst bit plane of the four-level image 
(FIG. 3(l)) is exactly the bi-level image FIG. 3(d). In the 
second bit plane (FIG. 32(k)) of the four-level image, for each 
pixel that is located in the brighter area of FIG. 3(d), its second 
bit value is equal to the binary value of the pixel in FIG. 3(1), 
and for each pixel that is located in the darker area of FIG. 
3(d), its second bit value equals the binary value of the pixels 
in FIG. 3( ). 
[0058] A process for creating and transmitting a scalable 
portrait video is shoWn in FIG. 4A. Initially, a frame of a video 
in RGB is input (process action 402A). This RGB frame is 
converted to a frame in grayscale format (process actions 
404A and 406A). A threshold T1 is then used to convert the 
frame in grayscale to a frame in bi-level video format to 
obtain the ?rst bit plane of a four level video (process actions 
408A, 410A). TWo thresholds, T21 and T22, T2l>Tl and 
T22<T1, are applied to the tWo parts of the grayscale image, S 1 
and S2 When divided by the principal threshold T1, to obtain 
tWo parts of the secondbit plane images of the four level video 
(process actions 412A, 414A, 416A) Which are combined 
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(process action 418A). Once encoded these parts Will become 
the tWo bitstreams of a four-level video. 
[0059] After revieWing the traditional 256-level grayscale 
representation of a grayscale image, it Was found that it is 
actually the result of a procedure that divides the image With 
a threshold of 128, and then further divides the divided parts 
of the image With thresholds of 192 and 64 respectively, and 
so on. The difference betWeen the traditional 256-level gray 
scale representation of an image and the bi-level and four 
level representations is that the traditional representation 
alWays uses 128 as the threshold of the ?rst division, 192 and 
64 as the thresholds of the second division, and so on, but the 
system and method according to the present invention may 
not. It is obvious that these threshold values may not be 
optimal. The ?rst problem that needs to be solved in repre 
senting an image With one bit plane is hoW one can choose the 
most suitable threshold to divide the original image into tWo 
parts that result in a good bi-level image. Also, if one is 
representing an image With tWo bit planes one must ascertain 
hoW to choose three suitable thresholds to divide the image 
into four parts that result in a good four-level image, and so 
on. 

[0060] As described previously, the second bit plane (e.g. 
FIG. 3(k)) of a four-level video consists of tWo parts: one part 
consisting of pixels of the bi-level image (FIG. 3(i)) generated 
using the higher threshold; the other part consisting of pixels 
of the bi-level image (FIG. 3(j)) generated using the loWer 
threshold. Which pixel of the tWo bi-level images contributes 
to the second bit plane is determined by the binary value of the 
pixel in the ?rst bit plane (FIG. 3(d)). Although the second bit 
plane (FIG. 3(k)) appears complex, its components, FIG. 3(1) 
and FIG. 3(]') are relatively simple. They are actually bi-level 
images that are converted from the original image With a 
higher threshold and a loWer threshold respectively. So it can 
be seen that the coding of the loW bit plane of a four-level 
video is just the combination of the coding of tWo mutually 
exclusive bi-level video parts With their thresholds to be cho 
sen at a higher and a loWer values respectively. In addition, 
one does not need to spend extra bits to describe the regions of 
the video parts since they are de?ned by the ?rst bit plane of 
the four-level video. This means that the coding of the loW bit 
plane of a four-level video is as easy as the coding of the high 
bit plane. The same principles can be extended to more bit 
planes of a multi-level video (FIG. 4B). 
[0061] Suppose that one has already converted a grayscale 
video into a 2i level video, Where i is a positive integer (pro 
cess actions 402B and 404B). In each frame, the Whole image 
is divided into 2i-l partial images (process action 408B). In 
order to generate 2i+1 level video, each of the 2i“l partial 
images is further divided into 2 smaller partial images (pro 
cess action 410B) and each resultant smaller partial image is 
converted into a bi-level image (process action 412B). These 
bi-level images can be combined into one bi-level image and 
be encoded With considering the loWest bit plane of the 2i 
level video (process action 414B). So the highest i bit planes 
of each frame of the 2i+1 level video come from all the i 
bitplanes of each frame of the 2i level video (process action 
406B) and the loWest bit plane of each frame of the 2i+1 level 
video comes from the above combined bi-level image (pro 
cess action 414B). If not all the partial images of a 2i level 
video are divided into 2 smaller partial images, the number of 
level of the resultant video can be between 2 and 21'“. 
[0062] The advantage of the above multi-level video cod 
ing is that the transmission of more bit planes alWays results 
in the enhancement of the visual quality of the loWer level 
video. For example, if one uses a bi-level video to start, then 
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one Wants to switch to four-level video as more bandwidth is 

