_ ; R,
2 9 JUN 2004 WO 01/48729_PCT/ US01/ 34682 SYSTEM MET AND APPARATUB HOR 2004
PATTERN RECOGNI TI ON WT'APPLI CATI ON TO SYMBOL RE | TI ON AND
REGENERAT wiNo1 /88389 A CALI GRAPHI C DI SPLAY 5 BACKGROUND OF THecirMN¥BiNEisaN
FI ELD OF THE | NVENTI ON The present invention relates generally to the field
of pattern .recognition. Mre specifically, the present invention relates
to a system nethod and apparatus for pattern or synbol recognition usable
inreal-time 10 applications. BACKGROUND ART There are a nunber of
applications for, and approaches to, pattern recognition. For exanple,

neural net wor&¢sqRMbREIIRID! ANDCAPPAR AT FTERN RECHGHITIONU™

US'FORPH
ff-the-shel \
-avai 1 abl o, TATBAPELIA N ﬁﬁgﬁ%{%ﬁg REGENFRRIIQN, be
rel atively expensive and thge r ; | ISK that the parts

enpl oyed_m ght becone obsol ete. Al so., because of comprom ses that are

“typi cal I§/ made to neural n%@ﬁﬁ;\:’“&a@ﬁﬂ"%r’ﬂﬂﬁﬂﬂ MNower their cost, they
may not mneet the performance requirenents for sonme real-tinme applications.
20 Simlarl ¢E HEINWEN essors (DSP's) can also be used for

pattern recognition (e.g., wth correlation operations perfornmed in either

the time or theTheegstessnt dav@htion RiktePSBefiefip %Smé)eﬂédp%'ﬁs'ra}é&eﬁ-ﬂd may
not achi eve the perfornmance | evel required by sone real-tinme applications.

Thus, 29 JHbloeffion/ QM 48detiddty! 'REPrREERE 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 o, pattem
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 perfarmance requirements far some real-time applications.

20 Simiarly, 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 Ievelmr.'éduired by some real-time applications. Thus,m




-2 it would be useful to _have an alternate approach _to pattern rec It
that can achi eve high ;.f ormance at a relatively cost wit hou?ﬁuw ?dﬂl'
signi ficarfppiase Of parts obsol escence. Many display syst gzsr,g#m

cathode ray tubes (CRT's), but new 5 CRT's are not always aval at??éelszto

repair or replace these display systens. Therefore, a demand exists to

repl ace these displays with newly designed display systens that utilize.

fl at-panel display technol ogy, such as liquid crystal display (LCD)

technol ogy. But the electrical int erf aceto exi sti ng 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 primary

i nconpat i bi ki f¥urf h%%q(!t | LS . .
i ndi vi dual |hoi xg\@ g% eac | (g?hs% agﬂl%%hgt%eéé%doggbgg #%‘?eff‘r'féﬁﬁbﬂgt%wa%co

t echnol ogy | oys. a hani.sm for dj scretel el ecti ng i ndiyvidual pjxels,

wher eas CRTCPBARIRG, PiaLArdGEnancs ah3sitigl EMpraovRrHoIoneant REkor

.15 nore el ectron beans on the display surface. Display processing systens

for real -ti REPaPpiabsglessgace.such as for avionics displays, generally

I ncorporate a hardware vector generation (i.e., line drawing) capability,
Thi s hardware pr damieslishiay tsystems mmplofocataedeaaynwbés (CRTIS)omAl newnd Y
(vertical) display screen |ocations, and digital video to 20" _ -"-spa if

the sel ect eCRTIb sl bt BREEYR! avikble t6FEF4IRIR MDARE PRGeOME S0 be
provi ded. For a calli graphiy?/ stroke typegébf CR%bdi spl ay, thg’é;, Sg;agn?ﬁd

e 1SRR8RO ol SR o8 ) A RRAASE o
09 29 JUN 28%?’313’? s%/té'r?nz2t?1aFCuTt{Iiggo%t§€'§r?e% display technology, such as liquid
crystal display (LCD) technology. But the electrical interface to existing CRY-
based displays is often incpmpatible with the requirements of L CD-based
10 displays because of the di.fferences' 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 ilumination. 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

© T 207 spEnify the selected mtensity 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




4 11 directly refreshes the display by executing its commands at ar tﬁ\ o{
approxi mately 60 HzZ, Forgm dynanic di splay format, ’ command- 1Y JUN 200
| i st/ program shoul d be ugated at arate that is hi enough to achi eve
smoot h nmotWQAV4H2% he synbol ogy. This may require an updat e TFA{USOYE468d or 30
5 HZ. For LCD technol ogy---or for a raster type of CRT-based displ ay-the

di splay screen is refreshed froma 2-di nensional frame buffer nenory, or

"i mage nmenory”. An inmage nenory can be an exact 2-D mapping of the pixels
of the display screen, whereby each nenpgy.-l ocation holds a code that 10
determnes the color/intensity of its corresponding pixel. The digital X
and Y outputs of the synbol generator are then used to address the 2-D
Jmge nenory. Vectors are witten/drawn into inage nenory instead of

di rect |y ondirently diefisishpssthecdlisplanrby cxecuting B prommansiss ataasaBopf
generator is used to wupdate the disptay format in one inage nenory while
_anot her i nagppidximeteyy 60WhZch dant ai dynaimie pdisplagufommpatat the i command-

simul taneously used to refresh the display screen. Sone CRT-based displ ays

are desi gnedsf/grograincERadle BetWmRiled tai0 eratdh589$ High NefollyHo it dadHiéRe | N
order to overlay stroke synbology onto raster video. Avionics display

and the oymeRIOR NGRS SToRo0E Py reilng R uBels BB AR Ty o

may utili zeﬂ_&p anal og interface between the synbol generator and the
di spl ay éni %1 f such CRT-based di spl ays are replaced wwth newer LCD based

units, it nmay be cost Brohi bitive to also replace the Sgnbol a 2 9 JUN 2004
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 colorfintensity of its corresponding pixel. The digital X and Y
outputs of the symbol generator are then used to address the 2-D image
memory. Vectars are writt_enldrawn into image memory instead of directly on
the display screen. For realtime 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 simuitaneously 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 ulilize an apalog 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 aise replace the symbol




WO 01/48729 PCT/ US00/ 34682 -4 generator. The new LCD-based di splay7@njN 2504
shoul d then be designed@p function with the exi st.g anal og interface.

But becauggy dHgrisechnol ogy enploys a discrete type of pixeraddsssshngd
mechanism this tends to dimnish the quality of the displayed synpol ogy.

5 A conventional approach to the design of a LCD based display unit wth
stroke-type analog inputs is to essentially mmc, or sinulate, the
operation of a CRT-based display. The aqglog X and Y deflection inputs are
converted to digital and used to addré&3s™a 2-D i rage nenory where the
digital/digitized video is witten. Thus, the stroke inputs are used to
wite 10 synbology into an i mage nenory instead of directly onto a CRT

di splay sc I SrH )] AV : S : ad to
pr ovi de t edS GBI or HECRER: RRTPbHsH, Jiiay SRe GHOBH lort TR BECIRRA, ST
are used t Lte Lnto ope_joage _WENOL a_second nenory Lch stores the
ot o updad Enefieh Su Be RaehiR el et IR betA e SE e siiahe

| mage. ThesBAPIS HECRaIRR of RikeL2BUERE Y BRRIABEM Hisitende taAainEu

i mage. Thes BMs Wsttends feaueing ) on
the analog X and Y signals-fromexternal and internal sources; 2) w deband

t her mal noi the qualiteohtteddisplayed symbaogy.og circuitry; 3) phase noise in the
sanpling operation; and 4) quantization noise fromthe analog to digital

(A-to-D)s conver shoganvairitiontl h?ﬁ&ﬂd&p'tcﬁ thes Peisis of endCrpbassd afipiaPeunivial ity
of the displayed synbol ogy. e severity of EM depends on the individual

o oo SRR Aeted il 8.8 BRSFORY, G SRR b
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 interfgrence (EM!) on the analog X
and Y signals—from external and intemal 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)

20  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

-



5 conversion operation to prevent high-frequency EM fromaliasing into the
bandwi dt h of interest, | ower frequency EM wil | tgrade the qual% {UN 2684
the displayed synbol og Ther mal noi se causes smal andom devi ati ons t hat
exhi bit aw@aussizzin di stribution around the normin the di gPETZEHBEHDI es of
S the anal 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 | ow pass
digital filter. Phase noise results frofitter in the sanpling tine,

whi ch can occur within the A-to- D converter circuit and also fromjitter
in the sanpling clock. But in this 10 application, a nore significant error
can result froman inconsistent phase of the sanpling clock relative to
“the cl ock i ponvesrsiopnbperafignetatroevegnt. Righ-fraquency fMb ffor paliasing dntot e

di splay format). The display anomalies that result from quantization noise
can be m ni phAeaidoly of imecystnbuklobicg fraquenty EMhwil- dégraBedhevgrdiey of they. , a
"12-bit converter nmay provide a significantly higher 15 resolution than the

pixel resol kispiledfl syBoRighP! PHRrmdl i LaBSedrBiiaiSrahnb BevatiBASL A0 as
either static or dynam c. nol se or distortion that is the same on every

di spl ay updgg . ﬁ‘ﬂﬂf. e tic, 1] b fixed
relative to%ﬁpﬁgérj%%%ﬁrggfsay tigg‘r%@ﬁ]ﬁgrﬁhgoﬁogmsyﬁgﬂé@@*% %@ %aé;&scr een
(i.e., where the s tself 20_m g e_in notion). An exanple of a
Stati e shoniisATaRUdaeclipg nuhoedritect o e abe cyhbeIGmEZed REu
from aggressive |owpass filtering of the deflection inputs (e-g.,
resul ting i avessapmliaguineninpite (ied.y saopling catcarhighey) rata thapramequieddy y can
be a noise or distortion that noves across the screen WD 01/48729 - 6
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 disptay 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 mation).  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




29 JUN 2004 PCT/ US00/ 34682 and/or through the synmbology. It can also b

| ocated at a specific s%en or specific synbol lo i on and be exbﬂdﬁﬂéﬂﬂ
on either yyoReksRdi ¢ or random basis. Since humans are adgpirgloedgksct i NY
noti on/ change, dynamic anonualies can be nore objectionable t’han static
ones. Increasing the 5 anmount of |ow pass filtering can reduce the dynam c
anomalies that result fromEM. However, this would increase the |evel of
static distortion for the synbology. Because this conventional design
approach to a LCD based caligraphic dﬁ%'é’y with analog inputs results in
obj ectionable display 10 anonmalies, it would be beneficial to enploy sone
ot her design approach that does not have this problem BRI EF SUMVARY OF
THE | NVENTI @Ndf&ethr@bd R thd @ymiabyyy  Ricahlfsd BEaBta@n 4t %E%Eiﬂ@e&:r&@n or

facilitate an undersiandi ng of sone of the innovative tures unrque to

t he present AN ' ' ' ed ta.,b full . .description.

Al t hough thépkﬁgge%ﬁ“?’ﬁgg?ﬁﬁq@g‘ héﬁ%@ﬁ@gaﬁwmﬁi 8 ReNqdif o M will
focus on thz)@ﬁcal [ r%’ihg‘c di splay application. A full appreciation of the
vari ous asp&@S-oPNeH UGBSt 6k adePbeatgdeirclingy npelionighange e rdyinasnic
speci fication, clains, drawi ngs, and abstract as a whole. 20 The present

i nventi on padwMmRliesacaat ber marecobjectionable dhani statichehes.an inbeedsing atvent ed
usi ng sem conductor nenory devices. Menory chips are very high-vol une

conmodi t§ pancurithoft low-pasy Hilleriblecai réduce tHavdgASHic aMBhei thdthasdfnsi ty
of menory chips (i.e., the nunber of bits in a Ssingle f

| from EMI. However, this would increase the level of static distortion for the
| symbology.

Because this conventional design app.roach 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 folldwing 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.

207 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




29 JUN 2004 WO 01 /48729 PCT/ US00/ 34532 -7 integrated circuit) has i Cbﬁ@? d
dramatically with advan I n sem conductor techn y, and w || pﬂb [}ﬁ&
continue to do so. Thus,"™ he invention provides a lution to the gattern
recogni t i B9 @r48B%m t hat achi eves a very high |evel of pef$HP

relatively low cost. 5 The present invention provides an alternate approach
to the design of a LCD-based caligraphic display unit that inproves the
quality of the displayed synbology. In this alternate approach, the
digitized sanples of the analog defleetien inputs, along with the video

I nput (s), are nonitored for the purpose of recognizing the individual
synbol s that are to be displayed. These 14 synbols can then be regenerated

“any degr agaNieHERH PRSI oEa Ry ARaTBUs IR asRERS: L SERFhde O
| ow- pass"filtering"at the anal og? trite ace. This approach reqw res

_mechani sm f&chpelogabppd ek eErtahiin gontrue iRidQ isqual hus. $he iyve ‘Pﬁtﬁﬂoé"cﬁsom t he

anal og deflection and video input(s) to the display unit, even 15
when- noi se a sofutiesentthempattees eedogpitosn preblere thateachyeresl a Neaoglghtleual of
function operates in real-time with the inputs to the display unit, the

present i nvﬁéﬁ’d)mﬁlanc’seﬁaﬂfeﬁtﬁéﬁhbw ¢og®l enented via hardware for this
application, rather than via software. The need for real-tine performnce

woul d alsso seem R gLk iGndenti g.tdvfmeg SRaERIEIATARPrddth (8 FM Bisighdet s On

a si mul taneous ba ected I nputs f ny one of the synbols

: Pb?a%ngslnﬁo"egf Bésé(lii ngaligrér;ﬂhgeﬁlg}ag&a un?‘n@g%tl h}qa\)se sa?ﬁ% ﬁfé%lﬂp sol u | on to

t he symbol /pattern rec n|t| lemthat c t .t he demapdin
r equi r enent SiSBlRAYER; Y Png R?'Eﬂ?tt‘? GRproa Ehlﬁ\lgmd samples of the

analog deflection inputs, along with the video input(s), are monitored for the
purpose of recognizing the indiQidual 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 refiably recognizing the individual display
symbols from the analog deflection and video input(s) to the display unit, even
1S  when noise is present on these inputs. Since the symbol recognition functio_n.
operates in real-time with the inputs to the display unif, 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.




