sBC9-92- 115 1 PERSONALCOR;
“*REAL TIME CAPTURE, COVPRESSI ON, AND RECORDI NG ih ﬁbg
field of data processing, and nore particul arl KAt & ,t
per sonal rjiSystem and net hod of oper aj a 4 y
for the reaﬁw}grgre %apture conpr essi on, 51and re 5“?\‘@"'613
Recording of digital notion video in real ti nme|ihtnot conEE sroﬁ"bm&uces
an excessively high data rate that exceeds the PALE Gf CECEIE e

%
n%lfm*ziem I

capabilities of many personal conputer systenms. A high data rate 10
produces |arge fi| cRERSONNL GAMPUTHR WETH MQEION YIBRC BEX 58‘85 CAREUBBy reducing the
| ength of recordings that can ¢mrprEsSzony kb RECORDENG anount of di sk storage.
VWiile real tine conpression of nmotion video during recording can be

acconpl i shed wi t ressi on _assisted by specialized hardware, a software
noti on vi deo co "SH':’a?f‘g’Eﬁliaf?ﬁnt?H‘g‘F éig‘glfge%tfr?rr"éﬁﬁsW?hﬁn‘? 1°I% the
mai n pr ocesnmtlgﬁlatrétctpdimgmmq dnla persgnalowonpuser wyskens ansorethed iy ces,
Wi t hout Rar gyétaig) Bl e§StieANto PEEride dr PeNEAll tike CAFRUMeI! Eapadssaompl exi ty

of nost sof Lyer, g-oqjawg ARt LE§Q conpressi-on algorithns is too gr eat to
execute in real ?lrre, not1 on
Recording of digital motion video in real time without compression
produces an excessively high data rate that exceeds the file I/0 transfer
capabilities of many personal computer systems. A high data rate
10 produces large files that quickly exhaust disk storage thereby reducing
the length of recordings that can be made with a given amount of disk
-storage. While real time compression of motion video during recording
can be accomplished with compression assisted by specialized hardware, a
software motion video compression algorithm that executes in real time in
15 the main processor of recording practical when low-cost video capture
devices, without hardware c?mpression, are used.

Since the computational complexity of most software-only motion
video compression algorithms is too great to execute in real time, motion
video recording is often performed frame-by-frame, and the image data is

20 compressed during the capture process. While this method generally
produces high quality and compression, it has the disadvantage that
recording requires costlier "frame stepping" source devices such as video

s disks which may also entail conversion of source media. This method of
recording is time consuming and precludes capture from "live" sources

25 such as video cameras.

Real time capture can be accomplished in a software only
“repvironment by capturing raw data and transferring it to disk,
. compressing it later in non-real time. One drawback to such approach is
that capturing raw motion video data at an acceptable resolution and
30 frame rate results in an excessively high data rate. For example,
capturing a 160 x 120 image with 16-bits per pixel at 15 frames per
second, results in a raw data capture rate of 576,000 bytes per second.
This data rate exceeds the available disk file I/0 rate of many commonly
available personal computer systems. Furthermore, motion video capture
35 is usually accompanied by a digital audio capture which further increases
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Specialized digital video capture adapters with hardware support
for compression solve these problems by enabling real time compression
10 with compression. However, such adapfers are relatively costly and have
a smaller installed base that the more common video capture adapters
that do not support specialized hardware-based compression.

It is therefore an object of the invention to provide improved real
time motion video data compression and recording. This object is
15 achieved by the personal computer system claimed in claim 1.

An embodiment of the invention will now be described, by way of
example, with reference to the accompanying drawings, wherein:

) Fig. 1 is a block diagram of a personal computer system embodying
20 the invention;

Fig. 2 is a schematic diagram illustrating the primary data flow
for capturing, compressing, and recording motion video data in the system
shown in Fig. 1;

Fig. 3 is a schematic diagram illustrating phases of operation of
25 the embodiment for preselected modes of operation;

Fig. 4 is a diagram illustrating various data structures used for
the compression of data in accordance with the embodiment;

Fig. 5 is a schematic block diagram illustrating data tables and
how they are accessed; and

30 Figs. 6-9 are flow charts of different operating phases of the
embodiment.
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2'the data rate. Even in systens that can sustain the required data
transfer rates, the volune of data that is produced limts the |ength of
time that can be recorded. A 200 negabyte hard di sk holds only about five
m nutes at 576, 000 g%t es per second. Another drawback is that second pass

conpr essi on, BRAT¥eneral |y acceptabl e fdr capturing recorded video data,

does not work for live video capture/playback applications such as video
conferenci ng. Specialised digital video capture adapters w.th hardware
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microprocessors, such as an 80386 or a 80486 microprocessor, and local '

10 - bus 14 includes conventional data, address, and control lines conforming

to the architecture of such processor. BAdapter 20 is also connected to a

SCSI hard drive (HD) 24 which functions, among other functions, to store

files of data compressed in accordance with the invention as described in

nore detail below.

15 BIC 16 performs two primary functions, one being that of a memory
controller for accessing a random access memory {RAM) 36 and a read. only
memorf {(ROM) 38. RAM 36 is a dynamic random access memory that function
as the main memory for storing data and programs for execution by
microﬁrocessor 12 and math coprocessor 18. A address and control bus 37

20 connects BIC 16 with memory 36 and ROM 38. A data bus 39 connects memory
36 and ROM 38 with a data buffer 41 that is further connected to data bus
14D of bus 14. Control lines 45 interconnect BIC 16 and data buffer 41.

The other primary function of BIC 16 is to interface between bus 14

and an expansion bus 44 designed in conformance with Micro Channel (MC)

25 architecture. Bus 44 is further connected to an input/output controller
(IOC) 46, a video signal processor (VSP) 48, a digital signal processor
(DSP) 49, and a plurality of expansion connectors (EC) or slots 50. VSP
48 is further connected to a video RAM (VRAM) 60 and a multiplexor (MUX)
62. VRAM 60 stores text and graphic information for controlling what

30 appears on the screen of a monitor 68. MUX 62 is further connected to a
digital to analog converter (DAC) 68 and to a connector or terminal 70
that is connectable to a video feature bus (VFB). DAC 66 is connected to

monitor 68 that provides a conventional output screen or display for
viewing by a user.

35 IQC 46 controls operation of plurality of I/0 devices including a

floppy disk drive 72, a printer 74, and a keyboard 76. Drive 72

comprises a controller {not shown) and a removable floppy disc or



for executing prograns stored in said main nenmory, a source of unconpressed
frames of notion video data conprising a series of digitized pixel values,
and an out put device for recording conpressed franes, wherein said nethod
conpri ses tBae-92t¥s of: (a) storing, in*said main nenory, a plurality of

| ookup tables for use in anal yzing pixel color values expressed in a

| um nance-chrom nance format YCrCb (where Y is a value representing
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Memory 36 stores various programs for execution in the system,

which programs include an operating system (0S) 102 and a motion video

15 -recording program {MVRP} 104. Program 104 is an application program that
runs under the operating system and has various threads, discussed below,
which are concurrently executed as multitasks to provide real time motion
video recording of data from a video input device 96 such as a video
camera. Device 96 is connected to a video digitizer 100 in a video

20 capture adapter 94. A video buffer 98 is also included in adapter 94 and
is connected to receive uncompressed motion video data from digitizer
100. Adapter 94 is connected through an expansion connector 50 to bus 44
and the rest of the system allowing the adapter and video input device to
be operated under the control of motion video recording program 104.

25 The general operation of the system, while MVRP 104 is being
executed, is schematically shown in Fig. 2, to which reference will now
be made. The flow of data occurs along the thicker lines in this figure
and starts with analog data from video source 96, which is transmitted
into digitizer 98. Digitizer 98 converts the analog input into pages or

30 frames of digitized data and transmits the frames into video buffer 100.
Each frame comprises a number of pixel values corresponding to the number
of pixels used to capture the momentary “picture" or image seen by the
video source. Each digitized pixel value contains 16-bits (two Bytes) of
information represented in the well known RGB16 (red-blue-green sixteen

35 bit) format of five bits for the red value, six bits for the blue value,
and five bits for the green value. The frames in video buffer 100 are
uncompressed and are transmitted in an input data stream (IDS) as
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table containing a plurality of AVG YCr CbAT_ LAST_ UPDATE val ues stored at
2a | ocations accessible by a third index including a block nunmber
identifying location of a block in a franme, each AVG Y_AT_LAST UPDATE val ue
being a AVG Y pealeieiydien a bl ock was |ast ghanged; (b) storing an
unconpressed frane fromsaid source in said nmain nenory, said unconpressed
frame having a predeterm ned number of groups of bl ocks of pixel values,
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10 v1ew1ng device, such as a monitor, for viewing the motion video thus

recorded.

The general operation described in the preceding paragraph is under
the control of microprocessor 12. When digitizer 98 converts enough
samples of the analog input to complete a frame, it sends an interrupt

15 signal to interrupt controller 99 which in turn transmits an interrupt
request to microprocessor 12 causing an interrupt handler to produce a
. signal allowing a video input thread 105 to copy the completed frame to
queue 110. Thread 105 may also provide scaling of the data. Thread 105
i's part of MVRP which operates under the control of 0S 102 along with a
20 video compression thread 106 and a file writer thread 107, on a
multitasking basis. These threads create a data stream in which raw
digitized motion video data is inputted in the IDS from buffer 100 into
RAM 36, compressed by video compression thread 106 in the manner
described in detail below, and written to a file in disk 24 by file
25 writer 107 on a real time basis. In a conventional way of multitasking,
each of the threads is sequentially alloted a separate execution time by
0S 102 so as to impart a perception to a user that all three threads are
being executed simultaneously when in fact the microprocessor executes
only one thread at a time. Video input thread 105 controls the filling
30 of input buffer 110 with frames of AQigitized data from video buffer 100.
Video compression thread 106 processes frames from buffer 110 with frames
of digitized data from video buffer 100. Video compression thread 106
pProcesses frames from buffer 110 one-at-a-time, compresses data therein
as described below, and writes compressed frames to buffer 112. During
35 the course of such processing, thread 106 accesses information in various
data tables (DTs) 121 stored in RAM 36. File writer thread 107 writes or
records the frames from buffer 112 in hard disk 24. The control over

such functions is represented in Flg 2 by the respectlve lines 113, 115,
117, and 119.
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such a case, I-frames can be inserted periodically, e.g., every second or
15 every thirtieth frame, so that the maximum time to produce a complete
image when fast forwarding occurs, is relatively short.

Referring to Fig. 3, when operating in an iﬁter-frame mode, four
phases {illustrated in section {(A))} are used, and when operating in an
intra-frame mode, three phases {(illustrated in section (B)) are used. 1In

20 both modes, the operation begins with Phase 1, described below with
;eference to Fig. 6, and then with Phase 2, described below with
reference to Fig.7. Then, in the inter-frame mode, Phase 3 follows Phase
2 and completes by branching to Phase 4 or to Phase 1, in the manner
described below with reference to Fig. 9. 1In the intra-frame mode, Phase

25 4 follows Phase 2.. Phase 4 is described below with reference to Fig. 7.
In both modes, Phase 4 completes by branching back to Phase 1. The four

Phases are also designated respectively by numerals 116, 118, 122, and
124, in the drawings.

Various data structures are shown in sections {A) - (D) of Fig. 4.
30 Referring to section (A), the input data stream (IDS) comprises a
plurality of uncompressed frames (UFs) created from the start to the end
of image creation by source 96 and digitizer 98. Each UF contains a
plurality of “p pixel values (PVs) corresponding in number to the number
“n" of pixels in a screen image. Each PV contains two bytes (sixteen

35 bits) of color information in an RGB format, with 5-bits for level of red
intensity. )



satd recording device for recording said output entries as a conpressed
frame. According to another aspect of the present invention there is

provi ded a personal conputer system having a main nmenory for storing data
and progr ans BCAA208hg. a nul tit aski ng ope?ati ng system a general purpose
m croprocessor for executing prograns 2b stored in said nain nenory, a
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accessible b I hdex contai ni n _conca enat e an AVG Y
val ue wher ei redpagsat| %1"8%" 49 thegeeraen \imgag- ues in a bl'ock, each |um nance
profile containing a honbgenous bit that i's set to a not-honpgenous state

when (Y-AVGY) eXQ‘ﬁ@dﬁtﬁut data stream {ODS) flows from output buffer 112 to disk

10 24 and comprises a plurality of compressed frames {CFs) which vary in
size dependent on the specific compression that takes place during
processing. The number of CFs is the same as the number of UFs,. there
being a one-to-one correspondence between the two sets of frames. Each
CF comprises a plurality of block group headers (BGHs) corresponding to

15 the number of BGs in a screen image SI. As shown in section (C), each
BGH is one byte and has eight bits logically separated into four fields
of two bits. Each field corresponds to a different one of the group
block quadrants NW, NE, SW, and SE. Each two bit field defines the data
for the corresponding 2x2 pixe} block or quadrant, as follows:

20 00: 2x2 block unchanged, no succeeding pixel wvalues for block
01: 2x2 block is changed homogenous, one succeeding pixel value for
block.
10: 2x2 block is changed, not homogenous, four succeeding pixel
values for block.

