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(57) ABSTRACT 

A method and apparatus for digitizing and compressing video 
signals for transmitting the signals between a remotely 
located computer and a host or local computer. The digitiza 
tion and compression method and apparatus is capable of 
dividing frame buffers into cells and comparing image data 
from previously captured frame buffers to create synchro 
nized video signals and transmit the video signals over an 
extended range by limiting the portions of the transmission 
bandwidth of pixel data transferred between the remote com 
puter and the local computer. In an alternate embodiment of 
the present invention, a keyboard Video mouse Switch is dis 
posed between the remotely located computer and the local 
computer. 
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METHOD AND APPARATUS FOR 
DIGITIZING AND COMPRESSING REMOTE 

VIDEO SIGNALS 

TECHNICAL FIELD OF THE INVENTION 

0001. The present invention is directed generally to the 
field of the compression and digitization of analog video. 
More particularly, this invention relates to a method of effec 
tively digitizing and compressing the video output of a com 
puter such that it may be monitored and controlled from a 
remote location. 

BACKGROUND OF THE INVENTION 

0002 The trend towards distributed computing, coupled 
with the pervasiveness of the Internet, has led to a decentrali 
Zation of resources, such as files and programs, for users and 
system administrators. As this trend of decentralization con 
tinues, user information and data has the potential of being 
stored on servers and computers remotely located all over the 
world. As this decentralization expands, system administra 
tors have the task of monitoring and updating computers 
spread over great distances. The task of monitoring and main 
taining these computers is physically trying, if not impossible 
without a method of easily accessing and controlling the 
remotely located computers. 
0003. To this end, hardware and software solutions have 
been developed which allow users to access and control com 
puters remotely. Early solutions included software programs 
that allowed text based control of remotely located comput 
ers. An example of this would be a user running a telnet 
program on a simple Windows-based computer to access files 
and run programs on a UNIX server. In this implementation, 
a telnet server or "daemon' is installed and started on the 
UNIX server. The daemon continually runs on the machine 
searching for and responding to new requests. A user wishing 
to access information on that machine starts a telnet client 
program which allows the user to issue a request to the dae 
mon. After verification of the user's identity, the user has 
access to all of or a portion of the information on the accessed 
remote computer. The method is useful, but in many instances 
has limitations and many drawbacks. 
0004 For example, in a Windows-based computer with a 
telnet operation, the telnet access is dependent upon the 
server not crashing and continually running the telnet dae 
mon. If the server fails, crashes, or stops this daemon, a 
system administrator must physically restart the remote com 
puter or the daemon on-site. Thus, this scheme is reliant on 
both a robust server and a robust daemon. Furthermore, the 
telnet programs are normally limited to text. 
0005 More advanced software programs have been devel 
oped that allow for graphical user interfaces and greater 
degrees of control. Examples include Windows(R XPR) 
remote desktop, and common PCAnywhere R programs. In 
many of these solutions, the user can control and view the 
remote computer, as if it were local, with full control of the 
mouse and keyboard. However, like the telnet scheme, these 
Solutions rely on Software running on both the client com 
puter and the server computer device. Specifically, the server 
has a daemon program similar to the daemon used in the telnet 
scheme. If the daemon fails, the local computer will lose 
control of the remote computer. Like the telnet solution, these 
graphical Solutions still rely on Software and are thus faced 
with substantial limitations. 
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0006 Another major drawback of these software solutions 
is the consumption of processing power on the remote com 
puter. Specifically, the daemon program requires resources 
Such as memory and microprocessor execution time from the 
server. In addition, once the connection is established, these 
Solutions normally use the remote computer's existing 
modem or Internet connection. Thus, these Software solutions 
consume a substantial portion of the bandwidth available to 
the server. Both the bandwidth consumption and the power 
consumption can severely degrade the performance of the 
SeVe. 

0007. In addition, the server software does not allow the 
system administrator full access to the remote computer at all 
times. For example, while the computer is rebooting and 
starting the operating system, the daemon program is not 
running. Therefore, the system administrator does not have 
access to the server during these periods. This is a major 
pitfall especially if the system administrator wishes to view or 
edit BIOS settings or view the server restart. 
0008 To avoid the aforementioned pitfalls of these soft 
ware solutions, system administrators use hardware solutions 
which are less reliant on the remote server in order to func 
tion. For example, keyboard, video, and mouse (“KVM) 
switches have been developed that allow a single keyboard, 
Video, and mouse to control multiple computers. The com 
puters are often remotely located from the user or system 
administrator's computer (i.e., the local computer). These 
Switches route the keyboard and mouse signals of the user 
computer to one of the remotely located computers chosen by 
the user. Similarly, the video output of the chosen computer is 
routed to the attached local monitor. Generally the user is able 
to Switch to any of a series of remote computers. 
0009. A KVM switch is useful for many reasons. For 
example, if a user has many computers, and wants to save 
space or cost by eliminating extra mice, keyboards, and moni 
tors for each remote computers. The cost and space saving 
technique is very practical in many environments including 
server-farms and web-hosting facilities where space con 
straints are crucial. 
0010. Additional hardware solutions include intermediate 
routers and cables that increase the distance that may separate 
a user and a remote computer. These solutions can also 
increase the number of computers a user may control with one 
keyboard, monitor, and mouse. However this network is sepa 
rate from existing LANs and Internet connections and may be 
hampered by a distance limitation. 
0011. The KVM switches have advantages over software 
Solutions because they are not reliant upon the remote com 
puter to function. If a system administrator needs to control 
and view a computer during “bootup' or to fix a problem with 
BIOS, the user can accomplish this via a remote keyboard, 
mouse and monitor linked via a KVM switch. Conversely, 
this would not be possible with a software solution. 
0012. Further, the KVM switch does not use processing 
power on the remote computer. From the point of view of both 
the controlled computer and the local computer, it is as if the 
Video, mouse and keyboard are directly connected to the 
remote computer. Thus, no additional resources on the host 
computer are consumed. 
0013 Further, it is easier to make KVM switches that are 
operating system and machine independent. As long as the 
KVM ports are compatible with the keyboard, video and 
mouse connections, and with the output/input ports of the 
target computer, any KVM switch can be used, regardless of 
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the operating system. With Software solutions, a separate 
version of the software is generally needed if the user must 
control a variety of computers with a variety of operating 
systems. 
0014. Although KVM switches greatly improve the con 

trol of remote units, generally KVM switches rely on direct 
connections for sending signals from the host computer to the 
keyboard, video, and mouse that degrade over distances. For 
example, after a certain distance, the signal degradation 
affects the quality of the video signal transmitted. Therefore, 
if a system administrator or user needs access to a computer, 
the user still has to be within a certain distance of the com 
puter. 
0015. In order to circumvent this transmission quality deg 
radation over extended distances a KVM switch whereby the 
keyboard, video, and mouse signals are sent over standard 
Internet protocols or telephone connections maybe utilized. 
This allows any Internet or modem enabled device with a 
keyboard, video and mouse to control a remote computer 
regardless of the physical distance between a user computer 
and a remote device. 

