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ABSTRACT 

A st thod for improved editing of scientific text bv hand- 
dravn coaaanda and data la considered.  The most distinguishing 
featura of the aethod la that a single quick editing mark over 

l«ta aagaent alaultaneoualy Identifies both operator and 
operand.  The aethod investigated employs a RAND Tablet for the 

try of hand-drawn cursive ayabols to the computer, an input- 
jnly Irayboard for large strings of text and a storage-type CRT 
d .play unit for displaying the text being edited.  The recogni- 
lon of curaiye writing is performed by using geometric-topo- 

l^Vl      i?rfrilnt* 0f ■troke ■«««•••loll.  In addition, a design 
for an editing console Is alao discussed.  In this design, an 

is made to arrange the different system components to 
provld« for efficient editing.  The conclusions derived from 
i?thUII^r.l I^*1!- dlVin* lt8 development are presented, along 
•lift several areas for further Investigation. 

Ill • 
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I 

^   i^.!?? ****   r#* ******   ■• ^«^  b^o  d#v«)optnC  a 
-     »»  •dllln« •«chiM-for«  test,   la which  proof r».d#r«' 

?!i \ ch4Ät#«  .r# Md*  directly on  fh# <S«t«.     AtM  ■•rk« 

«r«  converted  to »achioe co—andi etotch «re  then eiecvted       Thim 

tjrp* cathode y.y  tube dlepU, «mt   (nm   for   teil   dl.plaj 

Tbe ayatee naae.   MOSAIC.   U a deecrtptor  rattier  tbaa mm 
•crouym  and   la   intended  to convey  tbe   Important   t^-di^n.ional 
m&Vc V.  th!!*! Or^?t,00:   .** momt   ^«MWInbln«   fatura  of 
!?-«i..iL.   ?    ^ln*l*  q^lck •dllll>« »«^ o**r  a  data  aegaeat •l«iltaneo«alj   identlflea  both operator and operand.      It   Uthe 
""•■■2!! °J  SS?! co««»-o|.location  aybola   that  provide,   the 
"^rirrrU    !hT,*yM#*'     nm  ^^-Ut- of   bandentten   alpha- 
S&Ü Ü^L ^i1* f^r?!^.   or • "n4for» P*n^rtpt driven^ •1 ting ayatae. i. no, |B iimmlt .„ efflclent^«bititute for troe 
writ.en entry of teat. Tbu«. in «OSAIC. Urge bl^ci. of twt iH 
be entered via an  Input  keyboard. «"«a« or  test uy 

The MOSAIC   technique  haa  yialded  reeult«   In  too ealn  area. 

(•)       Metbode  for «ore efficient  test  editing 

<b)       !??iV!in•tlo,, ot  lh* Principle  advantagea of  tbe 
RAJtD Tablet   In Cata BMlpulation 

Theae   reaulta elll   be dl«cueaed   in detail   on  tbe   folloelng  pagee. 

Ä#  »iT*1! ?rrd''r# configuration uaad   for  tHe MOSAIC Syate« 
of  tbe  folloelng coaponenta: 

(«) l»rp.9 alth  8k  of  core eeeory.   hlgh-apeed paper   t 
reader and punch 

(b) Graf aeon RAJfD Tablet,  Model   1010 

(c) Tektronls Storage Dlaplay Oolt.   Model  #11 

(d) Invac  Keyboard,   Siodel   PK-U4 

(•) Toletypeeriter.   Model  33 KSR 

-1- 



use feEsar  

Aec«pt«Be« la psyebowal^ii«.- 

-o«ni*i or nyebolonr     X«lior«f I^C BBHI^ «US 

tUloauctlo« of a proc,., ^ «sceptre. ^ ^ U^^iaatlT, 

•»^y»t «^Ictlo« th# coodltloo of the cUwt.    A ^^ ^ 
nkko   ^t«—♦ j76?* cil«nt fMllagt, aceeptuie« ft uadcrttandiac 
17«»0»  cll«nt f««UBü#  acceptanc« 4 UDflerttanain« 

tlSf« Ifiinluit •iiai—.      Art M tllAUU 

■fUU C mcötitll«! 

•• lM%U«t«.       L.   LW4«W. 

*^»0,  art,  ellftlcai • V LMtlMt« 

T»«.  *• iftcu, MVMI  UMllAct«       »trmo.  art, elUieai 
laatlMt« • 14 I»«   iMtiACt«, 

rifur« 1. Input Record of 
Production Dat» or T»atin« ÜOSAI« 

!l 
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II 

THE MOSAIC SYSTEM 

2.1 HISTORICAL BACKGROUND 

The work on an on-line editing technique using hand-drawn 
commands and data was carried out in two phases.  In the initial 
phase, the original technique was developed and tested.  The results 
of the tests performed provided the necessary direction in developing 
an improved technique, which is the subject of this report and forms 
the second phase of the work.  The contents of this report include 
the following: 

(a) A general description of the MOSAIC system 

(b) The text editor 

(c) The character recognition algorithm 

(d) The editing console 

Our systems philosophy has been to emphasize directness.  When 
an editor or proofreader marks up page copy, he makes marks directly 
on the data and does not concern himself with location concepts, 
e.g., "2nd paragraph, 3rd line, 7th word;"  he simply places his 
blue pencil on the spot where correction is to be made and makes 
an appropriate mark there.  Neither does he concern himself with 
concepts of data extent or data names, e.g., "lines, word, letter;" 
he simply makes a mark of appropriate type or extent.  This kind 
of directness is quite simple, but is totally lacking in other 
■achine-editing systems.  Some early light-pen systems used a 
"pointing" technique, but the command was never combined with 
selection.  In the MOSAIC system, all commands and data pan be 
entered by writing on a RAND Tablet. 

2.2  A USER'S VIEW OF THE MOSAIC SYSTEM 

Original keying of the manuscript copy of scientific Journals 
la performed by a keyboarder on a Dura Keyboard in batches of 25 
records.  For our testing we used actual production samples of data 
prepared for publication in Psychological Abstracts. The Dura 
page copy of the Input record is shown in Figure 1.  This typed 
copy Is proofread by comparison with the aanuscript copy, and 
corrections are noted on the typescript page In ink.  This type- 
script now accompanies the Dura tape to the computer, the tape 
im  inserted in the reader, and on-line editing is ready to begin. 

The operator initially enters commands via the input key- 
board.  When the tape to be edited is read in, the first portion 
Of it is displayed on the CRT. 

-3- i  i 



To enter the mode for tablet use, the operator types the 
MPE" command.  This activates the tablet pen.  MOSAIC starts in 
Control Mode in which marks are interpreted as commmands.  When 
the command is one that requires text entry, the program shifts 
to Text Mode, in which marks are interpreted as alphanumeric 
symbols and punctuation.  In the latter mode, the message "TEXT 
MODE" is displayed at the top of the CRT.  In this mode, text 
may be entered from either the tablet or the keyboard, where the 
latter device world be used in the case of a large amount of text. 

The editor reads marked-up typescript, and edits and advances 
through the machine-form text.  The CRT display provides immedi- 
ate verification of correct editing action.  If a ri;»nd-drawn 
symbol cannot be interpreted, p message is typed on the computer 
teletype, and the editor redraws the symbol.  The symbol diction- 
ary provides definitions of each syrrbol in terms of the size- 
invariant stroke composition method used for recognition, which 
is discussed in Section IV.  This recognition method has proven 
effective and fast, though obviously dependent on the allowable 
dictionary size.  Non-recognition, however, does not cause error 
introduction, but only longer editing time due to repetition. 
The operator always concentrates on the CRT display, and does 
not watch his hand motion on the tablet, so that there is no 
lost time in attention switching from the writing medium to the 
display medium.  Manual paper handling of the typescript is still 
required, however, to find the location of the next needed 
correction.  In addition, where large blocks of text are to be 
entered, the editor may use the input keyboard. 

When all the text which was read in is completely edited, 
it is punched out on paper tape and more text is read in. This 
process is continued until all of the input text is edited. 

2.3 THE ANALYSIS PROGRAM 

The development of symbol recognition methods has been aided 
substantially by the Analysis program.  This program accepts hand- 
drawn symbols as input, displays them, performs feature extraction 
upon them, matches them against the current version of the MOSAIC 
symbol dictionary, and types out the recognition decision.  Whether 
or not a symbol is recognized, the program causes typeout of the 
derived feature list of the symbol in simple English form.  By 
entering a large body of samples into the system, the prominent 
and/or invariant features of a new symbol can be quickly per- 
ceived, and new dictionary entries can be quickly generated. 

-4- 
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III 

THE MOSAIC TEXT EDITOR 

the insertion ^wf caPablllties of the MOSAIC System include 
tne insertion, deletion, rearrangement (transposition)  and 
changing of strings of characters.  A complete list of available 
ZZTil  ^^in iH/PP0n^ ^ and a fun^ional flow chlrt in 
MOs!?? OHJI;    thiS section' the various components of the MOSAIC editing program will be discussed. 

3.1 INPUT PROCESSING 

fro« thm:?V0r T0re paper tape inPut can be initiated either 
user to control tV™* ^  ^yboard-  unique commands allow the user to control the amount of text to be input, (i e  UD to a 
previously designated character sequence) aSd to decide whether to 
delete the previous text or to append to it.    aeciae wnether to 

F.r.o„lnPUt J:hara<:ters are checked for legality and proper parity 
Erroneous characters produce an error message on the KSR tele- 
printer and are replaced in the text buffer by a special charac- 
ter which shows up clearly on the CRT. special cnarac- 

ir    K "^to-editing" is performed to delete errors noted bv the 
ir?^1^ Whe\the text was originally prepared.  The following is the coding scheme employed in "auto-editing."        mowing 

(a) 

(b) 

(c) 

^backspace^!       <(backspac^>2   . . .^act   V^/A/X 

///n Wil1 delete the n previous charac- 

ters from the input. 

<^P ky    will delete the previous line. 

<□ kr> will delete the previous record, (i.e., all 
d^SnÜ^K* ltXt  t0 the sequence of character pre- 
designate.d by the user as the terminator for a 
logical record).  See Figures 2 and 2A. 

3.2 BUFFER AREAS 

There are three buffers used by the MOSAIC editing program: 

(a) Inn lH?^Buffer " In thls buffer» a11 ^Put, output, 
^hl! itin? 0Perations (inserting, deleting changiAg characters) are performed. *"King 

(b) Record Delimiter Buffer - In this buffer, the user may 
a ?o^^? Strin5 0f characters which denotes the end of a logical record. 