25 11: (no meaning)

In an inter-frame ODS, each preceding BGH is followed either by an

immediately succeeding header or from one to sixteen pixel values from
one or more of the quadrants. The number of pixel values following a
header is dependent upon results of the compression processing as

30 described below and is in accordance with the information in the header.
Thus, each header may be followed by 0-4 PVs for the NW quadrant, 0-4 PVs
for the NE quadrant, 0-4 PVs for the SW quadrant, and 0-4 PVs for the SE
quadrant. BAn exemplary inter-frame ODS is shown in (C) as containing the
series of: BGH1; BGH2; one to four entries for PV(NW), PV(NE), P(SW),

35 PV(SE); and BGH4. In such series, there is no change in BGl since there
are no PVs following BGHl1. :For BG2, a-change occurs in the HE quadrant.
For BG3, changes occur in each of the quadrants. Obviously, differing



pr'edet-er m ned honogenous threshold and is set to a honbgenous state when
(Y-AVGY) is equal to or Iess than said honpgenous threshold, (a2) a second
| ookup table containing a plurality of threshold indicators stored at

| ocati ons ac®essi2bli by an index includin a current AVG YCrCb val ue
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bi t words. The high order word has two bytes which contains 6-bit Cr and Cb

values. The low order word contains a 5-bit Cr value, a S5-bit Cb wvalue,
and a 6-bit Y value, which word represents a standard YUV_16 format. The

15 contents of register R are logically ANDed with mask bits shown in
register Rl, to produce the results in register R'. The ANDing thus
zeroes bits 15-6 and removes the low word chromanance values leaving only
6-bit values of ¥CrCb in register R'. Four such results are accumulated
in SUM to produce 8-bit totals of Cr, Cb, and ¥ from which the éverages

20 can be readily calculated.

Referring to Fig. 5, the tables 121 stored in RAM 36 include a
table 252 of 32-bit YCrCb values, a table 254 of luminance profile
values, two tables 256 and 258 of threshold indicators, a buffer 260 of
last update luminance profiles, and a buffer 262 of last update AVG YCrCb

25 values. Microprocessor 12 has a plurality of local registers including
local registers 250 and 251. Register 251 is used as a base register
into which the base address of a table can be loaded. Register 250 is
used as an index register (IR) that is loadable with different indices or
offsets for accessing all of the tables in 121. The combination of the

30 base address from 251 and the offset from 250 is used to selectively
access entries in the tables. The various settings of the IR shown at
(a)-(£) access the tables in the following manner. The RGB value of the
raw data accesses table 252. Table 254 is accessed by placing the AVG Y
Per block value in the low byte and a pixel luminance value Y in the high

35 byte. Table 256 is accessed by placing the last update AVG luminance
value in the low byte, and the current AVG luminance in the high byte.

Tables 260 and 262 are accessed by placing a block number index in the
IR.



fiel ds indicate bl ock status as bei ng unchanged, changed-honbgenous, and
changed- not - honobgenous, said neans (d) conprising: (dl) neans for

determ ning average YO Cb values AVG Y, AVG O and AVG Cb fromall pixe

val ues in asggqﬁ s(d2) neans for creatigg a block |um nance profile by
readi ng fron1sa|d flrst | ookup table a plurality of pixel |um nance
profiles for each pixel in a block, each pixel |lum nance profile being read

using a first i nfégﬁfgcmpgééieegco‘foé Qralééécpep%ge%ke@ad RNGNhc®f chismabbmek,
(d3) 2Cc neans

bl e
an AVGYCr Ch (MC)LfamaEpiSaTe ﬁfe i alglﬂmﬂf%cekv%lue and(rj%caé'léés)gg Ed4 7l means
for readi ngaadbineshobwinangsi vakues. f FornReBI&] calorsndhe (Y@ P&, é‘UsF
second 'nde§b0§t0§é’d dnANBYE26R, Ale daASILaUEDAE EfoL Bdvwse from means (d3)
concatenated wth current AVG YCrCb for said block being processed, (d5)

means for exanining, when said threshold indicator read in.means (d4) is in
sai d seconhd stat g'toné?%bf’ O-#ARN&r°-d/% pixel |uminance profile in said

bl ock | um nance pf=9f15|€0|.‘:‘>136(5t-Y)to a not - hom)genous state, and placing a

plurality of pixeh=gelph.yalEes i.n said output entry when a pixel |un nance
profile is set to a not-honmpbgenous state or placing a single pixel color
val ue when all of .

where R is from 0 to 31, G is from 0 to 63, and B is from 0 to 31

dependent upon the values of their respective bits. The YCrCb values can
10 be converted in the reverse direction in accordance with the following
formulas:

il

Y + 1.403(Cr-16)
2Y - 1.43(Cr - 16) - 0.688(Cb-16)
Y + 1.773(Cb - 16)

©
till’ll

15 Table 254 contains 64K luminance profile bytes. Each byte is of
the following format:

Bits 7-3 0 -(not used)

Bit 2 contrast bit- Set to 1 if (pixel Y - AVG ¥) >
contrast threshold, otherwise set to 0.
20 Bit 1 contrast bit- Set to 1 if (AVG y- pixel Y) >
contrast threshold, otherwise set to 0.
Bit O not-homogenous bit~ Set to 1 if (pixel Y - AVG y) >

homogenous threshold, otherwise set to 0.

A 32-bit block luminance profile is created using table 254 by
25 performing four table look-ups, one for each pixel in a block. The use
of the "not-homogenous" bit (conversely, the "homogenous® bit) should be
fairly obvious. The homogeneity of a block is tested primarily by the
luminance levels of each pixel value, and if the levels are all
approximately the same, the block is considered homogenous. Thus a
threshold level is used, which if exceeded, produces a perception that
the block is not homogenous. The smaller the threshold, the more uniform
each pixel would appear. A threshold of "3" would be an exemplary value.
The use of the contrast bits is not so obvious. Such bits are used in
the inter-frame mode for the situation where even though the current
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said pixel profile values are set to honpbgenous states; (d6) neans for
setting said block group header to indicate said block being processed has
a honogenous status or a not- honpgenous status in accordance with

exani ni ng r BSAr%1Y neans (d5), (d7) medfs for updating said third table
with current AVGYCrCb and returning to neans (dl) to process a next bl ock,
(d8) neans for setting said block group header to indicate said block belng
processed hasensgeubbaskntiEdndncat 1avelaifd bt utei fryet 3 Memnast 4PJato process a
next bl ock, aapdyeS Binidnblec sind hithindtioa threshalddos Bheraass updhty awrage sai d

mans & oin tu%%a?'%é 10F o Spelererk, | SpAaR B i‘“‘*ﬁﬁ*"@a“m@% 21ty of
pi xel col or %F%Fegr?ﬁﬁyef%ﬁlf aﬁng'i‘ﬁ) ﬁggﬁng ﬁﬁ’fg)a"ﬁe f5& ‘f‘%’g

transm ttsngalodt)pupulehbﬂeeéﬂfﬁebmtsam?agﬁmps inafram to said recordi ng
device for recording said output entries as a conpressed frame. DESCRI PTI ON

Coonsvee b o TR Ol SR BN L0 N L

descri bed, by way e acconpanyi n raw ngs,
wher ei n: Fi ¢thite Pé"%llsbf“‘b*tfk'“ﬁ'reagr%m‘o? blogkeyUdA APPe AL ferenty 8F & %Q?Hodyl ng
the inventi agfrtomf flock is whiskc therefioue pdkelyr eatues [ayre taldt arognd 32. (The nahiye dat a
fl 0¥v for hcarwéwaav& qm&s&&&gef %aowlﬁs %glm‘ampuaa !\/alv@eé)tﬂrﬁitxﬁné@ otﬁhe
systems WI'} a,scngnat | l.a S I n Ses
of operat?on'%t t’Jﬁglr rrtl)"edc gveralg‘?ors %zrges "(:“5“%0%1“”11?1%&&%?% sedde

a higher level, e.g. "10" than the lumlnance threshold level. Wxth such :

an example, contrast bit 2 is set if the pixel luminance’ is much greater

than the block average luminance and thus would be set to a "1¥ for each

white pixel. Contrast bit 1 is set if the pixel luminance level is much

15 1less than the average block luminance level and thus would be a "1" for

each black pixel..

Blocks 256 and 258 are each 64K~ 1-bit blocks for luminance and
chromanance threshold indicators the entries of which are set to 1 if the
current average luminance or chromanance (high order index byte) exceeds

20 the last update average luminance or chromanance (low order index byte)
by a threshold amount and are set to 0 if a threshold amount is not
exceeded. Blocks 260 and 262 respectively contain a plurality of
luminance profile and AVG YCrCb entries corresponding to the number of
blocks in a frame., Such entries are stored each time a pixel change

25 occurs. A given entry may thus represent the value in the immediately
preceding frame or what the value was, e.g., one hundred frames ago.

The use of the lock-up tables speeds up processing compared to
having to calculate values on-the-fly and make comparisons and decisions.
It should also be obvious that the three tables 254, 256, and 258 can be
combined into a single table to eliminate two of the unused bits in table
254. 1In such case, the resultant table would be accessed using different
indexes dependent upon what type of value is being read.

30

Referring to Fig.6, motion video data compression is accomplished
by processing the 2x2 pixel groups PGs or blocks one-block-at-a-time. As
indicated above, each PG or block contains four pixel values respectively "y
designated C0, C1, €2, and C3 each of which contains two bytes
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Fi‘g. 4 is a diagramillustrating various data structures used for the
conpression of data in accordance with the enbodinent; Fig. 5is a

schematic bl ock diagramillustrating data tables and how they are accessed;
and Figs. 6- gcgaggglflgow charts of differenf; operating phases of the
enbodi nent . 92-115 3 Referring nowto the

drawi ngs, and first to Fig. 1, there is shown an exenplary nultinedia data

processing sy Stem,}QBEgkhgomeﬁ'c%wgvgéeog;gn@xeiom R ack0 1QRE" ARlEs UNder a

mul titasking system suc ersjon 0, to execute

appl i cation ﬁ?ngF‘&nE““"CB%iﬂﬁ‘t BFOCE8S 5 2B FRRTREERe ot P r‘ﬁp? 0CREWS harsvatshnect ed
to a |l ocal bfsmat" whFoheadhn 2x?bhock,s theo finstt stdp t186 airbh Bhasient disf b eread

controller (ﬁl&ksﬂ- ixdl VRlUe CORROSAREAR Ais@Rdect SroRbisinglPEtEs 13ystem
o sl o5y ARl ud el R PRCBRAT %:85%%0?%%%83;%&8%)0{0 the

famly of 80 X ficro rocessors suc
mi cr opr ocesskaek-whihe d'earesmn dipgL/CAvalye | YeaeR0 & bolkle Lohal SRt 130 SeRN ess,
and control kawesstheoldndnimicegportion YO in a register. Step 132 then writes the

color value CO to the output data stream, and step 134 accumulates the
Ycrcb values in a variable named "SUM" (Fig. 4(D)). Similar steps 136-

10 144, 1436-154, and 156-164 are performed for each of the remaining pixel
value €1, €2, and C3, with the result at the end of the remaining pixel
values Cl, C2, and C3, with the result at the end of Phase 1 that for
each pixel in the block being processed, a luminance value Y has been
stored, an L/C value YCrCb has been accumulated, and four pixel value CO-

15 C3 have been written to the output data stream. Alternatively, instead
of outputing RGB values, the LUV format from the low order word of the
¥Crcb look-ups obtained in steps 128, 138, 148, and 158, can be
outputted.

! Phase 2 immediately follows Phase 1 and begins with step 168 (Fig.

20 7) vhich first calculates the average pixel luminance value AVG ¥ from
the accumulated luminance value in SUM, and places the AVG Y value in the
low byte of register 250 (the IR). Step 168 then moves Y0 into the high
byte of such register. Step 170 looks up the Y0 luminance profile bytes
in table 254 and stores it in the first field of the 32-bit block

25 luminance profile. Similar steps 172 and 174, 176 and 178, and 180 and
182 are performed for Y1, Y2, and Y3 with the result that at the end of
these steps, the block luminance contains four luminance profile bytes,
one for each of the pixels in the 2x2 PG being processed. Following step
182, phase 3 or phase 4 is entered depending upon which mode is being

30 done, as previously indicated.

Referring to Fig. 9, if inter-frame (delta frame) processing is
being done, Phase 3 immediately follows Phase 2 and begins with step 196
which reads from table 262 the last update average YCrCb for the block.
Step 198 extracts and moves the last update AVG Y from such average YCrCb
35 and places it in the high byte of IR. Step 200 then performs a lookup
into table 256 for the Y threshold indicator based on the last update AVG
Y and the current AVG Y. Step 202 then makes a decision as to whether or
not the absolute value of the (last update AVG Y minus the current AVG Y)



to the architecture of such processor. Adapter 20 is also connected to a
SCSI hard drive (HD) 24 which functions, anong other functions, to store
files of data conpressed in accordance with the invention as described in
nore detail below 15 BIC 16 perfornms two primary functions, one
being that of a nenory controller for accessing a random access nenory
(RAM) 36 and®@-9%3% only nenory (ROV) 3812RAM 36 is a dynam ¢ random access
menory that function as the main nenory for storing data and prograns for
execution by mcroprocessor 12 and math coprocessor 18. An _address, and
control bus B7gp@terShtiedt ¥ dBite threphedd- niiveh fegigiohds mene By eXaminig, pus
39 connect s grRNEtrysididairdliEd®ok 38 16 step 208 ateaulssfines péditimat{yes) furt her

connect ed t 0343} nkton] 4R MfanbUhat 4he GRRELR! 1uniNGEe 421bbertBONIGE! Bl C 16
and dat a buf?