0016. However, it has been proven in the art that the cre 
ation of Such a system is much more difficult to implement 
than a direct wired KVM switch. In order to send video, 
keyboard, and monitor signals using a protocol Such as those 
used on the Internet (e.g. TCP/IP, UDB) such analog signals 
must first be converted to digital signals. The digital signals, 
in uncompressed form, require a large bandwidth to be trans 
mitted in near real-time. Generally, even high-speed connec 
tions such as cable and DSL are incapable of accommodating 
Such bandwidth requirements. Furthermore, a majority of 
home users still connect to the Internet via a modem with 
further bandwidth limitations. Therefore, in order for such a 
device to be useful in these situations, the analog outputs of 
conventional monitors must be both converted to a digital 
signal and compressed. 
0017 Video compression takes advantage of the redun 
dancies in video signals, both between Successive frames of 
video, and within each individual frame. The transmission of 
a video signal from a computer monitor output generally has 
large amounts of both spatial and interframe redundancies. 
For example, in a near idle computer, the only change 
between successive frames of video might be the blinking of 
a cursor. Even as a user types a document, a majority of the 
screen does not change over periods of time. 
00.18 Existing video compression standards are designed 
for common video applications. Generally, these compres 
sion systems are inappropriate for KVM switch application, 
since these systems do not take into account specific KVM 
architecture. There exists a need in the art for a specialized 
KVM-specific algorithm capable of taking advantage oftem 
poral redundancy, yet still capable of transmitting changes 
without a large loss of information. 
0019. Further, most forms of video compression known in 
the art require complicated calculations. For example, the 
MPEG standards use the discrete cosine transform as part of 
the compression algorithm. This standard relies on the rec 
ognition of “motion' between frames to calculate motion 
vectors to describe how portions of the image are affected 
over a period of time. These calculations are complicated and 
require a combination of expensive hardware, or result in 
extended transmission periods due to increased computation 
time. 
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0020 Finally, many of the existing video compression 
techniques are lossy (i.e. they reduce the amount of informa 
tion transmitted in order to reduce bandwidth). Typically, 
Such lossy techniques either reduce the detail of an image or 
reduce the number of colors. Although reducing colors could 
be part of an adequate compression solution for computer 
monitor output, excessive reduction of images may yield a 
poor video transmission resulting in an illegible video repro 
duction. For example, if a computer user were attempting to 
use a word processor, reducing detail could lead to blurry or 
illegible text. 
0021. The field of compression and digitization of com 
puter video through a video switch has seen explosive devel 
opment over the years allowing the transfer of video data over 
extended distances at increased speed of transfer. For 
example, in a primitive form, in 1992 and 1993, Apple Com 
puter developed a technology whereby one computer was 
controlled by another computer via emulation of keyboard 
and mouse protocols. This technology was implemented as 
part of a computer on a card “product. The product consisted 
of a full computer developed on a single card that was 
designed to directly plug into a standard Macintosh computer. 
This Macintosh computer controlled the computer on a card 
via the keyboard and mouse emulation technologies. How 
ever, the video out from the computer on a card was routed to 
the Macintosh display in analog form. A digitization or com 
pression method was not implemented, nor was a means for 
transmission of the video over great distances. 
0022. Other known methods in the art provide systems for 
converting VGA output to NTSC video. Such products (for 
example, TView Gold from Focus Enhancements of Camp 
bell Calif.) allowed a computer's output to be viewed on a 
standard television. Over the years, numerous products have 
incorporated such technology whereby the output from a PC 
was digitized and displayed on a television screen. These 
products allowed the PC to be controlled via keyboard and 
mouse emulation. The user inputted keyboard and mouse 
signals into the apparatus, which manipulated and routed the 
signals to the PC. Although the system digitized video signals 
from a PC and completed some analysis to determine the size 
of the video, no compression methods were implemented. 
0023. Other products known in the art exist that convert 
video images from a Macintosh computer to a NTSC video 
output for display on a television screen. Generally, these 
products are cards that plug directly into a specific platform 
Such as a Macintosh computer and are only capable of oper 
ating with this type of system. A common example of this 
product is called an L-TV. The L-TV product is designed such 
that it can read directly from the video memory of the Macin 
tosh computer. In addition, some video compression tech 
niques are used in the L-TV product Such that only portions of 
the image that change between frames are retransmitted. 
However, by reading directly from video memory, L-TV only 
functions with a Macintosh computer. Other advances in the 
art are development of Software based simulation systems. 
0024 Several patents are directed to the filed of compres 
sion and digitization of computer video signals. In addition, 
in certain instances, some of these systems operate in an 
environment of a user computer controlling a remote com 
puter. 
(0025. For example, Widergren U.S. Pat. No. 4,302.775 
discloses a method for comparing Sub blocks of an image 
between Successive frames of video and only encoding the 
differences between the blocks for transmission. In Wider 
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gren, the block-by-block comparisons are completed in the 
transform domain. Thus the system requires extra computa 
tions necessary to compute the transform of the image 
thereby increasing the time necessary to complete the video 
compression. In order to obviate the problem and reduce 
transmission times, the disclosure of Widergren requires 
faster or more complex hardware. The present invention 
improves upon these time consuming extra computations by 
completing the block comparisons in the spatial domain. For 
example, the present invention utilizes a two-level threshold 
ing method to ensure that the block comparisons are effective. 
0026 Santamäki et al. U.S. Pat. No. 4,717,957 teaches a 
method of caching previously occurring frames to decrease 
the necessary bandwidth for transmission of video. The pro 
cess disclosed compares pixels from previous frames and 
only retransmits the changes between the pixels. Art dis 
closed before Santamäki compared a current frame of video 
with only the previous frame. Santamäki teaches a method 
that improves on previously existing art by adding a reference 
memory which may be used to store more than just the pre 
vious frame. Therefore, Santamäki teaches a method where 
the size of the cache is increased, thereby increasing the 
likelihood that a new frame of video will not have to be 
retransmitted. 
0027. The present invention improves on this disclosure 
by using two separate methods of storing previous frames and 
comparing the current frame of video with the previous 
frame. Furthermore, the present invention improves upon the 
efficiency of the cache comparisons by comparing the cyclic 
redundancy check for each block being compared. 
0028 Carr et al. U.S. Pat. No. 5,008,747 discloses a 
method for block-by-block comparison of sequential frames 
of video. Only changed pixels are retransmitted between 
frames of video. Carr et al. teaches a method whereby the 
changed pixels are stored in a matrix which is vector-quan 
tized to one of a standard set of matrices. Thus Carr et al., 
discloses a video compression technique that uses temporal 
redundancies to reduce the data that must be transmitted. 
However, Carret al. fails to disclose a method and apparatus 
capable of providing a reduced-time transmission of video. 
Further, Carr et al. fails to disclose a method of quantizing 
pixels before comparing frames. Thus the disclosures of Carr 
et al. would not be Suited for remotely controlling a computer 
because it fails to teach methods that take into account noise 
that maybe introduced into the video through digitization 
COS. 

0029 Astle U.S. Pat. No. 5,552,832 discloses a camera 
that receives analog video signals and converts said signals to 
digital signals by implementing a microprocessor that divides 
the signals into blocks. The blocks of video are then classified 
and run-length encoded. Thus Astle discloses a video com 
pression method that operates on blocks of pixels within an 
image. The present invention improves upon the compression 
techniques disclosed by taking advantage of temporal redun 
dancies between images. Further, the present invention 
increases redundancy through noise elimination and a color 
lookup table. 
0030 Perholtz et al. U.S. Pat. No. 5,732.212 discloses a 
method for digitizing video signals for manipulation and 
transmission. The patent discloses a method whereby video 
raster signals from the data processing device are analyzed to 
determine the information displayed on a video display moni 
tor attached to the data processing device. Perholtz et al. 
teaches a method for digitizing and compressing video. How 
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ever, the method compresses video by analyzing the content 
of the video and sending said content. Thus in general, Per 
holtz does not teach a method in which the full graphical 
interface is displayed to the user. The present invention 
improves upon the disclosure of Perholtz by providing an 
improved graphical interface to the user. Further, the present 
invention improves upon this disclosure by compressing the 
Video based upon spatial and temporal redundancies. 
0031 Frederick U.S. Pat. No. 5,757,424 discloses a sys 
tem for high-resolution video conferencing without extreme 
demands on bandwidth. The system disclosed creates a 
mosaic image by sampling portions of a scene and combining 
those samples. This system allows for the transmission of 
video over low bandwidths. Frederick's system in general is 
used within a camera for transmitting video. Though Freder 
ick teaches a way to reduce the data necessary for transmis 
Sion, Frederick does not teach methods for comparing frames 
of video. In addition, Frederick does not teach a system 
whereby the video that must be sent is compressed using 
lossless compression. The present invention overcomes the 
limitations of Frederick's disclosures by using lossless com 
pression in the spatial domain and two temporal redundancy 
checks. Further, the present invention teaches video compres 
sion in the context of controlling a remote computer rather 
than in the context of transmitting video from a camera. 
0032 Schneider U.S. Pat. No. 6,304,895 discloses a sys 
tem for intelligently controlling a remotely located computer. 
Schneider further discloses a method of interframe block 
comparison where pixel values that even slightly change are 
retransmitted. This necessarily leads to retransmission of 
noisy pixels unnecessarily. In another embodiment, 
Schneider will retransmit an entire block if a threshold per 
centage of pixels within the block have changed. 
0033 For example, if all pixels in the current frame change 
from black to a dark gray due to noise introduced by the A/D 
conversion, all pixels will also be retransmitted unnecessarily 
because the total percentage (i.e. 100% of the pixels) would 
clearly exceed any predetermined percentage threshold. 
Schneider also fails to take into account legitimate changes. 
For example, an intended change to only a few pixels, e.g., 5 
pixels, will be missed if the threshold is set to 6 pixels. 
0034. The present disclosure overcomes these shortcom 
ings by recognizing minor changes due to noise, by imple 
menting a more efficient calculation method and with a cache 
capable of storing previous blocks. Furthermore, the present 
disclosure recognizes significant changes (i.e. a pixel chang 
ing from black to white due to a cursor). In addition, slight 
color variations will be smoothed due to the color code and 
noise reduction methods of the present invention. 
0035 Pinkston U.S. Pat. No. 6,378,009 teaches a method 
of sending control, status and security functions over a net 
work Such as the Internet from one computer to another. 
Although Pinkston discloses a Switching system that pack 
etizes remote signals for the Internet, no video compression 
methods or conversions are disclosed. Instead, Pinkston 
teaches a method whereby a system administrator can access 
a KVM switch remotely over the Internet and control the 
switch. Therefore, in and of itself, Pinkston's disclosures 
would riot allow a remote computer to be operated over a 
low-bandwidth connection. 
0036. The digitization of a video signal and its subsequent 
compression allows a computer to be controlled remotely 
using standard Internet protocols. The compression allows an 
interface to utilize digital encryption techniques known in the 
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art. Non-digital KVM switches, in transmitting analog sig 
nals, do not allow or interface well with digital encryption 
schemes, such as 128-bit encryption. If a computer with sen 
sitive information needs to be controlled from a remote loca 
tion, there needs to be protection from potential hackers or 
competitors. 
0037. Therefore, what is needed is an Internet, LAN/ 
WAN, or dial-up enabled KVM switch that allows for near 
real time transmission of compressed video. The compression 
must be efficient enough to transmit video in near real-time 
over modem bandwidths. However, the compression must not 
be too lossy, because the resulting image must be discernible. 
Finally, the KVM switch should work across multiple plat 
forms (e.g. Macintosh, IBM compatible, and UNIX). There 
fore, the Switch cannot take advantage of platform dependent 
GUI calls, or similar system dependent codes which indicate 
when and where updates in the video are needed. 
0038 Based on the aforementioned disclosures and 
related technologies in the art, it is clear that there exists a 
need for a video compression method designed specifically 
for remotely monitoring and controlling a computer that is 
accurate and virtually provided in real-time. Furthermore, 
there exists a need in the art that allows for platform indepen 
dent monitoring of computers, even at limited bandwidths 
provided by standard modem connections. 

SUMMARY OF THE INVENTION 

0039 Most systems employed in the art for compressing 
and digitizing video signals fail to efficiently transmit Syn 
chronized video data. Therefore, the present disclosure pro 
vides an improved video compression algorithm that offers 
efficient bandwidth usage and accurate video transmission. 
The present invention is directed to keyboard, video, and 
mouse control systems. The disclosure relates to a method 
and device for the digitization and compression of video 
signals such that the signal is transmitted via a modem, Inter 
net connection, LAN/WAN, etc. The present invention 
includes a corresponding decompression technique that 
allows Video signals to be displayed on a monitor. More 
particularly, in the preferred embodiment, this compression 
technique allows for the viewing of a remote computer's 
Video output on a local video output device Such as a monitor. 
Furthermore, the invention can be interfaced with a KVM 
switch so that multiple remote computers can be controlled 
and monitored. 
0040. In the present invention, the keyboard and mouse 
signals are transmitted over standard modem and Internet 
connections synchronized with the video transmission. In the 
preferred embodiment, the video signal is transmitted from a 
remote computer to a local computer whereas the keyboard 
and mouse signals are transmitted from the local computer to 
the remote computer. 
0041. The present invention allows for platform indepen 
dent communication between computers. Thus, the local 
computer can control one or more remote computers utilizing 
a variety of computer platforms, including, but not limited to 
Windows, Mac, Sun, DEC, Alpha, SGI, IBM 360, regardless 
of the operating system of the local computer. 
0042. The present invention may be used to control a 
remote serial terminal device. Such as a printer, fax machine, 
etc. In the preferred embodiment, a serial terminal device can 
be connected directly to the present invention or through a 
serial concentrator and can be controlled from the local appli 
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cation. In another embodiment, the serial concentrator is 
linked with the keyboard, video, and mouse. 
0043. Accordingly, the device uses compression tech 
niques that have been designed to improve video transfer 
times for video having characteristics exhibited by computer 
monitor output. The compression can be accomplished using 
readily available hardware providing a viable device that 
would allow a remote computer to be controlled via a local 
keyboard, video and monitor equipped computer, so long as 
the remote device and the local keyboard, video and monitor 
can communicate via the Internet, a direct modem connec 
tion, or a LAN/WAN etc. 

