WO 01/ 48729 PCT/ US00/ 34682 SYSTEM METHOD AND APPARATUS FOR PATTERN
RECOGNI TI ON W TH APPLI CATI ON TO SYMBOL RECOGNI TI ON AND REGENERATI ON FOR A
CALI GRAPW@o i3 AY 5 BACKGROUND OF THE | NVENTI ON Fl ELD BET/URIES/3468ZENTI ON
The present invention relates generally to the field of pattern
recognition. Mre specifically, the present invention relates to a system
nmet hod and apparatus for pattern or synbol recognition usable in real-tine
10 applications. BACKGROUND ART There are a nunber of applications for, and
approaches to, pattern recognition. For exanple, neural networks can be
used for cha®¥ST&M, METHPDtAND. APRARATINS FOR RATIERNNRESIQGNITION

senm conduct WITHAPREIC ATION GO 8YMBOLRBECOGNHION ANDREGENERATION ef or e,

i mpl enent ati ons that enpl oyFORUA GALIGRAPHIC DI8PLZEY rel ativel y expensive
and they carry an inherent risk that the parts enployed m ght becone

obsol ete. Al'so, because ogx mﬁ%FwE "q(,ENtﬂ@iN:al | y made to neural
ower ey

networ k devices in order to heir cost, t may not neet the

performncww real -tinme applications. 20 Simlarly,
Digital Si ) can also be used for pattern recognition
(e.g., with correlation operations perfornmed in either the tinme or the
frequency domai M€ BIESERP IBVeYiPNaI6lRteR GRNRIAYY vEO all® figldnetf Palt&iNeve t he
performance | evel required by sonme real-tine applications. Thus, WO

01/ 48729 POI¢agditira4B®re specifically, the present invention relates to a system,

method and apparatus for pattern or symbol recognition usable in real-time
10  applications.

BACKGROUND ART

There are a number of applications for, and approaches to, pattern
recognition. For example, neural networks can be used for character
recognition. But high-volume off-the-shelf semiconductor devices for neural

15 networks are not available. Therefore, implementations that employ neural
networks can be relatively expensive and they carry an inherent risk that the
parts employed might become obsolete. Also, because of compromises that
are typically made to neural network devices in order to lower their cost, they
may not meet the performance requirements for some real-time applications.

20  Similarly, Digital Signal Processors (DSP’s) can also be used for pattern
recognition (e.g., with correlation operations performed in either the time or
the frequency domain). But DSP’'s can also be expensive and may not

achieve the performance level required by some real-time applications. Thus,



2 it would be useful to have an alternate approach to pattern recognition
that can achieve high perfornmance at a relatively | ow cost w thout
significamooriusk of parts obsol escence. Many di spl ay syspemwESemabsey
cathode ray tubes (CRT's), but new 5 CRT's are not always available to
repair or replace these display systens. Therefore, a demand exists to
repl ace these displays with newly designed display systens that utilize
flat-panel display technol ogy, such as piquid crystal display (LCD)

technol ogy. But the electrical interface to existing CRT- based displays is
often inconpatible with the requirenents of LCD based 10 displ ays because
of the differences between these two technol ogies. The prinmary

i nconpat i bitl weyldobe wuseds toviiavecan eiesate sapproaeh e daligyn reeegnitien that

i ndi vi dual pixels of each display type are selected for illum nation. LCD
t echnol ogy canmahyesveahigbcerforamaricer atda selativelyylowed st twithguit significim|risii xel s,
wher eas CRT technol ogy enpl oys anal og voltage signals to position one or

15 nore el gepaAs odpeaEcencd.he di splay surface. Display processing systens
for real-time applications, such as for avionics displays, generally

i a for avionics ) v
noorporate a NEMPLRHRPNARIBRIILO bl ray|iLBEs ORI 8P nGaRBH! | LY

Thi s hardware provi‘des ( for selectil ri'zonta and Y
Sel cct ol | STEREiAY AR BPvscranaBR o, Bt o e lac® dhFSe ety SPERRY ai'eo
be provided, For a calligraphic/stroke type of CRT display, the X, Y, and
vi deo si gnahsrefpee. dslpgnand existatrureplacse P?%&'Wja%wﬁbﬂe%dﬁgnﬁpon and
intensity of the CRT electron bean(s). The synbol generator hardware then
display systems that utilize flat-panel display technology, such as liquid
crystal display (LCD) technology. But the electrical interface to existing CRT-
based displays is often incompatible with the requirements of LCD-based
10 displays because of the differences between these two technologies. The
primary incompatibility of these two technologies is in the way that the
individual pixels of each display type are selected for illumination. LCD
technology employs a mechanism for discretely selecting individual pixels,
whereas CRT technology employs analog voltage signals to position one or
15  more electron beams on the display surface.
Display processing systems for real-time applications, such as
for avionics displays, generally incorporate a hardware vector generation (i.e.,
line drawing) capability. This hardware provides digital outputs for selecting X
(horizontal) and Y (vertical) display screen locations, and digital video to
20  specify the selected intensity and/or color. A separate video on/off output
may also be provided. For a calligraphic/stroke type of CRT display, the X, Y,

and video signals are converted to analog to directly control the position and

intensity of the CRT electron beam(s). The symbol generator hardware then



WO 01/ 48729 PCT/ US00/ 34682 - 3 directly refreshes the display by executing
its coomands at a rate of approximately 60 HZ. For a dynam c display
format, tweovesTend- |ist/program should be updated at a par@sesbss2 s hi gh
enough to achieve snooth notion of the synmbology. This may require an
update rate of 20 or 30 5 HZ. For LCD technol ogy-or for a raster type of
CRT- based di splay-the display screen is refreshed froma 2-di nensi onal
frame buffer menory, or "inmage nenory"s; _An inmage nenory can be an exact
2-D mapping of the pixels of the display screen, whereby each nenory

| ocation holds a code that 10 determ nes the color/intensity of its
correspondi ng pixel. The digital X and Y outputs of the synbol generator
are then usgacty refresbes thee dispiay nmgeexegsting yits \Grnmandar et var i nateerdfdr awn
into i mage nenory instead of directly on the display screen. For real-tine
appl i cat i ompproxisutdlpl 6Qer at Gori 8 dgeamico disgdat eoriut, dhepkaphnhaidrat in
one i mage nenory whil e another inmge 15 nenory, which contains the previous

update, i s|isi/pRagtARCONSUY bS athdaled rAf 4 aake that ® Wd}@kn%gﬁefb aeflBve _
CRT- based di spl ays are designed to alternate between stroke and raster in

a hybrid i r : 0, L dgo.
Avi oni cs_darona MEFLotReRyHdday. SRS Ry IRMSCAT LBLRR (BRLPPO L BRE 20
di spl ay furil_gi on and the synbol generator/processor function. Stroke and
hybrid TRT i'splays may utilize an anal og interface between the synbol

generator and the display unit. If such CRT-based displays are repl aced
with For LCD technology—or for a raster type of CRT-based display—the

display screen is refreshed from a 2-dimensional frame buffer memory, or

“image memory”. An image memory can be an exact 2-D mapping of the

pixels of the display screen, whereby each memory location holds a code that

10  determines the color/intensity of its corresponding pixel. The digital X and Y

outputs of the symbol generator are then used to address the 2-D image

memory. Vectors are written/drawn into image memory instead of directly on

the display screen. For real-time applications, a symbol generator is used to

update the display format in one image memory while another image

15 memory, which contains the previous update, is simultaneously used to

refresh the display screen. Some CRT-based displays are designed to

alternate between stroke and raster in a hybrid mode in order to overlay
stroke symbology onto raster video.

Avionics display systems often employ separate physical units for the

20 display function and the symbol generator/processor function. Stroke and

hybrid CRT displays may utilize an analog interface between the symbol

generator and the display unit. If such CRT-based displays are replaced with

newer LCD-based units, it may be cost prohibitive to also replace the symbol



newer LCD-based units, it nmay be cost prohibitive to also replace the
synbol WD 01/48729 PCT/ US00/ 34682 - 4 generator. The new LCD- based di spl ay
unit showaot/klsgm be designed to function with the existi pQT/anel3aes2
interface. But because LCD technology enploys a discrete type of pixel
addressing mechanism this tends to dimnish the quality of the displayed
synbol ogy. 5 A conventional approach to the design of a LCD based displ ay
unit wth stroke-type analog inputs_isqto essentially mmc, or sinulate,
the operation of a CRT-based display. The analog X and Y defl ection inputs
are converted to digital and used to address a 2-D i mage nenory where the
digital/digitized video is witten. Thus, the stroke inputs are used to
wite 10 sgabelaey e new iLdybasedolisplaysunibghetlddihesc beydesigaed torT

di splay screen. This inage nenory is then subsequently scanned and read to
provi de t hé&undtideowitbrtheeétxistihg repmatod- GhesfaceenButWiidcausdd CDgiechnekbgynput s
are used to wite into one inmage nenory, a second nenory (which stores the

prior updakfiplbys Hemstrée tygé roﬁegh(et BedisSRigamechBhibnd, fhis t&legd @ndignpisRach,

the 15 analog interface contributes errors/anomalies to the displayed

i mge. The r I i ZW' | ectromagnetic interference (EM) on
t he anal ogﬁ% qgﬁlﬁ?@éﬁ%ﬁ(g@fyﬁlo ext(gg)’raial and internal sources; 2) w deband
t her mal _ noi se enerated within the, anal og circuitry; e, noise in the
Sanpl T oper ath SRV SRthAcr i Noh el of a PR s A 90 B! £ al
(A-to-D) 20 conversion. Al of these noise sources tend to degrade the
qual ity of V\@tﬁesgpggﬁﬁ%danalog inputs is to essentially mimic, or simulate, the

operation of a CRT-based display. The analog X and Y deflection inputs are
converted to digital and used to address a 2-D image memory where the
digital/digitized video is written. Thus, the stroke inputs are used to write
10 symbology into an image memory instead of directly onto a CRT display
screen. This image memory is then subsequently scanned and read to
provide the video for refreshing a LCD screen. While the digitized inputs are
used to write into one image memory, a second memory (which stores the
prior update) is used to refresh the display. With this design approach, the
15 analog interface contributes errors/anomalies to the displayed image. These
result from: 1) induced electromagnetic interference (EMI) on the analog X
and Y signals—from external and internal sources; 2) wideband thermal noise
generated within the analog circuitry; 3) phase noise in the sampling
operation; and 4) quantization noise from the analog to digital (A-to-D)

26 conversion.
All of these noise sources tend to degrade the quality of the displayed
symbology. The severity of EMI depends on the individual application. A

low-pass pre-filter is preferably employed before the sampling A-to-D



synbol ogy. The severity of EM depends on the individual application. A

| ow- pass pre-filter is preferably enployed before the sanpling A-to-D WO
01/ 48729 VRO1/44309/ 34682 - 5 conversion operation to preveat/ukeogdaeszr equency
EM fromaliasing into the bandw dth of interest, but |ower frequency EM
wi |l degrade the quality of the displayed synbol ogy. Thermal noi se causes
smal | random devi ati ons-that exhibit a Gaussian distribution around the
normin the digitized sanples of 5 the gnal og deflection inputs. The effect
of thermal noise can be mnimzed by oversanpling the inputs (i.e.,
sanpling at a higher rate than is required by downstream operations) and
then enploying a | owpass digital filter. Phase noise results fromjitter
in the samsPNMgrsianmepeidionhta @hewiduighiftasiuencneEM! feom mligsing interthei r cui t
and also fromjitter in the sanpling clock. But in this 10 application, a
nmor e si gni biacdwidtbraf amtecest, beslower ffrequeany iEMlowili degrate ghaspiatify oft the
sanpling clock relative to the clock in the synbol generator (i.e., on

different wpgadpsl fmbbRgH SPhé@yndl HoBd Lauddre sHiafiaAdoa aBWMaties R4t resul t
from quanti zation noise can be m nimzed by enploying a high resolution A

£ 0D converifibii(# Shysshant dsiHuBATRLHB"nEHarR O s BighAAY LhBialof Nt gher

15 resolution than t pi xel resol ution o . . . anonal i es
"2 the SamANaGE PNeRlhr Hpdaars st i BB el Paidriata et & e s
symbol _on ONETSGINGy e rOufp (16 e SaHBs T GRRFIRKS (hawie TSGURFIY be i n
notion). An exanple of a static anonaly woul d be the distortions
downstream operations) and then employing a low-pass digital filter. Phase
noise results from jitter in the sampling time, which can occur within the A-to-
D converter circuit and also from jitter in the sampling clock. But in this
10  application, a more significant error can result from an inconsistent phase of
the sampling clock relative to the clock in the symbol generator (i.e., on
different updates of the display format). The display anomalies that result
from quantization noise can be minimized by employing a high resolution A-
to-D converter (e.g., a 12-bit converter may provide a significantly higher
15 resolution than the pixel resolution of the display).
Display anomalies can be categorized as either static or dynamic. A
noise or distortion that is the same on every display update would be
categorized as static. Its location would be fixed relative to either the display
screen or to a symbol on the display screen (i.e., where the symbol itself
20  might be in motion). An example of a static anomaly would be the distortions
to individual symbols that result from aggressive low-pass filtering of the

deflection inputs (e.g., resulting in symbols with severely rounded corners). A

dynamic anomaly can be a noise or distortion that moves across the screen



to individual synmbols that result from aggressive |owpass filtering of the
deflection inputs (e.g., resulting in synbols with severely rounded

cor ners) w@ol/éream ¢ anormal y can be a noi se or distorti onPChasoowmages acr 0SS
the screen WO 01/48729 PCT/ US00/ 34682 - 6 and/or through the synbol ogy. It
can also be l|ocated at a specific screen or specific synbol |ocation and
be exhibited on either a periodic or random basis. Since humans are adept
at detecting notion/change, dynam c _angumlies can be nore objectionable
than static ones. Increasing the 5 amount of |ow pass filtering can reduce
the dynam c anomalies that result fromEM. However, this would increase
the level of static distortion for the synbol ogy. Because this

convent i on&NdEEINEYCADIHCOMOEIBg%: L’fOEﬁrbabﬁ@cbe tegated ablei epatifipsergeniarh

anal og inputs results in objectionable display 10 anonalies, it would be
benefi ci al speciopyoybdolveativmeanddsi gxhibjpgd aac eithbeata pédedicnot rAad@mt hi s
probl em BRI EF SUMVARY OF THE | NVENTI ON The fol | owi ng summary of the
invention pgsl 08irded HPndmei et adepinat Uisteeshi@NHHotisntha®gee @fndrie

i nnovative features unique to the present 15 inventi on, and i S not

|t ended { anbnahieb Ukdn 45 bR oot dhar "Rafi R

nunmer ous applications, is su ocus on t ca I'grapht c g|splay
et A AR AT AN e 8, LA
abstract a%ro?n Il. However, this would increase the level of static distortion for the
symbology.
Because this conventional design approach to a LCD-based
caligraphic display with analog inputs results in objectionable display
10  anomalies, it would be beneficial to employ some other design approach that

does not have this problem.

BRIEF SUMMARY OF THE INVENTION

The following summary of the invention is provided to facilitate an

understanding of some of the innovative features unique to the present

15 invention, and is not intended to be a full description. Although the present

invention has numerous applications, this summary will focus on the

caligraphic display application. A full appreciation of the various aspects of

the invention can be gained by taking the entire specification, claims,
drawings, and abstract as a whole.

20 The present invention provides a pattern recognition solution that can

be implemented using semiconductor memory devices. Memory chips are

very high-volume commodity parts that are available at very low cost.

Moreover, the density of memory chips (i.e., the number of bits in a single



20 The present invention provides a pattern recognition solution that can
be i nplenmented using sem conductor nenory devices. Menory chips are very
hi gh-vol wweovesmeodi ty parts that are avail able at very | oRCT/OSt0/3468r eover ,
the density of nenory chips (i.e., the nunber of bits in a single WO

01/ 48729 PCT/ US00/ 34682 - 7 integrated circuit) has increased dramatically
w th advances in sem conductor technology, and will probably continue to
do so. Thus, the invention provides —a Belution to the pattern recognition
probl em that achieves a very high level of performance at relatively |ow
cost. 5 The present invention provides an alternate approach to the design

of a LCD-based, caljgraphic display, unit that | oves the quality of the
i sprayed SIROBIGRS R Ras BCisen e alispiouih BVRECRS i1 eotprdidiaies. of
the anal og deflection inputs, al ong with the video input(s), are nonitored
for the plagHOOODL andovilmrebal)y chetinuriie das@ Ehwsbdhe inventioarrrovidese

di spl ayed. These 10 synbols can then be regenerated within the display unit
usi ng conphetodition i thiettteme aexsagnitiver ploplena dhali schieves aegnalighileveliof t he

di spl ayed synbol ogy fromthe noise and the |owpass filtering at the

anal og i nt geffaafiandd brelAPRIPRMNcERIUI res a nechani smfor reliably
recogni zi ng the individual display synbols fromthe anal og defl ection and

vi deo igqput (s) frﬂeté]%ms)gwsiﬂbéﬁftidw'tﬁovic‘f‘%’seﬁn ]a‘ﬁemgpdg%?&cﬂ fo H{eeﬁﬁgpnoc?f these

i nputs. Since the sy recogni tion function es inreal-tinme with

e DUt 3t 8 R SL AP DN EDEPRE el MR S BORLEE S e
The need f 8|rspgaeyae|d-st)jmn§olgg/.f (I)rq ?I’ﬁg %ﬁe\r/\r%lfle %p%lrosaochs, ?ﬁ(—r)n d%g?tizreedqgéégle% of the
analog deflection inputs, along with the video input(s), are monitored for the
purpose of recognizing the individual symbols that are to be displayed. These
10 symbols can then be regenerated within the display unit using completely
digital means, thereby avoiding any degradation in the displayed symbology
from the noise and the low-pass filtering at the analog interface. This
approach requires a mechanism for reliably recognizing the individual display
symbols from the analog deflection and video input(s) to the display unit, even
15 when noise is present on these inputs. Since the symbol recognition function
operates in real-time with the inputs to the display unit, the present invention
is preferably implemented via hardware for this application, rather than via
software. The need for real-time performance would also seem to require a
solution that compares the display inputs on a simultaneous basis to the
20  expected inputs for any one of the symbols in a symbol library (i.e., rather
than a sequential comparison to one library symbol at a time). The subject

invention is a low-cost solution to the symbol/pattern recognition problem that

can meet the demanding requirements of this real-time application.



solution that conpares the display inputs on a sinultaneous basis to the 20
expected inputs for any one of the synbols in a synbol library (i.e.,

rat her twani/a873®quenti al conparison to one |ibrary synmboPCBRUS@/M6822). The
subject inventionis a lowcost solution to the synbol/pattern recognition
problemthat can neet the demanding requirenents of this real-tine
application. WO 01/48729 PCT/ US00/ 34682 - 8 One enbodi nent of the present
invention inplenents the pattern recoggition function by neans of a state
machi ne that enploys a sequence of table-|ook-up operations that are
designed to recogni ze patterns in a sequence of inputs. The patterns that
are to be recognized (i.e., the library of 5 patterns) are used in deriving
the data storedQne temebedimeny efatiepresent mventios eisnpigments tthel patterok- up
operations. The tables are organized in a hierarchical, or tree-liKke,

structure hesogmition fumictioe byaheahs obastatetrabittdse tioat eraplolys|eseduericetdfi s
structure. The input to this pattern recognition mechanism conprises a

ti me- sequepgife MoKIBPL b eAABINGS BPat: ardli @bsigRYd bR d@ebgﬁiée,l%a&ém@ tiReg
ti me-sanpled and digitized values of one Or nore analog input signals.