WO 01/ 48729 - 8 PCT/ US00/ 34682 One enbodi nent of the present invention
I npl ements the pattern recognition function by nmegns of a state nmag®ijpke 2004
t hat enpl oys a sequence t abl e-|1 ook-up operati that are designed to
recogni ze patterns in a sequence of inputs. The patterns to be
recogni zedQPVE™ the |ibrary of 5 patterns) are used in ﬁgﬁﬁéyﬁga?he dat a
stored in the nenory tables that are used by the tabl e-|ook-up operations.
The tables are organized in a hierarchical, or tree-like, structure having
a unique set of nmenory tables for each level of this structure. The input
to this pattern recognition nechani sm—@oaprises a tinme-sequence of nenory
addr esses, which may be derived 10 fromthe tinme-sanpled and digitized
val ues of one or nore anal og input signals. This would be the case for the
application of a LCD-based «calligraphic display unit having anal og X and Y.
i nputs. O her ap@riec&hbedimendofdthee ipresent Hnverdogu ERplemMentsdher DaliBr esses
by different neans. For the LCD- based calligraphic display, the X and Y
i nput val uesegsghitickbfunetioRibyymeamsbbastdte mavhine thatrempéoyisaalsegience afhe .
rendering of each display synbol (i.e., except for small changes due to
noi ). Thi Sa¥i@sodiRBR! opdrdtibns! ifatoLHe! ddstghebnag dretioghlzey patelrs lin al | ow

el r "anal og e

stabilization of 't | ectionanplifiers.” This condition can be

detected and used to.reset -the r It | s new
i spl ay. synoupees Bh By T PsB IR aat 5 20 Bk BRaTErd O e Wrdhfot 1S
can be filtered/ averaged during this interval,. These fil tﬁ’rﬁd \{@I ues, which
are saved, mateErnR ale uraINGVIRG hedatacstemd ingRg Memony faRIRs RIXAE ¢ hat
is to be rendered. 29 JUN 2004 WD 01/48729 PCT/ US00/ 34682 ) i

[ used by the table-look-up operations. The tables are organized in a

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 anaiog input

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

“calligraphic dispiay 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 vatues are
15 normally constant for some time period before the rendering of each display

symbaol (i.e., except for srﬁall 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

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

screen location for the symbol that is to be rendered.



9 Not all of the digitized X, Y, and video input sanples are required to be
used in generating the tine-sequence of nenory addr.ses for the sy?rﬂJcHJN 2004
recogni ti on mechani sm . exanpl e, one algorithmf generating these

addr esses \gjgg@ @I,é of the input sanples in which the vi dedmmss/zssanges 5
state and & ed number of the I nput sanples in the intervals between

t hese changes in the video input. For each of these sanples, the associated
menory address can then be derived by a concatenation of 1) a val ue
representative of the video state just prior to the sanple; 2) the relative
value of the sanpled X input; and 3) +h8Tel ative value of the sanpled Y

I nput. W) Recall that the X and Y display-screen location prior to the
rendering of a synbol is saved. Arelative X position-for each of the X

i nput sanpl es- - - h be deri - ' i I
position fromt hg& ?\’)g?ﬁtg'e cﬁgﬂg?\%\‘f%pg dﬁ%@@ﬁb#ﬁ%@g@a %g&w@/@ ueg can
be derived simlarly. Accordingly, the seéect ed indut sanpl ar et hen
used to genersedeinaganerabng dBpdiTarNEaveNRE. SeaIFerRyY #rﬁ%ﬁn&rgﬁﬁr E%@g. Thi s
sequence of nenory addresses is then used as the input to the synbol

recogni ti on reepgfitibh anecidresimi. r Sornexammple adde esigorithm fer genedtios thestised to
address a single nenory table that resides at the first level in the

hi erarchy of , jluDLys h%@lsea‘ﬂ- of &% ot N@inYEb e en bhithithe addise dsarchangese t he

values of the inputs for the sanpl'e that it represents-is consistent with
e ot S o B SR rifrock SRl p Aoha e
Lable that g o et e oS ol HH Uach Yt thdsd ShhpREY? iPalddcited® --
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
) "~ “iten 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




PCT/ USO0/ 34682 of the consistent synbol (s)- Then the next nenory address in
the sequence W ll be u to address this specifi't abl e at the &bzt

| evel in the hierarchy: this process continues, ™ he sequence of input
sanpl es- bywo §pavse of their associ ated nenory addresses- di r BETHSIMEEBHt h
through the 5 structure of nmenory tables until either a synbol is

recogni zed or until it is determned that the i nput sequence is
IFnconsi stent with any of the library synbols. Three types of outputs are
possi ble for the nmenory tables. Wen a_ gpnpl eted i nput sequence is

unanbi guously recogni zed as correlating to one 10 of the synbols in the
library, the code for that synmbol is output fromthe nenory. When an
i nconpl ete i nput sequence is-up to that point in the sequence--consistent

.with. one %Ff‘lhér?:bﬁsigfeﬁt@n{lﬁdv(fs?tr Thevithe rext righeoryeaddress outheusequemtes to a

specific table at the next level in the hierarchy that will test the next

sampl e of Liiy! BB YsRPqHOR RG2S ydoRiaPORS it e sobBfid ake dnlne ven

Ast
I nput sanplé? a n-an fnﬁﬁ%ﬁsequence, establ i shes that the
-input sequence is not consistent w{.h any, of the |ibrar W _t
ot but of eIy yAS S PRERE A0RUNES A8 seslanss et S
sequence is determned to be inconsistent with any Iibr%%é synbol,, .the
digitized i nmeans shiptieassaciates masaoyaddressasydireradhet hstéfﬂ}tﬂh the o the
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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 inconsiétent 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 fo

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



sanpl es that can be encountered under the worst-case noise condition ﬁﬂf
novel features of the pr nt invention will becone parent to thozg 200
skill in the art upon ex nation of the follow ng ai l ed description of

5 the invewd @msor® can be | earned by practice of the preseRCT{UN¥AEHN. |t
shoul d be understood, however, that the detailed description of the

I nvention and the specific exanples presented, while indicating certain

enbodi ments of the present invention, are provided for illustration
pur poses only because vari ous changes___arp _nodifications within the spirit
and scope of the invention will 10 becone apparent to those of skill in the

art fromthe detailed description of the invention and clains that foll ow.
BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanying figures, in which like

ref erence NuffRfhS tdtféS beldesigridanti Alaly far thewatiationalin thesvalisbaiof theinput s
t hroughout the .separate views, and 15 which are incorporated in and form

part of the speciJ af LoR ol ddilerkh aLF Metudraecass ABRe!cdrutRits. on, and

toget her wit scriptiron of the 1nvention, serve to explain
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with the present invention; 20 FIG 2 shows_an exanple of how the .Sém?ol )
"N' and "L" tmsedfiskil inghd@redpan exnsninatien af th@rfommssdqtﬂ@fiﬂo%%ﬁf@t's 0
oriented in the nenory tables to allow for the recognition of rotated
synbol ogysi ny@sEREAESICEr var be ldaened by peattice aitbetpresgntamentien. Jisbadbae wo
01/48729 PCT/US00/34682 - 12 FIG 3 is a diagramthat shows an exanple of
the operation,gk idiRi, however, that the detailed description of the invention and 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 syh-nbols “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




synbol recognition nmechanismin accordance with the present invention.
DETAI LED DESCRI PTI ON OF ¢@E | NVENTI ON The present i’ention provi desy N 2004
system nethod and appar®tus for 5 pattern recognitron. Although the

i nventi on WAAYHEZUsed in a nunber of applications, the fofCEHMY3482ail ed
description relates to a LCD based «calligraphic display unit with anal og
deflection inputs. By nonitoring the analog deflection inputs, along with
the video input(s), the synbology that is to be displayed can be

recogni zed and then regenerated w thino type—display 10 unit by conpletely
digital neans. This elimnates anomalies and distortions in the synbol ogy
fromnoise and |l owpass filtering at the analog inputs. ugh the invention
will be described relative to its use in,this specific application, it
shoul d be under sfdGd 3 i@ diagramdbahshowsean iexample dfethedapersdions of thee in
ot her applications that require pattern or synbol recognition. 15 For the
cal i graphi c s?m%i AcoRidrEecREnisHH Bl ddcorthntealith Yhel pidseet iantival ues,
along with video, ar€ used to select a sequence of points on each of the

rendered symjx i ' ' n conpared agai nst the
expected se c.Lé'c & gF i Elandﬁeol sinalibrary that is
stored in the display unit. If the ipput sequence i.s recogni zed ,as heing a
rendering 20 of Jhe& Bgestqﬁ'éé'éveé"?’ﬁﬂoi’@vf&)?st ﬂéﬂ%ﬂpamtﬁ?ﬂ@@?tﬂaﬁf%“s or
digitized input sanples can be discarded and the synbol can be rendered
from a | bst pattesrececognitian.or Adhouighithe tingentiarpicap beiwsed fin n nuiplaer of
sequence is not recognized as being one of the synbols in the internally

stored |ibrag glicétt&uﬁyﬂmlfomngedéta’lmt idesEpio 48fRes to 43LCD-BadéMl 2004
PCT/ US00/ 3468

caligraphic display unit with analog deflection inputs. By monitoring the

analog deflection inputs, along with the video inpui(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 ban be adapted
for use in other applications that require pattemn or symbeol recognition.

15 For the caligraphic display application, digitized X and Y defiection
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 internalily stored library, the symbol can be directiy




rendered into i mage menory fromthe digitized i nput sanples. This regtéi:[uﬁs
that the digitized i npu;t,\.arrpl es (deflection and vi ) be saved in dﬂm

buffer in order to allo me for the synbol recogniTion o %iﬁgb@gws§ynbols
that are rwoagnszed as being in the synbol |ibrary are con%

re-rendered 5 with digital hardware within the display unit. Therefore, the
quality of these displayed synbols is not degraded by noise or by the

| ow-pass filtering at the analog interface. Figure 1 shows an enbodi nent
of the present invention for the «caligreaphic display application. This

di splay unit incorporates a flat-panel to LCD 344, but it is designed to

repl ace a CRT-based display unit that enploys anal og deflection inputs for
sel ecting the horizontal and vertical display screen posjtions. H gh
frequency nojepeered irdonmedefmemonh oo tiezdigitaed ispubearaplesct | 'ﬁ,"eﬂﬂkﬁ?
signal 218 by nmeans of a |ow pass filter conprised of a series resistor

302 and a p I B26d isut3mpRssidsfketior] andpadso) bet savad trh a161F@r i es
f esi stor SO?h%lrtléﬁ%adﬁg‘IH?ée? lii:)i?apacitgr 308 renoves high frequency noise on
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sanpl ed and E% I gl on a periodic basis at the

deflection interface 310. A high s ling rate (i..¢e. )L HS
enpl oyed andthat@re seeQamiest ag Qﬁ%lgetﬁ‘%n% ﬁyg%ql ggfﬂﬁrgFggﬁégF%k%ﬁ%ﬁppass
digital filter 312. 20 The video input 220 nay be c rised of. i ple

si gnal s, findwithydigiéa! bardinage wdthgn the disstay Unitx fher ng Q}%HHSI"HH @'ﬁe Pt al .
The video interface 316 detects the "off-to-on" and the "on-to-off'

transitions gfspldiedvéyiRsols ipHbt defradedmsmoise anbythetewpass ditesingoat the
synchroni ze and control the various operations WO 01/48729 29 JUN 2004

PCT/ US00/ 34682 110 inferface.

