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1 . MOTI ON ESTI MATI ON* COPROCESSOR
BACKGROFIB¥E%HE | NVENTI ON 4 The present inverﬁ‘i:lTomnsgrd Ieol4217t6es to
speci al purpose _image conpression coprocessors and in particular to
noti on estimation coprocessors. 10 To represent a picture
i.mage digittally, the inmdge area i s Qescribed as an array of pixels. A
di gi tal nunber descri bes the cblor, *l um nance and chrom nance of each
pi xel . Pi xel color information actually consists of three digital

val ues: one digital value for red, one digital value for green 15 and one
digital value for blue. Thus, the sheer volune of data needed to
descri be one single pixel nmeans that digital representations of

conplete picture inmages result in | arge data files.
In full notion video, not N8R4 data required to

descgi be each individual picture inmage, but a new i mage or franme nust

onal |

be presented to the viewer _at %%Proxinatel thir%y new i mages per
second to create the BACKGROUND OF THE INVENTIO |

The present invention relates to special purpose
image compression coprocessors and in particular to motion
estimation coprocessbrs. .

10 To represent a picture image digitally, the image
area is described as an array of pixels. A digital number
describes the color, luminance and chrominance of each pixel.
Pixel color information actually consists of three digital
values: one digital value for red, one digital value for green

15 and one digital value for blue. Thus, the sheer volume of data
needed to describe one single pixel means that digital
representations of complete picture images result in
exceptionally large data files. '

In full motion video, not only are large blocks of

20 data required to describe each individual picture image, but a
new image or frame must be presentéd to the viewer at
approximately thirty new images per second to create the

" illusion of motion. Moving these large streams of video data
across digital networks or phone lines is simply infeasible

25 given the available bandwidth.

Data compression is a technique for reducing the
number of bits required to send a given message. Data
compression utilizes either a single shorthand notation to
signal a repetitive string of bits or omits data bits from the

30 transmitted message. The latter form of compression is called
"lossy" compression and capitalizes upon the ability of the
human mind to provide the omitted data. 1In still video, the
JPEG standard is used for data compression and defines the
method by which the still image is to be compressed. In moticn

35 video, much of the picture data remains constant from frame to
frame. Therefore, the video data may be compressed by first |
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forward and backward reference frames. The forward reference
frame is located in the data stream at an earlier point in time
10 than the cu;rént frame. The backward reference frame is
located in the data stream at a later point in time than the
reference frame. The current frame is calculated based on
averaged differences between the first reference frame and the

second reference frame.

15 Several specific protocols for implementing motion
compression exist. Several of these protocols are hardware
specific and developed by chip manufacturers in the absence of
accepted compression standards. Recently, however, two
accepted standards for motion video compfession have emerged.

20 The CCITT (International Consultative Committee on Telephone
and Telegraph) H.261 video conferencing standard uses an
algorithm called Px64. The P refers to a multiplier in the
range 2 to 30 and the 64 refers to a single 64Kbps ISDN channel
for transmitting the data. However, squeezing even this

25 compressed data over the ISDN telephone line requires drastic
compression. Fortunately, the typical video conference does
not have much motion from frame to frame, and Px64 utilizes
only forward prediction over a single frame time.

To enable higher gquality, full motion video, a second

30 standard called MPEG (Motion Pictures Expert Group) has
evolved. The MPEG specifications do not define the exact
procedure for compressing the video. Rather, the standard
defines the format and data rate of the compressed output. The
set of compression tools employed by MPEG includes a JPEG-like

35 method for compressing intraframes, various combinations of
forward, backward, and interpolated motion compression, and

subband coding for audio.
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15 in terms of the first I and P frames.

The fourth frame of this hypothetical example is used
to form the first P frame. The P frame is formed by predicting
the fourth received frame using the first I frame as a
reference. Upon computation of the first P frame, the motion

20 estimation processor can process the second and third received
frames as bidirectionally predicted "B" frames by comparing
blocks. of these frames to blocks of the first I and P frames.
To do this processing, the motion estimation processor first
obtains a forward prediction of a block in the received frame

25 Dbeing processed using the first I frame as a reference. The
motion estimation proceésor then obtains a backward prediction
of that same block using the first P frame as a reference. The
two predictions are then averaged to form the final prediction
for the block.

30. In current motion estimation devices, an exhaustive
full resolution pel by pel search is performed for each block
of the I or P frame. This method requires a large bandwidth
bus for transfer of the video data. Furthermore, the
processing time required to churn through the data slows

35 overall system speed.
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hierarchical search, the best matching block is first found
using a lower resolution macroblock containing fewer data

10 points than the full resolution image. Once the best matching
block has been found, a full resolution search on the best
matching block can be performed. This sequence of steps
reduces the total number of computations that must be performed
by the motion estimation processing system.

15 According to another embodiment of the present
invention, the motion estimation search is defined by an
algorithm resident in the motion estimation device of the
present invention. The user may then control whether a full or
hierarchical search is performed. In addition, if a

20 hierarchical search is performed, the user may define the
breadth of the hierarchical search; In this fashion, the
greater accuracy of a full search may be employed where
processing speed constraints and system bandwidth are not
limiting factors. A user desiring greater speed or wishing to

25 maximize use of system bandwidth may choose to implement a
hierarchical search.

According to yet another embodiment of the present
1nventlon, the motion estimation device architecture enables
simultaneous fetching of new video data, block matching of

30 previously retrieved data and output of search results. This
architecture improves system speed and performance over prior
art devices through parallel performance of these tasks.

According to yet another embodiment of the present
invention, the memory employed by the motion estimation

35 processor is partionable to enable input of multiple search
windows. In addition, the video input buffer of the present
invention is also partionable and supports simultaneous fetches



20 estimation processor can process the second and third received

frames awo ba/déosecti onally predicted "B" frames by conpari ngecT/ussoasiss of
“‘these frames to blocks of the first | and P franes. To do this
processing, the notion estinmation processor first obtains a forward
prediction of a block in the received frane 25 being processed using the
first | frane as a reference. The ngtion estimation processor then
obtai ns a backward prediction of thal sane block using the first P

frame as, rf?ﬂclﬁr%r}ﬁ?'?u%ehre :be{%@kxpéggg%w@? afﬁex%éeee@x&{ﬁgggggxgﬁiQ&mthe

final prediction ncurre

esti mat | Shedseipedgedheystirmfandwidth thy | aveidingi the preedytperesetebh is
per f or medgbak jeaah gdiack of the | or P franme. This nethod requires a

| arge bandw dth bus for transfer of the video data. Furthernore, the

processing time redFSBEING JRUSEIH ARPLReE embedipent 9f thecpreseBYstem

speed. invention, the modular block architecture of $he invention
SUVMARY OF The nption estinmati Qn coprocessor

JHE | NV, ,ON .
of the p?@@?i?s adg!%%ﬂﬂﬁhi9$?ﬁﬁ(ﬂﬁ?ﬁg9??¢ﬁ%ﬁ%ﬂ%ﬁt§°ihepE§F rmahe® over

prior aréddditional block matching engines further improve device
performance.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a video system including
motion image compression using the present invention;

Fig. 2A is an example of a hierarchical search on a
reduced image using the motion estimation techniques of the

15 present invention; |

Fig. 2B is an example of a hierarchical search on a
full resolution image using the motion estimation techniques of
the present invention:
| Fig. 3 is a block diagram of a MEC according to an

20 embodiment of the present invention:

Fig. 4 is a diagram showing a bus daisy chain
priority scheme according to an embodiment of the present
invention;

Fig. 5 is a timing diagram for MEC video bus daisy

25 chain signals according to an embodiment of the present
invention;

_ Fig. 6 is a diagram showing logical mapping of a
ﬁemory image according to an embodiment of the present
invention;

30 Fig. 7 is a diagram showing physical mapping of
memories onto a video data bus according to an embodiment of
the present invention:

Fig. 8 is a diagram of an 8x8 pel logical image
according to an embodiment of the present invention; |

35 Fig. 9 is a diagram of the 8x8 pel image of Fig. 4-6
mapped to physical coordinates according to an embodiment of
the present invention:;
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motion estimation Fig. 15 is an diagram showing the logical to physical

15 mapping in video buffer memory according to an embodiment of
the present invention;

Fig. 152 is a diagram of a simultaneous load full and
quarter resolution into the video interface buffer according to
an embodiment the present invention;

20 Fig. 16 is a state diagram for a video input buffer
sequence according -to an embodiment of the present invention:

Fig. 17 is a block diagram of a search memory
according to an embodiment of the present invention;

Fig. 18 is a diagram showing mapping of a logical 0

25 memory segment to physical memory segment according to an
embodiment of the present invention;

Fig. 19 is a block diagram of hardware for computing
search memory address according to an embodiment of the present
invention;

30 Fig. 20 is a diagram of absolute and relative search
memory coordinate systems according to an embodiment of the
present invention;

Fig. 21 is a block diagram of a block matching
processor architecture according to an embodiment of the

35 present invention; |



35 processor is partionable to enable input of nmultiple search
W ndows. Wion9422806% i on, the video input buffer of the present PCT/US9N0E5TEI ON
s al so partionable and supports sinultaneous fetches

5 of full and quarter resolution pels. These features mnim ze
the required system bandw dth by avoiding the need to refetch
I denti cal pels. According,to still another enbodi nent of the

present 5 invention, the nodul ar bl ock architecture of the invention

enabl es addi ti onal ﬂ@cszmtm%oefw'd@tsaipe@ebyéeﬂ dgggram of2dd ftl'oQﬁ@l
bl ock matchi ng engi nes further 1 nprove device mance.
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i nvention;
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search o, 8.ent invention;
Fig. 23 is an example search pattern executed by the
block matching processor of the present invention:
Fig. 24 is a block diagram of an interpolater
10 according to an embodiment of the present invention;
Fig. 25 is a block diagram of a MEC CPU according to
an embodiment of the present invention;
Fig. 26 is a debug controller state diagram according
to an embodiment of the present invention;
15 Fig. 27 is a timing chart for a debug cycle according
to an embodiment of the present invention;
Fig. 28 is a CPU instruction format according to an
embodiment of the present invention;
Fig. 29 is a timing chart of a non-burst read cycle
20 on the MEC host interface bus according to the present
.invention; _
Fig. 30 is a timing chart of a non-burst write cycle
on the MEC host interface bus according to an embodiment of the

present invention:
25 Fig. 31 is a timing chart for a four word burst read

cycle on the MEC host interface bus according to an embodiment
of the present invention;

Fig. 32 is a timing chart for a Mode 1 burst read
cycle on the MEC host interface bus according to an embodiment

30 of the present invention:

Fig. 33 is a timing chart for a Mocde 1 burst read
cycle with early termination according to an embodiment of the
present invention;

Fig. 34 is a timing chart for a four word burst write

35 cycle on the MEC host interface bus according to an embodiment
of the present invention:;



full resolution inmage using the notion estimation techniques of t he
present invention; Fig. 3 is a block diagramof a M-C
accor di ng ¥®%4{#606% enbodi nent of the present invention: PCT/USD4/04576

Fig. 4 is a diagram showi ng a bus daisy chain priority schene accordi ng
to an enbodi ment of the present I nventi on; Fig. 5is a
timng diagramfor MEC video bus daisy 25 chain signals according to an
enbodi ment of the present i nvention; 8 Fig. 6 is a diagram
showi ng | ogi cal mappi ng of a menory i mage according to an enbodi ment of
the present i nveRtgon35 305 a timing chaxy forja Hogﬁaér awrshowrige

physi cal {Eanfpwgo&f%ne MER UL €S ML e fod 1980 dotarRifgage0ed RgrbR RNt

enbodi men resent Invention; Fig. I's a diagram
of an 8x8 %Ith%@%emwentl%cor ding to an enbodi nent of the present
I nvent i on; Flg i P tﬁmﬁ@l@%ﬁm of aheuﬁc8pﬁalces&%§tew@&ta

the pr%serf? ed v c?q#psix?gl coaog del lsméir(l:corg ‘ng’e prgsen@blglvré%%tlo%f.
Fig. 37 is a timing chart of an MEC processor read
cycle according to an embodiment of the present invention;
Fig. 38 is a block diagram of an IPREDICT memory
interface according to an embodiment of the present invention;
10 Fig. 39 is a block diagram of an OPREDICT memory
interface according to an embcdiment of the present invention:
Fig. 40 is a block diagram of an WRMEM memory
interface according to an embodiment of the present invention:

15 DESCRIPTION OF THE PREFERRED EMBODIMENT

Video System Overview
Fig. 1 illustrates one example of a system

incorporating the motion estimation coprocessor 20 (MEC 20) of
the present invention. A camera 24 receives video data inputs

20 and a display unit 26 displays video data. A digital video
control unit 27 connected to both camera 24 and display 26
coordinates the communication of video data between camera 24,
display 26 and a video pre/post processor 28, and a host
processor via a bus 30. Digital video control unit 27 also

25 coordinates the display of video graphics data retrieved from a
graphics frame store memory 31 operating under the control of a
graphics control processor 32. .
' The video system of Fig. 1 may also include audio.
Audio capabilities can be added with a microphone 33 and a

30 speaker 34 connected to an audio conversion circuit 35. An
audio compression coprocessor 36 for compression of audio data
connects between an embedded control processor 37 and the audio

conversion unit 35.
The system of Fig. 1 operates under the control of a



6 Fig. 10 is an exanple grid |layout using operand
descri pyvemnghsgmbds according to an enbodi nent of the presenPCT/US4/045%ent i on;
Fig. 11 is a timng diagramof an MEC video wite 5 operation according to

an enbodi rent of the present invention; Fig. 12 is a timng
di agram of an MEC vi deo read operation according to an enbodi nent of
the present invention; Figg. 13 is a timng diagramof a CAS
bef ore RAS refresh cycle according to an enbodi nent of the present 10
inventi Yhst processor 38,Fuwlichdcotipd ed &l ARSI rémdiniply i sypsteduf fer
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frame store 43 and an image compression coprocessor 45. Video
frame store 43 serves as a buffer memory for data input to and
output from the video compression circuitry.

The image compression coprocessor 45 performs all -

15 video compression functions in a typical system except motion
estimation, Huffman encoding and decoding, and bit stream
management. An image compression coprocessor is described on
copending application serial no. g8/0 684 , titled "video
Interface Unit," filed the same day herewith and incorporated

20 herein by reference. 1Image compression coprocessor 45 connects
to bus 30 through the optional embedded control processor 37.
Control processor 37 offloads from host processor 38 certain
decompression and compression functions not accomplished by
coprocessor 45, such as Huffman coding. Alternatively, tasks

25 performed by control processor 37 may be performed by host
processor 38. _

For motion video, MEC 20 processes compressed motion
video data. MEC 20 operates in conjunction with its own local
memory 54 and a video prediction store memory 55. The

30 operation and structure of the MEC of the present invention is

described in greater detail below.

Overview of Motion Estimation Processing
Block matching is the primary operation performed by

35 MEC 20. The motion estimation circuit of MEC 20 compares
current frame macroblocks with previous or future frame
macroblocks (reference frames) within a finite search area



30 Fig. 20 is a diagramof absolute and relative search

menory coordi nate systens according to an enbodi nent of the present
i nvent i on¥O 94/26069 Fig. 21 is a block diagram of a bl oPKI/HEMEETE
processor architecture according to an enbodi nent of the 35 present
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i nvention;

Fig. 21Ais a nore detailed block diagramof a bl ock mat chi ng
processor architecture according to an e di ment of the present
i nvention; Fig. 22 is an illustration of block matching 5

processor wmiéﬂémabhoﬂﬁeap‘@ﬁ)iﬁii@ﬂ &9 aﬁeeabeeléﬂanhaei-obmsck. PRESeR
I nventi on; rn executed by
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i nvent$on;receives tokens ¢9ntaieing, afcebegaxphe; oléepetthbyeldi pglam
accor di ng b3y ockd AN GHRMHIE Ha Y f%ﬁhFKEESthéﬂﬂﬁgééfgn compressor 45.
The 16 pel by 16 pel blocks received from image compression
coprocessor 45 describe the current frame. MEC 20 then
_ compares this block against the contents of one or two on-chip
10 search windows using a search algorithm resident in the MEC
program memory.

Block matching computes the mean absolute difference
(MAD) between the current frame and the search window. To
compute the MAD, corresponding pels from the two blocks being

15 compared are subtracted, and the sum of the absolute values of
these pel differences calculated. The smaller the MAD, the
better the "match" between the two blocks. The MEC 20
processing system seeks to find the 16x16 block in the search
memory with smallest MAD by executing a user-defined motion

20 estimation algorithm.

The MEC 20 processing system Xeeps track of the
smallest MAD computed during the search algorithm, thereby
deciding which 16 by 16 block in the search window is the best
match to the input token. The MEC 20 processing system then

25 computes a motion vector describing the differences between the
current frame and the best matched block. MEC 20 sends both
the motion vector and the block back to image compression
coprocessor 45 in the form of an output token.

Block matching as described above may be done in a

30 single step on a full resolution search window or in multiple
steps using reduced image search windows. The MEC's internal
search memory is logically configurable as from 1 to 4 windows.
The four window configuration accommodates the needs of MPEG
bidirectional prediction. A multiple step block matching

35 process using multiple resolution search windows is known as a
hierarchical search.
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i nvention; Fig. 29 is a timng chart of a non-burst read
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I nventi on; Fig. 30 is a tijming chart of a non-burst wite
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appropriate macro block from which to compute the motion vector
is more quickly ascertained.
10 An example of motion estimation coprocessing using a
hierarchical search according to the present invention is shown
in Figs. 2A and 2B. In the present example, MEC 20 performs a
+15 pel hierarchical search in two steps. The first step,
illustrated in Fig. 2A uses 8x8 block matches to perform a 15
15 pel search on a reduced image. In this example, a quarter
resolution, or 4:1, reduced image having the 32 pels square
configuration is used. Search window 100 moves around the zero
motion vector position 120 and the MAD is computed. 1In the
second step, as shown in Fig. 2B, 5 pel search in a full
20 resolution search window 121 is performed around the best
matching position found in Fig. 2A using 16x16 block matches.
Each step of the hierarchical search, if done
exhaustively, requires 121 block matches. In contrast, an
exhaustive :15 pel full resclution search on a 46 pels square
25 image requires 961 block matches. In addition, half of the
hierarchical block matches are on 8x8 blocks which require only
one fourth the computations of 16x16 matches.

MEC Hardware Overview

30 Fig. 3 contains a block diagram of one embodiment of
the MEC 20 integrated circuit of the present invention. 1In a
preferred embodiment of the present invention, MEC 20 comprises
a 7.2 BOPS parallel processor chip specifically optimized for
the real-time execution of motion estimation block matching

35 algorithms.
All activities on MEC 20 are coordinated by a central

processor unit (CPU) 122. The CPU 122 executes a program



8 Fig. 35 is atimng chart for a Mbde 1 burst wite

cycle on the Mgehost interface bus according to an enbodi mecr/usessnedzst he
present inventlon; Fig. 3 is atimng chart of an MEC

processor wite 5 <cycle according to an enbodi nent of the present,
I nventi on; Fig. 37 is atimng chart of an MEC processor

read cycle according to an enbodi rrent of the present invention;
Fig. 38 is a block diagram of an | PREDI CT ﬁem)ry i nterface according

to an enbodi nent_ of the present |nvent|on ock
di agr am of SKPXESRER G nﬁ’h&?’y‘ &Ec]o‘}% %%aq%gaﬁr% 5% nﬁﬁ?k

t he presentpridu&yﬁdmmnterface 124. IrFlogxe 4nbod imdnh o cf dEtlagrpreséntin
V\RI\/EM rrenor i nt accor t of € e t
rventi on Thvgntidd) Hbe 2 ke ShA R T O S TRRR

Vi deo Systams@zemnmm set and architelétgxrel pdmusc: ratear beky exfinpommon a

systemg t C YEE;¢Q) of
t he present):> | nve ?’(r){%h %ga ?E%neét%;’ﬂv ‘P Fé %ut%&% angQ
di spl ay unmrﬂ&%tﬁ)lwqﬁl@b d!&d-ogaﬁlm@ltfal Q/ﬁQie)o A sorateh padt 27

ted | t t
connect ed g va 2btalthad1$PhRY adlocia Pl trtEpy L2,

conmuni cati o ata between canera 24 di spl ay 26 and a vi deo

pre/ post pPEEEAESHPIR NelRFYa Wedshas nopresedsned aﬁg‘%%,c’fsoa“‘b BrYaPevi deo

control uniuged’ ad Seetfed qgort(ﬂ;len@tp@s pritRyx@nspl ay of video graphics data
retrleved froma h| s frane store nenory 31 oIp ratlné; Pnder t he
pels receive rom a video

contrdi® of a graﬁ’hgr feeTYy 3&8s SHOTES

input buffer 175. Video input buffer 175 is loaded from a
video interface unit 185 from, for example, a DRAM or VRAM (not
shown) residing on the video bus. Applicant's copending
application serial no. C8/0S54 ,L84 , titled "Video

15 Interface Unit," filed the same day herewith and incorporated
herein by reference describes this unit in greater detail. The
pels output from search memory 160 are sent through a block
interpolation processor 190. Block interpolation processor 190
optionally performs horizontal and/or vertical half pel

20 interpolation as described in the MPEG standard. Pels output
from block interpolation processor 190 are sent to either a
block matching processor 250 or to a token oﬁtput buffer 265
for transfer back to the image compression coprocessor 45 (Fig.
1).

25 Block matching processor 250 computes the MAD for
blocks received from block interpolation processor 190 and
blocks received from token input buffer 270. Tokens are blocks
of uncompressed images received from image compression
processor 45. The output of block matching processor 250 is a

30 reference frame and motion vector output to token ocutput buffer
265 for communication to image compression coprocessor 45.

MEC 20 of the present invention may also include an
on board test control unit 280. Test control unit 280 enables
offchip input of test control signals in compliance with 1EEE

35 1149.1 test standard to verify proper operation of MEC 20.

In cperation, the embodiment of Fig. 3 receives the

data token from image compression coprocessor 45 via auxiliary




The video systemof Fig. 1 may al so include audio. Audi o capabilities
can be aogldad2é8doh a m crophone 33 and a 30 speaker 34 conn@Craiss/odsa6

audi o conversion circuit 35 An audi o conpressi on coprocessor 36 for
conpressi on of audi o data connects between an enbedded contr ol

processor 37 and the audio conversion unit 35. The system
of Fig. 1 operates under the control of

9 host processor 38, which couples t0 the remaining system
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conpri ses processor, such as 960 an1|y
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code and a ei ved vi deo e conpressed, .or

uncorrpressecl?RANl dafBids 5€Kﬁ3ﬂﬁﬁﬂﬂi;ﬁ%§ﬁfiw%%%s%%ﬂéﬁytaegPBHbYoFeGQ%YEQS
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o Pt ket RCeReliR P LR OIS Ui Aol Seyapse E TRRHRL0, 5
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conpressieﬂecgéggb r)é'lgorithm stored in RAM 123 to compute the address
of the search window segment stored in search memory 160. In
10 the embodiment of Fig. 3, hardware in block matching processor
250 performs the majority of block matching computational work.
This allocation of tasks between CPU 122 and block matching
processor 250 reduces CPU workload, increases computational
speed, and enables additional block matching processors to work
15 in tandem with block matching processor 250 for additional
block matching power. In addition, this allocation of
workload, reduces CPU computational requirements and permits
CPU 122 to function primarily as a chip controller.
CPU 122 keeps track of the best matching block for
20 the subject data token. This best matching block is stored as
a data token in token output buffer 265 and output to image
compression coprocessor via auxiliary interface unit 281.
At the same time block matching processor 250
conducts the aforementioned block matching operation, video
25 interface unit 185 locads video input buffer 175 with a new
portion of the search window. Typically, the data blocks
described by the token are adjacent blocks and the search
proceeds in raster scan fashion. The search memory, video
memory and video input buffer 175 are therefore constructed
30 such that only a "strip" of pixels changed from the previously
locaded search window need be loaded. Thus, the entire search
window need not be reloaded and operational efficiency is
improved. |
Note that MEC 20 of Fig. 3 performs three operations
35 in parallel. MEC 20 receives or sends a data token from or to
image compression coprocessor 45, performs a block matching
operation, and retrieves additional search window data via



The i mage conpressi on coprocessor 45 perforns all 15 video conpression

functio i ypi cal system except notion estimation,
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encodi n oding, and bit stream management . An i mage conpression
coprocessor is described on copendi ng application serial no. 08/ 054,
684 , titled "Video Interface Unit," filed the sane day herewith and

I ncorporated 20 herein by reference. |mage conpression coprocessor 45
connects to bus 30 through the optidifal enbedded control processor 37.
Control processor 37 offloads from host processor 38 certain
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circuit r ks with previous or
future frane mie 1 toruat yrefand rereratien ) of the MEC T campenerbSch area

described in connection with Fig. 3 are now discussed in

10 greater detail below. For the reader's convenience, tables
identifying the commands, command registers and I/O pins
discussed in the following sections are provided at the end of

the specification.

15 1. video Memory Interface.

The video memory interface comprises video interface
unit 185, video input buffer 175 and a video bus. Video
interface unit 185 reads and writes luminance image pels from
the off-chip DRAM and/or VRAM memory to video input buffer 175.

20 The DRAM .and VRAM memories may be thought of as residing on the
video bus. Once the video input buffer 175 is locaded, CPU 122
copies the contents of buffer 175 to search memory 160 by
writing to the appropriate command register (LDSM).

a. MEC Video Bus o

25 In one embodiment of the present invention as shown )
in Table 1, the MEC video bus comprise 11 address, 32 data, 22
control, and 1 clock signal pins for a total of 66 pins. The
video bus is preferably functionally and electrically
compatible with the image compression coprocessor videoc bus. A

30 collection of 10 control registers determines the timing
characteristics of the signal pins. These registers contain
counts of VCLK periods which are used by the video interface
timing generators to determine when to assert or deassert
output signals or sample input signals. 1In effect, these

35 registers contain the DRAM timing parameters corresponding to
the memories connected to the MEC 20 video bus.



10 centered on the position of the current macrobl ock. Bl ock
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basis for describing the current video frane. To identify
the proper reference frane, MEC 20 5 receives tokens containing, for
exanple, 16 pel by 16 pel bl ocks of |um nance data from i nage
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VGRNTI, and VGRNTO. As shown in Fig. 4, bus masters are tied
together in priority order using these pins; priority increases
from right to left. The daisy chain of VRQSTI and VRQSTO pins
propagates requests for bus usage starting from the lowest

15 priority master 285 up to the highest priority master 286.

- Along the way, a bus request from a lower priority master is
blocked by its higher priority neighbor if that neighbor needs
the bus at the same time or prior to seeing the lower priority
request on its VRQSTI pin. |

20 The highest priority master, if its VRQSTI pin is
asserted and it does not need the bus itself, grants the bus to
another master by asserting its VGRNTO pin. This "bus grant®
then propagates along the chain of VGRNTI and VGRNTO pins to
the highest priority master which had requested the bus. Bus

25 grants to lower priority masters are blocked by higher priority
masters who had also requested the bus. Thus, a bus master
which had requested the bus and which observes an assertion of
its VGRNTI pin will take control of the bus and deassert its
VGRNTO pin, thereby stopping further propagation of the bus

30 grant signal. CPU 122 may define MEC 20 to be the high
priority master on the video bus by setting the MEC 20 VARB
register to "1". The VRQSTO pin of such an MEC 20 is not tied
to any other master. Similarly, the state of the MEC 20 VGRNTI
pin is internally ignored.

35 In typical operations (VARB=1), normal read/write
transfers take priority over memory refresh and external bus
requests as signaled by VRQSTI. However, once the bus is



current frame and the best matched bl ock. MEC 20 sends both t he notion
vector and the bl ock back to i mage conpression coprocessor 45 in the
form of amMoouizpas® t oken. Bl ock matching as d&VEMEPE50ve
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refresh compete during these clock cycles using a rotating

priority scheme. Initially, external requests are assigned the
highest priority. Whenever the highest priority master

10 requests the bus, it is awarded the bus, its priority is
reduced to lowest, and the lowest priority master is increased
to highest. 1If the-lowest priority master requests the bus in
the absence of the highest priority master, the lowest priority
master is awarded the bus, and priorities remain unchanged.

15 MEC 20 may also request the video bus by asserting
its VRQSTO pin on behalf of one of its own bus activities or in
response to an assertion of its VRQSTI pin (VARB set to 0).

MEC 20 will start to pass along an assertion of VRQSTI to
VRQSTO only if it does not simultaneously occur with an

20 internal request. An internal request occurring after MEC 20
has started to pass along an external to its VRQSTO pin waits
until its VRQSTI pin is again deasserted.

A rotating priority scheme is used to resolve
conflicts between internal requests, with normal read/write

25 transfers starting out with the highest priority, and memory
refreshes with the lowest. If a WRMEM instruction and a video
interface buffer simultaneously request the bus, the WRMEM
.request takes priority. Priorities are modified using the same
method as for VARB = 1, described above. A bus master with

30 VARB = 0 requesting the bus on its own behalf continues to
assert its VRQSTO pin until it has been granted the bus via an
assertion of its VGRNTI pin and has finished using the bus.

For normal read/write transfers, an MEC 20 with VARB
= 0 relinquishes the bus between row transfers. However, if a

35 WRMEM instruction or a video interface buffer 175 has not
finished using the bus at the end of a row transfer, MEC 20
will internally compete with refresh (if enabled) for the next
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hi erarchi cal search in two steps. The first step, illustrated in Fig.
2A uses 8x8 bl ock matches to performa 5 15 pel search on a reduced inmage.
In this exanple, a quarter resolutio or 4:1, reduced i mage having the
32 pels square configuration is used. Search wi ndow 100 noves around
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activities on 0 are _coordinated by a central proceSsor_unit (CPU)
122. The @pLFYoshaifdymeking)pofusnreduest. MEC 20 takes one VCIK cycle

to clock VRQSTI into a register and then passes the request
along by asserting VRQSTO one clock cycle later (edge
transition 1 in Fig. 5). Other higher priority masters to the

15 left of this MEC will continue to pass the bus request along to
the master with VARB = 1 which will then grant the bus via its
VGRNTO pin. Edge transition 2 in the Pig. 5 shows this grant
being passed to MEC 20 via its VGRNTI pin which takes only a
single clock cycle to transfer it to its VGGNTO pin (edge

20 transition 3). '

Sometime later the bus master finishes using the bus
and correspondingly deasserts its VRQSTO pin. This activity is
reflected as a deassertion of VRQSTI for the MEC 20 described
in Fig. 5. Again, the MEC 20 requires one cycle to clock=-in

25 VRQSTI and another cycle to pass it along to VRQSTO (edge
transition 4). MEC 20 also deasserts VGRNTO simultaneocusly
with VRQSTO, reducing the time its lower priority neighbor must
wait to observe the bus release on its VGRNTI pin. This early
deassertion of VGRNTO puts lower priority masters on a more

30 equal footing with higher priority masters when it comes to
making new bus requests. Two cycles after deasserting VRQSTO,
on edge transition S of Fig. 5, the MEC's VRGNTI pin will also
be deasserted by the VGRNTO pin of its higher priority
neighbor, assuming the neighbor is an MEC or image compression

35 coprocessor,

b. Use of Logical and Physical Image Coordinates to
Transfer Data on the Video Bus.
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RAM 123 conprises a 512 word RAM The CPU 122 i nstruction set and
architecture permt a variety of cormon 5 block matching algorithnms to be
programmed (e.g. exhaustive, conjugate direction, 2D logarithm c,
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122. Scrat chpad nenory 125 has no predefined function and nay be
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bits wide. If VBUSMODE is "1", the bus is configured as being

10 16 bits wide, with pels being accessed on data busses 0 and 1.

Logical to physical address translation is described separately
below for the 32 bit and 16 bit bus modes.

In the 32 bit access mode, the MEC's four 8 bit video
memory data busses are used to simultaneously read or write

15 four pels on every memory cycle, requiring the storage for one
logical image to be physically spread across memories connected
to the four data busses. These four pels form a two by two pel
square in the logical image space. Thus the 32 bit access mode
segments a logical image into non-overlapping two by two pel

20 tiles, and each (row, column) memory address'pair output by the
MEC selects one of these tiles.

In 32 bit mode, a block of pels at logical
coordinates (firstcol, firstrow) is physically accessed as an
array of two by two tiles. As an example, Fig. 6 shows an

25 eight by eight pel logical image. Pels are individually
labeled with their row:column locations; tile cocordinates axes
289, 290 are shown along the top and left sides of Fig. 6. The

32 bit access mode segments this 64 pel image into a four by
four grid of tile.

30 Fig. 7 shows how the pels in Fig. 6 are physically
mapped to memories on the four MEC video data buses, 290-293.
Pels from even numbered columns in Fig. 6 are accessed on data
busses 0 or 1 and pels from odd numbered columns are always
accessed data busses 2 or 3. Pels from even numbered rows in

35 Fig. 6 are accessed on data busses 0 or 2 while pels from odd
numbered rows are accessed on data buses 1 or 3. MEC 20
simultaneously accesses the four pels making up a tile by



bl ock matchi ng processor 250 or to a token output buffer 265 for
transfer back to the inmage conpression coprocessor 45 (Fig 25

Bl ock ﬁﬂpéﬁpﬂﬁwprocessor 250 conmputes the MAD for bIocEngg%gﬁéz% from
bl ock interpol ati on processor 190 and bl ocks received fromtoken input
buffer 270. Tokens are bl ocks of unconpressed i mages received from

| mage conpressi on processor 45. The output of block matching processor
250 is a 30 reference frane and noti ont%ect or out put to token out put

buf f er 265 for c nication tp image conpression_coprogessqr 45.
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tiles to the next; column addresses are incremented by one
within a row. The tiles within each row are accessed using a
10 series of page mode accesses where the MEC outputs the tile row
number on the video address bus followed by a succession of
tile column addresses. _

In the 16 bit access mode, video memory data busses 0
and 1 are used to simultaneously read or write two 8 bit pels

15 every memory cycle, requiring the storage for one logical image
to be physically spread across the two data busses. These two
pels form a one pel by two row array in the logical image
space. As a result the 16 bit access mode segments a logical
image into non-overlapping one pel by two row tiles, and each

20 (row, column) memory address pair output by the MEC selects one
of these tiles. '

Fig. 8 shows an eight by eight pel logical image 295.
Pels are individually labeled with their row:column locations:
tile coordinate axes are shown along the top and left sides of

25 figure. The 16 bit access mode segments this 64 pel image into
a four row by eight column tile grid.