Noise Reduction: 

0044 Since the system allows for platform independent 
communications, the video compression does not use oper 
ating system specific hooks, nor does the compression 
employ platform specific GDI calls. Instead, the algorithms 
take advantage of spatial and temporal redundancies in the 
video. In the first step of the video compression method, 
analog video is sent to an A/D converter. The digitization of 
the analog video is necessary in order for the video to be 
transmitted using an Internet protocol. However, a detrimen 
tal side effect of the digitization process is the introduction of 
quantization errors and noise into the video. 
0045. Therefore, the next step in the present invention is to 
eliminate the A/D conversion noise via histogram analysis. 
This noise elimination is done by first dividing a frame of 
video into logical two-dimensional blocks of pixels. Many 
different sizes of blocks may be used, for example 8x8 pixels, 
32x32 pixels, 64x32 pixels, etc. Different block sizes may be 
used depending on the size of the entire image, the bandwidth 
of the connection, etc. After the image is divided into blocks, 
the noise reduction algorithm is completed on each block 
separately. 
0046 For each block, a histogram of pixel values is cre 
ated and sorted by frequency so that it is possible to identify 
how often each pixel value occurs. Less frequent pixel values 
are compared to more frequently occurring pixel values. If the 
less frequently occurring pixels are close in pixel value to the 
more frequently occurring pixel values, color values are 
mapped to the closest high frequency pixel value. To deter 
mine how close pixel values are, a distance metric is used 
based on the red, green, and blue (“RGB) components of 
each pixel. In alternative embodiments, a similar distance 
metric can be used, based on the appropriate components of 
the pixel for that embodiment. 
0047. The purpose of the noise reduction algorithm is to 
increase the redundancy in animage by eliminating the Super 
fluous noise introduced by the A/D converter. For example, 
Suppose an 8x8 pixel block size is used and the algorithm is 
operating on this particular block. Further, assume that of the 
64 pixels in the current block, 59 are blue, 4 are red, and 1 is 
a light blue. In this example, a low frequency threshold is 
defined as any pixel values that occur less than 5 times and a 
high frequency threshold is defined as any pixel value that 
occurs more than 25 times within a block. In general, pixel 
values between these thresholds are ignored for the noise 
reduction analysis. Therefore, the algorithm determines that 
the 4 red pixels and the 1 light blue pixel occur rarely, and 
therefore might be noisy. 
0048. In the next step, the 4 red pixels and the 1 light-blue 
pixel are compared with the more frequent pixel values (i.e. in 
this case the blue value). In this step, a pre-determined dis 
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tance-threshold is used. If the distance between the less fre 
quent pixel and the more frequent pixel is within this dis 
tance-threshold, then the less frequent pixel value is 
converted to the more frequent pixel value. 
0049. In this example, it is likely that the light-blue pixel is 
close enough in value to the blue pixel. Thus, the light-blue 
pixel is mapped to the blue pixel. Though the red pixels occur 
rarely, the distance in value between the red pixel value and 
the blue pixel value is large enough so that the red pixels are 
not converted. 

Color Look-Up Table: 

0050. Further disclosed is an efficient method which inte 
grates the aforementioned method of pixel conversion with a 
color conversion via a color “look-up table. By integrating 
the pixel conversion methods and the look-up table, both 
noise elimination and efficient compression can be accom 
plished simultaneously. 
0051. It is commonly known in the art that one method of 
compressing color video is to use fewer bits to represent each 
pixel. For example, a common video standard uses 8 bits to 
represent the red component of video. 8 bits to represent the 
green component of video, and 8 bits to represent the blue 
component of video. This representation is commonly 
referred to as an “RGB representation. If only the four most 
significant bits from the red, green, and blue components of 
the video are used instead of all 8-bits, the total amount of data 
used to represent the video is reduced by 50 percent. 
0052. The present invention uses a more intelligent 
method of converting an RGB representation of pixels into a 
compact representation. The method and apparatus of the 
present invention uses a color look-up table that maps a spe 
cific RGB value to a more compact form. Both the compres 
sion device and the decompression device use the same look 
up table. Further, different look-up tables can be used 
depending on bandwidth availability, the capabilities of the 
local display device, etc. 
0053. In the present invention, the color look-up table is 
used to implement the noise reduction color conversion. In 
the histogram analysis, a map of RGB values to color code 
values is created. If a less frequently occurring pixel value 
needs to be adjusted to a similar more frequent color, this is 
accomplished through the use of the color lookup table. The 
less frequently occurring color is mapped to the same color 
code as the highly frequent occurring color. Thus, the noise is 
efficiently removed from each block, while at the same time, 
the number of bits used to represent each pixel is reduced. 

Temporal Redundancy Checks: 

0054. In addition to the methods of noise reduction, 
improved methods of interframe block comparison are dis 
closed. Specifically, temporal redundancy is identified and 
reduced, thereby limiting the bandwidth necessary for trans 
mission of the remote computer video output. There are two 
methods disclosed for completing the interframe compres 
Sion. In both methods, each frame or image is delineated into 
a block of pixels, and compared with the corresponding block 
of pixels from previously transmitted images. Different 
embodiments can use one or both of these methods depending 
on the level of compression desired. 
0055 General technologies in the art employ compression 
systems that are highly Susceptible to error and noise. For 
example, in certain known systems, the current frame of 
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video is compared with the previously transmitted frame of 
Video. Only portions of the image that have changed from the 
last frame to the current frame are transmitted. Methods to 
accomplish this are known in the art in which pixels between 
frames are simply compared for equality. Areas that are no 
longer the same are retransmitted. Generally, these compres 
sion systems are highly susceptible to noise during the analog 
to digital conversion and create inefficient retransmission of 
video. For example, if prior art methods were used for retrans 
mitting the image, then often large portions of the image 
would be resent unnecessarily due to the small error in the 
image as a result of noise created during the A/d conversion. 
0056 To overcome this pitfall, the present invention uses a 
unique two-level thresholding method to determine ifareas of 
the frame have changed. The present invention uses two 
frame buffers as input. The first is the newly captured frame 
buffer. The second is the compare frame buffer. The compare 
frame buffer contains the image data from previously cap 
tured frame buffers. 
0057 The algorithm divides each of these frame buffers 
into blocks of pixels. Any block size may be used including 
8x8, 32x32, 64x32 etc. as well as other irregular block sizes. 
Different block sizes may be used depending on bandwidth 
requirements, image size, desired compression yields, etc. 
0058. The algorithm processes one block of pixels at a 
time. For each pixel, the algorithm computes the difference 
between the color components of the current frame buffer 
pixel and the compare frame buffer pixel. From this, a dis 
tance value is computed. This process is done for each pixel in 
the block. 
0059 Each of these distance values is compared with a 
“pixel threshold.” If the distance value exceeds the pixel 
threshold, the amount it exceeds the threshold by is added to 
a distance sum. This running Sum is calculated based on 
various equations for all pixels in the block. 
0060. The distance sum is then compared with a “cell 
threshold.” If the distance sum exceeds the cell threshold, 
then the block of pixels is considered changed in comparison 
to the previous block. If the block of pixels has changed, the 
compare frame buffer will be updated with this new block. 
Further, this new block will be sent in a compressed format to 
the local user. 
0061. If the distance sum is not greater than the cell thresh 
old, the block is considered to be unchanged. Neither the 
compare frame buffer, nor the local user's screen is updated. 
0062. This algorithm is ideal for locating areas of change 
in that it can detect a large change in a few pixels or a small 
change in a large number of pixels. The method proves more 
efficient and accurate as compared to analgorithm that simply 
counts the number of changed pixels in a cell. With such an 
algorithm, if a very few pixels within the cell changed dras 
tically (for example, from black to white), the algorithm 
would still consider the cell to be unchanged since the overall 
summation would not exceed a low threshold. This will often 
lead to display errors in the transmission of computer video. 
0063 Consider, for example, ifa user were editing a docu 
ment. If the user were to change a letter, such as an “E” to an 
“F” only a few pixels would change in a video representation 
of that change. However, the result exhibited by these few 
pixels would be dramatic. A percentage threshold algorithm 
would not register this change leading to a display error. A 
percentage threshold algorithm, by only looking at the num 
ber of pixels within a block that have changed, generally fails 
at recognizing a case in which a few pixels change a lot. 
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However, the present invention, by virtue of the two-level 
thresholding method and apparatus recognizes that the block 
of pixels has significantly changed between frames of video. 
0064. The second temporal compression method relies on 
a cache of previously transmitted frames. An identical cache 
is synchronized between the remote device and the user's 
local computer. Like the previous temporal redundancy 
check, this second check is performed on a block of pixels 
within a frame. Again, any block size may be used, for 
example, 8x8, 16x16, 32x32 or 64x32. 
0065. The cache check begins whenever a cell changes. 
The cache check compares the current block with corre 
sponding blocks from previous frames. The cache can store 
an arbitrarily large number of previous frames. A higher 
percentage of cache hits is more likely to occur with larger 
cache sizes. However, the memory and hardware require 
ments increase with an increase in cache size. Further, the 
number of comparisons, and thus the processing power 
requirements, also increase with a larger cache size. A "cache 
hit is defined as locating a matching block in the cache. A 
“cache miss’ is defined as not finding the current block in the 
cache. 