available, one needs to only to keep the bi-level video coding 
for the ?rst bit plane and start coding the second bit plane for 
the four-level video. If a client receives the bit stream of the 
second bit plane of the four-level video, then users can see the 
brighter part of the original bi-level video as having tWo 
grayscale levels, as does the darker part. If the bit stream of 
the second bit plane is lost during transmission, the client can 
still display a bi-level video using the bit stream of the ?rst bit 
plane of the four-level video. Moreover, since the ?rst bit 
plane of a four-level video is just the original bi-level video, it 
is possible to fade in the second bit plane so that a smooth 
transition can be reached. The same fading method can be 
extended to sWitching betWeen arbitrary levels of video. The 
property that a video With a higher level alWays contains all 
the information of a video With a loWer level exactly indicates 
scalability of the video. 
2.3 HoW to Express an Image into Given Gray Levels 
[0063] One of the core problems in multi-level video gen 
eration is hoW to express an image using given gray levels. 
The problem is meaningless if the target number of gray 
levels approaches 256, i.e. full grayscale levels. HoWever, if 
the number of gray levels is about 2, or 4, the effects are very 
obvious as shoWn in FIG. 5. Besides bandWidth consider 
ations, this issue also has a practical impact in that many 
mobile phone screens are in 4-level grayscales. 

[0064] As indicated earlier, the basic approach to express 
ing an image using given grayscale levels is thresholding. If 
one Wants to convert a grayscale image into a bi-level image, 
only one threshold is needed. If one Wants to express an image 
in multiple levels, multiple thresholds are needed. 
[0065] Image thresholding methods are popular techniques 
in image segmentation. They can be classi?ed into nonpara 
metric approaches (usually solving an optimal problem on 
some criteria) and parametric approaches, based on the math 
ematical methods they use. Among methods that use only the 
gray-level distribution of an image, Ostu’s BetWeen-class 
variance method [5], Entropy methods [6, 7], and the Mini 
mum error method [8] are typical nonparametric methods, 
and the Moment-preserving method [9] is a typical paramet 
ric method. The most famous methods that use local spatial 
features are tWo-dimensional thresholding methods [10, 11] 
and a multi-dimension method [12]. While any thresholding 
method could be adopted for use in the present scalable por 
trait video system process, tested embodiments employed in 
Ostu’s BetWeen-class variance method [5] because it is supe 
rior in its uniformity measure and shape measure for most 
types of images [13]. Ostu’s method essentially chooses the 
optimal thresholding values to maximiZe variances betWeen 
gray level classes. 
[0066] Suppose it is desired to convert an image With L 
(usually 256) gray levels into M(<L) gray-levels. Let b1, b2 . 
. . bM be the principal gray-levels and let f (x,y) denote the 
gray level of the pixel in position (x,y). If the multi-threshold 
value vector is (Tl . . . TM_l), the multi-thresholding proce 
dure is as folloWs: 

f7(x,y):bi, iff(x,y)eCl-,i:1, 2, . . . M. (1) 

Where the M gray level ranges are: 
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The probability of the gray level i is: 

(3) 

Where fl- is the frequency that the gray level i occurs in the 
image, N is the total number of pixels in the image. So the 
probability distributions for M gray level classes are 

L 
M(i), 

Where 

The betWeen-class variance of the M classes is de?ned using 
discriminant analysis: 

M (5) 
0% = worm) — 1M2, 

Where the total gray level expectation 

#T = in» (6) 

and the ith gray level range expectation 

(7) 

The optimal thresholds vector is selected by maximiZing 052 

(T1 - - -TMi1):AIg Maxiczg} (8) 