Fig. 9 shows how the pels in Fig. 8 are physically
mapped to memories on video data busses 0 and 1, identified by
reference numerals 300 and 301 in Fig. 9. The MEC 20

30 simultaneously accesses the two pels making up a tile by
outputting off-setted versions of the tile's row and column
coordinates on the video address bus.

As seen is Fig. 9, the 16 bit access mode splits and
image row-wise between memories on the two video busses; that

35 is, the memory on video data bus 0 stores all the pels from
even numbered logical rows and the other stores all the pels

from odd numbered rows. Thus, as in the 32 bit mode, the MEC



5 data token, block matching processor 250 matches the contents of a

previously received token with the contents of search menory 160 under
t he di r etd 2426069 CPU 122. CPU 122 execut es the search EF§BIP¥MNEt or ed
in RAM 123 to conpute the address of the search w ndow segnent. stor.ed
in search nmenory 160. In 10 the enbodinent of Fig. 3, hardware in bl ock
mat chi ng processor 250 perforns the majority of block matching
conput at i onal worKk. This all ocatiorpmf tasks between CPU 122 and bl ock
mat chi ng processor 250 reduces CPU workl oad, increases conputationa

speed, andsceaabéesaardnt tbhel rdwechky nateht he pcoresaovrayt ofwfdless in
tandem wit h bl o chlLnhg cess 0 I fion tching
pover | | PSHPEEOA, SEnpeY o FUREFS ohLpfe_c1PE PRY A8 Cotumn SpigesE®

conput at i Him$ty bibilecaoeht s Thel pblestare acopssed2inothensamen fpshinni BF as
a chip c 89*&652 bit mode, usin gé&b&%ﬁo&éeﬂém$%gf%%eésEEFabest mat chi ng

bl ock for The“subject data tof I's best ck is stored
as 5 a data token®in t¥kkpingtiideo Baty v

conpressi on coprocepeps ¥i+@ wirhdtdr Yo ERETbAEECHID IDREN: and/or VRAM At
the sane tinme plock matching processor 25 conducts the af orenmenti oned

0
bl ock matRERMGLEHePRt YR 4 Zace | ypih 1183 1M ¥eSBRN$8AHS vi deo i nput
Eluffﬁr 17ﬁuya¢fﬁcalijagw (wmﬁmp)r tilr(wep&ed hﬁ;@xea:tﬁ%?vi mﬁwp\reé&spbnal ly, :1 he data
ocks escribe t he t.oken are, adjacent, bl ocks an arc
bt oceeds GIFTOSEERSE &Y VK6 TefblLdt) B iRsoF Spdn, #EE BBTLCD anc
vi ded0i nparedutféertid SWRMEM tirestafu i cwrisy rwci eih@Othe uttmihahcentigta
"strip" q . xe c f (“QI . DI EVi Y I e | w,.peed
be Ioadecf’To %lsrl,’é? hgﬁ‘g%ﬁ'jrlé{‘t‘seargc\ﬁmorq g/vvlﬁsrﬁoml/’ %%%’a %réar e%ggdgéﬂgﬁdtg
oper at i oralvislé¢ chemeyy i addressethrusiony a logical coordibmatehgri®#EC 20 of
Fig. 3 peg{qy thy o | | r I r hMES Okpsends
S Oata t?ken %@F% &f@rtxopé‘ﬂééalrfﬁ‘ﬁs 3pod Mk Vhdé des&@ﬁ:@@r Piéh Y n
one embodiment, the resolution of each of horizontal and
15 vertical axes of this logical coordinate grid is 16 pels, with
each 16 by 16 pel grid element corresponding to four 8 by 8 pel
blocks arranged in a 2 by 2 block configuration (i.e.
corresponding to one luminance token). Fig. 10 shows an
example grid layout highlighting the grid element 309
20 corresponding to hpos = 4 and vpos = 2. -
The WRMEM instruction has three parameters used in
conjunction with internal registers and various token

descriptor fields to translate the logical coordinates into

physical memory addresses. These parameters are memsel,

25 horgsel, and vorgsel, and are transmitted as part of a
processor packet word when image compression coprocessor 45
sends a WRMEM instruction to MEC 20 for execution.

' The memsel parameter, which occupies bits 10:8 of ‘the
WRMEM instruction, provides the means for selecting separate

30 image memories and ranges in value from 0 to 7. The horgsel
and vorgsel parameters, which respectively occupy instruction
bits 7:4 and 3:0,'are used to select a sub-image within memory
memsel. The physical (X,Y) coordinates of the upper left
corner of the sub-image are given by X = 128 *horgsel, and Y =

35 128 #*vorgsel. Fig. 11 shows MEC 20 timing diagrams for video
bus write operations. To access the stored video data, MEC 20
outputs a single row address on the VA(10:0) pins at the



i mge conpression coprocessor 45, performs a block matching operati on,
and ret rivgv di ti onal search w ndow data via T/US94/04576

1 ﬁ?o&é;nterface unit 185. Sinmultaneous execution ofPCt ese
operatlons maxi m zes the efficiency of MEC 20 operations. The

particul ar structures of MEC 20 conponents that enable partitioning of
the search wi ndow and parall el operations shall 5 be described in detai
in the sections bel ow Det ai | ed Dédcription of NEC Devi ce Conponents

The structur qd operatlon of the MEC conponents escribed in
connect i oReALPR1PGy Of3 €38 FON FCSEFSyedn ﬂ?‘l%i'f%a‘(’e?h d%t‘é‘i"‘Ft‘BEI 8f. For
t he readetolusfnaddrcRs Toabltﬂfﬂbse samedq:ﬁé'yldmtd?@lmmﬁesﬁomnd

(29 St soBl SO 13 nie P USETH Tl ) Sptdteased 20 2
| nterf acediscriminated from column addresses via the VRAS-(3:0) and
5 VCASO-(3:0) pins.
' d. eading Data from Video Memories

Pels are read by video interface unit 185 with or
without 2:1 horizontal and vertical decimation. The decimation
feature is used in hierarchical motion estimation where

10 searching of the full resolution image is preceded by a search
of a spatially coincident quarter resolution image as discussed
in connection with Figs. 2A and 2B. 1In a preferred embodiment
of the invention, the decimation filter is a simple averager
which operates on non-overlapping 2 x 2 blocks of pels. If the

15 four 8 bit unsigned pel values making up a 2 x 2 block are
given by a, b, ¢, and 4, the output of the filter y is given
by:

y=(a+b+c +d)//4

Where "//" means integer division rounded to the

20 nearest integer, with half values rounded up. -

Video interface unit 185 of MEC 20 is also capable of
fetching new image data for the search memory while its current
contents are being used for preforming block comparisons. In
essence, this feature allows a search window to be efficiently

25 "slid" across an image, avoiding unnecessary fetches of the
large number of redundant pels in search areas surrounding
adjacent macroblocks and avoiding the performance penalty of
‘completely reloading a search window in response to each new
input token received from image compression coprocessor 4S.

30 To assist in meeting critical DRAM timing parameters
during read cycles, the MEC has an internal transparent latch
to hold the incoming data after CAS returns "“high". This
allows the MEC to latch the data on the following cycle,
thereby reducing memory access time requirements. This latch

35 is clocked by the input signals VCASI-(3:0) generally connected
to the DRAM CAS pins. Fig. 12 shows MEC 20 timing diagrams for

video bus read operations.



The video nenory interface conprises video interface unit 185, video
I nput buffer 175 and a video bus. Video I nterface unit é&ﬁﬁéiﬁgﬁgand
wites MPP42602 i mage pels from the off-chip DRAM andF mor y
to video input buffer 175. 20 The DRAM and VRAM nenories may be thought of

as residing on the vi deo bus. Once the video input buffer 175 is

| oaded, CPU 122 copies the contents of buffer 175 to search nenory 160
by witing to the appropriate commamghk regi ster (LDSM .

a. MEC Video Bus 25 I n one enbodi ment of the present invention
as shown in Tabee 1 gémﬁ pi m@memom@esge 11 address 32 data, 22

control, and 1 cloc s for of | | bus
is preferably funct§b§5$ ghgﬁﬁgﬁ?%é??fEafég na y ggsg %Q%IFH fﬁgggﬁgbe
conpr essi tine CORAMCasnd OVRAM deemdkes A 30 bubltetni GASobeforeuRaSorelfe'gsét ers
determ ne n cteristi S | 4RI

rogi st er CoBhEat bk "tngy AP Y S0 FPeEenbaTyrudRg B BSErERatt:
|nter5acfbasedtmamnglgen@manmmsVi®2@eb@$n1n@PUhéQZtQCQQBQFPStheeassert

out put. S"ﬂ‘%ﬁ@i\ P2 lv?ri‘@ ééGﬂ?éSnééoﬁ%&g%efs.-%ﬁeeﬁémaeqv&hﬁss

contain t ters correspo Menor | es
connect ecrqq)lsh@rNEngtngeq) %1 to this register causes the refresh

15 controller to clear its internal 16 bit refresh counter and to
perform a single CAS-befnre~RAS refresh cycle on the video bus.
10 To prevent a refresh cycle from causing a DRAM to go into test
mode, MEC 20 refresh controller performs all CAS-before-RAS
refresh cycles with write enable asserted. As long as VREN is
1, the refresh controller increments the refresh counter on
each rising edge of VCLK and performs another refresh cycle on
15 the video bus whenever the counter matches the contents of the
following registers:

VRFPMS(7:0) = Video Bus Refresh Periocd, Most
Significant Half

VRFPLS(7:0) - Video Bus Refresh Period, Least

20 Significant Half '
VRFPMS and VRFPLS are initialized by CPU 122.

Whenever the 16 bit refresh counter matches the
concatenation of VRFPMS and VRFPLS, the counter automatically
resets and begins counting up to the next refresh cycle. The

25 counter continues to increment, even while the refresh
controller is performing a refresh cycle on the video bus. 1If
the refresh counter signals a refresh while the video bus is
busy, the controller does not preempt the current bus usage,
but waits until the bus becomes available. The refresh counter

30 continues to increment while the refresh controller waits for
the bus.

In general, the refresh period is set to the minimum
value of {Tref/nrows}/Tvclk as calculated over all DRAM's on
the bus, where: Tvclk is the period of VCLK; Tref is the

35 refresh time for a given DRAM or VRAM on the video bus, and
nrows is the number of rows in the given DRAM or VRAM. This
formula assumes that the amount of time during which the



Internally, up to three activities within an MEC may conpete for the
use of the video bus; nenory refresh, nmenory write transfqsy 576
initiated“@&”%@ﬁﬁ%%i nstructions fromimge conpr essi on coproégzggr 45;
and menory read transfers as 5 initiated by the CPU to fill video input
buffer 175 using the | oad command key. Mastership of the MEC s video
bus is controlled by a serial daisy-chained arbitration schene. Each
potential bus naster has "bus request i np@3', "bus request out put ",
"bus grant input", and "bus grant output” pins. On 10 MEC 20, these pin
are | abel ettefmeskesiantaiol leyRdsTidedaxgsrdron pexfRRingng veRresh ﬂgeSﬁBMﬂ
Ipinngl' gbriélb}ﬂé;s/ bym,si ncﬁbgrﬁ,garbq,sty ]g% not tggﬁht i’@t:iid'-féll L@id’;h_&f@édﬁt,usi Pg t hese
X _ ases romri o,le e chain _of VRQST
and VRQSTO pi ns. Fiopafdsss e EP#Q&“?) a@%ggyggpiﬁﬁnFFBﬁFthe
| onest 15 BuirQhig MERSedet)8THed VREN hendii Ditestnal | pefrgshacbant2ss.

Al ong the way,, bus request fr alo 1 OL 1 t ' db
Lo i dner TBiaHeRs Aneaaned ML SR Ch e (nEBY' ERekt or rRIRET
time or praar MBC seditygddet |(weausest iy ihgst precgssor 38)i doesraot afifgct

20 | teEN ORY st T ReS R all S
asserted aﬁ&eiéqjggégggf neéﬁ 9ﬁgﬁ%§§;i?§£§¥%'gégn¥; t%gtgsga?orefregﬁbther
mast er by ecmawttemg its VCGRNTO pin. This "bus grant" t hen propagates

al ong the chain of V@RNTymnd VEVEP déntfollert D8 Algbedesigned o

o e Shed L B Ol 20 el 5o Sk Bl A B
0L o BeAng ap MR mwes eide O0siouitanash s e omy
‘ts vckims gite & B, e TR s Sropedanrof SR ST, HRE°
grant si gnglene@dl1h?Zaquiriaf iare dh20RAS tpclée"walk-up" before the
device will operate properly. As part of MEC 20
15 initialization, CPU 122 can accomplish this wake-up by writing
"i" to VREN eight times in a row (separating adjacent writes by
the time required to perform a refresh cycle), since each write
to VREN generates a single CAS-before~RAS refresh cycle.
Alternatively, after loading VRFPMS and VRFPLS and setting VREN
20 to "1", CPU 122 can wait out eight refresh cycles before
" starting MEC 20 program execution.
Fig. 13 shows a timing diagram of a MEC CAS-before-
RAS refresh cycle. During all refresh cycles, video interface
unit 185 sets all VMSEL(2:0) pins to "low" to signal that
25 refresh is occurring. Therefore, if VREN = 1, only seven
encodings of the VMSEL(Z:G) pins are usable to select
particular memory banks during normal read/write memory cycles
since VMSEL(2:0) = 0 is reserved to signal refresh cycles. All
VCASO-(3:0) and VRAS-(3:0) pins are cycled as shown in Fig. 13
30 so that all memories on VDO(7:0) through VD3(7:0) are affected

by refresh.
£. Video Input Buffer Architecture and Operation.

Video input buffer 175 stores the full and/or quarter

resolution image data fetched by video interface unit 185.
35 Video input buffer 175 may function as a one or as four or more
separate buffer segments. Loading can proceed in parallel with
block matching. Both the full and quarter resolution pels may



priority master on the video bus by setting the MEC 20 VARB regi ster to

"1". The VRQSTO pin of such an MEC 20 is not tied to an I ster.
Si m | ar WO 98R2e68t at e of the MEC 20 VGRNTI pinis inter T |3ﬂ ed. 35
In typical operations (VARB=1), normal read/wite transfers take
priority over nmenory refresh and external bus requests as signal ed by
VRQSTI . However, once the bus is

16 awarded to either a WRVMEM i nstraygction or a video input buffer

175, the master uses the bus until finished. Read/wite transfers are

perfoanegb? £e¥ral Qnt&ﬂ?fz@@ﬁtt@@%bd?FESOf videel intjerfhed buffewnclTBK
periods between rqQws in order_to, al Low,ne e e :nal bus
nast ers dTEﬁﬁngeagéng SChf%ﬁpﬁY%}??yrﬁsﬁﬂ??gg??¥té§%érﬁglngg ?Eggggts and
menory hief&f&n?bampa?ffehd&ringelbeia videk typutsbuffay a76oa%ei ng
priority schene. ti ex n egu | d,eh kghest
priority.sVﬁﬁﬁgvgpghﬁegﬁ?éﬁg%fégéig#?%ygngégéﬁe%g Q%éggggtgktﬁgebﬁg?gFg i's
awar déd themobry, untlerptherdiyection ofrGHUcdd240 | owest, and the | owest

P;gﬁ;;:g FﬁztgLsi?niﬂcéﬂéséﬂbodimeﬁe BeobRet prhbehbeihQvRelioR,i @iy naster
input buffer 175 comprises a 2k byte memory, divided into 128
pages and partitioned into four segments. Physically, the
video input buffer storage is made up of an even bank and an

10 odd bank. The even bank stores even-ordered rows from the
external video memory. The odd bank stores odd-ordered rows
from the external video memory. In the embodiment of the
invention, each bank is made up of eight 128x8 VIB_RAMSs,
forming an 8-pel row. Each page 399, as shown in the example

15 of Fig. 14, corresponds to a two row by eight column tile of
pels. Each video memory segment, in turn, comprises a
rectangular array of pages. CPU 122 configures video input
buffer segment k (for Xk = 0, 1, 2, 3) by initializing the
registers listed in Table 2.

20 CPU 122 can command video interface unit 185 to load
one or more video input buffer 175 segments automatically by
writing to a load command register (LDVIB(7:0)). In response
to CPU 122 writing to the locad command register, video
interface unit 185 first allows any previously started command

25 to transfer the contents of video input buffer 175 to search
memory 160 to finish; and waits for the MEC's video bus to
become available before loading video input buffer 175. Bits
2k+1:2k of the load command register control loading of segment
k and are encoded as shown in Table 3. The video interface

30 timing control registers are listed in Table 4. Fig. 15 shows
the logical segment to physical storage mapping of video input °
buffer 175. Video input buffer 175 is loaded with data from
video interface unit 185. When loading a full-resolution image
to video input buffer 175, 2 pels are written to each bank of

35 the buffer RAMs at a time for 32-bit video data bus or 1 pel
each for 16-bit video data bus. When loading a quarter-
resolution image to video input buffer 175, only 1 pel is



t he absence of the highest priority master, the lowest priority mast er
i's awar and priorities renmain unchanged. 15 PCT/US94/048RC 20
5% alrilsef 'The j

may al s video bus by asserting its VRQSTO pin on behal f
of one of its own bus activities or in response to an assertion of its
VRQSTI pin (VARB set to 0). MEC 20 will start to pass along an
assertion of VRQSTI to VRQ@STO only if it does not sinultaneously occur
with an 20 internal request. An inter®d request occurring after MEC 20
has started to pass along an external to its VRQSTO pin waits until its

VRQSTI piritdeqydich tidaseinput buffer 175 at aptimeati Waepr FOPYEPIschene
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usi g the bus at” the end

co e with refre§Hﬂgﬁuﬁﬁﬁﬂﬂiﬁﬂ—iéﬁﬂihe next

Segment k is not loaded.

LDVIB(2k+1:2Kk) = 01:

VKPCNT pels are fetched from each of 2*VKLENGTH image
rows beginning at logical image coordinates (VkX, VKkY) and

15 stored undecimated only in segment k beginning at row 0, column
0. 1If VKPCNT is less than 8*VKWIDTH, only the first VKPCNT
columns of each of the 2*VKLENGTH rows of segment k are written
to. The VMSEL pins are set to VKMSEL.

v +1¢ = H :

20 VKPCNT pels are fetched from each of 4*VKLENGTH image
rows beginning at logical image coordinates (VkX, VKY),
decimation filtered, and stored only in segment Xk beginning at
row 0, column 0 (i.e. segment X is loaded with a total of
VKPCNT*VKLENGTH pels). If VKPCNT is less than 16*VKWIDTH, only

25 the first VKPCNT/2 columns of each of the 2*VKLENGTH rows of
segment k are written to. The VMSEL pins are set to VKMSEL.

\'4 k+1: = :
VKPCNT pels are fetched from each of 2*VKLENGTH image
'rows beginning at logical image coordinates (VkX, VkY) and

30 stored undecimated in segment k beginning at for 0, column O.
If VKPCNT is less than 8*VKWIDTH, only the first VKPCNT columns
of each of the 2*VKLENGTH rows of segment k are written to.
Beginning at logical row vnY, where n=k+l1 and VnY is greater
than or equal to VkY, VKPCNT pels from each of the next

35 4*VnLENGTH image rows are also decimation filtered and the
results stored in segment n beginning at row 0, column 0; see
Fig. 15A shows an example of how a full resolution image 400



17 schedul ed bus request. An MEC 20 deasserts its VGRNTO pin
whenever its VRQSTI pin is deasserted, thereby decreasing the

| ower privad bi¥sog®sters must wait relative to higher pr B&i §944%§7Fers
before requesting the bus again. 5 Fig. 5 shows timng for the
vi deo bus dai sy chain signals for an MEC sonewhere in the m ddle of
the dai sy chain (i.e. VARB = 0) which does not have an internal bus
request. Al'l signals are synchronouggto VCLK 288. As shown in Fig. 5,
t he VRQSTI pi n of MEC 20 is asserted by the VRQSTO pin of a 10 | ower

priority ( loRen magel A9 1N nbilfht bd Nbaded deimyl témeoysly
meking a g% %éxad:’ézse?- I%%%lh%l?gkég gne VCL @hcl 1 ecI 0Gk O{ into
a regi st eﬁnéﬁdvtlﬁé? papids bufdersgddsy as %:rfg]‘ebo%fj aa?ser%l ng % one
clock cych@skat®far @g@qual toaANSHVnWIDIH,N afid).4 BInLENGERH+VRYRUsSHrerity
mast ers to the 15 left of .this ] | nu t s [ ERARSt
along to lesst ﬁ@%ﬁ%@%#htﬁAﬁg@%%H&m i#]gln%ti?hgé’%us via its
VGRNT@ pi 1.6 *a@a DTHN Driliyothe |frir|srmevu'oP@NT323rmmna spfgrefmh of ®leng
passed to its V e VMSE | 9k
cycle to ?E@H&%&G\&{}f LS £ \7&@@%@%% ?édg ran5|t|on ﬂ%fng

Soneti ne ketetot WkMSEL.master finishes using the bus and
correspondi ngly dea | T & yd am 48| ectereas
Rﬁ ?Losr %&V@%@Q %t&te h:'xsar?éiﬂi\ﬁﬁ 1aﬁgr

a deassertion of V escri bed |, tneg? Ag the
MEC 20 reydidees impute yiffexro seqperncer =5aberazrhingy an’tﬁ rsse Pass

It along E‘Ea\éBQ’%EQa(ﬁ@%t staltleldS unitan 41) LDWE &9 Eisw medtssvmmo
stml aneggielved from CPU 122. Since either type of CPU commands may
not get executed immediately by the state machine, they are
latched until the state machine processes them. 1In one
embodiment of the invention, for LDVIB command to be
15 executable, VIU 100 must not have been allocated to the write
video buffer unit for execution of a WRMEM instruction.

If a LDVIB command is executable, the state
transitioﬁs to statell. The LDVIB command latch
(LDVIB_VLD_LCH) is also reset. The. LDVIB command for tye

20 current segment, which starts at 0=, is inspected. If no-op
(0), the segment pointer (SEG-CNT) is incremented to point to
the next segment. If not no-op, the starting row address
(RD_VM_RA) for the video memory read is formed from the
corresponding Vk_Y input. A transition to state 2 is made. A

25 request for a page-mode read cycle (VM_RD_START) is sent to
VIU. The state machine then transitions through states 3, 4, 5
and remains at state 5 until the page-mode cycle is completed.
It then transitions to state 6. The number of page-mode cycles
RASCNT, which was incremented during state 3, is compared

30 against the length of the current segméﬁt (VLENGTH) . If the
segment is not filled yet, the state machine returns to state 2
and RD_VM_RA is incremented for the next page-mode access. If
the segment is filled-up, the state transitions to state 8. 1If
not last segment yet and the current segment's LDVIB command

35 does not load full-resolution and quarter-resolution images to
two adjacent segments ("double-load") the state machine
transitions back to state 1. At state 8, RASCNT is reset, and



with VRQSTO, reducing the tinme its |ower priority neighbor nust wait to
~observe H?g bus release on its VGRNTI pin. This early deassertl&%. f
VGRNTO pu Hasnw priority nmasters on a nore 30 equal footlﬁﬁ gl 7éher
priority masters when it cones to maki ng new bus requests. Two cycl es
after deasserting VRQSTO on edge transition 5 of Fig. 5 the MEC s
VRGNTI pin wll also be deasserted by the VGRNTO pin of its higher
priority nei ghbor, assum ng the neigl2for is an MEC or inmge conpression
35 coprocessor. b. Use of Logical and Physical |mge

Coor di nat tBet gegmentr pesifrdreDAES (PNT hiss infsremepted. If “double-load"

18 was_executedCC¥Hl %rﬁ)eﬁt E}Sc?frﬁ!ér? §”Px?£'f£'ﬁ@£t8& EBechﬁ\éﬁnEhQn

once MEC 20 has access to the to el ght separate | um nance
i mges, eaentcéﬁsmgntng%quuﬁlfwm@aw m@s%@tg transigiongetacstased by

‘é' fleo rrer@]gy hit ggr:ﬁa;@g %{nlﬁhelf%éféﬁ ;ﬁiiﬂl@ér 15 iﬁ@r@ﬁeﬁﬁe&' hgaaae mz@g
ata transfer e da 0 me e
confléureﬁ°§siéﬁﬁh§9995 r {28 staﬁﬁtgp%& EEE%?i?%@B 939E0£%88§ el
regi ster othébWisenedw returnsiego stdtd/RUAMMDEsets " VIB_RDY Bttatus for

confi gur S ing 32 bits wwde. If VBUSMODE is "1", the bus is
chhdocl

confi gur i'ng
At state 0, if an outstanding LDSM command is

executable, the state machine switches to state 10. At state
10 10, the last LDVIB command executed is examined. If current
segment's (starting at 0) LDVIB command was a no-op, the state
transitions directly to state 15. If not no-op, the state
transitions to state 11 and the LDSM_START signal is asserted
for one clock cycle. The state machine then transitions to
15 state 12. At state 12, CPY_IP is asserted and the state
changes to state 13, where it remains until the segment is
copied to the search memory. During state 13, the subrow
indicator increments every clock cycle, and "modulo'ed" by
VK_WIDTH - 1. The RASCNT is used to keep count of the number
20 of logical odd/even row pairs.read cut of the VIB. When RASCNT
reaches Vk_LENGTH-1, the state transitions to state 15. At
state 15, the segment pointer is incremented. If not all
segments have been processed yet, the state machine returns to
state 10. Otherwise, it returns to state 0 and SM_kDY status
25 1is asserted.
The VIB sequencer is also responsible for allocating
VIU to write video buffer unit when it is not already
érocessing a LDVIB command. On simultaneous LDVIB and write
video buffer unit request (AIU_WR_CMD), VIU is allocated to the
30 write video buffer unit (ALLOC_WRVM). Neither execution of the
LDVIB nor the WRMEM are interruptable by the other once
execution has started.

2. B8earch Memory
35 Search memory 160 contains the section of the image
to which the input token is compared for the CPU program to
arrive at the best motion vector. 1In a preferred embodiment of



10 16 bits wide, with pels being accessed on data busses 0 and 1.

Logi cal to physical address translation is described separately bel ow
for the 3¥O03R6%Ad 16 bit bus nodes. In the 3BCHUSIUMELsS
node, the MEC s four 8 bit video menory data busses are used to

simul taneously read or wite 15 four pels on every menory cycle, requiring .
the storage for one | ogi cal inage to be physically spread across
menori es connected to the four data bsisses. These four pels forma

two by two pel square in the logical inage space. Thus the 32 bit

access nodehe inveagdenLSSQakcgimahokyageoiubodﬂ&ﬁdQWEWHmuﬂsmzt dy dnay
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pel s from™GEFEFHRr ed col umns are al ways accessed data busses 2 or 3.
Pel s ¥0 om even nunberﬂg romsshowsSSa Blgckbdbagrancegsedapehdlendiys3%d.0 or

VEC 20° " Sl by, 160 HRELIted R ST BRFESRAR PRy AR B metgplt
461, an SM address generator 462, and an SM data pipeline
register 463. SM sequencer 461 is responsible for executing
the CPU block match command and the copy to output token buffer

15 command. In addition, SM sequencer 461 works in tandem with
the VIB sequencer. The SM address generator 462 computes the
physical addresses for SM storage 460.

Search memory storage 460 implements an 8K-byte
logical search memory using an even bank 480 and an odd bank

20 481. Each bank is made up of eight 512x8 RAMS (SM_RAMs) to
form an 8-pel physical row across each bank of SM storage. The
four logical segments are specified by these CPU-loaded
parameters: Sk_ORIGIN, Sk_WIDTH. Sk_ORIGIN is specified in
even/odd row pairs; Sk_WIDTH is specified in multiples of 8 pel

25 per bank. Search memory 160 is initialized by the LDSM which
copies the VIB segments to the corresponding segments in the
search memory.

Fig. 18 shows the mapping from a logical search
memory 485 segment to the physical search memory 486. SM

30 address generator 462 is responsible for calculating the
physical addresses to the two banks of search RAMs. In the
logical to physical translation of search memory 160, the
physical starting column and row addresses during a block match
are computed as follows:

35

sm_col_addr = (BMXORG + (SPX > > 1)) % 8:
where "%" is the "module" operator and ">"
is right shift with sign extension;



19 outputting off-setted versions of the tile's row and col um
coordi na{vg 948#9‘{ he vi deo address bus. Thus, t%ﬂ@sg‘”%gs%

accesses % 1 e-rows by nuntilecols array of tiles Beginning at row
address 5 firsttilerow and columm address first _tile _col. The tiles

are accessed in a left-to-right, top-to-bottomraster scan fashi on. Row
addresses are increnented by one from one row of tiles to the next;

col um addresses are increnented by one 29 within a row The tiles wi t hi n
each row are accessed u3|ng a 10 serles of gﬁg node accesses where the MEC
Yi 4esMann

outputs the ti|SRLBRV_2ddR FHHdF_ORL Fe§s(§ﬁ§ P3IL RONER By a
successi on of t||§§£&ﬁ?ﬁﬁl%ﬂﬁﬁ%§%§% (SPX >> 8 & PkeWIBTHit

access node, video nenory data busses 0 and 1 are used to
sinmultaneously read or wite two 8 bit pels 15 every nenory cycle,
requir¥ ng the Sthee sspemé of oxmel d@gaxral usedgbo computbethhkyphgsalikcplspr ead

across the (éﬁﬁfﬁé&ﬁﬁﬁ an&ngﬁ édﬁiﬁgs ?8¥S %?&gham%QSEQGEGBydh@?néow

array in the I t access
segnent s @HQﬁﬁcgﬂmmanduemgﬁutxn@»rﬁ#ﬁ@v@heagﬁanganaaepeeryubﬁﬁlﬁgmeduIes
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of these til . 8 shows an el glca
i mge 295used mainly in the 1nterpolator 190 to re-a lgn the searc

10 image with the input token. During the LDSM command execution,

the physical search memory address is computed as follows:

ldsm_lrow = SKk_ORIGIN + Vk_ROW * Sk_WIDTH
ldsm_lrow = ldsm_lrow + VK_COL;
15 for (i=0; i < VK_LENGTH: i++)
{ for (subrow_cnt = 0; subrow_cnt < VK_WIDTH;
subrow_cnt ++) ob_adra = ldsm_lrow + subrow_cnt;
ldsm_lrow = ldsm lrow + SKk_WIDTH; )

20 The SM address generator 462 also computes the
relative y coordinates of the 2nd and 3rd search points in the
triplet search. SM address generator 462 also computes the x
coordinate of the next triplet to be block matched. PFig. 19

25 shows a block diagram of the arithmetic resources to compute
the address for search memory 160. Address 491 through 4392 are
used to form the starting addresses and the coordinates of the
next searches. Adders 495 and 496 are used to form the write
or read addresses for search memory 160 during the actual

30 operation of the search memory.

SM sequencer 461 is responsible for executing the
‘block match command and the copy to OTB command. SM sequencer
462 is also responsible for generating the timing control
signals required by 190 block match processor unit 250, token

35 buffer units 175 and 265 and the interpolator 150. These
control signals are appropriately pipelined to match the
latency of the data path at the units.

SM sequencer 461 also updates the SPRDY, BMPIDLE,
LDOTBRDY status flags to the CPU. The SPRDY status is reset 1

40 cycle after SPY_VLD input is asserted. SPY_VLD is activated

one cycle after the CPU write cycle to the SPY register in the



Pels are individually | abeled with their row colum | ocati ons; tile

coordi na fre shown along the top and left sides of 2 he 16
bi t accegﬁ) %@GSegnents this 64 pel imge into a four ?gﬁﬂ%§4@$8
colum tile grid. Fig. 9 shows how the pels in Fig. 8.are ,
physical ly mapped to nmenories on video data busses 0 and 1, identified
by reference nunerals 300 and 301 in Fig. 9. The MEC 20 30

si mul t aneously accesses the two ples nmak3@dg up a tile by out putting

of f-setted versions of the tile's row and col umm coordi nates on the
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20 file
beg|n§|ngcﬁPP#SﬁPQddF§§§uﬂpr§PetPFElpﬁﬂ'gﬁ& getestozrydogdis in the BMP
first_titheigol . 'rn’éh(:.ob!rlsamaeeaaeeefaaq LB reeetane cyellel @¥tay OTBY_WVILD he

32 bit moge, #S109,0208,180° BRER Y1ACEE588 1vated 1 cycle after the CPU
wrlte cycle to the OTBY register in the CIU. It is set at the
completion of the copy te the output token buffer command.

10 CPU 122 copies the current contents of video input
buffer 175 into search memory 160 by writing to the LDSM
command register. A state machine then examines the contents
of the LDVIB command register to determine which of the four
video input buffer 175 segments contain the data to be '

15 transferred. If LDVIB(2k+1:2k) # 00 for k = 0 or 2, the state
machine copies 16*VKWIDTH pels from each of VKLENGTH page Xows
of video input buffer 175 segment Xk into search memory segment
k beginning at page row VKROW, page column VkCOL. If
LDVIB(2n+1:2n) # 00 or LDVIB(2k+1l:2k) = 11 (binary) for n =1

20 or 3 and k = n-1, the state machine also copies 16*VnWIDTH pels
from each VnLENGTH page rows of video input buffer 175 segment
n into search memory segment n beginning at page row VnROW,
page column VnCOL.

