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INT RODU CTIO N 


The purpos e of this document is t o add SDC' s c omme n ts t o the d iscussion o f a 


protocol fo r ne t wo r k graphi c s within the ARPA Ne two r k c ommunity. In gene r al, 


\ ,.'12 a r c c on ce r ne d wi t h the deve lopmen t of t li e graphics pro tocol in two are a s : 


nqn-interac tive gra pl li cs .and data-tablet graph i c s , a s oppo~ ed t b full y inter


a ctive g ra p h i cs . By non-interactive g r aph ic s we me an situations in wh i ch th e re 


i s little o r no r equirement f o r interaction wi t h d i splays. Such displays a re 


us ed, for ins tance, in data r etrieval systems u s ing g r a p h ics t o di splay 


r etrieved information in th e f orm o f char t s, X ~y graph s, histograms, s c a t t e r 


plots, tabul ar di s plays, e t c. In t hese s y s t ems , each intera ction with the 


system produces an entirely n ew display. Th e d i splay s thems elves h av e l ittle, 


if a ny , s t r u c t u re . Th ere i s no nece s sity to intera c t with the pict ur e it se l f 


other th an, perhaps, by th e use o f li ght buttons. I t · i s important that non


intera ctive g r a phics be s imp l e t o i mp lemen t and us e on th e network. T h er cfo r~. 


we suggest that th e g r ap h i c s pro to col d e s ign b e b a sed u po n non-int eractive 


grap h ic s s ys tems , and t ha t c a pab ilit ies needed f or intera c t i v e gra phic s b e Cld d2d 


a s a s u per-set . Th is wi ll e nsure that ' the p r otocol complexities as socia ted wi t h 


interact i ve g r a ph i c s do not i mp o s e prob lems for the us er of non-inte ractive 


graphics, a s they wo uLd if a non--interactiv e s ubse t we r e de veloped from a p r ot ocol 


bas e d ini. tial l y on int erac tiv e graphics . The se c-tion of Re quest fo r Comment 


Th e views and conclus i ons cont ain ed in th i~ d o c u ne n t are thos e of 
the au t h o r and sh o uld n ot b e interpre te d as ne c !s sarily r epresenting 
th e offic i al policie s, either e x pre ss ed or i mpli!d, of t~c Advanced 
Resear ch Pro j e c ts Agen cy or the U. S. Government , 
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(lITe) 177 describ i ng actu al d i s play ins t ruct i on s contains a good basi s for the
 


d evelopment o f a non - int eractive gra phics proto c ol. Hith it as a ;:, t ar t i n g
 


point) a protocol fo r the generation o f a picture c an b e de veloped, and the
 


organizational and st r uc t u ral informa tion useful for interactive g r aphi cs
 


can b e d ev ~lop ed la t e r .
 


DATA-TABLET GR..t\PHIC I NPUTS
 


Our prima r y topic o f conc e rn is data-tablet gra phics. Th ough there are?
 


v a r i e t y o f data-table t implementations) their funct i onal charact eristics
 


are similar e n ough that they c an b e treated as a single class.
 


Data-tablet input consists of a ·triple o f information--X, Y) Z--where X
 


is the dist ance along the ab s c issa ) Y is .the di s t an ce a long the ordinate
 


(the two q uant i t i e s are usually measured to a pre cision of 1 in 1024),
 


'-/	 and Z is the d istance a bove the writing plane. There are a var ie t y of 


encodings for Z , from a . s i mpl e b i n ary quantity, on or off, to thre e or more 


v alue s giving v a rious distances, f rom on the surface t o seve ral inches above; 


f or our purpo s es here, we will c onsider Z as a bin ary e n t i t y . 