[0067] The time consumed for exhaustive search in the 
threshold vector space increases as O(LM_1). So the multi 
thresholding method is very time consuming if M is large. 
Liao et al. [14] utiliZed a recursive algorithm and a look up 
table to accelerate Ostu’s method and has avoided a large 
amount of repeated calculations. 
[0068] FIG. 6 shoWs one frame of a full gray scale video 
(Salesman) and its bi-level and four-level images generated 
using Ostu’s method. For the sake of scalability, in four-level 
video, instead of using Ostu’s multiple thresholding method, 
Ostu’s single thresholding method Was recursively used on 
the image and its divided parts, i.e. ?rst Ostu’s single thresh 
olding method Was used on the Whole image to get a threshold 
for the generation of the ?rst bit plane, then Ostu’s single 
thresholding method Was applied to tWo divided parts of the 
image respectively. For 2 level video (Where @3), thresholds 
are determined by equal subdivision beginning With the third 
bit plane. The above method as an automatic threshold gen 
eration method is useful for the conversion of large video 
clips into a given number of grayscale levels. 
[0069] In video communications, although the threshold 
calculated by an automatic thresholding method may be opti 
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mal to the Whole scene, it may not be optimal to the face that 
is paid the most attention to. In these cases, users are allowed 
to ?ne tune the threshold. While it is easy for a user to adjust 
one threshold in a bi-level video, it has been shoWn that the 
user can also adjust multiple thresholds in a multiple-level 
video. For bi-level videos, users are alloWed to adjust one 
threshold. For four-level videos, after a large amount of 
experiments on faces of different races and With different 
lighting conditions, an empirical method to adjusting the 
thresholds Was found. The method is that users are alloWed to 
adjust the threshold of the ?rst bit plane, called the principal 
threshold, of a four-level video, and then the higher threshold 
and the loWer threshold for the second bit plane are alWays set 
as the principal threshold plus and minus a prescribed num 
ber, 16 in a tested embodiment of the present invention. As 
shoWn in FIG. 7 the visual quality of a four-level image that is 
generated using the empirical method (b) of the system and 
method according to the present invention is better than that 
generated using Ostu’s method (a). 

2.4 Four-Level Video Coding 

[0070] Four-level video coding is actually a combination of 
bi-level video coding. First, the coding process of bi-level 
video is brie?y revieWed (please refer to [1] for details). In the 
coding stage of a bi-level video, each binary pixel is coded in 
raster order. The process for encoding a given pixel is: (a) 
computing a context number; (b) indexing a probability table 
using the context number; and (c) using the indexed probabil 
ity to drive an arithmetic coder. When the ?nal pixel has been 
processed, the arithmetic code is terminated. 
[0071] Each frame can be compressed With a context-based 
arithmetic encoder (CAE) in intra or inter mode. Both modes 
result in the generation of a single binary arithmetic code 
Word. The various coding modes are characterized by their 
context computation and the probability table used. 
[0072] In this module, the same template and context con 
struction scheme as those in MPEG4 are applied. In detail, for 
intra coded frames, a 10-bit context 

is built for each pixel as illustrated in FIG. 8(a). And for inter 
coded k frames, temporal redundancy is exploited by using 
pixels from the previous frame to make up part of the context. 
Speci?cally, a 9-bit context 

is built as illustrated in FIG. 8(b). When building contexts, 
any pixels to the left of or above the bounding box of the 
current frame are assumed to be Zero. In the coding of four 
level video, the coding of the ?rst bit plane (as in FIG. 3(d)) is 
just the same as the coding of a bi-level image sequence. The 
threshold is chosen using methods described in Section 2.3. 
As indicated previously, the second bit plane (as in FIG. 3(k)) 
is the combination of the tWo images created by applying T 1 
to the original image using image sequences (as in FIG. 3(1') 
and FIG. 3(]) that are generated from the original image With 
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a higher threshold and a loWer threshold respectively. These 
thresholds are applied to the tWo parts of the grayscale image 
respectively to produce the tWo parts of the second bil . plane. 
Suppose T l is the threshold for the ?rst bit plane, i.e. the 
principal threshold. T 1 divides the grayscale image f(x,y) into 
tWo parts: S1 and S2 