After all segments have been copied, the state

25 machine signals CPU 122. The CPU does not write to LDSM while
a previously issued LDSM command is executing, or while block
matching is in progress. However, after writing to LDSM, CPU
122 may then write to LDVIB without disrupting the LDSM's
execution since the LDVIB command will not yet have started

30 executing. As shown in Fig. 30, two types of two dimensional
coordinate systems 500 and 501, may be used by the CPU when
addressing a segment of the search memory. Absolute (X,Y)
coordinates 500 assume an origin in the upper left corner of
the rectangle of pels stored in the segment, and coordinate

35 values are always positive integers. Relative (X,Y)
coordinates 501 are specified relative to an origin defined by
CPU 122 and may be positive or negative. The CPU 122 uses
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3. Block Matching Processor
Block matching processor 250 compares either an 8x8
or 16x16 block from a token pel buffer 270 with blocks of equal
size read from search memory 160. Blocks are selected from a
20 search memory segment specified by CPU 122 using (X,Y) search
coordinates relative to an absolute origin also specified by
CPU 122. For 16x16 block comparisons, the search coordinates
may have half pel resolution, and block interpolation processor
190 will interpolate pels from search memory 160 as needed
25 before sending them to block matching processor 250. The block
matching processor 250 compares a block from a token pel buffer
with three blocks from search memory 160 in response to each
'search coordinate pair sent by CPU 122. The three blocks are
vertically aligned in search memory 160, with the search
30 coordinate pair specifying the location of the upper left
corner of the uppermost block. The blocks may start on either
successive or alternating rows of search memory 160.
Figs. 21 and 21A are block diagrams of a block
matching architecture including block match processor 250.
35 Block matching processor 250 includes absolute difference
processors 251-253 (AD_PROC) which calculate the MAD of a
triplet of search points. The line-delay sub-unit (LINE_DLY)



bus wite operations. To access the stored video data, MEC 20 out puts a

si ngl e rompaddesss on the VA(10:0) pins at the PCT/US94/04576
21 begi nni ng of each row access, and follows with a vector of

col um addresses on those same pins; one colum address for each 32 or
16 bit word in the row. Row addresses are di scrimnated from col umm
addresses via the VRAS-(3:0) and 5 VCASC>53:O) pi ns. d.

Readi ng Data from Vi deo Menori es. Pel s are read by video
vertical
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of the fi Mbgfs ygz,'%m gtRenthree pprocessor with the current minimum and
updates the minimum.

In a preferred embodiment, block matching processor
250 contains three adder trees each capable of computing and

10 acdﬁmulating the sum of 16 absolute differences every 50 MHz
clock cycle. The first adder stage forms the difference
between the image data and the token input data; the rest of
the adder stages sum the absolute . differences and accumulate
the sum. The carry in for these adder stages are used to

15 complete the absolute values of all the negative differences
from the first adder stage. This computational power permits
block matching on the 16x16 pel blocks to be performed at a
maximum rate of one every 120 nsec; or on the 8x8 blocks at a
maximum .rate of one every 33.3 nsec.

20 : Prior to starting a search, CPU 122 confiqures block
matching processor 250 and associ&ted logic using configuration
registers. Fig. 22 illustrates the block matching patterns
505, 506, 507 and 508, performed in response toc the various
settings of the configuration (BMPMODE) register. Block

25 matching processor 250 computes the MAD for each of the three
block comparisons and automatically tracks the minimum using
the registers listed in Table 5-1. For 16x16 block
comparisons, the MAD is an unsigned positive number up to 16
bits long; for 8x8 block comparisons, the MAD can be up to 14

30 bits long. Optimally, CPU 122 may cause one or more of the
three MADs to be ignored when the minimum is computed.

The registers holding MAD data may be read at any
time by CPU 122. Both the MADMS and MADLS registers are
treated as containing unsigned positive integers and are sign-

35 extended with zero bits to form 12 bit integers. MADX and MADY
indicate the location of the current minimum MAD and are

derived by block matching processor 250 from the search



=(a+b+c+d)//4 VWhere "//" nmeans integer division

rounded nearest integer, wth half val ues rounded
Vi deo |nté?%§§%%gn|t 185 of MEC 20 is al so capabl e of fe ’Fﬁ?“ﬁgﬁ

i mage data for the search nenory while its current contents are being
used for preform ng block conparisons. In essence, this feature allows
a search window to be efficiently 25 "slid" across an inage, avoiding
unnecessary fetches of the | arge nund@r of redundant pels in search

areas surrounding adj acent macr obl ocks and av0|d|ng t he perfornance
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connect ed to t hEePRAN cpsrginsteni dX,¥) arewrel@tive ttiarithe dikmplate
;gr WRpivUsebead 9RCERL! BORG and BMYORG registers and indicate

the location of the upper left corner of the first of the three
vertically aligned blocks within search memory 160 to be

10 compared with the input block from the token pel buffer 210.
Each X or Y coordinate is an 8 bit two's complement fractional
integer in the rangé {-64.0, 63.5]) whose binary point is
between bits 1 and 0. Search coordinates on half pel
increments require horizontal and/or vertical pel interpolation

15 by black interpolation processor 190. For 8x8 block matches,
all search coordinates are assumed to be on full pel
increments, and the least significant bit (i.e., the fractional
part) of each coordinate is treated as zero, regardless of its
actual value. Block matching performance in terms of the

20 number of PCLK clock cycles per search coordinate triplet is
shown in Table 5-2 for the various combinations of BMPMODE and
interpolations. Interpolation results are sent to block
matching processor 250.

When reading the search memory, block matching

25 processor 250 translates relative search coordinates (xrel,

yrel) to absolute coordinates (xabs, yabs) as follows:
xabs = ((xrel >> 1) + BMXORG) mod (8*SKkWIDTH)
yabs = ((yrel >> 1) + BMYORG) & Ox7f

where "a>>b" means right shift a by b bits with sign extension,

30 "a & b" means bit-wise "and"™ a with b, "0x7f" is the hex
integer "7f", and all additions are done using 8 bit two's
complement arithmetic. Block matching processor 250
horizontally addresses the search memory "module" by the memory
width; i.e, search coordinates can "wrap around" horizontally,

35 allowing a window in the search memory to act like a circular
buffer and be horizontally "slid" across an image. However,
vertical address wrap-around is not supported, and if search
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pattern, block matching processor 250 copies the registers in
Table 6 into its own set of working registers for use during

15 Dblock matching and then sets SPRDY to "1", thereby allowing CPU
122 to describe another pattern before the current one has
finished executing.

Blockmatching processor 250 sets the BMPIDLE status
bit to "1" when both the SPRDY status bit is "1" and all the

20, Dblock matching processor pipelines are empty (i.e., the final
MAD from the last search pattern has been computed). To avoid
disrupting any searches in progress, CPU 122 may write to
INITMAD or to any of the block matching configuration registers
listed in Table 7 only when BMPIDLE is "1iv,

25 Fig. 23 shows an example 510 of how block matching
processor 250 executes the search pattern described by the
registers in Table 6. Block matching processor 250 matches the
search pattern against a total of SPCNT+1 triplets whose
relative coordinates are given by (SPX+k*SPINC,SPY), for k =

30 0,1,...,SPCNT. By setting the SPMASK register to other than
binary "111", the CPU may "mask out" MADs to be excluded from
the minimum MAD calculation in block matching processor 250.

4. Block Interpclation Processor
35 If the least significant bit of either X or Y search
coordinate is "1" and 16x16 block matches are being performed,

block interpolation processor 150 performs horizontal and/or
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block matching processor 250.

Pel interpolation is performed on the block sizes
shown in Table 8 using the conventions established by the
10 International Standards Organization MPEG1l specification. As

an example, consider_the following 3 by 3 array of pels
logical grid with half pel spacing:

Pl H P2
v B X
15 P3 X P4

on a

Pels P1, P2, P3, and P4 are located at full pel coordinates;
pels H, V, and B are located at half pel coordinates and need
to be interpolated from P1, P2, P3, and P4. The bilinear

20 interpolation formulas used by MEC 20 are as follows:

H= (Pl + P2) // 2 (horizontal interpolation only)
V= (Pl +P3) // 2 (vertical interpolation only)
B= (Pl + P2+ P3 + P4) // 4 (bidirectional interpolation)
25
where *//" indicates integer division with rounding to the nearest
integer, with half-integer values rounded up.
30 The block diagram of Fig. 21 shows interpolator 190

in relation to a crossbar switch 509 and a swap mux S07.

The

crossbar switch sub-unit (XBARS) implements eight 8-way, pel-
wide switch for each bank of search memory 160 data output.
Each set of switches allows the block match or load output

35 token buffer to start from any column, instead of always
starting at column 0 of each bank. The crossbar switches for
the two banks of search memory data are operated in the same

way.

A line swap sub-unit (SWAP_MUX) swaps the even and
40 odd rows from search memory 160, if desired, before sending to

either block match processor 250 output token buffer.

This



generally requires an ei ght RAS cycle "wake-up" before the device w ||

oper ate I As part of MEC 20 15 initialization, CPU 122 can
'gﬁBEﬁﬁﬁxaake-up by witing "1" to VREN elght ti res /PP

acconpl i
(separating adjacent wites by the tine required to performa refresh

cycle), since each wite to VREN generates a single CAS-before-RAS
refresh cycl e. Alternatively, after |oading VRFPM5s and VRFPI S and
setting VREN 20 to "1", CPU 122 can wai Béout eight refresh cycles before

starting MEC 20 progran1execut|on Fig. 13 shows a timng
di agr am ofl og IvE@ 13 shether dlock TRASH it @siPYcyFel @uipWY ke bufifessito

cycles, vkgget 'F:‘%Jnfaa‘}?odd 1‘6@1tca]18§-c§)et5 all VMSEL(2:0) pins to "low' to
signal that 25 refresh |s occurring. _Therefore, if VREN = 1, only seven

encodi ngs of the VMRS AnFerpolstare undidnil@0 @18 éé’tcmdespérhﬁ élﬂleﬁ"nﬁalrmry
banks durmgeﬁr@brxaltd:eqsywests@rmsmrxzmmmwz SY nqet S Ls v%s e 0
- p|ns

reserved to,si r.efresh c

are C§C| el™ 5?%93‘\%’11%’ By im 5%8" ?ﬁ?et I’Fataxglsl Sfe %'oﬁrvm(t'ﬁ'of’ hr ough

VD3(7:-0) mopeahtealldd Inteypodhtexhs5i2 breaks up thdzlsfybd obﬁﬁﬂﬂ.ﬁwﬁier
Vi deo _i.nput .bu 5 s&pres

Archi t ect a e
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i nt erf aceanai eutpet per Vodécailnpow. buﬁhethb?&emnmdf@assloﬂhesn&xmns or as
four or nOEes areSeRRLALE PRhifeh15€98RNE n n c ral l e
W th n%Iock natchlﬁ Bot&;1 Eé§ Fﬁ E&%?Fegaggéolég g%gﬁep %%1%

10 are output. ig. 24 shows the archltecture of 1nterpolator

512. It has a latency of 3 clock cycles for any type of
interpolation. The last stage multiplexers in the interpolator
implement the bypass function when no interpolation is desired.
In that case, all 8 pels from each search memory bank are

15 passed through interpolator 190.

5. Central Processing Unit
The CPU 122 coordinates all activities on the motion
estimation coprocessor chip of the present invention. Fig. 25
20 illustrates cne embodiment of CPU 122 of the present invention.
In the block diagram of Fig. 25, CPU 122 comprises a 12 bit
RISC microcontroller core 700 and 64 word scratchpad memory
125. The CPU 122 also includes a debug controller 710. Core
700 contains a 32 word, 4 port register file 702, 12 bit ALU
25 706, and 12 bit bidirectional barrel shifter 708. CPU 122
contains several registers and memories which it may access in
phe course of program execution. Most CPU 122 registers
reside in the CPU memory map and may be accessed by the CPU
program using load and store instructions. Special registers
30 may also be provided to permit CPU 122 to communicate with
external host processor 38 (Fig. 1) via a CPU-to-host
interrupt.
CPU 122 operates in one of a functional or debug
mode. A state machine inside debug controller 710 determines
35 the operational mode of CPU 22 based upon commands received
from host processor 38. The state diagram 720 for debug
controller 710 appears in Fig. 26. State transitions occur on



24 be stored in different segnents of video interface buffer 175.

This | o me avoi ds redundant fetches of pels during

hi erarcﬁw 5lezzﬁgg}rches Pels in video input buffer 175 are PCT&%glgangntly
transferred into a selected segnent of the search 5 nenory under the
direction of CPU 122. I n one enbodi nent of the present

I nvention, video I nput buffer 175 conprises a 2k byte nenory, divided
into 128 pages and partitioned int@% our segnents. Physically, the
video input buffer storage is made up of an even bank and an 10 odd bank.

The eveneB&hk iR 2t cths- %Y%i‘é?‘%cF]“EﬁJS SR EPecontrelied iy Kegko menory.

The odd eH<Y1eS3 ® U6 DE 1o e€o rene RUN, FHADT | hen@X$PEPal cvh€lgongeAry. In
t he enbo f the i nvention, each bank is nade up of eight 128x8
VI B_RANS, %%rﬁ?ﬁf%?n%?%él row. Each page 399, as shown in the exanple
15 of F|g 14, corgesheinas Mode two row by eight colum tile of pel s.

paged | CPU 122, contiurat 18e e CR6 £07 fp narfed AEpabcfted) ©)

2, 3) byinstaiugdticdmng ohky undex gtlse estngletstiep nccra'grel 20f 2bost
CPU 122 ??% be'deﬂuffﬁgréﬁéedgﬁﬁé &ééeEOhbgédgroceQESF a V'deo
er oa

i nput bu nents automatic g
reglsterlPEDﬂQR7a Jor |modbfypore CPU 3% {FﬂﬂiEErmfi engnﬂoprﬁqraaad

command gaticther .avi d?é’cgzstefé‘t&ﬁé afem&Piés %ﬁeeéédatbo’éﬁeaewpiw ously
started connand 25 t ransfer the contents vi de ut buffer 175
seark®, memory bus and read the CPU current ?PC) ang ne t program (nPCS
counters. The PC register is within debug controller 710, and
its input is connected to the output of the nPC register in
Fig. 25. The CPU 122 enters the debug mode via the TW state
when the MEC is reset or via the TM state when the host writes

15 to HALT when CPU 122 is in the functional mode. While in the
debug mode, CPU 122 is in one of the TM, TW, or TS states.

In debug mode, CPU instructions are executed in
"cycles" consisting of multiple pericds of PCLK. As shown in
Fig. 27, each cycle begins in the TM state and ends in the TS

20 state. Between the single clock ™M and TS states are an
undefined number of clock periods 722 during which the debug
controller 710 is in the TW state and the host processor may
inspect and/or modify the contents of registers and memories.
Exactly one instruction is executed per debug cycle.

25 During the TM state which begins at time T, in Fig.
27, debug controller 710 services any load or store
instructions which were in the instruction register (IR) during
the previous debug (or, possibly, functional) cycle. Data read
by a load instruction is fetched and clocked into a 12 bit

30 memory data holding register inside debug controller 710. CPU
122 program-directed loads of the register file, DAR, nPC, and
instruction register are disabled, and ALU 706 and the register
file 702 B port are prevented from driving the CPU memory
address and data output bus. Debug controller 710 also sets

35 the DBRDY status bit to "1" and clears the HALT flip-flop
during the TM state.



menory 160 to finish; and waits for the MEC s video bus to becone

avai | abl ewgggag(% I oadl ng video input buffer 175. Bits 2I&,+C11. §94ﬂ%57t
| oad command regi ster control |oading of segnent k and are enco 3

shown in Table 3. The video interface 30 timng control registers are
listed in Table 4. Fig. 15 shows the | ogi cal segnent to physi cal

st orage mappi ng of video input buffer 175. Video input buffer 175 is

| oaded with data from video interfac¥ unit 185. \Wen | oading a
full-resolution inmge to video input buffer 175, 2 pels are witten to
each bank of 35 theAHkAY SPERNINTarng PEEE E¥Els2imi tthe d@b shate budekg 1

pel eaohtir@] 1y bito dritedsdaha Wssté{\bénbéééﬁh&%ga aq:Uf"Ir t @hsring which
onl

resol ution |na e to Vvideo .input buff 175,
2% 3t BEBIn FUA4ES SR £l Sb-1780 8ng alABWaWER® B9 ng
i mges frpmv:le@hsmm rtputrénﬂ‘ ftdde hBE bo Beafsdjlﬁﬁéﬁr}’r%@& or Wtite any row of

8 pel & ar f h v o_li t buffer bank an mﬁltten
to seg’r chgﬁé%%%f L1%.0 tng’ regls%er\/?gg%, i AFef P2 °5ni"'tr ites any;i Ss
servi ci nginhgéhe QRY memorrjm}matp bufherhdst segasnhas refieteer oxt adnoisy Wyt h

segment OuByeing PP UJHIGS RS szBbﬁm(fz 06) ths R %dh%%mré%orr(igimsatp%r' The
Address assignments appear in Table 9. A host write to RADDR
(12:0) also sets the DBRDY status bit to "0". Debug controller
10 710 then reads the location selected by RADDR (12:0) into the
DBDAT (11:0) register and sets DBRDY to "1" when finished. 1In
the meantime, host processor 38 may poll DBRDY and read DBDAT
(11:0) once DBRDY is "iv,
Host processor 38 writes data to a register or mémory
15 by first writing the data to DBDAT (11:0), and then writing the
address of the register or memory to WADDR (12:0) in the host
memory map. A host write to WADDR (12:0) also sets the DBRDY
status bit to "0". Debug controller 710 then writes the
contents of DBDAT (11:0) to the address in WADDR (12:0) and
20 sets DBRDY to "1" when finished. The host polls DBRDY to make
certain DBRDY is "1" before attempting another read or write.
If the STEP or RUN flip-flop is set while debug
controller 110 DBC is in the TW state, debug controller 710
transitions to the TS state at time T, as shown in Fig. 27. A
25 host processor 38 write to STEP also causes debug controller
710 to set the DBRDY status bit to "O". Note that to guarantee
that each write to STEP causes the execution of exactly one CPU
instruction, the host does not write to STEP unless it can also
guarantee that DBRDY is "1" by either reading DBRDY or simply
30 inserting a time delay of at least four PCLK cycles between
writes to STEP.
During the TS state, debug controller 710 clears the
STEP and HALT flip-flops and re-enables all the register load
and CPU 122 bus signals previously disabled at time T, to allow
35 new register states (including new contents of the PC, nPC and
instruction register) to be clocked in at time T;. This
includes clocking the contents of debug controller memory data



actions taken by video interface unit 185 for the various encodi ngs of

LDVI B(2k+1: 2k) are as follows, for k=0,1,2,3: 10 2 2Kk)
= 00: WO 94/26069 Segment k is not |oaded. Pkgﬁbséﬁgiél:Zk)
= 01: VKPCNT pels are fetched fromeach of 2*VKLENGTH i mage
rows begi nning at |ogical imge coordinates (VCX, VKY) and 15 stored

undeci mated only in segnent k beginning at row 0, colum 0. If VKPCNT
is less than 8*VKW DTH, only the first WRPCNT colums of each of the
2* VKLENGTH rows of segnment k are witten to. The VMSEL pins are set to

VKMBEL. holding registarDiingcithe: approprdati) address of theOrdIiRterare
fetched fegom {s/k%;?(*ih@‘k c‘h*r\éléln'i'\'g@duk;”&?‘éle is Qe begdiuy o Gin | 981 fedg | mage

coordi nates ( . ecimation filtered, and stored only I n segment
k begi nntR§tauction fFaRr & BFSVAoUs. €Yc§€grre|’ﬁs idqees Rk chIIH Eeot al
of Vkbale* de BRDY .pel s). If VKPCNT is | ess than 16*VKW DTH, only 25

the first VKPCNT/ 2 cpol each of the 2* VKLENGT, f t k

e TS e PO 2 P el 335000 15 PR BNS e 7s SEOEE

LDVI B( 2kdéb2) contkoller 710 transitVoRSNEcpalhe aNe St tdctb fbegirathe of

2* VKLEN ' lsqnl t ' | ' VkX, VK
et TBIBug cyi i PRGN B9 2! 1e0RhEARUNAG SOV Y Sl N

and 30 or ed I'n segnen eginning at umm- 0.

VKPCNT i debugs comdir 8- AerWBPHtranisy tipass tios (TRARIMT CRY (k3R enters theh of
the 2* VKeENSEEoha4s pdfgesegnent k are witten to. Begi nni ng at | ogi cal
row vVny, mhereon:k+1 and VnY is greater than or equal to VKY, VKPCHT

pel % rom each of EneF¥@etional MOdeENGTH i mage rows are al so deci mation
filtered and the rhe e 1225%2a0E ik oh80TRMm MY B NSt ioMaD mé@e UM

0i 5€® el flost™protosecy 38 urltes’to RUN: ' Wnen tn the Fund®onat’
mode; CPU 122 executes a RISC program stored in memory and
controls other units on the chip via internal memory-mapped
15 load and store operations. The RISC program directs the
search algorithm being carried out by block matching processor
250, and controls the video input buffers, token input buffers,
and token output buffer. The RISC core provides for single
clock cycle (PCLK) execution of each of its 22 instructions
20 except those dealing with memory loads and program jumps.
-Instructions dealing with memory loéds and program jumps
require an extra clock cycle to compléte.
Fig. 28 shows an example instruction format for CPU
122. Each instruction is 32 bits long and includes a 5 bit
25 OPCODE field 718 for defining the type of instruction. Three
port identification fields 719 of five bits each identify the
register port énd a twelve bit address field follows.
' During functional mode, addresses for the A, B, and C
ports of register file 702 (Fig. 25) are respectively provided
30 by the Ra, Rb, and Rc fields 719 of the instruction register
~ (IR). The address of the D port, which is used to store data
fetched by load instructions, is input from the D port address
register (DAR) which delays the Rc field of the instruction
register by one PCLK cycle to compensate for the fetch latency.
35 A write to the same register at the same time from both the C
and D ports has undefined consequences.



26 and quarter resolution image 401 m ght be | oaded simultaneously
into video input buffers 175, as described above. VKPCNT is | ess t han
or equal wo skpta@W DTH, and 4* VnLENGTH+VnY nust be | ess péresasosetylal
to 2*VKLENGTH+VKY. If VKPCNT is less than 5 16*VnWDITH, only the first
VKPCNT/ 2 col ums of each of the 2*VnLENGTH rows of segnent n are
witten. The VMSEL pins are set to VKMSEL. Fig. 16 shows
the state transition diagram 459 of the vi deo i nput buffer sequencer
state machine. After reset, the 10 stat&%enmins at state O until a LDVIB

conmands my | nofEemeBoEd AERTARRR SIS Y U AL R, STRES

are | dnchetictibons trieferienica hehiORY predcasseamp hEfablen ihe.

mist not ASOESBE8T AHeoCIeT SNt 8 g BLE irfhefhdl SXEEG 260100

execut i onAdl aO‘ARRdEMﬁngsmectdygi.g in which the ldad aD\sB®remastruction
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segment, wmycKhasmabeding writtien itesmenaxy by fa ikqxe instruction is also
driven onto the 12 bit output data bus from the B port of
register file 702. Both address and data (if applicable) are
then clocked into registers at the bus destination. During the

10 next cycle, store data are written to the addressed location
and load data are fetched from the addressed location and
written intoc the D port of register file 702. Because of
latency, data fetched using a load instruction cannot be used
until the second instruction to follow the load instruction.

15 Branch instructions (1.e. opcode mnemonics beginning
with "B") include a "link" feature used to implement subroutine
calls. For example, register Rc holds the subroutine return
address given by (nPC) + 1 ("nPC" = "next program counter")
which is subsequently jumped to at the end of a subroutine via

20 the JALR instruction. The link operation can be effectively
disabled in a branch or jump instruction by setting Rc = RO.

The SRA, SRL, and SLL opcoddes in Table 10 obtain the
shift count from the least significant 4 bits of the
instruction const field which are interpreted as an unsigned

25 number between 0 and 15; bits 15:4 of const are ignored. A
logical left or right shift (using the SLL or SRL opcode,
respectively) with a shift count of twelve or more produces a
12 bit zero result, whereas an arithmetic right shift (using
SRA) with a shift count of eleven or more produces a result

30 consisting of twelve copies of the input most significant bit.

6. Host Processor Interface
MEC 20 supports a 16 bit data and interrupt interface
with a variety of host processors (for example, host processor
35 38 of Fig. 1). In one embodiment of the invention, host-
visible MEC registers and memories are mapped into a 2048 word



(0), the segnent pointer (SEG CNT) is increnented to point to t he next

segnent . Wwo 9apdgody0- Op, the starting row address (RD_VM R&b-rfr@%;omﬁ
video nenory read is fornmed fromthe correspondi ng VK Y input.
transition to state 2 is made. A 25 request for a page-node read cycle
(VM_RD_START) is sent to VIU. The state machine then transitions
through states 3, 4, 5 and remai ns at state 5 until the page-node cycle
S conpleted It then tran5|t|ons to%tate 6. The nunber of page- node
cycl es ncre uring state 3, _is co

agai nst tﬁg I engt t%‘ﬂle Ut %d%g as ?fm?ﬂaryngilggﬁngﬁt i s
not fiIIeuhyehosﬁupnncﬂssqnuﬁnne returns to state 2 and RD VM RA is

incremented for theqgx iqggggﬁyg% g up,
the state tranS|t|ons to state %EI rihﬁﬂéﬁtgggéaéza %hh?gr
current s¥gitatle mEREBYdAAtias arubersemtemamm h- MEGOBQt usndglﬁdned

quart &f -  eaOlrdb1@N 11BISaP of tH-&li A Mf@é‘ﬁéri Qogﬁ' %Oﬁ%b
st ate machi ne transitions back to state 1, At stat IS re et
and map contain undefined or reserved bits. o/The hosthgrgggﬁgﬁr

poi nter SkEiWés Terty aerimdte IHit %ﬂﬁdﬁ\%hen wriesngxesutRdset he
segrrent p0| cr}tigrte'rss |ar111c %rre%rgreidest.o %?ouvvseevér,e data read from these bit
positions will always be undefined. Accessing undefined
10 addresses in the memory map will have unpredictable
consequences. Alsc, a host processor write to a read-only
address or a host pfocessor read from a write-only address does
not affect the data at the address in question and any data
read will be undefined.
15 a. Host Interface Bus Transfers.

MEC 20 host interface bus as defined in Table 12
comprises of 1 clock, 11 address, 16 data, 1 interrupt, and 6
control signal pins. All signal levels are TTL compatible.

The bus operates in slave-only mode and supports both non-burst

20 and burst read and write bus cycles. Bus transfers are 16 bits -
wide. One of two data transfer timing modes, Mode 0 or Mode 1,
can be selected for any access.

Non-burst read cycle timing is shown in Fig. 29. All
non-burst read accesses use Timing Mode 0. A read cycle begins

25 with the host processor asserting the address being read onto
HA(10:0) and clocking it into MEC 20 via the HADS- to indicate
that a read transfer is being performed. HMODE is set low to
select Timing Mode 0. Note that HBRST 800 is ignored by MEC 20
while HADS- is being asserted at the beginning of a cycle, and

30 that HA(10:0), HWE-, and HMODE are ignored whenever HADS- is
not being asserted.

MEC 20 turns on its data bus output drivers beginning
with the second clock cycle to follow its sampling of HADS-,
HA(10:0), HWE-, and HMODE. One clock cycle later, the MEC

35 asserts valid data onto the bus and also asserts HRDY- to
signal to the host that it has done so. As shown in Fig. 29,
both the data and HRDY- are asserted for only a single clock



next segnment to be skipped and the state transitions to state 9. At
state 9, the segnent pointer is increnmented again. If 5 not |ast segnent,

t he st atwoduasoéy ansiti ons back to state 1. O herw se, PCT/USSVASTE t O
state 0 and sets VIBRDY status for t he CPU. At state 0O,
i f an outstanding LDSM command i s execut abl e, the state machine
swtches to state 10. At state 10 10, the last LDVIB command executed is
exam ned. |f current segment's (gbarting at 0) LDVIB conmand was a
no-op, the state transitions directly to state 15. [If not no-op, the

state cfi.agsﬁg:dé 05§ {ersi@lidns 1ot e d MR ARTu Sh IR adr i ve RS SER T €d

for one%ﬁtx: e. The state machine then transitions to 15 state 12
At stat&hep f wing @keek tStFkhd the state changes to state 13, where

it remains until the ceEBEiitd 8 non-aptsd Féad heosear e Neepe Ve, RBRSD
state 13, the subrow

i ndi.cator. i pcrenent.s every. cl ock cycle, . an
"modul 0899 4% deaswtwcbl el-t %‘."""I')hI he %&%é‘t%yit%py%o‘ﬁh%&bh%e
nurrbsﬁr a?}k EgNgTswélﬂair?]@deﬁe.n TV HERSTS Ewdigmoolld;dﬁsé&&d,\m FRASCNT
reaches t state transitions t ta . . t ,
the segfEF5H %&t i%%‘fﬁ%@n@eﬁlﬁ fuq%%%n%f e %‘é’b%ﬁ’s"%]a%’g %%%ﬁéé
pr ocessadcpsis indetls atexthedyuentiEluraddntess. state 10. Gt herwi se, it

returns to state Gang SYRRG S AN I, B! Fhy be assertea tdhe VIB

sequencer is al so responsiblefor al 1'ng ] wite video buffer
uni t whetart ianhatthen|readiy(or wipitrlesyale dwring thenmderck @yeleul t aneous

LDMIB a I+ ' f | SPE ( , ' cated
to\i[dk?e ggm\%\iﬁlh%eel\x dée/do%?g tﬁ{nel ;gg gA‘?Lzlr_OC V\%\fl\/}. Nei t erth\e%é%%ﬁ%#%f t he

LDVI B n6¥<ilge WIVENMNG cenbadmant 4 £hy rugsaiitthanvnteion, riRRIARIE has

startedof successive accesses in not supported and HADS- may not be
asserted during the clock cycle in which HRDY~- is being

asserted. _

15 Non-burst write cycle timing is shown in Fig. 30 for
both Timing Modes 0 and 1. A write cycle begins with the host
processor asserting the address being written onto HA(10:0) and
clocking it into MEC 20 via the HADS- signal on the next rising
edge of HCLK. HWE- is asserted (low) with HADS- to indicate

20 that a write transfer is being performed, and HMODE -is set low
or high to select Timing Mode 0 or 1, respectively.

For Mcde 0, MEC 20 samples the data bus on the second
rising edge of HCLK following its sampling of HADS-, while for
Mode 1, MEC 20 samples the data bus on the first rising edge.

25 However, a host processor may start asserting data onto the
data bus at the same time it asserts an address onto the
address bus as long as it takes into account the time required
for MEC 20 to turn off its data output drivers at the end of
any immediately preceding read cycle.

30 MEC 20 asserts HRDY- during the clock cycle in which
it samples the data. As with non-burst read cycles, HBRST 800
must also be deasserted (low) during this clock cycle in order
to terminate the access.

_ Burst cycles can be used to transfer streams of data

35 words at consecutive addresses between the host processor and
MEC 20 in a highly efficient manner. Burst cycles using Timing
Mode 0 can effectively transfer one data word every two clock



2. Search Menory 35 Search nenory 160 contains the section of
t he | mage wo 94/éephi ch the input token is conpared for the CPRRCTUSHVESTE O
arrive at the best notion vector. In a preferred enbodi nent of

28 the invention, search nmenory 160 is divided into 512 pages and,
| i ke video input buffer 175, may be partitioned into four segnent s.
Each page of search menory 160 correspondgsto a two row by eight
colum tile of pels. Each segnent, in turn, 5 conprises a rectangul ar

array of pg e'i,esmh%ﬁltéﬁwa@“lmunrsts dumt@fféétp@aﬁy@wmefnoaaydéearch
nmenory 60 ségnent’ is , t he maxi num nunber page rows is

CPU 122 coNPFGuCas evew%%ﬁﬁy @J%ﬁﬁ;mlﬁsmw gtarp ag apy 3) by
initializi Badress WEiREiethe MEE's host mem&iﬁlm& P thawbeaip} ock di agram

of search nenory 160. ear.ch no 60 incl es an SM stora g 460, an
SM sequencer 461M0ds, OSI\Q’! @ «%e&‘?ﬂ’f)rw ‘éﬁﬁ aFeaf G¥EA®pABel i ne

regi st er 4§Bowﬂ\/lzsecaue;wen.46]rhes d}&ﬂm)r‘ma@ms fwitlexenathogt procelso£PU

bllock mat Cgsgg%ﬂ'ﬁ% % tJ&’a:%%@’ df t%g %réf? ‘&?&&%Lfﬁg read onto
HA(10:0) and simultaneocusly asserting HADS-. HWE- is also
deasserted (set high) with HADS~ to indicate that a read
transfer is being performed, and HMODE is set low to select

10 Mode 0. MEC 20 turns on its data bus output drivers beginning
with the second clock cycle to follow its sampling of HADS-.
One clock cycle later, MEC 20 asserts valid data onto the bus
and asserts HRDY- for a single clock cycle.

To request another access at the next sequential

15 address, HBRST 800 is be asserted (set high) during the clock
cycle in which MEC 20 is asserting HRDY-. MEC 20 ignores the
state of the HA(10:0) pins during the burst. There is no real
limit to the length of burst cycles; an address of 2047
automatically wraps around to 0 when incremented. If HBRST 800

20 1is asserted while MEC 20 is asserting KRDY-, MEC 20 asserts
valid data from the next access ontc the data bus two clock
cycles later, and again asserts HRDY-. Prior to common

assertion of HBRST 800 and HRDY-~, the data from the previous
access remains asserted on the bus.

25 The final access in the burst sequence is signalled
by the deassertion of HBRST during its corresponding HRDY-
clock cycle, MEC 20 then terminates the burst cycle on the next
rlslng clock edge and turns off its data bus output drivers.

Fig. 32 depicts a seven word burst read cycle using

30 Timing Mode 1. 1In Mode 1 burst reads the length of the burst
is loaded beforehand into the following 8 bit register:
BLENGTH(7:0) - Burst Length. BLENGTH is part of the MEC 20
host memory map and can be initialized using a non-burst write
cycle: its reset state is zero. BLENGTH should be loaded with

35 two less than the total number of words to read; e.g. BLENGTH =
5 for the example shown in Fig. 26. Therefore, the minimum
length of a Mode 1 burst read is 2 words and the maximum length



15 command. In addition, SM sequencer 461 works in tandemw th t he

VI B sequ e SM address generator 462 conputes the CTRYSS

addr esses La@%?storage 460. Search nenory storageh%%g

i npl ements an 8K-byte | ogi cal search nmenory using an even bank 480 :-and
an odd bank 20 481. Each bank is nmade up of eight 512x8 RAMS (SM RAMs) to -
forman 8-pel physical row across each bank of SM storage. The four

| ogi cal segnents are specified by t heseét4CPU- | oaded parameters: Sk

ORIG N, SkWDIH. Sk ORIGIN fied
Sk W DrHERS238cE: 71 BaEPh WOFRF ol CALENGHH goas e GHfesEnen ChelBetytion,

160 is Iﬁftnahezedbbrsthﬁeé@sé&&\i"éﬁh nor ofOfhé&setdeutiBnsegnaniys tiypet he

correspon gnents in search nenory. Fig. 18
shows th%gnggﬁfﬁ ?%ﬁ1%¥? ﬁtcal sear ch nmenory 485 segment to the

physi cal search nemheydﬂﬁﬁeréhkéﬁ bethkisers Modeel sdd ¥YBE Msdee@p@mxsmle for

the 3 ©¥8da Bty sROME EF' TPONCFR St orheE 1R Rl Ro s T o RS 1T
phySI cal HSOREt kagluotuarhlyarﬂet omcahid(ms'eeadmf nkpPw) baodkthareh is ondye
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with si JPuBKEeASFeas from the next. Just as for a Mode 0 burs read,
however, HBRST 800 is asserted during the burst for every

10 additional word to be accessed after the first word, and MEC 20
asserts HRDY~ for every word it asserts on the data bus.
However, unlike a Mode 0 burst read, Mode 1 burst reads do not
require HBRST 800 to be deasserted during the last access.
Also, if HBRST 800 is deasserted during a Mode 1 burst read

15 cycle prior to reading all (BLENGTH + 2) words, the burst cycle
terminates on the rising edge of the next clock to follow the
deassertion. Due to internal pipelining, MEC 20 reads one
additional word beyond the point of termination, even though
this word is never asserted onto the data bus. An example of

20 such an "early termination," (as opposed to the "normal '
termination") is depicted in Fig. 33. In Fig. 33, HBRST 800 is
deasserted during the HRDY~- cycle for "Data 0", causing the
burst to be terminated at that point. However, internally MEC
20 still reads "Data 1".