0.066. Whenever a “cache hit’ occurs, the new block does 
not have to be retransmitted. Instead, a message and a cache 
entry ID can be sent to the local computer. Generally, this 
message and entry ID will consume less bandwidth than 
retransmitting an entire block. 
0067. If a “cache miss’ occurs, the new block is retrans 
mitted. Further, both the remote and local devices update the 
cache, by storing the block within the cache. Since the cache 
is of limited size, older data is overwritten. One skilled in the 
art would know there exists various algorithms that can be 
used in deciding which older data should be overwritten. For 
example, a simple algorithm can be employed to overwrite 
the oldest block within the cache. The oldest block can be 
defined as the least recently transmitted block. 
0068. In order to search for a cache hit, the new block must 
be compared with all corresponding blocks located within the 
cache. There are several ways in which the new block can be 
compared with the previous blocks located within the cache. 
In the preferred embodiment, a cyclic redundancy check 
(“CRC) is computed for the new block and all corresponding 
blocks. The CRC is similar to a hash code for the block. A 
hash code is a smaller, yet unique representation of a larger 
data source. Thus, if the CRCs are unique, the cache check 
process can compare CRCs for a match instead of comparing 
the whole block. If the CRC of the current block matches the 
CRC of any of the blocks in the cache a “cache hit has been 
found. Because the CRC is a smaller representation of the 
block, less processing power is needed for comparing CRCs. 
Further, it is possible to construct a cache in which only the 
CRCs of blocks are stored on the remote side. Thus, using a 
CRC comparison saves memory and processor time. 
0069. In alternative embodiments, a similar hash code or 
checksum can be used. Alternatively an algorithm similar to 
the one used in the first temporal redundancy check can be 
applied to the cache check. Generally, Such an algorithm can 
be less susceptible to noise. 
0070. Other disclosed methods of video compression gen 
erally transmit only pixel values that change. For example, a 
method and apparatus can retransmit a difference frame, 
whereby only the changes between the current frame and the 
previous frame are transmitted. Typically, these methods of 
transmitting difference frames can cause frequent synchroni 
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zation errors. Further, by retransmitting on a block level, less 
addressing is potentially needed in determining where each 
block is located within an image than if the decision to 
retransmit is performed at pixel granularity. 

Compression and Color Look-Up Table: 
0071. Once the image block-by-block comparison is per 
formed, in the preferred embodiment, each block that must be 
transmitted is first compressed. In the preferred embodiment, 
the blocks are compressed using the Joint Bi-level Image 
Group (JBIG) lossless compression technique. 
0072 JBIG is lossless and was designed for black and 
white images, such as those transmitted by facsimile 
machines. However, the present invention compresses and 
transmits color images. Therefore, in order to utilize the JBIG 
compression technique, the color image must be bit-sliced 
and the Subsequent bit-planes must be compressed separately. 
0073. A bit-slice of a color image is created by grabbing 
the same bit from each pixel across the whole image. The 
color look-up table uses a compact form in which the most 
significant bits of each pixel are stored first, and the lesser 
significant bits are stored last. Thus, the first bit planes will 
contain the most significant data and the last bit-planes will 
contain the least significant data. 
0074 By combining the JBIG compression technique 
with the color-lookup-table, the method and apparatus com 
presses and transmits the most significant bits of the frame 
first. Thus, the local computer will receive video from the 
remote computer progressively, receiving and displaying the 
most significantbits of the image before receiving the remain 
ing bits. Such a method is less sensitive to changes in band 
width and will allow a user to see the frame of video as it is 
transmitted, rather than waiting for all details of the frame to 
be sent. 

0075. In an alternate embodiment, the device is also 
capable of calibrating the analog to digital conversion auto 
matically "on the fly” so that the whole range of digital values 
is used. For example, if the device is Supposed to transmit 
values between 0 and 255 (i.e., general pixel depth values), 
but instead only transmits values between 10 and 245, it will 
dynamically adjust the gain of the A/D converter to take 
advantage of the full range of digital values. This adjustment 
can be done for the red, green and blue components on an 
individual basis or a cumulative basis. By adjusting this 
range, the user receives more accurate representations of the 
video. 

Decompression: 

0076 Further disclosed is a decompression method and 
apparatus used to receive data from the compression device 
and convert the data so that it may be displayed on the user's 
local display device. The decompression device includes a 
device capable of bi-directional digital communications. 
Using this communication device, the decompression device 
is able to receive video data from the compression device and 
transmit keyboard and mouse data. In an alternate embodi 
ment, the decompression device also includes a means to 
control a serial device by transmitting serial data. Thus, the 
decompression device enables a local user to control a remote 
computer using a local keyboard, video, mouse, and serial 
device. 
0077. The decompression device reconstructs frames of 
Video based on the messages received from the compression 
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device. Thus, the decompression device contains a frame 
buffer with the most up-to-date video data. The data in the 
frame buffer is sent to a display device so that the user can 
view the data from the remote computer. 
0078. The image in the frame buffer is constructed using a 
combination of data from a cache and transmitted data from 
the remote device. The remote device indicates what areas of 
the remote computer video yielded “cache hits” and what 
areas are retransmitted. The decompression device constructs 
the frame buffer based on these indications. 

0079. In addition, further disclosed is a cache that remains 
synchronized with the cache on the compression device. 
Thus, whenever the decompression method receives new 
Video data, the cache is updated. Both the compression device 
and the decompression device use the same method for updat 
ing the cache by overwriting older data. 
0080. The compression device sends video data that has 
been compressed using a lossless compression algorithm 
such as JBIG. Therefore, further disclosed is a method and 
apparatus which reverses this lossless compression. This 
decompression method and apparatus recognizes the changed 
areas of the image based on flags transmitted by the compres 
sion device. From this information, the decompression tech 
nique reconstructs the full frame of video. 
0081. In addition, the frame of video is converted to a 
format that may be displayed on the local video monitor by 
reversing the color-table conversion. The decompression 
method is able to send the raw frame of video to the operating 
system, memory, or other location such that it may be 
received and displayed by the monitor. 
0082. Therefore, the decompression device, like the com 
pression device stores a local copy of the color-code table. 
The device can then convert the data from the remote com 
puter into a standard RGB format for display on the local 
monitor. 
0083. The decompression method can be implemented in 
a variety of ways. For example, in one embodiment, it is 
implemented as a Software application that can be run in, for 
example, the Windows OS on an Intel Pentium powered PC. 
In an alternate embodiment, the decompression technique 
can be implemented such that it may run within a web 
browser such as Internet Explorer or Netscape(R) Navigator(R). 
Such an embodiment would be more user friendly, therefore 
reducing the need for the installation of additional software 
on the local computer. Finally, in yet another embodiment, the 
decompression can be implemented in a device composed of 
a microprocessor and memory. Such an embodiment would 
further limit the necessary software stored on the local 
machine. 

Security: 

0084. Since the present invention is used for controlling a 
remote computer from great distances, there is a need to 
ensure that the transmission of the video signals is secure. If 
not, there exists the potential that hackers or competitors 
could view or control a user's computer. Therefore, the 
present invention was designed to easily integrate with digital 
encryption techniques known in the art. In one embodiment 
of the invention, a 128-bit encryption technique is used both 
to verify the identity of the user and to encrypt and decrypt the 
video stream transmission. A 128-bit public key RSA encryp 
tion technique is used to verify the user, and 128-bit RC4 
private key encryption is used for the video streams. 
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I0085. In the preferred embodiment, this video compres 
sion apparatus and method is used to allow a local computer 
access to a remote computer. However, the compression and 
device is not limited to Such an embodiment, and can be 
applied to future needs for the transmission of similar types of 
video in near real-time over low bandwidths. 
I0086. The objects described, and further objects will 
become readily apparent to one skilled in the art upon review 
of the following description, figures and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

I0087. A further understanding of the present invention can 
be obtained by reference to the preferred embodiment as well 
as some alternate embodiments set forth in the illustrations of 
the accompanying drawings. Although the illustrated 
embodiments are merely exemplary of systems for carrying 
out the present invention, the organization, expanded con 
figurations and method of operation of the invention, in gen 
eral, together with further objectives and advantages thereof, 
may be more easily understood by reference to the drawings 
and the following description. The drawings are not intended 
to limit the scope of the invention, which is set forth with 
particularity in the claims as appended or as Subsequently 
amended, but merely to clarify and exemplify the invention. 
I0088 For a more complete understanding of the present 
invention, reference is now made to the following drawings in 
which: 
I0089 FIG. 1A illustrates an overview of the preferred 
embodiment of the present invention in which the video com 
pression method and apparatus are utilized between a local 
computer controlled by a remote computer, so long as both 
are connected via an agreed upon protocol. 
0090 FIG. 1B illustrates an alternate embodiment, in 
which the compression device is combined with a KVM 
Switch, Such that a local user can control one of many remote 
computers. 
0091 FIG. 2 depicts a block diagram of the preferred 
embodiment of the compression device including hardware 
used to interface with the remote computer and the commu 
nications device of digitizing and compression signals of the 
present invention. 
0092 FIG.3A depicts a block diagram of one embodiment 
of the decompression device, whereby all decompression is 
done in Software on a local computer. 
0093 FIG. 3B depicts a block diagram of an alternate 
embodiment of the decompression device, in which the 
decompression apparatus is a separate hardware device. 
0094 FIG. 4 illustrates a flowchart depicting an overview 
of the video compression algorithm. 
(0095 FIG. 5A depicts a more detailed flowchart of the 
compression algorithm showing and color-code table. 
(0096 FIG. 5B depicts a detail of a flowchart of the com 
pression algorithm including how the cache testing and JBIG 
compression fit within the overall algorithm 
0097 FIG. 6 depicts a flowchart of the nearest match func 
tion integrated with the color code table. 
(0098 FIG. 7 depicts a flowchart of the Noise Filter & 
Difference Test. 
(0099 FIG. 8 depicts an overview flowchart of the decom 
pression method including integration with an application on 
the local computer. 
0100 FIG. 9 depicts a more detailed flowchart of the 
decompression algorithm 
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0101 FIG. 10 illustrates an example of an alternate con 
figuration of the present invention in which multiple inputs of 
four local computers in conjunction with KVM switches are 
utilized to control remote servers. 
0102 FIG. 11 illustrates an alternate configuration of the 
present invention in which 8 local computers control 256 
SWCS. 