Input t i ming ma y al s o vary) depending on the t ablet i mpl ementation and 


installation interf a ce. Timing v aries fr om si 1gle s hot, where only one 


coordinate po i nt i s i nput f or each new time th3t Z ind i cate s th a t t he stylus 


is on the wr i ting s u r f ace; to a synchronous, wh }re the tabl et i npu t is 


s ampl e d on demand from the drivin g p r o gram o r int erf a ce logic when certain 


condi t i on s are met, s uch a s that t he pen h a s mJv ed a ce r ta i n amount from 


the prev i ous s ample or. that the program is r e aiy for another dat a sample 


afte r a va ri able amo u.n t of pro ce ssing; to clo c (ed synchronous) where a 


timin g puls e provide s the sampl ing demand. Cl )ck r ates vary from a few 


( one or tw o) s a mples pe r s econd to nearly 5000 s amples p er sec on d . Some 


c l o ck s are fi xed, wh i Le others a r e controlled e Lt h e r b y pr ogram o r e x ternal 


s witche s. 
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Relat i ve to the amoun t o f pic t ure info r mat i on con t ained i n t he da t a s tr e am, 


in gene r a l , the data-tablet input i s .L: ar mor e voluminous t han a simi lar ' 


co mpute r -genera t e d image . Add it i on a l ly, the data-tablet inp ut stre am con


t ain s t emporal i n fo nna tion tha t, in cer tain c ases, is vit al t o the pr op er; 


proce s sing of , the input . Therefore, ways must be f ound t o implement a data 


tablet graphi cs pro t o col that isflexib1e enough to accommodate a broad 


spe ctr um of dat a vo l ume and that i s compatible with t he p rotoco l f o r non


i nteract i ve di s pl ay i mage s . 


PROPOSED DATA-TABLET INPUT PROTOCOLS 


Data-tab let inpu t can con s i st of anyt hing f rom a s ingle poin t (a s would 


occu r when s omethi ng was being pointed a t ) t o lit eral l y t hou s ands of byt es 


r e pr e senting a han d-id r awn r ende r i n.g o f a picture or a lin e of t ext . In 


man y i ns t ance s) t he r aw data-tablet input i s preprocessed be f ore it is 


pa s sed to t he p rincipa l p ro cess i ng prog r am. Thi s prepro ce s s ing c an con


sist of such th ings a s 0 variety of s moothing a l go r ithms , filtering f or 


thinning and /o r red undan cy r emoval, detecti'on o f ce rt a in operator a c tions 


s uch as uniquely marking each occurrence of placing the pen on the wr iting 


surface and r ais in g it , and poss ibl y other , more exotic pro c es s e s s uch as 


c orn~ r detection , fittin g straight-line segments, and the like. ~1 ost of 


t hes e l atter pr oc rs s e s wi ll no t be con s i dered for inclus i on i n the pro t ocol, 


since the y ar e us ually unique t o a particula r investi gat or an d his r es e a r ch. 


Therefore , a dat a - t ablet graph ic pr ot ocol s hou l d pennit the s end e r to 


spec ify , and t he J ece ive r to di scriminat e amon g, a t leas t f our t ype s o f 


dat a-t ab let input : 


1) S Ln gLe -e s.h o t. da ta 


2) Unprepr0ce ssed ( raw ) asynchronous dQ~a
 


3) Uupr e p r rc es s e d ( r aw) s ynchronous data
 


4) Prepro ces s ed data
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NIC No. 715] 


System Development Corporation 
4 TM-4 76 lf/OOO/01 15 July 1971 


We will def ine fo r mat s f or the f i rst three, then discuss th e f ou r t h i n s ome 


de tail before defining it s form a t . 


To red uce the nu mb e r o f bit s transmitted, data-tablet i n f ormation s houl d be 


transmitted in Lnc rcmen t a L f o rm : a first poin t, f oLl.owed b y the di ff erence 


between each point and it s prede ce s sor. To e l i mi nate the trailing zeros 


tha t may be r e quired fo r comp a tib ility \>lith t he stand a. rd network gr a phic s 


screen, we h ave i ncluded pr ovision for a scale [actor by which all inc r ements 


should be multipl i ed be fore us e. 


Si ngle- Sh ot Dat a I n put Fa ): ][1.'\ t : 


Byte 


Byt e 


Byt e 


By t e 


0: 


1: 


2-3 : 


4-5 : 


Da t a tab let input 


Type, 0 = single s ho t 


X - co o rdinat e 


y - coo r d ina te 


op code 


8 8 16 1 6
 


Op cod e 0 X - coord . Y coord.
 