Thi | d ; icat i i hi

di spl 2y untERENT g Dt Sq 1y BelHs 68 1o BeotintRRE, AN S, Ve
t hi f dd by djff t ._For.th based

ol 1o e efaf oy Vb BERAS  d SEHSEin 58 WersERL s SRR o
for sone tinme period before the rendering of each display synbol (i.e.,
except for Usadl Py cthendelledaekup RBEERIPNSTHi Ehealablasqydreearadfizeddnofder

CRT- based display units to allow stabilization of their anal og
hierarchical, or tree-like, structure having a unique set of memory tables for

each level of this structure. The input to this pattern recognition mechanism

comprises a time-sequence of memory addresses, which may be derived

10 from the time-sampled and digitized values of one or more analog input

signals. This would be the case for the application of a LCD-based

calligraphic display unit having analog X and Y inputs. Other applications
could derive this sequence of memory addresses by different means.

For the LCD-based calligraphic display, the X and Y input values are

15 normally constant for some time period before the rendering of each display

symbol (i.e., except for sméll changes due to noise). This was required by

the older CRT-‘based display units to allow stabilization of their analog

deflection amplifiers. This condition can be detected and used to reset the

symbol recognition mechanism before a new display symbol is rendered. In

20  addition, the digitized X and Y inputs can be filtered/averaged during this

interval. These filtered values, which are saved, provide an accurate display-

screen location for the symbol that is to be rendered.



deflection anplifiers. This condition can be detected and used to reset the
synbol recognition nechani sm before a new display synbol is rendered. In 20
addi ti onwohe4giegiti zed X and Y inputs can be filtered/ aveergsa/xdes2 ng this
interval. These filtered val ues, which are saved, provide an accurate

di spl ay- screen location for the synbol that is to be rendered. WD 01/ 48729
PCT/ USO0/ 34682 - 9 Not all of the digitized X, Y, and video input sanples
are required to be wused in generating §he time-sequence of menory
addresses for the synbol recognition nmechanism For exanple, one algorithm
for generating these addresses uses all of the input sanples in which the
vi deo input changes 5 state and a sel ected nunber of the input sanples in
the interval s b&akedrof theghgitizatalg¥sand vides npubsamplast aremequised o 88 t hese
sanpl es, the associated nenory address can then be derived by a

concat enat usaddh gonematnay thee tinepseqaricet ofvemenfiory heddredsss &irathe ywmibbolpri or
to the sanple; 2) the relative value of the sanpled X input; and 3) the

relative vabdtyritiort MeeGRIMEMd Mot ré&urnpleloor?@%@bnﬂnhatfoﬁ @@n&aamg these

di spl ay-screen | ocation prior to the rendering of i s saved.

| at X f db
gﬁb?r :B.\é'?l ngetaﬁéestslseg\%%(aﬁa&qhg mEQﬁs%(g‘l ome Qﬁval ue ° t"%ﬁ'ntﬁgar%%pwe Y
el ect el 1 A Qi eediPy FHaRelebind nplreripEs R ihbom iR b |

ti me-sequence of -nenory addresses. This sequence of nenory addresses is

t hen used ﬁ?%@“ﬁﬂﬂﬁﬁ'nttbe%@%%bl FPé@é@'hlof these spoples; H?P associated

memory address can then be derived by a concatenation of 1) a value

representative of the video state just prior to the sample; 2) the relative value

of the sampled X input; and 3) the relative value of the sampled Y input.

10 Recall that the X and Y display-screen location prior to the rendering of a

symbol is saved. A relative X position—for each of the X input samples—can

then be derived by subtracting the saved X symbol position from the X value

of the input sample. The relative Y values can be derived similarly.

Accordingly, the selected input samples are then used to generate a

15 corresponding time-sequence of memory addresses. This sequence of

memory addresses is then used as the input to the symbol recognition
operation.

The first memory address in the sequence is used to address a single

memory table that resides at the first level in the hierarchy of memory tables.

20 If the value of this address—and hence the values of the inputs for the

sample that it represents—is consistent with the rendering of one or more of

the symbols in the library, then the output from this address of the memory

table points to a specific level-2 table that allows for the possible recognition



The first menory address in the sequence is used to address a single
menory table that resides at the first level in the hierarchy of nenory
tabl es. wOol/487he val ue of this address-and hence the vabPOpgSali3sssre | nputs
for the sanple that it represents-is consistent with the rendering of one
or nore of the synbols in the library, then the output fromthis address
of the nmenory table points to a specific level-2 table that allows for the
possi bl e recognition WO 01/48729 PCTLUS$@Q/34682 - 10 of the consistent
synbol (s). Then the next nenory address in the sequence w |l be used to
address this specified table at the second level in the hierarchy. As this
process continues, the sequence of input sanples-by neans of their

associ at ed ofregnsistentsgmbolfs ). eChen tie npxt memary @gldresteinsthet semiamce of
menory tables until either a synbol is recognized or until it is

det er m nedwilhdle tUsedi tipuiddsespiahise specifiad ofadies tatnthewiseboadyleoél timethkei br ary
synbol s. Three types of outputs are possible for the nenory tables. Wen a

conpl et ed hitRHichyedUSNHEs ipfodRATEO RIS ¥hé BER@BNES bfaippaPaMAéd-NByt O one
10 of the synbé:lhg in the Ip?%rary, the code for that syngol is%t put from

tn .. I- . o . . h
sequence. B ghihel FREIALE hORichy SRR diretts 1k pafl iEkih bR | ¢
out put points ecific table e next

Wi tel et b "BERor: fapie nief asber ACatibhel  Stascherztih et RLET 1 T
And when a 15 given input sanple, at any point in an_input sequence,
est abl i shegetafgtingthdhal Hsuinpid RRAUEACEsISnBCoRSistans (it anyt af s 1Brayhe
| i brary symbols, the output of
symbols.
Three types of outputs are possible for the memory tables. When a
completed input sequence is unambiguously recognized as correlating to one
10 of the symbols in the library, the code for that symbol is output from the
memory. When an incomplete input sequence is—up to that point in the
sequence—consistent with one or more of the library symbols, the memory
output points to a specific table at the next level in the hierarchy that will test
the next sample of the input sequence against this possibility. And when a
15 given input sample, at any point in an input sequence, establishes that the
input sequence is not consistent with any of the library symbols, the output of
the memory table indicates this condition. When an input sequence is
determined to be inconsistent with any library symbol, the digitized input
samples can be used to directly render the symbol into the image memory
20 (i.e., effectively bypassing the symbol regeneration mechanism). But to
eliminate the possibility of generating dynamic display anomalies, the symbol

recognition mechanism needs to reliably and consistently recognize all of the

library symbols (i.e., even when noise is present on the inputs). This requires



the nenory table indicates this condition. Wien an i nput sequence is
determ ned to be inconsistent with any library synbol, the digitized input
sanpl es vedobes7ased to directly render the synbol into theCci/weges4ssenory 20
(i.e., effectively bypassing the synbol regeneration nechanism. But to
elimnate the possibility of generating dynam c display anomalies, the
synbol recognition nechanismneeds to reliably and consistently recognize
all of the Ilibrary synbols (i.e., evenqwhen noise is present on the
inputs). This requires WD 01/48729 PCT/ USO0/ 34682 - 11 that the tables be
designed to allow for the variations in the values of the input sanples
that can be encountered under the worst-case noise conditions. The novel
f eat ures othattibe patdes e dasignad orallaw for ke yatatipsaindghe viabues ¢fdbe inputski | |
in the art upon exam nation of the follow ng detail ed description of 5 the
i nventi on sampiss that caambeeshdyuntsrediunder te whestpraseardisé surditioos. [t shoul d
be understood, however, that the detail ed description of the invention and
the specific expgphével eaREs &t thahble8eht fiveAtiom Wil Bdcdinte YpRarinTapt s Of
the present invention, are provided for illustration purposes only because
various ¢ e ale? .4 ' ; t
vent on G GoiEnaRg i aRmblaigh & W iRl @Ried BREon JIF o
detail ed description of the invention,and glains that follqw, BRI EF
DESCRI P G B LR\ B d B iR os i b e bCversan, Ishai oo
reference nunerals refer to identical or functionally-simlar elenments
t hr oughout Upaersiegshrkawevareiigat theddetpieqydeskriptian ohdbe povartid ARAahE f or m
part of the specification, further illustrate the

specific examples presented, while indicating certain embodiments of the

present invention, are provided for illustration purposes only because various
changes and modifications within the spirit and scope of the invention will

10  become apparent to those of skill in the art from the detailed description of the
invention and claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, in which like reference numerals refer to
identical or functionally-similar elements throughout the separate views, and
15  which are incorporated in and form part of the specification, further illustrate the
present invention, and together with the detailed description of the invention,
serve to explain the principles of the present invention.
FIG. 1 shows a block diagram of a replacement system for older CRT-
type calligraphic displays in accordance with the present invention;
20 FIG. 2 shows an example of how the symbols “N” and “L" would be
rendered without rotation and as they would be oriented in the memory tables
to allow for the recognition of rotated symbology in accordance with the

present invention; and



present invention, and together with the detail ed description of the

I nvention, serve to explain the principles of the present invention. FIG
1 shows avbboek2di agram of a repl acenent system for ol der PCRUSOM34p%2

cal l i graphic displays in accordance with the present invention; 20 FIG 2
shows an exanpl e of how the synmbols "N' and "L" would be rendered w thout
rotation and as they would be oriented in the nenory tables to allow for
the recognition of rotated synbol ogy_i noaccordance with the present

i nvention; and WD 01/48729 PCT/US00/34682 - 12 FIG 3 is a diagramt hat
shows an exanple of the operation of the synbol recognition nmechanismin
accordance with the present invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON The pFéSedt isi avdiagiaom thatoshows an exsmpie ofghaceperatiommdheat us f or
5 pattern recognition. Although the invention can be used in a nunber of

appl i cat i osgmbbheedoghition mectsiaiieml indcdestancptwitntiecpraisent inveatidrCD- based
caligraphic display unit with anal og deflection inputs. By nonitoring the

anal og def %1; AIRED BDESCRIPHONIOY THEURYENTEN | nput (s), the synbol ogy t hat
:jjs Ito bio bt gnrzer _regen_erate?vmthlnthe ;

i spl ay uni - - [ es an
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anal og | npu
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i nvention can be adapted for use in other applications that require
pattern or appligssionsectbgnifellaying detailed description relates to a LCD-based

caligraphic display unit with analog deflection inputs. By monitoring the

analog deflection inputs, along with the video input(s), the symbology that is

to be displayed can be recognized and then regenerated within the display

10 unit by completely digital means. This eliminates anomalies and distortions in
the symbology from noise and low-pass filtering at the analog inputs.
Although the invention will be described relative to its use in this specific
application, it should be understood that the present invention can be adapted
for use in other applications that require pattern or symbol recognition.

15 For the caligraphic display application, digitized X and Y deflection
values, along with video, are used to select a sequence of points on each of
the rendered symbols. This sequence of points is then compared against the
expected sequences of points for all of the symbols in a library that is stored
in the display unit. If the input sequence is recognized' as being a rendering

20 of one of these symbols in the library, the stream of digitized input samples
can be discarded and the symbol can be rendered from a list of vectors

stored within the display unit. If an input sequence is not recognized as being

one of the symbols in the internally stored library, the symbol can be directly



15 For the caligraphic display application, digitized X and Y deflection
val ues, along with video, are used to select a sequence of points on each
of the weadessgdd synbols. This sequence of points is thenPcDuparaas2agai nst
the expected sequences of points for all of the synbols in a library that
is stored in the display unit. If the input sequence is recognized as
being a rendering 20 of one of these synbols in the |ibrary, the stream of
digitized input sanples can be discarded and the synbol can be rendered
froma list of vectors stored within the display unit. If an input
sequence is not recogni zed as being one of the synbols in the internally
stored library, the synbol can be directly WO 01/48729 PCT/US00/ 34682 - 13
render ed i fieadereddgetoniags meanadnyt fremdhgidigitized inmuittsasetes.ehisTreauiresqui r es
that the digitized input sanples (deflection and video) be saved in a FIFO
buf fer in dhatethet digitizZedwinputreahmpies ligefigotibnl and vipo) tbesavpérinta ¢itFOSynbol s
that are recognized as being in the synbol library are conpletely

re-render eg$renint brébrdiot alovhaiminasiethd sithbolt Reoghfibhagpetatibn. To@mebRrrr e, the
quality of these displayed synbols is not degraded by noise or by the

| ow pass T iy L&l bNEcahnib o8 FS?&%@% EH% ?%rEB‘BIE*ibrE&y?éS%F%@mé%géﬁ? Cré‘-"reﬁ&@r%%ii ment

of the present 1 nvention raphic atron. This

di splay_unit. . incqrporates a fl.at-panel 10.L 34 byt it i.s designed to
repl acesa it DEdahRaR R e M iniR B ISP Ak sy s ThRis s der Ik BoRt MAG: s | or
selecting the horjzontal and vertical display- screen positions. High
frequency KbiRdayadssyrahevds not grotadedy nesatIbY the Igw-prss Biteringhat thgput

signal 218 by neans of a |ow pass filter conprised of a
analog interface.

Figure 1 shows an embodiment of the present invention for the

caligraphic display application. This display unit incorporates a flat-panel

10 LCD 344, but it is designed to replace a CRT-based display unit that employs

analog deflection inputs for selecting the horizontal and vertical display-

screen positions. High frequency noise is removed from the horizontal, or X

deflection, input signal 218 by means of a low pass filter comprised of a

series resistor 302 and a parallel capacitor 304. A similar low pass filter with

15 series resistor 306 and parallel capacitor 308 removes high frequency noise

on the vertical, or Y deflection, input signal 216. The filtered inputs are

sampled and converted into digital values on a periodic basis at the deflection

interface 310. A high sampling rate (i.e., oversampling) is employed and the
stream of sampled values is then processed by a low-pass digital filter 312.

20 The video input 220 may be comprised of multiple signals, and may be

analog, digital, or a mix of both analog and digital. The video interface 316

detects the “off-to-on” and the “on-to-off’ transitions of the video input 220.

These transitions are used to synchronize and control the various operations



series resistor 302 and a parallel capacitor 304. A simlar |ow pass filter
with 15 series resistor 306 and parallel capacitor 308 renoves high
frequencyw®oi/esg29 on the vertical, or Y deflection, input BCOU&b0/RER. The
filtered inputs are sanpled and converted into digital values on a
periodic basis at the deflection interface 310. A high sanpling rate
(i.e., oversanpling) is enployed and the stream of sanpled values is then
processed by a |ow pass digital filter 4312, 20 The vi deo i nput 220 nay be
conprised of nmultiple signals, and may be analog, digital, or a m x of
both analog and digital. The video interface 316 detects the "off-to-on"
and the "on-to-off" transitions of the video input 220. These transitions
are used t&iymihe disptay and. cOhe rvideq fitedace RIS olser e@npassaies Jor 48729
PCT/ USO0/ 34682 - 14 within the display unit. The video interface 316 al so
conpensat edigparityaimythedirajpar oft theividédand ithe defleftidrnimputsieSuana dibparity
deflection inputs. Such a disparity nmay exist for an interface that was

desi gned f alia\aekiE fdtesme thidiface fm/at whe deb@rrhl@laﬁ foF 2 CRT-FQ@edeHpW.i ghe

anplifiers of a CRT-based display is normally 5 nmuch | ower than the

bandui dth AGnblek P E Y orfFINRROETE ORT biReq A8l s iRy e

video at the Tnput T . splay are often “inorder to
case. then et Gigdotiaf LR beBOuRin -l 1t SR HRUES" Conagavrde BT ver y
remove this conpensation, 10 Instead of witing synmbology directly onto the
di spl ay sct/@gpitions afithe vigleosatrthrdnpytde aERIRrased disniasplegfiten Aelayedpl ay
shown in Fig. 1 wites the synbology into an inage nenory 336. An inmage
menory is or getdrdedsyashmnize with the deflection at the display screen. If this is the
case, then the video interface 316 adjusts the video timing to effectively
remove this compensation.
10 Instead of writing symbology directly onto the display screen, as with a
stroke type of CRT-based display, the display shown in Fig. 1 writes the
symbology into an image memory 336. An image memory is organized as a
2-dimensional array that corresponds—often on a one-to-one basis—with the
array of pixels on the display screen. The input address to an image memory
15 is thus comprised of a horizontal, or X, value and a vertical, or Y, value. For
some implementations, each location in the memory would then store the
video information for a single corresponding pixel of the display screen. This
video information may include both the pixel intensity and the pixel color. A
total of three image memories 336, 338, 340 are employed. While the»
20 symbology is being written into one of the image memories 336, the LCD 344
is refreshed by the video data in another image memory 340 that holds the

symbology that was written on the previous display refresh cycle. A third

image memory 338 can be simultaneously cleared of symbology so that it can



2-di nensional array that corresponds-often on a one-to-one basis-with the
array of pixels on the display screen. The input address to an i nmage nenory
15 is thmeooomed sed of a horizontal, or X, value and a vPeT/US@I34682 Y,

val ue. For sone inplenentations, each |location in the menory would then
store the video information for a single correspondi ng pixel of the

di splay screen. This video information nmay include both the pixel
intensity and the pixel color. A total{saf_ three inmage nenories 336, 338,
340 are enpl oyed. Wiile the 20 synbology is being witten into one of the

i mage nenories 336, the LCD 344 is refreshed by the video data in another
i mage nenory 340 that holds the synbology that was witten on the previous
di spl ay rebeastedcipowvete updaied gym %gliﬁ peguefiesh ayslesi fe fardons| y

cl eared of synbology so that it can WD 01/48729 PCT/ US00/ 34682 - 15 be
used to w iof ¢thaipdage dnaypabes agy then swidchedtonm af roéatingchadis, aflihe $tartcdfi ons

of the inmage nenories are then switched, on a rotating basis, at the start

of each diegphaysgigy Fefrdshcyele. Display systens have conventional ly
enpl oyed only two image 5 nenories, whereby, at any given tinme, one inage

ey 118 Used, Lssiagr satenish heleSRloAeHibAAY: 38588 ohy BN ddpdat ed

w th new synbol ogy. update operatron iI's uncti ons

a1 1 - oynenr HrbeReR BFRbky &l 6l Feone firas FRAmEY ERiFea Kpiedoner  osi
Che Trmge HHISPa MhiR (5 BOSOTL AL aIpa APOAICc YR S5V RaIAEvar e OR w i 1 os

t he new synbol ogy into the inmage mam)rty.
update operation is completed, the functions of these two image memories

are interchanged. Some systems—but not all—synchronize this interchange
to the completion of the display refresh operation. Following the interchange,

10 the update operation first clears the image memory of the previously updated
symbology/image and then writes the new symbology into the image memory.
Because this clearing operation is performed time sequentially with the writing
operation (i.e., instead of simultaneously) this limits system performance.
Both the minimum latency time (i.e., the time delay for displaying updated

15 symbology) and the maximum update rate are constrained by the requirement
of performing these two operations sequentially.