Figure 1 shows an embodiment of the present invention for the

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

10 LCD 344, but it is desighed to replace a CRT-basgd 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 defiection, 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 signais, 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




within the display unit. The video interface 315 al so conpensates for an

di sparity in the tinming the videp and the defl edfon inputs. Suchld JUK 2004
di sparity ma}/ exist for an interface that was designed fopcpyShizfegsed

di spl ay. WOP4EZEAdwi dth for the deflection anplifiers of a CRI-based

display is normally 5 nmuch | ower than the bandwi dth of the video circuitry.
Consequently, the transitions of the video at the'input to a CRT-based

di splay are often delayed in order to synchronize with the deflection at
the display screen. If this is the casd4d-+hen the video interface 316
adjusts the video timng to effectively renove this conpensation. 10

I nstead of witing synbology directly onto the display screen, as with a

stroke type of CRT-based display, the displa in FEiq. Fte he
synbol ogy i witbinathe gigpiay Hﬁﬁorix%%ge%r\mﬁ%éﬁé W%P an‘n@%&g%ﬁe\é{g}rgﬂ%

2-di mensi onal array that corresponds-often on _a one-to-one basis-with the
array of pigigparignintthe tithingl aiythe oidem andibe idefection infuds Sy 8 ARt remor y
15 is thus conprised of a horizontal, or X, value and a vertical, or Y,

val ue. For ohiSP IR IREHBBS thaéls deskiricaidra ORT-based wisplayd Theen
store the video intormation for a single correspondi ng pixel of the

P! 2, 1 Refo il Top (SR EGH bt A ReRvsachal iy ® welmaly
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cl eared of synbology so that it can WO 01/48729 S a - 15 2 9 JUN 2004
in order to synchronize 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 symbﬁlogy 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—uwith the
array of pixels on the disptay 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 imptementations, 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. thel
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 cycie. A third

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




PCT/ USO0/ 34682 be used to wite updated synbol ogy on the next refresh
cycle. The functions o!ﬂhe i mge nenories are thefiiswitched, on al9 JUN 2004
rotating basis, at the rt of each display refresh cycl ISR

systens WEQ81/8HRYentional |y enpl oyed only two inage 5 nen%-ﬁ/@so,%%/\%%gr eby,

at any given tine, one image nmenory is used to refresh the display while
the second is being updated with new synbol ogy. After the update operation
is conpleted, the functions of these two i nage nenories are interchanged.
Sonme systenms-but not alt--synchronize~thPs—interchange to the conpletion
of the display refresh operation. Followi ng the interchange, 10 the update
operation first clears the image nenory of the previously updated

synbol ogy/i mage and then wites the new synbol inta the 4 ry.
* Because t hibe usedte h‘g’ltép@ﬂattf%ﬁymgo}?&‘:’ﬁﬂ %@d“%’ﬁ%éf@é’a%éﬁﬁ'ﬁ aTWr%ﬂ%’ﬁﬁﬁﬂghe

witing operation (i.e., instead of sinmultaneously) this linmts system
per f or mancesf thBatragehmemorieriard Heansyitehats qn aéptatmﬁebats'matdbﬁaita%&f
‘di spl ayi ng updated 15 synbol ogy) and the naxi nrum update rate are

constrai ned,pp giggggﬁ@ﬂiegﬁr@ete_ of perform ng these two operations
sequentially. By enploying three i nage nenories, the three inmage-nenory

operations (i.e.q:dihspl r ; [ ifgheus
P ( D|5?JII%8 %}egtéﬁm% nb%é‘%e ChRIEHEEHAY ISFRSIBYSENBAY Ghopiimey

symbol ogy, and Wit W Sy ogy) can all be perfornmed simltaneously.
SRR A R L T e L
the appl | catictisployannietheaeeenc i haha peatas wih iy sympalbaye A BFea”: o
any display systemthat 0 0 2 9 JUN 2004 WO 01/ 48729 PCTf US00/ 34682,
update operation is completed, the functions of these two image memoties
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 inte the image memory.
Bodalse this clearing operation is performed time sequentially with the writing
operation (i.e., instead of simultaneously) this fimits system performance,
Both the minimum latency time (i.e., the time delay for displaying updated
15  symbolagy) 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 simultanecusly.

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 utiizing 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




I mge nenory. It is in ded that this feature of ‘ pr esent i nventd AaUN 2004
enconpass _al |l such displfay system applications. In the di m of

Fi gure 1, WOBM§i®ferent nechanisns are 5 enpl oyed for wf‘ﬁ%s@iﬁ %I ogy
into i mage nmenory. In one of these, the sanpled and digitized X and Y

I nput val ues are passed through a FIFO pipeline 328 and a selector 324 in
order to supply address values to the inmage nenory 336. The sanpl ed vi deo
i nput is passed through a FIFO pipel+ndbbuffer 326 and a selector 330 in
order to supply the video data input 10 to the i mage nenory 336. \Wen the
video data input is on (i.e., not inthe off/blank state), it is witten
into the image nenory 336 at.fhe selected XY . -locafion. ' ch
emul at es th@%@ﬁbﬁﬁt?oﬂsﬂﬁya‘” YReURT fesralpd BW%PI?QYEQIHEE@@,@BF’L itten
into i mage nenory instead of directly onto the display screen. However,
the qualityirdge eeaiosyl altets dytandeddhat this Jeaturs @grﬂb? dresent upyentian s
approach as a result of noise on the anal og deflection inputs 218 and 216.
The second grehApaseafl guchdidpiay spstehnapgications | nage nermory el i ninates

t he degradation to display quality that results fromnoise on the analog

inputs. Instead pf qugi {ﬂsalgagﬂlﬁggfgf}, Yof Riduré e WBIBIERER YnedH2fishs aarD

stream of sanpl ed i nputs nitored t0 detect the specific synbols that

are to be displayed. The detect ol |.gital

means \Aﬁb t hPh’Sp?‘?@ydd?%ervg ngrﬁwbéﬁg}%ﬁ%r ﬁaﬁ@érﬂﬁ@yiiﬂ ere%‘e\?\ﬁ?g%'uﬂ{eglhea

anomalies that can result fromthe anpal og 'lnt erface, V\g 1/ 45729 Fq % 17
sampled and digitized X and Y input values are passe rough a FIF

- 16 refreshes a displ aanith conput er generated synbol ogy/ graphics from an

pipeline 328 and a selector 324 in order to supply address values to the
image memary 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/btank state), it is written into the image memory 336 at the selected X/Y

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 defiection
inputs 218 and 216.

The second mechanism -for writing symbology into image memory
eliminates the degradation to display quat_ity that resuits 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,




PCT/ USO0/ 34682 2 9 JUN 2004 The stream of digitized X and Y val ues, ?Bdﬂmhﬁm
correspondi ng stream o | deo data, are first inpt.to a point sele

mechani sm 314. It is not™ necessary that every sanple in tge gadops4dar €am
(i.e,, eveO@1E8T29t on a synbol) be processed in order toidentify the .
synbol. Therefore, the point select 5 mechanism 314 is used to reduce the
anmount of data that is input to the synbol detect nmechanism 318. The point
selection algorithmselects all of the sanples/points in the data stream
where a transition in the video occurs 1fe—g., where the video switches
fromoff-to-on or fromon-to-off). Additional points are selected when a
relatively long interval occurs between the video 10 transitions (e.g., the

al gorithm m ght select every, four S lvg* ' iRt il E@a8gmnduri ng
“the interval bet %éﬁtf%“ﬂf&ié%t'%ercggsﬂaq@n &%%bdntﬂﬁb@reoﬁhgbﬁltg that are
sel ected shoul d be high enough' to ensure an 'unanbiguous tegt.i o f all
of the synbof videv datgmBe? firsthinguy to\édeing sglect Mmech '"Er”ar?/{j‘gyn‘gd figf
"detected, the vector. generate 15 mechanism 320 is- used to regenerate the
synbol  fr onhigéedrgthanevery sampleriretheaddty streamed ol eyesy Ppointonoa synhe
sequence of vector commands to the render nechani sm 322. The render

mechani sm 3gg 54&%@5&.?&@&&@% igEntifyheesymabblor Thenefore, e pointoseleeB6. | t

out puts a sequence o Y addresses through sel ector 324 to the address

i nput of _i naﬂe!neg%{t_ly?ﬁi% ﬁ&é&gr}g }éd”%t@g?mabﬁﬁgf%él thAf & ¢iputetoettieor 330

to the dat a nenory Video data is witten into the
vector | ThesymbobAeiemnERIEarsi SoinorR PRt SN Sgapgi Gaiss At oF
| ocations of the vector end-points as 29 JUN 2004 . . )
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 thai are selected should be high enough to ensure an unambiguous
detection of all of the symbois in a symbol library.
When a specific library symbol is detected, the vector generate
15 mechanism 320 is usea to regenerate the symbol from information in an
internally stored flibrary. 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 XY
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 eat:h 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




di spl ays
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t he synbol Sscreen position to

spati al gi | 4eL iR

pi xel addressi ng.

end. e anal og- 1410 & puiod e cesbgid KndtrtclinStRe i Begpr e ™ ©

Wb 01/48721 PCT/ US00/ 34682 - 18 relative to the |ocation of the symbgl
the display. The point s. ong the path of each ve('r are also initia
gener at ed“a(§mr‘,&L,g,tive | ocations. Therefore, the renderi ngpoeaisansssr adds
these relative values in order to generate
the absolute X and Y addresses to 5 the inmage nenory. \Wen a synbol to be
di spl ayed is not recogni zed as being one of the synbols in the library,

the data streamof X, Y, and video sanpl
directly into i mage nmenory 336 throught
328. The FIFO buffers 326 and 328 are required in order to 10 save the
stream of data sanples during the tinme interval that is required for

i brary. A THOHER R JNE SRR pPing RERGE B e Bi"G, T BBlnty B the, 1

fé is used to render the synbol

that are based on LCD tegchnal general ly require t .
i mpl enent at PEHN off &ach1yegior 25¢ g ondn'?'g tg%?ﬁ’a{ﬁdzpﬁsaﬁgzatlvﬁagg?‘é?@
actually spatially sanpled representations of a desired i mage, and the
qual ity of (Tiereforsl theedendaring roeshanisae gads dhepyymhohScERSh Pasitiar.: to
bet ween the spati al
resol uti on efeddmighiviplaies (m oeder tchgenerte te sbeglte ) dndyuaddigssedltoasi ng
is not a problemwith a stroke 20 CRT di spl ay because of the | ow pass
gg%_‘ohg;émbﬁ(‘i nherent with the anal og-deflection nmechani sm of
wever,

resol ution/frequency of the synbol ogy and the pixel

LCD based displays generally incorporate

symbals 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
save the stream of data samples during the time interval that is required for
either identifying the symbol or determining thatl the symbol is not in the
library.

Although not explicitly shown in the block diagram of Figure 1, dispiays
that are based on LCD technology generally require the implementation of an
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 aligsing effect between the spatiai
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
CRT display because of the low-pass spatial fittering 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

~FI FO pi peline buffers 326 and



- 19 29 JUN 2004 PCT/ US00/ 34682 i nput val ues enploys a hi gher reggl HNiZﬁm
than the pixel resol utio-of the LCD screen. Thus h of the X an Yl
values frevpbhses@d gital filter 312 shown in Figure 1 has BETASHHEWEEr and
fractional bits. It is the integer portions of these values that are used
to address the image nenory 336, whereas the 5 fractional bits represent

- subpi xel addressing information that is used for anti- aliasing. One
approach to anti-aliasing is to wite_thggX and Y subpixel/fractional
addressing information into the i mage nmenory 336 along wth the video
data. This information can then be processed when the image nenory is
scanned/read in order to inplenent an anti-aliasing algorithmon 10 the
vi deo gener gmit Vaies bengloypbayighert resshution than dnel pixsd resaltitivs of the LGN enent
the anti-aliasing function on the input-side of the inmage nmenory. This

appr oach [ equds WhikGRRRHANLOR SOy Aidy MO theahghalamter 312t rokmhge

‘menory 336. I ons at are jacent or near to those traced by the
i nteger X and Y val ue ul.d be wri i ' ' 1 ty. 15
1 shoul d beesphRsbeth iiPore L imblithal e, B Hredet BiftonsUititee V.
in Figure 1 is onlg a vehicle for describi ngﬁt he subj ect 3iér;vegtion nd it
represents oBlues tBahg@re usedpire 28drassi the)dMAaeLIMEMaRHI938a: VBRIERS iR
invention. Sone designs, for exanple, mght include a capabili té for arcs
as wel | ds frastiboeEbits represent sebpisel adgressingtieformatian tnel is. usadser andine
di splay units are 20 designed to all ow conputer-generated synbol ogy to be
overlaid on gagpi@ VOAEO. apPieactbtsli amthhliading his pteeserite i theerXi amdsHbwn in
Fig. | allows synbols to be rendered fromthe internally stored |ibrary
W th very highsixelfractional 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 2 vehicle for describing the subject invention and it
" represents only a single example of this particular application of the invention.
Some designs, for exampie. 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




2 9 JUN 2004 WO 01/48729 PCT/ US00/ 34682 - 20 quality. But it is equally
I nportant that the posi ns of these synbols on th di splay scr een-L§elUN Z004

stable over nultiple display updates. An unstable s ol o) | uld 7
generate VWHARZE di splay anomaly. Fortunately, the oper %@E‘@gstroke
display is conpatible with the inplenentation of a 5 special filtering
operation that can accurately determ ne synbol position. Wen the synbol
generator repositions the X and Y deflection to the initial/start position
of a new synbol, it pauses before renderEdg—t he synbol so that the
deflection anplifiers of a CRT-based stroke display unit have enough tine
to respond and settle to the correct output voltage. This tinme interval of
10 stable X and Y input-values (i.e., stable within %he noi se | evel ), can be

det ect ed, aritalite Butpliis §§H@lk§“é@§a‘ﬁénﬁt thecpesitiens ehihase symbais ethed to

provide X and -Y position values that are stable over. nultiple updates.