Dot ween bus SHPEES el Rttt e prdiiesullpftesste ug drot ab€ il 1 CR
Channel ( BC)PhaBe 4ar cifi %@t thieresmdts inge negatiye Aeferpigahinn Gip)y reaping
i nput / out put tHeoktdck| Isetiot{ FdDed Ginge Yheldastsuplate thexro€ssoeép RMBRs 48, a
digital signgl NeACHSH pbHIhs 4R updte By Rlebdidli dy @ vEeRRNG Haiearpect ors
(EC) or slotg 50. . VSP g%i S. fur&@e{as%oungaetctg& é? :! Vi 9901 ér\(RAg\@e 60 and
a mul tipl ex r°f‘!\ﬁ3§¥° 3% RORE PR Ot S PESR M SPESEFERE Sy Rt i DT f or
control | i ng 3Qgathen looks at the Cr threshold indicator and decides if the absolute
10 wvalue of the (last update AVG Cr minus the current AVG Cr) is greater
than a Cr delta threshold. If step 206 results in a positive {yes)
determination, it means that the average Cr value for the block is
changed from the last update, and processing proceeds in'step 208 with
Phase 4. If step 206 results in a negative determination (nc), meaning
15 the average Cr of the block is not changed from the last update, step 210
is executed and it performs a similar for the Cb. Update based on the
last update AVG Cb and current AVG Cb and current AVG cb.
Step 212 then looks at the Cb threshold indicato; and decides if
the absolute value of the (last update AVG Cb minus the current AVG Ch)
20 is greater than a Cb delta threshold. If step 212 results in a positive
(yes) determination, it means that the average Cb of the block is changed
from the last update and processing proceeds in step 208 with Phase 4.
If step 212 results in a negative determination {no), meaning the block
is not changed from the last update, step 214 then saves a copy of the
25 current luminance profile for the block in a 32-bit register, and step
218 exchanges the current luminance profile for the block with the last
update luminance profile for the block, in the buffer. Step 218 then
performs the logical functions of exclusive ORing (XOR) the last update
luminance profile value with the current luminance profile value and
30 ANDing the result with a contrast bit mask and determines if the result
is equal to zero. If 218 results in a neqative determination, it means
that the contrast bits of the luminance profile for the block the last
time the block was updated, and processing proceeds in step 208 with
Phase 4. If step 218 results in a positive determination, meaning the
contrast bits are identical, the result means the block is unchanged
since the last update. Step 220 sets the block bits in BGH to "00% to
indicate the block is unchanged and then, without advancing an output

stream pointer over colors written for this block, loops back to the
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30 appears on the screen of a nonitor 68. MJX 62 is further connected to
a digital to anal og converter (DAC) 68 and to a connector or termnal 70
that is connectable to a video feature bus (VFB). DAC 66 is connected to
nmoni tor 68 that prOV|des a conventi onal ut screen or display for

view ng by a 8C%92-4$ | OC 46 contr3Fs operation of plurality of 1/0
devices including a floppy disk drive 72, a printer 74, and a keyboard 76.

Drive 72 conprises a controller (not shovvn renovable flQ di sc or
BC9- 92- 115 npbeqinnmg of Phase 1 to procesy the {Le‘ %‘3 % ¥4 BP?&%%‘“%

connected to aremusputtedfortsych2@ockr serial port connector 80, and a
speaker connector 82 which allow various optional devi ces to be connected

into the system D her n rut'
data RAM 5 96, an ?l%lelné”{g t{ a?é %%n g Isg?é' ((13\? (Q,’)f &859*2165%34 B
control | er (9bjockRewrren Yahﬂ"ﬁé’”P&%ﬁféét’rsv@“W?ﬂ?Pﬂ qrnaet.y Fhis s dons B’ét a

used by DSR 43ndXyzipg cbessrrmptslupivdree phaflile Sontheobletk 60 seorifrays*mver i ous
audi o homogenous" bit is set. If no not-homogenous: bit. is set, meaning the

block is homogenous, step 186 then advances the output stream pointer
over one color and step 188 indicates in the output data stream BGH that
the block is Ychanged, homogenous®. Then a return is made in step 190 to

10 the beginning of Phase 1 to process the next block. If step 184 detects
at least one not-homogenous bit is set and produces a negative
determination, meaning the block is not homogenous, step 192 advances the
output stream pointer over four colors, instead of only one color as was
done in step 186. Then, step 194 indicates in the BGH in the output data

15 stream that the block is "changed, not homogenous" and step 189 updates
the last update buffers 260 and 262 with the current values. Step 190
returns to Phase 1. The output stream pointer is set up in the EDI
regisfer of the microprocessor and indicates the point at which values
are written into the output stream. It is to be recalled that during

20 Phase 1, four colors C0-C3 were outputted, and when the output stream
pointer advances over only one color, the remaining three colors are over
written with pixel values from the next block. When the pointer is
advanced over four colors, none of the four colors are over written and
thus such pixel values are placed in the output data stream.

25 The various threshold values are adjustable {by using different
values) to obtain the dégree of compression/quality desired by a user.
Increasing the threshold values results in greater compression, but
reduces resolution and quality of resultant images. It should be
apparent to those skilled in the art that many changes can be made in the
details and arrangements of steps and parts without departing from the
scope of the invention as defined in the appended claims.
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I nputs and out puts and is connected to a plurality of connectors 92 by
whi ch vari ous devices can be connected to the system Such devices 10

i ncl ude a headphone, a nicrophone, a speaker, a nusical
digitizing ipisbage (M D), and devices ¥equiring an aulilmmmm“m”m
| i ne-out functions. Menory 36 stores various prograns for*execut!l on iIsn e
system which prograns include an operating system (0OS) 102 and a notion
video 15 recording program (MRP) 104.craPa®gram 104 is an application
program that runs under the operating system and has various threads,

di scussed bel ow, which are concurrently executed as nultitasks %o proyvi de
real time notion MipgEernedcHPERYRS Sistaniaciyding 2 vIED PR ATPT IRV B such
as a vi deo Cppdyrams DRviu@énd@ meltdbreking opersbing vysien, @i wiarpprocedBy for a
video 20 Capgw&tﬁ%a?f'ﬂra%st&eﬂi £t @abt by O Ganll moBh &0 videl Het@dding adapt er
94 and is connected to..receive unconpressed notion video data from
digitizer 5106?‘“15d’é°6¥’5f51§3' I s connected through an expansi on connector 50 to
bus 44 and the rest of the systemallow ng the adapter and vi deo i nput
device to be opergied nsaderfor henetattinglandfstooingoin waitbeemrgor dueespiagr am
104. 25 of WhIGuIE0AIALrARE R AR eDed MR 15Y SAEID ot berWMRPI4 (S being

[
executed, is's [ y ,shi)wn in Fig. 2, to which reference will now
color values for pixels in a screen;

conversion means for converting said uncompressed frames into

10 compressed frames;
and recording means for storing said compressed frames;

‘said conversion means being operative to process said pixel color
values one block at a time and comprising:

table lookup means in said memory including a table storing
15 luminance and chrominance values ¥CrCb as a function of
different pixel color values;

second means operative to look up in said table the luminance

value Y for each pixel color value in a block and to

accumulate an average pixel luminance value AVG Y for all of
20 the pixel values in a block;

third means operative to determine whether a block is
homogenous or not-homogenous, a block being homogenous when
all pixel Iuminance values Y in a block each differ from said
AVG Y by an amount less than a homogenous threshold, a block

25 being not-homogenous when the Y of any one pixel value in a
block differs from said AVG Y by an amount exceeding said
homogenous threshold; and

fourth means responsive to results of said third means to

output to said recording means a single pixel color value for

30 a homogenous block and a plurality of pixel color values for

a’not-homogenous block.

This Sheet Has Been R@ﬁlaced
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be made. The flow of data occurs along the thi cke-r---l'i'rres "'i"n"‘t‘hT'é" figure and
starts with analog data fromvideo source 96, whig he%tltlz{s@% Theadl lnto
digitizer 98. Digitizer 98 converts the analog i np or
frames of digitized data and transmts thedfranes ﬂ fer 100
Each frame coPg?i®3ekt3a nunber of pi xel valles corr he nunber
of pixels used to capture the nonentary "pi-cture" or |mage seen by the

vi deo source. Each digitized pixel value contajns 16: tes f
i nf or mati on r@pr eskraeseenah TOMBUSEE| FYSEAHR REBIB ET é’at’bféae““ ggg’ﬁrésll xfgeled(r)l 35

bit) format ofeniddveednist ®npoiseshe red val ue, six bits for the bl ue val ue,
and five bits for the green value. The franmes in video buffer 100 are

d and t tted |
léggorgnz)r ii;e and are transittgd ik QE\%'].' nP&tkné%rg%?Z%&?& (o P@raﬁﬁt\” y.of

sequence of phmmdgeneus| bits F=/8- Ppqtiomer & ang A¥y Xy f3ch it e&"? FEE EnBEF of
pi xel s per &Cliete Wkendehe abdodute dalue pHNL- BUE fYQrextedds naidAkh@8helsl it m a

first-in, firgtequt, (EBL ﬁswe%egfsdéﬂ%m&asmué aNRfath- FnesMeh&d each

franme has been roces
d thres old'

means for accessing said second table using values of Y and AVG ¥

. as a index into said second table to read said homogenous bits for all

10 pixel values in a block and determine from such bits whether such block
is homogenous or not-homogenous.

3. A personal computer system in accordance with claim 2 wherein:

said conversion means is operative to selectively convert
compressed frames into I-frames and delta-frames, each I-frame including
15 sufficient pixel info¥mation to produce a complete screen image
therefrom, each delta-frame containing pixel information at least a part
of which depends on pixel information obtained from one or more preceding
frames to produce a complete screen image, said conversion means further
comprising:

20 buffer means storing block update information, said buffer
means being initialized with information from an I-frame and
updated with new information each time a block has changed since
Aits last update;

fifth means operative for delta-frames to determine whether a
25 block has changed since its last update or is
unchanged;

said third means being selectively operated in response to a
determination by said fifth means that a block is
changed to further determine whether such block is homogenous
30 or not-homogenous; and

said fourth means being operative in response to a
determination by said fifth means that a block is
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5 -«conpressed, it is placed in an output buffer 112 - of--RAM-36—as a Fl FO
queue of conpressed franes CF1-CFn from where the fr. S asrl?eexfﬁ weptially
transmtted in an output data stream (ODS) and rec on fixed
di sk 24. The files can be | ater unconpressed or expai &Immu hg a
reverse of theceegemi®ssion process, and ttansmitted g devi ce,
such as a nonitor, for viewing the notion video thus recorded. The general
operation described in the precedi ng paragraph is under the control of
M Croprocessor 12.unvkmged| go touzpt 68 sebhvesardinmuenps amapdisstioh t he anal og
| nput |t|0 coggl 3}] e t%a_{ [RAEE blbdk $EREShanGed DEHoLY Rirodfing GARIpikel | Nt errupt
controller ich.in turn tr S.an interrupt request to
m croprocessor 12 v@éﬁesrﬁb 5‘#}* r?lllt‘heirg%{u%? handl er to produce a signal allow ng
a video input thread 105 to copy the conpleted frame to queue 110. Thread
105 may al so §r ovixlpersondl ogupotert hpstdmtim addordmde MiShicdapadt whereV/RRLIdVNI ch
oper at es upde, .0S 102 along with a 20 video conpression
t hr ead 106gan§fgnﬁeﬁg&/§ﬁréfgsthread 107, on a nultitasking basis. These
threads create a data streamin which raw digitized notion video data is
inputted in the | BSthirdntable fiarsaidotabhe dorkup mans c GApE S8i% titevsipadng
conpr essi on t f[iim@Rdhcd Ohreshollldndfdanérs as a function of current AVG Y and AVG Y-
at-last-update of such block, each luminance threshold indicator

indicating whether the absolute value of the difference between current

10 AVG Y and AVG Y-at~last-update of such block exceeds a predetermined
luminance threshold and the block has consequently changéd since the last
update of such block, or that said absolute difference does not exceed
such threshold and the block has conseguently not changed since the last
update of such block; and

15 first indexing means for accessing said third table as a function
of current AVG Y and AVG Y-at-last update. !

5. A personal computer system in accordance with claim 4 comprising:

a fourth table in said table lockup means storing values of AVG Y-
at-last-update as a function of a block number identifying location of a

20 block in a frame, said AVG Y-at-last-update being updated whenever a
current block has been determined to be changed since last update, said

first indexing means obtaining said AVG Y-at-last-update from said fourth
table.

6. A personal computer system in accordance with claim 5 comprising:

25 a fifth table in said table lookup means storing values of AVG
CrCb-at-last-update as a function of a block number identifying location
of a block in a frame, said AVG CrCb-at-last-update being updated
whenever a current block has been determined to be changed since last
update, said first indexing means obtaining said AVG CrCb-at-last~update

30 from said fifth table;

3 sixth table in said table lookup means storing chrominance
threshold indicators as a function of AVG CrCb~at-last-update and current

A B



described in detail below, and witten to a file+n-disk-24 by-file 25

witer 107 on a real tinme basis. Inaconventlonall ; f l.§1tasking,
each of the threads is sequentially alloted a sep ; ime by OS
102 so as to inpart a perception to a user that al l s are being

executed si:mulggngaysd y when in fact the 'mTroproc only one
thread at a tine. Video input thread 105 controls the filling 30 of input
buffer 110 with frames of digitized data from video buffer 100. Video
conpr essi on tf}{.,ga& OQa&E QRASE Binck! GiFeshdlacindbertberindidhting hé thameheof

digitized dat rom Vi uf.fer r 0,
processes frarfPEoR4EsnY ’d? °a 2 thflﬂ’r%'gg‘m& P OEY FoeO cEPEe%%Chvl;t @‘3’ o as

a
descri bed bel G ened- WH%S“R?GF@P&%‘@B l?]r"&ﬁﬁé“:ﬁ?sbﬁﬁﬁesﬁfiﬁme%lf 7384 he
course of SuUChHRESHORE Sind (thetiloelka has OB naewentlyschangierd mindeokhy Aasﬁam’ 8 ¢fat a
tables ( DTS% B%lgélgdof RhRANE &5 ab&du€e Whirdndharider @iFdeddhée ok s @t OsxceaX Or ds
rom

the franes uffer. 112 JNEasC QoM <k QYE mob Whbnddnct i ons
IS represent edPYeh ‘(}]“ininqoe L}fr}egﬁoglgs%*éi(s:%?%ngﬁ neatss _s,e Q‘Len Fﬂ)? an%e 119.
since the last update of such block; and

second indexing means for accessing said sixth table using an AVG
CtCb-at-last-update from said fifth table and current AVG CrCb.