-5- 



01 10751 
12 MalrnstronOcl 
02 rvalmstron 
03 Dr 
ou Edward jMiimmo—§) 
06 June S,  1932 
07a BA 59 
08a ÜC Berkeley 
□cl 
08a UC Berke)&y 
07b MA 63 
07c PhD 66 
08c U Pbrtlan   WIWMVWfitd 
09 Resch asst 59-60#  resch asit Survey 

Resch Cen 62-63 UC Berkeley; tmne 61-42 
VAJ^ San Francltoo; r«sch astt Cardlovetcular 
Resch Inst 62-63 UC San Franclio; ptych eaiarCkl 
63-65 Portland Pii) SöM, Ore; V1U poat 
resch fei 66-67 

10a posL^doc resch fei r>ept Psychlat * Äraln 
fäStt/m4ttfttt\*%\ 67| 

11a UCLA 
10b resch psyctaphyslol 67| 
11b Cedars-Slnal liosp 
12a Psychophyslol 
12b ttat rrthodolo^y 
12c persy theory 
13 UM» Landfair Ave 
1U Los Angeles 
15 Callf 
16 90021» 
21 68 
30 68 
m 
01 10752 
02 Booth 
0i» Linda Ellen 
06 See Rapport# Linda Ellen 
CD 
01 10753 
02 Benjamin 
□cr 
01 10751» 
02 Bennett 
03 Dr 
OU Barbara (Ann) 
06 See Thcnas, Dr Barbara II, 
CD 

Figure 2. Sample Input Text Cootalninff "Auto-Idltl^** roiiiiJi 



01 I0?5l 

Or 

3 JIM 5.  19*? 
• »A 59 
• OC BvrtmUy 

oH :• FhO 66 
0 Fortlan   d 
il^ i^^^^lf0' r"eh •••t Survey 
«••eh <*n 62-63 OC Berkeley;  triM i 61-62 
6V^SS^rT!2S1J.C??..r#ach a"t Cardiovascular 
SichZTtPi™Seh*'0^•, VRA^ doc 

Inlt 67| POti^€ ^•^ ^ O** ^ychlet & Brain Reach 
lit ^LA 

Ob retch peychophyalol 67| 
il Cedara-sinal  Hotp 

IJJ ^•ychophytlol 
» itat ■ethodolo«y 

[W P^riy  theory 
j? M4   Landfein Ave 

11 
Lot An^elea 
Caltf 
9on2A 

I0TV 
n? Booth 

S Linda  Ellen 
•  Linda Ellen 

01 iC775^ 
O« Bennett 
«> Or 
OJ Barbara (Arn) 
2 s## TTK>^a. Or Barbare B. 

Tigurm  2k.   The Staple Input 
Teal After "Auto-lditinc" 

i 



(c)  Search Buffer - In this buffer, the user may store a 
string of characters which can later be used by the 
various search routines to locate occurrences of this 
same string in the Text Buffer. 

All three buffers are always displayed on the CRT. 

3.3 OUTPUT PROCESSING 

A request to punch out the present contents of the Text 
Buffer can be initiated from either the tablet or the keyboard. 
Separate commands allow various formats, such as text only, text 
with a stop code, text with a section of blank tape, etc.  The 
output routines also eliminate any extraneous characters, such as 
redundant case shifts. 

3.4 THE CRT STORAGE DISPLAY 

Figure 3 illustrates the CRT storage display used In the 
MOSAIC System. Since the CRT used is of the storage type, a new 
display is initiated only when the user enters a new command fro« 
either the keyboard or tablet.  A 5 x 7 dot matrix is used to 
display a characte' on the CRT. 

All lines displayed on the CRT begin with a line number 
generated by MOSAIC at the far left, followed by up to 64 text 
characters.  When the 64 character limit is exceeded, a new line 
(and line number) is automatically generated.  Up to 24 lines of 
the Text Buffer, followed by the Record Delimiter Buffer and 
lastly the Search Buffer (at the bottom of the CRT), are displayed 
with the line numbers starting at 01 for each buffer. 

3.5 THE INPUT KEYBOARD 

An input-only keyboard is used by the MOSAIC System to enter 
both control commands and (large) text strings.  Although the 
keyboard is a single-case keyboard, the software is able to 
simulate the upper/lower case Dura keyboard, on which the origi- 
nal data was created.  (See Appendix III.)  The manner in which 
input from the keyboard is handled is dependent upon the mode in 
which the system is operating, i.e., whether it is in Control 
Mode or Text Mode. wunux 

3.5.1 CONTROL MODE PROCESSING 

In the Control Mode, alphabetic characters which are re- 
ceived from the keyboard are used to determine the editin* OD- 
nrnviH« +H be perf^"^*  Numeric characters are accumulated and 
provide the argument for the operation.  Upon receiving a "return" 
character, the execution of the operation is initiated 

-8- 



Figur» 3. Th# CRT Storag* Display 
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3.A t TUT MM PROCt*!M*G 

rh«r«r|9r»  r*c«lv*tf  fro« th» I«   Ihr   T«ll 
• r»   mierpmrd  «•   (»«i.   «mi  «r«  iiior#d in  ih» buffer  rvmiirvd by 
in« curr*ni  commmnä.    Mitim to Control Mod» rooolt» ULJII th» 
•»try of  it» ••«tu^Aiial CMO oliirio. ^ 

3  A   no:   «AIP  T4«j:7 

Tbo uoor ooot oaablo tbo tablot by ootoriof • MPlM caoo«nd 
•t tbo boyboard.  Tfinro to • 1:1 corrv«pofM$«nco hvi«««n lb« OTT 
dtupUy mroa and tbo tbblot orltUt MM. «boo tbo poa trmooo 
lifbtly ovrr tbo tablot. a ligbt traco of tbo pc* poaitloo la 
ouponapoood o«or tbo toat diaptay. «boa tba uaor pro 
on tbo poo, tbo pon-tip otcro-«oitcb ia cloood aod tba 
intorprotou ao oditin« m—adi or tost, ootil tbo pro 
poa la roloaood. Only t.b oyocoo of foroo aro ro*tirod to 
tbo ooitcb. oo no uooatoral «nun« prooooro la roquirvd. 
adIMn« co«i«nd» arr dravn dirtily ooor tbo dlaplayad loat upon 
•hieb tbo oporationa aro to ba parforood. 

OB tba 
cloaa 
Tbo 

Tbo MOSAIC oditin« prograo firm cbocba if tbo ayobol (ro- 
rdlaaa of «bat it lol oao dra«n on ooo of tbo olgbl eootrol 
J^M on tbo tablot. I.o., tbo four corooro aod tbo four oiddla 

odfoo.  If ao. no furtbar cbaractor rocogniiion i» »»caooaryt and 
tbo corr«»pondln« opar4tlon m porfor»«d.  1^« Urout of th«'tab- 
lOt «ad tbo operation* corr««pondln( to tb« ronttol arva« ar« 
doocribod in Appandia I.  tf tbo cbaractor «ao not dra«n on on« 
of th« rontrol araa«. tb« cbaracter roco«oitlon rmitin«« raturn 
«Ith a Dura cod«, if th« input point a«<|u«nco oatcbaa a cbaractar 
in tbo racogmtion dictionary. Otb«r«i«r. a noa.ac» i« printed 
on tbo toloprlntor. 

3.7 KtYBOAIIO/TABLfT UrTCTATTIO« 

MOSAIC 1« doaignod ao tbat tbo coooand procoooin« la tba 
•aao «h«th«r cbaractora w«r« «ntarad fro« th« ««yboard or froo 
tbo tablat.  Th« uaar could initiate, for «ianp|«( an 

Mlnaeri 
rharactern' operation at the tablet, dra« a fa» cbaractar« 
««itch to tba keyboard to typo in ooro cbaractara. and roturn to 
tbo tablot to oxocut« tbo ood-of-toat coiaiiil. 

CBB 
c 

All baalc paper tape lar^t/output and dlaplay control a 
bo initiated at either tbe keyboard o- tbo 
nd» «hlrh nuat  point" to 

tablet.  Editing 
a character or atring of cbaractara 

can bo Initiated only froo tbo tablet. 

3.« TRB TtLITTPr.vHtrrK 

Tbo teletype la 
•bort «eaaagr«. in 

uaed 
t c 

trictly ao ao output device to typo 
inforoing tbo uoor of aa error 

i 



SKJ^A-Sa/STJoaj'SSLVXpa?;,.- 
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If 

THE RECOCNITIOH ALGOtlTH« 

I 
Th« recogoitlon »«thod mmkmm mmmimml  us« of tb* Infor««* 

tloo glv«a by th« »equsnce of mtrvkmm mhict  const I tut« tbo 
curaivo «ymboU drawn.  Tb« stroaio« »ro classified accordloc 
to thslr gooAotrlc prop«rtis» sod tboir topolocical rvUtlon to 
predocoosor «troHos.  «h»n »rchstypo or alaodard aymbols »rr 
defined In terms of the necessary goosiotric and topologlcal 
properties of constituent stroks sequences, the claaslfteat loo 
of Input Is Invariant under grosa distortion.  As the asthod 
la deaiK^d for real-tlae rocognltloo, the nynbsr of •wtrmcf4 
proper I ion. im  «iolalsod. 

4.1 cimsivi VtlTIMC 

(UJ 4ivr writing la fundasentally a ayats» for continuous 
writing using flowing linos of »or« or loos continuous curvature 
It har. the singular characteriat lc of having no nodes (doflocllon 
points of sultlple tangenr.).  All direction change« occur els 
continuous curves or via cusps (deflection points of single 
tangsney). None« corners, in the usual sense, do not occur la 
cursive eritlng. «hereas, thsy are an Isportant property of block 
lottsrs. (9—  rigur« 4.) 

%  • 

A A 
Cuap Corner 

Figur« 4. Cuap and Cornor 

1. W.R. Nugent, The On-Line Recognition of Cursive Writing 
PglM GeoffietrTF^iopoioKiral Invariants of Stroke Succeaalon. 
nrst Annual IEEE Computer Conference," ^h icaKo, THlnols;— 
Septewber 1967. 
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4 a TOI ciuJucTta or STIOOS 

eurmiwm 
fleant 

do ttomy 
•mimtt   I 
tal Irtf 
• lafftilar 
in ihm m 
iruilinlf 
nuBvrals 

TbT*  ar« philosophical tod practical rvaaona for dlvidln« 
into ntroka»   t»hl loooplalcal ly . th» »oat mgni- 

f  of «rlttag oooo to cooaiat of •■caraiona. or 
roughly aloog a Itortb-Vorthoaat axis, but only raroly 

contain lafloctloo potato.  Vlioo loflocttoo polota 
tood to roproaoot laalfoifleant attributan of eapl- 
•nich aro not rccocniaod in this •jrototi. or tho 

eaao of tf   nuavral t.  Excuralona that 
dlraction. or s atrok«»« 

or 
aro primarily 

aro alao raro and aro rolatlvoly 
leant to looor eaaa lot tor«,  »hon a atrokoo 
. taoy aro uaually atraight 

occur in 

TOoro aro alao practical roaaoaa for dividing input ayabola 
into atrokaa  Ttio goaoral curaivo ayobol la a oultiplo valuod 
function  A atroko» as «• hava doflnod It, la alacla valuod In 
iXm  oajor aal«, and haoco aaaiar to procoaa. 