25 A four word Mode O burst write cycle is shown in Fig.
34. The Mode 0 burst write cycle starts out like a Mode 0 non-
burst write cycle and is effectively converted into a burst
write cycle by the assertion of HBRST 800 during every
assertion of HRDY- by MEC 20. MEC 20 internally increments the

30 address to be written to on each additional burst access. Data
are written at the rate of one word every two clock cycles,
giving the host processor two clock cycles in which to set up
data prior to its being sampled by MEC 20. The burst cycle is
terminated by the deassertion of HBRST during the last burst

35 write access.

A seven word Mode 1 burst write access is depicted in
Fig. 35. Again, it starts like a Mode 1 non-burst write access



29 smrow addr = Sk ORIG N + ((BMYORG + (SPY >> 1))/2 *
SKW DTH WOHBEMERG + (SPX >> 1))/ 8 % SkW DTH; 5 ThECIAMEYPE$rul ae
are used to conpute the physical starting colum and row address for
search menory 160 during LDOTB command execution, with the OIB
paranmeters substituted for the block match paraneters. The starting
columm address is used mainly in t§® interpolator 190 to re-align the
search 10 image with the input token. During the LDSM conmand executi on,

t he physdndl isecssheresdr yntddaebarss woipet bg ahef @sdsmrtion of HBRST
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the 5 dafiatpxioy £0oibsnReingorappiednBYaMBC3RY -seFheh Bigish VG e He

triplet easiiatsd BedERES1888862E9bn462 ABRETC QU IR Mf the lagtoordinate
of the 3§Xt triplet to be block matched. Fig. 19 25 shows a bl ock di agram

of the AYFHEITLE®26ERE8s to conpute the address for search nenory
160. Address 491 throughodf?Ppbeessor/MEC Communications.

The MEC CPU 122 and host processor may use two 12 bit

10 registers to pass data between them in conjunction with the
execution of a CPU 122 program. The HDIN(11l:0) register may be
written with arbitrary data by the host processor for
subsequent reading by CPU 122. CPU 122 may not write to HDIN,
nor may the host processor read from it. MEC 20 sets the

15 HDINRDY status bit to "1" and the HDINACK status bit to "o"
whenever the host writes to HDIN and sets HDINRDY to "O" and
HDINACK to "1" whenever CPU 122 reads HDIN. HDIN appears in
both the CPU 122 and host memory map. HDINACK and HDINRDY
appear only in the host memory map and CPU 122 memory map,

20 respectively. ' '

Conversely, the HDOUT(11:0) register may be written

with arbitrary data by CPU 122 for subsequent reading by the
host processor. The host processor may not write to HDOUT,'nor
may CPU 122 read from HDOUT. MEC 20 sets the HDOUTRDY status

25 bit to "1" and the HDOUTACK status bit to "0" whenever the CPU
122 writes to HDOUT; and sets HDOUTRDY to "0" and HDOUTACK to
wan whenever the host reads HDOUT. HDOUT appears in both the
CPU 122 and host memory map. HDOUTRDY and HDOUTACK appear only
in the host memory map and CPU 122 nmemory map, respectively.

30 CPU 122 may also signal the presence of new data in
HDOUT by writing to the HINT command register, thereby causing
a host interrupt. The MEC's HINT- output pin may be asserted
(low) in response to CPU 122 writing to the HINT command
register in its memory map or the MEC detecting an instruction

35 error. However, the host processor must first enable assertion
of HINT- by writing a "1" to the HINTEN register in the MEC's
host interface memory map. Conversely, assertion of HINT- may




used to formthe starting addresses and the coordi nates of the next

sear ches. rs..495 and 496 are used to formthe wite
addresseéw@%gﬁgﬁgrch menory 160 during the actual 30 operatigﬁréﬁﬁgﬁgm
search nmenory. SM sequencer 461 is responsible for executi.ng
t he bl ock match command and the copy to OB conmand. SM sequencer

462 is al so responsi ble for generating the timng control signal s
required by 190 bl ock match processor uni® 250, token 35 buffer units 175

and 265 and the interpolator 190.  Thes control sjgnals.are
appr opr i a8 FisiaRhehdrl twr eth the t° efqnagffe’ﬁty ’Fc?hggﬂgfalﬁa?ﬁsﬁft?ﬂe
units. HINT~ remairf ssspmetmbrumtfill allso hyslatesitée SRRDYalBePtoLEhe

LDOTBRDY | ags, to the U ,The SPRDY status is reset 1 40 cycle
after SPY%E‘%&*ﬁ’ﬂfﬁ[utr &R he WQ‘VLI‘EHP AR at ed one cycle after

the CPU wite cycl e The tHustSRromgisiercam rémet the entire MEC 20 by
ggr amﬁ er sg B.-g;t ej'%?;;%r’e‘}ds‘faﬁﬁ%e ﬁwbet‘{}geca ri‘grg}[zgiiir%@?%%gﬁgggggsﬁggehm%%%ﬁt or
462. The BRPl.DLRegpimters |img MEL s aissune Hhelnepredefined SpRbiais set.
It is resgha¢aen (e 435 SLHLHMARP in the host and CPU memory maps of
Tables 11 and 13, respectively. Upon receipt of a host
initiated reset, CPU 122 enters the debug operational mode and
10 CPU 122 program execution jumps to location zero.

7. Auxiliary Interface Bus and Token Input Buffers
Auxiliary interface bus 281 allows MEC 20 to
communicate with image compression coprocessor 45 and permits

15 image compression coprocessor 45 to execute instructions on MEC
20 and receive the results. The MEC auxiliary interface bus
comprises 1 clock, 24 multiplexed address/data, and 8 control
signal pins as shown in Table 14 and is pin-compatible with the
image compression coprocessor auxiliary bus.

20 MEC 20 processes image compressor coprocessor 45
external instructions with the opcodes shown in Table 15. 1In a
preferred embodiment of the invention, up to three different
instructions may execute simultaneously on MEC 20 so long as
the opcode bits of no two of the instructions are the same.

25 The execution of an instruction on MEC 20 starts with
image compression coprocessor 45 performing an "auxiliary
processor write cycle" to MEC 20 and ends with an "auxiliary
brocessor write cycle" once the instruction has finished
executing. An image compression coprocessor 45 external

30 instruction is mapped onto MEC 20 by matching the least
significant two bits of the instruction opcode with the state
of the MEC's XPID(1:0) pins. External instructions defined for
MEC 20 may have either zero or one input tokens, and may return
either zero or one output as a result. Input and output tokens

35 may be either data or control tokens, with data tokens assumed

to have four data blocks.
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15 high at time T2 and then asserting it low one clock cycle later
at time T3. The image compression coprocessor 45 then samples
the asserted XRDY- signal on the next rising edge of XCLX 850
at time T4.

After receiving processor packet word 0, the

20 auxiliary interface unit 281 examines bits 16:14 and bit 11 of
processor packet word 0 to prepare to receive any operand token
which may follow processor packet word 1. If bit 11 is "o", no
operand token is to be transmitted, and the write cycle ends at
time T4 with image compression coprocessor 45 tristating the

25 auxiliary interface bus and MEC 20 deasserting XRDY- (not shown
in Fig. 36). Otherwise, image compression coprocessor 45
starts the transmission of the operand control or data token by
sendlng its 96 bit token descriptor over the bus in four 24 bit
words. If bit 16 of processor packet word 0 is "O", the

30 operand is a control token, and transmission ends at time TS5 in
Fig. 36. Otherwise, the last word of token descriptor data is
followed by 128 words of pel data as indicated by bits 15:14 of
processor packet word 0, and the transfer ends at time T6. The
bus transfer format for operand tokens is shown in Table 17.

35 Also at time T6, the MEC deasserts XRDY-, and one clock cycle
later, at time T7, tristates it. Image compression coprocessor
45 will not start another processor write (or read) cycle until



coordinates 501 are specified relative to an origin defined by CPU 122

and may ve or negative. The CPU 122 uses

Q’g%gg'? coor di nat es when specifying where to wi tePc;')re Ss“é%%’fed
fron1V|deo i nput buffer into the search nmenory and uses relative
coordi nates when specifying the bl ocks of pels to be read from search
menory 160 during block matching or for 5 transfer to token output buffer
265. Search menory 160 outdhuts 16 pels on every clock

cycle and can sinultaneously contain fr one to, four sepagat search
w ndows. ¢%rlaaﬁﬁo°P§v§FLﬁ|éFQrEﬁFéaﬁ %gﬁ?ﬁhgh %%%fc“°r8 18 SIBCKEd
gener al | yiRebdgeei toer full or quarter resol ution pels. 10 Therefore,
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3. Bl IprGCess processor 250
conpar es evophocesso¥x§s acknowledges the request by s;mu taneously

setting XADS- low, XWE- high, and asserting the CPU 122 ID onto
XAD(1:0) at time T1 for one XCLK 850 cycle. At time T2, MEC 20
samples XADS-, XWE-, and XAD(23:0), and image compression
10 coprocessor 45 deasserts these signals, tristates its XAD(23:0)
output buffers and then enables MEC 20 onto XAD(23:0) by
asserting XOE- low. .
At this point, image compression coprocessor 45 waits
for MEC 20 to assert XRDY-. Beginning at time T2, MEC 20
15 compares the ID read from XAD(1:0) with its own ID on the
XID(1:0) pins. Assuming a match, image compression coprocessor
45 untristates XRDY-, driving it high at time T3 and then low
at time T4; image compression coprocessor 45 also deasserts
XRQST~- at time T4. MEC 20 starts to transmit data at time TS.
20 Initially, at time T5, MEC 20 asserts processor
packet word 0 ontc the bus and packet processor word 0 is
clocked into image compression coprocessor 45 on the next
rising clock edge, and processor packet word 1 is asserted.
With the possible exception of bits 16:14, processor packet
25 word 0 is a copy of the processor packet word 0 which was sent
during the processor write cycle which started the instruction.
Bits 16:14 must be modified, if necessary, to describe the type
of result token, if any, being sent back to image compression
coprocessor 45. Processor packet word 1 copies from the
30 processor packet word 1 sent during the processor write cycle.
If bits 13:12 of processor packet word 0 are both
n"g"  the instruction does not have a result token, and the
processor read cycle ends at time T6 with MEC 20 deasserting
XRDY~ and image compression coprocessor 45 deasserting XOE-
35 {not shown).
If neither of bits 13:12 of processor packet word 0
is not "O", a result token exists; bit 16 of processor packet
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bl ock interpol ati on processor 190 WAh I nterpol ate pels from search
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o 0 ha. Ll i LARR LY Tl PLOSESERL 8Rpodtoc B, 15,
(AD PROQ:v\da-I thec alenttt atx8 (XCLRVEB Ofperiods t remd EhgoatseamehTBoei nts. The
|1 ne- delﬁ&s%%%ﬁfor and'ﬁﬂ%a words are formatted on the bus as shown in
32
Table 17. Also at time T8, MEC 20 deasserts XRDY- and image
10 compression coprocessor 45 deassets XOE. One clock cycle
later, at time T9, MEC 20 tristates XRDY-.

MEC 20 handles instructions at both a hardware and
software level. "Hardware" error handling is done using
dedicated logic, while "software" error handling is done by the

15 program running on CPU. Hardwired iogic in MEC examines
processor packet word 0 from image compression coprocessor 45
for the gross error conditions shown in Table 18. If an error
is detected, MEC 20 "halts" by disabling all of its state
machines and setting the ERROR register to "1". This register

20 is host-readable and appears in the host 38 memory map. If
host 38 has enabled MEC 20 interrupt generation via the HINTEN
register, a hardware error also causes an interrupt output on
the MEC's HINT- pin.

Image compression coprocessor programs performing the

25 MPEG or H.261 encoder algorithm typically use the IPREDICT
instruction to send a control token containing a motion vector
or a data token containing four 8x8 blocks of luminance pels toc.
MEC 20 for use by the motion estimation algorithm running on
the MEC's CPU 122. IPREDICT may optionally output a control

30 token to signal its conclusion.

MEC 20 does not predefine the parameter fields in
IPREDICT instruction. This field is left to be interpreted by
the MEC program. For example, parameter and/or undefined
OPCODE bits in the IPREDICT instruction can be used to select

35 the type of prediction to be performed (forward, backward, or
bidirectional). |
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long. Optimally, CPU 122 may cause one _or_nore of the .
Fig. 38 shows the IPREDICT memory interface. This

interface comprises a collection of registers and memories

15 which store token pels, token descriptors, and processor packet
words. A flip~flop 888 whose state is toggled by the SWAP
command register 899 controls data switches 900 to determine
which token input buffer 270 receives pels from auxiliary
interface unit 281 and which token input buffer 270 outputs

20 pels to block matching processor 250. The 96 bit token
descriptor and two 24 bit processor packet words received from
the bus are stored in two sets of registers respectively called
the IPREDICT token descriptor buffer 905 and the IPREDICT
processor packet buffer 910. Buffers 905 and 910 cannot be

25 accessed directly by CPU 122. Instead, the SWAP command from
CPU 122 causes the contents of 132 of the 144 bits in buffers
905 and 910 to be copied into two sets of "swap” registers 920
and 922 which may then be read by the CPU 122. This copying
operation completes in one PCLK cycle. The token descriptor

30 and processor packet swap registers are described in Tables 19
and 20, respectively. The CPU 122 does not write to these
registers.

Initially, during the processor write cycle of an

IPREDICT Instruction, MEC 20 stores processor packet word 0 and

35 processor packet word 1 in the buffer 910. If bit 11 of
processor packet word 0 is "1", MEC 20 also stores the
descriptor from the input operand in buffer 905. Finally, if



three MADs to be ignored when the mninmumis conputed. The

regi st er swaQsdghy MAD data may be read at any time by prc%ﬁ_%%/%@ t he
MADMS and MADLS registers are treated as contai ning unsi gned positive
integers and are sign- 35 extended with zero bits to form 12 bit integers.
MADX and MADY I ndi cate the | ocation of the current m ni nrum MAD and are
derived by bl ock matching processor 250 fromthe search

33 coordi nates sent by CPU 122. NAé* and NADY contain 2's
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(operand is a data token with less than four blocks).
Once CPU 122 has finished processing the previous

10 IPREDICT input token, CPU 122 waits until the ITBRDY status bit
is "1" and then writes to the SWAP command register. As a
result the contents of buffers 905 and 910 are copied into
their corresponding swap registers 920 and 922. The token
input buffers 270 are switched, thereby allowing the new input

15 token to be accessed by CPU 122 and block matching processor
250. However, SWAP also causes the ITBRDY status bit to be set
0" and MEC 20 to conclude the IPREDICT instruction by
requesting a processor read cycle from image compression
coprocessor 45.

20 If each of bits 13:12 of processor packet word 0
stored in buffer 910 is "0", the processor packed words sent
back to image compression coprocessor 45 by MEC 20 during the
read cycle are copied directly from buffer 910. However, if
either of bits 13:12 is not "0", the IPREDICT instruction has a

25 destination and bit 16 of processor packet word 0 sent back to
image compression coprocessor 45 is forced to "O" to indicate
an output control token. In this case, MEC 20 follows its bus
transmission of processor packet word 0 and processor packet
word 1 with four 24 bit token descriptor words copied buffer

30 905 with the exception that the most significant bit of the
first descriptor word is forced to be "0" to indicate a control
token.

Predictions resulting from motion estimation are sent
back to image compression coprocessor 45 via the OPREDICT

35 instruction either as control tokens containing only motion
vectors or as data tokens containing both predicted pels and
motion vectors. OPREDICT may optionally use a control or data



between bits 1 and 0. Search coordi nates on hal f pel I ncrenment s
require horizontal and/or vertical pel interpolation 15 by hlack

i nt er pol aW@A4/38062essor 190. For 8x8 bl ock mat ches, al | BFPR94/04576
coordi nates are assunmed to be on full pel increnents, and the | east
significant bit (i.e., the fractional part) of each coordinate is
treated as zero, regardless of its actual val ue. Block matching
performance in terns of the 20 nunber of52PCLX cl ock cycles per search
coordinate triplet is shown in Table 5-2 for the various conbinations

of BIVPNL‘DEca«Eh as amtepeoindi orks Wittlergphe APREDICR uinstewetient MEG Bfock
mat chi ng |ng ég Qdefine t}e parame e { PG Noh 1K SEPREDIERNOT Y,

bl ock natc rocessor rans ates rel ative search coor di nat es

(xrel,  ingtarycticmbsdfRH el3ddral ntead YhaRPREQHST Bulffer) 36R: using
xabs = ((O¢ifd road)cdnBMEFYi s A dPi stk DIdd Table 21.Yabs = ((yrel >> 1)

+ BNNCRG) & Ox7f where "a>>b" neans ht shift a s_.wWth sign
extensIon, 30 "a & BiInethsiHid -REQeX "%l{ﬁﬁqr%fnvﬁ#h the g%&&ﬁ& sPENRT Kex

i nt te%er : " &fn tBeIﬂku él lt Iﬁﬁiﬂiﬁé Olmmm'ﬂzgtgwsmmh 0 hﬂéntld’m jsnterfaoapfteﬁent
arithnetic. oc mat chi n s oriz e
search meRARPOTGRY Q%F&E%ﬁﬁhé%ﬁtrucﬁﬁ%ﬂrﬁs n%a ééég%%qg%fgggﬁafes can
"wrap aromua' Zmrbtbr;bndxtqssé}S p&&ltmwtgrds vnremh)wech f:hm;x stlze chuseabr $heo
act |ike %t%xrt ?rt e HJ? e A0 P N zzé)&‘tnﬁk 56# D a%?o?@sé&?ge'

However , |ca I €SS Wrap- aroun porte search
10 packet buffer 950. - The descriptor and pel data portlons of the

result token to be transmitted to the image compression
coprocessor 45 at the end of the instruction are stored in the
OPREDICT token descriptor buffer 960 and token output pel
buffer 265, respectively. Under direction of CPU 122, buffer

15 960 is written with pels from search memory 60 after they have
passed through bleck interpolation processor 190. CPU 122 can
write to the buffer 960 and read from the buffer 950 via the
registers described in Tables 21 and 22, respectively.

During the processor write cycle which starts an

20 OPREDICT instruction, MEC 20 stores processor packet word 0 and
processor packet word 1 in buffer 950 and sets the ORQST status
bit to "1"., CPU 122 is then free to read buffer 950 via the
registers listed in Table 22. The MEC 20 detects an error if
the OPREDICT instruction does not have a destination; i.e.

25 neither bit 12 or 13 of processor packet word 0 is "i". If bit
11 of processor packet word 0 is "1™, MEC 20 also reads an
operand from image compression coprocessor 45, but discards the
operand. If bit 16 of processor packet word 0 is "0", the
operand is a control token. If bit 16 of processor packet word

30 O is not "0" the operand is a data token whose length is
indicated by bits 15:14 of processor packet word 0.

When CPU 122 is ready to send a result token back to
image compression coprocessor 45, CPU 122 waits until the
OTBRDY status bit is "1" to be sure that any previous result

35 has been transmitted. CPU 122 then optionally loads buffer 960
by writing to the OTBY register. Writing to OTBY also causes
the LDOTBRDY status bit to be set to "0". While the buffer 960



34 coordi nates cause row accesses to overrun the first or last row

of a searciwosdrgogs segnent, the data fetched will be I nder@ET/US9304576and
cause one or nore erroneous MAD cal cul ati ons. CPU 122
configures a pattern of search coordinates 5 for processing by bl ock

mat chi ng processor 250 by witing to the registers shown in Table 6.
CPU 122 wites to the registers in Taghe 6 when the SPRDY status bit
is "1". CPU 122 then wites to SPY. Block matching processor 250

interprets ag £3i11Wrd e 515?1 gpéa %l's%d'vﬁqtﬂé)'kﬂ%aztes'ﬂlt Q{eééﬁﬁ'@&t Sy €4S

in 10 Tablé 6 contain vali new searc tern.

to SPY by cpuelzf%%@reﬁjtldﬁéﬁdcm yraddies 23pRDPRGE ! QPU l%eﬁ#nishew ock
mat chi ng prQeeeselg 3oe 'zseétﬁ&.dkﬁéél:ﬁtp&rotr R &35 N Pedi\ehe SENDU!é6hMand

oun set of  TOBRBREE & SR SRS HhI P E SN HRETAGE PG IR
sets SPRDY to "1", therehsesydrme ng @?ié SEND imrandle MECE h20 aset §e0TBRDY

pat o1 De! 9L i S i U e 3, S R ER Lremny aze g, co
both t he SPRDY.st &hes lHEttters dignaindralicates Xhat| bekfemt 260 npppr 6inisbed

pi pel i nes aisaarrg,)tgv (heas 24 ehdd Wes tthmé] ff‘%w&# Pl S€4" G PaREST N

has been conputé To avoi d y searches 1 n progress,
122 may wi reauests 3 progEssar m%wmlq Heram dehe nim mr@owasgmatuon

regi stargs cophrbtedbdr 450! Hut iy ene ee Ve fe' MEQ "20 Zbends image

Fi 23 shoms an ex l e 510 of how bl ock matc
9: compreséyg% coprocessor 45 copies of é&ocessor packet word O

and processor packet word 1 from buffer 950 with the exception
that bit 16 of processor packet word 0 is forced to be the same
as bit 11 (the token descriptor type bit) from OTD and bits

15 15:14 of processor packet word are forced to be "11%.

MEC 20 follows the transmission of prodessor packet
word 1 with the result token descriptor copied from the
OPREDICT token descriptor registers with the exception that
bits 93:92 of the descriptor are forced to be "11". If bit 11

20 of OTD is "1™, MEC 20 follows the token descriptor on the bus
with 256 pels of token data copied from buffer 960. MEC 20
sets the OTBRDY status bit to "1" at the conclusion of the read
cycle.

Image compression coprocessor 45 programs typically

25 use a WRMEM instruction to send a token containing four 8x8
blocks of luminance pels to MEC 20 for writing into prediction
memory. This instruction is generally used to write a
reconstructed encoder input image into prediction memory so
that it can be used later for motion estimation searches.

30 WRMEM may or may not produce a result token. If the WRMEM
instruction has a destination in the image compression
coprocessor 45 program, it outputs a control token; otherwise,
it produces no result. WRMEM has predefined parameter fields.
These fields may be similar to those used by the image

35 compression coprocessor 45 video memory write instructions.

Fig. 40 is a block diagram of a WRMEM memory
interface. Like OPREDICT, the MEC memory interface for



processor 250 executes the search pattern described by the registers in

Tabl e 6 ﬁﬁ% tching processor 250 matches the sear CB-PRIshbHE4376
against ato P of SPCNT+1 trlplets whose rel ative coordinates are

gi ven by (SPX+k*SPI NC, SPY), for k 30 0,1,...,SPCNT. By setting the
SPMASK register to other than binary "111", the CPU may "mask out" MADs
to be excluded from t he m ni nrum MAD calculatlon I n bl ock mat chi ng
processor 250. 4, Bloc@4lnterpolat|on Processor 35

If the least sigpificant bit g{ either, X or Y s coardinate_is
bnd 16x1 G HRRAC R CRAS MREES I nr ST AATheks NSt BPuRke; RREFRERGr 1 RS
processorshdéh pifPigs o) i gwatad Wigl/mfocessor pzécket words re?elveg
35 ertical.jnterppl ati on of se h r ta referre
obodi et ] OERE FRfet THRE G AT A% Gresrheee oF EhBIC o0l ot on
processodn&aﬁnnatr@nsar@estmmednmn|tnnnwnuaxaptocessoblpakkeatbhfﬁgr
procegsory 0. mrab r & c rom
searc ner?l??‘rs ngé‘ égst’)‘?rfcﬁalgntéenﬁ%ol daaré %Jf)é Jag ﬁf‘e{f-‘% ag’ggg?{i) form
t he 16x1@amaodk$kgmot@sugxhtgmten to the memory on the MEC's video bus
are stored in the WRMEM token descriptor buffer 985 and token
pel buffer 175, respectively. Unlike both the IPREDICT and
OPREDICT instructions, CPU 122 plays no role in the execution
10 of WRMEM instructions. The MEC 20 auxiliary interface unit 281
and video interface unit 185 execute WRMEM instructions

transparently.

During the processor write cycle of a WRMEM

instruction, MEC 20 stores processor packet word 0 and

15 processor packet word 1 in the buffer 980. If bit 11 of
processor packet word 0 is "1" MEC 20 also stores the
descriptor from the input operand in buffer 985. Finally, if
bit 16 of processor packet word 0 is "1", the operand is a data
token, and MEC 20 stores 256 pels in the buffer 175. Error

20 conditions exist if bit 11 of processor packet word 0 is "O" or
bits 16:14 of processor packet word 0 are not all set to "1,

At the conclusion of the processor write cycle, the
auxiliary interface unit 281 notifies the video interface unit
185 which then writes the pels in buffer 175 to video memory as

25 a 16x16 block using parameters from buffer 980 and the hpos and
vpos descriptor fields from buffer 985. Video interface unit
185 notifies auxiliary interface unit 281 when it is finished,
and auxiliary interface unit 281 then attempts to conclude the
WRMEM instruction by requesting a processor read cycle from

30 image compression coprocessor 45.

If each of bits 13:12 of processor packet word 0
stored in buffer 980 is "0", the processor packet words sent
back to the image compression coprocessor by the MEC 20 during
the read cycle are copied directly from buffer 980. However,

35 if either of bits 13:12 is not "0", the WRMEM instruction has a
destination, and bit 16 of processor packet word 0 sent back to
image compression coprocessor 45 is forced to "0" to indicate



bl ock mat chi ng processor 250. Pel interpolation is perforned
on t he bl awekesisser shown in Table 8 using the conventi ongresdsdfesrshed
by the 10 International Standards Organi zati on MPEGL specification. As

an exanple, consider the followwng 3 by 3 array of pels on a | ogi cal
grid wth half pel spacing: P1 H P2

Vv B X 15 P3 X Ig% Pels P1, P2, P3, and P4
are located at full pel coordinates; pels H V, and B are. | ocated at

hal f pel ordi es e t i nt I o] 2, P3, and
P4. The blg i r?g'a %%Oﬁoﬁ'{%r‘:goﬁ:a k|ecl)"n' foI?'rru aié]uc’ggeg biﬁ%ﬁéééo%f%még fol | ows:
H = (Pl +tR2nsiyisEion of procedsny pawket iwexd pd| andopronegsor pavket(pl +
P3) /1 2 gyorq 1 witH &ud %3l d @%&éﬂ)@té%é?ﬂ:%ﬂ%r w%gf:cé;g%gai gg,oiﬁ BRe*

P4) // 4 (bidirectional 1nterpolation |§ates
i nteger dPWEEEEN SHS W1ty tdhen EXGPRYEC M ddradsithe most sigpifieant,pif of

hal f - isnt eghle fdlrgds dedvideddid word3ds forced to Béevbhoes ghageateoh Fig.

21 shows int %rrpfﬁl %t r 190 inrelation to a crossbar switch 509 and a
swap mux SEP-TPre “OX€Mecrosshar switch sub-unit (XBARS) inplements eight
8-way, pel- wi @a thaughh ther predentaninvwdntsben chastbeen dé8ce#ibed by

OULPUL oy B3 Brie loc Uk AR MY Wi NEu 00K UL oD 9EnbOggout put 35

t oken buf To rom-any colum, Tnstea ting at
col um 0 wpdéfdieattigins,Tiedherovardatdeins gwd fmedificationsocannaisof be

sear Giy MegRey,d2hd AnveMAH Bliny ¥ iU by the following claims.



way. A line swap sub-unit (SWAP_MJX) swaps the even and 40

odd rows from search nenory 160, if desired, before sending to ei t her
bl ock mat cHMFEEB@sor 250 out put token buffer. This PCT/US94/04576
36 logic allows the block match or copy to output token buffer.to
start froman odd | ogical row. The interpolator unit 190
al so includes the half-pel i nt er pol atdér processor 512 (| NTERPCLATE) .
It is capabl e of 5 interpolating an inmage on the x axis or y axis, or
both, or none at all. F#*erpol Zidte 3&‘2 Breslaseupt A 16- pel | ogi cal
r ow into three passes. In the first pass, six interpol ated pels

are out put gaghal a@meal row. In the secpafinpassn the next 6 pels are

out put . 5Fi nal | in the third pass, the last 4 pels 10 are out

, Fi g.
24 shows th‘@“éh%tec&ﬁﬁ‘? ‘l’umntaggﬁﬁsgt‘@'rls‘aggcg %‘:SL égl'"@ ﬁﬁg&}nmg

clock cycles for any dy/pge Qﬁdress pi eare in the
mul tiplexers in the iniger edsate stace wmﬂeeeemhetWHsbgpaSS afssacttedonrvﬁten no
i nterpdPation i s desi¥E§gdoes not prsyesst thmyédeqy s gibye| arbiEtARieRCHs dbtFueRed

memory bank are 15 psSBFPArbd4h interpol ator 190.

VMSEL(2:0) Video memory select (tristate outputs) - selects the memory
"bank" in which pels are being accessed and also indicated when
15 the MEC is refreshing memories on the video bus. VMSEL(2:0) can

be used, if needed, by each memory on the bus to qualify control
signals. These pins are in the high Impedance state whenever
the VDIS pin is asserted or the MEC does not possess the video
bus.
20
VDO (7:0) Video memory data bus 0 (input/ocutput) - used to transfer pels
for both the 16 bit and 32 bit access modes; can be directly
connected to DRAM or VRAM data pins. The output buffers on
these pins are in the high impedance state whenever the MEC is
25 reading video data, the VDIS pin is asserted, or the MEC does
not possess the video bus.

VD1(7:0) Video memory data bus 1 (input/output) - used to transfer pels
for both the 16 bit and 32 bit access modes; can be directly
30 connected to DRAM or VRAM data pins. The output buffers on
these pins are in the high impedance state whenever the MEC is
reading video data, the VDIS pin is asserted, or the MEC does
not possess the video bus.

35 VD2 (7:0) Video memory data bus 2 (input/output) - used to transfer pels
for both the 16 bit and 32 bit access modes:; can be directly
cennected to DRAM or VRAM data pins. The output buffers on
these pins are in the high impedance state whenever the MEC is
reading video data, the VDIS pin is asserted, or the MEC does

40 not possess the video bus.

vVD3(7:0) Video memory data bus 2 (input/output} - used to transfer pels
for both the 16 bit and 32 bit access modes:; can be directly
connected to DRAM or VRAM data pins. The output buffers on
45 these pins are in the high impedance state whenever the MEC is
reading video data, the VDIS pin is asserted, or the MEC does
not possess the video bus.

VRAS-(3:0) Videoc memory row address strobes (tristate outputs) - VRAS-(k)
50 is the row address strobe for memories connected to video data
. bus VDK and should be qualified, as needed, by VMSEL(2:0);
otherwise, it can directly connected to DRAM or VRAM "RAS" pins.
These pins are in the high impedance state whenever the VDIS pin
is asserted or the MEC does not possess the videc bus.

55
VCASQ-(3:0) Video memory column address strobe outputs (tristate outputs) -
VCASO- (k) is the column address strobe for memories connected to
video data bus VDk; it can be directly connected to DRAM or VRAM
"CAS" pins. These pins are in the high impedance state whenever
60 the VDID pin is asserted or the MEC does not possess the video

bus.

VCASI- (3:0) Video memory column address strobe inputs (inputs) - VCASI- (k)
should be connected to the CAS pins of the memory chips
65 connected to video data bus VDk; acts as the enable on a
transparent latch within the MEC which is used to latch data
from video data bus VDk during memory reads.

SUBSTITUTE SHEET (RULE 26)



5. Central Processi ng Unit The CPU 122 coordinates all
activitie noti on estimation coprocessor chip of
%Q'}dﬂ%g i’&nﬁe present

i'nvention il lustrates one enbodi ment of CPU 122 ©

i nventi on. In the bl ock diagram of Fig. 25, CPU 122 conprises a 12 bit
RI SC m crocontroller core 700 and 64 word scratchpad nenory 125. The
CPU 122 al so includes a debug controller 710. Core 700 contains a 32

word, 4 port register file 702, 12 bit AL®?25 706, and 12 bit
bi directional barrel shifter 708. (%PL{l % con . g£0Nt ai ns several registers
and nenories which it may access in ¢ I feenkoft se of pr ogram executi on.

Most CPU 1g&-r egi Svgddo memory esixﬁeehsblhh&mhhwmfwdmp wed sy ebezy

accessed by the CPUemory. pragdbensust npikbatdtantbestoreesides ranct cande eC| al
regi st&rs 30 may t?d’ r9f (VREDJvE ?hteav_ggm'gﬁi‘ at \7{
external host proc %zﬁa(é )’pg(ﬁsgs ammf iy T i

CPU 122 operates in one o) unctlona debug node. A state machl ne

i nsi de deb¥@p-cont r ¥ider medgrydettmuti ﬁw135(==tiheaupenmut®nalusmddéonfeveﬁu 22

basedl@pon command peggrdles ﬂ&‘?g TIRR am
Lo i N A L G
occur on or the MEC does not possess the video bus.