0 1 2 3 4 5 


In the f o l lowing propos a l s for other proto cols, i t is assumed tha t ea ch 


"stroke " of the pen i s s en t a s one ent i t y)a s t r oke being the dat a . 


ge ne ra t e d (and processed ) between t he time t ha t Z indicat es that the sty lus 


or pen is on the writing surf a ce an d the t i mB it i s lifte.d from t he surface. 
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Unprep r oce s s e d ( Ra v:) Asynchronous Data Input Format : 


By t e 0 : Da t a t ab l e t input op co de
 


Byt e 1: Type > 1 = r aH asynchronous
 


Byte 2 : Flags
 


By te 3.: .Sca l e of t:. 's
 


Byte 4-5 : Numb er of point s
 


Byte 6-7 : 1st X- coordina te
 


Byt e 8- 9 : 1st Y-coordinate
 


Byt e 10 : /),X

1 


Byte 11 : 6Y1 


Byte 2n+10 : /),X 
n 


Byte 2n+11 : f:..Y 
n 


8 


2n+1 0 


8 


2n+11 
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Unp r epr oce s s e d ( Ra w) Synchronou s Dat a I nput Format : 


Byte 0 : Da t a t ab l e t inpu t op code 


Byte 1 : Type , 2 - raw synchronous 


Byte 2 : Flags 


Byte 3 : Sc ale of f::,ls 


Byte 4 : Sampling r ate to the n ear es t 100 \lsec 


Byte 5-6 : Numb er of points 


Byte 7-8: 1st X-coordinate 


Byte 9- 10 : 1s t Y-coord inate 


Byte 11 : f::,X
1 


(sign magnitude c ode) 
Byte 12: f::,Y 


1 


Byte 2n+11 : 6X 
n 


Byt e 2n+12: 6Y 
n 


8 8 8 16 


! Fl ags 
. 


Rate No. poi.n t s .I 
2 5 6 


16 1 6 8 8 8 8
 


X . 1 f:,yI 6XYO,) \ 1 1 IOXn I ' Yn II 
I 


7 8
>--


9 10 11 12 211 + 11 2n+1 2 
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PREPROCESS ED-DATA INPUT FORK-\T 


There are a variety of processes that can be applied to raw tablet data 


before it is transmitted t o the requesting program . For instance . when the 


tablet input is "n o i s y " or jittery. various smoothing algorithms may be 


applied . The most COlllmon of these is some fonn of weighted. clumped or 


moving average . At SDC . we have settled on an a-po i nt moving average when 


smoothing is desirab le . Another fairly conunon form of preprocessing is 


" t hinn i n g " or filtering to remove unnecess ary or redundant data points . 


Depending on the end use of the data. filter "wi n dows" can have a va r Le t y 


of geometries , including sq ua re , r e c t an gu l a r. diamond, and circular , and 


t he filter ma y be single or double w.Lndowe d , SDC cur rently uses a single 


square wi.n dow filte r on all tablet input . The window size i s a variable 


and may be set to zero, thus , eliminating the filter . 


Logically , the f il t er may be desc r ibed as : 


Take (X ,Y) if Ix 
p


-X !2W or IY 
p 
-Y I~w is true 


where: (X, Y) is the current data point, (x" ,Y ) is the previously accepted 
p p 


data point that either passed the f i l t e r or was t he fi-rst po in t of the 


stroke) and VI is the wi n dow size . 


Pic torially, this can be represented a s : 


ti~ 
W 


2h1 X Y tLp ' p 


~ 


I ..q- 2W 


Any point i n s i d e Lhe square will be rejected, any point on the boundary or 


beyond is accepted and becomes (X , Y ).
P P 







Nrc No . 7151 


System De velopment Cor pora t ion 
15 July 1971 8 TM-47 64/000/01 


In addition to smo o thin g an d f i l t erin g , · He h av e found it n e c es s ary that ou r 


ch a r ac te r recogn i tion a l gori thms be a b le to es t imat e the veloci ty along t h e 


pa t h o f the str oke. Th e r e f o r e in add i t i on to sav i n g the X, Y coo rd i na tes 


that pas s the f i l te r ( smo oth~n g, i f don e ., pre c ed e s f i l ter i ng an d i s done on 


t he .r aw <la t a points), .",Eo .c oun t and s t o r e the number o f r ej e cted poin t s 


b e t we en t he s av e d on es . Since the cl a t a-t ablet i npu t. is synch ronous> the 


c oun t t ime s t he samp l ing r a te d ivi d ed into t he dist ance bet we en adjacent 


points is a sufficien t appro ximat i on f or our purp o s e s. Our cha r ac te r 


gene rato r als o r equire s the rec tangl e surroundin g a s t roke ( defined by the 


minimum and max i mum va l ues o f X and Y i n the s t r oke ) ; thi s in f ormation is 


very eas y to gene r a te during prepro c e s sing. 