By employing three image memories, the three image-memory
operations (i.e., display refresh, clearing an image memory of previous
symbology, and writing new symbology) can all be performed simultaneously.

20  This allows the display system to achieve a lower latency time and a higher
update rate. It should be understood that this technique of utilizing three
image memories to improve performance is not limited to the application of a

LCD-based caligraphic display, It can be employed in any display system that



Because this clearing operation is performed tinme sequentially with the
witing operation (i.e., instead of sinultaneously) this limts system
performanweo/4Bet h the mninumlatency tinme (i.e., the tiper/asoesscs2or

di spl ayi ng updated 15 synbol ogy) and the maxi num update rate are
constrained by the requirenent of perform ng these two operations
sequentially. By enploying three i mage nenories, the three i mge-nenory
operations (i.e., display refresh, cleang an i mage nenory of previous
synbol ogy, and witing new synbol ogy) can all be performed simltaneously.
20 This allows the display systemto achieve a |lower latency tine and a

hi gher update rate. It should be understood that this technique of
utilizing telreshes aagdisplaynviithesomputatpgenarainst sSymbelagy/graphiss from @8d t o
the application of a LCD based caligraphic display, It can be enployed in
any di spl aymagstmendrat WO IitéBded tRET/thiISOfYaB4he83f the lpraseht dsveation
display with conputer generated synbol ogy/ graphics froman inmage nenory.

't is intergednmpaat allliughiBaiiby Systent BspIRaE6REL | nvention enconpass al |
such di splay system applications. In the display systemof Figure 1, two

di fferent nmechanpi Y, it RO I nto i e
menory. |In one E*Stiﬁﬁeg[as?)lﬂyﬁggg{ggqnpﬁgﬁ%%%i té\}v?l 92% aﬁ?cﬁﬁa%sgﬂ% r’%rgl ues
are passed thr,ou a FIEO pipeline.328 and a selector 324 in order to
cupply aad LSV (s Wline B ReolagE MEsgte Reshefe. dh el JhEES Teput i s
passed through a FIFO pipeline buffer 326 and a selector 330 in order to
suppl y t he Sempted gdadigitzad ¥0ang Yhepuhwgliesert? ywassed twewgh e Aff@eo dat a

input is on (i.e., not in the
pipeline 328 and a selector 324 in order to supply address values to the

image memory 336. The sampled video input is passed through a FIFO
pipeline buffer 326 and a selector 330 in order to supply the video data input

10  to the image memory 336. When the video data input is on (i.e., not in the
off/blank state), it is written into the image memory 336 at the selected X/Y
location. This approach emulates the operation of a CRT-based display, but
the symbology is written into image memory instead of directly onto the
display screen. However, the quality of the displayed symbology can be

15 compromised with this approach as a result of noise on the analog deflection
inputs 218 and 216.

The second mechanism for writing symbology into image memory
eliminates the degradation to display quality that results from noise on the
analog inputs. Instead of writing directly into the image memory, the data

20  stream of sampled inputs is monitored to detect the specific symbols that are
to be displayed. The detected symbols are then regenerated by digital means
within the display unit. Therefore, they are rendered without the anomalies

that can result from the analog interface.



off/blank state), it is witten into the image nenory 336 at the sel ected
XI'Y location. This approach enul ates the operation of a CRT-based di spl ay,
but thewgnbe7egy is witten into i mage nenory i nstead oPCTOUS@4b82 ont O
the display screen. However, the quality of the displayed synbol ogy can be
15 conpromi sed with this approach as a result of noise on the anal og
deflection inputs 218 and 216. The second nmechanismfor witing synbol ogy
into image nenory elimnates the degragation to display quality that
results fromnoise on the analog inputs. Instead of witing directly into
the i mage nenory, the data 20 stream of sanpled inputs is nonitored to
detect the speC|f|c synbol s that are to be displayed. The detected synbols

are then regenerl&€eHreAM & gigitredXand Ywalwes ankth@ GYUTeSPANRING StedPef or e,
they are rendered without the anomalies that can result fromthe anal og

i nterface. oNViIdD 4BiT29arRCTI4ISDPUB4682 pointlFeleht mechemisrof 3tH.gi ltiigenbtX and Y
val ues, and the correspondi ng stream of video data, are first input to a

poi nt sel e@écmmhatrewsample i thetdatastreasa(iye. t édasry poiityorsagpibol)n t he
data stream (i.e., every point on a synbol) be processed in order to

e o AAEEed JISLREIE b AL SR PR bl aized to
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the samples/points in the data stream where a transition in the video occurs
(e.g., where the video switches from off-to-on or from on-to-off). Additional
points are selected when a relatively long interval occurs between the video
10 transitions (e.g., the algorithm might select every fourth sample/point in the
data stream during the interval between the video transitions). The number of
points that are selected should be high enough to ensure an unambiguous
detection of all of the symbols in a symbol library.
When a specific library symbol is detected, the vector generate
15 mechanism 320 is used to regenerate the symbol from information in an
internally stored library. It outputs a sequence of vector commands to the
render mechanism 322. The render mechanism 322 then renders each of
these vectors into image memory 336. It outputs a sequence of X/Y
addresses through selector 324 to the address input of image memory 336
20 and it outputs video data through selector 330 to the data input of the image
memory 336. Video data is written into the image memory at each of the

addressed locations along the path of the vector. The vector commands for

generating a given symbol designate the locations of the vector end-points as



10 transitions (e.g., the algorithm m ght select every fourth sanpl e/ point
in the data streamduring the interval between the video transitions). The
nunber ofwoOpoisTes that are sel ected shoul d be hi gh enoughreUseg4s2 an
unambi guous detection of all of the synbols in a synbol library. Wen a
specific library synbol is detected, the vector generate 15 nechani sm 320
is used to regenerate the synbol frominformation in an internally stored
library. It outputs a sequence of vectorg commands to the render mechani sm
322. The render nechani sm 322 then renders each of these vectors into

i mge nenory 336. It outputs a sequence of X/'Y addresses through sel ector
324 to the address input of inmage nenory 336 20 and it outputs video data

t hr ough selreletive ta3betlocation ahithe iskpo!l on theedispliaye Thenpripts3al®ngihgeo dat a
is witten into the imge nenory at each of the addressed |ocations al ong
t he pat h ofpattheolveszchr vettoe aext alsoc antialyd generatede asr atlatige alagatiens.synbol
designate the | ocations of the vector end-points as WO 01/ 48729

PCT/ US00/ 34t%@Zefore, Lthe' ebmddritRy nfedHmidracaddPmhefsyinisolsyereeh positioe toi spl ay.

The points along the path of each vector are also initially generated as

relative | 96ald Alistve THBLETOLRIer Bod RIS IHGHBRIRN SMud dRidhbgaiphol

screen position to these relative ues in order to generate

X and Y ad?resses to 5 the imge nmenory. Wen a synbol to be displayed is
not recggnir}%gnﬁge H@'ﬂ%ryone of the synbols in the library, the data stream
of X, Y, and video sanples is used to render the synbol di rectlg into

i mage mermory 338VReR guprmbeldome-dispigyad; igdnot recognizeéd as being one of the

symbols in the library, the data stream of X, Y, and video samples is used to

render the symbol directly into image memory 336 through the FIFO pipeline

buffers 326 and 328. The FIFO buffers 326 and 328 are required in order to

10 save the stream of data samples during the time interval that is required for

either identifying the symbol or determining that the symbol is not in the
library.

Although not explicitly shown in the block diagram of Figure 1, displays

that are based on LCD technology generally require the implementation of an

15 anti-aliasing function. Displayed images are actually spatially sampled

representations of a desired image, and the quality of the displayed image

can be degraded by an aliasing effect between the spatial

resolution/frequency of the symbology and the pixel resolution of the display

(i.e., the spatial sampling frequency). Aliasing is not a problem with a stroke

20  CRT display because of the low-pass spatial filtering that is inherent with the

analog-deflection mechanism of pixel addressing. However, LCD-based

displays generally incorporate anti-aliasing circuitry in order to provide a high

quality image. To this end, the analog-to-digital conversion of the X and Y



buffers 326 and 328. The FIFO buffers 326 and 328 are required in order to
10 save the stream of data sanples during the tine interval that is

requi red Won1/4s324 her identifying the synbol or determ ni nBCT/at0/34be2 synbo
is not inthe Ilibrary. A though not explicitly shown in the block diagram
of Figure 1, displays that are based on LCD technol ogy generally require
the inplenentation of an 15 anti-aliasing function. D splayed inmages are
actual ly spatially sanmpled representatiqgns. of a desired i mage, and the
quality of the displayed image can be degraded by an aliasing effect

bet ween the spatial resolution/frequency of the synbol ogy and the pixel
resolution of the display (i.e., the spatial sanpling frequency). Aliasing
is not a pitta@uas emelavs:akigheo resofutiens hary theepiek eeselutioneof the- lfalbs
spatial filtering that is inherent with the anal og-deflection nmechani sm of
pi xel addr essdemg. Tihiasveaeh of tiDXbasdd valueyplfrys thye dégital filter 8t2rshowat ia
anti-aliasing circuitry in order to provide a high quality inage. To this

end, the atrrg%m@-ﬁ Raslbett Rtegedrirer facionafl bitde|tXs elinte P SUHidRY dPthese
PCT/ USO0/ 34682 - 19 input val ues enpl oys a higher resolution than the

pi xel resolytianypf Lhe & 1§CikfBss TRESIRAGY Rk 36N nErHEL Ups Trom
I S (ﬁﬁl rﬁé@ both 1 nt r

the digital I'ter 312 own I n gure 1 eger and acti onal
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information into the inage nenory 336 al ong

subpixel/fractional addressing information into the image memory 336 along

with the video data. This information can then be processed when the image

memory is scanned/read in order to implement an anti-aliasing algorithm on

10 the video generated for the display refresh. A second approach is to
implement the anti-aliasing function on the input-side of the image memory.

This approach requires write operations to additional locations in the image
memory 336. Locations that are adjacent or near to those traced by the
integer X and Y values would be written with video of a lower intensity.

15 It should be recognized that the embodiment of the present invention
shown in Figure 1 is only a vehicle for describing the subject invention and it
represents only a single example of this particular application of the invention.
Some designs, for example, might include a capability for arcs as well as
vectors in the re-rendering of detected symbols. Also, some display units are

20 designed to allow computer-generated symbology to be overlaid on camera
video.

The embodiment of the present invention shown in Fig. 1 allows

symbols to be rendered from the internally stored library with very high



with the video data. This information can then be processed when the inage
menory is scanned/read in order to inplenent an anti-aliasing algorithmon
10 the vivdeol/goeer at ed for the display refresh. A second mppuUs@cdics2s to

i mpl enent the anti-aliasing function on the input-side of the image nenory.
Thi s approach requires wite operations to additional |ocations in the

I mge nenory 336. Locations that are adjacent or near to those traced by
the integer X and Y values would be_wmigtten with video of a | ower
intensity. 15 It should be recogni zed that the enbodi nent of the present
invention shown in Figure 1 is only a vehicle for describing the subject

I nvention and it represents only a single exanple of this particul ar

appl i cat i oquefityt Beit iitns eaquiady.impsdast thatithe positionsexfdhpbe symhgis onntbeude a
capability for arcs as well as wvectors in the re-rendering of detected

synbol s. Aldiplays eoreed Ispstapleioves naulplé Wistslay upedtdso  Anl urvstable symbol
conput er - gener at ed synbol ogy to be overlaid on canera video. The

enbodi ment p@fsitibhev@fu%eéﬁnérﬁfée@ | ByharhieaisplayFidghordal@! | v6rturfatelol et 0 be
rendered fromthe internally stored |ibrary with very high WO 01/ 48729
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positions O ese synbol’'s on di'splray “screen e over nuFtipIe
di spl ay_updates, _An _.unstabl e synbol oSi ti ul d generate a dypam c
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conmpatible with the inplenentation of a 5 special filtering operation that
can accur alV¥hgn déeesyinhel ganesrtoposPesiiens X tand sy ngeflediione tat tbe

repositions the X and Y deflection to the
initial/start position of a new symbol, it pauses before rendering the symbol so

that the deflection amplifiers of a CRT-based stroke display unit have enough
time to respond and settle to the correct output voltage. This time interval of
10 stable X and Y input values (i.e., stable within the noise level) can be
detected, and the input samples can be filtered during this time period to
provide X and Y position values that are stable over multiple updates. For
some stroke display systems, a string of alphanumeric symbols may be
rendered with only a single pause (i.e., a pause preceding only the first
15 symbol in the string). In this case, the display unit can be designed to
position the additional symbols relative to the position of the first symbol in the
string, thereby providing stable screen locations for all symbols in the string.
The detection of this time period of stable X and Y deflection inputs prior to
the rendering of a symbol can also be used to reset the symbol recognition

20  mechanism, which operates as a state machine.
In order to eliminate the generation of dynamic anomalies, the symbol
recognition mechanism should consistently recognize any symbol in the

library under worst-case noise conditions. Additionally, it should not mistake



initial/start position of a new synbol, it pauses before rendering the
synbol so that the deflection anplifiers of a CRT-based stroke display
unit havevenouwsg tine to respond and settle to the correrCT/@R00B4E82v0l t age.
This tinme interval of 10 stable X and Y input values (i.e., stable within
the noise level) can be detected, and the-input sanples can be filtered
during this tine period to provide X and Y position values that are stable
over multiple updates. For sone strokeqdisplay systenms, a string of

al phanumeric synbols nmay be rendered with only a single pause (i.e., a
pause preceding only the first 15 synbol in the string). In this case, the
di splay unit can be designed to position the additional synbols relative
to the posispimsnotitertinput seguensenfisl one of tilee symbaly in tthe rlbsgrypr bviotherg
stabl e screen locations for all synbols in the string. The detection of
this tine perdsdan ispablsegience (Wbodkey | senbainor montlbrani syntbol) sheuld
rendering of a synbol can al so be used to reset the synbol recognition 20

mechani sm n‘Uﬂi—%K}eﬁQﬁ‘{d@?%r@tscé’sesﬁél’%é conafions—reBcR el IévEl fat et he
generation of dynam c anonaelies, the symbol recognition nechanism should

tentl
Condi £1 ons %Aﬁﬁﬁﬂﬁgkéﬁn'ﬂgﬁ f?fygﬁ fithe Smtd iR el Q%Z%eﬁ?%et&%?éi‘ész
- 21 t t t h nb i h I
ot ner S oSS AR B (ﬁqUHPErtga ehisTvTBL e o SRS )
should not-even under wor st -case noi se conditions-reach a threshol d | evel
for the défé&idiizag inpubgaMAlen ibmaynke srecestanyyryBIPlemant HHS fempgtionyin

Because the 5 synbol recognition function is required to operate in
real -ti me \wardwareeragherethan in software. The need for real-time performance would

also seem to require a solution that compares the sequence of input points on

a simultaneous basis to the expected sequences for all of the symbols in the

10 library (i.e., rather than a sequential comparison to one library symbol at a

time). The subject invention is a method of pattern recognition that is
compatible with all of the above requirements.

The pattern/symbol recognition mechanism will bé explained by means

of an example that shows the process for detecting the alphanumeric symbol

15  “N". The first step in this process is to select samples from the input data

stream that correspond to selected points on the symbol being rendered.

These are used to generate a sequence of memory addresses that are used

as the input to the symbol recognition mechanism. Figure 2 depicts the

rendering of two alphanumeric symbols for both the normal orientation of

20 each symbol and also for a rotated orientation of each symbol. Figure 2A

shows the rendering of the symbol “N” 400 in its normal upright orientation

and Figure 2B shows the rendering of the symbol “L” 420 in the normal

upright orientation. Figure 2 also shows the superposition of two coordinate



of digitized input sanples, it may be necessary to inplenent this function
in hardware rather than in software. The need for real-tine perfornance
woul d alveoosesgm@ to require a solution that conpares the BenywsecHEesr | nput
points on a simultaneous basis to the expected sequences for all of the
synbols in the 10 library (i.e., rather than a sequential conparison to one
library synbol at a tinme). The subject invention is a nethod of pattern
recognition that is conpatible wth-alkl of the above requirenents. The
pattern/synbol recognition nechanismw || be explained by neans of an
exanpl e that shows the process for detecting the al phanuneric synbol 15
"N'. The first steghin this E%ocess is to select sanples fraoamthe input

data streafY$tREIS. cbhe deplgnautas coprdivateBysiRmhtis shewm Y§%ﬁéfiz%ﬁhax's
rendered. These are used to generate a sequence of nenory addresses that

are used Xsandénhe nedicat axishe Radiablcoortinatei it arh angulacbsrdindtedlisko®
depicts the rendering of two al phanuneric synbols for both the nornal

ori entati othedbugdtirRp6sed polRPodithatb $9sfeph. @ rotated orientation of each
synbol. Figure 2A shows the rendering of the synmbol "N' 400 in its nornal

A R e S T T L

420 in the norma . i"on shows the
The. 1 bcs anfIPECeoBNADRE & Ejdfieryh SESKBATE BIE R HOMTS Bhiarseafredis and
the vertical axis Y. Radial coordinate r and angul ar coordinate O show the
super i npos Bgferel the ek Mit40G ipstesrerechdheyhiand Y geflegtionfinmitgdpdhea i s
rendered by five vectors, and the
display are stable—except for noise—at point 402 of Figure 2A. As
previously noted, this stable condition is detected in order to derive filtered X
and Y values for point 402. The symbol recognition mechanism is also reset.