15 VDIS Vvideo bus disable (input) - When signal is asserted (high), all
tristate {and bidirectiocnal) date, address, and control outputs on
the video bus are unconditionally put into the high impedance
state,

20 VRQSTI Video bus request input {input) - Input signal for bus request
daisy chain; should be connected to VRQSTO of next lower priority
bus master. Bus arbitration is discussed in Section 4.8.

VRQSTO Video bus reguest ocutput {output) - Cutput signal for bus request
25 daisy chain; should be connected to VRQSTI of next higher priority
bus master.

VGRNTI Video busg acknowledge input {input) - Input signal for bus grant
daisy chain; should be connected to VGRNTO of next higher priority
30 bus master.

VGRNTO Video bus acknowledge output (output) - Output signal for bus
grant daisy chain; should be connected to VGRNTI of next lower
priority bus master.

35

VCLK Video bus clock (input) - used to synchronize all operations on

the video bus.

40



37 each edge of the systemclock and are controll ed by host
processorwg@94/€dsbi Ng to the RUN, HALT, and STEP | ocati ons i'i’CT/U%gﬁmsﬂOSt

menory map. a. Debug Mode 5 I n the debug node,
CPU 122 is halted and executes i nstructions only under the single step
control of host processor 38. During the debug node, host processor 38
may I nspect and/or nodify the CPU 22 register file and program

nenory, all registers and nenories connet¢®ed to the CPU 122 10 nmenory bus
and read the CPU current, { PO ext _pro m (nPC counters. The PC
register is wthin deb&ﬁb%'o%t'rg{} e%”i’bé,o cﬁ%%ifwrgtlf?gs‘nfﬁh'u?rrs connected to

t he out puvxedicries ;7C r egssdr@ling fpage adBidéhs 3b.sebmenCRU (2angect gr,22¢ 1. debug
node vj a VREENGRHEE e Nygtben etheadd-Cove inecsegmepr ki (rapde =TIL s&4dd e when

the host @Ihg‘go;;?to MLW“‘%E{E%W?EQ H\Eﬁ hntg?gi%@ét imp?mk}e.wwgg e in
the debug ‘node, CPU lge ‘ugpé 1 c fn mgm k‘?r rc')\§ %Jngggdwired
I'n debug node, CPU instrued i"gnS(iaee AXEfdtcAls idte forced€s drar€WnSkddd Ng Of
mul tiple periods of PCLK nuibesérbwniumms of thegimagé, meme) cycl e begins in the
™ stidt e g’%‘lén% in the Fogigel Startdngpétixewh addsesy 15| tmageomemoryl oh ¢hTS
staios are an  undel R TAICLSTREACILGHS S0 ISP e
debug controller 710 idwsi 8 tthe iMAGS trin8r@nd 1 e:host processor nay

i nspeGt a¥YRFQT (Todi:fy t heEizbat endesnurber axfi peky soabel medOiriodseach robadCt | y

one iMstruction i s execut E#IpTeTQED 1ge yft;l’llé.inQSegment k with Bkl ggseusipn
state which begins at ti :‘?gg‘?zr g ekglq" 3n2§m?’{§f§£é9m§§%ﬁgffsﬁiﬁe rmg:ch

29
services any | oad or -storﬁsolu:ﬂoa%ag:w;tm@ﬁ-ryw g

| | Gitds thexgagirdiChhON
r egi Eter (IR during even number of pels are always fetched from a row), and
o] VKPCNT must be less than or equal to 8*VKWIDTH.
VKMSEL(2:0) : VMSEL{2:0) pin outputs while fetching segment k.
VKROW({5:0) : Starting page row number in segment k of the search
Tgmg§¥)for pels copies from segment k of the VIB (range =
25  VKCOL(3:0): Starting page column number in segment k of the search
Tgm§§¥)for pels copied from segment k of the VIB (range =
30 Table 3: Definition of LDVIB Command Register
LDVIB(2k+1:2k) Definition
00 Don‘t load segment k
01 Load only segment k with full resolution pels
35 10 Load only segment k with quarter resoclution pels
11 Load segment k with full resolution pels and

segment k+1 with quarter resoclution pels derived
from the full resolution pels

40
Tabls 4: Video Interface Timing Control Registers
Register Description Symbols Use
45 VCNT1(4:0) Row address to RAS-active delay Tasr N
VCNT2(4:0) Row address to column address delay Tasr+Trah N
VCNT3(4:0) RAS-active to CAS-active delay Trod N
VCNT4 (4:0) CAS- cycle pericd Tcp+Tcas N
VCNTS (4:0) RAS- precharge time Trp N,R
50 VCNT8 (4:0) CAS- pulse width Tcas N
VCNT9 (4:0) CAS- active to RAS-inactive delay Trsh N
VCNT10(4:0) CAS- active to RAS-inactive delay Tcsr R
VCNT11(4:0) RAS- active to CAS-inactive delay Tchr R
55 VCNT12(4:0) RAS- active to RAS-inactive delay Tras R
Restrictions: VCNT2 must be greater than VCNT1;
VCNT1 + VCNT3 must be greater than VCNT2;
VCNTx must be strictly greater than zero.
60 Register Use: N = Normal page [??] read and write cycles

R = Refresh cycles



t he previ ous debug (or, possibly, functional) cycle. Data read by a

| oad ins |s fetched and clocked into a 12 bit 30 nenpr

hol di ng regl s/? i nsi de debug controller 710. CPU 122 prBSi[’yﬁ?ﬂ%sésct ed

| oads of the register file, DAR nPC, and instruction register are

di sabl ed, and ALU 706 and the register file 702 B port are prevented
fromdriving the CPU nenory address and data out put bus. Debug
controller 710 also sets 35 the DBRDY stagus bit to "1" and clears the HALT
flip-flop during the TM state.

38 After spending one PCLK c in the TM state, debug
controller 710 enters the T‘\?&%?aﬁg bé&nnﬁfwi\éﬁ R9%EFP*Yuri ng whi ch

it again cl ear s;be(tdAbT: f | i p-§1e@p1ondonl du@went Hankesh map  Processor to
read fhe nPC oMAPLS (4e@) st er, riglad o010 weidwrrany mzrﬁmuxaddwess |n t he CPU
register file, mgx&e%% or Wi t’éelaﬁg"eaé deeapsiinate ofj guigest CmiD map.
The host reads a ter or nEHEFDHY cOTdingrg t‘ﬁfnfj“'frteé‘ta'&’d’t"é‘g@ RADDR

(12:0) in the host nenory map. Addr ess assignnments appear in Table 9.
A ho3® wite to RADDR (12:0) also sets the DBRDY status bit to "O0".
Debug controller 10 710T¥H&nStadBledre¥prertdppofsaforaars®d by RADDR (12:0)
into the pmpmops Interpolation Throughput
15 00 not applicable S
01 not applicable 6
10 none : 18
10 horiz. or vert. 27
11 none 20
20 11 horiz. or vert. 30
25 :
Table 6: Search Pattern Configuration Registers
SPX(7:0): relative X coordinate of first search coordinate triplet.
30 SPY(7:0): relative Y coordinate of first search coordinate triplet.
SPCNT(7:0) : one less than the total number of triplets to be searched
SPINC(4:0): horizontal (X) increment from one triplet to the next
35 (unsigned fractional positive number with binary point
_ between bits 1:0).
SPMASK(2:0): selects MADs from each triplet for use in calculation of
minimum MAD; if SPMASK{(n) = 1, the MAD from the nth
40 search coordinate of each triplet is factored into the

minimum MAD calculation, where coordinate 0 is defined to
be the top-most coordinate in a triplet.

45
Table 7: Block Matching Configuration Registers
5 BMSEG(1:0): search memory segment to be searched (0, 1, 2, or 3)
0 BMXORG(€:0) : absolute X coordinate of search origin in segment BMSEG
BMYORG(6:0) : absolute Y coordinate of search origin in segment BMSEG
55 BMPMODE (1:0) block matching processor operational mode -
00 = match 8x8 blocks on successive rows

match 8x8 blocks on alternate rows
match 16x16 blocks on successive rows
match 16x16 blocks on alternate rows

-
(=]
| I I )

60



DBDAT (11:0) register and sets DBRDY to "1" when finished. In t he
meanti nme, host processor 38 may poll DBRDY and read DBDAT 5511:0 once
DBRDY i sW0194/26069 Host processor 38 wites data E6TAP#Eeer or
menory 15 by first witing the data to DAT (11:0), and then witing the
address of the register or menory to WA (12:0) in the host menory
map. A host wite to WADDR (12:0) al so sets the DBRDY status bit to
"10". Debug control | er TRE® thePlogk Stans ¥eeded for Intazpodationnt DBDAT (11:0) to

t he addressxég V\A% (12: Q). 2020y sets DBENrbdacibn sien shiqi shed. The
host polés Y {0 nmake certain DBRDY is "1" bhefore attenpting
another read dr witle.  none I f th83S égﬁ’éwsi p-flop is set
whi | e debug 1 controll Q&riﬁ.ﬁaDBC IS in the réW 8y atesoldisug control | er
710 transitions to theri¥Sasd yeec.at ti nd? FowvhsY dAMAWINE Fig. 27. A 25
host prb%essor 38 wite to STEP al so causes debug controller 710 to
set the DBRDY status bit to "0". Note that to guarantee t hat each

wite to STEP causes the ex | 9N Bfbu§aaElda¥ RPS1aSHFU instruction, the
host dogs not wite to STEP%%‘es’s |9t ugan a'|'so guarantee that DBRDY is

"1" by either reading DBRDY or sinply 30 1”15§r§ir§z§ a tzirggndgl ay of at
| east four % writ = Duri ng

the TS st ateexcotehog xoentrol | er 710 cl earregidrer or :r;eaaﬁpa:aneb lelddEs$ | "iqoc fikemps

and re-2haly Eﬁgﬁ%gﬁ? regi ster |oad Efaiﬁjigiﬁiﬁzgﬁus signal s previously
>4

di sabl ed at; &oid to allow 35 newor gfkedigterstaakes (i ncl udi ng new

contents of !J}oigg PC and instructi@®n, re ',S:t er) .to be clocked in at
time T3yg THi BOSX X it} des clocking the HArelFaasfadalyjg control I er menory
dat a 1 010X XOX X0 PC (read only access)
1 011X XoOX X0 . Reserved
® [ J L ] [
1 111X X000 X3XxX Reserved
30

Table 10: .CPU Instruction Set
35

Instruction Definjrion Qncode
ADD RC., Ra, Rb Ro = Ra + Rb 0o
ADDI Rc., Ra, const RC = Ra + const 01
40 SUB Rc, Ra, Rb Rc = Ra - Rb 02
SUBI Rc, Ra, const Rc = Ra - const 03
AND Rc, Ra, Rb RC = Ra & Rb 04
ANDI Rc, Ra, const Rc = Ra & const 0s
OR Rc, Ra, Rb Rc = Ra l Rb . o8
45 ORI Rc, Ra, const Rc = Ra | const 09
XOR Rc, Ra, Rb Rc = Ra * Rb 06
XORI Rc, Ra, const Rc = Ra “ const 07
NOR Rc, Ra, Rb Rc = ~ (Ra Rb) A
NORI Rc, Ra, const Rc = ~ {Ra | const) ’ 0B
50 SRA Rc, Ra, const RCc = Ra >> const (arith, right shift)} oC
SRL Rc, Ra, const Rc = Ra >> const (logical right shifr) oD
SLL Rc, Ra, const RC = Ra << const 0E
BEQAL Ra, Rb, addr, unconditionally store (nPC + 1) in Re; 10
Re branch to addr if Ra + Rb
55 BNEAL Ra, Rb, addr, unconditionally store (nPC + 1) in Re: 11
Re branch to addr if Ra != Rb
BGTAL Ra, Rb, addr, uncondicionally store (nPC + 1) in Rc; 13
Rec branch to addr if Ra > Rb
" BGEAL Ra, Rb, addr, unconditionally store (nPC + 1) in Rc; 15
60 Re branch ro addr if Ra >= Rb
JALR {Ra), Rc store (nPC + 1) in Ro and jump to (Ra) 16
ST (Ra+const), Rb store Rb to location (Ra + const) 15
LD Rc, (Rasconst) load Rc from location (Ra + const) 1B
65
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39 hol di ng register into the appropriate address of the register
file if te ogMédeeNt debug cycle is the "delay slot” of |oad permseqsnasts
i'nstruction fromthe previous cycle. TS does not change the state of
DBRDY. 5 If the RUN flip-flop is not set during the TS state,
debug controller 710 transitions to the gMstate to begin the next
debug cycle at tine T[err]. If the RUNflip-flop is set, debug
controller 710 transitions to TR, and CPU 122 enters the functional
node. 10 b. Funct iTaha¢ UWbd4EC Host Memory Map The CPU 122

transitio fromd fungtional de. ost processor 38 wites
to RUM V%%gr?in th%g et iona&ng Res %‘tﬁJ %Xt‘gcutes a RI SC program
stored i nchremrpyrantemory controls other units on the chip via internal
menor y- mapped 1 | oad and stqre operatiqns The RISC program directs the
search ai i 15 {ita: Far i edout "BY* bl SRy B ey o 260, and
contne s bhe veee)iBPuls) buf f ews, heken iBpet thwtfRkson 1, ménd toKen output
buffer. Thes Rl BaMGonas priovi de®Wf or nenegl 85:0 Ipbusictégrlie (PCLK) execution
of each of jts i dstructiong, 20 eXcept .{hose feal ing with menory |oads
ana”proor 358 VBEETVnet ot onEoigel 208 vie e Rlehlgy Sbaaanc or oaram
j unpas require an extra clock cycle to conplete. Fig. 28
shows an t¥anpresivedt farc Programotenmty f pagiion

SFF Reserved for Program Memory Expansion

20
Host Interface Registers

600 HDIN(11:0) w none 11:0
601 HDOUT (11:0) R none 11:0 bits 15:12 read as zero
25 602 HDINACK R bits 15:1 read as zero
603 HDOUTRDY R bits 15:1 read as zero
610 ERROR R bits 15:1 read as zero
611 HINTEN w 0
612 CLRHINT W data ignored
30 613 RESET w ~data ignored
620 RADDR(12:0) W none 12:0
621 DBDAT(11:0) RW none 11:0 bits 15:12 read as zero
622 WADDR (12:0) W none 12.0
623 DBRDY R bits 15:1 read as zero
35 624 STEP W data ignored
625 RUN w data ignored
626 HALT w data ignored; CPU is halted in
response to PRST-
40 €30 BLENGTH RW bits 14:7 undefined on read
The columns in the table are defined as follows:
Addr Address in hex.
45 Contents MEC memory location or register name. :
Type Host read-only (R), host write-only (W), or host read/write (RW)
Reset Reset state, if any: "none" indicates that the register at the

address in question has no predefined initial state and that its
current state is left unchanged by a reset; "na" indicates that
50 reset is not applicable to the address since it corresponds to a
: host "command® and not a register. Unless otherwise indicated, a
register is reset via either a "hardware" reset invoked by
asserting the PRST- pin or a "software" reset invoked by the host
writing to RESET. A register marked with *** in its reset column
55 is reset in response to a hardware reset but is left unchanged
{(or takes no predefined initial state) in response to a software
reset.
Bits Data bits being defined at the specified address.
50 Comments Miscellaneous additional information.
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122. Each instruction is 32 bits long and includes a 5 bit 25 OPCODE field

718 for defwd?b?,g“we type of instruction. Three port i dentpdyigsdaeatys
fields 719 o Ive bits each identify the regi ster port and a twelve
bit address field foll ows. During functional node, addresses
for the A, B, and C ports of register file 702 (Fig. 25) are
respectively provided 30 by the Ra, Rb, angl Rc fields 719 of the

i nstruction register (IR). The address Bf the D port, which is used to

store data fetched by | | nstr ' ks.d BRELsY the D port
addr ess regi ster (DAR) |%:*1r13él g%ékfﬁe%aﬁcéﬁ ePd of the instruction
regi ster bysiemel P@Ené cycle to conpensate fostidieidgptch |atency. 35 Awite

to the sanme register at the sane tinme fromboth the C and Dgorts has
undef i ned c§ﬁ¥§eqtu3nces. Host interface clock (input} - all bus address,

data,,snd
i lg (with ¢ eption of. HDIS) are sam4f2d
The memory addresses gener §F & SByEddige]a0e AU che OFiBing eagk R KHEh IcaBRE.
reference the CPU nenory map (Table 13). Addresses are driven onto the
12 bit _i nt eiAfaP:@ddr ess budl fhignaddress Aug 7D®udlr i rigoukd adyayee benspegiiEfed he
| oad ofOtore instruction T&1a%d¥t d@sfphl LALITM¥PFHti on regi ster. During

the same cyg(€s:0) 16 bit data bus (bidirectional) - always transfers 16 bit
data, with bit 0 being the 1lsb.

15 HADS- Address strobe {input) - asserted (low) to indicate that a
new bus access is being started.

HMODE Transfer timing mode {input) - asserted in conjunction

with HADS- to specify the data transfer timing to be used
20 for the access.
HBRST Burst cycle request (input) - asserted at the end of a

data transfer to request another transfer at the next
5 sequential address.
2
HWE- Write enable (input) - asserted (low) in conjunction with
HADS- to indicate that a write cycle is being performed.

HDIS : Bus disable (input) - if asserted (high), unconditionally
30 tristates the HD{15:0) pin output drivers; this signal is
not registered internally by the MEC prior to being used.

HRDY- Data ready (open drain cutput) - asserted (low) by the MEC
when it is about to sample data from the bus for a write
35 operation, or for a read operation, when it has asserted
valid data onto the data bus. This signal is guaranteed
to be valid for one rising edge of HCLK and must be
externally pulled-up to V.. using a resistor.

40 HINT- Host interrupt {output) - When enabled, this pin is
agsserted (low) by the MEC in response to the CPU writing
to the HINT command register or the MEC’s auxiliary
interface unit detecting a hardware error.

45



any data being witten to nenory by a store instruction is also driven
onto the | ut put data bus fromthe B port of regi 148767 02.
Bot h addrvéds)g?%énoggdat a (if applicable) are t hen cl ocked %ﬁgsjrdéd&gsﬁ ers
at the bus destination. During the 10 next cycle, store data are witten
to the addressed | ocation and | oad data are fetched fromthe addressed
| ocati on and witten into the D port_of register file 702. Because of

| at ency, data fetched using a | oad i nstr82tion cannot be used unti |
the second instruction to follow the lgad instruction. 15 Br anch
I nstructions (i.e. opcode mmenoni cs begi nning wi'th "B") include a
"link" fesdatr e uzmdehts i nphemeNtReglr out B CaihgncgFor exanpl e,

regi ster Rc holds, the subroutine return address given by (nPC) + 1
("nPC® = SFFALEIRAGHFRRRYcount er ) which is subsequently junped to at the
end of a gorourideiyi® 20 thegy JALRAeNSt ruchi on.  The |ink operation can
be effectoatel y M(1) das@bl ed i rRwa brmomeh oriy:enp instruction by setting Rc =
RO. . ¢ Tge SRA, SRI® and®* SLL optodes in Table 10 obtain the

shi f £%oufRf fr & Hetelst sidMiri 9 4 B8 of the i nstruction const
field which are interpreted as an unsigned 25 nunber between 0 and 15:
bits 15: 4cmf T¢mersiHoat elncgntacedDatalRegistleogi cal | eft or right shift (using
the SLL or SRL chode, respectively) with a shift count of twelve or
mor e 1pr od}fles aglmm‘igl’cﬁfb zerﬁ resdil t, wileas aPi&fithidef??® APoht shift
(using SOZSRA)HﬂMﬁ( lgo;sﬁl)ft gount @dneel ev@ngor nore produces a result 30
consi sti ngp3of txedurgicopi es ofw t he domeut rnsb significant bit.

6. Host Processor Interface MEC 20 supports a 16 bit data
and R eré&ﬂgna%%r.éggg with a variety of host processors (for exanple,
1 . . . .
host processor of Fig. 1). 1In one enbodinent of the invention,
host - 810 INITMAD W none data ignored
811 LDVIB(7:0) W 00 7:0
25 812 LDSM w none data ignored
813 SWAP w none data ignored
814 SEND w none data ignored
815 HINT L none data ignored
30
Status Bits
820 VIBRDY R 1 0 bits 11:1 read as 0
821 SMRDY R 1 0 bits 11:1 read ags 0
35 822 ITBRDY R 0 0 bits 11:1 read as 0
823 SPRDY R 1 0 bits 11:1 read as 0
824 BMPIDLE R 1 0 bits 11:1 read as 0
825 OTBRDY R 1 0 bitg 11:1 read as 0
826 ORQST R 0 0 bits 11:1 read as ¢
40 827 LDOTBRDY R 1 0 bits 11:1 read as ¢
828 TZERO R 1 0 bits 11:1 read as ©
829 HDINRDY R 0 (o] bits 11:1 read as 0
R 1 0 bits 11:1 read as 0

82a HDOUTACK

45 _
Video Interface Timing and Control Registers

300 VCNT1(4:0) RW none 4.5 bits §, 11 read as undefined
900 VCNT2(4:0) RW none 4.5 bits 5, 11 read as undefined
50 901 VCNT3(4:0) RW none 4.5 bits 5, 11 read as undefined
901 VCNT4(4:0) RW none 4.5 bits S, 11 read as undefined
902 VCNTS(4:0) RW none 4.5 -bits 5, 11 read as undefined
902 VCNT8(4:0) RW none 4.5 bita 5, 11 read as undefined
903 VOCNTS(4:0) RW none 4.5 bits 5, 11 read as undefined
55 903 VONT10(4:0) RW none 4.8 bits 5, 11 read as undefined
904 VCNT11(4:0) RW none 4.5 bits 5, 11 read as undefined
904 VCNT12(4:0) RW none 4.5 bits 5, 11 read as undefined
905 VARB w o 4.8
905 VBUSMODE w or 4.3.1
60 905 VREN W o= 4.7
906 VRFPMS(7:0) RW none 4.7 bits 11:8 read as undefined
907 VRFPLS(7:0) RW none 4.7 bits 11:8 read as undefined
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visible MEC regi sters and nenories are mapped into a 2048 word
41 Wy 9dif6obe t address space. MEC 20 appears as a nmenor ycghidsoiss
t he host processor. The address assignment of every
host - r eadabl e and/ or witable nmenory |ocation and register within MEC
20 is defined 5 in Table 11. Many of theg registers and nenories in the
menory map contain undefined or reserved bits. The host processor
wites zeros to these bit positions when witing to these regi sters
and nenories. However, data read f ese Dbj positions will always
be undefined. Accessing undefi ned Jfgmaégrgcs?ggsé)i n the menory map will have
unpredi ctabl e consequences. Al so, a host processor wite to a
r ead- onl yideo IrnggudfzassBoffey fodtigpraséenfesiseead froma wite-only address
does ot . a the. a .bn.guestian dgany data
read wl Iiﬁe zmgggé\gi%&% fﬁ: Ei g:gg?slls-llost Tt er aceeﬁgus Transfers.
MEC 20 hostt | nevenoftace: obus B defid nediin Table 12 conprises of 1 clock,

2 0 0) i at it 0 re i opiwirdte
11 addres9?2 1 %g):étla 1 mt%‘frﬂE‘l}g %niﬁ @ @ st:lsog S%Fgafﬁaln pivdCiay |

(]

si gnal |é:\8§| Sy C%%‘ﬁlo)conpgiiﬁ £ it 0 rea s tis not written

bits 11:8 and 0 read as 0; bit 0 is
not written

[

15 A0S VOROW(5:0) RW none 4.1 bits 11:6 read as 0
AQ6 VOCOL(3:0) RW none 4.1 bits 11:4 read as @
AQ07 VOMSEL(2:0) RW none 4.1 bits 11:3 read as undefined
AQ8 V1ORIGIN(6:0) RW none 4.1 bits 11:7 read as zero
A09 V1LENGTH(6:0) RW none 4.1
20 AQ09 VIWIDTH(4:0) RW none 4.1 : :
AQOA V1X(11:0) RW none 4.1 Dbit 0 reads as 0 but is not written
AOB V1Y (11:0) RW none 4.1 bit 0 reads as 0 but is not written
AQOC V1PCNT(7:0) RW none 4.1 bits 1i:8 and 0 read as 0; bit 0 is not
’ wricten
25 AQOD V1ROW({S:0) RW none 4.1 bits 11:6 read as 0
AQE V1COL({(3:0) RW none 4.1 bits 11:4 read as 0
AQF VIMSEL(2:0) RW none 4.1 bits 11:3 reas as undefined
AlQ0 V20RIGIN(6:0) RW none 4.1 bits 11:7 read as zero
All V2LENGTH(6:0) RW none 4.1
30 All V2WIDTH(4:0) RW none 4.1
Al2 V2X(11:0) RW none 4.1 bit 0 reads as 0 but is not written
Al3  V2Y(11:0) RW none 4.1 bit 0 reads as 0 but is not written
Al4 V2PCNT(7:0) RW none 4.1 bits 11:8 and 0 read as 0; bit 0 is
not written
35 AlS5 V2ROW(5:0) RW none 4.1 bits 11:6 read as 0
Alé V2C0L(3:0) RW none 4.1 bits 11:4 read as 0
Al7 V2MSEL({2:0) RW none 4.1 bits 11:3 read as undefined
Al8 V3ORIGIN(6:0) RW none 4.1 bits 11:7 read as zero
Al9 V3LENGTH(6:0) RW none 4.1
40 Al9 V3IWIDTH(4:0) RW none 4.1
AlA V3X(11l:0) RW none 4.1 bit 0 reads as 0 but is not written
AlB V3Y¥(11:0) . RW none 4.1 bit 0 reads as 0 but is not written
AlC V3PCNT(7:0) RW none 4.1 Dbits 11:8 and 0 read as 0;
bit 0 is not written
45 AlD V3ROW(5:0) RW none 4.1 bits 11:6 read as 0
AlE V3COL(3:0) RW none 4.1 bits 11:4 read as 0
AlF V3MSEL(2:0) RW none 4.1 bits 11:3 read as undefined

50
-Search Memory Configuration Registers

BOO0 SOORIGIN(8:0) RW none 5.1 bits 11:9 read as undefined
B0l SOWIDTH(4:0) RW none 5.1 bits 11:5 read as undefined
55 B02 S10RIGIN(8:0) RW none 5.1 bits 11:9 read as undefined
B03 S1WIDTH(4:0) RW none 5.1 bits 11:5 read as undefined
B04 S20RIGIN(8:0) RW none 5.1 bits 11:9 read as undefined
B0O5 . S2WIDTH(4:0) RW none 5.1 bits 11:5 read as undefined
B06 S30RIGIN(8:0) RW none 5.1 bits 11:9 read as undefined
60 B07 S3WIDTH(4:0) RW none 5.1 bits 11:5 read as undefined
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The bus operates in slave-only node and supports both non-burst 20 and

burst readyang te bus cycles. Bus transfers are 16 bits- L de. One
of two data transﬁger tim né nodes, Mbde 0 or Mode 1, can ET@?@%@&%&_
for any access. Non-burst read cycle timng is shown in Fig.
29. Al non- burst read accesses use Tiggng Mode 0. A read cycl e begins
25 with the host processor asserting the address being read onto

HA(10: 0) and clocking it into MEC 20 via the HADS- to indicate ‘that a
read transfer is being perforned. Hvabieiis s&intkaw toWh I salogét Ti mbng
Mode 0. Note that HBRST 800 is nored by MEC 20 ile - 1S being
assert ag a?lﬁ%eMB‘é‘ﬁﬁlﬁﬁlg‘F@CS?s% E%t‘lré?l %{ﬁld% RegI§teHA( 10: 0), HWE-, and HMODE
are 1 gnor edOUmeRQM@’E(HA@S‘ RF noneNOd 2DEhNNG 3$SL8E. as undefined MEC 20

turns on i €&o d@M&EQ)U(s Obut puRWdrnonerss geggmﬂg 4 reaadi\natshuﬁglﬁfzaggond cl ock
cycle to fgf % a gofn%ﬁg ity aq\Fodefipned HVODE. One
cl ock jeycl @03 ambg ¥ er§§ giﬁ a} 2 ifa@lt?%efﬂﬂgd and al so
asserts HREM tapy(7: 0$| gna RtOrIoh@ ho.ot t 1118 RgBad®ie 50. As shown in
Fig. 29, ggz bUﬁPM&(h@)Uat a and 7IJHIRDY-S .ar ebasgertezdsfay donly a single clock

42 MADLS (4 5.2 bits 11:5 read as 0
C07 SPX(7: O) RW -none 5.2 bits 11:8 equal bit 7
15 €08 SPY(7:0) RW none 5.2 bits 11:8 equal bit 7
C09 SPCNT(7:0) RW none 5.2 bits 11:8 read as undefined
COA SPINC(4:0) RW none 5.2 bits 11:8 read as undefined
COA SPMASK(2:0Q) RW none 5.2 bits 11:8 read as undefined
COB OTBSEG(1:0) RW none 5.4 bits 11:2 read as undefined
20 COC OTBXORG(6:0) RW none 5.4 bits 11:7 read as undefined
COD OTBYORG(6:0) RW none 5.4 bits 11:7 read as undefined
COE OTBX(7:0) RW -none 5.4 bits 11:8 equal bit 7
COF OTBY(7:0) RW none 5.4 bits 11:8 equal bit 7
25
IPREDICT Registers
D00 IPPO(11:0) R none 3.3
D01 IPP1(11:0) R none 3.3
30 D02 IPP2(11:0) R none 3.3
D03 ITDO(11:0) R nene 3.3
D04 ITD1(11:0) R none 3.3
D05 1ITD2(11:0) R none 3.3
D06 ITD3(11:0) R none 3.3
35 D07 IBITS{(3:0) R none 3.3 bits 11:4 read as undefined
D08 TIFMVX(10:0) R none 3.3 bit 11 equals bit 10
D0S IFMVY(10:0) R noene 3.3 bit 11 egquals bit 10
DOA IBMVX(10:0) R none 3.3 bit 11 equals bit 10
40 DOB IBMVY(10:0) R nene 3.3 bit 11 equals bit 10
OPREDICT Registers
E00 OPPO(11:0) R none 3.4
45 EOL OPP1(11:0) R none 3.4
E02 OPP2(11:0) R none 3.4
E03 OTDO(11:0) W none 3.4
EO4 OTD1(11:0) W none 3.4
EOS OTD2(11:0) W none 3.4
50 E06 OTD3(11:0) 7] none 3.4
E07 OBITS(3:0) w none 3.4
EQ8 OFMVX(10:0) W none 3.4
E09 OFMVY(10:0) 11 none 3.4
EOA OBMVX{(10:0) W none 3.4

55
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cycle. MEC 20 then turns off its data bus output drivers on t he

fol l-ow ng cl ock cycle. To termnate a non-burst read (or
Wite) cyE084/268RST 800 is deasserted (set |ow) during RALPMIScycl e
in which MEC 5 20 is asserting HRDY-. If HBRST 800 is not deasserted, MEC
20 assunes that a burst cycle is underway and automatically starts
accessi ng the next sequential address. As al so shown in Fig.
29, HADS- may be asserted to start asether read (or wite) cycle
during the clock cycle 10 inmedi ately followi ng the assertion of HRDY- for
t he previous Gyble 14k n MBAch b bakynEntenshce Ruspsamaht Defantstopsn,

pi pel i nin of successive accesses. .in riot sup o*bg(ed §{1d HADS- ey, not
: {11 £ X E), - dd ges, data,
be ag?éf‘t ed during t@% %o@ lgggréign: EQEbll)B% i3 a&eﬁ%hﬁgla:ive to the
asserted. 15 No{ls gl dgeWbt Ttdisy&leRrxt I M Ng I's shown in Fig. 30
for both Timng Mbdes O and 1. A wite cycle begins with the host

processor X3B$2¥10'ng t he adtirkds§smPSintexRdi 2ddngsaidasaHe1(imputdperput) .

cl ocki ng ;m%_nto MEC 20 vkﬁg%g%p%ﬁ%g:ﬁdrggs} 8aNFthnd igb&gc, . xm?dg&

of HAK i s asserteda d Wilb e (T@Ck NEHzCaAE x0UK dyODd a2 WMd L e
transfer is being perfornbeeginanab [fOBEeryspwiesbomyread ogr whitghtiansfert ect
Timing Mode O or 1, respe8¢queafg (see Section 5.3). por NMpde 0, MEC 20 sanpl es
the data _on the secon |a8h 0O 4 of b5k Kgf Qdde@d NG LS 1350
of HADS-, lik\%ﬁi le for V\&ggi,é‘j‘ggﬁéggﬁm|eﬁ&b%&hd%@p§%£%@?b§&%§%b$ﬁ€
rising edge. 25 However, ostch¥aR(23r0cesS0XORAYS Stight teserdutpgt datfexsnare
t he data bus at the safrebei Mgh {mpesianse #taReaddress onto the _
(&S

address b s long as it i nt ti r.eguur &
20t g ur BT 12 data OB ot el Ve et Estnd cehs e Ty aesgr el (1

precedi ng read cycle. 30 cthat it is eitVie® PéadysserdupplRiddta durinmghet haseclbfck

i i i (o da 8 rd5e) C
&é(l:?lgel' égowhl ch 't Sanﬁﬁtr sg?tezse}%glt%- ?%d %E?EZ‘:@ Ptmfitsxgiggéége %gé%cﬁck
cycle preceding its assertion at the beginning of a
25 transfer sequence and puts it back into the high impedance

state one clock cycle after its deassertion at the end of a
transfer sequence (see Figs. 3-1 and 3-2).

XRQST- Processor service request (output) - This signal is
30 asserted {(low) by the MEC whenever it has finished
executing an Instruction previocusly dispatched to it by the
ICC: this output should be connected to one of the ICC’s
XRQST-(3:0) pins,

35 XDIS Output disable (input)} - When this signal 1s asserted
{high), the XRDY- and XAD(23:0) output drivers on the MEC
are unconditionally forced into the high impedance state.

XID(1:0) Processor 1D select (input) - These pins indicate the
40 processor ID or "address® of the MEC for purposes of
communicating with the ICC; they are normally hardwired in
a system. To determine if it is being selected by the ICC,
the MEC compares these pins with bits 1:0 of the XAD(23:0)
bus at the start of a processor read or write cycle.

45
* ICC = Image Ccmpression Coprocessor
Table 15: XMEC Instruction Opcodes

50

Mnemonic OPCODE Nominal Definition

IPREDICT XX10xXX Performs motion estimation on input token.