0103 FIG. 12 illustrates an alternate configuration 
wherein 8 local computers control 1024 remote servers. 
0104 FIG. 13 illustrates an example of an alternate 
embodiment of the present invention wherein 16 local com 
puters control 256 remote servers. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0105. As required, a detailed illustrative embodiment of 
the present invention is disclosed herein. However, systems 
and operating structures inaccordance with the present inven 
tion may be embodied in a wide variety of forms and modes, 
some of which may be quite different from those in the 
disclosed embodiment. Consequently, the specific structural 
and functional details disclosed herein are merely represen 
tative, yet in that regard, they are deemed to afford the best 
embodiment for purposes of disclosure and to provide a basis 
for the claims herein, which define the scope of the present 
invention. The following presents a detailed description of a 
preferred embodiment (as well as some alternative embodi 
ments) of the present invention. 
01.06 Referring first to FIG. 1A, represented is a block 
diagram of the preferred embodiment of the present invention 
including a computer system for accessing and controlling a 
remotely located computer system, the preferred embodi 
ment in which the present invention would be used. The term 
“local' will be from the of the user who wishes to access a 
computer at a remote location. The term “remote” is at a 
different location from the user, and is accessible via the 
present invention. Therefore, the phrase “remote computer 
refers to a computer with a direct connection to the apparatus 
of the present invention. For example in FIG. 1A video out of 
remote computer 101 connects to compression device 103 via 
standard monitor connection 105. Similarly, keyboard input/ 
output is connected via standard keyboard connection 107 
and the mouse input/output is connected to compression 
device 103 via standard mouse connection 109. 
0107 Auser accesses remote computer 101 via local com 
puter 111. Local computer 111 is connected to monitor 113, 
keyboard 115, and mouse 117 via monitor connection 119, 
keyboard connection 121, and mouse connection 123. In the 
preferred embodiment monitor 113, keyboard 115, and 
mouse 117 are wired separately. Specifically, monitor con 
nection 119, keyboard connection 121, and mouse connec 
tion 123 consist of separate standard cables known in the art. 
However, any method of connecting monitor 113, keyboard 
115, and, mouse 117 to local computer 111 may be used with 
the present invention. For example, an alternative method is 
one in which keyboard 115 and mouse 117 connect to local 
computer 111 via a shared USB connection. In this embodi 
ment, keyboard connection 121 and mouse connection 123 
might be one physical cable. In another embodiment, key 
board 115 and mouse 117 can connect to local computer via 
a wireless connection. 
0108 Compression device 103 includes communication 
device 125, and local computer 111 includes local commu 
nication device 126, both of which are capable of bi-direc 
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tional digital communication via communications path 127. 
Communication device 125 and local communication device 
126 may include modems, network cards, wireless network 
cards, or any similar device capable of providing bi-direc 
tional digital communication. Similarly, communications 
path 127 may include a telephone, the Internet, a wireless 
connection, or any other similar device capable of providing 
bi-directional digital communication. Communication 
device 125 and local communication device 126 enable com 
pression device 103 and local computer 111 to communicate 
via any standard agreed upon protocol. Examples of these 
protocols include, but are not limited to, Transmission Con 
trol Protocol/Internet Protocol (TCP/IP), and User Datagram 
Protocol (UDP). 
0109 Compression device 103 receives and analyzes the 
Video signals from remote computer 101 via standard monitor 
connection 105. Compression device 103 analyzes and con 
verts the video signal so that it may be packaged for trans 
mission via a standard Internet protocol. Local computer 111 
receives the transmissions from compression device 103 via 
the bi-directional communications provided by communica 
tion device 125, local communication device 126, and com 
munications path 127 and translates the signal via a decom 
pression technique corresponding to the compression 
techniques of the present invention. 
0110. In addition to receiving monitor signals from com 
pression device 103, local computer 111 receives signals 
from keyboard 115 and mouse 117 via keyboard connection 
121, and mouse connection 123. These signals are packaged 
on top of a standard Internet protocol, sent to local commu 
nication device 126 and transmitted to communication device 
125 via communication path 127. Compression device 103 
receives these signals from communication device 125 and 
transmits them to remote computer 101 via standard keyboard 
connection 107 and standard mouse connection 109. By uti 
lizing the aforementioned method of transmitting keyboard, 
mouse, and video signals, the present invention allows a user 
at local computer 111 to control remote computer 101 as if the 
user were physically located at remote computer 101. 
0111 FIG. 1B depicts an alternate embodiment of the 
present invention in which compression device 103 as 
depicted in FIG. 1A is combined with KVM switch 129. As 
shown in FIG. 1B, local computer 111 is capable of control 
ling either of four remote computers 101. In alternative 
embodiments, KVM switch 129 can control any series of 
remote computers 101 in a similar manner. As can be seen, 
KVM switch 129 has four standard monitor connections 105, 
four standard keyboard connections 107, and four standard 
mouse ports 109. Using methods known in the art for con 
trolling a switch such as KVM switch 129, the local user can 
switch control between each of the four remote computers 
101. 
0112 FIG. 2 depicts a hardware diagram of compression 
device 103 of the preferred embodiment of the present inven 
tion. FIG. 2 is one embodiment in which the compression and 
digitization of the present invention may be implemented. 
One skilled in the art can readily recognize that there exist 
many other designs that could be used to implement the 
compression algorithms of the present invention. The first 
step in compressing the video is the conversion of the video 
from analog to digital, completed by A/D converter 201. A/D 
converter 201 receives analog red signal 203, analog green 
signal 205, analog blue signal 207, horizontal synch signal 
209, and vertical synch signal 211. Clock 213 drives A/D 
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converter 201 using means commonly employed in the art. 
The outputs of A/D converter 201 are shown as R-out 215, 
G-out 217, and B-out 219. In the preferred embodiment, these 
outputs are used to represent the red component, green com 
ponent and blue component of the digitized signal respec 
tively. A/D converter 201 outputs pixels (e.g. one pixel at a 
time) and the results are stored in pixel pusher 221. Pixel 
pusher 221 communicates with microprocessor 223 via com 
munication bus 225. Pixel pusher 221 can also communicate 
with frame buffer 227 and JBIG Compression device 229 
using communication bus 225. 
0113 Communication bus 225 is connected to network 
interface card 231 and dual universal asynchronous receiver 
transmitter (DUART) 233. DUART 233 interfaces with key 
board port 235 and mouse port 237. Thus, A/D converter 301, 
keyboard port 235, and mouse port 237 allow compression 
device 103 to interface with remote computer 101. Further, 
network interface card 231 allows compression device 103 to 
interface with communication device 125. Compression 
device 103 receives analog video signals, output keyboard 
and mouse signals, and communicates with local computer 
111 via communication device 125. Finally, by means of 
JBIG compression device 219, microprocessor 223, flash 
239, and random access memory 241, compression device 
103 pictured in FIG. 2 can be programmed and configured to 
implement the video processing methods of the present 
invention disclosed herein. 

0114 FIG. 3A illustrates decompression software 301 
interacting with local computer 111. Local computer 111 runs 
operating system 303 capable of receiving data from local 
communication device 126 via operating system data link 
305. Operating system data link305 utilizes shared memory, 
a memory bus, or other device drivers. Local communication 
device 126 receives data from compression device 103 over 
communications path 127. When a user decides to operate 
remote computer 101, operating system 303 loads the decom 
pression software 301 like any other process, from a computer 
readable medium307 via computer readable medium to oper 
ating system data link309. Decompression software 301 then 
accesses the data received from local communication device 
126. Decompression software 301 is used to decompress data 
received from local communication device 126 and convert 
the data into data that can be interpreted by video card 311. 
The data is then transmitted to video card 311 via operating 
system 301 where it is then transferred to video card 311 via 
operating system data link 313. 
0115 Similarly, decompression software 301 receives sig 
nals from keyboard 115 via operating system's 303 operating 
system to keyboard connection 315 which connects to key 
board port 317. In a similar manner, decompression software 
301 receives signals from mouse 117, via operating system's 
303 operating system to mouse connection 319 to mouse port 
321. 
0116. Though having the decompression completed in 
software is the preferred embodiment, it would be apparent to 
one skilled in the art, that such decompression could also be 
completed by means of a hardware solution. For example, 
FIG. 3B shows a decompression device 323 that can accom 
plish the same decompression as decompression Software 
301. In this case, decompression device 323 replaces local 
computer 111 and further includes local communication 
device 126. Monitor 113, keyboard 115, and mouse 117 
attaches to decompression device 323 via the monitor con 
nection 119, keyboard connection 121, and mouse connec 
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tion 123 via monitor port 325, keyboard port 327, and mouse 
port 329 respectively. In this embodiment, the data from 
monitor port 325, keyboard port 327, and mouse port 329 
communicates with memory 331 and microprocessor 333 to 
run the decompression methods of the present invention. 
0117 The decompression method receives data from local 
communication device 126 and transmits a decompressed 
version of the data to monitor 119. In this embodiment, there 
exists a connection between local communication device 126 
and memory 335 and a connection between video port 325, 
keyboard port 327, and mouse port 329 with memory 331. 
These connections enable decompression device 323 to send 
data from keyboard port 327 and mouse port 329 to local 
communication device 126. Local communication device 
126 transmits the data over the compression link 127. These 
connections also enable decompression device 323 to receive 
data from local communication device 126 and transmit the 
data to video port 325. One skilled in the art will readily 
appreciate that there are any number of ways to implement 
Such a configuration utilizing a combination of hardware 
and/or software. 