**• •»••ntlal thoory of tHo racognltlon oothod conatitutoa 
a tbaory of ayaboi conatruetion In curalve writing  aooa atrokoo 
primarily auat mm  apoclflod ahapoa, »tillo othf/ra prioanly 
ouat hava apoclflod gooootric or topologlcal reiatlona to tholr 
prooocooaora. 

Strokoa aay bo convonlontly claaaod In thro« alzoa* 
oajor, .inor. tad aicro.  A oajor atroko oxtonda to ■ longth 
approxlaatoly tho haight of tho ayabol; a ainor atroko la 
dlacornlbly aoallar. but atlll a aignlflcant conatltuont: and a 
alcro atroko la extroaely aaiall and ofton, but not always  part 
of an Inaignlflcaat flourlah or hook. 7 . F «^ 

A ooat important property of the y atroko la that of thoir 
palnrlae dopendonco.  There is a high probability that the sec 
ond atroke of a auccoaalve pair will have one or «ore geooetric 
or topologlcal relations to Ita predecessor.  While not a sur- 
prising property, it ia a ooat useful one for recognition.  The 
basic geoaetric relation la that of rotum to the y level  This 
occurs when the end point of a stroke has approximately the same 
y coordinate aa the origin of the previous atroke.  This condition 
can be further characterized by the distance d between two points 
closure exists when d ^ 0, an open return exiata when d fc0/01"18' 
tpeclfled distance, and an indeterminate condition of return-only 
exists when d is between these limits.  All distances are relative 
and are expressed as a fraction of the height of the enclosing 
rectangia. ■ 

The most important topological rr/lations with respect to the 
previous stroke are those of incidence and crossing.  Incidence 
in our usage consists of any extremely close proximity. (See 
Sf2T*?;L J"01«161106 and crossing are further classified as to 
which third in y of the previous stroke the crossing occurred. 
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Inc-drn™ Cmmmitm 

Figur« ft. Inctd«nc« mnö Cromming 

Whma ihm mtrok—  of so Input mymbol  mrm  ciiar»ct«rlc«iS by 
th«lr «•oMtrlc-topologlcal prop«rtl«r. • condmnmmd  tod aufficloat 
repre««ntatlon re.ults that My bm  ccnv«ni«ntly cod#d 

4.3 OVERVIEW Of THE RECOCHITIOH RR0CS88 

Tablet input is enabled by ■ keyboard commmnö   tram  th« uaar 
Points are processed by an Input routine and stored   «ben tb« 
point sequence la Judged complete, input is tersinated. and the 
editing progras portion of the systsm calls on the recognition 
prograea.  Theae prograas exaelne the point aequence and break 
it up Into strokes, which are further cbsractsrlsed as to their 
properties.  The sequence of strokes Is then coapared with a 
dictionary of defining archetypes, and If the character is found, 
the appropriate character rode is returned to ttw   editing progras 
If the character Is not found, a special "not recognised" cod« la 
returned.  A functional floe chart of the recognition algorlths 
Is provided In Appendix V. •  »*»- 

4.4 INPUT OF POINTS FROM THE TABLET 

The x and y coordinates of the pen position on the tablet 
are read 60 times a second.  This is handled by a real tiae clock 
set to request a progras Interrupt at that rat«.  The coordinates' 
are compared with the last set of coordinates accepted; If the 
point is not aaore than four coordinate units (0.04") distant in 
either x or y from the previous point, the point is rejected, and 
the interrupted program is restored.  If the point is more than 
20 coordinate units (0.2") distant in either x or y, it Is rejected 
as noise. Distance parameters can be changed if necessary. 

If the point is accepted, it is used to update a four point 
moving average, and the averaged value Is stored In a table 
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This proem  im  r«p«at«d uottl tb« table is filled or the pen is 
lifted fro« tbe tablet.  Tbe latter condition la indicated by a 
apecial bit in on© of tbe tablet coordlna.e registers.  Vben the 
table i» full, tbe clock la turned off, and a flag Indicating a 
completed ajrwbol input la set.  Vben rbe pen Is lifted, tbe Input 
•»rogrsa ooaitors tbe tablet for a nuat^r of clock breaks, and If 

ea does not return to tbe tablet, tbe syabol is considered 
»leted.  If elthin tbe specified Use, tbe pea begins trsclng 

a see sequence on tbe tsblet. the process of exaaining points Is 
begun sgain  A special aarker Is set In tbe coordinate table, 
indicating where Is tbe point sequence the pen ess lifted.  This 
tlae period alloea tbe pen to be lifted to draw syabols with dis- 
connected atrofcee, sa for eaaaple, tbe dot of an "1° and the bar 
of s MtM  Once a ayabol la considered coapleted, tte clock tm 
turned off, and - flag indicating ayabol coapletloo la aet.  The 
Interrupted prograa Is then reetored. 

4. ft STtOKE CLASS If I CATION METHOt» 

Tbe stroke clssslflest ion aatbod eaployed operstes on ths 
point sequence representing s syabol.  For our purpoae, the 
saonthed ottput of tbe cloch-saapled tsblet coordinatea is uaed. 
Tbe folloaing operations are perforaed: 

(a) Stroke tecaentation 

(b) Classification of stroke according to length 

(c) Classification of stroke sccordlng to asjor sals 
of trsvsraal 

(d) Classlficstion of stroke sccordlng to  direction 

(•) ClsaalfIcstion of strobe according to curvature 

(f)  Claaaification of stroke according to return and 
closure propertte«, with   respect to the previous stroke 

(f)  Clssslficstion of stroke sccordlng to incidence and 
crossover properties, sitf» respect  to the previous 

k  sequence of stroke code« defines a «pacific input s/abol 
"Hie defining archetype syabol in the dictionary la alallarly 
coded, but in a aore general eay. euch that an archetype property 
aay be «>fkned as a eat of disjunctive input properties. 

These classifications sre coded into s «ingle coaputer word 
per stroke.  Hits elthin s stroke code word hsvs the aesninas 
depicted in figure 6 ^ 



unused   >pt end incidence and 
crossing 

12 

relation 

15 

shape 

Figure 6. Dictionary Stroke Code Word 

The opt code is used only in dictionary archetypes.  If it 
is set, the stroke represented by this word is optional and need 
not occur in the input stroke sequence.  If the end bit is set, 
the word represents the last stroke of the stroke sequence  In 
the dictionary, the low order six bits (12-17) of this word 
contain a code representing the character.  In an input code word. 
these six bits are unused. 

4.5.1 STROKE SEGMENTATION 

~*  H4S!r?k!S ftart «* the beginning of a symbol, at the beginning 
of disjoint elements, and whenever there is a change in direction 
between two successive runs.  A run is defined as a sequence of 
four or more points moving in the same (vertical) direction  In 
^i^CaS!'.the fJlSt point of the second run is considered the break point, and becomes the last point of the previous stroke 
and the first point of the present stroke  (See Figure 7 ) 

/ 

/"KB 

/     J s    K 
/    / 

a b 
Figure 7. Stroke Segmentation 

'"K 
/ 

r c 

In Figure 7a, both sequences A and B qualify as runs  and 

7bUSa?th
reaHPOint iS defined at their comm°n P^nt  iTkgurt 

noi  Thn«g se5iue^es/ and C qualify as runs, sequence B does 
D?ace  Nol. ?h^e^PSintS are definecl and no segmentation takes 
?♦£!;•. ?u    a  if B were a run' breakpoints would be defined 
at both the common poire of A and B and the common point of B 
and C. 
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4.5.2 SHAPE CODING 

Information about size, direction, and curvature of a stroke 
are subsumed by a five bit shape code. These codes are listed in 
Table 1 of Appendix VI. 

4.5.2.1 STROKE LENGTH 

^ ,lQ+
The4diütaIK:e■, d' between the end points of the stroke, S, 

is determined and compared with Y, the total y dimension of th4 
symDol. 

If d ^ 70%Y, then S is a Major Stroke 

Otherwise, if d > 15%Y, then S is a Minor Stroke 

Otherwise, S is a Micro Stroke with a shape code "25" 

4.5.2.2 STROKE DIRECTION 

Non-Micro Strokes are categorized as x strokes or v strokes 
depending on their slope, with a bias toward y strokes/ Any 
stroke with a slope of 35° or greater is considered ay stroke, 

rSL^Aces^x^ndXr6 ^ ^^ 0f ^ Str0ke and 'heir x *** 
It *1 

AX 
>^ .6, then S is a y stroke 

Otherwise, S is an x stroke 

nn th« *ll0lteS  and y strokes are classified as + or -, depending 
on the drawing sequence of their end points.  (See Figure 8 ) 

+y strokes in this 

+x strokes 

in this region 
The origin 

corresponds to the 
initial point of the 
stroke. 

Figure 8. Stroke Direction 
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4.5.2.3 STROKE CUIIVATURE 

Curvature is calculated for * strok». —i. 
ture is assigned to stroke, which eJteä^«?^  / Z**  CttPV*- 
connecting their end points  a "-1" ^.1° %h* ri*ht ot   **•  »*•• 
strokes which extend to the lift if ^r?!Ur# U •••»«»•* «o 
ed to strokes with no «pprecilbl. i.t^L i^' *,?  ' "0"   i9  •-1«- 
point exists, a "42" or "l?" rni!.?   .     If **  l^flMtlS 
whether the inlti;! cu^a^ure^r'!"^^ ^1S!r1' -P*^in€ •• 
are coded for inflected curvature- if fh-"^ M??1*  ••Jor ■tr^«« 
for a n.inor stroke, the inmu^rütu'rC ITSÄLS? **** 

Examples of curvature are as follow«: 

V f -1; stroke extend« to left of chord 

J)   +1; stroke extends to right of chord 

J$   -2; initially, stroke extends to loft of chord 

IS   *2'   initially, stroke extend« to right of chord 

the chord'unkiig th^enS'^ ^^ll^ ******  ** *  **** 
of the stroke^'^hre: Xß Ä.2 ^dlSr-J0.1^ 'CtUÄl "* 
on the chord.  The mairnitudo K 5Ti-Äifi*!,,lt in **   •"^ t*ll#0 

used todetermine ^RSST (SL^KS* f t,l— dt-*«~~ *~ 

(a)  The initial point of the strok« pl . C^.F|) ^ tb# 

Point p2 - (x2,y2) .rs taken and the stroke extent 

in y.^ys, Is determined: 6y    - y -y 

Determi» the three interior quarter, of the «.t««t I« 

y to be used as chord coordinate«« y  »  • 

ycl * ^2 + **U 

yc2 " y2 + ^Lä 

yc3 - y2+ AjLM 

(c)  Find the slope, ■, of the stroke chord. 

yi - y2 

(b) 

m = 
xl - x2 
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14}    ft»*  ihm ihr— * coordinatM.  «cl,  a^.  JIC3    of chord 

point« corrov-Mdiof to jrcl,  y^.  ,c3,  «bor« 

«ci •/IsnyiV «1 ;     t - I,  1,  3 

(•I     rtai tto thwm I coordinate,   E^,   «^   H^,   of  „c 

poiat. corroopoodiii« to rC|.  y^.  y^.    Symbol points 

»fo »oftrchod  to fand  th« clooast  points to y„4i   and ths 
s ccordlnatso of  %h— points sr« ussd. cl 

<«2   >'2) 

A^s 

<«es»y -> Äi3»Jrc3) 

(«.2'yc2) 

• l^c^ 

rifurs ».  8trok# Coordlnats Asalgnaents 

<n    rindAs| • sftl - aci:  i - i. 2, 3 

(f)     If   ihs strolis »ov^s downw.ri.   ths vsluss of Ax,   »nd 
J«i  »r»   lnt»rch.n«sd.   so  that As.   corresponds to the 
SAZTS  ?i  •S  b0lt0Ä ^•^•rJAx2   to  the «iddle! •ndAij  to th« top quarter chord polflts. 