10 7. A personal computer system in accordance with claim 6 wherein:

said blocks are further processed in a group of a predetermined
number of blocks; and

said fourth means is further operative to creite a group block
header having an entry for each block in a group indicating whether such
18 block is unchanged from a last update, changed and homogenous, or changed
and not-homogenous, said groupblock header being transmitted to said
recording means immediately ahead of any pixel values for such group of
blocks.

8. A personal computer system in accordance with claim 7 wherein each
20 said group of blocks contains four blocks of 2x2 pixel values.

9. A personal computer system in accordance with claim 6 wherein:

said second table further stores contrast bits with said homogenous
bits, each contrast bit indicating if the difference between each pixel Y
and AVG y for block, exceeds a predetermined contrast threshold;

25 said fourth table further storing contrast bits for a block at the
lagt update; and

said conversion means further comprises means for determining
whether a block has changed by deciding if the contrast bits in a current

block are identical to the contrast bits in such block at the last
30 update.
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BCO-92- 115 6 The operation of video conpression
thread 106 is selectively done for individual fransgsSheetHastHBeerRapheedof two
nodes, an inter-frane node or an intra-franme node. node
produces delta-franes and the intra-frane node prod An

| -frame contapess92+tibtsel f all 5 the infor¥¥ati on necessary to produce an

i mage. A delta-frane, on the other hand, contains differences relative to
previous franes and thus depends on and needs information in one or nore
previ ous frangs ta metidcef gperatinme a RYTEpnal eQmpYtary BYStRR JRY¥ING & WEEPTY
changi ng rapi gl stdrifg idat & anki (RABEraiBdndladiadvantBgeatidinp epeatntdng lsgsten,

del ta-franes can be 10...COMREERARMILE foftfl! HorllPdh o581k Mlloty. |{ 38R The

first frame ot needs t -fréame but the, remai ning franes can

be all del t a- f aneamppessad pfranes &F Jrotin ¥ideo, AHASARF SN Paftfd®™ Rfmi xture
my be used wapjitided pixelldodot vhives,| and an jputpitadavdch fek rarending f ast

forward feat UgGmrbiledUiands Cattdeih -shid MREhdaRLorpei deBSEet Sebppessi:odi cal |y,
e.g., every second or 15 every thirtieth frame, so that the maxi nrumtine
to produce a.conplete image when fast forwarding occurs, is relatively
short. Referring tG)Fstpring ipfadd isRPLE AnlPoriP abientantafpingelupingace raggy
phases (il | ustkreheshnte vadodsi BCrcpA)9 aafunctibmdof aifif entven pixedr adlion yailnesan

{(b) storing in said memory a succession of uncompressed frames from

10 said source; and

(c) converting said uncompressed frames from said memory into
compressed frames and transmitting said compressed frames to said output
device, said converting being done one block at a time by steps
comprising

15 {c1) looking up in said table the luminance value Y for each pixel
color value in a block and accumulating an average pixel luminance value
AVG Y for all of the pixel values in a block;
(c2) determining whether a block is homogenous or not-homogenous, a
block being homogenous when all pixel luminance values Y in a block each
20 differ from said AVG Y by an amount less than a homogenous threshold, a
block being not-homogenous when the Y of any one pixel value in a block
differs from said AVG Y by an amount exceeding said homogenous threshold;
and {c3) transmitting to said recording means a single pixel color
value for each homogenous block and a plurality of pixel color values for
25 a not-homogenous block.

11. The method of operating a personal computer system in accordance
with claim 10 wherein:

step (a) comprises storing in said memory a second lookup table
containing a plurality of homogenous bits as a function of Y and AVG Y,
30 each bit being set to one state when the absolute value of (Y - avG Y)
exceeds said threshold and set to a second state when such absolute value
is equal to or less than said threshold,

and step{c2) comprises

AR ) RN A



intra-frane node, three phases (illustrated in secticm {B)) are"'used In 20

bot h nodes, th

to Fig.7. Then,

e operation begins with Phase 1, descgy.i
reference to Fig. 6, and then with Phase 2, descri ql—ggh&w eference
in the inter-franme node, Phase 3 foII

conpl et es by *bpe
bel ow with ref
fol |l ows Phase

bot h nodes, Ph
are al so de5|g
drawi ngs. Vari
4. 30 Referri
plurality of u
| mage creatison
of "n" pixel v
pixels in a sc
col or informat

10

15

20

25

30

semeamg to Phase 4 or to Phds cr| bed
erence to Fig. 9. In the intra- frarre node, Phase 25 4

2. Phase 4 is described below with reference to Fig .
ase dacesyingt ssdbsecond feblenysiBdialyes ph s and AVGr¥eag Gu?'“dPﬁases

@@{oega{degwal t4BLy tbyrdauraaﬁall&mdgbﬁquslnsts o2 alpdxelPtaluen t he

ta structures are shown in sections (A - (D of Fig.
% ﬁ:gfi %

Cettion (A), the inpyt data stre rises_a
Corphek deks PRIk EpDRUFh Bhks PRHTET HER AU 3F POPRRPRE R of
nby-hemagesaus96 and digitizer 98. Each UF contains a plurality
al ues -(PVs) corresponding in nunber to the nunber "n" of

| oot ook O Fiafedoh? RSy (L hCET adlprtebd 71y

with claim 11 wherein:

step (c) converts compressed frames into I-frames and delta-frames

for transmission to said output device, each I-frame including sufficient
pixel information to produce a complete screen image therefrom, each
delta-frame containing pixel information at least a part of which depends
on pixel information obtained from one or more preceding frames to
produce a complete screen image, said converting steps further
comprising:

{c4) storing block update information in buffer means storing

block update information, by initializing said buffer means

with information from an I-frame and thereafter updating said

buffer means with new information each time a block is

changed dorm its last update; and

{c5) determining for delta frames whether a block is changed
since its last update or is unchanged;

(c6) in response to a determination by step (és) that a block
is changed, performing steps (c2) and {c3);

and {c7) in response to a determination by step (c5)} such
block is unchanged, transmitting to said output device am
indication that such block is unchanged, without providing
any pixel value with such indication.

13. A method of operating a personal computer system in accordance with
claim 12 comprising:

(a3) storing in said memory a third lookup table, said third table
containing luminance threshold indicators as a function of current AVG Y
and avVG Y-at-last-update of such block, each luminance threshold
indicator indicating whether the absolute value of the difference between

LR 0 B R



BG9-92-115 7 As shown in section (B), for
conpressi on processing, a screen inmage (Sl) is divided into non-overlapping
bl ock groups (BGs) with each BG containi ng four ThixSh |HeeB (PGs) of
pi xel val ues respectively designated CO C3. The f gﬁ G may be

t

| ogically d consi dered as quadg@gnts of belng a
nor t hwest (N\/é)‘:% ?Ji‘g&rant a northeast (NE) quadrant, a sou

guadrant, and a. sout heast (SE) quadrant. Each BG thus represents the pi xel

val ues of sixteen adiacent I L l2Chch BA9EKk ekB&aQUs put data
stream (ODS) FHEHRE #‘g md(gb&f ?&t D%iéf& S 55 es, a

sk np
plurality of prsdptesnined *‘1’"&%& ﬂf’ﬁ '8’3%1 )ﬁjhglszcémaeegﬂ)‘en%gn‘fha 19 he
specific conpgmgeivha Ialsatupﬂat@esfrﬁuahé’laﬂ'rl ng processing. The nunber of CFs
is the sane as the nunber of UFs, there being a one-to-one correspondence

between the two setg of frames (oJys o] lLpg K
ssmE él %‘H‘h QE%IQ: %%3' ﬁﬁ%tfbnp$fj|§@1lﬂe;xy 96 PR

group headers (B EEFTESPo e nunber I n a screen
i mage Sl. SASAMhBWE-13sts®RIton (C), each BGH is ane _byte and has eight bits
| ogically separated into four fields - '

14. A method of operating a personai computer system in accordance with

claim 13 comprising:

(a4) storing the said memory a fourth lookup table, said fourth
table containing values of AVG Y-at-last-update as a function of a block
10 number identifying location of a block in a frame, said AVG Y-at-last-
update being updated whenever a current block has been determined to be
changed since last update;

and accessing said third table by obtaining said AVG Y-at last
update from said fourth table.
f
15 15. A method of operating a personal computer system in accordance with
claim 14 comprising:

(a5) storing in said memory a fifth lookup table, said fifth table
containing values of AVG CrCb-at-last-update as a function of a block
number identifying location of a block in a frame, said AVG CrCb-at-last-

‘20 update being updated whenever a current block has been determined to be
changed since last update, said first indexing means obtalnlng said AvVG
CrCbh-~at-last-update from said fifth table; '

(a6) storing in said memory a sixth lookup table, said sixth table

containing chrominance threshold indicators as a function of AVG CrCb-at-
25 last-update and current AVG CrCb, each chrominance threshold indicator
indicating whether the absolute value of the chrominance difference
between current AVG CrCb and AVG CrCb-at-last-~update of such block
exceeds a predetermined chrominance threshold and the block has
consequently changed since the last update of such block, or that said
absolute chrominance difference does not exceed such chrominance

threshold and the block has consequently not changed since the last
update of such block;

30
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of *two bits. Each field corresponds to a dlfferent one of the group bI ock

quadrants NW NE, SW and SE. Each two bit field ceflor t he
correspondi ng 2x2 pi xel block or quadrant, as foIIo 0: 2x2
bl ock unchangse-szxaisucceedi ng pi xel valu@s for bl o K is

changed honobgenous, one succeedi ng pi xel value for bl ock. 10 2x2 block is
changed, not honobgenous, four succeedi ng pi xel values for block. 25
11: (no meani ng) |dhdadtcesding-daiansixGD3ablrassingr @cawi coCBett last fupbiaaed

ei ther by an méﬂiﬁtfi'th%usf@%da RerABRARG @cvf rom one to sixteen pixel
val ues fromone or nore of the quadrants. The nunber of pixel val ues-

following a header is dependent upon results of the conpression processing
as 30 descriled Remethodrrf PRerphingce PeHsai@d SRRl IRysker on mecorsianee witie

header. Thus, cRasshempeisingy be followed by 0-4 PVs for the N\Nquadr ant,
0-4 PVs for the NE quadrant, 0-4 PVs for the SWquadrant, and 0-4 PVs for
the SE quadrant An_exe s shown in (C) as containing

| ar a
the seriesSof: BGHE) REeEssi %éa %F%ﬂ‘ts gﬁﬁf‘?“é@ o REYENRFmired(Eber PESW
35 PV(SE); drgcBGHAnd |n such series, there is no change in BGL since
t here .
{c3-2) creating a group block header having an entry for each block
in a group indicating whether such block is unchanged from a last update,
changed and homogenous, or changed and not-homogenous, and tranémitting
10 said group block header to said recording means immediately ahead of any
pixel values for such group of blocks.

17. A method of operating a personal computer system in accordance with
claim 16 wherein step (c) processes each said group of blocks and each
group contains four blocks of 2x2 pixel values.

15 18. A methd8 of operatihg a personal computer system in accordance with
claim 16 wherein:

said second table further contains contrast bits along with said
homogenous bits, each contrast bit indicating if the difference between
each contrast bit indicating if the difference between each pixel Y and

20 AVG y for block, exceeds a predetermined contrast threshold;

said fourth table further contalns contrast bits for a block at the
last update;

and step (c5) further comprises determining whether a block has
changed by deciding if the contrast bits in a current block are identical

25 to the contrast bits in such block at the last update.
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are no PVs follow ng BGHl. For B&, a change occurs in the HE quadrant. For
BG3, changes occur - in each of the quadrants Qobvi ously, differing

BC9- 92- 115 8 images and changes therein produce
different se#gFes. An uncorrpressed bl ock grpup contains sixteen, two byte
col or val ues; 898} 8tal of thirty tw byteés. Wen conpressed, the block
group .contains a one-byte BGH and from O-t.o- 16 col or values and thus varies
in size from1l-to-33 bytes. 5 The advantage the . nvent.ion i hat during
the coursé of recorRERSONAL CRIEPERR THRLYRING g‘??ﬁ ViR 8%5?1?33%‘11‘?%%’& ivel y

| ar ge nunber of honbgenaus bl ockeoMPREASION, AR Rﬁm@@fromfrarre to frame.
For exanple, with many inages, nost of the background remains the sane and
only the notion associated with an obj eﬁﬁs'rﬁﬂ i nt erest changes. 10

Fig. 4 section (D) shows a 32-bit YCrCb value, obtained fromtable 252
(Fig. 5) and loaded into a register R The YCrCb val ue contains two words.
The hi gh order worg paesoradobpites systeh isowenited toGe@icur@ntingx@niteal ues.