OPREDICT XX01xXX Sends result token from motion estimation back to
55 image compression coprocessor.

WRMEM XX11xx Writes input token to prediction memory.



must al so be deasserted (low) during this clock cycle in order to
termnate the access. Burst cycles can be used to transfer
streans OO P4686%B5 words at consecutive addresses between tB{E/HI{04576
processor and MEC 20 in a highly efficient manner. Burst cycl es using
Ti m ng Mode O can effectively transfer one data word every two cl ock
43 cycles, while Mode 1 bursts can effectively transfer one data
word on every clock cycle. Burst cycles ey start at any addr ess
within the MEC s host nenory map (Table 12). Mode O timng
for a four word burst r@skllec}€i ePrecesgosRanket WoFd Pet3d4tibhe cycl e begins
with the host processor asserting the address of the first word being
read onto HA( 10: {dpyl t aneously asserdy DS-. HWE- is also
deasssrted’g’fsf"et hi ghglwmigwm- to indicate t%%ad transfer is
- being perforned, and (RMODE is set | dnstuucsédre@ddiéss Nbde 0. MEC 20 tur ns

on its dat bus outp ivers beginnin nd clock to
fol l ow i ts anpl i ng g‘# EiADS— ?ff ggfc?ﬂg"gl%ﬁ E@g F.g t%f.
val i gpdata onto the bus and assqrfas cycﬁ@g) a Si ng ec oc cycle

To request another access at the next sequenti al
0 {(15:14) nblocks field from operand token descriptor
(for write cycles) or from result token
descriptor (for read cycles)

15 ] (13:12) ICC Instruction bits 30:29 (ND field)
0 (11) ICC Instruction bit 32 (NO(0) bit)
20 0 {10:6) ' ICC Instruction bits 4:0 (PARAMS(4:0) field)
0 (5:0) ICC instruction bits 3%:34 (OPCODE field)
1 (23:16) ICC Instruction bits 28:21 (DBEST1 field)
2s 1 (15:8) ICC Instruction bits 20:13 (DEST2 field)
1 (7:0) ICC Instruction bits 12:5 (DBST3 field)
30

Note: ICC = Image Comp:essioh Coprocessor



15 address, HBRST 800 is be asserted (set high) during the clock cycle
in which MEC 20 is asserting HRDY-. MEC 20 ignores the state of the

HA( 10: 0) WwOm®d,26069i ng the burst. There is no real limt tRETVHD44HEt h of
burst cycles; an address of 2047 automatically waps around to QO when
increnented. If HBRST 800 20 is asserted while MEC 20 is asserting HRDY-,
MEC 20 asserts valid data fromthe next access onto the data bus two

cl ock cycles later, and again assertggHRDY-. Prior to common

assertion of HBRST 800 and HRDY-, the data fromthe previous access
remai ns asserted on the bus. 25 The final access in the burst
sequence i s signafabdd 17: TFakephEr2getars BeAnasnon fAuKBRITY(Intengace Sus
correspondi ng HRDY- clock cycle, MEC 20 then term nates the burst cycle

on thg nexfys Trakd&eng Cl ocge%g@gngogt%gg of f its%@tla,@gxoagé@gt
drivers. Fi g. epicts a seven word burst read cycl e using
30 Timing®Mbde 1. |n NModePasdsdpsionreit@s9%fd | engt PetsFiPkYE PhF&t83:72 j g

| oaded befprehand into the i Lt Jfegister: . el -

Bur sjplengt h. BLENGTH i s pai’?‘uégg\%‘%gb%ééﬁo&e hos?e’%%%ﬁga%yéédp%an be
initializegl using a non-burbsésasipdie?d bits @yeie; i1S pDeseptipsdrabers I5Z2B4 0.
BLENGTH shoul d be | oaded with 35 two | ess than the total nunber of words to
read; e.g.3BLENGTH = 5 PRRcrimeereRiiRe: Shown i nPHIFiPYY. Piheldfbre, the
mniggm 4 length of a Mdgdexb! Row! §2@ci sl o WOr dg1 G0 ! RRWwTBXIcEER] €NgLh

35 Block 0, Row 7, Column € Block 0, Row 7, Column 7
20
25 nblocks*32 + 4 Block nblocks, Row 0, Block nblocks, Row 0,
Column 0 Column 1
30 nblocks*32 + 35 Block nblocks, Row 7, Block nblocks, Row 7,
Column 6 Column 7?7
35 _' Table 18: XEC Eardware Error Conditions
Brror Condition Description
40 PP0(3:2) == 0 Undefined@ MEC opcode.
[PPO(3) == 1 && PPO(11l) == Q] || IPREDICT or WRMEM instruction has
[PPO(3) == 1 && PPO(16) == 1 && a data token operand with less
PPO{15:14) 1a3] than four blocks, or has no
operand at all.
45
PP0(3:2) == 3 && PPO(16) == 0 WRMEM instruction has a control
' : token operand.
50
PP0(3:2) == 1 && PP0(13:12) =« 0 OPREDICT instruction does not
have a destination.
55

Note: PPO = processor packet word 0
PP1 = processor packet word 1



44 is 255 + 2 = 257 words. BLENGIH has no effect on the execution

of Mode 0 burst read cycles, nor on the execution of any type gurst
wite cycVe 94/26069 The differences between Mde 1 aﬁGqu?é"”W&
burst 5 read cycle shown in Fig. 31, are that for the Mdde 1 cycle,

HMODE is initially set high (instead of low) and there is only a
single clock cycle (instead of two cl ocks) separating one bur st access
fromthe next. Just as for a Mbde O burst segead, however, HBRST 800 is

asserted during the burst for every 10 additional word to be accessed
after the first word, Terld MGC 28REDICT TsemrHasckifRér Swsp @egistewmrd it

asserts on the data bus. wever, unlike a de O burst read, Mde 1
bur st reagﬁﬁ%%t r@-ﬁ%ﬁ-‘rgg-ﬂsRST 800 to be g%@%ﬁed during the | ast
accesss 1Tpolis@) if HBRSTeR@Q i s deameatdmit idhrénN@escpder bibkares: sseathls
cycle prior to reading all (Bl ENGTH ﬂt@)‘xtwrds t he bur st c%cl e

terminat eg g*u Yidlrising edgedf the JRBERCEN F?“tQ)€ 4"&)‘\&: gnd vpos
deasserti g t’o intern prel | Ni fhea : J0) witROd] tl.'bonal

wor d ]mayorldrt'bea rwl nt of tetmmat Il on,usRPees t h oug | s word i s never
asserted @AM (10s0dat a bus. 43Aﬁ3exarrpllmrefzoml sqmprant"cefafbydatrdrmmmmt'br

(as OppOSE% ’%@’" normal 32:22ter m rEATEoFA cg _vegror
Fig. 33, % s laééerted%ﬁié § nt Fﬁa)ﬁ‘wgr g% 0",

causiyyg themvy(1dagyst to beid:er m nat adaralciha:bmﬁ&idﬂ: otaRK@Ird inddiRhNaédtor
MEC 20 still reads "Data 1". 25 — A four word Mdde 0 burst
wite cycle is shown in F The Nbde O burst write cycle starts

Q. 34,
out 13%e a Mode 0 non- T‘Ibqﬁu?%‘t RFa2 é°i’5§/€PE“éﬁ?d’“§°’é1‘P8tﬁ‘€él y converted

into a bUp%kseG(1:0): search memory segment to be accessed (0, 1, 2, or 3)

OTBXORG(6:0) : absolute X ccoordinate of origin in segment OTBSEG
OTBYORG(6:0) : absolute Y coordinate of origin in segment QOTBSEG
25 OTBX(7:0): relative X coordinate of 16x16 block to be copied into OTPB
OTBY(7:0) : relative Y coordinate of 16x16 block to be copied into OTPB
30
Table 21: IPREDICT Processor Packet Swap Registers
Register Contents
35 IPPO(11:0) PPO(11:0}) from IPPB
IPP1(11:0) PP1(23:12) from IPPB
IPP2(11:0) PP1(11:0) from.IPPB
40
Table 22: OPREDICT Processor Packet Registers
Register Contents
45
OPPO(11:0) PP0O(11:0) from OPPB
OPP1(11:0) _ PP1(23:12) from OPPB
OoPP2(11:0) PP1(11:0) from OPPB
50
Table 23: OPREDICT Token Descriptor Registers
55 Registexr Degcr Bits Contents
OTDO(11:0) 95:84 concatenation of descriptor bits 95:85
with quant(4)
OTD1(11:0) 83:72 concatenation of quant(3:0) and vpos
60 OTD2(11:0) 71:60 concatenation of hpos with cntrl(7:4)
0TD3(11:0) 59:48 concatenation of cntrl(3:0) with cntr2
OBITS(3.0) 47:44 usrbits . .
OFMVX(10:0) 43:33 horizontal component of forward motion
vector
65 OFMVY (10:0) 32:22 vertical component of forward motion
vector
OBMVX (10:0) 21:11 horizontal component of backward
motion vector )
OBMVY (10:0) . 10:0 vertical component of backward motion

70 vector



wite cycle by the assertion of~HBRST 800 during every assertion of

HRDY- by MEC 20. MEC 20 inter
to on eachvaddi2eq68nal

the 30 address to be witten

are witten at ROTEUSI4H0ASTSy

one word every two clock cycles, ¢ *t givihg the host processor two clock,

cycles in which to set up data prior to its being sanpl ed-hy MEC 20 .
The burst cycle is term nated by the deassertion of HBRST durlfﬂﬁﬂﬂﬂﬁgBLLN
| ast burst 35 wite access. 7% sevems YRé G dMRder b1bdar SEPMACHDE
access is depicted in Fig. 35. Again, it start 1 non- bur st
wite accedAT IS CIAIMED I5: i '"I’ﬁwm% and is
converted into a burst wite by the assertion of ng: t he
sanpling of each data word by the MEC. Data are witten at the rate of

one word every clock ckel eAnghpPagatue for mabien,videsssrmpreFsdon ngl e

cl ock cycl @dupdBhgio set up 5 data prior to its being sanpled by MEC
20. The_ bur st cycle 'S term nated by the deassertlogogf HBRST, 800

during X he | ast bu?Rt 197 9¢ SORRERSSIon Coprocessor

&8 puttlng a

Pr ocessor/m@mﬁmc@és@r&ing a current fridmweMEC CPU 122 and host

processor

may use W 12, b1 1000 (801 AT S0 401 RGS51 48 21 RELLRGRLLNER LD

conjunction wth the

10

15

20

25

30

35

physical array of P rows and Q columns; and
a motion estimation coprocessor coupled to said image
ccmpression coprocessor and to said video memory and including:
means for retrieving a plurality of search
windows from said video memory:; _
means, coupled to said means for retrieving, for
comparing said current frame to said plurality of search
windows and for identifying a best matched block and for
computing a vector describing a difference between said
best matched block and said current frame:; and
means, coupled to said means for comparing, for
ocutputting to said image compression coprocessor an output
token including both said vector and said best matched
bleck.

2. In a videc system having a video memory

physically arranged in P rows and Q columns, a motion estimation ;°

processor comprising:

means for receiving a data token describing a current
frame;

' means, coupled to the video memory, for retrieving
from the video memory, a plurality of image data tiles logically
configured to have p rows and g columns;

a first storage device, coupled to said means for
retrieving, for storing image data retrieved from an even
numbered one of said P rows and an even numbered one of said Q
columns:;

 a second storage device, coupled to said means for
retrieving for storing image data retrieved from an odd numbered
one of said P rows and an odd numbered one of said Q columns;




execution of a CPU 122 program The HDI N(11:0) register may be witten
wth arbh&gg&%Q%§ta by t he host' processor for subsequemid¥%gy ,Qy CPU

o2, CoULTHAY ot e UML) = b Qf?sgnsmazm

status bit to "0O" whenever ¢ hé hbdstswites to HDI N and
"0" and HDI NACK to "1" whenever CPU 122 reads HDI N. HD
both the CPU 122 and host nenory nap. HDI NMACK and HDI NRDY appear onIy
in the host nenory map and U 122 nenor ectivel

Conversely, the HDCU?(ffa6FgP@§P§F3P ﬁﬁﬁhﬁ?ﬂ%ﬁ?t%ﬁf irg% 2 ¥bF?r§?Vidata

by CPU 122=¢ondssheegyentievdadsng flow tdtoring loHeauarasigadow; The host

20 sets t he. LDOUTRDY®s PAPRE Datipid pracdlbor el fBaf it <fin Bosls 15

" 0" whenevetrievingly for teRparings saddDrTenthdErane tO@ARDYseare®" and

CK 2 bot h
the ho 62’%’?3‘5 all‘ E@g‘%}gg%ﬁ%; % %ﬁ%ﬂmpearl gnl 3
in the ho%@mn%ﬁﬁng ﬁaye§ﬁercﬂesszz diffenangn Retwegn said best

CPU 122 npyrahéq SlBEﬁ'ahhesE&GS%WQ%éﬂi'!%&ﬂ&ﬁfhﬂd‘ . HDOQUT by witing to
the HI NT conmand register, thereby causin a host jnterrupt. The MEC s

HI NT- out put pin naymﬁén§s§epﬂé§ to (s blpgk FRHRIRG RYPFeSSOTy | £PRg

to the H Mtp@mﬁé an oh€gut! Cokeh iirfclRiMY S8 oFedter Mntd dsh £8tbégt an
I nstgyction ver, the host processor nust first enable

D 8Rea®ERlkch WaRg
assefti o™ 8? ﬁFﬁf— by °F|ng a"1" to the HINTEN register in the MEC s
host interface nenory nmap. Conversely, assertion of H NT- may

3. The motion estimation processor of claim 2
wherein said search memory is configurable to store n multiple

search windows for 0O<n=z4.

15
4. The motion estimation processor of claim 2
further comprising an interpolator disposed between said search
memory and said block matching processor.
20 5. The motion estimation processor of claim 2

further comprising:

a decimation filter coupled to at least one of said
means for receiving a data token or to said means for retrieving
from video memory for decimation filtering one of said current

25 frame or said image data respectively to form a reduced scale
image; and
~ wherein said block matching processor computes said
vector and said output token using said reduced scale image.

30 6. The motion estimation coprocessor of claim 2
wherein said block matching processor simultaneously performs n
block matches beginning at a given column position of n rows of
said search window and wherein n 2 2 and wherein said rows are
one of a plurality of successive or alternating rows.

35

7. The motion estimation processor of claim 2
further comprising: aHmB«mede

i




46 be disabled by witing "0" to HINTEN. Once HI NT- is asserted,

HI NT- remains asserted until the host writes any-value to the CLRHI NT

regi ster i Wabs2doést menory map. I"U,I , host pr oc BETAISIY576

reset the entire MEC 20 by 5 writh m”lmm the RESET reg| ster in,

t he MEC host nenory map. Regi sters i h MEC 20 *assune t egef+red—; .
initial states (if any) as defined in the host and CRU ﬁiéé?ﬁﬁ%#“i
Tables 11 and 13, respectively. Upon receipt; of a host T '

reset, CPU 122 enters the debug operational node and 10 CPU 122 program
execution junps to | ocakhfs,zebapled said block matéhiAgXplbaexsbit,eahace

B d Tokep | Buf f Ll ferface bus 281
ol ove. VEC APREEY £6" EBRREKR GPBERPENSH ARGLSC OBRELPORS LB PRERERor 45 and

permts 15 eét&mﬁttonppesséssoropyoaeSBUreﬂﬁetnaéxtousaidnnbtmohl9531matw56

I chock, s MITHTETExohoRa Eacy bV ot ehnt §ols By hoRA°nTUSy g chily, °°°

shown iﬁ'RgﬁqneﬂsamdlnsrpSpcnsapaoisabdmtohtrhk signalsmge conpre55|on

coprocessor auxiliary bus. 20 MEC 20 processes inmage conpressor
coprocessor 45 external instructions with the opcodes shown in Table
15. In a pr ef err ed8enb8benBatien estimakden processoy ofr edadnr fer ent

further comprising:
means, coupled said block matching processor, and
10 adapted to receive control signals input to said motion
estimation processor by a CPU external to said motion estimation
processor, for directing said block matching processor to
perform kxn block matches within said search window, in response
to said control signals.
15
9. The motion estimation processor of claim 6
wherein said block matching processor further comprises:
n modules each having an adder tree for computing one
of said n block matches;
20 means, coupled to said n mocdules, for delaying an
input to module n=K+1 by a pik number of clock cycles for K=1 to
=n-1 wherein P = a constant.

10. The motion estimation processor of claim 9
25 wherein an output sum from each of said n modules is
sequentially compared to a value stored in a register and
wherein said value is overwritten when said output sum is less
than said stored value.

30 11. The motion estimation processor of claim 10
wherein said output sum and a displacement vector are written to
said register when said output sum is less than said stored

value.

35 12. In a motion estimation processor, a device for
storing a P column by Q coclumn image of M bit pixels comprlslng
" This Sheet Has Been R lac
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I nstructions may execute simltaneously on. MEC 20 so | ong as t he opcode
bits of ng two of the instr ' ane. 25 The

execut i onWH 40 st r uct | Oﬂﬂmﬂm'mﬁgme Wwith i mage PERWOIHITA
coprocessor 45 perform ng an"auXxilTarys =« processor wite cycle' to NC

20 and ends with an "auxiliary processor wite cyclietenemathes e |

I nstruction has finished executing. An inmage conpr ssionREﬂpﬂHﬁEssorf45
external 30 instruction is mapped onto ME3 20 by matching the Teast
significant two bits of the instruction opcode wth the state of the

MEC s XPI D(1:0) pins. aB®/ar aew bys & golivoms agsfaneaf fpages w0 eaghhafe

ei ther zerga9a BQ?eEnEBh £3588S an?Ad rERY pheNIdb1 umn YIS 2P Or one
output as a resulf. In uF and outpit tokens 35 may be either data or .
control tokens, wth #R3eXedpFi*&sfofed=an inregs%- four data bl ocks.

47 Auxiliary processor wite cycle timng is shown in

Fig. 36. A wite cygle I N t ot TOwW th i e conpr essi on
copr oc8ssor 45 assertﬁhg aﬁ%n%e é?rﬁ %mlﬂ%v Eﬁgther E%Pgﬁétlf‘gﬁ with
the assertion of the fi memory shrutulre! fcr stumiressAidasigds anddsavbhg
KAX23:0) o PLPCESBRAKPEEEbtoring 8! vl Minb iy 4 Hiba s E8' $2dbs

| mage conpressi o
, and a second bank for storing an odd numbered rows from said

pages.
10
14. The device of claim 12 wherein j=1.
15. The device of claim 12 wherein j=2.
15 16. The device of claim 12 further comprising:

a memory structure having B banks for storing said
pages, wherein each one of said B banks further includes:

N independent memories of M bits wide by (KxP)/B
words; and |

20 wherein for n=1 to n=N, an nth one of said N
independent memories stores a plurality of pixels from an
nth column of all page rows in a single bank and wherein
all pixels from a given page are stored at a given address:;

a cross bar coupled to an output of said N

25 independent memories for using shift counts to circularly
rotate said output as an NxM bit word:;

a set of N multiplexers, each of said N
multiplexers having an output coupled to an address input
of said N memories, having a first input coupled to a first

30 address line and having a second input coupled to a second
address, each of said N multiplexers having a separate
selector input.

17. The device of claim 16 further comprising:
35 a memory controller coupled to receive a pixel
address and for outputting said shift count, said pixel address

and said address for said N memories, for controlling one of a
~ This Sheet Has Been Replaced




coprocessor 45 asserts XOE- at l|east-one XCLK 850 cycle before
starting the wite cycle in orde rant eé reld abl e data

transmi ssP&h?435Pcessor packet vmm gﬂlﬂm cked into MEETAB84¥4nd
al |l other external processors) at* ticne, T3y &ﬂ' ge conpressi on .
coprocessor 45 begins asserting processor packet ﬂgfumﬁﬂﬂmmwﬁdﬁﬁﬁiqyg.
Processor packet word 1 renmains asserted on the bus_unt REPIMEEP20, |
selected by bits 1:0 of processor pacidet word O responds by —
untristating XRDY- and drivin% it 15 high at time T2 and then asserting, it
| ow one clockunncbe kawestartiag dogatizn fﬁéiQHﬁﬁyﬁﬁiﬂ&wﬁﬁﬁQﬂﬁcfﬁﬁ%c%géér
45 t hen saﬁpﬁgﬁo iesthe asserted XRDY- signal on the next rising edge of
XCLX 850 At ofine T4 After receiving processor packet
word O, the 20 auxiliary interface unit 281 exam nes bits 16:14 and bit 11

of processor packeg Wahfl 0 iQdY AL dystar eiaeindya opbdaodnenkeny of P
whi ch nmay foll ow processor packet

rd 1. If hit 11 .i.s "Q". no .

t oken Bs tBO¥E PYaﬂsﬁP?P@ﬁ?'aﬂdmﬁﬁg%ﬁWQHE gygggnbﬁﬁ§%¥gé}dntqq&pﬁ&é%ﬁ%ﬂege
| mage conpgesgsogfeoprocessor 45 tristating the 25 auxiliary interface bus
and MEC 20 deasserting XRDY- (ngt shown,., ._.in H ___Q herw se, inmage
conpr essi on coprocesng"&%Vln & SHEE ke Wgrr%sr%agcsal ﬁa&e,t he operand
control or data tokenskpring acoddngunbered iows akersadet® ipews twea fhest
bus in four 24 bit words. . Lt _hi fe QL t | Somhry :
the 30 opBPAATY;8nd E¥RP, BPmPSIEéa%, E:ét:nl;'%' 2 rfa%s?%%‘sez’is%;?w%ﬁg? at V%)él‘?r%lpq'? I
Fig. 26. Otherw se, thddressingr ¢add tfdist @dsk sajidbrsanand imemories| $ewed

by 128 wor pgl as;kadicated by bits 15:14 of processor packet
word O, angsgﬁéntgaﬁg?ggheﬁégagkgtine T6. The bus transfer format, for

operand tokens is shogemputing @ Fpam@bsglageydififarense pptwgen ggaliderts

XRDY-, ands@agck! Q¢Kha6¥ChRd sailidic@rredit limdyel Batly ifiadiess drid | mage
conpressi on coprocessor 45 wil | Q t start another Rrogessor WWIie ﬁor
read) cycle until outputting a motion vector and a best match block.

15

19. The method of claim 18 wherein said step of
storing further comprises the steps of:
logically subdividing said PxQ videc memory into an

array of tiles of p rows and g columns; and
20 ' storing a given one of said tiles in said first and

said second memories.

20. In a video system having a video memory for
storing image data, a method for motion estimation processing
25 comprising the steps of:
receiving a current image of pixel data;
retrieving a full resolution search window of video

-image data from said video memory: .
decimation filtering said search window to obtain a

30 reduced resolution search window; and
block matching said current image and said reduced

resolution search window.

21. The method of claim 20 further comprising the
35 steps of:

" This Sheet Has Been Replaced
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48 at | east one XCLK 850 peri-od after t he Iast word is clocked

20 "Cehfiaas, eaa ovo o MEANDNRL " oo Reshogbnges

assertlng the XRQST pin at time*TG The'i mage conpr essi_on coprocessor
45 acknow edges the request by sinultaneously settzngL 3qhwﬂﬂ3
~high, and asserting the CPU 122 ID onto XAD(1:0) a tinqﬁ$ﬁb*
XCLK 850 cycle. At time T2, MEC 20 Sl es XADS-, XWE——and X

and i mage conpression 10 coprocessor 45 deasserts these signal s, tr|§iates

its XAD(23:0) odAgntifyingr @ FRGUAReh r&?&&%%@%@hmm pingy

asserting XefrestOWinimum absolute A fifRireneel Mith FROR CUIF&HRS| Bihge:
coprocessné 45 wai ts for MEC 20 to assert XRDY-. Begi nni ng at tlne T2,

MEC 20 1¥®conpares the ID read from XAD(1:0) with its own ID on the
XID(1:0) pins. Assublogkamagthing sajd curmpresssiimag@ratessid full 45

untrbstqégéofﬁ§QBn 9E5¥Eﬂgwikd§g9h at tine T3 and then | ow at tine T4,

i mage conpression coprocessor al so deasserts XRQST- at tine T4. MEC
20 starts to transmt data at tinme T5.

22. The method of claim 20 further comprising the
step of:
selecting a filter value to control a final
10 resolution of said reduced resolution search window.

cet Has Been Replaced
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20 Initially, at tinme T5, MEC 20 asserts processor packet
word O ontwp bd)gsoke's and packet processor word O is cl ockrd nidsl@ad7600€E
conpressi on coprocessor 45 on the next rising cl ock edge, and processor
packet word 1 is asserted. Wth the si bl e exception of bits 16: 14,
processor packet 25 word O is a copy of1933 processor packet word O which
was sent during the processor wite cycle which started the

i nstruction. Bits 16: st be nodified, if necessary, to describe the

type of result to g “Any, being sent back to inage conpression
coprocessor 45. Protesdor packet word 1 copies fromthe 30 processor packet

word 1 sent during th SSO » cycl e. Lf bits 13:12
of processor packet wprd d are otd ;0", the instrjuct{on{does not have
a result token, and the ©Q |[pro e%%éﬁ.read cycle ends jat tfimg T6 with MEC
20 deasserting XRDYO @anc i ne@epn@npr essi on coprjocessof % dgasserting
XOE- 35 (not shownh 4 2 u g'élé el t her of bifts .Lécrf"ﬁrocessor
packet word O S not?:EO", a K€§ tf foken existg; bjt 1&8qf processor
packet Q ok 49 world 0 is then
used to determne the tyﬁ% qf resupuatoben.¢lf bit| 16[is|"0", the
result is a control toKen which'Ts 0
: : \
: c|:
wl BB 12381 -
W =4 Z_ 0
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transmtted to i mage conpressi on coprocessor 45 over the next f our
periods oWO®26@®50, and the read cycle ends at time T7. 5 pchfuydoibestd | s
"1", the result is assunmed to be a four block data t oken which is
transmtted to i mage conpression coprocgﬁ r 45 over the next 128 XCLK
850 periods, ending at tine T8. gtor and data words are formatted
on the bus as shown in Table 17. Also at tine T8, 20 deasserts
XRDY- and i mage 10 conpressi on coprocessor 45 deassgp . One cl ock
cycle | ater, at tine T9, LA gt et XRDY - MEC 20
handl es instructions at both fltware | evel . "Hardware"
error handling is done using Se-th-e-artreret e-{\vihi |l e "software" error
handling is done by the 15 prieg unni n | Hardwired logic in MEC
exam nes processor packet fromi nmpr essi on coprocessor 45
for the gross error conditions—sfapyh i n/Tabl 18 an error IS
detected, MEC 20 "halts" by dijsaprgpg all of 44$4$tlate machi nes and
setting the ERROR register to | ihESlj_'Tl 3 _reqi Q is host-readable and
appears in the host 38 TeNDr ymap. Most188 |has enabl ed MEC 20
interrupt generation via thggy NTEN rqgi-fst.p' har dware error al so
causes an interrupt out put on fhe VE NI @i n. | mage

conpressi on coprocessor prograﬂs_p.e.r_f_ormn.g_u:l.e_Z,‘S MPEG or H. 261 encoder
algorithmtypically use the | PRED CT instruction to send a control

t oken cont ai [ HCWRRENTGEARTH ORGIN WP'= DURINES GURRENTISEARCRHOAHRAII 8X8

bl ocks of | um nance pels to MEC 20 for use by the notion estinmation

al gori t hm runni ng on the MEC s CPWMR22A PREDI CT may optional |y output
a control 30 token to SI gnal -its concl usion. MEC 20 does not
predefine the pprahgi-girt = ISl -RRED S ATl A hig field is

|l eft to be int ECNILET IR [‘b’o ROTTIEX Angt er

and/ or undefi ngph

1= 3
J

0)

STEP 1 RESULT

STEP 2 RESULT

o

121 7

46
FlG. 2B
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OPCODE bits in the IPREDI CT instruction can be used to select 35 the type
of. predi S¥Q #2662 be perfornmed (forward, backward, or bi pl-FB8d4lRER! ) -
50 Token pels received fromimage conpression

coprocessor 45 via the | PRED CT |nstru3§/ are stored in the pai r of
t oken pel input buffers 270 full resol n pels from an i nput token
pl us another 64 quarter resolution pels created 5 by 4:1 decimation
filtering the full resolution pels as they enter input token buffer
270. The quarter resolution pels in the 1 TPBs are used in 8x8 bl ock
conparisons during hi erarch| cal notion estinmation searches. The

doubl e- buf fered Eﬁem)ry =) i nterface fornmed by token input buffers 270
allows MEC 20 t@E10reei we a new | PREDI CT operémbt!ﬁke:n from i mge

conpr essi on Scog oc@ss@ 45 while a previ dBsB BriBuf tokey is used in

bl ock mat chf ng.a T Fig. 38 showg th IIHDREQEJ menory
Interface._This ' |nterfalace conprises a colliegtilo I sters and
menories 15 t oken pel t oken desg¢rijpt and processor
packet m\ﬁ\?meﬁ7$|’r?f%; frnp %\I\Q'IHQQ stat esi n?E.LLd by the SWAP
ta5—| VIDEO NTERFACE L | s coTNETSROL POLK
4:1
SEARCH UNIT PRST
PARTITIONABLE MEMORY (Tcy)
175-7]  VIDEO INPUT (BKBYTES) \
BUFFER 280
(2K BYTES) /128
I /
. 190
122~ 128 | -
. ) ZL%ZB}IE%"HLE | INTERPOLATOR | 5
( ) 2 /128 —251 \
o | 15 13 L/ 1 VIDEQ ., b—XCLK
=2 SCRATCH||PROGRAM BUFFER =
Z | [ Gl || o) 270~ J@EBYTES) 15 | L ooRess:
=S X X ‘ TOKEN [2:7]| 2
= A [ 128} INpUT @ (94| DATA
BLOCK BUFFERS @
MATCHING | /| |(G40BYTES) |2 L /| PROCESSOR
PROCESSOR |7, T~ TOKEN  |< %] 1O
(7280pPS) (128 | outpuT |2
< BUFFER | 2 [/ +-CONTROL
1 %0 oseeyTEs) | <%
HOST ' \-265
e COI\AIQAGLIJISNI_}%AREION ' HOST INTERFACE .
. ‘ 194 -7BL7Vdsts
1116/ 8/ 208 PINS
> vy v Y
SO X X
Q> O =
SSE35
53
w -
FIG. 3
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command regi ster 899 controls data switches 900 to determ ne whi ch

t oken i np@x 94R606%r 270 receives pels fromauxiliary i BEEAUSH@ISTMi t 281
and which token input buffer 270 outputs 20 pels to bl ock matching
processor 250. The 96 bit token dedqriptor and two 24 bit processor
packet words received from the bus are stored in two sets of registers
respectively called the I PREDI CT token descriptor buffer 905 and the

| PREDI CT processor packet buffer 910. Buffefls 905 and 910 cannot be 25
accessed directly by CPU 1222 Instead, the SWAP@command from CPU 122
causes the contents of 132 o18the 144 bits in buEf ers 905 and 910 to be
copied into two sets of "swapd regg-sters—526 Sand 922 which may then be
read by the CPU 122. This copyinggz oper ag|on donpl etes in one PCLK
cycle. The token descriptor 30 augi processgr Qag}ket swap regi sters are
descri bed in Tables 19 and 2(,u:r@_?&c3iwely. The CPU 122 does not wite
to these regi sters. > @ @diF|y, during the processor wite
cycle of an | PREDI CT | nstruct|i ong @ 20 |st ores| processor packet word 0
and 35 processor packet word 1 ijrot@dr fer} 910. |[If bit 11 of

processor packet word O is "1 76 AsoZskores | he descriptor from
the input operand in buffer 905. |@nally, if5

51 > >
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bit 16 of processor packet word O is "1", the operand is a data t oken,
and MEC 2o 94/0d08s 320 pels (256 fromthe auxiliary bus pCIdssAnadger 64
filtered) in the token input buffer 270 currently set to receive input
data. MEC 20 then sets the 5 |TBRDY 2&2&;5 bit to "1". FError conditions
exist if bit 11 of processor pack rd Ois "0" (no operand) or if
bit 16 is "1" and bits 15:14 of processor packet word O are not both
"1 (operand is a data token with |less than four bl ocks).