(h)     Ili.irate anrA«l   if^s^^ IVUy 

<l>    ILfiSSfhJimSP*:   Chmck •1«n*»   **  lf «H   signs 
ST 'K Ti ÄL^S S* curvature  label  "♦l"  if pius> 

Sresturi ü^    ^.l.fi:
1^ K* ?lff*r^.  spply the wrT.iur»   laosi     «2     if   ths  first ^x   Is plus,   "-2"   if 
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the first ^x is minus, considered in the order AX, . Ax  Ax 
•* 1»   2   3" 

4.5.3 RELATION CODING 

The geometric and topological relations to be detected and 
coded deal with stroke return, closure, incidence, and crossing 
properties of strokes, and occupy an eight bit code. 

4.5.3.1 STROKE RETURN AND CLOSURE (y-y OR BREAK-y PAIRS ONLY) 

Stroke return occurs when the final point P - (x y ) of the 
present stroke has a y coordinate close to that Sf thefstartinE 
^0inLPi.~ .i,yi) of any Previous stroke.  Closure occurs when 
in addition t6 return, the x coordinates of these two points are 
also proximate. H^*"« «re 

Calling Y the y magnitude of a previous stroke, a simple 
return conditign, r, exists under the following conditions: 

r if \yf-yi| < 10% Yp; otherwise 0 

A closure condition, C, exists as follows: 

C if r and |xf-xi| < 10% y 

as follows!^ n0t ClOSUre eXiStS' an 0pen return' U' may exl8t 

U if r and jx^x.] ^ 20% Y ,  otherwise 

R if r and C Ü. 

Figure 10 depicts those areas in which the final point of 
the present stroke must fall for a given condition to Kid! 

0 ie-2Q%Yr^ 
^10%>l 

i p 1 
I 

R U 10% Y. 
1(24^5 p t.-.-P«. 

initial point 
of stroke 

C denotes closure 
R denotes return 
U denotes open return 
0 denotes no relation 

Figure 10. Stroke Conditions 
for Closure, Return and Open Return 
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Th« coordlnat#s of the initial point of «ach atrok« ar« 
•tc-d in a tahl«, as ««11 as 10% of th« aagnitud« of tha y 
extant of the atroko, each tiae a breakpoint la defined. The 
earlieat atrokea are stored first, and the «oat recent are stored 
last in the tabls. 

«hen determining the return condition for a stroke, the 
tabls is exaained backwards; that is, the mon\  recent atrokea are 
examined first. Closure is given priority, in that, as soon as 
a cloaurs condition is found, the aearch atopa, and a closurs 
condition is assigned to the stroks. 

If closurs is not found with any previous stroks, tbs table 
is exaained again backwarda, and the first return condition of 
any sort found is assigned to tbs stroks.  If no rsturn is found, 
the "none" condition is assigned. 

The return and closure conditions ars indicatsd by a two 
bit cods. Theae codes are listed in Tabls 2 of Appendix VI. 

4.5.3.2 STROKE INCIDENCE AND CROSSING 

The incidsncs and croasing relations to be detected indicate 
whether the preaent atroke iapingea on or crossss the previous 
stroke. The y length. Y , of the previoua atroke is divided into 
thirds, and the point ofplncidence or crossing is noted. Seven 
condltiona are detected, as follows: 

0: No incidsncs or crossing 

'V X2' Xi: CroMlni a* top, aid, or bottos third, which- 
J  ever ia detected first. 

v No croaaing detected in any third, but 
incidence at top, mid, or bottos third, 
ever ia detected firat. 

which- 

The points of the two atrokss ars coapared in an order 
following the up or down direction of the preaent y atroke. The 
closest y coordinates are coapared, and only the coaaon y range 
of the two atrokes is used. Checke are aade to be sure that the 
strokes do indeed share a coaaon range.  If the two strokes share 
a coaaon point, as in the moat frequent case, the range froa this 
point to a point 15% of Y- ia ignored. Within the reaaining 
range, each point of the previoua stroke is paired with the point 
cloaeat in y on the present atroke. The difference in x coordin- 
ates ia taken. The difference aust at one point have an absolute 
value ^ 10% of Y to start the process; if this difference then 
becomes less than 5% of Y . incidence is recorded at that point. 
If, in addition, the difference changes sign on either side of 
the incident point, and there exist both a plua difference of 
absolute value in excess of 10% Y , and a ainua difference of 

P 
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•b«olu« v.Iu« In •»<*•• of  101 YD.   tnmn • croMo^r point X, 

•■• in tu« uppor. Mid. or looor third of th« prvviou» «iroki 
Onco any cron^vr I. found,  tbo ••.rch »S.    IfTSfSSÄ 
occur«,   and ■ pr«viou» point of   incid»nc# »»»  f«^^ ^1! 
croo^vr b.co^.  th^ «ntry  tn th«  Mnül^UtTJü cS^*   ^ 

hit JHH l,,Üil!C#
Ä21LCrOWI0f    ^^»^on in indlcntod by . .iX bit cod«.    Thooo codM ar«  llntod  In TnbU 3 of AppnndU ¥|. 

4.6 ARCKtrm CODING 

4.6.1  PHII 

Th« rocognltlon Mtbod is tfooignod as a flxod ratbar than 
•d.ptlifa oathod;  and tha olaadard a^abola, or arcba^pal    Irl 
codad on tha baaia of  tha .ini.ua ch.racUrlatlca ÄStS 
Idantlfy and dlatlngulab claaa M.bara.    Tha  Idantifyina a?chatVo. 
ch.r.ctarlatica can ba  tha apaciflc charnctarlat?c. diSct^ It^ 
inpu      or aora ganaral  charactarlatlca daflnad aa aoaa aat of 
apaciflc charactarlatlca.    A nacaaaary aaquanc« of  tha archatvo. 
charactarlatlca dafina tha charactar/uauilly  m . SilSSTST 
A dictionary of archatypa coda«  is pro«ldad  In Appahdu fll. 

4.6.2  SHAPE CODE MATCKBS 

All dlatlnct ahapa cod©»  (thoaa < 24) miat aatch «xpllcitlv 
IrV  }?•   i?-i»;'   ^'••^ion.   and curvJtur«.     Th««a pro^?{ «.    ^ 
ara all aubauaad by tha »hapc rod«. K    »^ 

Tha nondiatlnct ahapa codaa  (tho»« > 26)  ara uaad only in 
tha arch«typ« dictionary.     Th«y allow onf or  two of th« ?h?«« 
charact«ri«tlc« abov« to apacify a atroka.     (For «aa.pl«.  any 
atroka .f a givan alaa,  or in a glvtn dlraction.) 

^d—A^r!PJ??lLB?tC5#!, for  th# di»tinct and nondiatlnct «hap« codaa ara liatad In Tabla 1 of Appandlx VI. 

Tha alcro ahapa coda  <SS)   ia handlad apacially.    if « «icro 
*trok«   I« «p«clf|«d   in  th« dictionary,   it  .u«t   appaar  in  th«  input 
•«quenc«  in  th« corr««pondtng ponltlon.     A .icro itrok«  in the 
iSor^T n0t pr#*#nt  ln th# dictionary will  be 

4.6.3 RETURN AND CLOSURE CODE MATCHES 

«« •KTh* "?Ut}0" co^ ■•tchaa allow a certain aaount of tolerance 
in  th*  relevant directiona.    They alao allow negative specif legions- 
^T'1*'/? ?P#^ r#turn »^incation win   lot accent closure?     ' 
li rLl  fo^fS1   ^^J'^nn^hlng "y"  fro« " Acceptable ' 
■atchea for tha relation codaa ara liatad in  ..ble 2 of Appendix VI. 
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4.6.4 INCIDENCE AND CROSSING CODE MATCHES 

• n^006?1!?16 matches for the incidence and crossing codes 
allow variation in both position and degree of incidence  Soeci.! 
lllll  th!d 0ni^n ^ dicti^ry  of archetypal stroke sequences l      ) 
allow the condition to occur in the upper or lower thirds of the 
previous strokes or anywhere on the previous strokes. 

i«rH,i!ne2 JrosRin? is/Pacified, crossing is required.  When 
incidence is specified, either incidence or crossing will be 
^Ä16'  Wh?n no4?

ondition is specified, incicence üy Se 
accepted; crossing will not be accepted.  If either incidence or 
crossing is specified, the no condition situation will not be 
specliied. 

These matches are detailed in Table 3 of Appendix VI. 

4.7 SOME PROBLEMS WHICH DEVELOPED WITH THE 
RECOGNITION METHOD AND THEIR SOLUTIONS 

4.7.1 NOISE AND SMOOTHING 

It was found desirable to have some sort of smoothing of 
the input point sequence to counteract noise and other irregular- 
ities in the input.  Noise in the input point sequence may be 
thought of as jaggedness or lack of smoothness in the point 
sequence representing a line drawn on the tablet.  It has two 
principle sources: one, the tablet itself; and secondly, the 
use^s hand tremors. 

Tablet noise is due to stray pickup from the pen (the pen 
is capacitively coupled to the raster; any minor electrostatic 
disturbance can disrupt the information sent back by the pen). 
It, like the "noise" generated by the user's hand tremor, is 
essentially unavoidable.  However, it can be minimized by main- 
taining the stylus tip geometry conical, which becomes degraded 
as a result of wear. 