Suppose T2, is the threshold applied to S 1 for the generation of 
part of the second bit plane of the four-level video, and T22 is 
the threshold applied to S2 for the generation of the other part 
of the second bit plane. Assume that b(x,y)l. is an array of 
tWo-bit elements that is used to record the resultant four-level 
image Where i:1 corresponds to the ?rst bit plane and i:2 
corresponds to the second bit plane. The feature of the coding 
of the second bit plane b(x,y)2 of a four-level video is that 
When a pixel (x,y) is coded, it is necessary to ?rst determine 
Whether it belongs to S 1 or S2. Its context for the intra or inter 
template should consist of pixels in the corresponding bi 
level image (as in FIG. 3(1)) derived from S1 or the corre 
sponding bi-level image (as in FIG. 3(/')) derived from S2. 
Only by this can the compression of the second bit plane of a 
four-level video be made as simple as that of the ?rst bit plane. 
The algorithm for calculating the context of the intra or inter 
template of pixel (x,y) is as folloWs: 

Ifb(x, y)1 = 1, i.e. f(x, y) 2 T1, i.e. (x, y) 6 S1 
For each pixel (u, v) in the intra or inter template of (x, y) 

If b(u, v)1 = 1 
The binary value of (u, v) in the template c(u, v) = b(u, v)2 

Else 
c(u, v) = 0 

End if 
End for 

Else 
For each pixel (u, v) in the intra or inter template of (x, y) 

If b(u, v)1 = 0 
c(u, v) = b(u, v)2 

Else 
c(u, v) = 1 

End if 
End for 

End if 

[0073] Thus, as outlined in FIG. 9, the second bit plane is 
encoded as folloWs. As mentioned previously, and image 
frame in grayscale in input into the threshold selection pro 
cess (process action 902). Every pixel location in the frame is 
checked to see if the value of the pixel in the ?rst bit plane of 
the converted video is equal to one (process action 904). If it 
is so, each pixel (u,v) in the intra or inter template of (x,y) is 
checked to see if the value b(u,v) of the pixel (u,v) in the ?rst 
bit plane of the converted four-level video:1 (process action 
906). If this not so, the value c(u,v) of the context at (u,v) in 
the template:0 (process action 908). If it is so, the value c(u,v) 
of the context at (u,v) in the template is set equate to the value 
b(u,v)2 of the pixel (u,v) in the second bit plane of the con 
verted four-level audio (process action 910). The pixel is then 
compressed by bi-level video coding using threshold T2 l>Tl 
(process action 912). 
[0074] Referring back to process action 904, if the ?rst bit 
plane of the converted four-level video is not equal to one, 
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each pixel (u,v) in the intra or inter template of (x,y) is 
checked to see if the value b(u,v) of the pixel (u,v) in the ?rst 
bit plane of the converted four-level video:0 (process action 
914). If this not so, the value c(u,v) of the context at (u,v) in 
the template:1 (process action 918). If it is so, the value c(u,v) 
of the context at (u,v) in the template is set equate to the value 
b(u,v)2 of the pixel (u,v) in the second bit plane of the con 
verted four-level audio (process action 916). The pixel is then 
compressed by bi-level video coding using threshold T22<Tl 
(process action 920). 
[0075] As an effective bit rate reduction method in bi-level 
video coding, a threshold band is also applied in each coding 
process of a four-level video. For pixels With their gray levels 
Within the threshold band, their bi-level values can be modi 
?ed according to the prediction of the adaptive context-based 
arithmetic encoding. 

TABLE 1 

THE BIT RATES OF THE SECOND BIT PLANES OF SOME 
TESTING VIDEO CLIPS USING AN INTUITIVE METHOD AND THE 

SCALABLE PORTRAIT VIDEO METHOD. 

Scalable 
Portrait 
Video 

Video Intuitive Method 
name method (bps) (bps) Reduced 

Akiyo 13030 11591 11.0% 
Salesman 25082 21688 13.5% 
Missbm 14523 12684 12.7% 

[0076] Table 1 shoWs the bit rates of the secondbit planes of 
some standard testing video clips using an intuitive method 
and the scalable portrait video system and method. In the 
intuitive method, the context for the intra or inter template of 
a pixel in context-based arithmetic coding is retrieved only 
from the current bit plane While in the scalable portrait video 
method, the context is determined With taking into account its 
preceding bit planes as described above. The scalable portrait 
video method reduces the bit rates of the second bit planes by 
about 11-13%. The reduction Will be more signi?cant in 
videos With more levels. 