The | ow order worde (bgmlﬁ'tﬁsasﬁuﬁj Bhdrationtatd!@aptar SridtionChided! dka from a

video source, compress such data, and record the compressed data in a

file. Compression is selectively done in either one of two modes, an
inter-frame compression mode and a intra-frame compression mode, both
modes being block-oriented. During intra-frame compression, homogenous

10 blocks are used to represent four pixel values with a single pixel value
when the four pixels in a block are perceptually similar. During inter-
frame compression, unchanged blocks are used to represent four pixel
values as unchanged from the preceding frame when the four pixels are
perceptually similar to the same four pixels in the preceding frame.

15 Additionally, inter-frame compressed video frames use homogenous blocks
to represent four pixel values with a single pixel when the four pixel
values in a block are perceptually similar to each other but are
perceptually different from the same four pixels in the previous frame.
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9% a 6-bit Y value, which word represents a standard YUV_16 format. The 15
contents of register Rare |logically ANDed with mask bits shown in register
R1, to produce the results in register R. The AND ng thus zeroes bits 15-6
and renoves the | ow word chromanance val ues | eaving only 6-bit val ues of
YCrCb in register R. Four such results are %ccurrul ated in SUMto produce
8-bit totals of Cr, Cb, and Y from which th/e averages 20 can be readily

cal cul at ed. Referrmgtan 5 the tab ed in RA 'nc de a
tabl e 252 of 32- bgto val MIZRO a f ablje 25MA35lH l-urfi nance profiF | ues,
two tables 256 and 2S8 of tm@emsccn ndi GﬂRﬂQCE% fer 260 of Iast update
| umi nance profi? and a buffgr—262 of | =—AV@ %@r Cb 25 val ues.

M croprocessaf cl Jdi ng | ocal -

' £§ %glster i nto which
t he base addrless_of a2 4 ; : [ ,TE used as an index
register (IR tha “Eéﬁ 1t different indicesf or offsets for

accessing all ofg/A he fn pAta THe conB#watj 08 g{ bhe 30 base address
from 251 and the\offSetxfr Z@Q,Fy:p_gused to sel e¢t ¢ ccess entries in

the tables. Thej variou age—aF—t-He | R shown ta ’a) +H) access the.
tables in the fpl ' ) TeR%value of the
% ROM
f-  RAM 72
OPERATING |1 102 FLOPPY
SYSTEM U | DRIVE
MOTION
1 74
voeo ||,7% PRINTER
RECORDINGT | : 76
PROGRAM 10C KEYBOARD 78
: — & MOUSE
s ' ~> SERIAL
“ _ 70VFB i ‘9 SPEAKER
L 48\ —(P 6@\
*—— VsP MUX DAC
QEN TEXJAND 62~ {
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VRAM 7
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AlC BLE
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w\~ 94N
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+ raw data accesses table 252. Table 254 is accessed by placing the AVG Y per
bl ock value in the | ow byte and a pixel |um nance value Y in the high 35
byte. Table 256 is accessed by placing the |ast update AVG | unm nance val ue
in the |low byte, and the current AVG | um nang? n the high byte. Tables 260
and 262 are accessed by placing a bl ock nunb I ndex in the BC9-92-115
9 Tabl e 252 stores color values represented in |um nance, chromanance (L/C
format YCrCb, where Y is the | gs+Rance val ueQBﬁnd Cr and 1Wre red and

bl ue chromanance val ues. Fo | ors, \l des o d Cb
stored in table 252, are ga; -f-el-)b +
0.29356 + 0.14B Cr= 16 + = 16 -Y) fromO

to 31, Gis fromO to 63, énd Bis fromO Tn ’%1“dpﬂpndent upof the val ues
of their respective bits. The YCrCb val ues cmmEmmeq &bnverteq in the

reverse directiof-f@yacfdrdance wi tfi the T dcbmmiorser|’ . }iDs
12 - ‘ i
N i - Y

MICROPROCESSOR|

113
] % poed

4 | MvRP RAM

—

| VIDEO INPUT | y 710
\ THREAD

/705
(.jﬁl—~ UF1 UF
1 aes i3
0S VIDEO B

COMPRESSION [<|DTs

106} "~ THREAD \__7/)» CFn | ***| CH
FILE WRITER \1 119 12
1074  THREAD —>
; oDS
v Y
Z] mxe0
DISK
INTER-FRAME INTRA-FRAME
116 116
\] PHASE1 |« \ PHASE1 {_
FIGe |« Fla.e |-
118 — Y 118 ,
PHASE 2 \_| PHASE2
(FIG. 7) (FIG.7)
122 A h
PHASE3 | | 124\ PHASE 4
(FIG.9) (FIG. 8)
124 Y
PHASE 4
(FIG.8) e
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*formulas: R= Y + 1.403(Cr-16) G= 2Y - 1.43(Cr - 16) - 0.688(Cbh-16) B=Y +
1.773(Cb - 16) 15 Tabl e 254 contains 64K | um nance profil e bytes.
Each byte is of the following format: Bits 7-3 0 (not used) Bit 2
contrast bit- to 1if (pixel Y- AVGY) > contrast threshold, otherw se

set to 0. 20 Brt 1 contrast bit- Set t®/1 if (AVG y- pixel Y) >
cont r ast threskfw otherwise set to 0. Bit 0 not - engjs bit- Set
to 1 if (pixel AVG y) = hompg#nous A-h+eshot-ey ot herw set to 0. A
32-bit block |umipancs [PURETARI(S Jer-eatked UEEND {abl e 254 by 2S perforning
four table | ook-ups, one—for—Tea Lxel"Tnm a brock. The use of the
"not - honbgenous" bit (qonversely the ' ous" bit) should be fairly
obvi ous. The honobgeneit \Z% kK ist Iprimarily by the | um nance
| evel s of each piblel Iﬁyé P B 0l?'t'he Ié/el ¢ all approximtely the
sane, the block is consi Wﬁus a _
PV > R G B
BG1|BG2
St
BGn
BG NW I NE PG
\ N~ 1 22 [2xe [——>] CO | C1
MAP SW | SE | =

HEADER | PV(NW) | PV(NE)| PV(SW) | PV(SE)

[\ /

(C) NW/|NE|SW| SE Co|C1 C2|C3
76 543210

oos—>& BGH1| BGH2 | PV(NE)] BGH3 | PV(NW) | PVINE)|PV(SW)|PV(SE)| BGH4 j
'

31 24 23 16 15 8 7 o .
00 6- Cr 006-Cb {s-cr s5-Cb &Y
AND R1
W,
<= 00111111 | 00111111 | 00000000 | 00111111

D)

Y

00 6-Cr 00 6_Cb 00000000 00 6-Y

SUM
! 8cCr 8-Cb .00000000 { 8 Y

This Sheet Has Been Re(ilaced
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* 30 threshol

the bl ock is not honbgenous.
woul d appear.

each pixe

d | evel

I's used, which if exceeded, produces a perception that
The smaller the threshol d,
A threshold of "
The use of the contrast bits is not so obvious.

the nmore uni form
3" would be an exenpl ary val ue.
Such bits are used in the

inter-frame node for the situation where e4eh/though the current

BC9-92-115 10 average bl ock |um nance |evel is
about the sanme as the |ast update average Iun1nan63{é$ thin the
threshold of the | ast update average |um nance |e 6r “the bl ock, the

i ndi vi dual

(current block and | ag$ uqﬂ@h@#ﬁd@a@g@h W

pi xel

| um nance values differ

greatly so that the two bl ocks.

bul d have different appearances.

For exanpl e, suppose t Mt ;& xj sfs in which black and white pixels
alternate. Such a bl gsk 'U“ﬁigﬁggs BB, fprent or changed T}omabl ock in
whi ch the four pixels val rpupd 32. e a
| um nance of 64 whil gsghel '5 ﬁg@Eglis_ha e a IJninance of RAM "0". } Their
bl ock average is 32. The contrdst t hr eshol d shpul d 1Bé~et at
: 252
AN
@ 1 Y 1 - | Ycrch
1R RGB VALUES
254
© 15 B 7 Y 9 LUMINANCE
IR PIXELY PER BLOCK —>1 PROFILE
. BYTES
. 256
© 15 8 7 0
, [CURRENT AVG | [ASTUPDATE | LUMINANGE
! IR—] LUMINANGE _ | AVG LUMINANCE THRESHOLD
INDICATORS
258
@ 15 87 0 N
i | CURRENTAVG| LAST UPDATE | CHROMINANCE
“{ CrORCb | AVGCrORCb > THRESHOLD
INDICATORS
260
® 15 0 LAST
IR UPDATE
N BLOCK INDEX >LUMINANCE
PROFILE
2@5\
® 15 0 LAST
IR UPDATE
~ BLOCK INDEX >AVG YCrCb
as Been Replaced
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a higher level, e.g. "10" than the lum nance threshold | evel. Wth such an
exanpl e, contrast bit 2 is set if the pixel lumnance is nmuch greater than
t he bl ock average | um nance and thus would be set to a "1" for each white
pi xel . Contrast bit 1 is set if the pixel lum nance level is much 15 | ess
t han t he aver age—btock—trum nance | evel andgt ﬁus woul d be a "1" for each

bl ack pixel. Bl ocks 256 %and 258 are each 62& 1-bit blocks for | um nance
and chromanance t'hreshold indicators the entries of which are set to 1 if
the current averdge J um nance or chronananceit?tgm gﬁg i ndex byte)
exceeds 20 thé Iaﬁﬁlﬂ% te average | ance nance. (| ow order

i ndex byte) byt gggdgafe set to O if a threshold anount is
not exceeded._’ibﬁkgl 2 respecffively contain a plurality of

| umi nance proffle and AR ch entriggsdcorresponding to the nunber of

bl ocks in a frd les are stored each tinme a pixel change 25

occurs. A given en resent the valfte Th the 1 njregjgatel y
preceding frame o G ue as, erg——ope humﬂurdzfraj§§lago. The
use of the | ock-up proce¢ssi ng ¢onpared to having to
cal cul ate val ues on-t ke conparisons and glecisions. It should
al so be obvious that th | es 254, 256, be
128 148
\__| LOOKUP YCrCbO LOOKUP YCrCb2 r/
A Y
130 | SAVEYGIN SAVE Y2 IN jﬂ
\| BYTE REGISTER BYTE REGISTER
Y \
132 162
] WRITECO WRITE C2 /
, Y \
R suM=sum+ | 75¢
A . SUM = YCrCbo YCICb2
\ \
136 156
\_| READC1 READC3 |/
) \
138 158
| LOOKUP YCrCb1 LOOKUP YCICb3 | /
\ . Y
140 SAVE Y1 IN SAVE Y3 IN ja
| BYTE REGISTER BYTE REGISTER
A \
142 162
\\_ WRITE C1 : WRITE C3 ,//
¢ Y
’44\ SUM = SUM + SUM=SUM+ | 164
YCrCbt YCrCb3

\

TO PHASE 2



;30 combined into a single table to elimnate two of the unused bits in
table 254. In such case, the resultant table would be accessed using

di fferent indexes dependent upon what type of value is being read.
Referring to Fig.6, notion video data conpression is acconplished by
processi ng the 2x2 pixel groups PGs or %Iocks one-bl ock-at-a-tinme. As 35
I ndi cat ed above, each PG or bl.ock. conbdilns four pi xel val ues respectively

desi gnated CO, Cléégeg C3 each of which cont g byt es

representing the dl dr val ue of a pixel". The?tygagwﬁaput val ues into

t he conver5|ﬁ% LOCESS are consi dered yguoe in a "natlve hardmare format".
For each—=2x2—b! Lho f+st—step 126 P he- RGB pi xe
val ue )2m2cPIXEleBIL(ECK€BDQESSING)r procesﬁx@?lXSLBhODK&’F&&E@tN@o bi nes such
val ue mnth t he ba$ﬂAsadwess of taple 25
cor r es pomdtrrg—tr-Cvet Ye-Eoo-' t abl €
| um nance portion YO |n a register. Step 132 t

en WW|tes t he color val ue CO

to the outf@it ¢ nd step 13 ccupuiates the YCrCb values in a
vari abl e na\m% Wl‘gﬁéwo F( D). Sini ﬁg‘? eps 136
BLOCK '
HOMOGENOUS
168 |MOVEYO TO HIGH 7
: BYTE IR
) 185~
170 L OOKUP Y0 ADVANCE OUTPUT
| PROFILE VALUE STREAM POINTER
OVER 1 COLOR
47 Y 188 ~ ¢
€| MOVE ¥1 TO HiGH INDICATE BLOCK IS
*CHANGED,
v HOMOGENOUS" IN
i74 P— | OUTPUT DATA STREAM o
| PROFILE VALUE  /
ADVANCE OUTPUT
— STREAM POINTER
‘7L MOVE Y2 TO HIGH OVER 4 COLORS
BYTE IR ey
Y [
\ INDICATE BLOCK IS
178 LOOKUP Y2 < NOT HOMOGENOUS IN
k PROFILE VALUE OUTPUT DATA STREAM
¥ UPDATE L;\ST UPDATE
180
MOVE Y3 TO HIGH
d BYER BUFFERS 260 AND 262
\ 790\ \ \105
182 LOOKUP Y3 RETURNTO
| PROFILE VALUE PHASE 1 TO
7 PROCESS NEXT
BLOCK
TO PHASE 3

OR PHASE 4



» 10 144, 1436-154, and 156-164 are perforned for each of the remaining pixel
value Cl, C2, and C3, with the result at the end of the remnaining pixel
values Cl, C2, and C3, with the result at the end of Phase 1 that for each
pi xel in the block being processed, a |um nance value Y has been stored, an
L/ C value YCrCb has been accumul ated, and four pixel value CO 15 C3 have
been witten to the output data stream /A*ternatively, I nstead of outputing
ROB val ues, the format fromthe IO\Z der word. of the YCrCb | ook-ups
obtained in stef& 08 138 148 and 158, can be o ft ed Phase 2