The recognition programs are sensitive to noise, even in 
small amounts, because of the nature of the stroke segmenting 
algorithm.  One criterion for segmentation is a significant 
change in the direction of the input point sequence.  Vertical 
noise can result in an essentially horizontal stroke being 
characterized as a bundle of little up and down strokes.  Thl« 
might be circumvented by tightening up the definition of signif- 
icant, but there is a limit to how far one can go before losing 
the required resolution.  To get around this difficulty, a 
smoothing mechanism was incorporated into the input routine. 
This routine stored points, the coordinate? of which were the 
average of the eight most recent input points from the tablet 
The smoothed input was displayed and used as tl.e basis for ehe 
stroke segmentation.  The noise rejection was excellent, but 
the averaging process caused the displav to seem  to las 

1 

-23- 



the  tablet by about  four  nninte       Tm„  J 
f.ct  that the coordiuates of  thP .„Ü  Ü " conse<J>ience of  the 
-ld.ay between t£e fiJsTaSd  Ust leiehth/01"*/111 be ro"*hly 
•n>e averaged point will  corresnonH  ti6^   ),P01nts of  the average, 
•verage.  .hie? 1.  ^pS^S*%^^.'^„f^'  the 

tlon «U;i.'I;:nd!h:ndSthreSr:suU :TS 
aC^al

h
ly repreSent the po-i- 

general -IsjudglAg"? h^ a  character wardr^'  0-rsh00t'   and ' 
process  also very effectlveiv ^„^L       .     awn-     The smoothing 
defor-tng characters^t  i^J.^^^J^111 ^fPs  •"" ^rners,   thus 
of useful   inforsstion. leatures.     This  represents  a  loss 

P«t pX"Ä:tanrs?oreh!hrrha^ I'8 ie  to "•**  ^ i". evsrVstlll   leaves   ?he  ^rohf- 00thed "•*»"<!•■     This,   ho«- 
and ^.t the "er sees does ^»"l f00**""* out corners *"* cusps, 
th. rsccoltlö; pr'gr«s  "n0!; y  repre8ent  the  infonnatiin 

l-corJo^.rdrJ^:r
th

t2'?n^fh
8

t
yPti:t -?^"« ITT^T - the" .r.-h.nd lag... thu. a^^^s^rni1:^^1^^!. 

«he .ÄrÄ«*iS;tt5LSS,is VSrJtlT? r • ^ ""• — 
iMUy. .ver.ie. of the ?«t !?„Kf™ln,ted ** th,t Po»"4-  Orig- 
-er. co-puted* -o th« t^ .;t

lg"inn
V:?; 'i"' "ül***- P»1»»« 

last point, »hich CM* in  I ..f?i   »t0"0 »Pproached the 
Point.  fir.t c«. " "o «  £ JZl.r Pr?f"  t",M PUc« •"«"' 
»nto tb. .v.r.g.d M SfS^VKAST th• Mr"t POlnt 

ourm PO.KT       tmnman       HVUBEH Of PMBTS 
lH AVEIUCE is  AVERAGE 

5 }. 
3 

8 
9 

1.2 J 

• «• t 

•»•••ft § 

*   *   • 

P«n  lifted liire.  tt input poia-   B 

ri"6 n-fi "••t   ...t  n 7 
• •. 
»-1 o-l, a 

D 
2 
1 

In   the   four point   averaaa     th*  t««*«   ■ 
.-   before,   but   pointa   .re  mujZ JSStL^Ü^Ü!  "*•»•••< 
P*n   lift       Thla  eli.lna;-   the "tau  ^K!  K  'nd l,to^•<, ,,f?#r  • 
^•o  the pen wm  lifted  in  the orifin.i  ij^^00^0^ «PP^-red 

-24- 



4.8 AREAS FOR FUTURE INVESTIGATION 

The suggestions to be discussed result rrimarily from the 
use of the system dming its development.  However, none of these 
suggestions were implemented, since it was felt that studying 
the basic editing technique was more important than improvine the 
character recognition algorithm. »  ^ 

4.8.1 AN ALTERNATE AVERAGING SCHEME 

With a simple moving average, corners and cusps unavoidably 
lose some of their sharpness.  Modifying the averaging technique 
can minimize this, but at some expense in the smoothness of the 
output point sequence.  A possible modification is to weight 
the current input point more than the previous points.  For 
example, averaged coordinates might be computed on the basis of 
the two previous input points as follows: 

—   2xn  + x^ . + x 0 xn ■ _JQ "-1   n-9 

4 

similarly for "yn, where x ,y are the averaged 

coordinates, and x^y are the input coordinates. 

This type of average is very easy to implement, and would probably 
also have proven more efficient with respect to both the execu- 
tion tine and the storage required. 

4.8.2 HORIZONTAL SEGMENTING 

Experimentation with the recognition programs suggested 
that it might be useful to define a stroke when ■ vertically 
moving sequence begins to move horizontally.  The system which 
was implemented breaks only on vertical direction cnanges.  Thus 
to get a horizontal stroke, it has to stand alone or have enough' 
««L««^   «uch vertical motion.  A flow chart of the horizontal 
segmenting algorithm appears in Appendix VIII. 

^«.4iLl!le^PrwPO,0d.horizont'1 segmenting technique, a point is 
considered to be moving horizontally if its y change fromthe 
previous point is within a small tolerance (for example, + i 

f^f  U ! UniV'     U  ' lon*  enou8h run  in one directioA Ts 
followed by a long enough run in another direction (allowable 
ftthl 2?8 T? uP'w

down' ind horizontally), a stroke is defined 
!«♦ 5Vi  ? ^ ehtn«e-  The "long enough" condition is differ- 
nu«rl2 t  £iE?ntal •^ vertical run8; the horizontal run is re- 
2hi T^ K0   longer thlln the vertic«l one.  An additional feature 
should be incorporated into this alfeorithm, that of saving a run's 
length and direction, *nd whether It was preceeded by a long 
enough run. whenever a direction change occurred.  If the new 
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run proved not to be long enough, the old run situ.tion would be 
restored.  Thus, small jogs in the point sequence would not 
disturb an otherwise well established trend. 

This segmenting algorithm allows for unique stroke specifi- 
cations tor otherwise ambiguous characters.  For example, ••e" 
could be specified as follows:- 

right stroke 
minor upward, +lc 
major downward, -1c 
optional minor upward 

In the system implemented, the initial horizontal stroke would 
not have been defined. 

Another example is "z," which could be specified in its 
easier-to-draw printed configuration: 

right stroke 
down stroke 
right stroke 

4.8.3 QUADRANT SEGMENTING 

An immediate outgrowth of the horizontal segmenting s 
to consider including horizontal changes of dl7action i 

!ining a stroke.  Thus strokes would be senaratmi int« # 
is 
defining a stroke. Thus strokes would be 
basic classes, those moving (a) up and to 
and to the right; (c) up and to the left; 
the left. (See Figure 11.) 

a /       b\        X      d »/ 

cheme 
n 

separated into four 
the right; (b) down 
and (d) down and to 

Figure 11. Stroke Classifications by Direction 

The same criterion of long enough runs and the technique of 
ignoring too short runs would be used.  Curvature and relative 
size would further characterize each stroke. 

Since most interesting corners are acute (and thus at the 
corner either the x or y direction must change), there is intrin- 
sic corner detection in this segmenting method.  A corner is a 
break between two zero curvature (i.e., straight line) strokes. 
There is no need to mark a corner as such, because the stroke 
specifications imply it,.  Thus, this algorithm would distinguish 
between the following characters: 

< 
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Tb« first la two •trttght atrokw ( d* 
the ■•cond Is two curved strok««. 

• nd -b- M «Motsd tbov«). 

th# spwcl- 
chtractsr 

There would b« oo owed for the typ« 2  curvature. 
Inflection points would also bw stroke break points 

An obvious difficulty with this twchnlque is thst 
float Ions sr« no longer concise  for eaas(ple, the "C" 
Is now two strokss instead of a aingle stroke  This I 
redundant — s single stroke would quit« adrquatly spsclfy  he 
character.  In the css^ of "C*. however, we want two strokes 
because there are essentially two distinct atrokes  A possible 
solution Is to sdd s postprocessor to tbs stroke «egwenter. 
which would exsslne pslrs of succssslvs strokes sovin« la tbs 
ease vertical direction, and If they have a continuous curvature, 
would coablne the«.  Thus, s circle drawn as foil 

would first be broken lato four strokss with tbs ssse curestorst 

and then the downward pal- and the upward pair would be coablned 
Into single strokss. 

This segsentmg tscbnlque would allow the rerogninon of 
both printed and cursive handwriting, as well a« a great variety 
of apsclal symbols.  Relation coding vould of course be retained, 
since It provides extreaely useful inforsatton about tbs cbaractsr 

4.1.4 REORDERIWC Of THE DICTIONARY 

The dictionary Is presently ordered in a slaple slobsbstlc- 
Uko aanner.  This haa proven acceptable, as recognition tlsss 
ars wall within operator reaction tlaes.  If. however, an extrew- 
V large dictionary ware found to be neceaasry or even useful, mom» 
■eana of speeding up the search for the archetype would be lapera- 
tlve.  Thcrs «re two alternatlvea — a probabillatic ordering of 
the archetypes, or a Hat atructurlng 

4.8.4.1 PRORABILISTIC ORDERIHC 

Thla wethod la tha alsplaat and «oat easily sccoaplishad 
The archetypes sre slsply ordered with reaped to the frequenc jquency 
of occurrences of the symbols they represent -- moml   frequent 
first, least frequent last.  This would require 
and should produce a significant laproveaent in 

ao ~eprograming 
seaich t; 
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4.8.4.2 LIST STRUCTURING 

At significant analytic and reprogramming cost, the dictionary 
could be list structured.  A cursory examination of this approach 
has shown the difficulties to be formidable, with the result of 
reducing the search time to almost the fabsolute minimum.  The list 
would be only as deep as the largest number of strokes in a single 
chancter  The span of the list would be rather large, since a 
new node at the next level down is required for each stroke, 
which Bight possibly (with respect to the set of characters to 
be recognized) follow the stroke represented by the current node. 
The overhead involved in maintaining the list, in terms of the 
space requirement, would probably override the usefulness of 
the Improvement in search time. 

4.8.5 AN ALTERNATE RECOGNITION METHOD: 
RECOGNITION BY MAJOR SUB-FEATURES 

Character recognition by major sub-features is based on 
breaking up the characters into often-recurring topologically 
distinguishable sub-features.  This is somewhat similar to the 
sub-stroke technique now used, but on a cruder level of analysis. 

It was found that all characters except "r" could be con- 
strued from concatenations of 11 highly distinguishable character 
parts.  These character parts are as follows: 

NAME 

n 

c 

E 

r 

J 

L 

N 

S 

SHAPE 

XL 

/ 

T (tall)  ^ 

X (cross)- or / 

D (dot)  •• 

DESCRIPTION 

2 concatenated tails (see T below) 

A lead stroke, short counter-clockwise 
open loop, horizontally oriented 

Short counter-clockwise loop, with a tail 
upvard (i.e., above the baseline) 

Long counter-clockwise loop, with a tail 
downward 

Long clockwise loop, downward 

Long counter-clockwise loop, no tail, upward 

Clockwise, concave downward 

Short clockwise loop, with or without a 
cusp, with a tail 

Counter-clockwise, concave upward 

Linear stroke 

self-explanatory 

. -28- 



o« -f T?e lowf54
c«?e script alphabet is constructed from these oarts 

as follows, a indicates a pen lift.  Parentheses indicate an 
optional stroke. 