For sone stdisiay dicsptrmpesstablensveramsittiple displayatpdrieamedn ansiatibe |symbol be
rendered with only a single pause (i.e., a pause preceding only the first

15 synbol i pdshtRinstwding) gehBrdthi & @ypamid hdispliagphpymalty.t Fontubatelgsitbeed to
position the additional synmbols relative to the position of the first

Syhol 1 ioerdldd U o SERRYAARY 8 dimBheil SR B iR B 31|
esel tha sygia Biesiia CRBANoTD Ak RaR ShraR HGpEaE oS mbok FRsti.  °
machine. In order to elimnate the generation of dynam c anonalies, the
symbol  recdlfheni the myenkoli ganerabon depesitiors dhel X Badodnidafleshon sianidbe i n
the library under worst-case noise conditions. Additionally, it should not
m st ake 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 tirme 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 defiection inputs prior to
the rendering of a symbol can aiso 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
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one of the synbols int library. In other words, Wy input sequence

(l'ibrary gﬁ/nblzl or non-ITbrary synbol) should not-even ungerusgrsagscase
noi se condQ¥%¥8&%% each a threshoid level for the det ection/recognition of

one of the synbols in the library. Because the 5 synbol recognition
function is required to operate in real-time with the stream of digitized
i nput sanples, it my be necessary to inplenment this function in hardware
rather than in software. The need for—~re&dl=tine performance would also
seemto require a solution that conpares the sequence of input points on a
si mul t aneous basis to the expected sequences for all of the synbols in the

10 library (i.e., rather than a sequ i_al | [ Nepynbol
at a tine) SOmesohes; Bput ?ﬁ%ﬁ??%ﬁ&} §R%1 oﬁép%oﬁg o¥dl%g'?ttg€r!%?§gjégm ﬁt oErellst hat

Is conpatible with all of the above requirements. T attern/

_recogni t i onwardsaanyningut |sasweaes| diPFN HIMPRIaAS no&;ﬁﬁgﬁwefgﬁihoiy%ﬁgplds hows

the process for detecting the al phanuneric synbol 15 "N'. The first step in

this processgts-dvenafideriweratphss nbisersardédicnsprieadhtathreshald deyel fer the
correspond to selected points on the synbol being rendered. These are used

to generated%tgamﬁ?{éesgm‘uo BPOhe2 BfiNRE SGAtidiatinatife Uibeaty. aBedausentha to

t he synbol recognition nmechanism Figure 2 depicts the rendering of two

2 P | R Dl R A @b noeanlehvanthosyhet anc

al so for~a X on “of ~ea Figure 2A shows the
Frgure 26, HOUBNERE MRstcRRTHESolt T Bey 5B sty el Sipiefienf thE fRGoR
| hardware rather than 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 tibrary symbol at a
time). The subject invention is a method of pattern recognifion that is
compatible with all of the above requirements.
The pattern/symbol recognition mechanism will bt:-,* explained by means
of an example that shows the process for detecting the alphanumeric symbol
1S “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 symbo! 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 28 shows the rendering of the symbof “L" 420 in the normal

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




upright orientation. Figure 2 also shows the superposition of two
coordi nate WO 01/48729 {9 - 22 z 9 Jul 2004 PC&JSGO’ 34682 syst arfsJUNTHR

rectangula& @9@ﬁg'nate systemis shown by the horizontal ggdysedrss¥ss t he
vertical axP s di al coordinate r and angul ar coordinate 0 show the
superi nposed pol ar coordi nate system The synbol "N' 400 of Figure 2A is
rendered by five vectors, and the 5 reference nunbers in Figure 2A
designate the end points of these veqipﬁ?;ﬁ Bef ore the synbol "N' 400 is
rendered, the X and Y deflection inputs™To 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 syrsg;@ierﬁsercwaeirfeb@&ngmf@a'rcﬁmtbssy@taﬁ i§ ghoivn ByOthEhieorizontal axis
initial/starting point for rendering the synmbol----which in this. case is

poi nt  402-def.i . lv PRSIt Y 5F e & of
otation  wHoRNd e yaHisRY RS v, A3 SBordiiate ¥ e haRal eddirifie BN
rendered by Lirst nenderiggla bl apk vectﬁJ from point 402 of Figure 2A to
poi nt 404, Ahesugesimpeses ppiar cog CWtHMhe video 15 in the off state.
This vector is shown as dotted in_Fi gur% 2A in or deﬁ 0 den?t et h&:‘?t he
video is of f. Thridw syrbPyb A, eEFigute 2fgis reRAerRd Ry iye ¥esQrs, agqtie hed
on, follow this initial blank vector. Vectors are rendered from point 404
t o poi nt 540Gefdérence poimberd (o Rigunpo2Atdesimate thie emenpointsnpbihese vaMOtSe poi nt
410. Finally, another blank vector is rendered frompoint 410 to point 412.
20 This | at t@sforetieosymbol N1 406 fendecaditheiXidndt Y deflebtioménpuisdetheg of
strings of al phanuneric characters--it positions the deflection to the
next synbol gisplay 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 initia! blank vector. Vectors are rendered from point
404 to point 406, from poinf 406 to point 408, and then from point 408 to point
410. Finally, ancther 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. ltis

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




position of a string. Figure 2B shows a rendering of the synbol "L" 420. It
Is positioned at point 422, and is rendered by first rendering a bl ank
vector from29 JUN 2004 - 23 point 422 to point 424. This is foll oWl by 2004
the rendering of two vectors with the video on. The vector rendered from
point 424 to point 426 is followed by a ugctor frompoint 426 to point
428. This is followed by a blank vector frém point 428 to 430, which
positions the deflection for a subsequent synbol in a 5 "string. Different
al gorithnms can be enpl oyed to select the points on a rendered symbol for
gengrating the i Apint 422 i poiet L¢nbidiis isdelyyrd Poiherrgresringnel twanvestarewith ve
techni que is to first select all of the sanples in the input stream on

whi ch a video t r Hiesyi9een. ot vestqrreadered fromapintt424o moithdgPis fiowrd byr
on-to-off). 10 This would result in the selection of points 404 and 410 on
the| rendered " N'2 vgol9r §pmmaini a6 dp\point 428.pAbisds ilieyed by RIpnk MeCtey Bl i s
rengdered, detection of this stable period of the sanpled X and Y

def | ecti on can bBOins&RP tot3Dewaish PoREONS:hE; defedinnfer asubsravephignbqlin g, |

poi ht 412 of Figure 2A). Additi.onal points are then selected between these
initially sel é&ct&#8oints. A sinple and effective 15 algorithmis to sel ect
addi tional points on a periodic basis. For exarg:)dlBe, %?Fver% four;h sanpl e
fol lowing a video traA§PENbRIGHIEIS (58N sBF TPRIGYEBIP r"eaPgotS Anf are
possi ble. One possibiljity is to select the vertex points betwee .

cont i guous vect ofedenss symhsl,fog 9pRRIATRG e PRES 1Y 355’("!5’1‘?} Eﬁco%'pﬁ‘? E“"&B%“and
408 in Figure 2A. An algorithmcoul d al so b vi sed. for .usi.ng.a

conbi nation of 20 SfEFtveteshige F I ﬁ%?ﬁae'ﬁﬁba'ggﬁf'&ﬁa@%ﬁ 'EctF?d'?ﬁ%fs"B%Tnt s.

Thejvertices between_ the vectors. of Figure 2A can be detected
mon{toring the cRA 3 Yjdggia WBIoéﬁ"rg(?'a%da ﬁ‘ﬁi‘b%ﬁ%Phgg'OSVOé%ftf’??@‘(! e.,
by froni tori ngmt hq’hisxvlvéaf}ld ?er]sgjittlnh%e'aége'aé‘iior\/ ak Boeﬁs 40Eh§r§ae4¥@loH§l§e HrfaeFarqit | ally

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
i 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 possibie. One possibility is 10 select the vertex points between
contiguous vectors. This would result in the selection of points 406 and 408
in Figure 2A. An algorithm could alsc be devised for using a combinaiion 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



WO 01/ 48729 -24- 29 JUN 2004 PCT/ US00/ 34682 const ant-except for noise and
the limted resol ution the A-to-D conversion-dylieng the renderi n?ﬂ ﬂ“ ?ﬂﬂf.
gi ven vector. But these elocity values" reflect e orientation o e
render ed We@BD#S72A change in one or both of these val ues E&A/USBO3AEY t o
detect the location of a vertex/coner between 5 two vectors, and hence to
sel ect the additional points on the rendered syibol. Each vertex in the
synbol "N' 400 is forned by a pair of vectors with significantly different
orientations. This sinplifies the detectppn of these vertices. A vertex
for two vectors with simlar orientations is nore difficult to 10 detect
and can result in a |less consistent selection of points on nultiple
renderings of the sane synbol. This is especially true when noise is
present-. Toesknbaxcept afqgr acise abnd miheenéimited | cesakitiorhi of | theerAditol) t he
periodic approach to the selection of additional points may be preferred.

However, i n cohberdidi-eiRfingOthes irRdétng Yof & Ngivarenietors el Bt tiggsealgsibtitym
will be used in this 15 exanple. Wth this algorithm the points 404, 406,

408, 410 and AH2-YOhLA 1B -RRLACEH P Lhfere VRIS A bhalflPhnE'cd o 22

The next st ecognition process | rate a sequence
of menory addresses., A single nenory, -address i.s derived from each of the
sel ect ed poi 5§?serH%|“§§rﬂ?(ﬂgb? &ed ?H%?Fqg%@é?@% ﬁ’zﬁ Ygrg%xlgwrggﬁg% Uence
of address inputs for a sequence of table-look-up operations. The nenory
tabl es f6r twoseecioes.agndnbenee tor galect dhe i additionalr peioky iy thevansesed h
one or nore tables at each level of this structure and with a separate

| evel for egedbodf the nenory addresses of an input sequence. The first
address of an

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 poinls 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 leveis with

one or more {ables 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
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address a nenory table the first level of this Wucture. If th UN 2004

| ocation of the first se®ected point on the rendered synmbob~tfsedtQRsl St ent
Wi th one WO ®M8&%ynbols of the library, then the output o*’qhe addr essed

menory table will point to a specific table at level-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 |evel-2 of the
structure. This process continues w +h 2%he-sel ected points on the rendered
synbol -by nmeans of the correspondi ng nenory addresses-directing the path
through the hierarchy of nenory tables. 10 At |east three types of outputs

are possible for the nmenpry tables. As _|ong as e .

"poi nt s/ addr Ed SGABRCEsISEIR] g @ﬁg“ﬁstﬂ 'Bﬁ'g“j&{ élﬂ%ra;et&% f'l'%g ’%{ﬁlrboofl D% the
i brary, each nenory table outputs a "table address” that, points tog.a
speci fi c t atractsret Hétl'rmktcatieneifth&lﬁfﬂiéﬂ*ﬁféﬁérp@ﬂv.omﬁ'@rfer{qw(ﬁ@i(mbéﬂﬁ ess

“in the input sequence is used to address this specified table 15 in order

to test thecpASKRSRORERNENPOF Tho@n syimbotscafi the dibaarybtiien Bre wutputhot theoi nt
be inconsistent with any of the possible library synbols, the nenory table

output i ndi gahes.ddy .?.eﬁr;@wéﬁg 1| pBFRYIS iaZpedR: tablRdstieveisy obtie sthutturé a

conpl et ed sequence o resses is consistent with one of the
20 enties o (63 iBHPWET RS S0 BPSEROE b ET sEeoR? Spdrest B SRETIAESR T
2ddr css i o GeRBPNSBASGisethis ABBESS JBEREIIRS HOBI TBURTE ot ihe Yl Y ¢
val ue of the point, and a single video bit. For the synbgl "N' 400 o .
Figure This process continues with the selected points on the Tendered sym y
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 pointsfaddresses 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. Butif 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
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given point is derived . subtracting the X val ue w poi nt 402 from¥ﬁém§tm"
val ue at ]%J £N point. The relative Y value of the gi vVPAT/USNB4683
derived by “subtracting the Y value of point 402 fromthe Y value at the

gi ven point. The single video bit in the nenory address denotes S whet her

or not the video is "on" (i.e., in a non-blank state) prior to the tine
that the given point is sanpled. The co ete video information for a
rendered synbol (L.e., -the intensity arfd/or color of the rendered synbol)

Is required for correctly re-rendering the synbol, but only the video
"on-of f' state S required to recogni ze the synbol. to The synbo

recogni tion ?eﬁa % &%@yéé‘i’% .j;wehf Qs Wferizbd Wiesrd@ingtrRoxarated in

Figure 3. T e a dress e 3'1s derived frompoint = 404 of Figure

2A. Add 02 bot el d
TR A N e e e
V 504. The stat f th deo bit V 504 | ect s .t hat deo 5 bl ank
O sty sbuarogiro S 54 A AT B Vel

| ook-up operation in the synbol recognition process. It determnes the
output fromttthe gieenrpoinbblThessingle videurhit & thendnemosy addressidenofes
structure of nenory tables of Figure 3 is conprised of this single nmenory

table, 530. wHeANEl o net M vRlest sUeinir(ei, In onpnibiark sfateprivatio dhedfite 522,
524, 526, and 20 perhaps addltlonal tabl es that are not epr|C|tIy shown in

L R B e e S

addi tional EB agd iﬂ}&?‘ é%*sﬁ" o'rl}‘g?“%@dg“dfg%"‘é gﬁ the ?enc?e%%d Eﬁqbaﬁ 2P
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 symbot “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. Ac_:ldress 502 is used for the first table-
lookeup opefation in the symbol recognition process. it determinee 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 explicity shown. Similarly, level-4 is comprised of tables 540,

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




WO 01/48729 27 2 9 JUN 2004 PCT/US0O0/ 34682 of tables 550, 552, 554, 556,
558, 559, and perhaps a tional tables. The last el in this st r ddt JUNeIIDL

whi ch can ge ?Iﬁz;r?gnat ed the -Nth" level, is conprised pfrtsm@uedl es
560, 562, ) d possibly additional tables. This structure of menory

tabl es may include additional |evels, not explicitly showmm 5 in Figure 3,
that reside between |evel-5 and the last |evel. The synbol recognition
operation for the synbol "N' 400 of Fig Le 2A enploys a sequence of five
addresses that are derived consecutiVﬁl? fromthe points 404, 406, 408,
410, and 412' of Figure 2A. Each of these addresses is wused for a

t abl e-1 ook-up operation at the corresponding level in the nenory 10

,structure of.Eli . I h i 850l 58§ pebhddy additighanedldd.. The the
addr ess SOéf Eg?éljgvggaf rsg))rﬂri ggihhtgsﬁ'o‘j,?g‘l s explicitl yﬂgshown in Figure 3. Both

e o O O SOl G QP MedRieneh 16 Nl i

he rendering of a
nunber of possible synbols. These_ include anpy of, t he . synmbals; A . D F,
LR W N compRisedral e @blem S e S84 ik ponshi SOTHAA BhIES, adpisss
502, menory table 510 is designed to output a pointer 570 to the |evel-2

tabl e 520, whituré of desingnetibles malyl inciutie mddiionsb devels.| nateXplicn $heWn hese
synbol s. The next address in the sequence, which is derived from point

406, is gheq, P@Eﬁei&ogﬁtrb@iab%émeénuléx:exw&tﬁexaswami.t abl e 520. The
| ocation” of por™mt 406 is not consistent with the 20 rendering of the

PLVGP'S 2 safne fERS]Bedanhll oy RERELINnO 00 oo i
oL 01 ke At o BB S A e o
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, O, F, H, K, M, N, P, and R, The address derived from point