10  The initial/starting point for rendering the symbol—which in this case is point
402—defines the symbol position. It is also used as the center of rotation
when a symbol is rendered as rotated.

The symbol “N” 400 is rendered by first rendering a blank vector from
point 402 of Figure 2A to point 404. A “blank” vector is drawn with the video

15 inthe off state. This vector is shown as dotted in Figure 2A in order to denote
that the video is off. Three contiguous vectors, for which the video is
switched on, follow this initial blank vector. Vectors are rendered from point
404 to point 406, from point 406 to point 408, and then from point 408 to point
410. Finally, another blank vector is rendered from point 410 to point 412.

20  This latter vector is included for compatibility with the rendering of strings of
alphanumeric characters—it positions the deflection to the next symbol

position of a string. Figure 2B shows a rendering of the symbol “L” 420. It is

positioned at point 422, and is rendered by first rendering a blank vector from



5 reference nunbers in Figure 2A designate the end points of these vectors.
Before the synbol "N' 400 is rendered, the X and Y deflection inputs to the
di spl ay aveowisabd e- except for noi se-at point 402 of Fi gur BCRASOMAR682
previously noted, this stable condition is detected in order to derive
filtered X and Y values for point 402. The synbol recognition nechanismis
also reset. 10 The initial/starting point for rendering the synbol-which in
this case is point 402-defines the syni3al_ position. It is also used as the
center of rotation when a synbol is rendered as rotated. The synmbol "N’
400 is rendered by first rendering a blank vector from point 402 of Figure
2A to point 404. A "blank" vector is drawn with the video 15 in the off
state. Thi $OUEAZE to Boishddm. ahisiig fadlewed by the eermrring of e veetogewdthe t hat
the video is off. Three conti guous vectors, for which the video is

swi t ched otthe Viaelooon.t ihe \ietidri rehdbtehfkomepdiot 424/éa poird 426eisrfelioleed dyf r om
point 404 to point 406, frompoint 406 to point 408, and then from poi nt
408 to poi BtveddOfrof p&ht %26 36 Politr428. amkisVis Goiswéd by eNBRINRA/ doterfrdai nt 410
to point 412. 20 This latter vector is included for conpatibility with the
renderi ng . StAangs i 0 - i td ;
defl ecti on%]t:)gﬁt{?gn%& ’s%@%@{b%gg@g%ttﬁ%?ég% @g&gﬁri énégﬂﬁ%%érrg’%g{%ﬁ&g a
renderigg o{.the synbol "L"™ 420. It is positioned at point 422, and is
rendered by 1% st rendering a bl ank vector from WD 01/48729 PCT/ USO0/ 34682

- 23 point 422 to point 424. This is foll owed bty th renderinlg of two
vectors with thiffeieatAlearthie Gascths sraplg¥e@dlor SSRGhote REIMISt 8NpGi nt 426

is followed by a vector frompoint 426 to point 428. This is followed by a
bl ank vect oenderechsymbol for generating the inputs to the symbol recognition function.

An effective technique is to first select all of the samples in the input stream
on which a video transition occurs (i.e., a transition from off-to-on or on-to-off).
10  This would result in the selection of points 404 and 410 on the rendered “N”
400 of Figure 2A. If a pause occurs after the symbol is rendered, detection of
this stable period of the sampled X and Y deflection can be used to select the
ending point of the symbol (i.e., point 412 of Figure 2A). Additional points are
then selected between these initially selected points. A simple and effective
15 algorithm is to select additional points on a periodic basis. For example,
every fourth sample following a video transition might be selected. But other
algorithms are possible. One possibility is to select the vertex points between
contiguous vectors. This would result in the selection of points 406 and 408
in Figure 2A. An algorithm could also be devised for using a combination of

20  vertex selection and the periodic selection of points.
The vertices between the vectors of Figure 2A can be detected by
monitoring the changes in the sampled X and Y input values over time (i.e.,

by monitoring the AX/At and the AY/At values). These values are essentially



poi nt 428 to 430, which positions the deflection for a subsequent synbol in
a 5 string. Different algorithnms can be enployed to select the points on a
render ed ve@nbed724d or generating the inputs to the synbol repCDYRINII4682
function. An effective technique is to first select all of the sanples in
the input stream on which a video transition occurs (i.e., a transition
fromoff-to-on or on-to-off). 10 This would result in the selection of

poi nts 404 and 410 on the rendered "N 24400 of Figure 2A. |f a pause occurs
after the synbol is rendered, detection of this stable period of the

sanmpl ed X and Y defl ection can be used to select the ending point of the
synbol (i.e., point 412 of Figure 2A). Additional points are then selected
bet ween th@@esliamﬁeapegt sfer eopis¢ P tthe Angitath| esehdiosr fafctthg e At®-D
algorithmis to select additional points on a periodic basis. For exanple,
every four thnsemspre—Hotihgwihegrenderitigoof raagdien epctorghBuiethesketietstityBut
other algorithns are possible. One possibility is to select the vertex

poi nts bet wagps” %ﬂ‘rétdtﬂ\@@ﬁem%%ﬁro‘ﬁtheﬂ‘érﬁje\“@dll/éctb?sw éhéd’@élh%n%ed)reﬁéthon of
points 406 and 408 in Figure 2A. An algorithmcould al so be devised for

using a cogbynald (4,8 c?ﬁ%evl?ﬁ]oef& &&bSFEh'egpcié_% Bpgé%?tre&fb%'rﬁefjﬁ%tﬁfétehon of

points. The vertices e vectors ected by

nonitoring,the ¢ anges i | e an ut val ues,over ,
by rront b or 13 YO 300 MtendS Apek i 593“.0 &Oén@apne@ea@ni%rgﬁnuauy
WO 01/ 48729 PCT/ US00/ 34682 - 24 constant-except for noise and the limted
resol uti onS¥MbOhe A-to-D conversion-duri ng the rendering of a given

vector. But these "velocity
Each vertex in the symbol “N” 400 is formed by a pair of vectors with

significantly different orientations. This simplifies the detection of these
vertices. A vertex for two vectors with similar orientations is more difficult to

10 detect and can result in a less consistent selection of points on multiple
renderings of the same symbol. This is especially true when noise is present.
Therefore, in a practical implementation of this invention, the periodic
approach to the selection of additional points may be preferred. However, in
the interest of simplicity, the vertex selection algorithm will be used in this

15 example. With this algorithm, the points 404, 406, 408, 410 and 412 would
be selected on the rendered “N” 400 of Figure 2A.

The next step in the symbol recognition process is to generate a
sequence of memory addresses. A single memory ‘address is derived from
each of the selected points. The symbol recognition process then uses this

20  sequence of address inputs for a sequence of table-look-up operations. The
memory tables for these operations are organized in a hierarchy of levels with
one or more tables at each level of this structure and with a separate level for

each of the memory addresses of an input sequence. The first address of an



val ues" reflect the orientation of the rendered vector. A change in one or
both of these values can be used to detect the | ocation of a vertex/corner
bet ween Swowp4s7ext ors, and hence to sel ect the additi onal PEDURNE34682 t he
rendered synbol. Each vertex in the synbol "N' 400 is forned by a pair of
vectors with significantly different orientations. This sinplifies the
detection of these vertices. A vertex for two vectors with simlar
orientations is nore difficult to 10_detsect and can result in a |ess

consi stent selection of points on nultiple renderings of the sanme synbol.
This is especially true when noise is present. Therefore, in a practical

i npl enentation of this invention, the periodic approach to the selection
of additi ofUtESIquUeschds Usedpioepediess. a roamory table atithe firgt igvedof dhis
sinplicity, the vertex selection algorithmw ||l be used in this 15 exanple.
Wth this strgoturéhri thehlecatiomts thiOfirst 48 ctetDBoind bh thedrehdidretbsymibobis

sel ected on the rendered "N' 400 of Figure 2A. The next step in the synbol

recogni ti ogoRsIERISWitS dne 8€ARIrat §/rbols ESFUBIRC Bbr@iry, BRI the2BdiRE SEfStheA
singl e menory' address is derived from each of the selected points. The

nbol [dd N BSBEtd 4 f hirauts f
synbo rec%@?féés% rﬂ%@@ﬁﬁapﬁlé‘%l Hélﬁ?totQ'sﬁ)ﬁéﬁcﬁn%%fé;?%aegﬁegﬁﬂgfﬁt chdrgut s tor

a sequence of table- operati ons. ese
operatipns are _prganjzed.in a hi.erar of, |l evels w t one oy, _nore tables
oot oy aIOFR i vt cedhebiie viHarane cagicndy ddlye® o thelaifutof t he
menory addresses of an input, K sequence. The first address of an WO 01/48729
PCT/ US00/ 38689ence 265%%&? %@dﬁ%ﬁw@'ési@eﬁﬁ@é @8‘%@8#%‘%0%%??“?"&5?@ at

the first level of this
This process continues with the selected points on the rendered symbol—by

means of the corresponding memory addresses—directing the path through
the hierarchy of memory tables.

10 At least three types of outputs are possible for the memory tables. As
long as the sequence of points/addresses remains consistent with one or
more of the symbols in the library, each memory table outputs a “table
address” that points to a specific table at the next level in the hierarchy. Then
the next address in the input sequence is used to address this specified table

15 in order to test the corresponding point on the rendered symbol. Should this
point be inconsistent with any of the possible library symbols, the memory
table output indicates this failure to recognize the rendered symbol. But if a
completed sequence of memory addresses is consistent with one of the
library symbols, the output from the last memory table is the code for the

20 rendered symbol. The symbol can then be re-rendered by the display unit.

For each selected point on a rendered symbol, the corresponding
memory address is comprised of the relative X value of the point, the relative

Y value of the point, and a single video bit. For the symbol “N” 400 of Figure



structure. If the location of the first selected point on the rendered
synbol is consistent wwth one or nore synbols of the library, then the
out put ofwohe4s72adddr essed nenory table will point to a speeCtiusowzabdze at

| evel -2 of the structure 5 that allows for this possibility. Then the
second address in the input sequence is used to address this specified
table at level-2 of the structure. This process continues with the

sel ected points on the rendered synbol-dgy— nmeans of the correspondi ng
menory addresses-directing the path through the hierarchy of nenory
tables. 10 At least three types of outputs are possible for the nenory
tables. As_|long as the sequence of points/addresses remains consistent
with one orfA. e selgtive Kevalyaidiasgivantgint is slesivgd byagubtragtingythe abvalugut put s
a "table address"” that points to a specific table at the next |level in the
hi er ar chy. ofipeint 40Zefroexthead dradiss at the bivenrgmint. s€heealadive sy waka: otheddr ess
this specified table 15 in order to test the correspondi ng point on the

rendered syjNEn poibhgWetivieli gy sustrautingahé nceaae of pointwd2hframythely Vakie
possible library synbols, the nenory table output indicates this failure

to recogni z¢ thBeqyileRNqsdifd W%lngl%%{i%éé& blﬁ’li Emcﬂi@'n%ﬁggf;%%ﬁ%ed%o{&mry

addresses is consSistent with one’o rary sy out put from
can thet boTFReAabPLiaBRc8 Boy My IRt ot B SR ERE o M RE o
Fel'at i ve XU iHe Gham @B R SarBed-ol ADPYESTeGa HSe T INEIRGMmIr #nd a
single video bit. For the synmbol "N' 400 of Figure WO 01/48729
PCT/ US00/ 34e@Pered sygnbol (i.e., the intensity and/or color of the rendered symbol) is
required for correctly re-rendering the symbol, but only the video “on-off’ state
is required to recognize the symbol.
10 The symbol recognition process for the symbol “N” 400 of Figure 2A is
diagrammed in Figure 3. The address 502 of Figure 3 is derived from point
404 of Figure 2A. Address 502 is comprised of both the relative X location
AX1 506 and the relative Y location AY1 508, of point 404, and of the single
video bit V 504. The state of the video bit V 504 reflects that the video is
15  blank prior to the sampled point 404. Address 502 is used for the first table-
look-up operation in the symbol recognition process. It determines the output
from the memory table 510 of Figure 3. The first level in the structure of
memory tables of Figure 3 is comprised of this single memory table, 510.
Level-2 of this structure is comprised of the tables 520, 522, 524, 526, and
20  perhaps additional tables that are not explicitly shown in Figure 3. Level-3 is
comprised of tables 530, 532, 534, 536, 538, and perhaps additional tables

that are not explicitly shown. Similarly, level-4 is comprised of tables 540,

542, 544, 546, 548, 549, and perhaps additional tables. Level-5 is comprised



2A, the relative X value of a given point is derived by subtracting the X
value of point 402 fromthe X value at the given point. The relative Y
val ue of wdel/4gyewven point is derived by subtracting the YrPewmUS@/3ab82p0i nt
402 fromthe Y value at the given point. The single video bit in the
menory address denotes 5 whether or not the video is "on" (i.e., in a
non- bl ank state) prior to the time that the given point is sanpled. The
conplete video information for a rendered synbol (i.e., the intensity
and/or color of the rendered synbol) is required for correctly
re-rendering the synbol but only the video "on-off" state is required to
recogni ze the synmbol. 10 The Séﬁb0| recogni ti on process for the synbol "N’

400 of Fi g@f &ablesndo, (ﬁ%’gﬁéf’n’r@ 6; Ao%i 9eY.cand PeRARsyadditignabtabigs. FilGgre 3 is

derived from point 404 of Figure 2A. Address 502 is conprised of both the
rel ative Xldsbdavélom thixistB@Burendvititie caal beidasighatedaas dine AMth'5@8el,0i6 poi nt
404, and of the single video bit V 504. The state of the video bit V 504

reflects thbainprisedwfdee tablesS560,a862, B840 raridopodssiblyaagditohdltables4 0%hisAddr ess
502 is used for the first table- |ook- up operation in the synbol

recogni ti ogRERFEDF méﬁoﬂﬁtta%iég r'?m%gtlﬁé]ﬁdé"ébﬂﬂbnai [, '&Bﬁélo¥ ¥y sRGWA 510 of

Figure 3. The first level  iInth ructure of nenory tables Figure 3 is
conpri sed of this structure is
conpri sgd ﬂ{F “ré?am% Sﬁggr&g\éﬁéﬁ%lﬁ% 53%% thg gggbv%)ler haps addi ti onal
tables that are_not explicitly.shown in ! |sed of
tabl es 530, 532, NgayMaRlyecaaRlion Apepy f&i’?éa(ﬁvmt}sﬁ U g S FGERRRAGr e ot
explicitly shown. Simlarly, level-4 is conprised of tables 540, 542 544,
546, 548, SAWIO¥NHA SPEHRAES OBEM? eddiesses hatase desived conpecutiyeht freedhep

01/ 48729 PCT/ US00/ 34682
points 404, 406, 408, 410, and 412 of Figure 2A. Each of these addresses is

used for a table-look-up operation at the corresponding level in the memory
10  structure of Figure 3. Only the first address in this sequence (i.e., the address
502 derived from point 404) is explicitly shown in Figure 3. Both the location
of point 404 (relative to point 402) and the blank video-state preceding point
404, are consistent with the rendering of a number of possible symbols.
These include any of the symbols: A, B, D, F, H, K, M, N, P, R, and X.
15 Therefore, in response to the input address 502, memory table 510 is
designed to output a pointer 570 to the level-2 table 520, which is designed to
allow for the possibility of any of these symbols. The next address in the
sequence, which is derived from point 406, is then used for a table-look-up
operation with table 520. The location of point 406 is not consistent with the
20  rendering of the symbols “A” or “X". Therefore, the output 572 of table 520
points to the level-3 table 536, which is designed to allow for only the symbols
that remain consistent with both of the points 404 and 406. These comprise

the symbols: B, D, F, H, K, M, N, P, and R. The address derived from point



- 27 of tables 550, 552, 554, 556, 558, 559, and perhaps additional tables.
The last level in this structure, which can be designhated as the "Nt h"

| evel , i svooomed sed of the tables 560, 562, 564, and posBCDUgoedas2t i ona
tables. This structure of nmenory tables nmay include additional |evels, not
explicitly showmn 5 in Figure 3, that reside between |evel-5 and the | ast

| evel . The synbol recognition operation for the synbol "N' 400 of Figure 2A
enpl oys a sequence of five addresses_tip@t_are derived consecutively from
the points 404, 406, 408, 410, and 412 of Figure 2A. Each of these
addresses is used for a table-look-up operation at the corresponding |evel
in the menory 10 structure of Figure 3. Only the first address in this
sequence (A0 é is thea WeRe &ysa tgblg lgekiupe @PeradigNpRN mpemony takjec3f.i Byt y
shown in Flgure 3. Both the location of point 404 (relative to point 402)
and t he bl anint\Vil8eis-reit aoasisterd exditn thep oenderingOdf, arar ef thensyrabelst By, HF,t he
rendering of a number of possible symbols. These include any of the

synmbol s: AH,EK, N, PEantlRKOW the sPmbBl “Rneerfaing asTagosbibilky. iMhersopoNse to
t he i nput address 502, nmenory table 510 is designed to output a pointer