Once CPU 122 has finished processing the previous 10 | PREDI CT i nput token,
CPU 122 waits until the ITBRDY statbs bilt | & "1" and then wites to
the SWAP conmand regi ster. As a resuylgt thelcontents of buffers 905
and 910 are copied into Their forr gndi ngi swap registers 920 and
922. The token i nput buffers 2 jwi t ched, thereby allow ng the
new i nput 15 token to be accessed by CP 22 andiblock mat chi ng processor

250. However, SWAP al so causes the | TB statuslbit to be set "0" and
MEC 20 to conclude the | PREDITY instructd’dn by requesting a processor
read cycle frominmage conpressilon odrocessor 45. 20 | f
each of bits 13:12 of processor packet rd O | stored in buffer 910 is

hack
ad c

"0", the processor packed wornds sent
coprocessor 45 by MEC 20 duri t he

i mage conpression
|l e are copied directly from

buffer 910. However, if ei ther 13: 2 is not "0", the I PRED CT
instruction has a 25 desti natfon- an 16 o] processor packet word O sent
back to i mage conpression copro r is forced to "0" to indicate
an out put control token. In thks cag C 20 follows its bus

O0-and processor packet word 1
s capi edi buffer 30 905 with the
bit ofj the

transm ssi on of processor packet
with four 24 bit token descriqfor
exception that the nost significa

-~

~

{
)
{
H
i
kM

~

FIG. 5
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first descriptor word is forced to be "0" to indicate a control t oken.
Pr.edi cti oN¥O P#2a06% i ng from noti on estimation are sent b PR Y4 M04516 €
conpressi on coprocessor 45 via the OPREDI CT 35 instruction either as
control tokens containing only notion \ﬁect ors or as data tokens

contai ning both predicted pels and rﬁ{fll on vectors. OPREDI CT may

optionally use a control or data , 272
52 t oken as an operand. As with the | PREDI CT fnstruction MEC 20
does not predefine the pgganeter| fPeldd iln2he PREDI CT i nstruction.
CPU 122 may | oad the OPRED|CT bufgt ' t he | oad configuration
regi sters of Table 21. 5 (‘ 0 001" '@Hﬁbg@§o‘:}? bl ock di agram of the
OPREDI CT nenory i nt er f ace— L] Rl §he MEC 20 nenory .
interface for supporting th 2033 PRRPRRI¢ti on is not double
buf f er ed. Two 24 bit procesBS0I311813%3i8486{36137] ecei ved from t he bus at
t he start of the instructi oftoprieiia3jaedsjaslazhe OPREDI CT processor 10
packet buffer 950. The descri Bt bﬁ%ﬁ E2[@3 rtions of the resul t
token to be transmtted to the—t B B ErRE[ee e coprocessor 45 at the
end of the instruction are stoge

70171|72173{74|75|76{77

FIG. 6

101112131 0111213}
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mzm%) 21|23[25]27
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OPREDI CT t oken descriptor buffer 960 and token output pel buffer 265,
respectiv aHﬂﬁer direction of CPU 122, buffer 15 960 is I i th
pel s fron?ggg}c menory 60 after they have passed througﬁ&g%%gﬁuﬁ%

i nterpol ati on processor 190. CPU 122 can wite to the buffer 960 and
read fromthe buffer 950 via the reZ%%iers described in Tables 21 and
22, respectively. During the processor wite cycle which
starts an 20 OPREDICT instruction, MEC 20 stores processor packet word O
and processor packet word 1 in buffer 950 and sets the ORQST status

bit to "1". CPU 122 is then free to read buffer 950 via the regi sters
listed in Table 22. The MEC 20 detects an error if t he OPREDI CT
instruction does not have a destination; i.e. 25 neither bit 12 or 13 of
processor packet word O is "1". If bit 11 of processor packet word O
is "1", MEC 20 al so reads an operand from i nage conpressi on coprocessor
45, but discards the operand. hhobit 16 of processor packetaqyord O is
"0", the operand is a control‘go en. If bit 16 of processor( packet word
30 0 is not "0t r j ata token hds i ndi cat ed
by bits 15: 14_of0 bl A4S AR Pzd o d 5o 81078 BTM NG PTl coy 19571
ready to sendOa0P{ 0203 [BAIERI0BITK t o i Beld8]1d bRt 54l B6ddbr ocessor 45,
CPU 122 wai t s 1uj2bid1]|2d)23|24]25126BRDY st at us bi [80|31|32133|84I3blgs[3uf e t hat any

previous result 13k1[iEa @BlaGlasm tted. 2 sh150|53)54158BE 57 al | y | oads

i

buffer 960 3 OTBY regi BY al so causes
the LDoTBROY & BPIETIGZ6oBAlEREBlEr] | o (o STl AT sIzelra

VIDEO DATABUS #0

VIDEO DATABUS # 1
FIG. 9
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53 is filling, CPU 122 can also wite the result descriptor via
the regisger isted in Table 23. Once CPU 122 finishes [ e
resul t deé@iﬁ%# CPU 122 wites the SEND comand regisf§$h%%nggﬁglude
execution of the OPREDICT instruction. 5 In response to the
SEND command, MEC 20 sets OTBRDY t 08/t and then waits until both ORQST
and LDOTBRDY are set to "1". The latter signal indicates that buffer
960 has fi ni shed | oadi ng. MEC 20 then sets the ORQST status bit to "0"
and requests a processor read cycle fromthe i nage conpression 10
coprocessor 45. During the read cycle, MEC 20 sends i nmage conpr essi on
coprocessor 45 copi es of processor packet word O and processor packet
word 1 frombuffer 950 with the exception that bit 16 of processor
packet word O is forced to be the sane as bit 11 (the token descriptor

type bit) fromOID and Bits 1 15: 14 of pHo-esso» oackét word are forced

to be "11". MEC} 20 fiol || ows |t he gl ssign of processor
packet word 1 with the result |token descni copigd fromthe
OPREDI CT t oken descriptor] registerj]s wthithe ($2J on tlhat bits 93:92
of the descriptor are forced {o bg "[11". | |f 20 |of OIDis "1", MEC
20 follows the token descriptor orl the bus W [ h| 256 |pel s of token data
copi ed from buffer 960. C2 | sets {he < gtatys bit to "1" at the
concl usi on of the read cygle.“" i ge campression
coprocessor 45 progransctypically |25 useja Tnstrudtion to send a
t oken containing four 8x8 buf?ks of lum @? pel s tjo MEC 20 for
witing into predi @ion™ T a1Z T
N | Qe |
- | Ik
><‘3
ma L
=
= | ol 18 <
s © % % $< Y~
(&) - < w Yo
& S| | .
(&} o O]
= =|= (] 4
< W
=7 =7
|E
< L D
b wad
0
&)
[ij E >< e
= O UCD)
&
—~
519
. X Z|<l
£ - T = O:'—E/u =
[
2 IE
¥ \7
$ $ 545 EE 4
O & o E 5 Z &8 3
> < @ u < S
o £ 7] >
> 9 o4
>

SUBSTITUTE SHEET (RULE 26)



menory. This instruction is generally used to wite a reconstructed
encoder wop4260d¥age i nto prediction nmenory so that it eanusss/eus®sd | ater
for notion estimation searches. 30 WRMEM may or may not produce a result
token. If the WRVEM instruction h ?4? destination in the i mge

conpr essi on coprocessor 45 progran$ It outputs a control token;

ot herw se, it produces no result. WRVMEM has predefined paraneter
fields. These fields may be simlar to those used by the i mage 35
conpressi on coprocessor 45 video nmenory wite instructions.

Fig. 40 is a block diagramof a WRMVEM nenory interface. Like OPREDI CT,
the MEC nenory interface for

54 supporting the WRVMEM i nstruction is not double buffered. As

shown in Fig. 40, two 24 bit processor packet words received from
auxiliary interface bus 281 at the start of the instruction are stored
in the WRMEM processor packet buffer 5 980. The descriptor and bl ock
data portions of the operand data token to be witten to the nenory on
the MEC s vi deo bus are stored in the WRVEM t oken descriptor buffer
985 and token pel buffer 175, respectively. Unlike both the |IPRED CT
and

INVALID

/
- CNTS
N
X
/

VWE-
VD[7:0}
VOE-

veik SN\ _/ N\ S\
CNT9
—
VALID
VA[10:0] COLUMN ADDRESS N-1 X _
X DATAN-1 X
FiG. 11B

VCASHn}
VCASO0-{n] ‘T

VRSEL[2:0]
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OPREDI CT instructions, CPU 122 plays no role in the execution 10 of WRVEM
i nstruct VOr#$26069he MEC 20 auxiliary interface unit 281 PCHE94/048%0

interface unit 185 execute WRVEM i nstructions transparently.

During the processor wite cycle of a M instruction, MEC 20 stores
processor packet word O and 15 processor packet word 1 in the buffer 980.
If bit 11 of processor packet word 0 is "1" MEC 20 al so stores the
descriptor fromthe input operand in buffer 985. Finally, if bit 16 of
processor packet word O is "1", the operand is a data t oken, and MEC
20 stores 256 pels in the buffer 175. Error 20 conditions exist if bit 11
of processor packet word O is "0" or bits 16:14 of processor packet
word O are not all set to "11". At the conclusion of the
processor wite cycle, the auxiliary interface unit 281 notifies the
video interface unit 185 which then wites the pels in buffer 175 to
video nenory as 25 a 16x16 bl ock using paraneters from buffer 980 and the
hpos and vpos descriptor f ) deo interface unit
185 notifies auxiliary interfa it i ni shed, and
auxiliary interface uni t~281 t ] t he V\RVEM
instruction by requesting BO i nage conpression
coprocessor 45. processor packet
word O stored in buffer packet words sent
back to the image coBpr ion D during the read
cycle are copied directly |from if either of bits

13:12 is not "0", the Min nation, and bit 16

of processor packet wor

0 sents i f €ssi on coprocessor
45 is forced to "0" to iwdi

!
2
P-4
Ty
i 5
Yoo
S
[T
e —%j
<sf z
(a
L7 %
rl oT N
[iz 2 % o
cE |
O
tox
T
Lz,
QW T
X E E 4 T T § U
T
S ¢« g 2 & £ & 8
c < w £ 9>
S O n >
> <

SUBSTITUTE SHEET (RULE 26)



55 an output control token. In this case, MEC 20 foll ows
transm ssy 0ddr ocessor packet word O and processor packep assk 1

. Wg P4 . . T/US9IZ045 )
wi'th four E%?Qtoken descriptor words copied fromthe %ufFer 985 with
the exception that the nost significant bit of 5 the first descriptor
word is forced to be "0" to indicate al1/41control token.

Al t hough the present invention has been described by way of preferred

enbodi nents and certain variations and nodi fications, other variations
and nodifications can also be 10 used, the invention being defined by the
foll owi ng cl ai ns. 56
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Table 1: Video Bus Interface Signals Si gnal Nane
Defi ni ti onwo 93/26069 VA(10: 0) Vi deo nenory address (tri stg&.ﬁ Qﬁtnﬁk'?tss) -
e

i ndi cates the nenory row or col umm address I'ng
accessed; can be directly connected ' to the address pins
on DRAMsE or VRAMs. These pins are in t he12/41 hi gh i npedance
state whenever the VDIS pin is asserted or the 10 MEC does
not possess the video bus (bus arbitration is discussed
in Section 4.8). VMSEL(2:0) Video nenory select (tristate outputs)
- selects the nmenory "bank"” in which pels are being
accessed and al so indicated mhen the MEC is refreshing
menories on the video bus. be used, if
needed, by each nmenory on the us to u I|fy cpntrol
5|gnals These pins are in the lhigh dancje bt ate whenever
the VDIS pin is asserted or the not| ppssess the video
bus. 20 VDO( 7:0) Vi deo datal bus|0 (input/output) - used to
transfer pels f bo the 16 bit and 32 bit access
nodes; can be directly 0 connect €d to DRAM or VRAM dat a
pi ns. The out put buffers on P-4 thése pins are in the high
i npedance state whenever the MECJi s 2§J” readi ng vi deo data,
the VDIS pin is asserted, or the es not possess the
vi deo bus. VDI(7:0) deo ry datg bus 1 (input/output) - used
to transfer pels for—fottrtie L6 bit and 32 bit access
nodes; can be directly 30 connected to DRAM or VRAM dat a
pins. The output buffers on
~
X B 3
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these pins are in the high inpedance state whenever the MEC is

readi ng vivieoddels®, the VDI S pin is asserted, or the MEC doefc.r S94/04576
not possess the video bus. 35 VD2(7:0) Vi deo nenory da [B 05
(input/output) - used to transfer pels for both the 16

bit and 32 bit access nodes; can be di re'!:a/‘}" connected to
DRAM or VRAM data pins. The output buffers on t hese pins
are in the high inpedance state whenever MEC i s

readi ng video data, the VDIS pin is assertred, or the MEC does 40

not possess the video bus. ~—\D3¢7: 0 Vi deo nenory data bus 2

(i nput/output) - used to tl’EE\EﬁNEIIIpETIS "”'“L"”'“ for both the 16
bit and 32 bit access nodes; o Fff‘,;"‘l p’l'Eﬁ,@,lﬁﬂl' ”AG 21 connected to
DRAM or VRAM data pins. The Ot oo eSS o t hese pins
are in the high inpedance st iAGTER 8¢ PAGE:: TVEATGIE §

readi ng video data, the VDI S HL z SN '{il 'f“'%'ﬁ‘ MEC does

not possess the video bus. EVEN] 48 E%Irp;l@ggd'nory row addr ess
strobes (tristate outputs) - KD ISOLLLIL il is the row address
strobe for menories connect &EN] Wi Hdg | DIPAGE 11, bus VDK and
shoul d be qualified, as need@DDy; MYBEL(ETOIE) 11711 ot herwi se,
it can directly connected tg or 11 pring.

These pins are’in the high i mppiBAEE] 1%%% i\ ?j‘the VDI'S pin

is asserted or the MEC does | TSt TS, 55 VCASGO- (3: 0)
Vi deo nenory col unm address %%BAGEuQMGE!IGJPAﬁEEW out puts) -

VCASO- (k) is the col unm addr itQnélfidd ! HISL connected to

video data bus VDk; it can EYENpebkliiklEdahbbiiddltld! DRAM or VRAM

"CAS' pins. These pins are i @0De|hiigh!]inpedan ellsucite whenever 60

the VDID pin is asserted or the MEC does not possess the video

bus. FIG. 14

100

401 VKLENGTH = 24
L , VKWIDTH =2
VKPCNT = 16

18 48
(qtr res) (full res)

VALENGTH =9
VnWIDTH = 1
vnY = VKY + 6

16 (fullres)___,
8 (qgtr res)

FIG. 15A
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VCASI - (3: 0) Video nenory columm address strobe inputs (inputs) - VCASI- (k)
shoul d be d to the CAS pins of the nenory chips 65

connect ed vf@;@{/}ifﬁ)gﬁ data bus VDk; acts as the enable on a PCT/US4/04576
transparent latch within the MEC which is used to |atch data
fromyvideo data bus VDk during nemory reagg

57 Table 1 (cont'd) VWE-
Video nenory wite enable (tristate output) - used for every
menory, regardl ess of which data bus it rgsides on; can be 5
directly connected to 1BRAM or V| ' tsg enable pins. This pin

is in the high i npedance |stBYEN] @% g ddd VENSLbiIn is asserted
or the MEC does not possess G)[I’Jmﬁh gq hmp|.;|1| L/ﬁlﬁ% - Vi deo nmenory
out put enable (tristate outpykp - used fblrilevblrlélllo menory,
regardl ess of which data bu%['b[b-ﬁw ﬂés?l I ,I“,‘S Vil directly
connected to DRAM or VRAM " O TETRT e TS T TS pin S
in the high inpedance stat e%@nﬁ%?ﬁiﬁt%?ﬁfsrﬁﬁiﬁ&s asserted
eveN[ LT T T[T LOGICAL
-PAGE 9+4PAGE 10tPAGE 11{ MEMORY
OO || L T LTyt ORGANIZATION
eveNi LU VELEETEIETTLE LT
tPAGE 12tPAGE 131PAGE 141
Rt
T[] |
EVENoAGE 15{PAGE 16{PAGE 17,
oD 11 l!l ;I LT
NIEESR IR NN RRNR AN
EVEN|5AGE 181PAGE 191PAGE 20f
ODD |t b

EVEN LINES ODD LINES

PAGE 0 PAGE 0
PAGE 1 PAGE 1
PAGE 2 PAGE 2
PAGE 3 PAGE 3
PAGE 4 PAGE 4
PAGE 5 PAGE 5
PAGE 6 PAGE 6
PAGE 7 PAGE 7
PAGE 8 PAGES| o

E 10l ORGANIZATION
PAGE 11 PAGE 1]
PAGE 12 PAGE 12
PAGE 13 PAGE 13
PAGE 14 PAGE 14
PAGE 15 PAGE 15
PAGE 16 PAGE 16
PAGE 17 PAGE 17
PAGE 18 PAGE 18
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or the MEC does not possess the video bus. 15 VDI S Vi deo bus
di sabl e (y fak When signal is asserted (high), all

tristate (an b?‘gi rectional) date, address, and control out 58'{/5!15%04576
the video bus are unconditionally put into the high inpedance

state. 20  VRQSTI Vi deo bus requestb5idiput (input) - Input signal for
bus request dai sy chain; should be_connected to VRQSTO of
next lower priority bus—ras{zer—BISp ;arbitration is di scussed
in Section 4.8. . VRQSTO Vi deo bus reque it put (output) - CQutput
signal for bus request!25 dai s hai n; shoul d be connected to
VRQSTI of next higher priqarity —s bus nmaster. VCGRNTI
Vi deo bus acknow edge | nput 1P put signal for bus grant
dai sy chain; should be|conndcted to [$dg_BeEo) hi gher priority 30
bus master. VGRN‘IO Vi deo bus - (output) - Qutput
signal for bus gr ant d Lh' ﬂ% Srg&g ‘ﬁﬂém&)be connected to
VGRNTI of next | ower orlty us master. 35 VCLK
Video bus clock (input) -| asled to sy oni ze all operations on
t he video bus. 40 =
) 1st_addr
& § {st.addn
AL
E ——
0g = ¥
el w 1 .
2| g g_,_gg t {cpy_ip<~1}
51 8 iga=
=l g283
OI_Q_J""*‘
23
é é (subrow_cntzvpent/B)
0 ©
== (subrow_cnt=vpent/8 &&
rascnt=viength)
{cpy_ip<-0}
v {sm_wr<=0}
‘ >1S15
(seg_cnt=3)
{vibrdy<-1}
{smrdy<—1}
{seg_cnt<—0}
Legend:
()} = Condition
{ } —Action

FIG. 16A
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58

VKORI G N(‘g:og%tém)“

Tabl e 2: VIB Segnent Configuration Regi sters
Starting page address of segnent k (range :/Pg 127
5

11, 16]).

VKLENGTH( Nunber of page rows in segnent k (range =

VKW DTH( 4: 0) : Nunber of page columms in segnent k (range -
VkX(11:0): Logi cal starting X (t@®444m) address in inmage nenory of
t he upper

to "0" (i.e

| eft corner of segnent k; VKX(O is hardw red
. @J_L,(@ahcm are fnrr‘prl to start on even

nunber ed col unms.s he (Idvigeidhenory) . 1&_01VKY(11: 0):
starting Y (r@w address™ r[mgmtﬁﬁnna n he

upper Ieft cor ner V'bwnﬁn - '3':5 hardvmred to
"0" (i.e. all fetchekdvié=P&ce even nunbe
rows of the i mage maﬁﬁ@aﬁ)’"ﬂ
pels to be read from eagch-Tow of/ |\haviniseg_cnt}#0)
when filling segnent k Wi f$egt.omti+rlesol ution

or one half the nunmber of\pels/to téin rrgad,iyy om each
row of image nmenory when fNUIA ng Se¢igmess_dddmd-brigin[kl t er
resol uti on dat a;

even nunber of peYEW%\%Oﬁ)"v!/a6 i]
VKPCNT rnust be Iess ‘fhan or equa 8
VMSEL 2:0) pin outputs while fetcrh |(ngt aggnent k.

{vm_start}
I (Idvrb ip<—1}

ed froma row,

S3 /
| {rascnt++)

©

{nxt_qtr_addr}

(%)

(vm_done)

{ldvib_ip<-0}
{full_res_addr}
{gtr_res_addr}

rascntzviength

{vm_ra++)}

{seg_cnt++}

rascnt=viength
N\ _(ldvibfseg_cnt}=3 &&
seg_cnt:3)

(idvib{seg_cnt]=3 &&
seg_cntz3)

(seg_cnt=3)

{seg_cnt++)
(seg_cnt=3)

ABONT(7: 0) Eilt hef

; \{mtr _gels_jaddr<gvor{ginler1]idn
and
VRWDTH ‘ Vk'\/ESEL(Z: 0):

)
Lan Y

—

ogi cal

t hd nunfper of
| regge nenory
dat a,

20

{seg_cnt++}

(seg_cnt=3)

Legend:

() = Condition

{1~ Action {vibrdy<—1}

{seg_cnt<-0}

{vibrdy<~1}
{seg_cnt<-0}

FlG. 168
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VKROW( 5: 0) : Starting page row nunber in segnent k of the search
menory forg,Bed“@g@%?i es fromsegnent k of the VIB (range -

[0,63]). 2 (3:0): Starting page col umm nunbe?c'?ﬁjsg‘ﬁ%t k
of the search menory for pels copied from segnent
k of the VIB (range = 17/41 [0,15]). 30
Table 3. Definition of LDVIB Conmand Regi ster LDVI B (2k+1: 2k)
Definition 00 Don't | oad segnment k
01 Load only segnent k with full resolution pels 35
10 Load only segnent k with quarter resolution pels
11 Load segnent k with full resolution pels and
segnent k+l with quarter resolution pels derived
fromthe full resolution pels 40 Tablg 4: Video
Interface Timng Control Registers Regi st er g
Description Synbol s Use 45/ VCNJ1(4:0)
Row address to RAS-actifve del ay Tasr N CNT2( 4:0)
Row address to I urm§addr &g dellay Tasr +Tr ah N CNT3(4:0)
RAS-active to CAS-act&le d& &y . Trod N CNT4( 4: 0)
CAS- cycle perio o 55 ~—FcprfeasT N o< &CNT5( 4: 0)
RAS- precharge ting, 2 | 3 C  Trp N, I’?S(%
VCNTS8( 4: 0) @ (8% pf se width , o cas
N VCNT9(4:0) & L cps—adtive to RAS-inactive dely o Trsh
N VCNT10( 4: 0) 19 S- active to RAS-inactive delay Tcsr
R VCNT11(4:0) » ‘ =—active to CAS-inactiye deﬁ'ay has Tchr
R = v o 7] <
© z x = -
< < —
m C;lm N . N
é 1?02; 3\ g\ §
w @ 3, AN
Y I Yo
O
R, N
0 [{e}
N >~
S 3
/ /
06 &
D= o
SEg =&
ow @3
2F @
5] 7]
o < <
0 = g
3 = o
& s 8
w Q9
5 3
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VCNT12( 4: 0)

R 55

VCNT1 + VCNT3 must be greater than VCNTZ2;
must be strictly greater than zero.

60, g/49!

RAS- active to RAS-inactive del ay
WAB 9426069 | ONS:

ster Use:

Tr as

VCNT2 nust be greater than VC'\Wﬂc'r/Usg4/o4576
V

N = Normal

page [??] read and wite cycles R - Refresh cycles
59 Tabl e SedMENAD Tr ackl ng Regl/sq%s
MADMS( 10: 0) : bits 15 MADLS( 4: 0) :
bits 4:0 of current m nifnrum MAD _ I\/ADX(?.O). relative X
coordi nate of current m ni mum M‘é@nxorg bmyorg) MADY( 7: 0) : relative Y
i B MAD.
coordi nate L%EIC(‘AErRrOme) r
spy SpX, spy
Ca— 1§
LOGICAL ROW | SPX |
(m+spy)
! 8 * skwidth |
LOGICAL SPACE
- 485
skorigin ~ EVEN BANKS ODD BANKS 5
-
LOGICAL J pooozoooizoosnonsiinzziLOGICAL ROW Jpoooiosoooioiooiooon] | SEGMENTK
ROW (m) | }------vmmmmmmmmenemeaed (M41) | fommmmmmmmmemmeeeneee]
LOGICAL ROW J f:1ioziimniisizisisiss] LOGICAL ROW Jpoooooosooonooossisnssy
(MH2) | fermmmmmmmmmmmmemees (M43) | p---mrememmmmmemeeeas
PHYSICAL SPACE
FIG. 18
(0, 0) INCREASING X—— 5 —— INCREASING x———»‘f
: |
2 2
0 0
% X
> S .
[} @
2 Z
(0] ()]
POINT AT POINT AT
ABSOLUTE COORDINATES (12, 8) RELATIVE COORDINATES (4, -3)
= ORGIN W = POINT
FIG. 20
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Tabl e 5-2: Bl ock Matching Performance BMPMODE
| nt er pol atw@B4/26060 Throughput 15 00 lLcabl e
5 01 not appli cable Mmfﬁﬂli
none 10 horiz. or vert.
27 11 , hone 19/41 A 20 20 11
horiz. or vert. —30 25 ————1abl e 6:
Search Pattern Configurati d)n Regi 3ters | SPX( 71':(?) : relative X
coordinate of first searc§|coor dl-'Fgat eftriplet. 30 5|SPY(7:0):
rel ative Y coordinate of ®ilrst se@rch cpordinate trPFplet.
SPCNT( 7: 0) : one 1 eBs than Bhe tptal nunber oBltriplets {o be
sear ched SPI NC( 4: g) hdrii zontal (X) kncrenent from one
triplet to the next 35 > (unsi}nedfractional positive
nunber wi th binary point n bitsyl:0).
SPMASK( 2: 0) : sel ect S*Méch—-f—Pom egach triplet for use in czﬁl cul ation of
m ni rum MAD; if SPMASK(N) = I, the2MAD fromthg nth 40 g
search coordi nate of| each triplet|ds factored jnto the o
m ni mum MAD cal cul at i dinate 0 is i @
be the top-nost coordi e inaltriplet
< P
) 2
= =
A A A A A A
£ Oi = I
] g i ,
S 2 X
% B|& — s
=3 i
@ ; A 4
x
o)
= <
/Y
A o o
N o ° .
=) , § Ty
e, A ® -
£ x g I 4+
g ~ b= © x =
g - \ v S S —>f 5 > ‘§
4 o Q =
@ (AN N OI sl C T ﬁl
A -—
! 1 | @
. m
=
T T @
b b | D |5
) K K S
g ' <
S —>I§ + S ~->ig +
'-'-"é [ a v [\ o)
f J f A
x x x x
> ) o 2
= = = =
L AA A A
T2DE DN 2a0F O < £ & o
Sco@ca T2 g T g '
5 E S E m| xl (I e E 1
8% ©° ¥ 3 3 5 B
2 3

SUBSTITUTE SHEET (RULE 26)



45 Tabl e 7: Bl ock Matching Configuration Registers
BVBEE 1: O)wo 94/26069 search nmenory segnent to be searched (0, ’8%%@8;7@3) 50

BMXORGE 6: 0) absol ute X coordinate of search origin i Py VBEG
BMYORE 6: 0) absolute Y coordinate of search origin in segnment BMSEG
55  BMPMODE( 1: 0) bl ock mat chi @/érlocessor operational node
00 = match 8x8 bl ogks on succesgive rows A A 01 =
mat ch 8x8 bl ocks giratterngte & =) A 10 = match
16x16 bl ocks on s@ipcessive |rows El = match 16x16
bl ocks on alternafie rows 64 a 3
60 ) Tab¥ b 8: Bl ockrS= Needdd for®int rpol ati on
> > > i
A A A o
N~ + % E o
= © ain £ 7]
s a3 ' 3D g
: | — |3l s
T v £ x A w®
©
o 3 N
= 2 % AE A M
R} x4
x ES
y T > . %%E?S
- 2 gs3ON
T 5 2 A Q@Y
= g Ew
7] g' é
o s
17} X‘ \\\ %
‘ [+)]
_g ( s o *
© o 1] -
5 = D 2 t:‘:A’T O]
[V} .; K| -,Q‘ / E
A 751 ) kAN T
9 - g
=) o a ¢ =
2 ) 2
T = S| S ) ) £
y A AAA A A [
ot * 8
@=— ) gD B
] £
d e o
5 2 & K
g L————-0 §
S
E - g P—’.aﬂ * L UDJ
g S a |3 L A
2 4 x x
a ) 2
X 2 = =
sz MEM PAr et
o [o - IS} g L X X X
| = =€ @ o oo
£ > £Ta- e g a2 o EI 9 9%
2 ‘%, ZEE El13 ¢ J3% §
2 £ & * 5§ 5
L X
© c
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x| sb vl sb | nt er pol ati on I nt er pol ati on Bl ock Size
0 . Gvo 94/260600N€ not applicable
verti cal 17 rows by 16 col ums 1 PCT/I%&/MS%
hori zont al 16 rows by 17 col ums 1 1
horiz. and vert. 17 rows by 17 {fhs 10
Table 9: Debug Address Mappingg 15 RADDR or WADDR (4 n bi nary)
Sel ected CPU Recister or Menory3 o 0 XXX XXX &
Regi ster or nmenory at CPU address "XXX'(hex) 20 1 000X XXX0 0000
RO in regi stermﬁ/ 1 00@XTXXXoPED] 8 o Rl in
register file QX XXX0 Q010 o O E R2 in register
file ' Pef|r ] [drr] S S 8 [err]
1 000X XXX1 : T O |R31 @n regigter file 25 1 001X
XXXX XXX Z &| hPCdE fead @nl yAcgess) 1 010X XXXX
XXXX 2 WBXSISIEYN P Uvepdidedy 8 F1 PL1X XXXX XXXX
Reser ved T Jexrgisiax<fierr] g[ttErr] © © @ [err]
1 111X XXX B3] 5 Regerved 30 il
Table 10: CH/S n Set |35 Ins;tguction 1= 8
Definition @ [BXZLS
] L 5| |5 PEs
® o) Ssho
ol = =z =
. é w & Ww m Izg
BX 2i5hay S a|E|lao S =
= «[BXEISHy xlZ|x o, |lws
Oz o &) o ¢ [
g SEXzZthy g S QFH X
SuBxzislal Lol ] IS -~ Juw 9
= <N i~ S <N Qo
L lgX2ls © Qlw® © ©
0> @© @
< WXzt © -
w
o YBXelg L\ H- N
gxzigae'e (L L N 9
*N w
©
gX8etly S<96 X 8l
A8 X 82l xg <196 X 8l
gsxam‘,D Eé SPE X8y
o w8 X8etrax|\ w k| Wle<196 X 8
SZ =\ Zg 4
Slexeeilyl @ 59 SEEX 8y
§9x931 > §§J S EERA
SXEttawl ¢ 1 =} {%}
gxXeetla - . S X el
> AN 3
8X8ellav] ¢ Sc{eEX el
§8X83I.w §§ {96 X 8l L[{<>}}
=g Xeetly =z <196 X 8l
o wEXeel \ w = SclgEX 8l + 8
S = @ =\ Z%c m:
>;_naxaat,,, @ =h >S9 X 8l 9‘5’3
wEXEelax §§ ScleEX el Eg
wEXEzty wa <198 X BhaxN @ 52
BX 82l S X elgn| N o
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ADD Rc, Ra, Rb Ro = Ra + Rb
00 - ADRIo 94126069 RC, Ra, const Rc = Ra + const
01 40 SUB Rc, Ra, Rb Rc = Ra - Rb PCT/US94/04576
02 SuUBI Rc, Ra, const Rc = Ra - const
03 AND Rc, Ra, Rb Re =2824% Rb
04 ANDI Rc, Ra, const Rc = Ra & const
05 OR Rc, Ra, Rb Rc = Rb o
08 45 ORI Re, Rar—sonst— R W corrf
09 XOR Rc, {Ra, Rb Re = Rb
06 XOR Rc, 'Ra, const Rc = Ra ,Ilg()rtst
07 NOR R, [TRa—Rb Re~*l & ELY)
0A NORI Rc,{|Ra, conast RE -| - =Zconst)
0B 50 SRA Re,|{Ra, Rc = |Ra mm st (arith, right shift)
0oC SRL Rc,| |Ra, o <fC = [Ra %D‘onét (logical right shift)
0D SLL Re,|(Ra, - degSTRa KZ¢onst
OE BEQAL g Ra,||Rb, “tmcondi t Ponal Iy store (nPC + 1) in Rc;
10 N C O I\aohg-:b ddrf if Ra + Ro 55 BNEAL
Ra, Rb, addr, uncondijt i ong M eIPC £ 1) in Re; 11
Rc brangh to i fTRa !'= Rb BGTAL Ra, Rb, addr,
unconditionally store {(nPC I m. Rc; 13
Rc brangh to i €Ra > Rb BGEAL Ra, Rb, addr,
unconditionally store|(nPC +}1) in Rc; 15 60
Rc brangh to agdr if Ra >= Rb 4 JALR (Ra), Rc
store (nPC + 1) in Ro|and jUpp to (Ra) 8 16 ST
(Ra+const), Rb store{Rb to|jocation (Ra * cQnst) 19
LD RC @ GRagconst pad Rc fromlpcatTpn (Ra + const)
1B 65 Fo al TN = g
: o <
28~ ] ol B ST |
o 3 N S &= § N
0 @i & [*o<T1 0 O]
oW _ o~ Q =<ld 3 F ) o]
A0 — ¢ o <
Q L @ L >, S
% Sl jw @ ey =2
28T s
Fes) [V}
a
X
7))
A0 W
Pl A
'b‘:"l.u A
aw = <
7 EE| 2
i ES
lo =8
=18 32
©
o]
8 |-5
g\ %‘ < [«
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61. Table 11: MEC Host Menory Ha Addr
Contents "0 94‘%?/“5% Reset Bits Comments 5 PC'P/US94/°4575
23/41
[TTITTI
k 6, =) _/506
BMPMOCDE
=1
7 (42) oo
505 ——L] BMF’MODE1
=N =
[TITIIT

8 X 8 BLOCK COMPARES

o (13, —6) mm
BMPMODE=3 I cog
................................... -
(=7, 7) um
o o m -
\
507
16 x 16 BLOCK COMPARES
B = ORIGIN
FiG. 22
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CPU Program Menory 000 PGV 0) (31: 16) RwW none 15: 0
I nstructi 28859V 001 PGV 0) (15: 0 7.2
15:0 Instruction 0, Isw 10 002 PGV 1)(31: 16) RW Pﬁgﬁ‘g&/‘}aﬁ}?o
Instruction 1, nsw 003 PGV 1) (15:0) RwW none 15: 0
I nstruction 1, 1sw * * 24/41 * * oo *
3FE PGV 511) RwW none 15:0 Instruction 511, nsw 3FF
PGV 511) RwW none 15:0 Instruction 511, Isw 15 400
Reserved for Program Menory Expansion * 510 *
5FF Reserved for Program Meno SO 20 {Host Interface
Regi sters 600 HDI N(11: O 411:0 601
HDOUT( 11: 0) R none L read as zero 25 602
HDI NACK R 1 read as zero 603
HDOUTRDY R S+ ead as zero 610
ERRCR R QutisL bl Ll ead as zero 611
HI NTEN W D NT wW
data ignored 30 613 RESET tSPX=.5 -BMXORG = 8] dat a
i gnor ed 620 RADDR(12: 0) [SPY=.Tw ZBMYIOR& =9]12: 0 621
DBDAT( 11: 0) RwW none SEENT =B [ ead as zero 622
WADDR( 12: 0) W none godaSk=7 BRIEMODEERRY R
bits 15:1 read as zero 35 624 STEP wW
data ignored 625 RUN w dat a
i gnor ed FIG. 23
985
185 TOKEN
S CEnn
vpos 281
. hpos (WTDB) -
E "
S
L
3980
% PROCESSO%— X BUS
g \NSTRUGTION|  BUFFER 'N%%%CE I
o | PARAMETERS (WTPB) .
w
Q
S
175
,9 -
TOKEN PEL
BUFFER
PELS|  (WTPB)
256 PELS
FIG. 40
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626 HALT w data ignored; CPUis halted

I n. r BpBRsesot 0 PRST- 630 BLENGTH RW  pcT/US94/04576
bits 14:7 undefined on read 40 The columms in the table are defined
as follows: Addr Address in %‘?ﬁ 45 Cont ent s MEC menory

| ocation or register nane. Type 25/4 st read-only (R), host

wite-only (W, or dost read/ widie ( Reset w Reset state, if

any; "none" indi cates thak the r'Fﬂgi stef at tha = address in

question has no preglefineg initigl stage and ghat i?

current state is left unchanged by a rerset; "ma" indicates that 50

reset is not applichble to the address !since it corr'espo_g.ds to a

host "conmmand" dpd not {a regijster. Wnl ess ptherwilse indi®ated, a

register is reseg via ¢tther "har re" set i}voked

asserting the PRSI—pifn or.a-l"soft\ L reket | nvoke Y&t he host

witing to RESET. A regisfer marked with *** 4n its*eset colum 55

is reset in resgonse to axhar{dwake reset but ks Ilef tx unkﬁaﬁhged

(or takes no predefgneﬁ igtial §tane)§n res%onse % a %tware
Dafa [2) L

reset. Bit , it s bheilng=d at fied address.