0118 FIG. 4 depicts the function of the compression and 
digitization apparatus of the present invention. The decom 
pression method is implemented by compression device 103. 
which connects with communication device 125 and standard 
monitor connection 105 of remote computer 101. The com 
pression process begins at capture image block 401 where 
data is captured from standard monitor connection 105. Cap 
ture image block 401 is implemented in decompression 
device 103, by pixel pusher 221. The video is converted from 
VGA analog video to a digital representation of the signal. 
Pixel pusher 221 enables capture image block 402 to grab the 
raw data and passes it to the frame buffers. Frame store block 
402 is a method implemented by device frame buffers 227. 
Frame store block 402 stores a whole frame of video inframe 
buffer 227. 
0119 The resulting digital representation of the image is 
divided into a plurality of pixel blocks. The compression 
process is performed on each pixel block until the entire 
image has been compressed. The block size may be arbitrarily 
large, however, in the preferred embodiment the image is 
divided into blocks which are pixels 64 by 32 pixels. 
I0120. In filter block 403, each block of pixels is filtered 
and translated from a RGB representation to a color code 
representation. The process offilter block 403 is implemented 
in compression device 103 by microprocessor 223. The fil 
tering is designed to reduce the number of different colors 
present in each block by converting less frequently occurring 
colors to more frequently occurring colors. Noise introduced 
by the A/D converter distorts the pixel values of some pixels. 
The filtering recognizes pixels that are slightly distorted and 
adjusts these pixels to the correct value. Such filtering creates 
an image with greater redundancy, thus yielding higher com 
pression ratios. 
I0121 The filtering completed in filter block 403 operates 
on one block of pixels at a time. The size of the block can vary 
based on bandwidth requirements, the size of the image, etc. 
0.122 The filtering is implemented as part of the color 
code conversion process. The color code table is a commonly 
used compression method of representing colors using fewer 
bits than if kept in RGB format. By using fewer bits, less 
information must be transmitted with each frame, allowing 
video to be transmitted at lower bandwidths. In the present 
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invention, a variety of color code tables may be used depend 
ing on the desired number of unique colors in the image, 
bandwidth restrictions, etc. 
0123. The color code table uses the results of the noise 

filter to convertless frequently occurring pixel colors to more 
frequently occurring colors. The less frequently occurring 
pixel values are given the same color code representation as 
the more frequently occurring pixel values. Thus, the noise 
reduction and color code conversion is accomplished at the 
same time. 
0.124 Compression device 103 keeps a cache of recently 
transmitted images. Such a cache can be implemented and 
stored in ram 241. After noise elimination and image conver 
Sion, the compression process compares the most recent 
block with the corresponding block of pixels in recently trans 
mitted images. This check is executed by “cache hit check 
405. The methods of “cache hit” check 405 are implemented 
in compression device 103 by microprocessor 223. If the 
most recently transmitted block is the same as the block 
stored in the cache, there is no need to retransmit the image. 
Instead, as noted in cache hit message block 407, a “cache hit 
message is sent to the local computer, indicating that the most 
recently transmitted block is already stored in the cache. 
Cache hit message block 407 is also implemented in com 
pression device 103 by microprocessor 223. 
0.125. The next step in the process, update check 409, 
checks to see if the current block of pixels is similar to the 
corresponding block in the image most recently transmitted. 
This can also be implemented before “cache hit” check 405, 
or in parallel with “cache hit check 405. The main purpose of 
update check 409 is to check if the block has changed since 
the last frame. If the block has not changed, there is no need 
to send an updated block to the local computer. Otherwise, the 
block is prepared for compression in bit plane block 411. In 
the preferred embodiment, this update check 409 uses a dif 
ferent technique than the cache check. With two ways of 
checking for redundancy, higher compression can result. 
Both the methods of update cache check 409 and the methods 
of bit plane block 411 are implemented in compression device 
103 by microprocessor 223. 
0126 For any areas of the image that have changed, the 
cache is updated, and the data is compressed before being sent 
to the TCP/IP stack. In the preferred embodiment, the image 
is compressed using the IBMJBIG compression algorithm. 
JBIG is designed to compress black and white images. How 
ever, the image to be compressed is in color. Therefore, bit 
planes of the image are extracted in bit plane block 411 and 
each bit plane is compressed separately by compression block 
413. Finally, the compressed image is sent to the local com 
puter. JBIG compression device 229 implements send com 
pressed message block 415. Send compressed message block 
415 sends the compressed video to server stack block 417. 
Server stack block 417, implemented on NIC 231 enables the 
compressed video to be sent to local communication device 
126 using an Internet protocol (in this case TCP/IP). 
0127 FIG.5A and FIG. 5B provide detailed flowcharts of 
a preferred embodiment of the compression process. As seen 
in FIG.5A, the video capture is done at a rate of 20 Frames per 
second in VGA capture block 501. VGA capture block is 
implemented by pixel pusher 221 which receives the output 
of the A/D conversion process. Standard monitors often 
update at refresh rates as high as 70 times per second. As a rate 
of 20 frames per second is significantly less frequent, this step 
limits the amount of data that is captured from the computer. 
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Thus, this first step reduces the bandwidth needed to transmit 
the video. In this embodiment, the data is outputted in RGB 
format where 5 bits are allocated to each color. This allows for 
the representation of 32,768 unique colors. However, other 
formats capable of storing more or less colors may be used 
depending on the needs of the users and the total available 
bandwidth. After receiving the digitized signal, VGA capture 
block 501 transmits the raw data to frame buffer 0503 and 
frame buffer 1505. 
I0128. A frame buffer is an area of memory capable of 
storing one frame of video. Two frame buffers allow faster 
caching of image data. Raw frames of video are alternatively 
stored in frame buffer 0503, and frame buffer 1505. This 
allows the next frame of video to be captured even as com 
pression is being performed on the previous frame of video. In 
compression device 103, frame buffers 227 are a device that 
are capable of implementing frame buffer 0503 and frame 
buffer 1505. 
0129. The frame buffer that contains the most recent 
image is used as data for nearest color match function 509 as 
is the data in color code from client data block 511. Color 
code from client data block 511 is stored in flash 239. Nearest 
color match function509 is a method that can be implemented 
as a device by microprocessor 223. A detailed explanation of 
nearest color match function 509 is shown in FIG. 6. 
I0130. The resulting color code table 513 from nearest 
color match function 509 is used for color code translation 
515. The process translates the RGB representation of each 
pixel into a more compact form via this color code table 
translation. Color code table 513 is generated by nearest color 
match 509 and can be stored in ram 241. Color code transla 
tion 515 translates a block of RGB values to their color code 
values and stores the result in coded frame buffer 517. Coded 
frame buffer 517 can also be implemented as a device stored 
in ram 241. 

I0131. In parallel to the color code translation, a difference 
test is performed on each block of pixels stored in frame 
buffer 0503, and frame buffer 1505, comparing each block to 
the corresponding block of the previous frame. The noise 
filter and difference test, shown as difference test block 519, 
accomplishes this comparison using the current raw frame 
buffer, in this example raw frame buffer 0503, and compare 
frame buffer 521 stores the pixel values of what is displayed 
on the user's screen. Difference test block 519 is fully illus 
trated in FIG. 7. 
(0132) Once difference test block519 is complete, the sec 
ond temporal redundancy check is performed. This process 
used in performing the second temporal redundancy check 
begins in CRC compute block 523 by computing the cyclical 
redundancy check (CRC) for all blocks that have changed. 
0.133 Cyclic redundancy check (CRC) is a method known 
in the art for producing a checksum or hash code of a particu 
lar block of data. The CRCs can be computed for two blocks 
of data and then compared. If the CRCs match, the blocks are 
the same. Thus, CRCs are commonly used to check for errors. 
Often, a CRC will be appended to a block of transmitted data 
so that the receiver can verify that the correct data is received. 
However, in the present invention, the CRC is used to com 
pare a block of data with blocks of data stored in a cache. 
Thus, in CRC compute block 523, the CRC is computed for 
each block of data that has changed. The array of CRCs is 
stored in CRC array buffer 525. 
0.134 Turning next to FIG. 5B, depicted is an overview of 
the second temporal redundancy check and the lossless com 
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pression of a full frame of video. Wait block 527 waits for the 
frame buffer and the CRC array to be finished. Next, a deci 
sion is made as to whether a new video mode has been 
declared, as seen in new video check 529. If a new video mode 
is declared, all data is invalidated in invalidate block 531 and 
the algorithm starts again. A new frame of video will be 
received, as seen in FIG. 5A and the second temporal check 
will return to wait block 527 until a full frame of video is 
received. Wait block 527, new video mode check 529, and 
invalidate block 531 are methods that can be implemented as 
devices by microprocessor 223. 
0135 A new video mode can be declared, if for example, 
a new local computer, with different bandwidth or color 
requirements connects to the remote computer. A new video 
mode can also be declared if the bandwidth requirements of 
the current local computer change. 
0136. If in new video check 529 it is deemed that a new 
video mode has not been declared, then the comparison of the 
current block's CRC with the cached CRCs is performed in 
new CRC block 533. This block uses CRC buffer array 525 
and cell info array 535. Cell info array 535 stores the cached 
blocks and the CRCs of the cache blocks and can be imple 
mented as a device in ram 241. New CRC block 533 is a 
device that can be implemented in microprocessor 223. It also 
stores the current state of each block to indicate when the 
block was last updated. 
0.137 Cache hit check 537, implemented in microproces 
sor 223 computes whether a current block is located within 
the cache. If it is, the cell is marked as complete, or updated, 
in send cache hit block 539. This process of checking and 
marking as updated is completed for all blocks in the image, 
and can be implemented in microprocessor 223. 
0138 Compute update block 541 checks for incomplete 