570 to the}t/ﬁ%}éﬁ £u¥ 5t7%t6f€ta§?e053q:§bﬁ?s 'tértr?@l%!vgl‘@q b 544, 'Wch% de @ned

possibilit ny of these s he  next address'in t uence,

operat | on i 1A eI 8, R 30 BB, 1,

Eggl (2905r28nd“gt53‘: Hgss?/}rg)tc{llﬁlf%/%@ -in r@wr@%@éhe\%@iﬁigggqﬂgm ‘H’g‘gf; gt ‘l\f(P?(ZJWO; or
only the synbols that renmain consistent with both of the points 404 and
406. Theseth®aptiu &76tafdablenbytt poinks tatherleval-SKablg 53¢, whichrigl drsignied
address derived from point
to test point 412 for consistency with the symbol “N”. Since this is the case,
table 552 outputs the code 578 for the symbol “N” to indicate that this symbol
10 was recognized. If the location of point 412 is inconsistent with the rendering
of the symbol “N” 400, table 552 outputs a code to indicate that the rendered
symbol is inconsistent with any of the symbols in the library.
The content of the memory tables is designed to recognize any of the
symbols in a symbol library. For some applications, the sequence of memory
15 addresses for each symbol of the library may trace a single unique path
through the structure of memory tables. But this will not always be the case.
Consider the following example. For some particular application, the location
of a selected point on a rendered symbol might be consistent with two
different library symbols, say symbol “S1” and symbol “S2”. However, if this
20  point were at a slightly different location—perhaps due to n~oise, it might be
consistent with symbol “S1”, but not with the symbol “S2". In this case, the

next level of the structure would include two memory tables that allow for the

possible recognition of the symbol “S1”. One of these would allow for both



WO 01/ 48729 PCT/ US0O0/ 34682 - 28 408 is then used for a table-1ook-up
operation on nenory table 536. But point 408 is not consistent with the
renderi ngvobi/a81ge of the synbols: B, D, F, H K M P, anBCRUS@m4yszt he
synbol "N' remains as a possibility. Therefore, the output 574 of table
536 points to the level-4 table 544, which is designed 5 to test point 410
against this last possibility. Point 410 is indeed consistent wth the
synbol "N'. Thus, in response to the_agdress derived from point 410, the
out put 576 of table 544 points to the level-5 table 552, which is designed
to test point 412 for consistency with the synbol "N'. Since this is the
case, table 552 outputs the code 578 for the_ sy "N' to indicate that
thi s synbol’S10 angs $£Go@ﬁ*ﬁ’ b8, OV\‘ertW@U|Idoéﬁ@\i"of9fof’nlb10|$|1 41Phers fopdbissi st ent
with the rendering of the synmbol "N' 400, table 552 outputs a code to

i ndi cat e t laaplitdton, endeastdtiwe patisl exist thﬁougmtbe estiuctirehofamgnadry tthblesy nbol s
in the library. The content of the nenory tables is designed to recognize

any of thethgyabok ; ihe recsyniieh df iths syvboF®1”some appl i cations, the
sequence of nenory 15 addresses for each synbol of the I|brary may trace a

singl e uni que pajfs HBE@&&@OH&?@& rdf'ﬁ)%ﬁ%ﬁ] fécd@?ﬂanV héé@o‘?ﬁe siHilaritidlsStow | |

not al ways be the case nsi der t ow™ng exarrp e. For sone

parti cular plic h tion e red
ool iy ohte efghovel SepRitio Faf i drie ﬁ?ﬁ*@%ﬁ&%@r&e@%%ym
"S1" and synbol "S2". However, if this 20 point ? ?

different IceERE"® g 8P ARRCEIREINPHIS A §<§'mP a'FﬁQj’rﬁ %éﬂé’i é'ﬂ%ﬁ? téﬁ“?h
synbol "S1", but not with the synbol "S2". In this case, the next |evel of
the struct of e Wbtard (i.8c iather theneempgrinared timersequestial Gasishto one

library pattern at a time). However, for both hardware and software
implementations, the subject invention can achieve a higher level of

10 performance. In the case of hardware implementations, the subject invention
generally provides a lower-cost solution than the neural network approach.
And because it can employ standard off-the-shelf memory devices, it also
avoids the risk of future parts obsolescence that is inherent with the neural
network approach. As with the neural network approach, the subject

15 invention can also employ a learning method for tailoring a basic design to a
specific application.

The data in the memory tables of the subject invention can be derived
by analysis, by simulation, by a learning approach, or by a combination of
these techniques. For the learning approach, data can be collected from the

20  actual rendering of the library symbols (e.g., at the output of the point select
function 314 in the block diagram of Figure 1). If this data is collected in the
actual real-world environment of the end product, it will reflect the actual noise

conditions of this environment. It can then be analyzed—by means of an



possi bl e recognition of the synbol "S1". One of these would allow for both
WO 01/ 48729 PCT/ US00/ 34682 - 29 "Si" and "S2", and the other would all ow
for onlywe®niids7Ihen for this application, at |east two prCheSexisss2 t hr ough
the structure of nenory tables that result in the recognition of the
synbol "S1". This described nethod of pattern recognition has sone
simlarities to 5 the neural network approach. For exanple, both of these
approaches conpare the sequence of inpggts on a sinmultaneous basis to all
of the patterns of a library (i.e., rather than conparing on a

ti me-sequential basis to one |library pattern at a tine). However, for both
hardware and software inplenentations, the subject invention can achieve a
hi gher | evaltaipated peesessmasing a rcarpeuteaseragramar@naieteinipeefett dheons,

t he subject invention generally provides a | ower-cost solution than the
neur al net woninap@wesctor théusdldoeshpsiets on eacheapteredssyambalrahdélfsotthe- shel f
menory devices, it also avoids the risk of future parts obsol escence that

i s i nherenttandakd t Beviagor afor ARIsEONal@ePridache Astual t RoisBe eRQkoAeRet wor k
approach, the subject 15 invention can also enploy a |earning nmethod for

ol oring il SRR hibifodSRERIAL APBHEARIOR 1nEGofiglph bitihe Memor y

tables of the su Invention can | . anal ysi's, by simulation,
earni g albiealia’GEPL Kanle B 1L Ha BenbenedBF Lot BarfG iy of
i the bi oBIORRARY dintes Sl eecsonint tincBonar b rpepac federngriae .
table data provides a significant advantage over the strictly empirical
approach to learning inherent with neural networks. With a neural network
solution, noise margins and error probabilities are known only empirically and
10 much less confidently. |
The amount of memory required for a specific application of the
invention is not easily determined. For example, the number of memory
tables required for a given level of the structure is application-dependent but
generally increases with the number of symbols (or patterns) in the library.
15 For the described application, the number of levels in the memory structure is
determined by the maximum number of points/samples that will be selected
for the rendering of any symbol in the library. But for most symbols, the
number of points selected will be less than this maximum. Therefore, most
library symbols will not utilize all the levels of the structure. The number of
20 points selected on rendered symbols should be large enough for
unambiguous symbol recognition, but the selection of additional/redundant
points unnecessarily increases memory size. Given this complexity, it is still

useful to examine the potential memory requirements of the invention.



actual real-world environnment of the end product, it will reflect the
actual noise conditions of this environnment. It can then be anal yzed- by
means of vamoIM3704/ 48729 PCT/ USO0/ 34682 - 30 automated prBCEESONESLSYY a
conputer programto determi ne both the nom nal values for the sel ected
poi nts on each rendered synbol and also the standard deviation for these
val ues in the actual noise environment. Standard statistical nethods can
then be enployed in the generation of_t3he 5 table data. For exanple, this
data can be generated for a specific error probability in the synbol
recogni tion function. This approach to deriving the table data provides a
significant advantage over the strictly enpirical approaqh to | earning

i nherent wi t h néangideiethromremony raquirett feala desigoy iths @ librasw, ohdic8e
margins and error probabilities are known only enpirically and 10 nuch

| ess confi dgmiblojs arfdthe reaxionim of 38gyointg setepied ed the remdeneecsyimtmolspdhiecat i on
of the invention is not easily determ ned. For exanple, the nunber of

nenory taph@foRestHidte® Welldaheh\@mpréed3 RiveldRits thal kst evdl Tomprised
appl i cati on-depéndent but generally increases with the nunber of synbols

(or patterns) %@gl%ﬁgfre;bgﬁ e r]e%ézlﬂfngtgléife?s‘\:ré ?&%ﬁﬁ(@ﬁ!ﬁ rﬁrgéc%roﬂouﬁ&f%'n“”ber

of levels int ucture 1s termne mum nunber of

' / I h WMl b I d f he renderi f nbal i
PoLNS) ST e oBE EEUTEL Mgl S8 cHPSpRPLSEA R R e N, | D,
s Th e O o A Chbelia 2 B

rendered synbols should be | arge enough for
structure require relatively few tables. And because most rendered symbols

have less than the maximum number of selected points, levels toward the end

of the structure also have relatively few tables. For any level, the number of

10 tables would generally be somewhat less than 128, which is the total number

of library symbols. Therefore, an average of 64 tables in each of 32 levels

(i.e., a total of 2048 tables) may represent an upper bound to the actual

memory requirement. Assuming 6 bits each for the AX and AY values, and

allowing for the single video-bit, gives a 13-bit address, which requires 8192

15 words per memory table. (With 6-bits for AX and AY, relatively large
alphanumeric symbols can be accommodated.)

An output word of 8-bits/1-byte may prove sufficient for the memory

tables. A single bit in this output can specify the remaining 7 bits to be either

a 7-bit symbol-code—to indicate recognition of the coded symbol—or a 7-bit

20 ‘“table-address-code”. If each level is limited to a maximum of 127 tables, the

7-bit table-address-code is sufficient to either select one of the tables of the

next level or to indicate a failure to recognize the rendered symbol. (The level

number is also employed in this overall memory-addressing scheme.) A total



unanbi guous synbol recognition, but the selection of additional/redundant
poi nts unnecessarily increases nenory size. Gven this conplexity, it is
still uwsedol/sd709 exam ne the potential nenory requirement BCDUSAB2682

i nvention. WO 01/48729 PCT/US00/ 34682 - 31 Consider the nenory required
for a design with a library of 128 synbols and a maxi mnum of 33 points

sel ected on the rendered synbols. The nenory structure would then conprise
33 levels with the first | evel conpriseg _of a single table. For the

remai ning 32 |l evels, a reasonabl e upper bound for 5 the "average" nunber of
tabl es m ght be 64, which is one-half the nunber of synbols. Because of
the simlarity of many synbols, initial levels of the structure require
rel ati vel yof k8t dbitesf machdnedatisen meguirade(ider 82 leyelbol 64 tahies ¢ 8392t han

t he maxi num nunber of selected points, |levels toward the end of the

structure {loy8s haS’Q)ltrseJ:aM&/Md(t ewv&ﬁbﬂuﬂ%nt 'fé’éhrﬁ\il'dg)} el menhgryneapee of 10
tabl es woul d generally be sone less than 128, Wwhich is thé total number

of I|brary ables in each of 32 levels
.e., Hﬁé'@'génﬁ%x\?ﬁ‘t%ﬁ‘@% F%?%@B?gﬁ%ﬁorgéh@ per bound to the actual
nenDry reqU|re nt. Assum 6 bits each f AY val ues, and
allowing for th @%g?@pwaggi?%lr?qu'(ﬁ v ?qgebﬁ?ﬁxﬁ'@feé’sssy'ﬂmleﬂyrgﬁw res
8192 15 words per nenory table. (Wth 6- blts for AX and AY, relatively
large &l pHiamawed. c lfsiebpresephinvsatian dsmaroriayed tp ragoanize Andur-tenser
8-bits/1-byte may prove sufficient for the nenory tables. A single bit in
t hi s out pubntyasmaf eal phg-riuineerice spmbolsg |atgkr tsyntbolb evarild Hoer writte - dirdctly
synbol -code-to indicate recognition of the coded synbol-or a 7-bit
into image memory without being re-rendered. But the subject invention can
also be adapted to recognize full-screen symbology. One approach to make
this practical is to scale the AX and AY values that are used in the memory
10 addresses to a lower resolution—otherwise the size of the memory tables
would become prohibitively large. For some applications these values might
be scaled to 1/8 or to 1/16 of the pixel resolution of the display screen. The
same scale factor—or a similar factor—would also be applied to the
frequency of point selection on the rendered symbols. For a system designed
15 to recognize and re-render both full-screen symbols and smaller
alphanumeric symbols, two independent circuits can be employed for symbol
recognition. These can operate in parallel, with one circuit used to recognize
alphanumeric symbology and the other used to recognize large symbology.
An alternate approach for handling large symbols is to modify the algorithm
20 used in calculating the AX and AY values that are used in the memory

addresses. In this approach, only the first selected point on the rendered

symbol is referenced to the symbol start position. For the remaining points,



20 "tabl e-address-code". If each level is limted to a maxi num of 127
tables, the 7-bit table-address-code is sufficient to either select one of
t he tabl asoof/4d7b®e next level or to indicate a failure torPecrPUSgM4aR t he
rendered synbol. (The level nunber is also enployed in this overal
menor y- addressi ng schene.) A total WO 01/48729 PCT/US00/ 34682 - 32 of 128
Moits of nmenory is then required (i.e., 32 levels 64 tables 8192 words
8 bits = 128 Mits). Wth current techmgogy, this nmenory can be

i npl enented with a single FLASHtype nmenory chip. Sonme applications require
that |arge full-screen synbology be 5 displayed. If the present invention
is enployed to recogni ze and re-render only smal | al pha-nuneric synbol s,

| arger synBtg 4Xvand 4Ybelugs anedefereneed kg thg lecatiomathenpreyiousiv selectedbei ng
re-rendered. But the subject invention can also be adapted to recognize

ful | - scr eepoiitnpoltiog yseqUedcappridis halternatk @pprdach raacthe addvantage safal e t he
AX and AY values that are used in the nenory 10 addresses to a | ower

resol uti onsadleying Tehigher fdstfutin fofthe TBEBENtGRRF Rifge WIS EARRBuUgh it
prohibiti vgl ydPI gﬁ%e. n or6r sosfr)gJ ;ﬂgptlbi cgti gﬁés |tl@ﬁese vg?\t?e)s m ght Hglégsclzal ed to

1/8 or to e nixel i : ISP Al anme
scal e fact (g):éé}@r&gotsq%n%l zgr(%{ aS(F:Tfaglr%% \l%gm%glogciysgthﬁggg%p%cﬁég?f%eﬁ?%eto Elfwﬁrﬁgl(ﬁ)glency of
poi nt selectjon on the rendered .&mbol s. For a_system designed 15 to
recogni ze RESIEBh FYMBPLTRCPINIION JPEERATISIRS oL " SAg! I'%Qe sY'BRASurrer i ¢
synbol s, two independent circuits can be enpl oyed for synbol recognition.
These can bpepus@ailewpriragyency ofipdintosrlectioncupildnasmally heaesrshios darge
al phanuneri c synbol ogy and the other used to recognize | arge synbol ogy.
symbology. Some applications display only a limited set of specific display

formats that incorporate a mix of large and small symbols. In these

applications, two symbol recognition circuits can be used in conjunction to

10 identify specific display formats by the mix and/or sequencing of rendered
symbols.

Many systems can display multiple sizes of a basic set of

alphanumeric symbols. The symbol recognition mechanism can treat each

size of a given symbol as a completely different symbol. The total of 128

15  different symbols in the prior example may allow two or three different sizes of

a basic set of symbols to be recognized. This approach may be the most

cost-effect method of handling multiple-sized symbology. However, if the

symbol recognition mechanism is fast enough to process multiple data

streams on a time-shared basis, another approach to recognizing multiple

20  symbol sizes is possible. The memory tables can be designed to recognize

“normal size” symbols via the primary stream of memory addresses.

Additional data streams can be then be generated for each alternate symbol

size by scaling the AX and AY values from the alternate size to the “normal



An alternate approach for handling large synbols is to nodify the al gorithm
20 used in calculating the AX and AY values that are used in the nenory
addr essewoObn4g7kd s approach, only the first sel ected poi nPCDUStds=6$2ender ed
synbol is referenced to the synbol start position. For the remaining

poi nts, WO 01/48729 PCT/US00/ 34682 - 33 the AX and AY val ues are
referenced to the | ocation of the previously selected point in the
sequence. This alternate approach has t3ge_advant age of enpl oying a higher
resolution to the recognition of large synbols. Although it could also be
used for smaller synbology, it may be advantageous to enploy 5 independent
synbol recognition nechanisns for small and |arge synbols because a | ower
frequency &fZ€poi hite $¥MRAl irerogwRitiod Meshanisy wauldskers be usadyen aimyl ogy.
Some applications display only a limted set of specific display formats
t hat i ncor sbaeackebasiniby all of dhege dath strahinssyhbelastual rsizhefa@ renoghizedt i ons,
two synbol recognition circuits can be used in conjunction to 10 identify

speci fic disypibay charthehsbdetdrtined feoml/tihe ssaiuftomef te paritRaddatay nbol s.
Many systems can display multiple sizes of a basic set of al phanuneric

synbols. T Ohn' [ o 0 gi ven
synbol as Igﬁgngrgbe{}\g éﬁ%’rﬁ? 1|‘téer tragﬁhnbaé'ovowTﬁz@t%? g m§ﬁ ;l rﬁ%mgllef %gr% gnt

hsi 0 ;;felt “3&”1%0;%%1‘3‘“ﬁ§9?5ﬁ8%§%%. Aok i PR ”?Péee&‘ﬁ%éb@@%{‘” )
cost-effect thod o a
A

ool 1 ecsarniPaseRd v e bk e Safating st %F&eéé‘vﬁlﬂﬂwgﬁgg@g'ttfa the

a fixed value and the same scale factor is then applied to all of the selected
points on the rendered symbol. (Té simplify this approach, the scale factor
might be derived by scaling the larger of either AX or AY to the fixed value.)

10  Each library symbol is then stored in the tables with a symbol-specific scale
factor that is consistent with the scaling algorithm used on the rendered
points. The actual size of a recognized symbol can then be derived from the
table scale factor and the scale factor that was applied to the rendered points.

The invention can also be employed to recognize rotated symbols. For

15 optimum real-time performance, the symbol recognition mechanism should
then be designed to not only test the sequence of input points against all
library symbols on a simultaneous basis, but to also recognize these symbols

at any possible orientation. If rotated versions of library symbols were
included in the memory tables, this would significantly increase memory size.

20  But a modification to the symbol recognition mechanism depicted in Figure 3
allows the recognition of rotated symbols without increasing memory. In this
modified approach, the selected points on the rendered symbol are defined

by their polar coordinates. The AX and AY values for a given point can be



streans on a tine-shared basis, another approach to recognizing nultiple 20
synbol sizes is possible. The nenory tables can be designed to recognize
"normal wwvaelusynbol s via the primary stream of nmenory adBCPES@E34682
Addi ti onal data streans can be then be generated for each alternate synbo
size by scaling the AX and AY values fromthe alternate size to the "nornal
WO 01/ 48729 PCT/ US0O0/ 34682 - 34 size". The synbol recognition nechani sm
woul d then be used on a tine- shared—-basis by all of these data streans.
The actual size of a recognized synbol can then be determ ned fromthe
scale factor of the particular data stream An alternate approach all ows
the recognition of multiple sized 5 synbols fromonly a single data stream
In this appPBwRted inteplbei eawivalsnhPolk CMGWaF%Na&e@d?/rsm&)gr(yeagt.a,blet-he
point at the first video transition) is scaled to a fixed value and the

sanme scal eldoketiplopesatidren Fapiphé gdior @xahplef AKhend @lYeatee hothp 6t signedt he
rendered synbol. (To sinplify this approach, the scale factor m ght be

der i ved by Skl Nhddaecdbgebnlndi IS SXitdhad¥iidy (ABe bXPEny Y 1) 10

Each library synmbol 1s then stored in the t a sy specific
scale factor that is_consigster i th,the | ing al,gorithm used.on the
Cender ed - FOPHEL Vo GR v e S S a1 3YnH0Es Skt Pl PRt
derived fromthe table scale factor and the scale factor that was applied
to the ?endalueg gasi be selativrtq theesitmipel pasitian. sbher femibesyadal oNr 408gfi ze
rotated synbols. For 15 optinumreal -tine performance, the synbol
recogni t i ofriguze Hahitbey sine ukterentexh th eoitdsd @yeand donthe sgpinpot aist 420 eof
sequence of input points against all [library synmbols on a simultaneous
basis, but Fiqural2®tHescaanetstehb&s & poimbabs. The memory addresses used for

symbol recognition are then comprised of the single-bit video value, an r

value, and a 6 value. The data stored in the memory tables—reflective of the

10 library symbols—is then in accordance with the polar coordinate system.