I medi atel y foﬁbc@ﬁiXﬂhEls(éC&Pﬁ@GEB&lgIGw with step 16 0 7) which
first calcul dtes the areiA8gas pi xel I nance val ue from t he

accunul at ed |4 Ho—i pl aces the AVG Y value in the | ow
byte of register 250 (theflR). Step 168 then ng YO into the high byte of
such register. Stej the YO | um na tabl e
254 and storedm REARAMG YSICHf fel d of the 32{RERFOBMJMOATE BARED
profile. Sinmla ePORBIQCKAT 174, 176 fand TrEONAAST UBBATRAVEED
performed for Y1, Y2LASHUPPATRI th the rgsul t t hANHCURRENSAYGED tjhese
steps, the block |um nanc¢ contains four{|um nance profile bytes, one for

each of the pi;(gegl s in they2x2 PG being processed. Follo pi Ng step

\ﬁ MOVE LAST _
UPDATEAVG Y 212

| u

TO LOW BYTE IR
IS ABSOLUTE VALUE OF
200 ¥ (LAST UPDATE AVG Cb-
PERFORM LOOKUP BASED vEs C%Ugggfﬁﬁgggo
ON LAST UPDATE AVG Y
AND CURRENT AVG Y

214\ NO
202 ;
. . SAVE COPY OF CURRENT
IS ABSOLUTE VALUE OF Lug:.lggg?g ggg?fls’;o“
(LAST UPDATE AVG Y-
CURRENT AVG Y) > 216~ \
YES Y DELTA THRESHOLD EXCHANGE CURRENT
LUMINANCE PROFILE FOR
BLOCK WITH LAST UPDATE
204 NO LUMINANCE PROFILE FOR
\ .L BLOCK STORED IN BUFFER
PERFORM UPDATE BASED
ON LAST UPDATE AVG Cr
AND CURRENT AVG Cr 218

1S ({(LAST UPDATE LUMINANCE

PROFILE VALUE) XOR (CURRENT
LUMINANCE PROFILE VALUE)

AND (CONTRAST BIT MASK)}

206

IS ABSOLUTE VALUE OF NO

(LAST UPDATE AVG Cr-

CURRENT AVG Ct) > YES
Cr DELTA THRESHOLD
220
208‘\ Y }
y INDICATE BLOCK IS
“UNCHANGED* iN ODS AND
> ngﬁgEinggiK_ RETURN TO PHASE 1 TO
PROCESS NEXT BLOCK

E



.187, phase 3 or phase 4 is entered dependi ng upon which node is M’Q*S

- done,” as previously indicated. Referring to Fig. 9, if inter-frame (delta
frane) processing is being done, Phase 3 inmedi ately foll ows Phase 2 and
begins with step 196 which reads fromtabl eﬁﬁghgeh%slga@tg te average
YCrCb for the bl ock. $tep", drm pdat e AVGYfrom
such average YCr Cg)3 and - pi acele’; e hi Step 200 then
perfornms a | ookup™in tatﬁh@LA?[gt_@f tor based on the
| ast update AVG Y and the C GJY. Step 202 then rrakes a decision as
to whether or not the absolute value of the (last update AVG Y mi nus the
current AVG PERSOMAR-COMPISTER WITH MOTION VIDEO REAL TIME CAPFURR.er t han
a Y delta threshold. Such (EOMPRESSIONIAND REGORDINGNg the threshold
indicator. If step 202 results in a positive (yes) determ nation, it neans
that the average | um nance value of the block is changed fromthe | ast

update a sing proceeds in step 208 with 5 phase 4. |If step 202
results Bﬂsﬁk&g‘;t ive determ nation (no), neaning

A personal computer system is operated to concurrently execute threads of
multitasking operations to capture motion video data from a video source (96), compress
such data, and record the compressed data in a file. Compression is selectively done in
either one of two modes, an inter-frame compression mode and a intra-frame compression
mode, both modes being block-orientated. During intra-frame compression, homogenous
blocks are used to represent four pixel values with a single pixel value when the four pixels
in a block are perceptually similar. During inter-frame compression, unchanged blocks are
used to represent four pixel values as unchanged from the preceding frame when the four
pixels are perceptually similar to the same four pixels in the preceding frame, Additionally,
inter-frame compressed video frames use homogenous blocks to represent four pixel values
with a single pixel when the four pixel values in a block are perceptually similar to each
other but are perceptually different from the same four pixels in the previous frame.

Fig. 1
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‘the block is not changed since the |ast update thereof, step 204 is
executed and it perforns an update by reading the C threshold indicator
fromtable 258 based on the | ast update AVG O and current AVG Cr. Step 206
then | ooks at the Cr threshold indicator and decides if the absolute 10

val ue of the (last update AVG Cr m nus the cu%r nt AVG Cr) is greater than
a C delta threshold. If step 206 results in gositive (yes)

determ nation, it means that the average C value for the block is changed
fromthe last update, and proce®§i-g proceedﬁaho step 208108+h Phase 4. |If

step 206 results in a negativ g at|o1*(% o nﬁanln( ) er age
Cr of the block is not cha ged h«r-|-a% 1di@‘ fﬁi rstep % exiecut ed
and it perfornms a simlar for Upda on tf ate AVG
Cb and current AVG Cb and current AVG Cb. S en | ooks ft the Cb

t hreshol d i ndi cat d decides if the absol UNEERREPT t he (fast update
AVG Cb m nus the nt~AVG Cb) 20]is greakgnnnbmm del t a}j iP¥eshol d.

If step 212 results I1n a posit@ye (yes) det! it meang fhat the
average Cb of the block is c | ast update and pr¢cessing
proceeds in step 208 with PhagierépPROCESSER|212 results in a negative

ast updat e,

determ nation (no), neaning ghe block is ngt cha%ged frohi&;h
step 214 then saves a copy of the A .
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25 current lum nance profile for the block in a 32-bit register, and step
218 exchanges the current |um nance profile for the block with the | ast
update lum nance profile for the block, in the buffer. Step 218 then
perforns the | ogical functions of exclusive ORing (XOR) the | ast update

| um nance profile value with the current | u?r{gfmce profile value and 30

ANDing the result ,with a contrast bit nmask determ L.{ the result is
equal to zero. ItA218 results in a negative determ natir};? j t ans t hat

the contrast bits of th ce( prof {1 or e block the last time the
bl ock was updat ed DS 5SS N bF ocepdh” NSDGE 208 with Phase 4. |f
step 218 results in a positive dWi ng the 35 contrast bits
are identical, the resullit neans the bl ock 43 nged since the |ast
update. Step 220 sl H bi\ts_.in B§H {er0P" to indicate the bl ock
I s unchanged and er_l,_> PvP ﬁ&ad-\,)anci ng i e stream poi nter over
colors witten for this block, |00 ck to the BC9-92-115
13 begi nni ng of Phase 140 process—the—nexty bl ock. Thus, no pixel val ues
PV —>1 R G B :

B 2

G1{BG
U
B
BGn

BG < PG
Nw | NE
\ \\, o2 oxe [T—— CO | Ct -/
: MAP — 2x2
% ox2 ' c2 } C3

HEAI?ER PV(NW) { PV(NE)| PV(SW) | PV(SE)

L=\

C NW{NE|SW| SE Co{C1 |C2|C3
76543210 '

/
ODS—> | BGH1| BGH2 | PV(NE)| BGH3{PV(NW) | PV(NE)|PV(SW)|PV(SE)| BGH4 7)
I —7

31 24 23 16 15 8 7 o o
00 6- Cr 006-Cb |{5-Cr 5-Cb 6Y

AND

00111111 00111111 | 00000000 | 00111111

>I" 00 6Cr | 00 6 Cb | 00000000 | 00 6-Y
SUM
S

8-Cr 8- Cb .00000000 | 8-Y
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are out putted for such block. Referring to Fig. 8, the
Phase' 4 decides if the block currently being processed

hot. This is done by 5 analyzing the current |um.nance
block to see if any "not honbgenous” bit is set. If no
I's set, meaning the block is honbgenous, 186 t hen

st%p
strean1p0|nter over one color and step 188 &b
stream BGH that the block is "changed, honbgenous”
in step 190 to 10 the beginning of Phase 1 to pro
step 184 detects ‘at |east one not-honbgenous bit

BRGNS

first step 184 of

I s honbgenous or
profile for the

not - honogenous bit
advances t he out put

icates in the output data
return i s made
next bl ock.
I's set and produces a

| f

negati ve determ nation, I s not honbgenous, step 192 -
advances the out put sti@gdanMIBRORRSICESPER f pur col ors, instead of only one
color as was done in stdplIShcc dBARTERT pjlo4 indicates in th E in the
out put data 15 streaffat s- "¢hanged, not honpbggnouS™)and step
189 updates the |ast ua qNbEK ReGIsTER0) and 262[wth the cgéwfnt val bes.
Step 190 returns to ke ' r eam poi he ED

regi ster of the m croprocessor

ntgi up;in
nd indicates the p +al u

witten into the output stream JIt is to be recall ¢d ehat durlnc'zd
1, four colors COC3 were outpupved; and mh%p t he ¢utpuL stream
a B .| voroo
1R RGB > VALUES
254
R 87 Y 9 \LUMINANCE
A~  PIXELY PER BLOGK > PROFILE
: BYTES
256
c 15 87 0
[CURRENTAVG | LAST UPDATE | LUMINANCE
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Rooo U4 I8
pof nt er- advances over only one color, the renmaining three colors are over
witten with pixel values fromthe nextobl ock. Wen the pointer is advanced
over four colors, none of the four colors are over witten and thus such
pi xel values are placed in the output data stream 25 The vari ous
t hr eshol dhe alatee sater e Evelj i tsybtems (thgt casi suptain fﬂﬂem%lﬁredadmsﬂankfer thtﬁa,l thet lhg
degree of r ' ' ' : r 0
va?ues revsu EE o?ﬁﬁ r{eyggie&?f) fggﬁ%e?:%g{t%%eb%a@h%eestﬂh ﬁecg‘gféﬁ%élﬁg%d é@i ty

of resul tBegabytechasd diskhaldoonly abeutcfisaminytestab 576,008 bytes ipersecondt Henather t hat
many changewbadn i thatBdeond pasiecotbre@ict, | whigh ogeae:raﬁ? GREBSASe Kor S&gﬁﬁm@nd

parts w thout. departin romihe scope of, .the 1nv Lon "as defined In"the
appended rgf(gﬁﬁ@ .VRI%’O df!f’q éf’ﬂf 198£ york %’rﬁé‘feh‘()‘ﬁe%?ap(‘}ﬁ@&gﬁbﬁé\‘ éplﬂéﬁagﬂ?&ﬁ“cé(ﬁ?put er
syst em hasidewgconfereicingenory for storing data and progranms incl ud:c ng a
mul titasking |G e .pose 0 croprocessor for .
execut i ng roérzair;%sfi‘g’(g{| glrgZ%F ?@@%QI %?@k%%@l %d%r%pgﬁ for Compression
solve these problems by enabling real time compression with compression. However,
such adapters are relatively costly and have a smaller installed base that the more

common video capture adapters that do not support specialised hardware-based

compression.
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a method of
operating a personal computer system having a main memory for storing data and

. programs including a multitasking operating system, a general purpose microprocessor
- for executing programs stored in said main memory, a source of uncompressed frames of
; motion video data comprising a series of digitized pixel values, and an output device for
recording compressed frames, wherein said method comprises the steps of: (a) storing,
in said main memory, a plurality of lookup tables for use in analyzing pixel color values
expressed in a luminance-chrominance format YCrCb (where Y is a value representing
luminance of a pixel color, Cr is a value representing red chrominance of a pixel color,
Cb is a value representing blue chrominance of a pixel color), said tables including:
(al) a first lookup table containing “a plurality of pixel luminance profiles stored at
locations accessible by a first index containing a Y value concatenated with an AVG_Y
value wherein AVG_Y is an average of Y values in a block, each luminance profile
containing a homogenous bit that is set to a not-homogenous state when (Y-AVG_Y)
exceeds a predetermined homogenous threshold and is set to a homogenous state when
(Y-AVG_Y) is equal to or less than said homogenous threshold, (a2).a second lookup
table containing a plurality of threshiold indicators stored at locations accessible by an
index including a current AVG_YCrCb value concatenated with an
AVG_YCrCb_AT_LAST_UPDATE value for a block, each threshold indicator being
set to a first state when (AVG_YCrCb-AVG_YCrCb_AT_LAST UPDATE) exceeds a
predetermined threshold and to a second state when (AVG_YCrCb-
AVG_YCrCb_AT_LAST_UPDATE) does not exceed such threshold, and (a3) a third

table containing a plurality of AVG YCrCb_AT LAST UPDATE values stored at
|, REFLACEMENT 3450185 GG
EfDeS‘:"iPﬁon paged 2% poocd =