cells, or cells that need to be updated. All cells that need to be 
updated are combined to for an update rectangle. The update 
rectangle is compressed and sent to the client. In the decom 
pression stage, the client can use the update rectangle, along 
with cache hit messages to reconstruct the video to be dis 
played. If there is nothing to update (if the video has not 
changed between frames) then update check 543 sends the 
algorithm back to wait block 527. Thus the current frame will 
not be sent to the client. By eliminating the retransmission of 
a current frame of video, the algorithm saves on the necessary 
bandwidth necessary for transmitting the video. 
0.139. If however, there are areas of the image that need to 
be updated, the update rectangle is first compressed. In the 
preferred embodiment, the method of compression is loss 
less. One example of a lossless black and white compression 
is the JBIG compression method disclosed by IBM. However, 
the compression method of the present invention is designed 
for color images. Thus, as seen in bit-slice block 545, the 
image must be divided into bit slices. A bit slice of the image 
is constructed by taking the same bit from each pixel of an 
image. Thus, if the image uses 8-bit pixels, it can be decon 
structed into 8 bit slices. The resulting bit slices are stored in 
bit-slice buffer 547. Again, compute update block541, update 
check 543, and bit-slice block 545, are all methods that can be 
implemented as part of compression device 103 by using 
microprocessor 223. 
0140. Each bit slice is sent separately to the compression 
portion of the algorithm shown as compressor block 549. In 
this case, JBIG compression is performed on each block and 
sent to server stack block 417 by compress and transmit block 
551. The JBIG compression method of compress and transmit 
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block 549 is implemented in JBIG compression device 229. 
Since JBIG is designed to operate on bi-level black and white 
images, the color video output of the monitor is sent to the 
compressor as separate bit slices. When the video is fully 
compressed it is sent to the client via NIC 223. 
0141 Since the preferred embodiment captures frames 20 
times a second, it is necessary to wait 300 ms between frame 
captures. Thus time check 553 will wait until 300 ms have 
passed since the previous frame capture before returning the 
algorithm to wait block 527. 
0.142 Referring now to FIG. 6, illustrated is the nearest 
color match function 509 that selectively converts less fre 
quently occurring colors to more frequently occurring colors 
by mapping the less frequently occurring colors to the color 
coded representation of the more frequently occurring colors. 
0.143 Nearest color match function 509 operates on one 
block of the images stored in raw frame buffer 0503 and raw 
framebuffer 1505 at a time. As seen in FIG. 6, grab block 600 
is used to extract a block of pixels from the image stored in 
raw frame buffer 0503 and raw frame buffer 1505. In this 
case, raw frame buffer 0503 is used to extract one block of 
pixels in grab block 600. In the preferred embodiment of the 
present invention, the extracted block is 64 by 32 pixels. 
However, the method can function on blocks of any size. 
0144. The goal of nearest color match function 509 is to 
eliminate noise in a block of pixels introduced by the A/D 
conversion. This is accomplished by converting less fre 
quently occurring pixel values to similar more frequently 
occurring pixel values. This is done primarily through histo 
gram analysis and difference calculations. 
0145 Nearest color match function 509 generates a histo 
gram of pixel values which are stored in histogram generation 
block 601. The histogram measures the frequency of each 
pixel value in the block of pixels extracted by grabbing block 
600. The histogram is sorted, such that a list of frequently 
occurring colors, popular color list 603, and a list of least 
frequently occurring colors, rare color list 605, are generated. 
The threshold for each list is adjustable. 
0146 The compression analyzes each low frequently 
occurring pixel to determine if the pixel should be mapped to 
a value that occurs often. First, grab next rare color block 607 
picks a pixel value from rare color list 605 and compares it to 
a high frequency color pixel extracted by grab next popular 
color block 609. The distance between the low frequency 
pixel value and the high frequency pixel value is computed in 
compute distance block 611. In this process, distance is a 
metric computed by comparing the separate red, green and 
blue values of the two pixels. The distance metric, “D. can be 
computed in a variety of ways. One such example of a dis 
tance metric is as follows: 

0.147. In this formula, R1 is the red value of the low fre 
quency pixel, R2 is the red value of the high frequency pixel, 
G1 is the green value of the low frequency pixel, G2 is the 
green value of the high frequency pixel, B1 is the blue value 
of the low frequency pixel, and B2 is the blue value of the high 
frequency pixel. 
0.148. This formula yields a distance metric, D, which is 
how different the color values are between a low frequently 
occurring pixel, and a high frequently occurring pixel. The 
goal of the algorithm is to find the high frequently occurring 
pixel that yields the lowest D for the current low frequently 
occurring pixel. Therefore, a compare is done in closest dis 
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tance check 613, for each D that is computed. Every time a D 
is computed that is lower than any other previous D, an update 
is completed by update closest distance block 615. 
0149. Once all high frequently occurring pixels are com 
pared as determined by done check 617, a computation in 
threshold check 619 is performed to see if the lowest occur 
ring D is within a predefined threshold. If this D is within the 
threshold, color code table 513 is updated by update color 
map block 621 mapping the low frequently occurring pixel to 
the color code value of the high frequently occurring pixel 
that yielded this D value. This process is repeated for all low 
frequency pixels and color code table 513 is updated accord 
ingly. 
0150. Next referring to FIG. 7, illustrated is the first tem 
poral redundancy process used in difference test block 519. 
This process operates on every block in the image. Current 
pixel block 700 contains one block of pixels from the raw 
frame buffer. Previous pixel block 701 contains the corre 
sponding block of pixels from compare frame buffer 521. The 
process begins by extracting corresponding pixel values for 
one pixel from the current pixel block 700 and previous pixel 
block 701. The pixels are stored in get next pixel block 703. 
The pixel values are then compared using a distance metric. In 
the preferred embodiment, the distance metric is computed in 
distance metric block 705 using the following formula: 

0151. As before, R1, G1, and B1 are the red, green and 
blue values respectively of the frame buffer pixel. Similarly, 
R2. G2, and B2 are the red, green and blue values respectively 
for the compare frame buffer pixel. 
0152 Next, the distance metric, D, is compared with a 
noise tolerance threshold in noise threshold check 707. If D is 
greater than the noise threshold, it is added to a running Sum 
stored in accumulation block 709. If the two pixels differ by 
less than this threshold, the difference is considered to be 
noise, or insignificant, and thus it is not part of the accumu 
lation. This process enables efficient filtering of noise using a 
block-by-block comparison. 
0153. This process of computing distances and Summing 
values greater than a predefined threshold to a running total 
continues until the last pixel of the block is reached as deter 
mined by last pixel check 711. Once the last pixel is reached, 
the running total is compared with a second threshold, the 
block threshold, in cell threshold check 713. If the running 
total is greater than block threshold, the current block from 
raw frame buffer 0503 is considered different than the one in 
compare frame buffer 521. Otherwise, the two are considered 
close enough to be considered the same. 
0154 If the running total exceeds the threshold, a proce 
dure is run as shown in new pixel block 715. A flag is set 
indicating that the particular block has changed so that it will 
be transmitted to local computer 111. Further, as seen in FIG. 
7, compare frame buffer 521 is updated with the block of 
pixels to be transmitted. 
0155 If the running total does not exceed the threshold, 
the block is considered to be unchanged from the previous 
block, and in no pixel change block 721 a flag is set to indicate 
that this block does not have to be transmitted to the local 
computer 111. At this point, the second check for temporal 
redundancy can be performed on the blocks that have 
changed since the previous transmission. 
0156 FIG. 7B is used to illustrate the two level threshold 
ing operation on a sample block. For purposes of this disclo 
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Sure, 8x8 pixel block sizes are used. Each pixel is given a 
value between 0 and 255 as is common in the art. 0 represents 
a black pixel 255 represents a white pixel, and intermediate 
values represent shades of gray. Second frame compare buffer 
751 is a block of pixels from the previously transmitted frame. 
Since second frame compare buffer 751 has pixels with value 
0, second frame compare buffer 751 represents an area that is 
all black. Previous pixel 752 is the upper leftmost pixel of 
second frame compare buffer 751. 
0157 To simplify, suppose that a small white object, such 
as a white cursor, enters the area of the screen represented by 
second frame compare buffer 751. This is represented in first 
frame buffer 753. In first frame buffer 753 a majority of the 
pixels are black, however the upper left pixel is white. First 
frame buffer 753 represents the same spatial area of the video 
as second frame compare buffer 751, just one frame later. 
Here current pixel 754 is the same pixel as previous pixel 752 
again, just one frame later. In first frame buffer 753 the white 
cursor is represented by current pixel 754. As a result, current 
pixel 754 has a pixel value of 255. 
0158. Further suppose that noise has been introduced by 
the A/D converter, such that previous black pixel 755 is now 
current gray pixel 756. Thus, while previous black pixel 755 
has a value of Zero, current gray pixel 756 has a value of two. 
0159 Further suppose that in this example the “pixel 
threshold' is 10, and the “cell threshold' is 200. The two-level 
thresholding algorithm is performed between first frame 
buffer 753, and second frame compare buffer 751. In com 
puting the running sum of differences, the difference between 
previous pixel 752, and current pixel 754 is added to the 
running sum because the difference (255) exceeds the “cell 
threshold.” However, the difference between previous black 
pixel 755 and current gray pixel 756 is not added to the sum 
because that difference (2) does not exceed the cell threshold. 
0160 The running total will therefore equal 255. Since 
this total is greater than the cell threshold of 200, the block is 
considered to have changed. This example illustrates the 
advantages of the two-level threshold. The noise that entered 
into current frame 753 was ignored, but at the same time, the 
real change was recognized. 
0.161 FIG. 8 illustrates the overall decompression 
method. The process begins by waiting for a message in wait 
for message block 801. The message is received from local 
communication device 126 and stored in an area readable by 
the decompression method. In this embodiment, messages 
are transmitted using the TCP/IP protocol. When a message is 
received from the compression device it will be stored locally 
in TCP/IP stack 803. Wait for message block 801 imports this 
message from TCP/IP Stack 803. Other embodiments may 
use a protocol other than TCP/IP, however the functionality of 
the present invention does not change. 
0162 The message received by wait for message block 
801 contains either compressed video data or a flag indicating 
that the updated frame of video is stored in cache. In cache hit 
decision block 805 analysis of the message is performed to 
determine if the updated video is stored in the cache. If the 
updated video is in the cache, the image can be reconstructed 
from data already stored locally. This reconstruction occurs in 
cache copy block 807 where data is transferred from the cache 
to a frame buffer holding data representing the most up-to 
date video. 
0163. If the transmitted message indicates that the updated 
Video is not in the cache, then decompression of the transmit 
ted video occurs in decompress block 809. As described in the 
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compression figures, the preferred embodiment uses JBIG as 
the lossless compression technique. Therefore, the decom 
pression of the video frame must occur on one bit plane of 
data at a time. After each bit plane is decompressed it is 
merged with the rest of the bit planes stored in the frame 
buffer. This merging occurs in merge block 811. Once the full 
frame buffer is constructed the display on the local computer 
is updated as seen in update display block 813. 
0164. In an alternate embodiment, the display on the local 
computer can be updated after each bit plane is received. A 
user does not have to wait on receiving the whole frame of 
video before it displays on the screen. This method is useful 
if the bandwidth available for video transmission varies. This 
progressive transmission is one advantage of using JBIG over 
other compression methods. 
(0165 FIG.9 further illustrates the decompression method 
disclosed in FIG.8. The method begins with wait for message 
block 801. It then makes a series of three decisions. The first 
seen in new video mode message check 901, determines 
whether the message is a new video mode message. A new 
Video mode message can be sent for a variety of reasons, 
including a bandwidth change, a change in screen resolution, 
or color depth, or a new client. This list is not meant to limit 
the reasons for sending a new video mode message, but 
instead to give examples of why it may occur. If a new video 
mode message has been transmitted, the decompression 
device notifies application 903. Application 903 is the pro 
gram running on the local computer that executes the opera 
tions of the decompression device. Application 903 interfaces 
with the input/output of local computer 111. Any updates in 
data must therefore be sent to application 903. Once applica 
tion 903 is notified, the decompression device enters free 
buffer block 907. Free buffer block 907 frees all buffers 
including any memory devoted to storing previously trans 
mitted frames. The decompression method then restarts to 
wait for message block 801, waiting for a message from 
compression device 103. 
0166 If a new video mode message was not sent, the 
message is checked to see if it indicates the current frame of 
Video is stored in cache. This check is seen in cache hit 
decision block 805. If the decompression method determines 
that the message does indicate a cache hit, it will update 
merge frame buffer 909 with data from cache frame buffer 
913, as seen in notify application layer block 915. Merge 
frame buffer 909 contains the most up-to-date data indicating 
what should be displayed on the local monitor. Cache frame 
buffer 913, stores the same recently transmitted frames in 
cache that are stored on the compression device. Thus, if a 
“cache hit’ message is received by the decompression device, 
the video data needed to complete the update of merge frame 
buffer 909, with data from cache frame buffer 913. Copy 
block 914 receives cache frame buffer 913 data as input and 
outputs this data to merge frame buffer 909. 
(0167. After the updating of merge frame buffer909, notify 
application layer block 915 notifies application 903 of new 
data. In application copy block 919 application 903 receives 
data from merge frame buffer 909 and translates the data into 
a pixel format that can be displayed on the screen. Application 
copy block 919 completes this translation and sends the data 
in current screen pixel format to an update frame buffer 921 
which is an area of memory that can be read by display 923. 
Display 923 may include a video card, memory, and any 
additional hardware and software commonly used for video 
monitors. 
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0168 If the message sent from the compression device 
does not contain a cache hit as determined by cache hit deci 
sion block 805, then the decompression method confirms that 
the message contains compressed data in compressed data 
message decision block 925. If there is no compressed data 
the algorithm restarts at wait for message block 801. Other 
wise, the data is decompressed into bit slice buffers in decom 
press data block 927. If the JBIG compression algorithm is 
used, the data has been divided into bit slices when com 
pressed. Therefore, the first step in the decompression of said 
data is to divide it into those bit slices and decompress each bit 
slice. As each bit slice is decompressed, it is stored in bit slice 
frame buffer 929 and then combined with the previous bit 
slices via an “OR” type operation completed in “OR” block 
931. 