The algorithm for handling rotation requires that the 6 values in the
sequence of memory addresses be modified from the 6 values of the
corresponding points on the rendered symbol by the subtraction of a
“rendered-offset-angle”. Because of this offset angle, the rendered symbol is

15 effectively rotated before it is input to the symbol recognition mechanism.
The angle of the first selected point on a rendered symbol is saved and used
for the value of the rendered-offset-angle. Therefore, regardless of its actual
orientation, a rendered library symbol will always be presented to the symbol
recognition mechanism at the same orientation (i.e., with the angle of the first

20 selected point equal to “0”). Thus, the memory tables need only store a

single orientation of each library symbol—where the orientation of a given

symbol in the memory tables can be unique to that particular symbol. (Note



at any possible orientation. If rotated versions of library synbols were
included in the nenory tables, this would significantly increase nenory
size. 20vBobi/&7eddi fi cation to the synbol recognition nechanusenwdesr cted in
Figure 3 allows the recognition of rotated synbols w thout increasing
menory. In this nodified approach, the selected points on the rendered
synbol are defined by their polar coordinates. The AX and AY values for a
gi ven point can be WO 01/48729 PCT/ USO@g34682 - 35 converted into the

equi val ent pol ar coordinate values (r and 0) by a table- |ook-up operation.
For the prior exanple, AX and AY are both 6-bit signed values. These can
be converted into a 5-bit magnitude value for r and a 7-bit angul ar val ue
for 0. As dhatihersingix raemonyytakdé abisvel He@fethpdtwcwedml%éh@n bevsmaker can be
relative to the synbol position. Then for the synmbol "N' 400 of Figure 2A
t hey are r éfan évecother dalples sincdOthe amglefhits inhthissyehary "dddrdOwilf alwaygur e 2B
they are referenced to point 422. The nenory addresses used for synbol
recogniti orbea-oe_%_t hen conprised of the single-bit video value, an r val ue,
and a 0 val ue he data stored in the nenory tables-reflective of the 10
l'ibrary symbol s [ 0 QCPf)éH R FYsem The
al gorithm for Tlh%l hgﬁﬂ?lb{béﬁ?cgﬁl:gg%gﬁdgs tadthe{cﬁ é@y a ueg'lyl n thc{:f twg’equence
of nmenopy dresses be nodified fromt eO f the corr andi ng

oi nts S THE dn BadsgrEn o5, o RRsRaiEim S [ fiahon dhale CHaf 1557
"rendered-of fset-angl e". Because of this offset a | e, the rendered synbol
is 15 ef f e€igwel $Ar sed Neaderiagiaf the syipeel NN athasiion é@ggﬁ’ﬁ'ﬁson
mechanism The angle of the first selected poi nt on a rendered synbol is
saved and meenal orientation (i.e., at a rotation angle equal to “0”). The angle of the first

selected point on this symbol (i.e., point 404) is shown as the angle 6N.
Figure 2C shows a rendering of the symbol “N” 440 at position 442 with an
10  orientation of -ON. This is the orientation of the symbol “N” that is storeq in
the memory tables and that is presented at the input to the symbol recognition
mechanism. Figure 2B shows the symbol “L" 420 rendered at position 422 in
its non-rotated orientation. The first selected point on the symbol “L” 420 (i.e.,
point 4245 has the angle 6L. Figure 2D shows the symbol “L” 450 rendered at
15 the point 452 with the orientation -6L. This is the orientation of the symbol “L"
in the memory tables and the orientation presented to the input of the symbol
recognition mechanism. In this manner, each library symbol is stored in the
memory tables with a “table-offset-angle” that is specific to the symbol and
that corresponds to an orientation that gives an angle of “0” for the first
20  selected point on the rendered symbol. (The table-offset-angle for the symbol
“N” is equal to -6N, and the table-offset-angle for the symbol “L” is equal to -

OL.) When a symbol is recognized, the actual orientation of the rendered



for the value of the rendered-offset-angle. Therefore, regardless of its
actual orientation, a rendered library synbol will always be presented to
t he synbavo or/egmogni ti on mechani sm at the sane orientati onP(T/U6800/34682t h t he
angle of the first 20 selected point equal to "0"). Thus, the nmenory tables
need only store a single orientation of each library synbol -where the
orientation of a given synbol in the nenory tables can be unique to that
particul ar synmbol. (Note WD 01/48729-P@y/UJS00/ 34682 - 36 that the single
menory table at level 1 of the structure could then be smaller than the
other tabl es since the angle bits in this nmenory address wi |l al ways

.) The nornmal, or non-rotated, orientatio for any ven of the
5 I|brary S¥MRSt isn@MeRdeing s ithe s PR §t‘é‘n9Fﬁ a'gti &?\té?‘é’%&hal to

"0". Figure 2A shows a rendering of the synbol "N' 400 at p03|t|on 402 for
its nor nalangle. ehhesymhol cartherdpe re-renderedat ﬂngbeeetﬁj@n to "0"). The angle
of the first selected point on this synbol (i.e., point 404) is shown as

the angle ON. Regatl¢h@whmytheatime paeiod o relbtivdlg stattod andly deflection
position 442 with an 10 orientation of -ON. This is the orientation of the

symbol " N' phibato the ﬁér@fe?uﬂ 'dfa's?%bﬁ?'i‘lﬁ’é ¥abREX & Yt Wialied arofiRs@iatiad at
the I nput to t he synbol récogni mechani sm Figure 2B shows the synbol

"L 420 re(@?(%retg ?e{rv@%b%bo‘t%%s A@B "Ftﬁs %?6\n88§ %tﬁgg%{écﬁ&‘iﬁ%wo&m @e first

selected p e ‘an
Figure 2D sho the .S nde ed ,at e p0| nt_ 452 with the
ori ent ati off9% ng{eng'SB‘%ye‘fﬂ ?%n feb[yhgreé@ﬂﬂ arynamig ?'ﬁgfa%ermr y
t abl es and the or | ent ation presented to the input of the synbol,

anomaly. To avoid a dynamic anomaly for a rotated symbol, it is also

necessary to derive an accurate rotation angle that is stable over multiple
updates. The above approach for recognizing rotated symbology relies on
10  only two symbol points to derive the symbol orientation. Even if the first of
these points—the symbol position—is known to be accurate, the coordinates
of the second point (e.g., point 404 on the symbol “N” 400 of Figure 2A) are
subject to noise. Therefore, the derived rotation angle—although adequate
for symbol recognition—may not be stable enough over multiple updates to
15 avoid a dynamic display anomaly. However, all of the digitized X and Y
inputs to the point select mechanism 314 in Figure 1 are saved in the FIFO
pipeline buffer 328. They are saved to allow for a direct rendering into image
memory when a symbol is not recognized as being one of the symbols of the
library. Some of these points on the rendered symbol can be used in a post-
20  processing operation (i.e., after a symbol has been recognized) to derive a
more accurate orientation angle for the rendered symbol. Mulitiple points,
which can be symbol-specific points in the sampling sequence, can be used

to provide multiple computations of the symbol orientation angle. The



recognition mechanism In this manner, each library synbol is stored in the
menory tables with a "table-offset-angle” that is specific to the synbol
and thatwaorssgponds to an orientation that gives an angpber/wfoo/33és2a or t he
first 20 selected point on the rendered synbol. (The table-offset-angle for
the synbol "N' is equal to -ON, and the table-offset-angle for the synbol
"L" is equal to - OL.) Wwen a synbol is recognized, the actual orientation
of the rendered WO 01/48729 PCT/ US00,34882- - 37 synbol is given by the sum
of the rendered-offset-angle and the table-offset- angle. The synbol can
then be re-rendered at this orientation. Recall that during the tinme period
of relatively stable X and Y deflection prior to the rendering of a

symbol , t heXBasgAandle shad AvenPraid—dpramaontiotatgdirendering @bthe sYmEPlve t he
synbol position. This provides a stable/consistent synbol position over

mul ti pl e dissgbblraciedatrem, thehactkisy angiss eftthagsampledapoiot.di Bpesey multieleal y. To
avoid a dynam c anonaly for a rotated synbol, it is also necessary to

derive an sampled ef tiod ayinbiol anghatibhatan thest bbl avepaged tallproyite a upstat es.
The above approach for recognizing rotated synbology relies on 10 only two

symbol poi Bksufafe BAENEORAgRY OOl orientation. Even if the first of these
poi nts-the synbol position-i's known to be accurate, the coordinates of the

e 2oL o g B0y 19418 iRoT ARk oo ol
Lo SyTool chsconal Lotk el Phtatle epousl sl iBhEs BeaER, © °
'nputs to tfohr?neﬁé,))i, gtndstilee\glug%%?rﬁg irgtg]tigr%dér;grlle lcz:lag ubreedéri\?erdemso?(\a/ %(cj:cbpatél?le FIFO
from the larger symbology. As previously noted, it is possible to identify a
display-format from the mix and/or sequence of the rendered symbology. In
10  such cases, the value of the rotation angle that is derived from the larger
symbology can be applied to the re-rendering of the smaller symbology.
It should be recognized that this example application of the invention is
used as a vehicle for describing the invention and is not intended to be
limiting. Even within this application, variations in the implementation and use
15 of the invention are possible. For example, the approach for recognizing
rotated symbols can be used with the approaches for recognizing multiple
symbol sizes and/or with the approaches for recognizing large full-screen
symbology. Also, it is not necessary to re-render recognized symbols in the
same way that they are originally rendered. For example, they could be
20 rendered in a different size or in a different style font. It is also possible to

implement a “symbol substitution” whereby a recognized symbol is re-

rendered as a completely different symbol.



pi peline buffer 328. They are saved to allow for a direct rendering into

i mge nenory when a synbol is not recognized as being one of the synbols
of the Iwbdoassr29 Sone of these points on the rendered synbol/us@m4bee used in
a post 20 processing operation (i.e., after a synbol has been recogni zed)
to derive a nore accurate orientation angle for the rendered synbol.

Mul tiple points, which can be synbol -specific points in the sanpling
sequence, can be used to provide nultigge conputations of the synbol
orientation angle. The WD 01/48729 PCT/ US00/ 34682 - 38 expected angle of a
gi ven point-for a non-rotated rendering of the synbol- is subtracted from
the actual angle of the sanpled point. These nmultiple sanples of the
symbol ori ent at (16 iBdentiorepapalse bearsd oo the slassicah pieblem ot ehaeacter
orientation angle. 5 Sone display formats enploy the sanme rotation angle
for both | aegegnitiorg ismdlich shardactarg\aré alrgady rénderied in r2uBiménsional speee-t i me
avionics display formats), and the value of this rotation angle can be

derived norg gacghératdayactbfPRavdBebRiaitdersd ToPh adhstehviddeyigaEn! Bueat ed, it
is possible to identify a display-format fromthe m x and/or sequence of

the rendered gy 'M%%H?fiﬂ@d BV?ﬁegﬁ’ssﬁlsa 2@%&\4@%&?@’9%@ ars‘?ﬁﬁ%iﬂ?trbfang' €

that is derive rom -t arger” synbol ogy can to t

re-rendering, of the s r al .0 t . shaoul i : this
exanpl e apﬁ’ﬁecoati (J)"r? 81’%%#@ ?i&f/gr%ﬁ 'Bﬁxgss{o H%‘%&yggmg%éﬁé:@ﬁgh ?’ﬁgc'ﬂﬁ%’ﬂf‘i bi ng
the invention and is not intended to be |limting. Even within thj
appl i cat i ofOUltNERheBRNGTAtcHEireGH]y) fé?l'ﬁﬁh@tt?'ﬁ'ﬂa%ﬁggué'@t Heston; oy P#n\?/‘énti on
are possi ble. For exanple, the approach for recogni zing

bitmap used for the address at level-1, the second row used for the level-2

address, and etc.). For relatively large bitmaps, two or more memory address

inputs could be derived from each row of the bitmap in order to reduce the

10  required size of each memory table. Of course, the bitmap could be

preprocessed prior to this operation by-normalizing the character size (i.e.,

scaling in X and Y) and by rotation to either select for horizontal or vertical
lines or to maximize vertical and/or horizontal symmetry.

Many systems require the recognition of patterns in a continuous real-

15 time stream of sampled data parameters. The data samples can be

converted into—or used directly for—a corresponding stream of memory

addresses for input to the pattern recognition mechanism. The continuous

stream of memory addresses is then used to compare the sequence of real-

time inputs against a set of finite sequences that comprise a set of library

20 patterns. The data stored in the structure of memory tables is derived from

the set of library patterns. (The set of library patterns can comprise

sequences of different length—in terms of the number of samples in a

pattern. The number of levels in the structure of memory tables corresponds



rotated synbols can be used with the approaches for recognizing nmultiple
synbol sizes and/or with the approaches for recognizing |large full-screen
synbol ogwoAl/e8729 1t is not necessary to re-render recogni pedus§odaed2s i n the
sanme way that they are originally rendered. For exanple, they could be 20
rendered in a different size or in a different style font. It is also
possible to inplenent a "synbol substitution” whereby a recognized synbol
is re- rendered as a conpletely differemp_synbol. WO 01/48729

PCT/ US00/ 34682 - 39 The invention can also be used for the cl assical

probl em of character recogniti on in which characters are already rendered
in 2-Di nensional space (e.qg. re characters have. been rendered froma
raster vidéo tbeghamper Sfc Rameles: éfttthesloﬁﬁﬂs'fbé RSy i PRiterpy Hedngnyvfsugh2- D
bitmap enploying a single bit of 5 video. The nenory address inputs to the
synbol recagplicatmmsmitcisamdtspossitdlal to idbetifybin gelvanae ethalispecifit Jodatmmst hi s

bi t map (e g., with the top row of the bitmp used for the address at

| evel -1, thﬁthﬁeqn@dnp@ww@@tr%ern thet hRiyetoidcideddittSthe b @)f Ca librdrgr
relatively large bitmaps, two or nore nenory address inputs could be

deri ved 17 paNgREN T HeBliolde (hL! TBvid) FESIicy " FHIRigR Xarrgfubed of ze

of each ne ry table cour se, coul d be preprocessed prior to
V) and by YRR hehhé‘&gta{@ﬁ%‘é)?o%%@f? St sireaft bandFEuE F bRl oo
Fasognt L1 oRPEIADE { b eryPesaan o e waion SaUraR LoRekn DPLSABI o
data paraneters. The data sanples can be
stream to align with any position in the sequence of a library pattern (e.g.,
including the first position, which corresponds to the first level in the structure
of memory tables). And since each level in the memory structure is
10 associated with a corresponding sample position in the library patterns, this
requires that each memory address input be tested—by means of a table-
look-up operation—at every level of the memory structure. It is possible, with
a hardware embodiment of the invention, to perform table-look-up operations
for each memory address input at every level of the memory structure on a
15 simultaneous basis. Thus, no performance penalty need result from the
inability to discern, in advance, the beginning locations of patterns in the input
data stream.
Consider a hardware implementation of the invention with separate
independent memories at each level of the memory structure. It is then
20  possible to access all of these memories simultaneously (e.g., on every cycle
of a controlling clock signal). The address input to each of these memories is

comprised of two parts. One part is provided by the stream of memory

address inputs to the pattern recognition circuitry (i.e., with the current



converted into-or used directly for-a corresponding stream of nmenory
addresses for input to the pattern recognition nechanism The conti nuous

st ream ofwoems7y9 addresses is then used to conpare the sepORus®/3absxr eal -
time inputs against a set of finite sequences that conprise a set of
library 20 patterns. The data stored in the structure of nmenory tables is
derived from the set of library patterns. (The set of library patterns can
conprise sequences of different lengtlfin-ternms of the nunber of sanples
ina pattern. The nunber of levels in the structure of nenory tables
corresponds WO 01/48729 PCT/ USOO/ 34682 - 40 to the nunber of sanples in
the longest library pattern.) such applications i'S not

possi bl e t MeAEHt ﬁﬂ?rﬁsn'n@%&h‘@@)'e‘ﬂ H@ alhotithe cnemosiesdnsTh '\ﬁn Pait Pt e i nput
data streamthat may coincide with the start of a library pattern.

Ther ef or e, addeessy ihabed doosglect tre ispehifini emtric avithin aeectghdableni 7é@ to t he
begi nning of a possible data-streampattern via a reset operation. It is

then possi geeoh@paat of \eash efweys dsldisedstof salattt Aespanifiet tabie avittein rezom t o
align with any position in the sequence of a library pattern (e.g.,

i ncl udi ng thembiy. Stl'he%blb'é’cﬁbre%'t&%a‘éﬂ%@ﬁﬁﬁm@/eﬁ % pRsvided By the\gltpiitn the

structure of nenory tab And since each’ level I n the nenory structure

s 10 agsogiatedrlibhy gcr&%%hgcwqrq% e ORI, BT [ 'fboﬁé?%l/%l

patterns, thi's” 'Téqui menor'y ress in y means

o 5 7 b b hTioY ekl BORL el P Bl oS '
r

t abl e- | ook- up operations for each nenory address input at every IeveI of
t he menoryt@lighcture on a

Now consider the operation of this pattern recognition circuit beginning

“ "

with the clock cycle hereby designated as cycle “i". During this clock cycle,

10  the memory address input—which corresponds to sample “i" of the real-time
input parameter(s)—is used for table-look-up operations at each
memory/level. The table-look-up operation at level 1 is used to test input
sample “i" for consistency with the very first sample in the sequence of each
one of the stored library patterns. If this input is consistent with one or more

15  of the library patterns—based only on the first sample in the patterns—the
memory table at level 1 outputs a table-address that selects a specific level-2
table that allows for such possibility. Then, on the next clock cycle, input
address “i+1" is used for a table-look-up operation on this specified table of
level 2. (It is used for table-look-up operations at the other levels, as well.