WD 01/48729 ww 8 - .- 28 2 2 9 JUN 2004 PCT/USOQ 34682 408 is therygjimdmm
for a tabl e-1o0ok-up opcM®ion on nmenory table 536. WMt point 408 is 1o
consi st entwowt4s7ehe rendering of any of the symbols: B, D, PET/US0346S2\ P,
and R Only the synbol "N' remains as a possibility, Therefore, the out put
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._ipgresponse to the address derived
frompoint 410, the output 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 synbol
"N' to indi d88eist then ubed foy sbtable-fakaup rapesatinn on. memarnydabl 5860n Bott
point 412 is inconsistent with the rendering of the synbol "N' 400, table

552 out put S pajM oI isondtnetriitent With theerenderieg of ang)ofitie symbicis:oBsDs Fent
with any of the synbols in the library. The content of the nenory tables is

desi gned t 0y §€OGNIEZ &R O(f)PFyhtﬁe YIB! "N"HSN%R%’H@@ ?ééd%iﬁ@y- Tﬁefefén%f!e

applications, t'he'séquence of ‘nenory 15 addresses for each’synbol of the

library may  trac j N Ni.gue th thr LUCE Wk f

tabl o5, But UHHPUR G40 e hslRlere Bt i sar itich B oSRBHEY
exanpl e. For sone particul ar, ap%[ icatian, the |ocati %l of ,a sel ected point
on a renfler & testhpeint 41 Qragaiasichis [ast passihility, Reint 419 igindged copsisient
synbol s, say synbol "SI" and synmbol "S2". However, if this 20 point were at
a slightly dviftf treesyimbaldit’i dihyseimhegspodse to thenaddress iderived Htom @oint 410,

| the output 576 of table 544 points to the level-5 table 552, which is designed

to test point 412 for consistency with the symbol “N*. Since this is the case,

table 552 c;utputs 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

syrribols 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 symbois, say symbol “S1" and symbol “S2". However, if this

20 point were at a slightly different location—perhaps due to ﬁoise. it might be

consistent with symbol “St1", but not with the symbol “S2". In this case, the

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

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




consistent wwth synbol "S1 ", but not with the synbol "S2". In this elegsmN ' L
the next level of the sfffucture would include two Wilhory tables that*‘a A

for the Wi@iﬁ%ﬁ%recogmtion of the synmbol "S1". One of t presaispasdssk al | ow
for both 29 0 w 2g 19 JUN 2004 PCT/US00/34682 "S 1" and "S2", and

the other would allow for only "Si". Then for this application, at |east
two paths exist through the structure of nenory tables that result in the
recognition of the synbol "S1". This de i bed nmet hod of pattern
recognition has sone simlarities to 5 4Hhe€ neural network approach. For
exanpl e, both of these approaches conpare the sequence of inputs on a
simul taneous basis to all of the patterns of a library (i.e., rather than

.conparing ORga~ tjJe«§ogu i A5drS worldP flow dir anly P8tt.er Thah fort thie) .
However, forsgotiﬁaggmggaaﬁlg ;Bof trware I mpl ement aH ons, the subject

I nvention can achieve higher | evel rg.ar

harduare | maPERERHaR Breast NP oaBiE st wByBR he' Jikdarg bf rigiRoREbics

| ower -cost solution than the neural network, Fproach. And because it can
enpl oy standllaatd‘esﬂﬁmtf@@‘i@gﬂltﬁﬂrﬁfrtbeéé‘m%sg rt also avoids the risk of
future parts obsol escence that is inherent with the neural network
approach. As wit ITHid@eserbed methadrdf pastaro Jenognitien has seme1simMilalEes fdn can
al so enploy a learning nethod for tailoring a basic design to a specific
appl i cat ison.ghdhgeghal andtworiheapmoach. t #dresxarfiplehebathbpédhesevappioanshean be
derived by analysis, by sinmulation, by a |earning approach, or by a

conbi nati on &fmqéﬁ]rjé%s SeBEBAES BE MpUte bntdgimLARREbDY DaBRY teeaihof thet patteans be
pollectedfrom e ‘
| of a library (i.e., rather than comparing on a time-sequential basis to one
library pattem 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 leaming 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 leaming 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




20 actual rendering of the library symbols (e.g., at the output of the
poi nt select function ' in the bl ock di agram of .gure 1). If thi g YHNZ004

is coll ecéggoh)%gtzg actual real-world environnent of the gqepsedgh, it

will refl ctual noise conditions of this environment. It can then
be anal yzed-by nmeans of an WD 01/48729 - 30 29 JUN 2004 PCT/ US00/ 34682
aut omat ed process using a conputer programto determ ne both the nom nal
val ues for the selected points on each r @dered synbol and al so the
standard deviation for these values im tfe actual noise environnment.
Standard statistical nmethods can then be enployed in the generation of the
5 table data. For exanple, this data can be generated for a specific error

probabi I ity dgL{agmfeéy st CGOAR & Wdnfihe! rﬁagrami—ioaﬁﬁfé?ﬁﬁﬁ'ete?t‘i‘\erthé' ng

the table ovi esaS|gn ficant e over the strict

enpirical approach to |earnin eren W th neur .

neural net \A/(STQ(“‘@@Y%‘PP&H‘WF{E%%%@BQ?WE saqmegq:lp 5?n%§r8g Wul?q a&d%lﬁg tﬁlﬁown
only enpirically and 10 nuch | ess confldentl The amount of nenory
required forstandardcideviatignolfocattiese omluase inj e ndstgal iroisRt e@a@wem
determ ned. For exanple, the nunber of nenory tables required for a given
| evel of theStahdart statistisalomethodist cam thiep badempldyet indbeagerndratiomafdhees
wi th the nunber of synmbols (or patterns) in the library. 15 For the

descri bed aRBb!eCatataon Féhexﬂﬁﬁt@rthm day @hh bé _cféiﬁermaofm 5t $pisdifis @ricr
determ ned by the maxi mum nunber of points/sanples that will be sel ected

nurter -of eBé’cffhPQg“@ T B o BAESS, S i fo BeRg e o
i brary syrrbgLFe “dth ?)%w $5d' s Zglg?xkf{canp eaévean?:!\gse Ofvd e H’il%rtlk’r %m;;mgal

nunber of

approach to learning inherent with neural networks. With a neurat network
sotution, 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 pattems) 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 farge 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.




20 points selected on rendered synbols should be | arge enough for 7 'IUPI 2004
unanbi guous synbol recog. I on, but the selection o ddi ti onal / r edundan

poi nts unr%?‘scﬁﬁs%‘j,l y increases nenory size. Gven this compCeAISHY3468L | S
still usetul ™ to exam ne the potential nenory requirenments of the

I nvention. 29 JUN 2004 WD 01/48729 PCT/ US00/ 34582 Consi der the nenory
required for a design with a library of 128 synbols and a maxi nrum of 33
points selected on the rendered synbols.,The nenory structure would then
conprise 33 levels with the first |evel %%ﬁﬁrised of a single table. For
the remaining 32 | evels, a reasonabl e upper bound for 5 the "average
nunber of tables m ght be 64, which is one-half the nunber of synbols.

Because of the Si¢hhabi ¥ne! mehidhySIERLE. forna dedign avth sa dibrihe of S12Bct ur &
abl e

require relatively fewt s. And because nost rendered synbols have |ess
than the maxi mum nunber of, . e ' v, t Btk Phet he
Structure aI¥M§@n eﬁ'Hﬁ’R'/'Z‘ﬁb‘ %@%Pgﬁgé‘?‘eé&ﬁ @n@'elrg\\t{glé?etg Egmﬁunber of 10
tabl es woul d generally be sonewhat |ess t 128, .ywhich. is,.th unber
of 15 br oy SyameIe stk menad than sywpase Sanevdls it be TikCleeFcd gphsed
levels (i.e., a total of 2048 tables) may represent an upper hound to the
actual nenuofya single tabtentForAbe uamadniog 2t levelsca reasonakle diepes Popd !9 yes,
and allowing for the single video-bit, gives a 13-hit address, which

requi res s819BelaveRigls manberobiapldsainight HevB4 hwilichiis snedralitheanumbper of
relatively |arge alphanuneric synbols can be accommobdated.) An output word

of '8 DI LS/ |- Qyhfioidny BicaliSe Uf! fre” stlaritproft Manymiymibols! Hilislsievéisohghe bit
p y

fn this out can speci e remaining 7 bits to be either a 7-bit

iR BRI N R B
the have less than the maximum number of selected points, levels toward the end
of the structure also have reiatively few tables. For any level, the number of
10 tabies 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 Jevels
(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
éliowing for the single video-bit, gives a 13-bit address, whicr; 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 1o indicate a failure to recognize the rendered symbol. (The level

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




7-bit tabl e-address-code is sufficient to either select one of the tg@ljﬁﬁ 2004
of the next level or t@W ndicate a failure to recc!i ze the rendere

synmbol . (Wwod/g¥8l number is also enployed in this overal PCT/US00/34682
menory- addressing schene.) A total 29 JUN 2004 WD 01/ 48729 PCT/ US00/ 34682
--- 32 of 128 Moits of nenory is then required (i_e., 32 levels 64 tables
8192 words 8 bits = 128 Mits). Wth current technol ogy, this nmenory can
be inplenented with a single FLASH-t ypey dem)ry chi p. Sone applications
require that large full-screen synbol ogy 5 displayed. If the present

i nvention is enployed to recogni ze and re-render only small al pha-nuneric
symbol s, |arger synbols would be witten directly into inmge menory

w thout bel g 128 UBRISRMentsty i ifer 1ByaRdd (1B BD lebelsad Gdatatieds BIGR! cd
to recogni ze full-screen synbol ogy. One approach to nake this practical is

to scale the AX an Y va t sed . i.n Less to a
| ower resol WATgH-* gttﬁ\@r t@emgil z@rtﬁf W@tﬁﬁﬁ%ﬁoﬁ [¥ r&gm%ﬁg C%éc%%e
prohibitively |large. For sone a i cations these values mght be scaled to
118 or to 1impleodertad thkalslngégﬁ-eﬁ Hotyest memoenyicBiR-ay screen. The same
scale factor-or a simlar factor-would also be applied to the frequency of
poi nt sel ecti on @orhée apelickticrd seqbive s thatordarges yisilsareesi gyedoiay obe
recognize and re-render both full-screen synbols and smaller al phanuneric

symbol s, rﬂ%&%&f“@ﬁﬁe késiéﬁttlﬁvé?rﬁiﬂmbi% &ployeedic’ pecognide ndr resmmeri on.

These can operate 1 n parall with one circuit used to recognl ze
2 ernate agBib ”Bf#*l?%%h%“ﬂﬁﬁ?ﬁ@%?%ﬁ‘?éﬁ% (/RS el B P e m 20
used 'n cal (injtloal}narége Hé?nclzry wr%\cgiut'bt\)\gfr\\/gall'elj-?gn(}ereé. B t%%ealbjgct lHSelrl@c;W tdn
alse 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
i0 addresses to a lower resolution—otherwise the size of the memory tables
would become prohibitively large. For some applications these values might
be scaled o 118 or to 1/176 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 altemate 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,




addresses. In this approach, only the first selected point on the renge
synbol is referenced to synbol start position. ' t he remai ni ngrtcb Jlﬁdznm

poi nts, ég é#g? 004 WO UI/ 48729 PCT/ US00/ 34682 -- 33 | thpctfssanshesyy
val ues are'y nced to the location of the previously selected point in

t he sequence. This alternate approach has the advantage of enploying a

hi gher resolution to the recognition of |arge synbols. Although it 'could
al so be used for smaller synbol ogy, it be advant ageous to enpl oy 5

i ndependent synbol recognition nmechanism® for small and | arge synbol s
because a | ower frequency of point selection would normally be used for

| arge synbol ogy. Sone applications display only a l[imted set of specific
display formats th i ncor por at ] r .

these. appl HEAKAE AYFEH a5 T Bor F e RicRboft BE el Beicdhp gefbctdd
conjunction to 10 identify specific display formats by the mx and/ or
sequenci ng @binteinddhedsepipnss! s.Tl'Nﬁn@t%'S‘/'@ﬁ%r@Rf%crﬂjil’é%‘l 4 enﬁg‘(‘?%ﬁgespges of
a basic -set of al phanuneric synbols. The synbol recognition nechani sm can
treat each epipleyial sahigheeresoution toathearacogpitiondif yargersyahals. Shaugh irhe
total of 128 15 different synbols in the prior exanple may allow two or

three diff ec8iid Sisdae Qled fbr@ﬁélfér%@hﬁtﬂo%v,ﬁbﬁia? Bevathearitagequs KeemMpidY s
approach may be the nost cost-effect nethod of handling rmultiple-sized

S0l 00, | RIS aer i RUBHRhichorBAEHEAE Rc Al oahd salgs syemads (o
oo a b3 HagenBgner TEGUghcy bf SSint 3eR858h Wotid ABMATR/BE UstaRbFRrgen be
- 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 muitiple-sized symbology. However, if the
symbol recognition mechanism is fast enough to process multiple data
streamns 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




"normal size" synbols via the primary stream of nenory addresses. zgn%m yoli
Addi tional data streans@an be then be generated f @Weach al ternate synbol
size by s¢ad hpsrihe oX and AY values fromthe alternate si peTiusot/essnor mal
29 JUN 2w, WD 01/19729 PCT/ US00/ 34682 -- 34 size". The synbol recognition
mechani sm woul d then be ,used on a tinme- 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 gata stream An alternate approach
allows the recognition of nultiple size synbols fromonly a single data
stream In this approach, a specific point on each rendered synbol (e.g.,
the point at the first video transition) is scaled to a fixed value and

the same scglR"f arh@rsynbdihitogRiionehechanibin would¢herelbecused groiantimesn t he
rendered synbol. (To sinplify this approach, the scale factor m ght be