(0169. Next, end of field decision block 933 calculates 
whether all of the data from one field of the current frame has 
been received. If a full field has been received, then the 
decompression method notifies application 903 in notify 
application layer block 915. Again, like with a cache hit, the 
notification allows the application to read from merge frame 
buffer 909. The data from merge frame buffer 909 is con 
Verted into current screen pixel format in application copy 
block 919 and transmitted to the update frame buffer 921. The 
data in update frame buffer 921 is used in display 923. If end 
of field decision block 933 determines that the full field has 
not arrived, the method returns to wait for message block 801 
to wait for the rest of the message. 
(0170. Once the full field of video has been sent to the 
application level, a second check in decision block 935 is 
performed to see if the field is the last field included in the 
message. If it is, the cache is updated by update cache block 
941. Otherwise, the method continues to wait on more data 
from the compression device in wait for message block 801. 
In update cache block 937 new data overwrites older data in 
the cache. This keeps the cache up-to-date and synchronized 
with the compression device cache. 
0171 After the completion of the cache update, the system 
returns to the wait for message from server block 801. This 
process continues so long as the compression device sends 
frames of video. 

0172 Next turn to FIG. 10, illustrated is an alternative 
embodiment in which the outputs of 4-input 4-output com 
pression switch 1001 are connected to 42 port Paragon KVM 
switch 1003 via four compression user stations 1005. 4-input 
4-output compression switch 1001 utilizes the compression 
methods of the present invention within a 4-input 4-output 
KVM switch. 42-port Paragon KVM switch 1003 is a KVM 
Switch with 4 inputs and 42 outputs. In this configuration 
there can be up to four local computers 111. Each compres 
sion user station 1005 receives one output of 4-input 4-output 
compression switch 1001, and sends the output to the input of 
42-port Paragon KVM Switch 1003. Twenty eight outputs 
from 42-port Paragon KVM Switch 1003 are connected to 28 
Sun User Consoles 1007. The remaining outputs of 42-port 
Paragon KVM Switch 1003 are connected to 20 PC User 
Consoles 1009. Each Sun User Consol 1007 is connected to a 
remote sun workstation 1011, while each PC User Console 
1009 is connected to a remote PC Server 1013. Thus in this 
configuration, a compression device, in this case, 4-input 
4-output compression switch 1001, can control 108 total serv 
ers of which 28 are remote sun workstations 1011, and the 
other 80 are remote PC Servers 1013. 
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0173 FIG. 11 illustrates an alternate configuration of the 
present invention in which 8 local computers control 256 
servers. In this embodiment, three 32-channel KVM switches 
1017 are used in a two-level configuration. The first level 
32-channel KVM switch 1017 is used as the input to the other 
two 32-channel KVM switches 1017. As in other arrange 
ments, each remote server 1015 has a user console 1019 that 
accepts input from 32-channel KVM switch 1017 and con 
verts the input into a readable form for each remote server 
1015. As in alternate embodiments, the output from each 
4-input, 4-output compression Switch 1001 is sent to com 
pression user stations 1005 to convert this output into a form 
readable by 32-channel KVM switch 1017. 
0.174 FIG. 12 illustrates an alternate configuration 
wherein 8 local computers control 1024 remote servers. In 
this configuration there are two 4-input 4-output compression 
switches 1001 used in conjunction with three levels of 
32-channel KVM switches 1017. In sum, there are 42 
32-channel KVM switches 1017. As with other configura 
tions, each remote server 1015 has a user console 1019 
capable of accepting input from 32-channel KVM switch 
1017, and outputs to remote server 1015. Further, the output 
from each 4-input 4-output switch 1001 is sent to compres 
sion user stations 1005. 

0175 FIG. 13 illustrates an example of an alternate 
embodiment of the present invention wherein 16 local com 
puters control 256 remote servers. This configuration shows 
how, with a combination of the present invention and KVM 
switches, remote computers can be controlled locally, or at 
the remote location itself. In FIG. 13, there is a 16-input 
16-output KVM switch 1021, with inputs connected to a 
combination of local computers 111, and remote controlling 
computer 1023. As in other configurations, the local comput 
ers 111 connect to the remote servers 1015, via 4-input 4-out 
put compression Switch 1001, and compression user station 
1005. The outputs of the 16-input 16-output KVM switch are 
sent to a combination of remote servers 1015, and remote 
servers 1015 connected to additional 16-input 16-output 
KVM switches 1021. In total, there are 268 remote servers 
1015 that can be controlled by the local computers 111, and 
the remote controlling computer 1023. 
0176 While the present invention has been described with 
reference to one or more preferred embodiments, which 
embodiments have been set forth in considerable detail for the 
purposes of making a complete disclosure of the invention, 
Such embodiments are merely exemplary and are not intended 
to be limiting or represent an exhaustive enumeration of all 
aspects of the invention. The scope of the invention, therefore, 
shall be defined solely by the following claims. Further, it will 
be apparent to those of skill in the art that numerous changes 
may be made in Such details without departing from the spirit 
and the principles of the invention. 

We claim: 

1. A method of coding video signals comprising the steps 
of: 

(i) capturing a first frame buffer from a remotely located 
computer; 

(ii) capturing a second frame compare buffer from said 
remotely located computer; 

(iii) comparing said first frame buffer to said second frame 
compare buffer; and 
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(iv) transmitting portions of the image that have changed 
from the first frame image to the second frame image, 

wherein a video display of said remotely located computer 
is provided on a local computer reflecting changes of the 
video display based on local input. 

2. A method according to claim 1 wherein, said frame 
buffers are divided into cells. 

3. A method according to claim 1 wherein a switch device 
is connected between said remotely located computer and 
said local computer. 

4. A method according to claim 1 wherein said comparing 
said first frame buffer and said second compare frame buffer 
further include a first threshold stage and a second threshold 
stage wherein said first threshold stage includes a pixel 
threshold technique for filtering small Red, Green and Blue 
color gradation changes and said second threshold stage 
includes a cell threshold value for determining the sum of 
changes in the frame for re-transmitting a block. 

5. A method according to claim 1 wherein said comparing 
said first frame buffer and said second compare frame buffer 
further include a cache of a series of the previous versions of 
the cells of previous frame buffers for determining cell 
matches and transmitting only said cell matches. 

6. A method of coding video signals comprising the steps 
of: 

(v) capturing a first frame buffer from a remotely located 
computer; 

(vi) capturing a second frame compare buffer from said 
remotely located computer; 

(vii) comparing said first frame buffer to said second frame 
compare buffer by utilizing a first threshold stage and a 
second threshold stage wherein said first threshold stage 
includes a pixel threshold technique for filtering small 
Red, Green and Blue color gradation changes and said 
second threshold stage includes a cell threshold value for 
determining the Sum of changes in the frame; and 

(viii) transmitting portions of the image that have changed 
from the first frame image to the second compare frame 
image based on the Summation of the pixel threshold as 
compared to the cell threshold value, 

wherein a video display of said remotely located computer 
is provided on a local computer reflecting changes of the 
video display based on local input. 

7. A method according to claim 6 wherein said frame 
buffers are divided into cells. 

8. A method according to claim 6 wherein a switch device 
is connected between said remotely located computer and 
said local computer. 

9. A method according to claim 6 wherein said method of 
coding video signals further includes the step of compensat 
ing for various analog to digital converters by adjusting the 
offset and the gain of the video transmission. 

10. A keyboard, video, mouse device for operating a 
remotely located computer from a local computer compris 
ing: 

at least one local computer; 
at least one remote computer; 
a compression device for analyzing and converting a video 

signal from said remote computer; 
a first frame buffer captured from said at least one remote 

computer; 
a second frame compare buffer captured from said at least 

one local computer; and 
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a cache of a stored series of the previous versions of the comparison of said cache of said stored series of cells of 
cells of previous frame buffers, a frame buffer to determine cell matches and transmit 

wherein said compression device compares said first frame only said cell matches. 
p p 11. An apparatus according to claim 10 wherein said 

buffer to said second compare frame buffer by utilizing remote computer and said local computer are connected via a 
a first threshold stage and a second threshold stage switch device. 
wherein said first threshold stage includes a pixel thresh 
old and a cell threshold value and further includes a ck 