20‘ For example, it is used at level 1 to test input sample “i+1" for a possible
match to the first sample of each of the library patterns. But we are only

concerned here with possible pattern matches that begin with input sample

“i".) This table-look-up at level 2 tests input sample “i+1” against the second



15 simul taneous basis. Thus, no performance penalty need result fromthe
inability to discern, in advance, the beginning | ocations of patterns in

t he i nputwodatszzst ream Consi der a hardware inpl ement at i opCDUStB6$2NVeNt i on
wi th separate independent nenories at each |evel of the nenory structure.
It is then 20 possible to access all of these nenories sinmultaneously
(e.g., on every cycle of a controlling clock signal). The address input to
each of these nenories is conprisedof4otwo parts. One part is provided by
the stream of menory address inputs to the pattern recognition circuitry
(i.e., with the current WO 01/48729 PCT/ US00/ 34682 -41 nmenory address

I nput supplied to all of the nmenories). This part of the address is used
to sel ect SREPgsed fgachent the iaavencas | bet berarymatternp dhat sematy §8rt of
each address is used to select a specific table within each nenory. The

t abl e addr esssible smtthasefier,ygiven shmple (i @si thedirblysampleoin fhet senusincehe
previous clock cycle fromthe nenory at the next higher level in the

structure (fepeepdsttdraérmiaes!that ehetdremdié wibtary epatirns aemannlas posdiigl e
menory table). Now consider the operation of this pattern recognition

circuit be%é’t{ﬂh wh% geam\%@t ﬁg&gmbﬁsﬁgwﬂ@éb@@w%@@v@mIt@bl"ei "

. . to _
During this clock cyc ry ress I nput-which corresponds to

sarple, Sl 4005 Rk Tl BRERh ARl e el I 18 2
:J?]e? hgosggiéﬁ%igﬁiﬁ. @%Eﬁé ene"xlt "clgccf(r 03(/:c?en,stlh5<'at mer or\§/\lI é(gldrtegg f\é(rarirYthlsrasr%pI%anpl ©
“i+2" is used for a table-look-up operation on this specified level-3 table in
order to test the third sequential input sample against the third sample in the
sequence of each of the library patterns that remain as possible matches.

10  This process continues, advancing one step down the structure of memory
tables with each clock cycle. If at some given clock cycle, and some
corresponding level of the memory structure, the input sample is not
consistent with the remaining library pattern(s), this is indicated by the output
of the memory table. Then the sequence of input samples that begins with

15 sample “i" does not match any of the patterns in the library. But if the process
continues down the structure of tables to the last sample of a library pattern,
and if the corresponding input sample is found to match this last sample in the
library pattern, then the memory output will indicate that the input sequence
(beginning with sample “i") matches this library pattern.

20 From the above, it is seen that a new compare operation is started on
every single clock cycle, where this compare operation is based on the

possibility of the new input being the first sample in a sequence that matches

one of the library patterns. Once started, each of these compare operations



one of the stored library patterns. If this input is consistent with one or
nore 15 of the library patterns-based only on the first sanple in the

patt er nswaoetl4sTenory table at |level 1 outputs a tabl e-addrerwseomtszsel ects
a specific level-2 table that allows for such possibility. Then, on the
next clock cycle, input address "i+1" is used for a table-Iook-up
operation on this specified table of level 2. (It is used for

t abl e-1 ook-up operations at the other Kgvels, as well. 20 For exanple, it
is used at level 1 to test input sanple "i+1" for a possible mtch to the
first sanple of each of the library patterns. But we are only concerned
here with possible pattern nmatches that begin with input sanple "i".) This
t abl e- | ookCaptinyes @néubgeqwt@qqkpwple%mﬂlg is iretired hpganse either advaish Wo

01/ 48729 PCT/ US00/ 34682 - 42 sanples in each of the sequences of the

li brary paig éoursl phat is determired thaisthiebsequeantcehdees inot. matphvany sdntpee "i "
as the first sanple in the sequence). |If this test determ nes that one or

nore | i brafiyrapptpattarasr effestiods o1siderstoodathalespectfict BpplicRignenargtetl two
i nput sanples, the output of the level-2 table 5 will be a table address

that sel ectsgrd 8ifRrert éﬁgg@mﬁé’fﬁ% o?'tlhi@"!’?‘asfi@'birhlh‘igs Ep?%g@inmlé,i it ¥he gmpatge next

clock cycle, the menory address for input sanp + I's used for
the thita CEMERpdisr TherEeach wCPraibessing Befaldh 1ed Eeqlonce
b ocess. coMEgUET SR RETA-Bhat SEcHataN ROSE FRUET & B THOREY DY abi es
wi th each clock cycle. If at sonme given clock cycle, and sone
cor r espondBa@ingeelrotetionhéhare avtifferont prepiogessing Vatpaitis saayred iat eash
level of the structure. (This results from the fact that, on a given clock cycle,
each level of the structure tests for data patterns at different starting positions
10 in the input data stream.) Then each level/memory in the circuit would require
independent hardware for preprocessing the input memory address.
The pattern recognition circuit described above, or a part of this circuit,
could be implemented as a single integrated circuit device. This device would
then include the independent memories for each level of the structure and the
15 addressing means for these memories (i.e., including the routing of the table
addresses through the memory structure). Such a device could be designed
to allow some reconfiguration of the memory structure in regard to the size of
the memory tables and the allocation of the available memory relative to the
memory at each level and the total number of levels. It could also be
20 designed to accommodate expansion in order to allow systems to be
configured from multiple such devices.

Some applications can benefit from the use of RAM in the memory

tables, as this would allow the downloading of new table data, reflective of



consistent with the remaining library pattern(s), this is indicated by the
output of the nenory table. Then the sequence of input sanples that begins
with 15 saopl/e872¢ " does not nmatch any of the patterns in poEUSdm4es2y. But
if the process continues down the structure of tables to the |ast sanple
of alibrary pattern, and if the corresponding input sanple is found to
match this last sanple in the library pattern, then the nenory output wll
indi cate that the input sequence (begiggning with sanple "i") matches this
|ibrary pattern. 20 From the above, it is seen that a new conpare operation
is started on every single clock cycle, where this conpare operation is
based on the possibility of the new input being the first sanple in a
sequence t hew setsaidibraryruatigns. h& driexaainie phis wepl algw eoiseamasdinsdach of

t hese conpare operations WO 01/48729 PCT/ US00/ 34682 - 43 continues on
subsequent bel aktdredyinl esaltinie byi &n islaptiveradtdacalibs eah e faciltatedh byi s
found or it is determned that the sequence does not nmatch any of the

l'i brary p?“iﬁc%d]ﬁ? ddditidiemliffoP@ation en SheasLitbtiirofPed hhemapptduies.i ds mi ght
require different enbodi ments of this basic circuit. For exanple, if the

| nput S MembhoR U PaaERoRLIGOUIBE b EBuRYbE u@é&%?ﬁcﬁééﬂe’\ghgﬁ?rgat{)%rhhat

uses a value fromsone p start o possi attern (e.g.,
Foqui red alvasagrrodtiasel YRR BUISIEE (resOinen e RBe o BRY 7B e 3ot ha
on a given _clock cycle, ~each |level of the structure tests for da
patterns aimBlementatien.dbisraqui)be yiswedag ety ivalent ke 3 simpie davhling ?é’gﬁ\ ) Then
each level/nmenory in the circuit would require independent hardware for
pr epr ocessinnghetefipattetnsisyrobgisadldhe sbrary.) The tables could also be designed
to output probability values to allow a confidence factor to be generated for
each recognized pattern/symbol. Of course, these techniques can also be of
10 value for non-adaptive systems (é.g., they can be used for system self-
monitoring and failure detection/prediction). Some adaptive systems could
also make use of the learning method for deriving the table data. Also, if
multiple pattern-recognition circuits are used in a system, new table-data can
be loaded into one of these circuits while another remains on-line.
15 The invention has been shown to have very broad application to the
general problem of pattern recognition, and it can be employed in many
different applications. It could be used in place of neural networks or in place
of DSP correlation techniques to improve real-time performance and/or to
reduce cost. The number of input parameters and the methods and
20 algorithms for any preprocessing of the input data and for generating the
sequence of memory-address inputs would generally be application-specific.

Preprocessing could include DSP operations, such as the Discrete Fast

Fourier Transform (DFFT). As demonstrated, judicious preprocessing of the



The pattern recognition circuit described above, or a part of this circuit,
could be inplenented as a single integrated circuit device. This device
woul d t ivemoi/msokaude t he i ndependent nenories for each | eveCT/oBowizes2
structure and the 15 addressing neans for these nenories (i.e., including
the routing of the table addresses through the nenory structure). Such a
devi ce could be designed to allow sonme reconfiguration of the nmenory
structure in regard to the size of +thdsnenory tables and the allocation of
the avail able nenory relative to the nenory at each |evel and the total
nunber of levels. It could also be 20 designed to accommpdat e expansion in
order to allow systens to be  configured fromnultiple such devices. Sone

appl i cat i oHPUW HtBRT i PYfseRtingMOrmabizing ey Ryt FROrdERR yranstsmadionas t hi s
woul d al | ow t he downl oadi ng of new table data, reflective of WD 01/48729
PCT/ US00/ 3468 2otationd caswesesad tef minitnize thepsize endgor Mambex afiffleerequited woul d
all ow noise margins to be altered in real-tinme by an adaptive system This

can be facmdmatyedalilgs. | MHesei pee@ddesding alechnigoesatamnalsd boeused put from
the nenory tables. For exanple, an additional output bit could be used to

I ndi cate W@sﬁ)ﬁ@duoﬂsﬁgéf il%Engir% HBFeESGREOH BEHaMbiRi iR RHIMMERS6EA PaceYFe noi se

margin. (In regard t enentation, this could be viewed as equival ent

0, ST B B NI 0 583 SRS s gl o)

The tables Cou probal ues to allow a
Cour se. 1 haBEGLRNER PaTEER ISR SEAE oo Ay A EPPRCHono a b DeVEP0Rst e
(e.g., they can be used for system self- N
independent by preprocessing—then independent pattern recognition
mechanisms can be implemented for the independent parameters. The
outputs from these mechanisms can then be correlated. This approach can
10  significantly reduce the total memory size over the approach of including all of
the parameter values in a single memory address.
In addition to symbol and character recognition, other applications of
the invention include speech recognition, threat detection and identification,
automated manufacturing and test systems, and vision/image processing
15 systems (e.g., for robotic pick-and-place machines used in manufacturing). It
should be understood that many other applications for the invention and many
other embodiments of the invention will be apparent to those skilled in the art.
The following claims should be interpreted as covering all applications and
embodiments that fall within the true spirit and scope of the invention.
20 The embodiments and examples set forth herein are presented to best

explain the present invention and its practical application and to thereby

enable those skilled in the art to make and utilize the invention. It is intended



nonitoring and failure detection/prediction). Some adaptive systens could
al so nake use of the learning nethod for deriving the table data. Al so, if
mul ti pl e wabt/e87e9 r ecognition circuits are used in a systerCT/Hew/I4ed2 e- dat a
can be |loaded into one of these circuits while another remains on-line. 15
The invention has been shown to have very broad application to the general
probl em of pattern recognition, and it can be enployed in nany different
applications. It could be used in placdagof- neural networks or in place of
DSP correl ation techniques to inprove real -tinme performance and/or to
reduce cost. The number of input paraneters and the nethods and 20

al gorithns for any preprocessing of the input data and for generating the
sequence ofhatehsrscopgdelethe prasent ”W&’ﬂ[t'ﬂndéfhéiteﬁf‘?? qyetr‘&pﬁllairﬁﬁtqflﬂ?f‘gﬁaci fic.
Preprocessi ng could include DSP operations, such as the Discrete Fast
Fourier Tr has&torW(mﬁpogmademsqu'wam,tsjruall tdsp@stspr epr ocessi ng of the
WO 01/ 48729 PCT/ US0O0/ 34682 - 45 input data (e.g., by scaling/normalizing
and/ or by coordinate transformation and rotation) can be used to mnim ze
the size and/or nunber of the required nenory tables. These preprocessing
techni ques can also be used in applications that require the recognition
of patterns in 3-dinensional space or 5 the recognition of the projections
of 3-D objects onto a 2-D plane. If an application has paraneters that are
mut ual Iy i ndependent-or can be nmade independent by preprocessing-then

i ndependent pattern recognition mnechanisns can be inplenmented for the

i ndependent paraneters. The outputs fromthese nechani sns can then be
correlated. This approach can



10 significantly reduce the total nenory size over the approach of
including all of the paraneter values in a single nenory address. In

addi ti onwoosysTedl and character recognition, other applieatrieong4es2 the

i nvention include speech recognition, threat detection and identification,
aut omat ed manufacturing and test systens, and vision/inmage processing 15
systens (e.g., for robotic pick-and-place machi nes used i n manufacturing).
It should be understood that nany othey7 applications for the invention and
many ot her enbodi ments of the invention will be apparent to those skilled
in the art. The followng clains should be interpreted as covering al
applications and enbodinents that fall within the true spirit and scope of
the invention. 20 The enbodi nents an§L€%M§bles set forth herein are
presented to best explain the present invention and its practical

appl i cati on and1to t Remsihod domdegnimisg psitermss dhe rmethedacomposimgkideand
utilize the invention. It is intended WO 01/48729 PCT/USO0/ 34682 - 46 t hat
the scope eftegdsf: present invention be defined by the clains appended
hereto, giving full cognizance to equivalents in all respects. WD 01/48729

PCT/ US00/ 34682 - 47 {ekfin¥ sdquéhdBbMREnid?y ab8FR3BEZIWABraIAthE hitinolyhe
nmet hod conprising the stéps of: deriving a sequence of nenory addreésses,

;’mnglrjtei ?g;?%dg?%%rééecém%ﬂgée\ﬁlﬁgs CRIP A ECrafRtes dMah Mdut’ bt G§Ho Be0f an

compared to at least one known pattern set having at least one member
pattern;
applying the sequence of memory addresses to a corresponding
sequence of memory table-look-up operations to produce a result; and
10 determining, in accordance with the result of the memory table-
look-up operations, whether the input is recognized as being a probable

match to any member pattern of the at least one known pattern set.

2. The method of Claim 1 further comprising the step of loading a

15 plurality of memory tables with data that reflects expected sequences of
memory address values when the input is a probable match to any member
pattern of the at least one known pattern set, and wherein at least a portion of

the plurality of memory tables are employed in the sequence of memory

table-look-up operations.



conpared to at |east one known pattern set having at |east one nenber
pattern; applying the sequence of nenory addresses to a correspondi ng
sequence vob omesTey y t abl e-| ook-up operations to produce a pepukeo34e8ed 10
determ ning, in accordance with the result of the nenory table- | ook-up
operations, whether the input is recognized as being a probable match to
any nenber pattern of the at |east one known pattern set. 2. The nethod of
Claim1 further conprising the step of 4goading a 15 plurality of nmenory
tables with data that reflects expected sequences of nenory address val ues
when the input is a probable match to any nenber pattern of the at | east

one known pattern set, and wherein at |east a portion of the plurality of
menory tabl es afe enghgyé&rethadt e Walguehcwhereifethint ystep apl @PPHIRI Upe

operations. WD 01/48729 PCT/ US00/ 34682 - 48 3. The nethod of Claim 2,
wher ei n t heegquencefofappmorny addeessesquenowprisesmapplyngdbiiee ssggenenfi ses
appl ying the sequence of menory addresses to a structure of menory tables

conprised eferhdg @ddresed Yo adftructirerof rhédbestabnes bamphigeddf thebturbityel s
with at | east one nenory table at 5 each | evel and wherein a corresponding

Sequence Opf FRIFRS té@@s‘%ﬁw&ﬁﬁ\ﬂ @%ultléle%\ﬁﬁQVﬁﬂWé} 185 F@H@ﬁﬁérﬁ&?'@blb%k up

oEeratl ons progre ses t hroug | east a portion o the mul le | evel s of
t t

the ot b obet el BBl S A 8 Sorband B adestinbh drai Pd, {at%‘éé"ﬁ%%oé%m?'y“g
tabl e-1 ook; é)sequence of memory table-look-up operations progresses through at least

a portion of the multiple levels of the structure of memory tables.

4. The method of Claim 3 further comprising the step of

10 ascertaining, in accordance with the result of the memory table-look-up
operations, at least one value that reflects the probability that the input is a
match to at least one member of the at least one known pattern set, and
wherein the step of loading a plurality of memory tables with data includes
loading of data for providing a result reflecting the probability that the input is

15 a match to at least one member of the at least one known pattern set.

5. The method of Claim 3, wherein the at least one known pattern

set having at least one member pattern comprises a single pattern.



operations, at |east one value that reflects the probability that the input
is a mtch to at | east one nenber of the at | east one known pattern set,
and whemvedni/44129 step of |oading a plurality of nmenory tabCePESeww/isbs2dat a

i ncludes |loading of data for providing a result reflecting the probability
that the input is 15 a match to at |east one nenber of the at |east one
known pattern set. 5. The nethod of Claim3, wherein the at | east one known
pattern set having at | east one nenberd@attern conprises a single pattern.
WO 01/ 48729 PCT/ US00/ 34682 - 49 6. The nethod of Claim3, wherein the at

| east one known pattern set having at | east one nenber pattern conprises a
multiplicity of patterns and V\/nereln t he steﬁ'of appl yi ng the seguence of

menory addresse cormhel wethoskeletaimgs  Wheghr e atleshbng TN P
conprise the sequence 5 of nmenory tables at |east partly fromthe val ues of
t he menory setitieringest lepst spansveotber ratiess wiompsfseshe ralbiblicityook pafierns
operations. 7. The nethod of Claim6 further conprising the step of

i dentifyingnd wheaeinotiskanstep Wot fapphang ethel tseqliendee dfalmembgoladdpesses
operations, at |least one 10 specific nenber of the at | east one known

pat tern_selofiiisel Seodtige! EhsEMe erflol MBbidinthiat kompie fsseduiticet he

input is recognized as béing a probable match to any nenber pattern of the

at |east one n%gm&@ BBlds A8 partif 1 froTH‘?hé"%Ef&%@ FinGrALMbA BHAlSEs by

conprising the's ascer |n accor ance res
t he menory tabl e ok u Pt]%ertaH ons eat<,t one value that reflects the
probabi | it ‘?%o efﬁﬁl@hi’ S enJQPETPp[%D%ﬁa 'Pe%st one nenber of the at
| east one knovvn pattern set, and
7. The method of Claim 6 further comprising the step of identifying,
in accordance with the result of the table-look-up operations, at least one
10  specific member of the at least one known pattern set that is a probable
match to the input for the case that the input is recognized as being a

probable match to any member pattern of the at least one known pattern set.