)
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unconpréssed franes of notion video data conprising a series of digitized
pi xel values, and an output device for recordlng conpressed franmes, wherein
said nethod conprises the steps of: f storing, in said main nmenory, a
plurality of |ookup tables for use |n anal yzi ng pi xel col or val ues

expr esseghehfios 4ddBisiie %g zpaﬁmnaem& J&ﬁgetbla@er @nﬁeehs&ﬁl g Sloé’atiéfi‘ll &€

represen | um nance | S u ting red
chr om nahié)@go‘f‘ 3 T eqc I'gy% AE-%R%#&? qfé‘fﬁ é@@'ﬁt 6\3?@ YoklHence
of a pi xehenal slodk wasilaht t:hhiged (b)Cdmmhgwgi uficohiprésséd Ifﬁitmd frokuaud 8buree in

ccceest ofad iyl el sfl et Baresb AEAE ToRb i pr8les bl nBle BT RS ooy

val ue whef bionkswtgu:el values, sadly grgup coHntyining mp@dﬁmrmmbd suioberaf blocksyieacnce
profile w%ﬁfest h%gﬁ) ate
when. (Y—ﬁ % exce%ggﬂa preget egﬁrﬁﬁn% c])*r% enous %g&l s set to a

hom)genoh% asYGreb wakug: (d)-gnerating spid @q@g}m@e@sq;rtougg%esq ﬁ&ﬁo%l@e Adgaidus

t hr eshol ﬁme(aﬁ)craat@emompﬁtqsﬂﬁwpfomb 10 Iirbmse'ﬂ pd/wre;hlsaid o ﬁhéﬁff‘m d
i ndi cators st.ored, at ati ons CESSI | ncI udj rrent
e Vo ChoBrices % hitder JRE .o B¥ mﬁnvfms RISy of Bib, o

bl ock, eﬁdﬁsﬁhwemﬂmbhﬂhnﬂmmhgnmpﬂmmngpnnﬂmﬂbwhmhﬂnsﬁdﬁkamhmwhékmks&ﬂm
(AVG1C b hdhedT chéiphe foOHebous! 6 el S htBRLIEHs | "5l ¢ 2
comprising: (d1) determmmg average YCrCb values AVG Y, AVG Cr and AVG Cb
from all pixel values in a block, (d2) creating a block luminance profile by reading from
said first lookup table a plurality of pixel luminance profiles for each pixel in a block,
each pixel luminance profile being read using a first index comprising Y for such pixel
and AVG Y of its block, (d3) reading from said third lookup table an
AVG_YCrCb_AT_LAST_UPDATE value for said block being processed, (d4) reading
a threshold indicator from said second lookup table using a second index of said
AVG_YCrCo_AT_LAST_UPDATE value from step (d3) concatenated with current
AVG_YCrCb for said block being processed, (d5) examining, when said threshold
indicator read in step (d4) is in said -second state thereof, whether any pixel luminance
profile in said block luminance profile is set to a not-homogeneous state, and placing a
plurality of pixel color values in said output entry when a pixel luminance profile is set
to a not-homogenous state or placing a single pixel color.value when all of said pixel
profile values are set to homogenous states; (d6) setting said block group header to
indicate said block being processed has a homogenous status or a not-homogenous status
in accordance with results of (d5), (d7) updating said third table wit current
AVG_YCrCb and returning to step (dl) to process a next block, (d8) when said
threshold indicator read in step (d4) is in said first state thereof, setting said block group
header to indicate said block being processed has an unchanged status, and returning to
step'(dl) to process a next block, and (d9) transmitting to said recording meanps a single
pixel color value for a homogenous block and a plurality of pixel color values for a not-
hdmogenous block; and (e) transmitting output entries from said groups in a frame to
said recording device for recording said output eniries as a compressed frame.
According to another aspect of the present invention there is provided a personal
computer system having a main memory for storing data and programs including a
multitasking operating system, a general purpose microprocessor for executing programs
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when (AVG YCr Cb- AVG _YCr Cb_AT_LAST_UPDATE) does not exceed such threshol d,
and (a3) a third table containing a plurality of AVG YCrCb AT LAST UPDATE
val ues stored at | ocations accessible B{P a third index including a bl ock
nunber identifying |ocation of a block in a frane, each

AVG_Y_AT_S'I:GQ@JJH%TEmY@'rh@n&? '&gsc?ﬁr&vﬁ/ ubED St ed¥BE Traindd| 8F fotioh Vidsd data

changed,; storln an unpc re sed amefromsald soyrce In sald maln

nenory, s‘i(QF%?r’(ﬂﬂgoﬁp "ééeéeﬂp dr?&‘l Drreh gvalues, andt & AUWRH AeHieR fohreeRrdings of

B: octs ofcopipredsed flates, saddip érsgmambmgﬁtet aysmsnil@ompﬁmﬂget(e)r ifphﬁﬂltﬁllﬂlftlﬁdikl@( )
ocks, inln redet erm ny val u c

e i ng e, MoRLin G fllh Bgmibrl ket Al an pRE ol vRlSKE sraueddin

m cr opr odesénance-chiomivanes fangatoﬁﬁrcb Gwhére O lis atvaluetrepresentingdnminance of aut put

entry for HDM q

header f r&elwggg&%%ﬁﬁ@ sal ?IB ea ege %gv eleé&?yur@lf)l tyvaﬁﬁblt

fields fdPPEsing blye Oliﬂkpagﬁf‘r@gar@u@tse §ig, dehd isg plal)fa dirsts

i ndi cat e [bblagk @ﬂ@tmtaiﬁngea utaligh DFopidle]l Glinnaae: bﬁfﬂ%%&itéd #@Nfbcations

changed- r%l%(t;esgi%[mgeno st mﬁest eBt%m%?gngr Val# concatenated with an AVG Y value
wherein AVG_Y is an average of Y values in a block, each luminance profile containing
a homogenous bit that is set to a not-homogenous state when (Y-AVG_Y) exceeds a
- predetermined homogenous threshold and is set to a homogenous state when
(Y-AVG_Y) is equal to or less than said homogenous threshold, (a2) a second lookup
table containing a plurality of threshold indicators stored at locations accessible by an
index including a current AVG_YCrCb value concatenated with an
AVG_YCrCb_AT_LAST_UPDATE value for a block, each threshold indicator being
set to a first state when (AVG YCrCb-AVG_YCrCb_AT_LAST_UPDATE) exceeds a
predetermined threshold and to a second state when (AVG_YCrCb-
AVG_YCrCb_AT_LAST_UPDATE) does not exceed such threshold, and (a3) a third
table containing a plurality of AVG_YCrCb_AT_UPDATE values stored at locations
accessible by a third index including a block number identifying location of a block in a
frame, each AVG_Y_AT_LAST_UPDATE value being a AVG_Y value when a block
was last changed; (b) an uncompressed frame from said source stored in said main
memory, said uncompressed frame having a predetermined number of groups of blocks
of pixel values, each group containing a predetermined number of blocks, each block
confaining a predetermined number of pixel values; (c) means for defining each pixel
value by a YCrCb value: (d) means for operating said microprocessor to process a
group, one block at a time and create an output entry for a group being processed,
wherein said output entry comprises a header for a group being processed, said header
having a plurality of bit fields for each block in said group being processed which bit
fields indicate block status as being unchanged, changed-homogenous, and changed-not-
homogenous, said means (d) comprising: (d1) means for determining average YCrCb
values AVG Y, AVG Cr and AVG Cb from all pixel values in a block, (d2) means for
creating a block luminance profile by reading from said first lookup table a plurality of
pixel luminance profiles for each pixel in a block, each pixel luminance profile being
read using a first index comprising Y for such pixel and AVG Y of its block, (d3)
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(d1l) det'erm ning average YCrCb values AVG Y, AVG Cr and AVG Cb from al |

pi xel values in a block, (d2) creating g block lum nance profile by reading
fromsaid first | ookup table a plurality of pixel |um nance profiles for
each pixel in a block, each pixel |um nance profile being read using a

fi rz_t [ n]gex anegn ki tsi figr Y fl@admg;:h dioae! af/méiAvqhﬁ»dofr :_12%1%_@} &ggﬁbkd?’) Ian f
readi n i -e_an . val ue for
Card brodk VB el AT ASE UBPANH SR sob syid Blodkpelng Ricessetly GO e
second | doktgadingba threshiold) indicateroframi saitbsecofid mikup Aakle VEM@@_MQMSEHEKJREAIE
I f § (s irgzh Y@jﬁb te%ﬁﬂ.e - 0C
\tggi ﬁg pig?gs?gggﬁgbgg%ﬁ%?gg )éﬁ‘rI)‘Esgl wﬁ‘?ﬁé ﬁng%s I'ndi gé%r_ fegd%tﬁ step
(d4) is iHTIEHt 4V Bgét‘é"t gaid ‘?m&vﬁélcﬁ%?Pd’aa’?) Fasaps 1o1 examinng, avheni | e
i In sai d Bhidfﬂhrés{l@idn'mﬁ%bﬁt@rrezfd hem'eanss@iltl) ti® i@sai@tspdc}mmmt @?Mérzf? tvﬁieﬁlm eramg |
acin . ral i o) i xel . or wval.ues in.sai u ntr en a pixe
Pt nac Pif df s Bogfé 5 said Pidtic iminiie hbeaE 1 w? i B s EPhipencls ik, ”
pi xel colaod pladinga phenlityl ¢f pikelsamlat wluwlmpaidfdulqalteahyMearaepixgl Iutginance g
h : ' ' I ' ' Sgi
bl 00 EeBZ@%&?&%&%&%%@%%%%@%%&? eifeinelt SpLe IR A B BIRR
accor dané&aidpixe] prefils valuess arg$sy to homogenous states; (d6) means for sefting said block

group header to indicate said block being processed has a homogenous status or a not-
homogenous status in accordance with examining results of means (d5), (d7) means for
updating said third table with current AVG_YCrCb and returning to means (d1) to
process a next block, (d8) means for setting said block group header to indicate said
block being processed has an unchanged status, and returning to means (d1) to process a
next block, when said threshold indicator read in means (d4) is in said first state thereof,
and (d9) means for transmitting to said recording means a single pixel color value for a
homogenous block and a plurality of pixel color values for a not-homogenous block; and
(e) means for transmitting output entries from said groups in a frame to said recording
device for recording said output entries as a compressed frame.
DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

An embodiment of the invention will now be described, by way of example, with
reference to the accompanying drawings, wherein:

Fig. 1 is a block diagram of a personal computer system embodying the invention;

Fig. 2 is a schematic diagram illustrating the primary data flow for capturing,

compressing, and recording motion video data in the system shown in Fig. 1;

Fig. 3 is a schematic diagram illustrating phases of operation of the embodiment
for preselected modes of operation;

Fig. 4 is a diagram illustrating various data structures used for the compression of
data in accordance with the embodiment; .

" Fig. 5 is a schematic block diagram illustrating data tables and how they are

accessed; and _

Figs. 6-9 are flow charts of different operating phases of the embodiment.
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(d7) updating said third table wit current AVGYCrCb and returning to step
(dl) to process a next block, (d8) whenygaid threshold indicator read in
step (d4) is in said first state thereo}, setting said bl ock group header
to indicate said bl ock being processed has an unchanged status, and

returning to step (dl) to process a r@xAIMBSock, and (d9) transmtting to

said recoydin o] and
S blural ity o BEGDR & Pl B Aorh cSihp@ diubl niinls FORER ey er
transmit tstngng)daqamndempgra@ss rnphmrgaa anutitesking ppnerauma system.oz ganefak Elmposh ng
cr:g;nhgg L?ﬁlcl)d erati rﬁ&g féﬁla& ona SRabs fsios@&t%mgaﬁgpacco%%%rgn% tSg alm1
conpri si ng® cp&%?ﬁsﬁgﬁéaﬁfro &otmntxgg%]é%g Fs%‘&la(fe’f)‘?%(@f 91gﬂﬂ’ﬁeﬂalwé"2 ;T‘{?Fﬂ | es
in said fandsin bophiti detiod fer, resotding coripressed frdmes|, whessih spidxekthbd onpaises
profile |%g| geié g if (Y-AVGY) exceeds a predeterm ned contrast threshol d;

storing i in menory a fourth | ookup table which contains contrast
bits for pixe(a} istoring| dxlsaik madie memorypalpleralityerofolookup tables for use in

analyzing pixel color values expressed in a luminance-chrominance format YCrCb
(where Y is a value representing luminance of a pixel color, Cr is a value representing
red chrominance of a pixel color, Cb-is a value representing blue chrominance of a pixel
color), said tables including:

(al) a first lookup table containing a plurality of pixel luminance profiles
stored at locations accessible by a first index containing a Y value concatenated with an
AVG_Y value wherein AVG_Y is an average of Y values in a block, each luminance
profile containing a homogenous bit that is set to a not-homogenous state when
(Y-AVG_Y) exceeds a predetermined homogenous threshold and is set to a homogenous
state when (Y-AVG_Y) is equal to or less than said homogenous threshold,

(a2) a second lookup table containing a plurality of tbreshold indicators
stored at locations accessible by an index including a current AVG_YCrCb value
concatenated with an AVG_YCrCb_AT LAST UPDATE value for a block, each
threshold indicator being set to a first state when (AVG_YCrCb-AVG_
YCrCb_AT_LAST_UPDATE) exceeds a predetermined threshold and to a second state
when (AVG_YCrCb-AVG_YCrCb_AT_LAST UPDATE) does not exceed such
threshold, and

(@3) a third table containing a plurality of AVG_YCrCb_AT_LAST_
UPDATE values stored at locations accessible by a third index including a block number
identifying location of a block in a frame, each AVG_Y_AT_LAST_UPDATE value
being a AVG_Y value when a block was last changed;

(b) storing an uncompressed frame from said source in said main memory, said
uncompressed frame having a predetermined number of groups of blocks of pixel values,
each group containing a predetermined number of blocks, each block containing a
predetermined number of pixel values;

(¢) defining each pixel values by a YCrCb value;

(d) operating said microprocessor to process a group, one block at a time and
create an output entry for a group being procéssed, wherein said output entry comprises
a header for a group being processed, said header having a plurality of bit fields for each