CHARACTER 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

s 

T 

U 

V 

W 

X 

STROKE SEGMENTATION 

J ^ 

Ji 

f 

i /A, 

/) S) /) \s 

s\ s\ ^ 

r 

SIS' 
J.JUJL 

STROKE DESIGNATION 

CE 

LB 

C 

CLT 

E 

LF 

CJ 

LNT 

EQD 

TJDD 

LS 

LT 

NNNT 

T^NT 

CB 

TJS 

CEF 

(T)S 

EQX 

EE 

NB 

EEE 

NTQX 
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CHARACTER STROKE  SEGMENTATION STROKE  DBSICHATIQM 

Y V ■J 

Z 7" ■H 

Recognition of and segmentation into «ubparl» would bm 
carried out in much the eaae Banner as the current eyetM identi 
fies strokes.  This representation la sore coapact than the 
current one, and the subparte are sufficiently dial met so ss to 
allow liberal variations to sccowodate different ueers* hand- 
writing. 
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THE  CDITINC CONSOLE 

flfur«  13   illustrates   ths editing console designed.     This 
>!•   incorporstes  a  RAND Tablet,   storage-type CRT display 

unit,   irput  keyboard  and working surfaces.     In  this design,   an 
attsspt   is sade  to  ideally  arrange  these different coaiponents  in 
order  to enable efflclsst editing. 

Figure  12.   The Editing Console 
(Arra'/igSMnt  for a Right-Handed User) 

 .  p»/0-«»ole employs  a sodular design concept,  whereby,       * 
TrTrVtl iiyou

f
l
t
coVld S #"ll)f IK>dlf1^ (rearranged) in orier to 

fr^ll . !? 0PtlMl »orking arrangeaent. The console consists of 
whUT.!', ;/•? of •hlch »^ intercnangeable, «nd a cart (on 
MHM i r cZ dlsPl;>- )Jnit' »^ "n be oriented for Improved 
uSSrl L ? 0n# of t,l# int»rchangeable tables is located the 
T^rLSn^hif; •nd

1
th*#«^^ one provides additional workspace, rne  HASH Tablet   la   located ^n the  third  table. 

consl^#o?Ptti!tLl^ra,V|fri*nlr   for •  rllfh«-handed uier was  found  to 
SSftteLS\!££ Witi  th* top—*  **  the  left of the  table 
TU ti-! "A^T»bl*t-   «od   the other  table on  the right.     Thus, 
I ?.?? K.Tid •••lly u-# •,th#r th# keyboard or the tablet      For 
!iir^    ^ rS   th# •»tlMl •"ange.ent was  found  to be a ■irror  i.age of  that   for  the right-handed user ° oe a 
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VI 

CONCLUSIONS 

The MOSAIC system provides a means for performing computer- 
aided text editing in a much more natural fashion than the 
technique employing a CRT display and a light pen.  The use of 
the RAND Tablet stylus is very similar to using a pencil.  The 
feasibility of the use of a RAND Tablet in text editing relies 
heavily on the effectiveness of the character recognition 
scheme.  In the MOSAIC System, the recognition of cursive writing 
is performed by using geometric-topological invariants of stroke 
succession.  This method was found to have great potential, in 
that, most of the characters drawn on the tablet were recognized 
correctly.  Suggested improvements to the recognition algorithm 
have been provided in the text of this report.  (See Section 4.8.) 

It is felt that if someone were to use the RAND Tablet for 
text editing purposes today, he would use it in the manner in 
which it is used in the MOSAIC System.  A summary of the tentative 
conclusions resulting from informal observation and use of the 
system during its development will now be presented. 

6.1  THE RAND TABLET 

The capabilities of th 
extensive, and have been on 
editing of linear text has 
to the directness of the x- 
extension to more complicat 
reorientation is also requi 
The principle problem found 
During the development of t 
replaced many times. This 
tion environment. 

e RAND Tablet in editing are quite 
ly partially explored.  Its use in the 
been considerable, due in large part 
y location.  It is felt that an 
ed scientific datavhere two-dimensional 
red would show even greater advantage. 
in using the tablet was its fragility, 

he system, the pen tip had to be 
would be very undesirable in a produc- 

6.2  SYMBOLIC CONTROL:  A BASIC TABLET TECHNIQUE 

Control of computer operations by on-line handwriting, via 
the RAND Tablet, has two compelling advantages with respect to 
alternative typewriter methods.  The user is free from the 
constraints of linearity and from the restrictions of symbol sets 
of small number and uniform size.  Hence, it is now possible to 
make use of hand-drawn alphabets of arbitrary symbols as command 
inputs of great simplicity.  When these operators can be directly 
associated with their operands, as in the case of making an 
editing mark on a word, control efficiency is high and errors are 
few.  In other cases, the position of the marks with respect to 
the data or to other marks can serve as command determinatives 
to permit the extensive modification of the intent of these 
commands in simple ways.  In text editing, for instance the 
specification of foreign alphabetic symbols is possible'in several 
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optional ways:  direct drawing, drawing of the English trans- 
literation in a determinative area, or template-pointing to one 
element of a select class. 

We feel the extension of symbolic control methods in the 
manipulation of text will prove it to be a basic tablet technique 
having wide applications. H 

6.3  THE STORAGE-TYPE CRT DISPLAY UNIT 

11 The s^oraK«-type CRT display unit was found to be particularly 
well-suited to text editing. The text need only be displayed 
once in the storage mode, and then erased and redisplayed only 

r^I!rt«K?
ngeS/^ m5?e t0 the text' as 0PP08ed to the continuous 

refreshing of the display, as required by non-storage-type units. 
This feature is very valuable in a multi-console on-line editine 
environment, since the computer time necessary for maintainine 
each display unit is minimized.  The principle disadvantage found 
in using the storage-type CRT display unit was the irritation 
♦S!*? L^f flashes resulting from erasing the display.  However, 
this irritation was found to be less than that caused by the 
constant flicker of a non-storage-type unit. 

6.4  THE EDITING CONSOLE 

The editing console design seemed to enable efficient editing. 
The principle features of this console were found to be that the 
modularity in construction provided the ability to easily 
rearrange the units for the user's convenience, sufficient work 
f™^!^ ar»ilabl?» and the visibility of the display unit was 
improved by the cart on which it was placed. 

V 
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I 
3.2  TABLET PEN COMMANDS 

PE  Actlvftt« ih* pen.  The real-tIM clock is turned on. 

3.3  PAPER TAPE OUTPUT COMMANDS 

P   Punch test buffer contents, followed by a stopcode and 
feed (a section of blank tape). 

PF Punch tert buffer contents and feed (no stopcode). 

PT Punch text buffer contents only. 

SC Punch a stopcode and feed only. 

FD Punch feed only. 

3.4 COMBINED PAPER TAPE INPUT/OUTPUT COMMANDS 

nTT Read and punch records until n delimiters mre reached. 

PN  Coeblnation of a "PT' and an "IN" command. 

PQ  Combination of a "PT" and a "Q" command. 

3.5  CRT DISPLAY CONTROL COMMANDS 

oCE Change the delete/change command timer to n display 
times.  (See Appendix I. Section 4.1) 

nR 

nN 

nA 

nB 

Reset first line to be displayed to line n. 

Set number of lines to be displayed to n (if greater 
than 24 maximum, will be set to 24). 

Move display ahead n lines. 

Move display back n lines. 

RirURN (only)   Initiate a new display. 

3.6  RECORD DELIMITER SET-UP AND SEARCH COMMANDS 

8Q  Set quantised read delimiter(s).  Te.u Mode is entered 
and the user types any sequence of characters, which 
delimit a logical record.  Return to Control Mode by 
typing two sequential case shifts. 

nF  Find string.  Text Mode is entered and the string of 
characters to be siarchel for (starting at line n) is 



typed in, terminated by two case shifts.  The first 
line containing the string is brought to the top of 
the text buffer display.  (if not found, the last text 
line in the buffer is displayed.) 

nFC Continue searching for the next occurrence of the strirnr 
presently In the search buffer.  If n is not specified 
start from last occurrence. 

nFP Find parity error.  Same as "F," except the program 
automatically sets up a single parity error character 
in the search buffer.  Use "FC" to continue paritv 
error search. 7 

4.  TABLET COMMANDS 

By drawing over fixed control areas on the tablet, regard- 
less of the character drawn, the following operations can be 
performed.  (See Figure 13.)  Numerics can be drawn and ac- 
cumulated prior to touching the control area.  These will be used 
as the arguments for applicable operations. 

Control area 1 - Move display back n lines (same as keyboard 
command "B"). 

Control area 2 - End of text.  Complete the editing function 
Return to Control Mode. 

Control area 3 - Quantized paper tape read (same as "Q"). 

Control area 4 - Reset first line displayed (same as "R"). 

Control area 5 - Equivalent to a carriage return (re-displays when 
In Control Mode). K /  n«n 

Control area G - Move display ahead n lines (same as "A"). 

Control area 7 - Equivalent to a SPACE. 

Control area 8 - Punch paper tape (same as "P"). 

Ji 

a 
Figure 13.  The Tablet Control Areas 
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4.1  CONTROL MODE EDIT COMMANDS 

The following symbols must be drawn on the tablet, over the 
position corresponding to the display, where the editing function 
is to take place.  The arrows indicate drawing direction only and 
are not part of the symbols. 

I Select a Character 

^u-^ Change Word 

>6* Change Line 

A single downward stroke drawn through a 
character has two functions: change and delete. 
As soon as the select symbol is detected, a 
shift to Text Mode is effected, and any alpha- 
numerics drawn anywhere on the tablet are taken 
to be substitutions for the selected symbol. 
If, after drawing the select symbol, no ad- 
ditional data im  drawn in, it is asnumed that a 
delete is intended, the symbol selected im 
deleted, and the program returns to Control Mode. 
The time period in which entry must take place 
is a variable, which can be set by the "CK" tcey- 
board command. 

Drawing a "w" through a word indicates "Cnange 
Word." This function is analogous to the 
"Select Character" function above, except that 
an entire word la selected for change.  In 
addition, no time-based switch for deletion Is 
available.  The previous characters In the word 
are replaced by  spaces. 

Same as "Change Word," except the complete 
on which the l im drawn. Is selected and 
placed by spaces. 

line 
re- 

Delete Word(s) A single left-to-rlght stroke drawn through 
word, group of words, or line, deletes that 
and returns to Control Mode. 

a 
data 

i)^ Delete Line An "x" drawn anywhere on a 
entire 11 

line will delete the 

/•V^Transpo»« 

(pi Lees Cap« 

»hen this symbol Is drswn through two words, the 
word» will be transposed.  Vben this symbol la 
drawn through a single word. It will transpose 
the letter that the laat up-stroke iaplngee on 
and the one Immediately to the left of It. 

Prawlag a "d" Cdecapltalixe) through a word 
cause« the capitalisation to be reduced by one 
level.  The three decreasing level« of capital- 
isation are as foil« 



wmt 

Clftor« Caps 

/^In««rt 

^ Display 

CAPITALS 

Cspltsls 

capitals 

Drawing a nc" through a word causes the 
capitalisation to bs increased by one level. 
It is the inverse of the "d" co««and. sbove. 