TABLE 2 

THE BIT RATE OF EACH BIT PLANE IN FOUR-LEVEL VIDEOS 

First bit Second bit 
Video plane plane 
Name (bps) (bps) Ratio 

Akiyo 7148 11591 1.62 
Salesman 14693 21688 .48 
Missbm 7336 12684 .73 

[0077] Table 2 shoWs the bit rates of each bit plane in a 
four-level video generated by the scalable portrait video sys 
tem and method. Surprisingly, the total bit rate of the second 
bit plane is about 1.4-1.7 times of that of the ?rst bit plane. 
Intuitively, since the bit stream of the second bit plane (as in 
FIG. 3(k)) is the combination of the bit streams from mutually 
exclusive regions in tWo bi-level videos (as in FIG. 3(1) and 
FIG. 3(/')) and the total area is the same as that of the ?rst bit 
plane, the bit rate of the second bit plane should be almost the 
same as that of the ?rst bit plane. In order to investigate this 
phenomena, bit rates from different regions of the tWo bi 
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level videos Were counted. The signi?cant region Was de?ned 
as the region in the tWo bi-level videos that contributes bits to 
the second bit plane of the four-level video, e. g. the region in 
FIG. 3 (i ) marked by brighter pixels in FIG. 3 (d) and the region 
in FIG. 30) marked by darker pixels in FIG. 3(d). The insig 
ni?cant region Was de?ned as the region in the tWo bi-level 
videos that does not contribute bits to the second bit plane of 
the four-level video, eg the region in FIG. 3(i) marked by 
darker pixels in FIG. 3(d) and the region in FIG. 3(/') marked 
by brighter pixels in FIG. 3(d)). The bit rates of signi?cant 
regions and insigni?cant regions in the bi-level videos (as in 
FIG. 3(1) and FIG. 3(1)) of the Akiyo video clip are shoWn in 
Table 3. The sum of the bit rates of the signi?cant regions in 
the tWo bi-level videos is exactly the bit rate of the second bit 
plane of the four-level video. In this table, it is found that the 
bit rates of the signi?cant regions are much higher than that of 
the insigni?cant regions While the total bit rate (list at the third 
column of the table) of each bi-level video is similar to that of 
the ?rst bit plane of the four-level video (see Table 1). The 
reason is that the values of the pixels in the insigni?cant 
region can be determined from the ?rst bit and are equal to a 
same value (0 in FIGS. 3(1) and 1 in FIG. 30)), While the 
signi?cant region possesses higher complexity and accumu 
lates most of the entropy of the image. Since the second bit 
plane collects the complexity of both of the bi-level videos, it 
consumes more bits. 

TABLE 3 

THE BIT RATES OF SIGNIFICANT AND INSIGNIFICANT REGIONS 
IN THE TWO BI-LEVEL VIDEOS OF AKIYO VIDEO CLIP 

Signi?cant Insigni?cant 
region region Sum 

Bi-level video With higher 5791 1267 7058 
threshold 
Bi-level video With loWer 5800 1342 7142 
threshold 

Sum 11591 2609 14200 

[0078] After careful study, it Was found that the bit rate of 
the second bit plane can be further reduced. As shoWn in FIG. 
3, When the tWo bi-level image sequences of the second bit 
plane Were coded, the possibility table actually is trained 
using both the signi?cant region and insigni?cant region. 
While the signi?cant region characterizes the features of the 
image content, the insigni?cant region dilutes it. Therefore 
the resultant possibility tables are not ef?cient. By only train 
ing the tables on the signi?cant regions, the resultant bit rates 
Were reduced by about 4-7% (see Table 4). 

TABLE 4 

THE IMPROVEMENT OF THE BIT RATES OF THE SECOND BIT 
PLANE 

On the 
On the Whole signi?cant 
page image region only 

Video name (bps) (bps) Reduced 

Akiyo 11591 11012 5.0% 
Salesman 21688 20696 4.6% 
Missbm 12684 11771 7.2% 