—_——
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16 "and;

“imredi ately after step (d4), reading fromsaid fourth | ookup table

said contrast bits at |ast update, conmparing such contrast bits with
contrast bits in said |um nance profiles’ fromstep (d2), and perform ng
step (d5) when said conparison indicates inequality, and branching to step

(d8) whenysal 4y Cﬁiﬁ’%ﬂgﬁ? 'Bein@d% foksssd SAtal 'b§tyf1elﬁs m&c&l@ rb°18£1€’" stalil ”Hé’tb%fng

system haV| ng a

r storing ans | nc

mul ti t askiegargsds sh élpmoeﬁalmﬁ, g%@baageqomtdwpmweby Steps %mprlemg
executing progr an@u;tw@ﬁmmg RiethgfBY CrOB RAlués AVEOV! VG CHRGANRVES £

frames of . notion v 0 dat nprising a series of di gitized pixel values,
and an ouftr a.llggwfc\gﬁqﬁrm 3%8@& ng conpressed frames, said personal

conput er syst em c@2prersating a (Mdckalyminamei profilef by (reddmg it @gidsfirst ddoltup sai d
mai n e u r

i nancardly B piiabe, YRRLY Fifale ol g5 Ky ?ﬁﬁeuéﬂr%%?i%é R piet

| uni nanceluﬁmmlcg iprefile mmmmaéuehWMMtlmsu@wmdrMA ¥ of a

pi xel

col ¢¥ jts BIBck,S a vaI ue representing blue chrom nance of a pixel color),

oixel | um nance poa) ieadiie! 5pmsad hisdoerbm R st e KRa ArCE RS T,
cont ai ni MPEAWEwuefMMbbnhng\mbdesm AVG_ Y val ue wherein AVG Y is an

nomogenous bit iR Sadg ¢ %‘%sh%i‘f%%@{ﬁ@&i%@? ko, ERB ' b8t

second index of said AVG_YCrCb_AT T_UPDATE value from step (d3)
concatenated with current AVG_YCrCb for said block being processed,

(d5) examining, when said threshold indicator read in step (d4) is in said
second state thereof, whether any pixel luminance profile in said block luminance profile
is set to a not-homogeneous state, and placing a plurality of pixel color values in said
output entry when a pixel luminance profile is set to a not-homogenous state or placing a
single pixel color value when all of said pixel proﬁle values are set to homogenous
states;

(d6) setting said block group header to indicate said block being processed
has a homogenous status or a not-homogenous status in accordance with results of (d5),

(d7) updating said third table wit current AVG_YCrCb and returning to step
{d1) to process a next block,

(d8) when said threshold indicator read in step (d4) is in said first state
thereof, seiting said block group header to indicate said block being processed has an
unchanged status, and returning to step (d1) to process a next block, and

(d9) transmitting to said recording means a single pixel color value for a
homogenous block and a plurality of pixel color values for a not-homogenous block; and

(¢) transmitting output entries from said groups in a frame to said recording
device for recording said output entries as a compressed frame.

2. A method of operating a personal computer system in accordance with

claim ! comprising: .

storing contrast bits in each of said pixel luminance profiles in said first lookup
table, said contrast bits in each pixel lnminance profile indicating if (Y-AVG_Y) exceeds
a predetermined contrast threshold;

storing in said main memory a fourth lookup table which contains contrast bits for
pixels in a block at the last update thereof;
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(Y- AVG-Y) exceeds a predeterm ned honobgenous threshold and is set to a
honogenous state when (Y-AVGY) is equajgto or less than said honbgenous
threshol d, (a2) a second | ookup table containing a plurality of threshold
i ndicators stored at | ocations accessible by an index including a current
AVG YCr Cb val amel, commedietelit aftexistdp #dv)Av€adiag (fmnﬂsaﬁdx%um,%&umlmtﬂefsaid a

(e SPGB et Bty Bl TR 0GR v

to a secolWpisngecPipfilss framGSWEy @3).Avl vetfp@ammt@mﬁbmlraanh@@glpmon

erceeld tSUﬁﬂmhfbﬁ %g@'%_a%@hm to LsJ epld r\ﬁ'heln sai@é&r@pargoﬁ ?i&l@tésltd%ﬂahty a
ur al i val ues ore a oC | ONS

plural ity Rlpehiiel bt sk e & s ustigew i S65had TR on

of a bl ocincluding far anwtitaskinh AéBating\TSyRtAR] hJPgiﬁﬂEﬁl vpunpesdaenmgopmodw@f Yot ue
when a bl OoLlf ce
stored i n&s\"gﬁ’m %}érr%grrg?ﬂ&??al %‘thﬁ%ﬂ i &?p aV| ngﬁa prede %r# ned
nunber of mgtiow yidegrdata mls@mg BisgIass lgvél@ed p@s@hvaéum gnd entostpwit dgvige for

pr edet er MepSRYiALEREp dtﬁa&ié&sz;al&@eﬂoﬁél%&pﬁ&a Sitdth REmprifimgdet er m ned

nunmber of pix val or defining each pixel value by a,YCrCb

val ue: F 5 ijurahty ocf)logﬁlp tab{es stored in said main me: ory for use in yzing
pixel color values expressed in a luminance-chrominance format YCrCb (where Y is a
value representing luminance of a pixel color, Cr is a value representing red
chrominance of a pixel color, Cb is a value representing blue chrominance of a pixel
color), said tables including:

(al) a first lookup table containing a plurality of pixel luminance profiles
stored at locations accessible by a first index containing a Y value concatenated with an
AVG_Y value wherein AVG_Y is an average of Y values in a block, each luminance
profile containing a homogenous bit that is set to a not-homogenous state when
(Y-AVG_Y) exceeds a predetermined homogenous threshold and is set to a homogenous
state when (Y-AVG_Y) is equal to or less than said homogenous threshold,

(a2) a second lookup table containing a plurality of threshold indicators
stored at locations accessible by an index including a current AVG_YCrCb value
concatenated with an AVG_YCrCb_AT_LAST UPDATE value for a block, each
threshold indicator being set to a first state when (AVG_YCrCb-
AVG_YCrCo_AT_LAST _UPDATE) exceeds a predetermined threshold and to a
second state when (AVG_YCrCb-AVG_YCrCb_AT_LAST_UPDATE) does not exceed
such threshold, and

(@3) a third table containing a plurality of
AVG_YCrCo_AT_LAST_UPDATE values stored at locations accessible by a third
index including a block number identifying location of a block in a frame, each
AVG_Y_AT_LAST_UPDATE value being a AVG_Y value when a block was last
changed;

(b) an uncompressed frame from said source stored in said main memory, said
uncompressed frame having a predetermined number of groups of blocks of pixel values,
each group containing a predetermined number of blocks, each block containing a
predetermined number of pixel values; '

(c) means for defining each pixel value by a YCrCb value:
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17 (d). neans for operating said mcroprocessor to process a group, one
block at a time and create an output entry for a group being processed,
wherein said output entry conprises a header for a group being processed,
sai d header having a plurality of bit fields for each block in said group
bei ng process@d \iBEY f6r OPETAERE $aid B ERIECHFSUCIe BROSESS S SIOUPe PR bm@'&r?gr?ged

changed- hoi® 4ad Qréate af GufptR RARY-f0Ph Ygtteiggsm?qﬁeces@ud Wi shid) outPuene:

(d1) means for det ni.n aver ag Y, AVG Cr
fromal 5 et £9t2a St Seipe Arovresil SR, Bedibr, havige A C N
profile l:ﬁeldsaﬁm eaghﬂ:dunln inasiaill gnouptbeingqupessmbwmch byd ﬁeld$ md]catﬁ bluck status
| um nanc Pk, I e EBHE bl Kzihaﬁf&l | iIle
bei ng rea éé%%lﬁﬁh%&;ed ¢ Q)j:fg’onﬁgll@fsh 38@ or succﬁ o] xg anﬂ§%@6u%5ﬁ§ its
bl ock, (o@)cﬂ@aﬁsmgfor reading from said third lookup table an
AVG_YCr Cb_AT_LAST (dlljﬁ Qﬁérﬁ:sVﬁ# l&%térﬁﬁmﬁ@'a%ﬂﬁb@%ﬂ@i Véludy AV i'iEdAV@'@r aRpns
for readlg,%GaC{)rHes | d |n cat or I ﬁm sald second | ookup table

plxe ues in a bloc.

(d2) means for creating a block luminance profile by reading from said first
lookup table a plurality of pixel luminance profiles for each pixel in a block, each pixel
luminance profile being read using a first index comprising Y for such pixel and AVG Y
of its block,

(d3) means for reading from said third lookup table an
AVG_YCrCb_AT_LAST_ UPDATE value for said block being processed,

(d4) means for reading a threshold indicator from said second lookup table
using a second index of said AVG_YCrCb_AT_LAST_UPDATE value from means
(d3) concatenated with current AVG_YCrCb for said block being processed,

(d5) means for examining, when said threshold indicator read in means (d4)
is in said second state thereof, whether any pixel luminance profile in said block
luminance profile is set to a not-homogenous state, and placing a plurality of pixel color
values in said output enfry when a pixel luminance profile is set to a not-homogenous
state or placing a single pixel color value when all of said pixel profile values are set to
homogenous states;

(d6) means for setting said block group header to indicate said block being
processed has a homogenous status or a not-homogenous status in accordance with
examining results of means (dS),

(d7) means for updating said third table with current AVG_YCrCb and
returning to means (d1) to process a next block,

(d8) means for setting said block group header to indicate said block being
processed has an unchanged status, and returning to means (d1) to process a next block,
when said threshold indicator read in means (d4) is in said first state thereof, and

(d9) means for transmitting to said recording means a single pixel color value
for a homogenous block and a plurality of pixel color values for a not-homogenous
block; and .

(¢) means for transmitting output entries from said groups in a frame to said
recording device for recording said output entries as a compressed frame.
4. A personal computer system in accordance with claim 3 comprising:

(
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usi ng a‘second i ndex of said AVG_ YCer AT_LAST_UPDATE val ue from neans (d3)
concatenated with current AVG YCrCb for said bl ock being processed, (d5)
means for exam ning, when said threshol ¥ i ndicator read in means (d4) is in
said second state thereof, whether any pixel |um nance profile in said

bl ock 1 um ”a% trg.ftolf)ft}% Stoke Eaéhoof‘sﬁ&én{b‘?’l‘ﬁ Hhaigke P%f?\i/h?m%ﬁﬁ ;H}ﬁ?‘"i%:um P nce

plurality of or va sal d out

profile |t§b1§esald @oatrmwnmw&mﬁgl lgm%prqfﬂaénd(@t@ggf 4 Aé’p(bOOe@xcg efdsor
val ue m%%hémgﬁmgalcanmﬁrg?foﬁl | e val Eesdare set Lo hom)gengusI stEt gs

d6) neans for .se o] o ea to indicate ock. bein
E)roz:essed has? g’m&%@ﬂ%%fﬂ %qryr?@}%gﬁ%@&a%@%ﬁ tg’(':BB‘re anceg
with exarmmbigckesuhbﬂmtupdatedmmdfd@d (d7) neans for updatl ng said third
table with cuy, next
bl ock, WI(d8) neans @ﬁy%dg% %gadég %Q&tg@&% o |n IOQF'ZE%@C "
bl ock be|mrglnamgewbeponagstamtsuwahamg@astshltgtlasmdahuanqrpmﬁwt fsomemaans( dl )
Lo procesgp did*dpebitiizkmediqRS)S#héh §£de§:h9ir&ohem1&&&@fnegﬁaﬁldhdmaﬁdgd4)

isinsaidfir at € .t her eof; ans for tran ing to said
recor di ndFAREH gkbwé?%&}l CBF’?WSO&‘&PMW%%‘BEWM a hormpgenous bl ock and a

plurality of pixel color values for a not-honogenous bl ock; and
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() wreans for transmtting output entries fromsaid groups in a frame to
said recording device for recording said output entries as a conpressed
frame. 4. A personal conputer systemin accordance with claim3

conpri si ng: 18 contrast bits stored in each of said pixel |um nance
profiles in said first |ookup table, sa'g contrast bits in each pixel

| um nance profile indicating if Y-AVCL}& exceeds a predeterm ned contrast
threshold; a fourth |lookup table in said nain nenory which contains
contrast bits for pixels in a block at the | ast update thereof; and neans
for reading said contrast- bits at |ast update fromsaid fourth | ookup

t abl e, conPERBONAL COMMPRITER INQILUEDING MOTHOIN AHDED RAL TIME CAPTHIRIBNCe

profiles fromneans (d2), @WOMPRESSIONY ANBREJCBDINGen sai d conparison
i ndi cates inequality, and operating neans (d8) when said conparison

I ndi cates equality.
ABSTRACT

A personal compufer system is operated to concurrently execute threads of multitasking
operations to capture motion video data from a video source (96), compress such data, and
record the compressed data in a file. Compression is selectively done in €ither one of two
modes, an inter-frame compression rﬁode and a intra-frame compression mode, both modes
being block-orientated. During intra-frame compression, homogenous blocks are used to
represent four pixel values with a single pixel value when the four pixels in a block are
perceptually similar. During inter-frame compression, unchanged blocks are used to represent
four pixel values as unchanged from the preceding frame when the four pixels are perceptually ¢
similar to the same four pixéls in the preceding frame. Additionally, inter-frame compressed
video frames use homogenous blocks to represent four pixel values with a single pixel when
the four pixel values in a block are perceptually similar to each other but are perceptually
different from the same four pixels in the previous frame.

Fig. 1
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