Tbe insert «ark points at the character iMSdi- 
ately to the right of the point at which inser- 
tion is to take place. When this synbol is 
detected, the progrsa switches to Text Mode end 
accepts either hand-drawn alphanuaerics or key- 
bosrd input, which »ill be inserted at the 
selected spot. 

The drswing of a carriage return will initiate 
a new displsy when in Control Mode. 

4.2  TEXT MODE CHARACTER IMSERTIOM 

Text Mode im  entered via the irsert or select coaaands. and 
alphanuserics say be entered at any place on the tablet.  Several 
classes of symbols aay be entered in Text Mode. 

(a) Alphabetic Characters   The lower caae curt ive 
alphabet is used, sccording to the standard Palaer 
■ethod of penaanship. with aodifications to sllow 
for ease and speed of writing.  A aoderste degree 
of vsristion is scceptsble. 

(b) Muaeric Chsrscters.  The digits sero through nine sre 
drswn sccording to bssic Pslaer stsndsrds.  Exceptions 
sre the aero, which ie slsshed (• , end the one. which 
contains a top hook and flat base (1). 

(c) Non-Printing Syabols.  Agsin, srrowhesds «»no» stroke 
direction, but sre not psrt of the syabols. 

&   Csrrisge Return (or use control srea 5) 

—^ Space (or uae control area 7) 

Bsckspsce (deletee previous syabol) 

Upshift 

Downshift 

Tab 

t 

■ 



(<n Punctuation Marks, 

•i Period 

.i 
Middle Dot 'non-spacing) 

Coi 

The above set used in coablnatlon can ulso produce 
colons and sealcolons. 

4.3  EXITING TEXT MODE 

Mote that ending insertion of text and returning to Control 
Mode aay be done In three ways: 

(a) Typing two sequential case shifts (any coeblmtion of 
upper and lover case) on the keyboard. 

(b) Drawing two sequential case shifts on the tablet. 

(c) Striking the end of text control area on the tablet 
(top ■lddle-2). ****** 



■ 

APPENDIX II 

(start  ) 

clear buffers, 
initialize all 
pointers 

(restart)—^ 

I 
clear key- 
board and 
tablet flags 

0 > 

clear numeric 
and comma id ac-< 
cumulators. 
(back to Contrc 
Mode) 

!l 

process 
keyboard 
har&cter 

process 
sblst 
harsctsr 

'adjust 

^ 

rtT\ 
SSI j 

IOHAL ruorn CHAUT or TSXT EDITOR 

-41- 



bmslc {*} 
loop 

••v« ID com- 
Mind word 
with prevlo^ 
alpha     [ 

•pack !■" "\ 
kropmr buffarX 

pointer Jr^~K 

lOHAL Tim CHART Of  TEXT EDITOR   'Contlmi»d) 



fro.    /^Y 
loop    ^-^ 

•jo to ciimi^ 
(r«cofnttlon 
\roytii>»» 9 

••t  «pocUl 
bits  Indlcat- 
Ing m  tabUt 
polntor 

iomiffoF" 
Instant look- 
up (Ilk* kmy- 

rd  return) 

got equivalent 
alpha coMUtnd 
chars,   and 
store  in 
coHund accus. 

•-enable 
lock for 

text charac 

I 
type "not 
recognised' 
on teletype 

6 

roscrioiiAL rum rtunT or TIXT EDITOI <con«i 
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APPENDIX III 

LAYOUT OF THE INPUT KEYBOARD 



-« 

Q 

i 

HD 
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i 

I 
r. 

ä 

-LLI ärnQ 

E 
Q n 

E 

I ü 

2i 
-•   t 

fl i 

ii • 
M 

2 

B 
< I 

• •     t 

* ■       e 

•i 3 

I« s 
3 11 

e w 

1= 
r 
» 

I - e 

• - 

i 



IK  IV 

na TELirrpt nrtii/icii 

IC        Jhm 1MM*:C  9r*i9m tmm Just  b—n  lnitt«li£«d 

Ihm taput kmytoird im tmmj.    tmlfpm Ihm Immt char«ctor 

tmfbomr* «rror      AB  llUt*l chmrmeimr **•     yp#d. 

OC? 

Pnnn 

rm.i 

Thm mmmmcm of input chmrmcfr* 
%fP94 bmtorm  th# mtm* did sot constitut« n  logsl 

not  rocofotssd.     Tn«  tnblot clmrnctor drnvn could not 
bm  tntnr^rntnd bf  ihm rocotnltlan routlnoo. 

Pointer      4« •dinn« rn—md mmm drnvn.   vtilch «nn  not 
pointing to nn arm* ot  ihm CRT contnlnlnt  tost. 

Pmnif «rror.     A ehnrmetor nnn  (octal)  von  rond  fror. 
pspor  tnpo.   «tucb wmm  lll«*9l or bnd (rvon)  pnilty. 

tost   buffer  Is  nearly   full.     Pspor  tspo   Input  cosscs 

tost  buffsr  la coMplataljr  full,     »o aoro chsrsctsrs 
•a?  bo  Insortod 

.47- 



APPtVDII V 

*L 
charact*rim« 
••queue« fro» 
l«»t break- 
point to this 
breakpoint 

generate code 
fro» char- 
acteristics 
and save 

r 
Eeturn with ] 

FUNCTIONAL FLOW CHART OF RECOGNITION ALGORITHM 
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II VI 

USbollc 

f 
c 
c 

5 

f 

c 

5 ait Qcf 1 c 

o 

I 

2 

3 

4 

5 

I 

7 

10 

11 

12 

13 

14 

15 

16 

17 

20 

21 

22 

23 

24 

25 

-49- 
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tstli 

rtptton 

»a tor stroll» 

• iftor  »troll* 

•*jor upward 

^tloor up«»rd 

S Bit 
Octal Codo 

27 

IK 

■loor  dovnvard 

dbviui t roll« 

Uft stroke 

31 

32 

S3 

34 

33 

36 

37 

Jjs^cl 

sll aajor cods«.   (I   throuffb  14) 

all «iser eods«  C85  taroufa 34) 

all  «ajor  «f cod««  (t.d.d.lO.U) 

all  alaor  «f cods«  (10,13.14) 

all «ajor -f cod««   (l.l.t.T.ll) 

all  aiaor -f cod««   (17.11.13) 

all  ♦? coddd  (1,4.••10,12.30 
11 14) 

all -y cod«.  (1.3.3.7.11.17 
11.13) 

all «s eodM (14.16) 

all -x cod«8  (13.13) 

Table  1.     Shape Codes   (Continued) 
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C0»<""0D 

a return 

»bollC 
2  Bit 

l     AULA«* 
o 

Octal   VftltMt 
la Cod« ford 

0 

Acc«pt«bU  Hatch 

0 aay co^ltlo« 

1 i 40 r«tura or 
cloooro 

c 2 100 cloovrt 

Ü 3 140 rotwra or 
opoa  rotura 

Table 2.  Return and Closure 
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CoodttK 

croMia«   la 

bottoa croMtM   K« 

«PT^r c 

lowr c 

c ross t nff 

top  itcldtftc* 

■IddU 
'.ncldenc» 

^      ^1 

tat   X 

v locldsoc« 

uppsr 
Incidence 

lover 
incidence 

incidence 

no incidence 
or crossing 

«1 

12 

23 

• Mt 

I 

2 

3 

Octal Value 
I» Co4e ford Xch 

1400 

U 

23 

44 

33 

66 

77 

0 

4400 

11000 

6600 

15400 

17600 

'l 

«a 
«> 

x j or ij (arcto- 
ifpe «»If) 

lt or S Cw«^ 
type o«If) 

1i   or l2 or X 

(•rcbetjrpe only) 

^.r 
'l 

X. or «a 

X3 or »3 

Xl or X2 or 'l 
or l2 (archetype 

only) 

X2 or X3 or I2 

or I« (archetype 

only) 

X1 or X2 or X3 

or I, or I2 or 

I« (archetype 

only) 

no incidence or 
crossing, or I, 

or I2 or I3 

Table 3.  Incidence and Crossing Codes 
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OCTAL 

OICriOUBT 

MIMO*  Umong 
MUMU   •¥,   -IC 
MUOH U^MMO«   C 
OOMSfrfOKC*  II 
NINO*   STM04£ 
CNO     41 

HI V|| 

corn 

<(**! I0*AL1 

D 

91 
3 

143 
40031 

II 

6 
1472 

22 
24042 

6 
1472 

31 
16 

20042 

6 
15 43 

24 
36 

20042 

40037 
3 

40027 
20063 

NINOH   lf>WUD 
HAJOH«   •»♦   -IC 
MAJOR*   «Y*   «IC«   8 
HAjoH. -r, -ic# u 
«iNOn   UPbAMO 
END     41 

COMIONAD 

OPTIONAL) 

HAJOi«.   ♦Y#   MC 
MAJOK   DOWNWARD« 
MINOR,   ♦¥#   -|C 
END     42 

R*   X23 

MAJOR,   ♦Y#   +10 
MAJOR   D0W^WA^D#   R,    X23 
MINOR   UPWAKD 
MINOR,   ♦X 
£ND     42 

MAJOR* ♦Y* +10 
MAJOR, -Y# -IC, 
MINOR, ♦Y, +10 
RIGHT STROKE 
END  42 

LEFT STROKE 
MAJOR, -Y, -IC 
MINOR STROKE 
END  63 

U, X23 

COPTIONALJ 

(OPTIONAL) 

-53- 
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«4 NIMOM«    «T*   MC 
3 mjfeu   -f.   -IC 

t« M1*0H«   •?•   »IC 
2M«3 CNO     43 

«MtV »•1*0-* ST«0« COPIIOM«. 
«1 ► |«»3#».   -i.   -IC 
*> t«*04   <J»MM.O 
Tt i^..ii  OOMMilO*   « 

4*MV M*)* ttMNC (O^TIOMM. 
M«44 mo    4« 

4M)| »»itiO« irwüco corriOMLi 
tl ^lüO^U   -f.   -IC 
i K4J0IU   «¥•   «IC 

1143 «ÄJO*.   •?•   -IC.   u# A3 
♦JÜJI XIWOM UI»M4HO COrllOMAL) 
?«J44 CMD      44 

3« •aCHT  STA04C 
31 » iMOn   ar>W4nO 
3« ^AJ3 i   OOWNWt.O 

4Jki27 Kl MO»  ^MOKT (Or'llOMAL) 
2«lü6b CMU     6S 

3J MAJOH   UI'KAKÜ 
1472 ^AJOK   DOkNlAKD«   it« X23 

20«)6t> £N0     65 

36 KlGHT   STi^OKt 
lö KINOI»#   -X 
32 MAJOi«  OOINMRO 

43Ö27 K.INO«  STROKE (OPTIONAL) 
20Ü65 END     6b 

36 KIGHT      TKOKE 
24 MIMOR«   +Y#   +10 

3 MAJü.<*    -Y>    -IC 
40024 KINOä*   +Y*   +1C (OPTIONAL 
20065 END     65 • 

24 MlNOnl,    +Y«    +1C 
1632 MAJOK   DOWNWARD X 

17634 UPSTROKE              I 
40027 MINOR   STROKE (OPTIONAL) 
20066 END     66 V 

(ll 

-54- 
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•4 »iMOft,    •?,    »IC 
IM3 ^MJO'»«    -T#   «IC «J 