Each 11 br ar ey B SECoy BT Ebe et Sebiel) THE SuplSie ofts réCuctingd ©

Each |i brar stored 1 n the tables a synbol -specific

scale factor that is,consistent wth e.scall [ e
render ed péb"ﬁ&’?? caRethedy ﬁgléeggggmgp %6'P'e@%g§4a}€ga€{9g‘%lth%%ﬁﬁ@ﬁpb%gw
derived fromthe table scale factor and the scale fgctor tha‘tﬁ;}\i’as .aggl I ed
to the rendéiré@Mpoi Afs altefnatenappRoash aliows the E%ﬂgﬁﬂ-l%&ﬁ FYRe oYAFl e
rotated synbols. For 15 optinmumreal -time performance, the synbol

recogni t § on symbodsifrom shiyua dingld datdetreami gndtist approachna speestic paiat on
sequence of input points against all Ilibrary synbols on a sinultaneous

basi s, but tachlreAdeRsP SimBeI (%ggqrméwmlas théfirAVida franbitienpis scalediiton. | f
rotated versions of |ibrary synbols were included in the nenory tables,

oL LBl e P S Mgl | e
of rotated S%%glgn .ér}gﬁj&eljeacéﬁ%&r}g(f@ gpﬁﬁirfy ltﬂstéBp?oach. the scaie 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 alsc 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 symbolis
at any possible orientation. |f 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




;
{

nodi fi ed approach, the selected points on the rendered synbol are deynqﬁm 2004
by their pol ar coordinat @ The OX and AY val ues for'™® given point c

WD 0114872380W4i/a8BD 29 June 2804 PCT/ US00/ 346S2 converted iRGIHIS0AE4682

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 6. As with the AX and AY val ues, thegg-polar coordinate 5 values can be
relative to the synbol position. Then for the synmbol "N' 400 of Figure 2A
they are referenced to point 402, and for the synbol "L" 420 of Figure 2B
they are referenced to point 422. The nenory addresses used for syrrt)egl
fecogniti on @reeHednint®the isxpivaént helasicogrdinaiet valugedr \Andu) bynatables| e,
and a e value. The data stored in the nmenory tables-reflective of the 10
library sy S iohn ' Ycarer Bbthagditssigheth The
al gorithm Pﬁﬁl’ﬁé'lﬁd?ﬁt’%%@‘r"@t aflsgﬁ{%gggfreggﬂ%éé{@?%g“g&val ues in the gsequence
of menory addresses, be nodified fr he I . t 1809

poi nt s on ¢t NEWShadPese Spm ST ipe, b niihifue Vifue R Y SR AL
"rendered-of fset-angle". Because of this offset angle, the rendered synbol

i s 15 ef f ectangigr value: fad &JefA@rwithttthAXrﬁmltAYoVétlwés,stiﬁﬁﬁ%mC}‘%fcsgﬂFﬁ?%}é

mechani sm The angle of the first selected point on a rendered synbol is

saved ands usgglyeé ehnttieralaivetorthet Symbsisbsitiat. oTHareforahgisymis SNe #0Deof
regardl ess of i1ts actual orientation, a rendered library synbol wll

o v 6 P BRERS 9 ) s FBiplced 9834 st om0 o

orientation { Wi 0 irst 20 selected point equal to
0%). Thus, H&% rgagot%ytéargl ShorRec & lein? %95° 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 th‘_a polar coordinate system.

The algorithm for handling rotation requires that the 8 values in the
sequencé 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 angte 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 orientatiqn of a given

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




single orientation of each library synbol-where the orientation of a giv,
synbol in the nenory ta.es can be unique to that [{ticular synbol. ghlolﬁgm
WO 01/ 487§VAtf F}ﬁ“g JUN 2005 PCT/ US00/ 34682 that the singl eppeniyzdeapl e at
level 1 o structure could then be smaller than the other tables since
the angle bits in this menory address wll always be "0".) The normal, or
non-rotated, orientation for any given synbol of the 5 library is defined
herein as corresponding to a rotation angle equal to "0". Figure 2A shows

a rendering of the synbol "N' 400 at post™®ion 402 for its normnal

orientation (i_e., at a rotation angle equal to "0"). The angle of the

first selected point on this synbol (i.e., point 404) is shown as the

angl e ON. ' 2 i f ~N ikl ON
349 wi th an 9 55 B RERoly IR AR of B SIEREG cBlid WEnTo BRRIIEL D
"N' that is stored in .the nenory tables .and that is presented .at e_i nput
Lo the synbdhan e ghartahes i ine Anck: gl & bt s FETess il atbals
rendered at position 422 in its non-rotated orientation. The first

sel ect ed poibet“06n the symbol "L" 420 (i.e., point 424) has the angle @Q.
Figure 2D shows the synbol "L" 450 rendered at 15 the point 452 with the

orientation -9L. THY soiraal e non-estatsd, oorieftatidre foy ahyl givett symbohef teeory
tabl es and the orientation presented to the input of the synbol

recogni t kon EpsYaRI dBRndd hbRiS dERBSREspERSiNg Ith 4 astatiBrindRglel 8qealotedoin the
menory tabl es th a "table-offset-angle" that is specific to the synbol

T Lt i A Sl
"L is equalaa Sricdtion (Ce, s rBfich Sndié BaGalo 0%, - FRE!dhdI€ or W iRt
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 n
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 424)- has the angle 6L.. Figure 2D shows the symbol “L" 450 rendered at
{5 the point 452 with the orientation -8L. 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 fo 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 -BN, and the table—oﬁsét-angle for the symbol “L" is equal to -

8L.) When a symbol is recognized, the actual orientation of the rendered




BL.) Wen a synbol is recognized, the actual orientation of the rendered WO
01/ 48729 - 37 29 JUN 2 PCT/ US00/ 34682 synbol i §§i ven by the suddaiiN 2004
the rendered-offset-angl € and the tabl e-of fset- angle. Thepgynlsed/zen then
be re-rend 85%’this orientation. Recall that during the tinme period of
relatively stable X and Y deflection prior to the rendering of a synbol,
the sanpled X and Y values are filtered in 5 order to derive the synbol
position. This provides a stabletconsistgnt synbol position over nmultiple

di spl ay updates, thereby preventing a_-ﬁam' c display anonaly. To avoid a
dynam c anomaly for a rotated synbol, it is also necessary to derive an
accurate rotation angle that is stable over nultiple updates. The above

. h f fRf-a00lc Gndrthg thbie |
appr oac ogyﬁ\%@pﬁg@gg% fﬁteg%l?ffl SPUHAD PLAGaretedifset-apiglcl Gndrthy -offsdto

points to dé lentation. Even if the first of these

poi nts-the s ol Lposition-js..kno i : igrpordinates of the
second poi n@%%-gT,eﬁBWPﬁﬁ‘%% %éé-g?/ﬁ%%rﬁa%ﬁﬁgl&ég I gure 2A) are

subj ect to noise. Therefore, the derived rqtati.on, a -al_t ate
foor synbol recogrﬁ&qaﬁﬁhﬂhQUWEﬂmf'e“@?ﬁﬂ"é’déﬁéﬁ Vﬁlye?righ@l‘?ia&:a&ug%gge@&to 15
avoid a dynam c di splay anomaly. However, all of the di g‘tized fx“ean(ﬂ,Y
inputs to t ipeiopto the seidaringieich symbel, 3he sampted uk and Yayvaluesarg fitere@Rdn Fy Fo
pi peline buffer 328. They are saved to allow for a direct rendering into

| mage  MeNDIgydahR derivey tNeosyrhbolnmisiticer oFhiszedvidieste staple/cengistart symbabol s
of the library. Some of these points on the rendered synbol can be used in

fo deri ve o e o Y Y e T emer od symbor o
Miltiple pOiar}Itosmaly. To avoid a dynamic anomaly for a rotated symbol, it is aiso
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—aithough 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
membry when a symbol is not recognized as being one of the symbols of the
library. Some of these points on the rendered symbeol can be used in a post-
20 processing operation (i.e., after a symbol has been recognized) fo derive a
more accurate orientation angle for the rendered symbol. Multiple points,
- which can be symbol-specific points in the sampling sequence, can be used

to provide multiple computations of the symbol orientation angle. The



whi ch can be synbol -specific points in the sanpling sequence, can be used
to provide multiple cofifftati ons of the synbol ori @ation angle, Thel39UN 2004
JUN 2004 g Als8729 PCT/ USO0/ 34682 - 38 expected angl e of per/gsesass:?
point-for a non-rotated rendering of the synbol- is subtracted fromthe
actual angle of the sanpled point. These multiple sanples of the synbol
orientation can then be averaged to provide a nore accurate orientation
angle. 5 Some display formats enpl oy thegsame rotation angle for both |arge
and small synbology (e.g., this is true of sone real -tinme avionics display
formats), and the val ue of this rotation angl e can be derived nore
accurately fromthe larger synbol ogy. As previously noted, it is possible
to identifyexpectd pinale bbangiverd poimt-+Her ainonanotidted readesng of tie simnboénder ed
synbol ogy. In 10 such cases, the value of the rotation angle that is

derived frog émréc,qéa%msu@at@@y Wtaepéarﬁﬁlewp@he FhésneRuitipe of

the smal |l er synbol.ogy. It should be recognized that this exanple

vent +on arnpEs ot e BBl bligntsTee, & freffBbmEradty RFRibYBET hofe

application, variati, ons in the inplenentation and use 15 of the invention
are possi bI%CC‘FBﬁe fign at“ﬁ& -approach for recognizing rotated synbols
can be used with the approaches for recognizing nmultiple nbol si zes
and/or i th the Sppedispiay famateasgployiths saingéofailm-élwiegér bojhdarasyy .
Also, it is not necessary to re-render recognized synbols in the sane way
that they ased emall symbologydergedthifds taxmmbl some renl-time! avibeics0displater ed
inadifferent size or in a different style font. It is also possible to

'r gﬁggggt agf éﬁ%gér)rg :agta;tlhswﬁlfuéf gf gur:tswtsa?t@hm@é eandit dedved b dctutstely
from the larger symbology. As previously noted, it is possible to identify a
display-format from the mix and/or sequence of the rendered symbolagy. In

10  such cases, the value of the rotation angle that is derived from the larger
symbology can be applied o the re-rendering of the smaller symbology.

It should be recognized that this example application of the invention is
used as a vehicie 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 muitiple
symbol sizes and/or with the approaches for recognizing large full-screen
symboicgy. 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.



WO 01/48729 - 39-. 29 JUN 2004 PCT/US00/ 34682 The invention can al icg Rlﬁ
used for the classical bl em of character recognW@on, in which 2004
characters are already rendered in 2-D nensional space (ep@Eusonsass

char act er WYOH4#&?’heen” rendered froma raster video signal). Such

characters can be defined by neans of a 2-D bitmap enploying a single bit
of 5 video. The nenory address inputs to the synbol recognition nmechanism
could then be generated directly fromthis bitmap (e.g., with the top row
of the bitmap used for the address at~ %8st -1, the second row used for the
| evel -2 address, and etc.). For relatively large bitmaps, two or nore
menory address -inputs could be derived fromeach row of the bitmap in

.order to reduce IFB‘S é%\‘r?%@%%%éﬁ%léé B8 Ned®Rf hdeiBisical phbtsientbr ensiter t he

bitmap coul d be esseéd prior to this operation by, normalizing the
character size (i.e., scaling in X and n t:atsl =y | ect
for hori zonfegogsitiafe in Y"g‘éﬁh Cﬁ‘?‘ﬁ’@?%rar?(?pﬁﬁgyg?@%e%grlﬁ?cgﬁnéﬁﬂﬁg%rﬁar%ont al

symmetry. Many systens require the recognitign of patterns in_a,c j huous
real - 15 ti (egstwhermabaraciars baveihean ﬁﬁm%ﬁretigw\ &vﬁé eﬂé’f‘ge%a'ﬁﬁﬁgs be

converted into-or used directly for---a corresponding streamaf ne

. nor
addr esses f graidtists dao hdndefiatd blynnemgﬁfatz-larbihmmampﬁﬁmg'ﬁes'i’!@ﬁttﬂhﬁ(\;us
stream of nenory addresses is then used to conpare the sequence of real-
time inpyts, peal NyiheAmtho aliifisseinpaty e trs syhtiol ceapghifien ameshanism
library 20 patterns. The data stored in the structure of nmenory tables is
derived fro ' is bifrA8p $81g.,alith the fopyrgvabf trens can
compr s saqufel s Sanrpd irepl] IGiThis eSS
in a

gth-1n terns of the nunber of sanples
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 couid 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 opera_tion 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 pattemns. The data stored in the structure of memory tables is derived from

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

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

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




pattern. The nunber of levels in the structure of nenory tables correﬁpgmﬁ?ﬂm
WO 01/ 48729 40 29 JUNWPO04 PCT/ US00/ 34682 to t h@unber of sa Ies I n

the | ongeswobig72ry pattern.) In many such applications, PETUSOY

possible to identify (in advance) the specific locations wthin the I nput
data streamthat may coincide with the start ' of a library pattern.
Therefore, the synbol recognition nmechani smcannot be S synchronized to the
begi nni ng of a possible data-stream patt4grn-via a reset operation. It is

t hen possible for a given nenory address fromthe input data streamto
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 thenoumbeabdfespmplesd isitheclongest librasy patteme) dRnBAPY sVt ure
is 10 associated with a correspondi ng sanple position in the library

patterns, tRipplicitRingl el hbapossible redentifya(inragvanceptie Ispecifist ledatignsreans
of a tabl e- took-up operation-at every level of the nenory structure. It is

possi bl e, wififin %@qr\gﬂ@%tﬁr@%ﬁﬂﬁbt Ahayt BBinkidee Witho the tsRaiesfl ar libra

t abl e- | ook- up oper at for each nenory address input at every |evel of

t he nenory ure I u T r nc

penal ty nee(ﬁ’arﬁ&&hlt fﬁ%ﬁ?fto%% h%b%ﬁﬂﬁ@ Sreeggﬂé@%?nhﬂéch ggﬁcé&%@ be
beginnin? | ocations of patterns in the in strea ns %t

har dwar e3i mslyageRnEah P Bﬁ@'ﬁ”n‘ﬂﬂeﬁ POPP%LLEI?\ ﬁ%éﬁ'&?&* P%&E’Sé’f% es
menories at each |evel of the nenory structure. s then 055| ble to
access al | afperstize Wasrtherepossibiel foaacgiven me(néorg a dase oy Q%/ Rut data

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 pattems, 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 impiementation of the invention with separate
independent memories at each level of the memory structure. It is then
20  possible to access ali of these memories simultaneously (e.g., on every cycle
of a controlling clock signal). The address input to each of these memories i;
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




of a controlling clock s&mal). The address input to each of these merBofiNeZji
Is conprised of two pa .