8. The method of Claim 7 further comprising the step of

15 ascertaining, in accordance with the result of the memory table-look-up
operations, at least one value that reflects the probability that the input is a
match to at least one member of the at least one known pattern set, and
wherein the step of loading a plurality of memory tables with data includes the
loading of data for providing a result reflecting the probability that the input is

20 a match to at least one member of the at least one known pattern set.



wherein the step of loading a plurality of menory tables with data includes
the loading of data for providing a result reflecting the probability that
the i nputwos1/4€2® a natch to at | east one nenber of the atPCPRaESt/33E known
pattern set. WD 01/48729 PCT/ US00/ 34682 - 50 9. A pattern recognition
apparatus conprising: a transformation systemfor generating a sequence of
menory addresses, wherein said nenory addresses conprise values that are
reflective of an input that is to becaogpared to at | east one known pattern
set 5 conprising at | east one nmenber pattern; a plurality of menory tables
residing wwthin at |east one physical nenory device; addressing circuitry
for applying said sequence of nenory addresses to address inputs of a
correspondi ng s8quengbpéﬁem@ﬁﬁﬁgnmaﬁ?@@a”ﬁﬂﬁﬁ@6ﬁ¥§ﬁﬂh plurality of nmenory
tables to performa sequence of nenory table- |ook-up operations for

produci ng a result; anttansfopuation systent forf genetatieg @ aeagendenohowmnerance
with said result fromsaid sequence of nenory tabl e-look-up operations,

whet her saigddiddzet, \Whele@® OGHIHZ esbrasrybeiddgessesr @onaiprisenataiies chanyargenber
pattern of said at least 15 one known pattern set. 10. The apparatus of

daim9, ""‘P(?He%tﬂ?e%f a'ne@faht R s befcoﬁ?éaﬁled Yé"a‘t'?e%ét%n%t IHSh PE%?F’H 8ot

plurality of nenory tables and wherein said at | east one se data
o B RS MR T Jar s 555, 20y e for e
a plurality of memory tables residing within at least one physical
memory device;
addressing circuitry for applying said sequence of memory
addresses to address inputs of a corresponding sequence of memory tables
10  from said plurality of memory tables to perform a sequence of memory table-
look-up operations for producing a result; and
output circuitry for determining, in accordance with said result
from said sequence of memory table-look-up operations, whether said input is
recognized as being a probable match to any member pattern of said at least

15  one known pattern set.

10. The apparatus of Claim 9, wherein at least one set of data
values is stored in said plurality of memory tables and wherein said at least
one set of data values reflects expected sequences of memory address

20 values for said input being a probable match to any member pattern of said at

least one known pattern set.



| east one known pattern set. WD 01/48729 PCT/US00/ 34682 - 51 11. The
apparatus of C aim 10, wherein said plurality of nmenory tables conprises a
struct uravobi/sgepry tables having nultiple | evel s with atpPCcT/esersesze of
said plurality of menory tables at each of said nultiple |Ievels and

wherein said sequence of nenory tables progresses through at least a 5
portion of said nultiple |levels of said structure of nenory tables. 12. The
apparatus of Claim 11l further conprisimg storing circuitry for storing
data into said plurality of nenory tables, wherein said data conprises
said at | east one set of data values. 10 13. The apparatus of C aim 11,
wherein at | east one_of said at | east. one set of data values is derived
from sai d sequeddes dhendpRarptusdaf &daim i), yereisalg elugakityroft BeMsYsai d
transformation systemfrominputs that match at | east one known pattern
set. 15 l4tablée cappaisas s stifictOraiommdmonhtabiés hawing melliple ldvetanwithi at
sequence of nenory tabl e-| ook-up operations further conprises at |east one
out put val st bak ofwaid plurglity af piePhalyi thbley dtheichssfi ghid multiplesevelsahdh to at
| east one nenber of said at | east one known pattern set. WD 01/48729

PCT/ US00/ 3¢#8%cin- s5@ 48qudite dPPRABAIN 1BbieS BtdBrédsed URidiRh @PMBALSENY:

5  portion of said multiple levels of said structure of memory tables.

12.  The apparatus of Claim 11 further comprising storing circuitry
for storing data into said plurality of memory tables, wherein said data

comprises said at least one set of data values.

10
13.  The apparatus of Claim 11, wherein at least one of said at least
one set of data values is derived from said sequences of memory address
values that are generated by said transformation system from inputs that
match at least one known pattern set.
15

14. The apparatus of Claim 11, wherein said result from said
sequence of memory table-look-up operations further comprises at least one
output value that quantifies a probability that said input is a match to at least

one member of said at least one known pattern set.



| ook-up circuitry for performng a nenory table-|look-up operation at each
of said nultiple levels of said structure of nenory tables 5

si mul t aneoosi/yg2at | east one controlling clock signal forranvaeucissge sai d
sequence of nenory addresses; and sequencing circuitry for starting a new
sequence of table-look- up operations in response to said at |east one
controlling clock signal, 10 wherein each position in said sequence of
menory addresses is used as a possiblesgtarting position for conparing said
sequence of nenory addresses to said at |east one known pattern set. 16.
The apparatus of Claim 11, wherein said pattern recognition 15 apparatus
conprises at least one integrated circuit. 17. The apparatus of C aim 11,
wherein said at | east one known pattern set having at |east one nenber
pattern conprises a single pattern. WO 01/48729 PCT/ US00/ 34682 - 53 18.
The appar at us oft5C aiTineldpparbrssofrClamn d 1afurtheasbrpmsingiown  pattern set
conprising at |east one nenber pattern conprises a nmultiplicity of

patterns and wherei n|sad-dpr esteuftnf r N S rfd)r@ﬁgyeacem@fndwméuletlabk@pl 00k- up
operations, which reflects sai d val ues of said nenory addresses, is used in

> oL M GHARREAL TS 8 1 U Ao PeRROa Blgreror

t abl es. appara us o erein recognlzed

at Ieasg one SPeCIf'F menber of said at | east one known pattern set that is
a simultaneously;

at least one controlling clock signal for advancing said sequence

of memory addresses; and
sequencing circuitry for starting a new sequence of table-look-
up operations in response to said at least one controlling clock signal,
10  wherein each position in said sequence of memory addresses is used as a
possible starting position for comparing said sequence of memory addresses

to said at least one known pattern set.

16. The apparatus of Claim 11, wherein said pattern recognition

15 apparatus comprises at least one integrated circuit.

17.  The apparatus of Claim 11, wherein said at least one known

pattern set having at least one member pattern comprises a single pattern.



10 probable match to said input is identified by said result of said nenory
t abl e- | ook-up operations. 20. The apparatus of claim 19 wherein said
transf or vad bows73ystem for generating a sequence of nenorpCRULERERS
further conprises a 15 translation system 21. The apparatus of claim 19
wherein said transformati on system for generating a sequence of nmenory
addresses further conprises a scaling system 20 22. The apparatus of
claim19 wherein said transformati on—sggt-em for generating a sequence of
menory addresses further conprises a vector rotation system WD 01/48729
PCT/ USO0/ 34682 - 54 23. The apparatus of claim 19 wherein said

transformati on system for generating a sequence of nenory addresses
further conprisd8 at Iheadppargiis af &iaig d 15 ydierebusaidr at fedstrflenkn@wp,. The
apparatus of Claim19 further including storing circuitry for storing data
into said phtieal $etycamprisng ay leasbbee membeepattemi ebrdarises acnuitiplicitysfi d at

| east one set of data values. 10 25. The apparatus of Caim 19, wherein at

| east one phttemisdarad whedsih satheessittfrarh said seywdnogsof medwry vatseflockvrupai d

sequences of menory address values that are generated by said
transf or mpj,emtnet WRidH ANdcPYAR FdI@és of said memory addresses, is used in
S determining specific memory tables that comprise said sequence of memory

tables.

19.  The apparatus of Claim 18 wherein, if said input is recognized,
at least one specific member of said at least one known pattern set that is a
10  probable match to said input is identified by said result of said memory table-

look-up operations.

20. The apparatus of claim 19 wherein said transformation system
for generating a sequence of memory addresses further comprises a

15 translation system.

21.  The apparatus of claim 19 wherein said transformation system
for generating a sequence of memory addresses further comprises a scaling
system.

20

22. The apparatus of claim 19 wherein said transformation system

for generating a sequence of memory addresses further comprises a vector

rotation system.



match at | east one known pattern set. 15 26. The apparatus of C aim 19,
wherein said result fromsaid sequence of nenory tabl e-Iook-up operations
further ovoprises at | east one output val ue that quantifPewusogm4esability
that said input is a match to at |least one nenber of said at |east one
known pattern set. WD 01/48729 PCT/ US00/ 34682 - 55 27. The apparatus of
Claim19, further conprising: look-up circuitry for performng a nenory
tabl e-1 ook-up operation at each of saisd multiple | evels of said structure
of menory tables sinultaneously; 5 at |east one controlling clock signal
for advancing said sequence of nenory addresses; and sequencing circuitry
for starting a new sequence of table-look- up operations in response to
said at |east one controlling clock signal, wherein each position in said
sequence of nenory addresses is used as a 10 starting position for
conparing sai d 28quedte apparatusr 9f aldim ekswherain saidi transfargwsionosystemown
pattern set. 28. The apparatus of Caim 19, wherein said pattern

recogni ti ofor gomsratihga seqIEncLsf aterhepshdaresestfeghat edmprisesiidt. ledd

01/ 48729 PCT/ US00/ 34682 - 56 29. A display system apparatus conprising: a

di spl ay dewhe&isQBR fast ffiridt tafdfrm@ t Wo- di mensi onal array of
5
24. The apparatus of Claim 19 further including storing circuitry for
storing data into said plurality of memory tables, wherein said data includes

said at least one set of data values.

10 25. The apparatus of Claim 19, wherein at least one of said at least
one set of data values is derived from said sequences of memory address
values that are generated by said transformation system from inputs that

match at least one known pattern set.

15 26. The apparatus of Claim 19, wherein said result from said
sequence of memory table-look-up operations further comprises at least one
output value that quantifies a probability that said input is a match to at least

one member of said at least one known pattern set.



di spl ay pixels; at |east one two-dinensional inmage nenory that stores pixel
5 values that reflect a specific display image; circuitry that refreshes
sai d di spwayl/éeed ce from said pi xel values stored in sai BCBUSOEREEE2 one

t wo- di nensi onal inage nenory; a signal input set conprised of at |east one
i nput signal wherein the variation over tinme of input values for said
signal input set reflects 10 synbols for display on said display device; a
pattern recognition apparatus that recggnizes the synbols of a first
synbol set fromsaid signal input set and further conprising an out put

that identifies recognized synbols of said first synbol set; a rendering
circuit that independently renders any of the 15 synbols of a second synbo
set into said a®’l eadthecrrprarabisfidaisn dRafuringagempiisingiy; and interfacing
circuitry that, in response to said output fromsaid pattern recognition
appar at us, commands fiduk-upndincuitty ofor s \pebformirfg oan smethorg edabid-lsgkdopl set
by said rendering circuitry. W 01/48729 PCT/ US00/ 34682 - 57 30. The
appar at us epefdtRinmat28achagrseid naaiisle 96 @s18 ofi s tstiiRtureCoOMPIeh®a§ tablegnal og X
deflection I nput, an analog Y deflection input, and at |east one video

i nput Signéhnuﬁéﬁgbusghe apparatus of Claim 30 further conprising: first
circuitry that converts time-sanpl ed val ues of said anal og X

5 at least one controlling clock signal for advancing said sequence
of memory addresses; and

sequencing circuitry for starting a new sequence of table-look-

up operations in response to said at least one controlling clock signal,

wherein each position in said sequence of memory addresses is used as a

10  starting position for comparing said sequence of memory addresses to said at

least one known pattern set.

28. The apparatus of Claim 19, wherein said pattern recognition

apparatus comprises at least one integrated circuit.



deflection input into a sequence of X digital values; second circuitry that
converts tine-sanpled values of said analog Y deflection input into a
sequence wb olvagdegi t al values; and 10 third circuitry thatPcT/@e@l3asrses sai d
at | east one video input signal and said sequence of X digital values and
sai d sequence of Y digital values into a sequence of address val ues and
provi des said sequence of address values as an input to said pattern
recogni tion apparatus. 15 32. The appanmgtus of Caim 29, wherein said
signal input set conprises raster video. 33. The apparatus of C aim 30,
wherein said first synbol set and said second synbol set are the sane. WO
01/ 48729 PCT/ US00/ 34682 - 58 34. The apparatus of Caim 30, further
conprising direct st@PageA display system appanatusheomprisiagl on over tine of the
i nput val ues of said signal i nput set reflects a synbol that is not
recogni zed as being a of said 5.fi

val ues that are refl @c‘ﬁ%/?)@yg?V?ngPrﬁ?r'?'%%?? Wﬁngpcfgg‘ei”ﬁ%”@ fragéﬂ)% into at

| east one two-di nensional image nenmory at |ocations determ ned by said
anal og X défispédt PalSi nput and said anal og Y deflection input. 10 35. The
apparatus of claim 30 wherein said pattern recognition apparatus further
conprises: a plurality of nenory tables residing wwthin at |east one
physi cal nmenory deviaté&gashnde two-dimensional image memory that stores pixel

5 values that reflect a specific display image;

circuitry that refreshes said display device from said pixel values

stored in said at least one two-dimensional image memory;

a signal input set comprised of at least one input signal wherein
the variation over time of input values for said signal input set reflects

10 symbols for display on said display device;

a pattern recognition apparatus that recognizes the symbols of a
first symbol set from said signal input set and further comprising an output

that identifies recognized symbols of said first symbol set;

a rendering circuit that independently renders any of the
15 symbols of a second symbol set into said at least one two-dimensional image

memory; and

interfacing circuitry that, in response to said output from said
pattern recognition apparatus, commands the rendering of symbols from said

second symbol set by said rendering circuitry.



addressing circuitry that applies said sequence of address values to 15
address inputs of a correspondi ng sequence of nenory tables fromsaid
pluralitwobymgeory tables to performa sequence of menorpCT/abboes4bg20k- up
operations for producing a result that conprises said output that
identifies recognized synbols of said first synbol set. WO 01/48729

PCT/ USO0/ 34682 - 59 36. The apparatus of Claim 35, wherein a set of data
values is stored in said plurality of grenory tabl es and wherein said set
of data values reflects the expected sequences of address values for the
case of said input values for said signal input set being a probable natch
to any symbol of said 5 first symbol set. he apparatus of O aim 36,
wherein said pl 8Pal i J@ecﬁpﬂ?éﬁ%'lsﬁf Glaisn 8, WQeEﬂ'@ﬁﬁldz%anﬁldﬂBU%tS@t ructure of
mul tiple |l evels having at |east one of said plurality of nenory tables at
each of sacdmpuises @ineanatog Xsdafledtiohénmitnan @nakigdY slefjaetmreinplut,rantbaty t abl es
progresses through said multiple levels of said structure. WO 01/48729

PCT/ US00/ 342 one videa3Bipufisighap! ay system apparatus conprising: a display
device conprising at |east a two-dinmensional array of display pixels; at
| east three inmage nenories each conprising at |east a two- 5 di nensi onal
array for storing pixel data that reflects a specific display imge;

5 31.  The apparatus of Claim 30 further comprising:

first circuitry that converts time-sampled values of said analog X

deflection input into a sequence of X digital values;

second circuitry that converts time-sampled values of said

analog Y deflection input into a sequence of Y digital values; and

10 third circuitry that transforms said at least one video input signal
and said sequence of X digital values and said sequence of Y digital values
into a sequence of address values and provides said sequence of address

values as an input to said pattern recognition apparatus.

15 32.  The apparatus of Claim 29, wherein said signal input set

comprises raster video.

33. The apparatus of Claim 30, wherein said first symbol set and

said second symbol set are the same.



refresh circuitry for refreshing said display device fromthe pixel data
stored in one of said at least three inage nenories; reset circuitry for
cl eari ngwdel/g7zel data stored in one of said at | east thCPESIVEGR
menories; 10 update circuitry for witing updated pixel data into one of
said at |least three i mage nenories wherein said updated pixel data is
reflective of an updated display image; control circuitry for periodically
i nterchangi ng functions of said at le&gt—three i mage nenories wherein an
i mage nmenory that was nost 15 recently updated is used to refresh said
di spl ay device and wherein an inmage nenory that was previously used to
refresh said display device is cleared and wherein updated pixel data is
witten into an inage nenory that is cleared.

34.  The apparatus of Claim 30, further comprising direct storage
means that, when the variation over time of the input values of said signal
input set reflects a symbol that is not recognized as being a symbol of said

5 first symbol set, writes pixel values that are reflective of said at least one
video input signal into at least one two-dimensional image memory at
locations determined by said analog X deflection input and said analog Y

deflection input.

10 35.  The apparatus of claim 30 wherein said pattern recognition

apparatus further comprises:

a plurality of memory tables residing within at least one physical

memory device; and

addressing circuitry that applies said sequence of address values to
15 address inputs of a corresponding sequence of memory tables from said
plurality of memory tables to perform a sequence of memory table-look-up
operations for producing a result that comprises said output that identifies

recognized symbols of said first symbol set.



10

WO 01/48729 PCT/US00/34682
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36. The apparatus of Claim 35, wherein a set of data values is
stored in said plurality of memory tables and wherein said set of data values
reflects the expected sequences of address values for the case of said input
values for said signal input set being a probable match to any symbol of said

first symbol set.

37.  The apparatus of Claim 36, wherein said plurality of memory
tables is organized into a structure of multiple levels having at least one of
said plurality of memory tables at each of said muitiple levels and wherein
said sequence of memory tables progresses through said multiple levels of

said structure.



WO 01/48729 PCT/US00/34682
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38. Adisplay system apparatus comprising:

a display device comprising at least a two-dimensional array of
display pixels;

at least three image memories each comprising at least a two-

5 dimensional array for storing pixel data that reflects a specific display image;

refresh circuitry for refreshing said display device from the pixel
data stored in one of said at least three image memories;

reset circuitry for clearing the pixel data stored in one of said at
least three image memories;

10 update circuitry for writing updated pixel data into one of said at
least three image memories wherein said updated pixel data is reflective of an
updated display image;

control circuitry for periodically interchanging functions of said at
least three image memories wherein an image memory that was most

15 recently updated is used to refresh said display device and wherein an image
memory that was previously used to refresh said display device is cleared
and wherein updated pixel data is written into an image memory that is

cleared.