14 »•|i|3..    -T.    .|C 
M UQNT  114041 

S#044 C«0    44 

♦ Jdji u.rf »1*04* co^rio«^.! 
•1 M^>-%.    -f.    -IC 

191 NmoH u^fcAMO« c 
Jrf 4^MM   UOkMMMO 

I4tt M«0^   •?•   -IC A 

Mt4V C40    47 

40ÜJ1 uri srno^c c wflOMLI 
tl r|^)N,   •?•   -|C 

131 HlMOri U^MMHi   C 
M >#%J3«  00WMW440 

I4Ü4 rAjOi.«   •*0   -IC 4 
2aü47 CMD     47 

4 N4J0;.«   «V*   MC 
1472 t*JOl.  n3V.4Ww«U*   n# X83 

31 HI MO*  Ui*I^Wü 
173 MMJii   iK)V.MIA.»0»   U 

4«ID27 MiMow %j.%om COPTIOMALI 
200%.) tMO     SO 

M K-AJOn   UT'WH^O 
172 KAJOK   OOWNWA.tD*   U 

40027 KlNO.i   SriiOK£ <Or*fIOMAL) 
0 f»£N  LIFT 

2> Ml CO 
2üd7l END     71 

40Ü27 HNQit   ST^OKt (OPTIONAL) 
32 MAJDK   DOWNKAKD 

1634 UHSTnOKE              X 
0 I^EN   LIFT 

25 MICKO 
20021 END     21 

-55- 



24 NIMOIU   «T«   «IC 
l«M mjoii aoMwuio A 

31 ► I^Ow   UPMAO 
M 

4 MUO.«   •?•   «IC 
MTt WAJOit OOlMUMCW -%• «13 

t« «I^KM«   ••.    -»C 
t»M*)j CNO    3 

4 MWd<U   •?•   -IC 
vt **J04  l»VMMU»D 
4« »>A«lOM.    • t.     • |c #   1 
Vt *AJ04  OO^HMMO« u 
4* MUO««   »V«   -IC. 1 
n «I'^i 3f<U)KC < VIMHAL» 

^J*».   4 c«o   a« 

4 MftJO*.    •!•    -IC 
12 ^AJOM   UOlMMflO 
♦» ^AJO.»«    •?•   -IC. II 
tt •HJOU   IIOÜCMMU« ■ 

4MtY MlHO«  STrfM (O^flOiMCI 
ajou* Ctü    S 

a "UO*   •?•  «IC 
It4 »AJO«%«   «7«   ♦!€• c 

4tMY •11113M lUfrCC COfriO^ML» 
M#04 CUD    4 

at urr smo« 
3 »"A^n.   -Y.   -IC 

144 }i*   •!•   MC« u 
40487 "IMOM   4fn04L (o^rionM.! 

CNO    4 

«•ta« MIMOit*   «Y*   «IC C3PTI0NM.I 
1 MAJOH,    «T»      4C 

30 «A^OK  U#»|MIO 
S3 NlNOI.    -7»   MC 

4JJ27 ni*OK STi<o<t COPTIOJiAI.) 
2402 7 CNO     2 7 
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*0327 MINOR   STnOKE (OPTIONAL) 
81 KINOR*   -Y#   -IC 

• 

131 NINO.«  UPfcAAO*   C 
32 MAJOK   00VWWARD 

17*24 MiNOS«    ♦¥•    »IC I 
4M27 MlMOi«   STROKE (OPTIONAL) 
2#«3a CNO     38 

4^42 7 M1N08   STROKE (OPTIONAL) 

tl M|MOK#   -r«   -IC 
131 H1N04 Jf ^Aö#   C 
38 KW3K  OOtaMUAAD 

lUl* ►AJJN.   »t.   MC 1 
«»a? 7 R1II9N   bTKOKC (OPTIONAL) 
2jjja «ISO     38 

4 WOOR«   «Y«   »IC 
33 < f^O^  DOVHIiMO 

*JJi3 M|^)«I  OO^W\KD (OPFIONAI 
33 »»l^O^  tiO'^IM4«.n 

4Ü#81 M*          IKOKC (OPTIONAL) 
8MII KNO     II 

* »lAJOai«   •TB   •IC 
33 MIIKM  00I4IIAKD 
3« MlfiHl    *fKO<« 
33 MMOH   0018111440 

m4*i KlNOK   SliiOKC (OPTIONAL) 
20411 (MO     II 

• M4J04.    «Y*    «IC 
4V PAJl*»    «Y*    »IC*    4 

48887 ••1404   *T*OKC (OPTIONAL) 
88848 CMO  a 

38 ***JOA   Vt^mO 
in M4J04   DOl#iW%KO«   U 

«8887 nimo*  SIK04C (OPIIOMAL) 
8 I*M Lin 

34 4I4M7    SfMCKt 
i'480 (MO      43 

4 MAJ04*   »fi    MC 
lit Hi mi   Q0tfH4Y40-    U 
lit MU08 UPMMUN   U 
172 M4J04    OOlMlAMO«    U 

2884« (40      «4 

-8?- 



A MAJOR#   ♦Y*    -IC 
172 KAJO?   DOWNWARD* 

6 MAJOR*   ♦Y*   ♦IC 
40027 MlNO/v   STROKE 
20045 EMD     45 

U 

(OPTIONAL) 

6 
72 
4 

40027 
20046 

MAJOR* ♦Y* ♦IC 
KAJOR DOWNWARD 
MAJOR* ♦Y* ♦IC 
.VAJOx DOWNWARD* 
MAJOR* *Y0 ♦IC 
MINOR STBOKE 
END     46 

ü 

(OPTIONAL) 

32 MAJOR   DOWNWAP0 
0 PEN  LIFT 

1638 MAJO«   DOWNWARD 
2a067 END     67 

40027 MINOR   STROKE 
33 MINOR   DOWNWARD 

164 MINOR«   ♦Y*    MC# 
32 MAJQk   DOWNWARD 

1670 MAJOR   OORNWAÄO 
2t#7fl END     70 

(OPTIONAL) 

U 

16 MINOR*    *X 
38 MAJOR   OOWNWAMO 
16 MINOR*   ♦X 

8t0»l END    51 

4ilJ27 
33 

->? 

1034 
I 

HI NO«   STROKE 
HMO«   DOMUARD 
^INOR*    ♦T.   -IC 
MAJOR   OOMMARO 
ITSTRO« X 
END     SI 

(OPTIONAL) 

(OPTIONAL) 

31 MINOR 
I »tAJOR*    "T* 
• FCN  LirT 

36 R1CNT 
Tl END 

0C 



■ : 

2 
22 MINOR* fY* -!C 
32 MAJOR DOWNWARD 
36 RIGHT STROKE 

20002 END  2 

40036 RIGHT STROKE 
23 MINOR* -Y* +10 

40031 MINOR UPWARD 
20023 END  23 

(OPTIONAL? 

(OPTIONALT 

1 MAJOR* -Y*  0C 
0 PEN LIFT 
17 MINOR* -Y*  0C 
36 RIGHT STROKE 

20004 END A 

17 MINOR* -Y*  0C 
36 RIGHT STROKE 
0 PEN LIFT 
1 MAJOR* ~Y*  0C 

20004 END  4 

17 MINOR* *Y.  0C 
83 MINOR* *Y* ♦IC 
0 PEN LIFT 

.  36 RIGHT STROKE 
20025 END  25 

3 MAJOR* -/Y* *1C 
24 MINOR* ♦Y* *IC 
21 MINOR* -f* -1C 

20026 END  26 

36  RIGHT STROKE 
32   MAJOR DOWNWARD 

20007   END  7 

7   MAJOR* -Y* -2C 
1730   MAJOR UPWARD* C* 

20010   END  10 

21 MINOR* -Y* -1C 
124 MINOR* +Y« *\C» 
32 MAJOR DOWNWARD 

20031 END  31 

-59- 



0 
40037 LEFT STROKE (OPTIONAL) 

33 MINOR DOWNWARD 
74 UPSTROKE* R 
0 PEN LIFT 

32 MAJOR DOWNWARD 
20040 END  40 
(space) 

36 RIGHT STROKE 
20020 END  20 

(insert function) 
34 UPSTROKE 
35 DOWNSTROKE 

20037 END  37 

(transpose function) 
34 UPSTROKE 

40036 RIGHT STROKE (OPTIONAL) 
35 DOWNSTROKE 
34 UPSTROKE 

20045 END  45 

(delete function) 
37   LEFT STROKE 

20052   END  52 

(period) 
25   MICRO 
0 TEN Lrrr 

35        DOWNSTROKE 
2005 3        END     53 

(shift up) 
2        MAJOR»   *¥* 

20074        END     74 

<shift down) 
1   MAJO     * 

20072   END 

«C. 

0C 

(Middle dot) 
25  . MICRO 
0   PEN LIFT 

36   RIGHT STROKE 
2005 4   END  54 

-60- 

. 



(comma) 
■MC 23 MINOR* -r* 

0 PEN   LIFT 
35 DOWNSTROKE 

2^073 END     73 

(backspace) 
36 RIGHT STROKE 

0 PEN  LIFT 
35 DOWNSTROKE 

20076 END      76 

(carriage return) 
5   MAJOR* -Y* +IC 

20077 END  77 

-61- 
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APPENDIX VIII 

get direction 

horizontal?>-^- izontaiv^yes 

no 

<- 

Nj/yes 

@ 

^® 
clear horizontajL 
flag» set 
vertical run 
test 

restore run 
situation 

no 

set horizontal 
flag, set 
horizontal run 
test, save run 
situation 

yes 
A 

save 
pointer 

set run 
flag 

disable run 
flag 
clear run 
counter 

■e 

/next point] 

FLOW CHART OF HORIZONTAL SEGMENTING ALGORITHM 
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.■,,-.,  ... 

increment 
run 
counter 

yes 

no -Vnext point\ 

no 
^ 

enable 
run 
flag 

(breaKpoinfs     S N 
MSU     (^next point) 

Enabling and setting of run flag: 

The run flag is enabled (allowed to be set) when a long 
enough run occurs.  If it is already enabled, it is set, indicat- 
ing two successive long enough runs in different directions, and 
thus a breakpoint. 

(next poin^j indicates the next point 
should be accessed and the 
program should return to 
the beginning of the 
algorithm. 

FLOW CHART OF HORIZONTAL SEGMENTING ALGORITHM (Continued) 
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Security ClassifU cation 

KEV    WONOI 

Digital Computers 

Text Editing 

Character Recognition 

Graphics 

Cathode Ray Tube 

RAND Tablet 

Editing Consoles 
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