One part is provided by®™he stre nory
address iwpwiaste the pattern recognition circuitry (i.e.PCWﬁg%Rbﬂggcurrent
WO 01/48729 - 41 PCT/ US00/ 34682 29 JUN 2004 nenory address input supplied
to all of the nmenories). This part of the address is used to select the
specific entry within a selected table. The second part of each address is
used to select a specific table withi-n 44k nenory. The table address to
each nmenory/level is provided by the output 5 of the previous clock cycle
fromthe nenory at the next higher level in the structure (except. that

| evel -1 of the structure may have only a sjngle nenor bl e).
-consi der t hmeopeyaddrassfinpldi supritede t¢, &*e@%@?ﬁ f‘?%ﬁ%?%cui '%e%ﬂ#ﬁﬁ&e with
the cl ock cycle hereby designated as cycle "I". During this clock ¥\c| e, 10
I

the menory z6teessisi gsad tovsietdct dher spedificientty withisl @ seleced {aRler edin®t i ne
i nput paraneter(s)-is used for table-look-up operations at each

memory/ | eveloc i ohtNreeddtp lbuiRsAPRY Bbb@ o doldat v Ispecifis tabobed within ezachi nput
sanple "i" %r COHSI stency wwth the very first sanple in the sequence of

cach one o ddon® . ThS fatlb %{c@r%sé i E%EH%eﬂngrﬁ/i%bgl Is"phéivide BPnRESpUL Wi th

rns-based only on the first sanple in
L bt & pbha prova sk st so he JrPbRY BE e HER! R 7S b0
on the next clock cycle, input address lérta}e mias #ésv%dmflpra %intg?eblrﬁérjngﬂ}(' up
oper ati on ostruttuse {exaspt that leygt eobfhe stru Y Y
‘. table}.
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 fibrary patterns. If this input is consistent with one or more

15 of the library pattems—based only on the first sample in the pattems—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 leveis, 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 "+1” against the second



l evel 2. (It is used for _table-|ook-up operations the other levels, 7]UN 200
wel |l 20 For exanpl e, i s used at level | to test nput sarr{_)le 1+1" for

a
possi bl e §Rffilsiw the first sanple of each of the library 1) WSPRB6Rt  we
are only concerned here with possible pattern nmatches that begin with

I nput sanple 'i"-) This table-look-up at level 2 tests input sanple 1+1"
agai nst the second WD 01/48729 -42 W PCT/ USU00/ 34682 29 JUN 2004 sanples in
each of the sequences of the library patgoerns that remain as possible
matches (i.e., given sanple i as the first sanple in the sequence). |If
this test determ nes that one or nore library patterns remain as possible
mat ches to this sequence of two i nput sanples, the output of the level-2

I
table 5 wilLahpied irldachadtithe sseduencesl efcthe librasy spatterngpinat (’Rata1AI 3Hus
for this possibility. On the next clock cycle, the nenory address for

i nput  sanpl g it hhatS8S.f Gived darhpie-{"akthenfirsp saetrile in tne SRAERGRCI 1 i ed
| evel -3 tablFé™in order to teSt the third sequential input sanple against

the third SHRLL D JAEmBRIGRR Gl of HieOlbrblycphbrer lerain o5 possitia

remai n- as I's process continues, advanci ng one step

gim\l/wt;nt (r:lfozL %&ﬁéset(gﬁﬁsnggoﬂ‘égnﬁéf%?ﬁ%&%% %8 ﬁfpgé\}séﬁh%ﬁﬁ tuﬁ%alt% rrfg e Ir‘élve;‘%zr ﬁégjt[%r e,

s S nwahitn anies o (SRS rdPyLUREE” e FRUSCL BHEL

e e o oo eyt it ayEis;die memary AAETmfor POt SorilE.. ¢

of tables to the last sanple of a |ibrary pattern, and if the

cor respondi ngJNRYlsePIBY & thbid-RoRAig opaRitoh ohithisl ssecibadmeestit tabie in
order to test the third sequential input sample against the third sampte fn the
sequence of each of the library patierns 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 “" 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




|ibrary pattern, then the nenory output will indicate that the inputzzq JUI'! 2004
sequence (begi nning vm'.sarrpl e "i") matches this brary pattern. 20 From

t he above% i’ﬁ"éﬁ‘ seen that a new conpare operation is staPCEFSEH3468%ery
single cl 2 cycf e, where this conpare operation is based on the
possibility of the new input being the first sanple in a sequence that

mat ches one of the library patterns. Once started, each of these conpare
operations WO 01/48729 - 43 29 JUN 2_0_053_E'CT/ US00/ 34682 conti nues on
subsequent clock cycles until it is retifred because either a match 1is
found or it is determned that the sequence does not match any of the
library patterns. It should be understood that specific applications m ght

.require di fc,fo‘?\'iiﬁ{]% epha st seReRt Bbck Riysiebamtticitds retired becauseiingl @ Mateht he
i nput 5 menory a %Iresses are nodified by a preprocessing operation that

uses &2 HSOLARTPATE AAERTRICA 1t (hBSsdhaiceodoss pobshatch gl (e, g,

.hodified bys then a different preprocessing value is

(r)ﬁqgi Ejieseﬁtliﬂ?'gé(kh p@%tg\frgs!. Olia%{]pakif}:gqu%bﬂé&toéa- NSt 'prilicSa ﬁliﬁﬁ'tibhga{rzgﬁt t hat,

e Structure tests for
patterns at different starting positions 10 in thed . Then
each | evel / reauire\diffararieerobedimantsy o IS Rans Fgcu'gnfé’g%ﬁ(égﬂ:ﬂé ﬂlzgrﬂé%\gr e %or
preprocessing the input nmenory address. The pattern recognition circuit
descri bed afeworyaddregses avé mbiifiedi by @ prepreémw%meﬁ%r%ﬁm PG 3
single integrated circuit device. This device would then include the
i ndependent , NEBdrR Sohes pastheter uetheftattaf sspossiblerpatiend (2.8e Mdfigd Rk si ng

means for these menori es (i.e., including the routing of the table
addresses t QLauaN.t PEABRY thlert ol diffbrst) prepridessindevaloe is qetdired alesdained
lavel 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 pattem 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 aflow 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




to all ow some reconfiguration of the menory structure in regard to theqgsjmen,
of the menory tables B the allocation of the avi® abl e mem)r% relative

to the ng@EYMsAb each lTevel and the total nunber of |evelRET/BS0EEEY al so
be 20 designed to accommpdate expansion in order to allow systens to be

configured fromnultiple such devices, Sone applications can benefit from
the use of RAMin the nenory tables, as this would allow the downl oadi ng
of new table data, reflective of WO Q1/48729 -44- 44 -- 29 JUN 2004 2
PCT/ USO0/ 34682 new sets of library patterns. For exanple, this would allow
noise margins to be altered in real-time by an adaptive system This can
be facilitated by including additional information in the output fromthe

menory tabl ﬁéﬁ ERE of AT pattemns. adfar teixample, dbispuouldi allayo moiser Margis 1
i ndi cate whether a patteirn 5 was recognized within or outside of sonme noise

in (i tQ - ARHETRY a%ip i | dThis varevss fasilitaded by ent

[rgr gl Si m(:): gbé%&rrﬁgﬂg'ﬂoﬁéapﬁe ntoj elr o) t‘ggﬁjggr\égg/ syn%o?m;@i n t?gll [ braryfa)n

The tabl | d al .b ' t. t [ i

Cont | dence Mabidns wscengb acanaton §f RE.AHbyCRERAME Hambhy ¥anest, bt o @
, th hni I be of 10 I for. - ad [

(o g2 they cramplm ameaditionalsguipahbs eopidian Ussd iadifdter APEqes & Ba¥ o

detection/prediction). Sone adaptive systens could also nmake use aof .t he

| ear ni ngs meaed récuigriead wiithgn t dre outdide ofasameAnsise argm| ¢ {!p) gegard 10

pattern-recognition circuits are used in a system new table-data can be

| oaded i nt 0,086 AnthhEs 2hR Euld be vidivee asremuivalentdnw simpie douling of the

| number of pattems/symbols in the library.) The tables could aiso be designed
to output probability values to ailow a confidence factor to be generated for
each recognized pattern/symbol. Of course, these techniques can aiso be of

10 value for non-adaptive systems (P;.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
muitiple 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 teéhniques 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



15 The invention has been shown to have very broad gpl lcation to t
general problem of patt 8 recognition, and it can enpl ocyl_ed i n JUN 2004
di ff erentwappkérzations. It coul d be used in place of neurdl G988 or in
pl ace of DSP correlation techniques to inprove real-tinme perfornmance

and/or to reduce cost. The nunber of input paraneters and the nethods and
20 algorithnms for any preprocessing of the input data and for generating
the sequence of nenory-address inputs #pe-d generally be
application-specific. Preprocessing could include DSP operations, such as
the Discrete Fast Fourier Transform (DFFT). As denonstrated, judicious
preprocessing of the WD 01/48729 29 JUN 2004 PCT /USO0r 34682 -45. i nput
-data (e.g.,inpyt datd (mg/,nby meaiing/ngraalping and/Qrby GOREIRS YaeslormatrBn and
rotation) can be used to mnimze the size and/or nunber of the required

menory t abl & rJia6EE) SaePeasssiominimizentheusize and/all usnber afte faquired
applications that require the recognition of patterns in 3-dinensional

space or 5 the C&&m%é.i offtket Broptbebssiig aBehifuas Darbjaiso sbenused: ia- D
pl ane. If an aprgl I'cation has paraneters that are nutually i ndependent-or

" ecogni 11 orEP R SP S B aEg Per e  er .
Tun 10"\ el e b Rt Yt M 4k i i ef”
including all of the paranmeter values in a single ry address. In
addi ti on t oapylidationanals pasametess thakaignimubuily iagﬁe?'qg%gﬁ%ﬁ%ﬁ? pade
[' 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,
autom.ated manufacturing and test systems, and vision/image processing
15 systems (e.g., for robotic pick-and-place machines used in manufacturing). 1t
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 foliowing 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. Itis intended



the invention include speech recognition, threat detection and 00t
identification, auto d manufacturing and test ’st ens, and vi Si orm Mg%
pr ocessi NGl asyRt ens (e.g., for robotic pick-and-place meREW/HB¥/ 368 in
manuf act ur| ngﬂ. 't should be understood that nmany other applications for
the invention and many other enbodi ments of the invention will be apparent
to those skilled in the art, The following clainms should be interpreted as
covering all applications and enbodi_nmepgs that fall within the true spirit
and scope of the invention. 20 The enbodinents and exanples 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
meke and ut@%g%ﬁet&% brofeii greseht inventiot cwldefivgd by/the7cleims ange

PCT/ US00/ 34 -46 tﬁat t he scope of the present invention be defined by

the cl ai ns d e TRVA i e peéte. equi val ents in all
respects. 4'%2)'%?(3’@9'583@“Eﬁ@“‘éﬁiﬁ\/ggeéﬁbg[eﬁgﬁo% forper ecogni zing patterns in
an input, the input conprising a sequence of data values that may conprise
a continuous stream of data values, the nethod conprising the steps of: a)
deriving a correspondi ng sequence of paraneter values that is reflective
of the input that is to be conpared to at | east one known pattern set
having at | east one nmenber pattern; b) deriving a correspondi ng seguence
of menory address val ues from




t he sequence of paraneter val ues, wherein the sequence of nenory address
values is then reflective of the input that is to be conpared to ?hﬂiﬂhk
| east one known pattern set having at | east one nmenber pattern; C§
perform ng a sequence of nenory tabl e-look-up operations to produce a
result by applying the sequence of nenory address values to a
correspondi ng sequence of nenory tables froma hierarchical structure of
menory tables having nultiple levels with at | east one nenory table at
each | evel wherein the sequence of nemfy tables that is used for the
sequence of nenory table-look-up operations progresses sequentially
through at | east a portion of the multiple levels of the hierarchical
struct ez Rfs.nenory tables; d) determning, in accordance with the result
of the menory table- |ook-up operations, whether the input is recognized as
being a probable match to at |east one nenber pattern of the at |east one

known pattern set, &%Yﬁcﬁwﬁo?tret%o(ﬁﬂ%"q?@%eﬁ?gﬁjgg frfb%i,,ttﬁé E}?]pﬁ):omb(ﬁgfnb@g t he

i nput to incorporate at” |'east “one ue in e sequence of data
val ues deyuehid bf datatvatueatathat may wesprise warahtibyousstreamiss date values.tthens

required tho acconmmdat e the aﬁ | east one new data val ue and appendi ng the
at | eadpethgrcomrusing WeseRRO% o t he begi nning of the sequence of data

val ues and then re- deyiving the correspondi ng sequenc r er val ues
to reflect the in"’sut, viRg 9?5&?5985ﬂ'”9f§q%ﬂ$9 ?gga,rami?rq{aé@%omgg%conpar ed
to sai GeflécthRastithe Hpuf Bgais RAbS eémPar%td faai it ahe kaawh pattesn setavingoatt t er n,
and f) repeating steps b) through t). 2. The nethod of Caim1l1, further