Conments M scelﬁgianeT)ugl add t[-L'[onaT et orfmeg onT R
@ @ @ @ @ @

<7
R1(G.5]

2, ~-
MUX >

4.1

f2 \v4
MUX | —>

/4,1

/2 ~
MUX |—>

/4

2
MUX |—>»

4,

FIG. 24A

S—5+ 5+ 5+ [68+ [6+ |[5+
< L | © L | © L1 D | © L ¢« 0
A A A A h A A A \ A 4
x x x x X X
S S S S S )
= = P = = =
Lty Ty T g lL’
o o <o (=] o
> > b > D P D B
0
X ) 3 ) 7 ] L)
S—o + s+ [+ [6+ 6+ [+ |8+ @
1) O ]« LD |« D)« 0] «© 1« L] ® L
A T A A i A * A T A T A A
x x x > x >
= S S S = S
>3 = = = = =
m @ 28 B8 B8 B8 28 @ 8
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62 ' Tabl e 12: Host Interface Bus Signals
Si gnal Na Definition 5

Host inter ggglzg Bck (input) - all bus address, data, and
control signals (with the exception of HDI'S) are sanpled
or asserted relative to the rising edge2/4tihi s cl ock. HA( 10: 0)

11 bit address bus (input) - shoyld al \ggays be <+specifjed 10

relative to full 160bit ds <) O 16 bit data bus
(bidirectional) - eﬂSways -ansf éps 16 b:bt 5 dat a,
with bit O being t | sb. Q15 DS- i’ dress strobe (input) -
asserted (low) to i d| ca t hat 1 new bus access i s
bei ng started. iVIODE- Framstertrmngy Fode (i nput) -
asserted in conj %nctlorP ? > P hth HADS- to specify the
data transfer tifming tg be usgd 20 or the access.
HBRST “BMTST CWcTe request (4& nput)f asse’:ted at the end of a
data transfer t rc)gu ‘f arot IC1><II rsfet tHre—mext

sequenti al address. -_-_,

PCT/US94/04576

L—>ou78

u
MUX -
MUXT:
MUX 3

Bypass
MUXes

»
v
>

BE1

4

BE4

1D
|

»a ©
»|b
>la ©
+
>ib
SUMBI0:11]

FIG. 24B

\vg
7
<7
7
7
r
7 0leux
7 OFMUX

+
+
+

»la Ci
+
»la C
+
»a C
»la Ci

SUMA[0:13] R1[6:12)

1o

MUX |—>1b

MUX [>b

ZIMux b

BEQ —»

BET —> X
BE2 —>TMux
BE3

BES —>»

\ve
7
-
—
<
-
—
[
Ro[7:13) BE6 — b

BO2—»
BO3—>
BO4—>|
BO5—»
BO6—>

BOO—>|
BO1—>
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HWE- Wite enable (input) - asserted (low) in conjunction with
HADS- to iydi that a wite cycle is being perforned.
Bus di sablvgge;&%%‘ﬁ‘?) - if asserted (high), unconditionally SOPCTIUPA“%“%
tristates the HD(15:0) pin output dri ver2§/4t1hi s signal is
not registered internally by the MEC prZd¥/4flo et ed. HRDY-

bm E

Data ready (open drain_output) - asserted (lo W the MEC 5]
when it is about to sgnple data fromthe bus folp& Ijte 35{33‘_%
operation, or for a regad operation, when it has;%ﬁsgrted gﬁm
valid data ont@ the data bus. This signal 15 guyar ght eed -
to be valid for)one rijsing edge of HQLX and nust—f&e =
externally pul |l &d-up tijo V[err] using {a resistof= 46— Hi NE- ¢
Host interrupt (output])) - Wen enabl €d, this pin I3
asserted (low) by thef ' PP & 5t g
to the H NT conmand r@ggister or the C s auxil iﬁaglg
interface unit FeLect(|n az=
Z T2 o 4 Q
= 382 ==
w o~ mzo% = @
> 63EW w0 =
= oo = =
: w= .
Q LE o= ]
o= =2 - 170}
x om3 s |© E@3 |u
- .00 < Q 2 OQa<
a1 2RE EEh: |© =9 6
<< N> W = iz < >0 |0
n 0 O oo <
£ >|[]
O~ |
]
3o Eﬁg'—g &
2 ER 3 818 2| | o
BN ” QO
...... SRR SRR SRERE) SRk £3) SEERERELERELLELEY Ty
N
(a,*g anNeN - O o
o Q el ot N
Jlr NE& o :
al Z *33N
& ;
. N T Q
| E— = R
< w <5 T~
Sa e =8 <0 < 2NN SN N
SYa @k g = R gihaihal
N o2 U
= 2 ‘
S A 22 § «
N~ 08 E SB\ \ N
S o .
0}_ P QO
=x b ' @
e ol B Z a O = s IR 8 N =
& acRe 98 g8l d&fax V=
N N
o - . T~
2 S RREE
------------- [ BEgE
O oSO O~
o oo Q> A
=] ga S
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63 Tabl e 13 Addr

Contents wdypmoee9 Reset Bus Comment s Comme

Scr at chpad Menory 000 MO0) (11: 0) RwW noneri’tﬁ"‘?f?lg"'s-i6
001 M1) (11:0) RwW none 11: [err] [err]

[err] [err] [err] 10 O3F 2&6@‘) (11: 0) RW  none
11: 0 CPU Tinmer Host Interface Data Registers 15 800

TI MERMS5( 3: 0) RwW 0 3:0 bits 11:4 read as 0O 801
TI MERRLS(11: 0) RW 0 11: 0 802 HDI N( 11: 0) % R
none 11: 0 803 HDOUT( 11: 0) w 0 11:,6~2
Command Regi sters 810 | NI TMAD RESET“ pﬁST ne

dat a i gnor ed 811 STEP”?UN 25 812
LDSM wW SWAP
w none dat a i gnoyed w
none RALT t atkgnpr ed none
data ignored

CYCLEN ——— CYCLE N+1

CYCLEN-1 ;

Pcux/\/\/\gJ\/\/x

722
FIG. 27
719
r A A}
f—5 —+t—5 —f— 5 —p— 5 —t 12 .
OPCODE | RA RB RC CONST OR ADDR
31\ 0
718
FIG. 28

SUBSTITUTE SHEET (RULE 26)



30 Status Bits 820 VI 8RDY R 1 0

bits 11:1 0 821 SMRY R 1 0
bits 11:1 {Vg)}gﬂg@% 35 822  |TBRDY R 0 PCT/US94/4576
bits 11:1 read as O 823 SPRDY R 1 0
bits 11:1 read as 0 824 EMVPI DLE29/41 R 1 0
bits 11:1 read as O 825 OT'BRDY R 1 0
bits 11:1 read as 0 826 ORQST . R 0 0
bits 11:1 read as 0 40 827 L DOTBRDY R 1 0
bits 11:1 read as 0O 828 TZERO | i R 1 0
bits 11:1 read as O 829 IHHINRDy iR l 0 0
bits 11:1 read as O ~82A !HqCUTAfK R 1 0
bits 11:1 read as 0 45 ferfacdg Timngland Control Registers
900 VCNT1(4:0) RW nope’ 4. bﬂts 5, {L1iread gs undefined 900
VCNT2( 4: 0) RW none 4|5 5, 11 jrejad| aslundefy ned 50 901
VCNT3(4: 0) RW none 43§ 5 b, 1ﬂ rieafd as {undeff i ned 901
VCNT4( 4: 0) RW none 4.5 5 5, |11 rlead as|undefi ned 902
VONTS(4:0) RW none 45 s 5, 111 rleatl 48 |une@fi ned 902
VCNT8( 4: 0) RW none 4.5 5 il relad| ag yndefi ned 903
VCNT9 (4 :0) RW none %45 5 b, 11_reaa ¢§§undefined 55 903
VCNT10(4:0) RW none 4.5 5 5, (11 rea ;$§Lmdefined 904
VCNT11(4:0) RW none 4. % 5 9, {11 reead axyurjdefi ned 904
VCNT12(4:0) RW none 45 5 b, |11 rpaj'f}Lmdefined 905
VARB W 0O* 8 VBUSMIDE W | 0* 4.3.1 60
905 VREN W 0* I
. q -
[/}
g
|5 o
S F *
- S
S w
[++]
A a
=
L~ g g
D
\1 (/ gé
x ® |,_. L] m a a \d
d 8 2 § 8 S wn E
= £ 8 % 2 2 5 ¢
[ T I X
(=]
(=}
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906 VRFPM5(7:0) RW none 4.7 bits 11: 8 read as undefined 907

VREPLS( 7: Gy0 9ki¥osnone 4.7 bits 11: 8 read as undefin

64 . Tabl e 13 (cont'd) %Tlggsalmsm
Video Interface Buffer Configuration Regisiers A00 VOORI G N(6:0)
RW none 4.1 bits 11:7 read as undefi 41 A01 VOLENGTH(6:0) RW
none 4.1 10 A0l VOWDTH(4:0) RW none 4.1 A02 VOX(11:0)

RW none 4.1 bit O reads as O but is not witten A03 VOY(11:0)
RW none 4.1 bit O reads as O but is not witten A04 VOPCNT(7:0)
RW none 4.1 bits 11:8 and O read as 0; bit 0 is

not witten 15 A0O5 VOROW 5: 0) RW none 4.1 bits 11:6 read as O

[N [
/
\

XAddress 1X

XAddress 0%

wek_/ N\ N\
\___/
\
\
/
—X Data 0 X_'_ _—X Data 1 X
FIG. 30

HWEe  \ /

HRDYe

HA(10:0)
HD(15:0)
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A06  VOCOL( 3: 0)

VOVBEL( 2:
VIORI G( NZ"%;B: 6‘3’2“’% hon

V1LENGTH( 6: 0)
ACA VIX(11:0)
AOB  V1Y(11:0)

ACC V1PCNT(7: 0)

witten 25 ACD VIROWN b: 0)

AOE V1COL(3: 0)
VINBEL( 2: 0)

V20RI G N( 6: 0)
V2LENGTH( 6: 0)
Al2  V2X(11:0)
Al3  V2Y(11:0)

Al4 V2PCNT(7:0)

not witten 35
Al6 V2COL(3:0)
V2MSEL( 2: 0)
V30RI A N( 6: 0)
V3LENGTH( 6: 0)
A1A V3X(11:0)
AlB V3Y(11:0)

ALC V3PCNT(7:0) .
bit O is not witten 45

read as O

RW none 4.1 bits 11:4 read as O A07
e 4.1 bits 11:3 read as undefi ned A08
e 4.1 bits 11:7 read as zero FRG§IS94/04576
RW none 4.1 20 A09 VIW DTH( 4: 0) RW none 4.1
RW none 4.1 bit34/d4dads as 0 but is not witten
RW none 4.1 bit O reads as 0 but is not witten
nome 4.1 bits|11:8 apdjOirgqad as O0; bit 0 is
RLA/ non .1 |bijtd 11:6 read as 0
RW_none 4.1 Dbits|ll: 4 il as |0 ACF
RwW honge 41 its L1313 |regas ndef Med Al10
RW non 4/1 bits 1177 {redad 0] Al |
RW none 11 30 Al 2W D : none 4.1
ne 4./1 bi{ 0 rlea is not witten
ne 41 bif 0 rlea ut is not witten
ne 4.1 bits|11:8 rgad as O; bit 0 is
Al5 V2 5:0) RW ino bits 11:6 read as
e 4.1 bits|11:4 s |0 Al7
RW non /1 Hits 1113 |read ef Mmed Al8
RW non /1 Hits [11]7|regad 0 Al19
RW none 11 40 AlL9 3W OTH none 4.1
e 4.1 bif 0 riea b is not witten
e 4.1 bitl Q rlea ut is not witten
me 4.1 bifs|11:8 rgad as O;
ALD |[V3ROW(5: Q) ndne 4.1 bits 11:6
AlE V3[, (3:0) RW  none itls 11:4 read as O
Yo
™
S S
T
o
i)
a
™~ J
N
( NS
]
o
3
C f -
! [ ) !_ L uJ — — ®
3 8 ¢ £ § & & B
T f(8 T : T §F E
= I T I
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AlF V3MSEL(2:0) RW none 4.1 bits 11:3 read as undefined 50

Search Me figuration Registers BOO SOORI A N(8: ne
5.1 bi tswlé(‘ég?@ad as undefi ned BO1 SOW DTH( 4: 0) Rﬁg)rﬁ‘g%“ggl
bits 11:5 read as undefined 55 BO2 SIORIGN(8:0) RW none 5.1 bits

11: 9 read as undefi ned BO3 S1W DBR/410) RW none 5.1 bits 11:5
read as undefi ned BO4 S20RIAN(8:0) RW none 5.1 bits 11:9 read as
undefi ned BO5 S2W (4: 0) RW; none 541 bits 11:5 read as
undef i ned BO6 S30RIGIN({8: 0) | RW| nong [5/1: bilts 1:9 read as
undefi ned 60 BO7 S3W DH4( 4: 0) RW! none {51} bi;lts 1:5 read as
undef i ned 65 oo 65
™~ L)
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' [y]
— | ‘Qci
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Tabl e 13 (cont'd) Bl ock Mat chi ng Processor Control and MAD Regi sters

5 I\/[DE(l 0) RW none 5.2 bits 11:4 read a fiped
C00 BI\/BE‘@J?‘”E RW none 5.2 bits 11:4 read as undefiﬁ%ﬁ%gﬁld“%
BMXORG 6: 0) RW none 5.2 bits 11:7 read as undefined C02
BMYORE 6: 0) RW none 5.2 bits 11: 7384t as undefined 10 (03
MADX( 7: 0) R none 5.2 bits 11:8 equal bit 7 C04 MADY(7:0)
R none 5.2 bits 11:8 equal bit 7 CO5 MADMS(00)) R 7FF
5.2 bit 11 reads as O C06 MADLS(4:0) R 1F 5.2 bits 11:5
read as O CO07 SPX(7:0) RW none 5.2 bits 11:8 equal bit 7 15
C08 SPY(7:0) RW none 5.2 bits 11:8 equal bit 7 C09
SPCNT( 7: 0) RW none 5.2 bits 11:8 read as undefined CQA
SPI NC( 4: 0) RW none 5.2 bits 11:8 read as undefined CQA
SPVASK( 2: 0) RW none 5.2 bits 11:8 read as undefined COB
OTBSEQ 1: 0) RW none 5.4 bits 11:2 read as undefined 20 CcoC
OTBXORE 6: 0) RW none 5.4 bits 11:7 read as undefined COoD
OTBYORG(6:0)  RW none~"5.4 bilts| 11l: ¥ dedd [as| upglefijned COE
OTBX( 7: 0) RWnone | 5.4| bit|s |11} 8| equdl bi 2R COF QOrIBY(7:0)
RW none 5.4 bits 11: qual hbit| 7 25 DI T Regi sters
D00 | PPO(11:0) R npne 3.{3 poy | P L1: Q) R none 3.3
30 D02 1 PP2(11:0) Rl ngnel B.38 DO 3| TDA( 11: 0) R  none
3.3 =
=0
=
-3e]
| ~~ =
. j
-
S
-~ ™
™
)
w
P "
2]
g
3
! ® - ] w — — d
5 2 2 L 8 8 8 &
% < % T g o >z %
G -
(=]
(=]
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D04 1TD1(11:0) R none 3.3 D05 1TD2(11:0) R none 3. 3

D06 |1 TD3(11:0 R none 3.3 35 D07 |1BITS(3:0)

bits 11: AWOHMH6¥? undefi ned D08 | FMX( 10: 0) R noﬁST’%“@&%Bﬁt 11
equals bit 10 D09 | FWY(10: 0) R none 3.3 bit 11 equals bit 10
DOA | BMWX(10: 0) R none 3.3 bit 34/#quals bit 10 DOB

| BWY(10: 0) R none 3.3 bit 11 equals bit 10 40 OPREDI CT

Regi sters EOO /0( 11:0) , . R; mnone; 3.4 45 ; EO1 OPP1(11:0)

R none 3.4 EO02 ¢ ODPZ( 11:0) R nane 3.4 | EO3 OrDO(11:0)
W none 3.4 E04 L OTDI( 11:|0) W [none EO5 OTD2(11: 0)
W none 3.4 50 EO6 QTD{?,(ll 0) W | nlon EO7 OBI TS(3:0)
W none 3.4 EO8 MX(10: Q) W |none E0O9 OFMWY(10:0)
W none 3.4 EOA [ OBMVX( 1Q; 0) W |none

~

X Data 2 )( )Cpala 3

~XAddress 0X

P e N an N a2 U N U 2 A AN A A
X Data0 X X Data1 X
FIG. 34

HADSe

Hwee \ /
Hmobe  \ /

HRDYe

HA(10:0)
HD(15:0)
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66 | Tabl e 14: MEC Auxiliary Interface Bus Signal

Definitions XCLK Auxiliary interface clock (input) -
arl addr dEQAY2606%; 5 and control SHER%4/04778
sanpled or asserted relative to the 5 ri sing edge of
this clock. XAD( 23: 0) ZB65/M1 nultipl exed address/data bus
(i nput/output). XADS- Auxi |l iary processor address/data
strobe (input) - XADS- is 10 asserted (low) by the
| CC* for one XCLK cycle at the begi nni ng of every
processor read or wite transfey : ! sequence (see
Section 5.3). X@- | O.Il put |enabl el (i nput) - XOE- is
asserted (low) by the | 15 ; | during read cycles to
enabl e the output buffersg of the VEC onto
XAD(23:0); if XOE- is high,|these|odtput| buffer|s jarp
in the high inpedance gtate; XAROY- S ta ready (trisate
output) - This signal is_asgserted]|(llow RO © by the MEC
t hroughout a data transfdr jsequengeltqg indicatg |
that it is either ready Yo supply’data (|ip the cl@de of |a
read) or accept data (ijn the cagse ofl & wWite). [The«MVEC
untristates XRDY- and sserts|it durling {he XCLiK, ! ock
cycle preceding its asserftipn afi thg beg| npi ng |of| &| 25
transfer sequence and pu¥s jt back ilntlo th¢ hi dh idpedance
><
<r
S
/ 8
| ><
m
' 8
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S CH
o O
¥} w
8
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state one clock cycle after its deassertion at the end of a

transfer sequence (see Figs. 3-1 and 3-2). XRQST-

Pr ocessorwélgﬂ“(ﬁ‘w request (output) - This signal is 30 PCT/US94/04576
asserted (low) by the MEC whenever it has finished

executing an Instruction previously di spgtghed to it by the

| CC, this output should be connected to one of the ICC s

XRQST-(3:0) pins. 35 XDl S Qut put disable (input) - Wen
this signal is asserted (high), the XRDY- and
XAD(23: 0) output drivers on the MEC are
unconditionally forced into th$ hi gh i npedance st at e. Xl D(1: 0)
Processor |ID select (i ) - These pins inﬂi C the 4
processor I D or "address"| of tthe MEC for purp s of |
communi cating with the ; theéy are norrfal £y dwired in
a system To determne |f it ig being seljecged the 1CC,
t he MEC conpares these piis witth bits 1:( ogt e ! XAD( 23:10) L
bus at the start of a professoff read ofF~wrike l e. 45 ¥ I1CC = | mage
Conpr essi on Copr ocessor ) Tapl e 1%: MEC
I nstruction Opcodes 50 Mnenoni c éP m nall Definition
| PREDI CT XX10XX Perfdrns notijon e i ion on | nput [token.
OPREDI CT XX01XX Sends resul t [t dke® f @ notion| estifati on back to
55 I mage {cgnpr es n coprocessot. ' V\RVEM
XX11XX Wites inpuf token i{to predictfio ry.
s =
&
~
= 3
s
& :
’9" = = = = = 9
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67
wor d wo 98bdoes’0Si ti ons

Tabl'e 16: Processor

Packet Word Definitions

Contents 5

(23:17) I nstruction address
type field fromoperand token descriptor_(for
wite cycles) or fromresult token des&¥f/#tlor 10

(for read cycl es)
operand token descri ptor

0 (15: 14)

cycles) or fromresult token

descriptor (for read cycles) 15 0
Instruction bits 30:29 (ND field) 0
| CC Instruction bit 32 (NO(0) bit)

\

17

XCLK \_/ \“_/ \_?

E)@ATA27 %

{
}
I\l
X4
{
7

XADSe
XWEs
XAD(23:0) ( DATA4 X

0 qq&y&ﬁm«ns

nbl ocks field from
(for wite

(13:12) | CC
(11)
Q
™
£ = 2
5 g
o O
X
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20 0 (10: 6) | CC Instruction bits 4:0 (PARAVS(4:0)

field)  wo 94/26060 (5:0) | CC i nstructi girBkdsfpase: 34
(OPCCDE field) 1 (23:16) ICCInstruc 1on bit
28:21 (DESTI field) 25 1 38/41( 15: 8) | CC
Instruction bits 20:13 (DEST2 field) (7:0)
| CC Instruction bits 12:5 (DBST3 field) 30 Note: |CC - |nmage
Conpr essi on Copr ocessor
68 Tabl e 17: Token Transfer Format on Auxiliary Interface
Bus
ol &
g 2 S
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rWNROM

Bus Transfer # XAD( 23: 12) Contents XAD( 11: 0) Contents
4 Description bits 95:84 Descri pt i 172
WO 94726069 Descriptor bits 71:60 Descri ptﬂgmgélgfk@sgé: 48 10
Descriptor bits ézlé E Descriptor bits 35:24
Descriptor bits 8131 Descriptor bits 11:0 15
Bl ock 0, Row 0, Colum O Bl ock 0, Row 0, Colum 1
35 Bl ock 0, Row 7, Colum 6 Bl ock 0, Row 7, Colum 7
20 25 nbl ocks*32 + 4 Bl ock nbl ocks, Row O. Bl ock
nbl ocks, Row O, Colum O ,
Colum 1 30 nbl ocks*32 + 35 Bl ock nbl ocks, Row 7, Bl ock
nbl ocks, Row 7, Col um 6

Col um 7 35 Tabl e 18: MEC Har,dware [Error

Condi ti ons
o]
[
L
™~
o <
2
a
><
== = ;J;;q‘: ] - -

FIG. 37B

/S N

RESULT TOKEN (IF PRESENT) —

XADSe
XWE-
XRDYe
XOEe»

e \_/ T\
le
|
XAD(23:0) (DESCRg X DESCR, X DESCR, Y DESCRg X DATA,

XRQST(K)
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Er.r or
0_
PPO( 11)

PPQ( 15: 14)
oper and at

Condi tion
WO 94/26069

01 ||

1 && PPO(16) ==

1=3]
all.

1 &&

i nstructi on has a control
t oken operand. 50
OPREDI CT i nstruction does not

have a desti nati on.

PP1

| PREDI CT or WRVEM i nstruction ha

PPO( 3: 2)
PPO( 3: 2)

Descri ption
Undefi ned MEC opcode.

PPQ( 3: 2)

P Rlrr oL

a data token operand with |ess

3 && PPQ(16)
1+ && PPO(13: 12)

han f our

bl ocks,
0

or
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has no

1 &&

45

VRVEM

-
55 Not e: 3 PO - processor packet word O
processor packet word 1 3
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5 283
N x'_
<
~ *
o - O
, e M=
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. 69 Tabl e 19: | PREDI CT Token Descriptor Swap Registers

Regi st er Descr Bits Contents 5 | TDO( 11: 0)
95: 84 WO 9459686% enati on of descriptor bits 95:85 with PCT/US94/04576
quant (4) | TD1(11: 0) 83:72 concat enati on of quant (3:0)
and vpos | TD2(11: 0) 71:59/41 concat enati on of hpos with
cntrl (7:4) | TD3(11: Oy 59: 48 concat enati on of
cntrl(3.0) with cntr2 10 | BI TS(3: 0) - 47: 44 usrbits
| FMVX( 10: 0) 43: 33 hori zontal conponent of forward notion
vect or | FMWY( 10: 0) 32: 22 vertical component of forward
noti on vector | BWX (10:0) 21: 11 hori zontal conponent
of backward notion vector 15
| BWY( 10: 0) 10: 0 vertical component of backward notion
vector 20 Tabl e 20: A OIPB Load Confi guration
Regi sters OTBSE( 1: 0): search nernggly segnent to be accessed (0, 1,
2, or 3) OTBXORE 6: 0) : absol ug X coordinate of origin in
segnent OTBSEG OTBYORE 6: 0) : olute Y coordinate of originin
segnent OTBSEG 25 OorBx(7:0): r el apH=we—3—eoey di nate of 16x16 bl ock to be
copied into OTPB orBy(7:0): [ el atyyve Y} coordinate of 16x16 bl ock
to be copied into OTPB 30 mg,_ Tabl e 21: | PREDICT
Processor Packet Swap Registers - 1 R L=
& < W3S
=
<
o))
139]
5 : de_ o ©
sifg| . |fufe| , |Bge g
5555 | &7 5958 | &8LiE ¢
Fom= Q £3¢ s 9
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Regi st er Contents 35 74 BPEARL126)3 PPO( 11: 0)

from | PPB | PP1(11: 0) PP1(23:12) from | PPB | PP2(11: 0)
PP1(11:0) fromIPPB 40 *- Tabl e 22: OPREDI CT Processor
Packet Registers *  Register Cont ent s 45

OPPO(11: 0) . PPO(11:0) from+«gPB OPP1(11: OJREPLAL T SHEET
PP1(23:12) from OPPB OPP2(11: 0) PP1(11: 0] f{romGPPB-56
Table 23: OPREDI CT Token Descriptor Registers 55 -Regist@r| . . ... ..,
Deser Bits Cont ent s OTDQ( 11: 0) Sgkigy 1795
concat enati on of descri pt oMOION BSTS8MATION COPROCESSOR

w th quant (4) Orbi(11: 0) 83:72 copcat enati on of
guant (3:0) and vpos 60 Oorpz2(11: 0) 71: 60

concat enati on of hpos with cntrl (7:4) Orp3(11: 0) 59: 48
concatenation of cntrl(3:0) with cnt B3B3STRACT (g T5(3. 0) A7: 44
usrbits OFMWVX( 10: 0) 43: 33 hori zontal conponent of
forward notion vector 65
OFWY(10: 0) 32:22 .. . vertical o] t f orwgl '
vect or BERRIE 2. gt Lmation sonfoedddbr T RER o8 P i 8s0hREE,
backwar d

system. The motion estimation coprocessornﬂk&o%é“ﬂgéﬁ with a
video memory (175) that subdivides a P row x Q column image of
pixels into several pages.

The page structure enables efficient loading of wvideo data into
the coprocessor. The motion estimation coprocessor may perform
several block matches simultaneously. The motion estimation
coprocessor may perform exhaustive block matching or use a

hierarchical search.

Figure 3
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g]gM\/Y( 10: 0) 710000 o vertigcép/gér{rédr?ent of b%ﬁ%\%@%‘”%ﬁboﬁu
N vect or o |
o nnmnulnnluummm S

deo system havi hg "an ap aratus for notion vid
conpri si ng: an i mage conpression copr sor (45) Lurn'!I ured
to performimge conpression functi ons’® -excl udi ng not§i gn Eytsgptm, and
configured to output at least a first data token contfaifni ng an unco
bl ock of a current frame of an |maﬂ§w a
for storing video inmge data in a S|caf array of rows and Q col unps;
and a noti.on esti matlons coprocessor (20) couplreg—to—sa d
i mage conpressi on copr oC¥idearsy§tédyhakving' mcprmamnamdxsﬁdd@mnﬁm and
coupled to said video nenory ?43) and incluing a token
I nput bufmmmEJ) for stori ng sai d unconpressed bl ock of a current frane

f f d. d
nt ort ace”(185) 1 or 2 R OVFRELR B APAC g () CORUPAIP ROTAED (308 121)
from sai dcomﬁeﬁxél?ﬁﬁﬁﬁoﬂﬂ@du@giﬁpﬁﬁﬁéww doh&@ured 4d huGt ftdedt PEFL! ON

of a reference frame in said video nenory (43); a search

nmermory ( 18353 'qksR corgining,anuncempatssedhlaek g%wgrmﬁm\ng an ypagk; sear ch

a video memory (43) for staring video image data in a physical array of P

rows and Q columns; and

a mation estimation copracessor (20) coupled to said image compression
coprocessar (45) to receive said first data tqken. and coupled to said videa memory (43) and
including:

a token input buffer (270) for storing gaid uncompressed block of a current
frame of an image from said image compression coprocessor;

a video interface (185) for retrieving a plurality of search windows (120, 121)
from said video memory (43), each search window (120, 121) being a portion of a reference
frame in said video memory (43); _

2 search memory (160) for storing said retrieved search windaows, said search
memory being partitionable to enable multiple search windows;

& block matching processor (250), coupled to said search memory and said
token input buffer, for (a) comparing a plurality of blacks of said current frame to said
plurality of search windows (120, 12'1) and for (b) identifying a best match between said
search windows (120, 121) and said blocks and (c) for computing a vector describing a
difference between a position of the search window and the block in said best mateh; and

a token output buffer (265) coupled to said block matching processor for
outputting to said image compressian coprocessor (45) 2 second output token including both
said vector and a block of said reference frame in the best match.

2. The video system of claim | wherein said motion estimation.
coprocessor (20) is further characterized by: -
said search memory (160) being loadable with only 2 new partion of a new

search window, such that an-overlapping portion of & current search window need not be
reloaded.
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notion estimation coprocessor (20) is further characterized by;
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search w n*o:gg &gch that an overl apping portion of a current search w ndow
need not e P - 71 -

3. The video syster of claim1l wherein said noton estmati on coprocessor
(20) is further chara video interface, said

cterized b
t oken out put buffer%and 526 GdeR %@M&’E@%bm?&gp° S’Pﬁ%ﬁlﬁnabl ein
par al | el &&Mﬁrwqgmmggr ent notion estimarion

said search memory (160) being addressable as a circular buffer, allowing
wrap-around of a search window.

5. The video system of claim 1 wherein said search memory (160) is
configursble ta simultanesusly store multiple search windows (100, 121).

8. The video system of claim 1 further comprising an interpolator (190)
disposed between said search memory (160) and said block matching processar (250).

7. The video system of claim 1 further comprising:

a decimation flter coupled to at least one of said taken input buffer (270) or 1o
said video interface (185) for decimation filtering one of said current frame or said ssarch
windaws, respectively, to form a reduced scale image; and

wherein said block matching processor (250) computes said vector and said
output token using said reduced scale image.

8. The video system of claim ! wherein said black matching processor
(250) simultaneously performs n block matches beginning at a given column position of n

raws of said search window (100, 121) and wherein n>2 and wherein said rows are one of 2
plurality of auccessive or alternating rows.

S. The video system of claim 8 wherein said black matching processor
(250) further comprises:

n modules each having an adder tree for computing one of said n hlack
matches;
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aid notion esti matlon coprocessor (20) is further charaterized by:..

sal d search nﬁmmmu l ﬂrl addressabl e as a .circular buffer, aI | ow ng
wr ap-around o 5. The vi deo system of

claim1 whereih sai d seac rrermry (160) is conigurable to simulaeously

stare nul tiple search w ndows (100, 121) 6. The vi deo
systemof claiml furt= co | SI ng an interpal ator (2190) di sposed bet weem
sai d search menor yWiereig@n o Gﬁéﬁl Iﬂifﬂ‘@d‘%ﬁdéé%@wﬂ apared

gém mat r}gﬁvﬁ“g%é%%p{%gf{?%g%as%ﬁ one ofsosal ft‘c en mpu? rgu;fsfumr (270)

or to sdist thardend saoiedrviaiee (185) for deci mation filteri ng one of said cuwt
frame or said search wi ndows, respectively, to form a reduced scal e i mage;

and Wwherein sald bl ock mat chi ng processor (250) conputes
said vector and sa ﬁ?ﬁ y | Soiols SYRIE -

8. The vi deo syicfem . Fé ﬁ%@%ﬁ?w#ﬁf%ﬁﬁﬁeﬁn Elg processor
(250) sigoptdeampissd yepaare integrared ditcaitk nmat ches begi nni ng at a given

columm position of n rows af said searh w ndow (100, 121) and wherein n>2
and wherein said rows are one of a plurality of successive or alternating

FOws. 11.  The video system of claim 1 wherein said search memory has odd and
even banks, '

12.  The video system of claim 1 wherein said mation estimatien
caprocessor firther comprises a pro grammable processor (122) connected 10 coatrol the
operation of said block matching processor and allowing the use of 2 variety af black
matching algorithms. -
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9. The video system of claim8 wherein said block matching processor

- (250) further conprises: n nodul es each havin tree
for conputing one of said n bl ock natches; gﬂE?I?‘A%gf‘%‘aEr\”SHFET
- 72 - wher ei n an out put sun1fron1each of said n nodules is

sequentially conpared to a value storeg in a register and wherein said
value is overwitten when said output” Sumis |less than said stored val ue.

10. The video systemof claim1l wherein said notion estinmation
coprocessor is a separate integrated circuit 11. The

vi deo system of claim1l wherein said search nenory has odd and even banks.
12. The video systemof claim1l wherein said notion estinmation

coprocessor further conpris @Fiﬁdy(ggf%mgﬁQbﬁ PHEREEESE0R 122) connected to

control the operation of sai ock matching processor and all ow ng the use
of a variety of block matching al gorithns.

ABSTRACT

A motion estimation coprocessor (20) for use in a video data
system. The motion estimation coprocessor may be used with a
video memory (17S) that subdivides a P row x Q column image of
pixels into several pages.

The page structure enables efficient loading of video data into
the coprocessor. The motion estimation coprocessor may perform,
several block matches simultaneocusly. The motion estimation

coprocessor way perform exhaustive block matching or use a

hierarchical search.

Figure 3
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