conpr i deag} anegnember Ra9™Mst ep, prior to step b), of loading a plurality of
menory tables with data that reflects expected sequences of
b) deriving a corresponding sequence of memory address values from
the sequence of parameter values, wherein the sequence of memory address values is
then reflective of the input that is to be compared to said at least one known pattern set

having at least one member pattern;

c) performing a sequence of memory table-look-up operations to
produce a result by applying the sequence of memory address values to a
corresponding sequence of memory tables from a hierarchical structure of memory
tables having multiple levels with at least one memory table at each level wherein the
sequence of memory tables that is used for the sequence of memory table-look-up
operations progresses sequentially through at least a portion of the multiple levels of the

hierarchical structure of memory tables;

d) determining, in accordance with the result of the memory table-
look-up operations, whether the input is recognized as being a probable match to at
least one member pattern of the at least one known pattern set having at least one

member pattern;

e) modifying the input to incorporate at least one new data value in the
sequence of data values by shifting the data values forward by the number of positions
required to accommodate the at least one new data value and appending the at least
one new data value to the beginning of the sequence of data values and then re-

deriving the corresponding sequence of parameter values to reflect the input, as




menory 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 nenory tables are enployed in the seqlidbk 288
menory tabl e-l ook-up operations. 3. The nethod of Claim2 wherein the at

| east one known pattern set having at |east one nenber pattern conprises a
single pattern. 4. The nethod of Claim3 wherein step d) further conprises
a sub step of ascertaining, in accordance with the result of the nmenory

t abl e-1 ook-up operations, a value thagreflects the probability that the
input is a match to said single pattern and wherein the prelimnary step

of | oadpfgifed? thtdd id e ebmiparey t Sz helas drte kiadven pattdrndes haviogdit lpsbf dat a
for providing a result reflecting the probability that the input is a match
to sai@nesmegiber patieer @nds. The method of Cl aim 2 wherein the at |east one
known pattern set having at |east one nmepber pattern conprises a
multiplicity of phtterageatmg stees RSN O ai m 5 wherein a menory table
that is used for any but the first table-1ook-up operation in the sequence
of menory table-look-up operations is at |least partly determ ned by the
output fromthe previous nmenory table-|ook-up operation in the se u?nce. 2
9 JUN 2004 -249 7.THEnmethadiClaim ¢ furihes comerising a prelimijany step. P@E'bérﬁ %Rd as

bei ng babl e I 8t one
enown, (i PEBARRGT PRI G Binas Btle iin HRERal RALE SeRaed eenced®l

i dent i fyiemery hdd@ss antigsaeher thee inpet is ngsdlbablemattteta amy sendscpagemn of
operations, at |east one ecific er. of th pattern
set thaf1ei&d '%%PBS%P@"@@H‘ et ?H‘g“a"fﬁbﬂ['.aft %?asﬁ'ﬂ?omﬂ?ﬁ%fghg%ﬂ&aigp%m wher ei n
step d)mbEHdBIbIELER émpRyad fvihedeRuente obmeaidrptablednoki-up apertidasice with
the result of the nenory tabl e-1ook-up operations, at |east one val ue that

reflects the probability that the input is a natch to at | east one

3. The method of Claim 2 wherein the at least one known pattern set having

at least one member pattern comprises a single pattern.

4. The method of Claim 3 wherein step d) further comprises a sub step of
ascertaining, in accordance with the result of the memory table-look-up operations, a
value that reflects the probability that the input is a match to said single pattern and
wherein the preliminary 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 a match to

said single pattern.

5, The method of Claim 2 wherein the at least one known pattern set having

at least one member pattern comprises a multiplicity of patterns.

6. The method of Claim 5 wherein a memory table that is used for any but
the first table-look-up operation in the sequence of memory table-look-up operations is

at least partly determined by the output from the previous memory table-look-up

operation in the sequence.




specific nmenber of the at |east one known pattern set, and wherein the
prelimnary step of loading a plurality of nenory tables with data

i ncludes the | oading of data for providing a result reflecting the
probability that the input is a match to at | east one nenber of t hied 4N 2004
| east one known pattern set. 9. A pattern recognition apparatus conprising:
a transformation systemfor generating a sequence of paraneter val ues,
wherein said sequence of paranmeter values is reflective of an input that is
to be conpared to at | east one knownggattern set conprising at |east one
menber pattern; a plurality of nenory tables having a structure conprised

of a sequenge OfrhbGHEIhSdWHf Claift 6 WiRSdin BREINPRIRI ecb@hibed as beimgha | evel ;
| ook-up circuitry for deriving a sequence 0 nenDrY addr esses .t hat
¢

cor r espoehalle maiphita atieast enesnenthes Papein ofdhe gt [fag E‘%ikT“P‘BWaQ%’i”oseéequenpe
of par %%tv%erel\ﬁaét%g%%r@ &éﬂ\ept?ﬁeg & dupGltLy 81 Htenﬁﬁlrﬂ;, inB&lordaitd Wigh PPl yi ng
sai d sequence ~of ry addresses to a correspondi'ng sequence of nenory

t abl es resqdt ofetkeaabledackraptopatationst airleasfioret spesdistmemper of e adfeastene
structuyral levels wth a single table at each |evel for performng

si mul ti‘H@W{?é’a{%ﬁ‘ ég\ﬂ ‘E?BleLﬁ)P’d%éﬁEﬂi”B@ t8ﬁh%ﬁ]cpu8f the nenory tables of said
sequence of nenory tables in order to produce a result conprised of the
outputs from each of the nmenory tables in said sequence of nenory tables;

and 29 JUN 2004 -50 output cjrcuitry for determinin I.n_acco ce Wth
said result &-rong'Qi’Hemﬁ’grﬂS@a‘Fh I%rﬂﬂﬁl%db%gt}‘ﬁf ?%Hgf's?ﬂwégHég%}a&d i nput
i s 1ecogRbASRIRS iPSdidandy AR EresiR the Mefitry tBIBRIokES bpsratiohs, sai d at

| east one known pattern set. 10. The apparatus of Caim9 further

conpr i deary apernalies that refleicts herrspbalylityitafi e iRyt jrer MFAR tR)ALIERH W&l t aneous

tabl e- 10k OPBLAL! ARt IR LRE RnolAipaRBANseNEHY Wittéin te pRliiRAUéRneoUs

t abl e- I'60K-'Up Operati ons, sal 8 trans (?r mation circuitry advances the

der i vedfpeading aeiunatityus snémpryatatilesywitindatp dedludemtheroadiag skdatafee such
providing a result reflecting the probability that the input is a match to at least one

member of the at least one known pattern set.

9. A pattern recognition apparatus comprising:

a transformation system for generating a sequence of parameter values,
wherein said sequence of parameter values is reflective of an input that is to be

compared to at least one known pattern set comprising at least one member pattern;

a plurality of memory tables having a structure comprised of a sequence

of levels with at least one memory table at each level;

look-up circuitry for deriving a sequence of memory addresses that
correspond to, and that are at least partially derived from, said sequence of parameter
values so as to be reflective of said input, and for applying said sequence of memory
addresses to a corresponding sequence of memory tables that extend sequentially
through at least a portion of the structural levels with a single table at each level for
performing simultaneous table look-up operations on all of the memory tables of said
sequence of memory tables in order to produce a result comprised of the outputs from

each of the memory tables in said sequence of memory tables; and



that the first paraneter value of the previous cycle becones the second
paraneter value of the new cycle and wherein a newy derived paraneter

val ue i s appended to the beginning of the sequence of paraneter valZdedIN 7004
11. The apparatus of C aim 10, wherein data values that reflect the
expected sequences of nenory address values for said input being a
probable match to any nenber pattern of said at | east one known pattern
set are stored in said plurality of nenory tables in order that the out put
froma nenory table can include a codesghat indicates the recognition of a
specific nmenber pattern of said at | east one known pattern set and can

i ncl ude a poi nt erpuyRltWcLiGifol S8QBHhINIMRES irfadRI@incel it Saidiresitefrogvdaid evel of
the nmenory structure that "'will be used in the table-Iook-up operg%%ons of

t he nexrempry @bletpokTzopgiptiens. wdhedterceid wpuhisracedizedahpeingiary ool ng
circuit | ' Vgl ' [ ity of menory

t abl es.rh%tgf]q#ﬁ@&g‘g%ﬁrgg? ﬁ%ﬂégp%%ggﬁdn?ﬁ%?v%gtrkgf)ﬁﬁs%t%}@%gé val ues are derived
from said sequences of nenory addresses that are generated by said
transformati on system and said | ook-up circuitry frominput that

corresponds to said at | t A st one known pattern
set. 29 \]Ul\‘ltozoof\lIl h-eﬁp%i.gtﬁﬁéei%g{;?mer§%%§'§in§1(%?[',t 'Jo\ﬁ/ﬁzéruéﬂ%srai d result
from sgiefioayaily petfabrhing daihEimuttanpensitabimbokeupt dysrationg miheesinafor leaast  one
out put val ue that _auantifies a , probability that said i%putt.is a_nmatch to
at | eadieWRECIRORBRIA SNuianepus taplezlepk-yr OPRHBIRAS: $IY tanRiotiption glrey

appar atyigAte R Gerkdbd phisHRLd valicd 1BAdraIbY drRoREMidn iANh&BBalddessuch
conprises at least one integrated circuit. "16. The apparatus of C aim 11,

wher ei rthatdthe first pasameteralunolihe paevienncydle beerehiiereqdRArMEtafenber
patter r{/a\?l?é@{ fh%%\rgcgélgghg m?%[réiﬁrarhev&l; defil&d PARASAEMTaIRE i<hfbeRdkl tother ei n
said at TeaSt one known pattern set

beginning of the sequence of parameter values.

11.  The apparatus of Claim 10, wherein data values that refiect the expected
sequences of memory address values for said input being a probable match to any
member pattern of said at least one known pattern set are stored in said plurality of
memory tables in order that the output from a memory table can include a code that
indicates the recognition of a specific member pattern of said at least one known pattern
set and can include a pointer value that identifies a memory table at the next level of the
memory structure that will be used in the table-look-up operations of the next cycle.

12.  The apparatus of Claim 11 further comprising storing circuitry for storing

said data values into said plurality of memory tables.

13.  The apparatus of Claim 11, wherein said data values are derived from
said sequences of memory addresses that are generated by said transformation system
and said look-up circuitry from input that corresponds to said at least one member of

said at least one known pattern set.




conprising at | east one nmenber pattern conprises a nultiplicity of

patterns. 18. The apparatus of Claim 17 wherein, if said input is

recogni zed, at |east one specific nenber of said at |east one knowd 3 JUN 2004
pattern set that is a probable match to said input is identified by said
result of said nmenory table-1ook-up operations. 19. The apparatus of claim
18 wherein said transformati on systemand said |ook-up circuitry for
generating a sequence of nenory addresses fromsaid input further

conprises a translation system 20. The apparatus of claim 18 wherein said
transformati on systemand said |ook-up circuitry for generating a sequence
of menory adgy essgg, é‘d ©_Icf CIAIRHA 1\ drBRY said RIGRItIfRRS sBidspsiriongtabist em 2
9 JUN 2604 -52 21. apparatus of claim 18 wherein said transfornmation
syst emlasidup @iperaticpsfudperctareprisesyat feast gaaoutaut Nglug tBalaatde’df menory

addr esses, from. sai d..jnput . f i i j 22.
The. apupartEsRata Ab i< A miadft o TERE ROpBmEerbEtal oh RdsPOnE XRLRMT

| ook- up et ry for generating a sequence of nenory addresses from said

i nput further conprises at |east one discrete fast fourier transform 23.
The apparatus of Claim 18 further including storing circuitry for storing
said data values into said plurality of nenory tables. 24. The apparatus of
O ai m 18, whgy ei mahsbataia of@i4ias1aneherelr suid phtterm resagnitisegpparatss of
menory addresses that are generated by said transformation system and said
| ook- upcaenpriagstatyeastane inlegratled Ka¢Vkor respond to said at | east one menber
of said at |east one known pattern set. 25. The apparatus of C aim 18,
wherein said result fromsaid nmenory table- | ook-up operations further
conprises at |east one output value that quantifijes a robabi |ity that

sai d input it.a meheapparatus of Gaim dhevherertsaidat leashong E?‘é‘ﬁgtpa AT $& own

having at least one member pattern comprises a single pattern.

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

comprising at least one member pattern comprises a multiplicity of patterns.

18.  The apparatus of Claim 17 wherein, if said input is recognized, at least
one specific member of said at least one known pattern set that is a probable match to

said input is identified by said result of said memory table-look-up operations.

19.  The apparatus of claim 18 wherein said transformation system and said
look-up circuitry for generating a sequence of memory addresses from said input further

comprises a translation system.

20. The apparatus of claim 18 wherein said transformation system and said

look-up circuitry for generating a sequence of memory addresses from said input further

comprises a scaling system.




pattern set. 26. The apparatus of Caim 18, wherein said pattern
recognition apparatus conprises at |east one integrated circuit.
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21.  The apparatus of claim 18 wherein said transformation system and said
look-up circuitry for generating a sequence of memory addresses from said input further

comprises a vector rotation system.

22.  The apparatus of claim 18 wherein said transformation system and said
look-up circuitry for generating a sequence of memory addresses from said input further

comprises at least one discrete fast fourier transform.

23.  The apparatus of Claim 18 further including storing circuitry for storing

said data values into said plurality of memory tables.

24. The apparatus of Claim 18, wherein said data values are derived from
said sequences of memory addresses that are generated by said transformation system
and said look-up circuitry from inputs that correspond to said at least one member of

said at least one known pattern set.

25.  The apparatus of Claim 18, wherein said result from said 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.

26. The apparatus of Claim 18, wherein said pattern recognition apparatus

comprises at least one integrated circuit.