As sumi ng tha t o t her Network node s want ed to us e SDC ' s t ab l e t graphi c s o ft


ware--the char act e r r eco gn i z er in pa rticular-~we wou l d h av e t o kn ow what , 


if any, prep r o c e ssing wa s d one to the input d ata b efo re it was s ent. Our 


sugg ested format for th i s fo rm of table t d at a, then, is: 


Byt e 0: Data t ablet op c ode 


Byt e 1: Ty pe, 3 = prep r o c e s sed 


Byte 2 : Fla g s 


Byt e 3 : . Sca l e o f 6 ' s 


Byt e 4 : Sampl i n g r a te i f synchronol s (a s indi c a t ed b y f lag ) 


Byte 5; Wind ow Size 


Byt e 6- 7 : Numb e r o f Points 


Byte 8- 9 : 1s t X-coor d i na te 


Byt e 10-11 : 1st Y-coo r dinat e 


Byt e 12-13 : Min i mum value o f X i n the ~ troke 


Byt e 14-15: Mi nimum v aL u e o f Y i n the s.t r'oke 


Byt e 16-1 7: Haximum value o f X in the s. t.ro ke 


-By t e 18-1 9. Ha x i mum val u e o f Y in t h e s.t r oke 
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Two forms ro lla\-! from here , dependi n g upon another flag : 


Count 3 i n c l uded and Counts deleted
 


Byte 20 l1X Byte 20 : . l1X

1 I
 


Byte 21: l1Y Byte 21 l1Y

1 I
 


Byte 22: . reject.ed point coun t
 
l
 


Byte 3n+20 f:,X Byte 2n+20: 6X
 
n n
 


.By t e 3n+2 l : r:,y Byt e 2n+21 : I1Y
 
n n
 


Byte 3n+22 : RPC
 
n 


8 8 8 8 8 16 16 16 16 16 168 


fl. points X YO0 


I


Xmin 
y
min txmax rt'max


1 h 


rl Hindov] 
Si7-e 


Flags ISC"le Rate 


I .-----J 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


8 8 8 8 8 8 


RCP1 0 [ RCP
"'1 [ ~_~ n
 


20 21 22 22
 


Counts i nclude d 


, 8 8 8 8 8 8 16 16 ~16 '.1 6 16 ]6 


Op Y IX .i n iY r;--r:;--X3 Flags IscalJ Rate l -1indm,\ II ~oints o o I ~ min I max I maxSlze 
----'--------'-:::--::--':- O------=-~1 2 13 14 IS 16 ' 17 1 8 19 I----;: 110 1 2 3 L~ 5 6 7 8 9 


8 8 8 8 8oxJ 6Y [ "X2 ] ... l1X l1Y1 n n 


21 22 2n+20 2n+21 


Count s dele te d 


20 
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The flag s in this fo rmat not only indicat e whether or not the data i s
 


syn chronous and whether t h e coun ts are p r e sen t , but may also b e u s ed to
 


i n di c a t e whether or not the data was smo othed a nd the t ype of filt ering.
 


-CH.i\ R:i\CT ER SETS AND CHARACTER GENERATION 


Our work in character r ecognition Lmpac t s t h e propo s ed p r o t.o co Ls in one other 


ar ea l t hat of cha racter s ets and character generation . Figure 1 shows the. 


displayable character s presently available . We have planned ext ensions that 


wi ll bring the set to 192 characters. The availability and use of o u r and 


others ,- e xt eride d character sets mus t be provided for in the protocol. 


The character-set problem , though, is t h e easy on e . v.,!e h ave found that 


when dealing wit h hand-printed input , the computer-gene r ated output must be 


·f l exi b l e enough t o retain the geometry of t he user 's input--at least 


t e mp o r a r i l y. This requires that we be a ble to g en e r a t e characters in a large 


var i ety o f size s , with variable aspect ratios (independently specified sizes 


f o r X and Y). Since this is no t an available ha rdware function l all of our 


characters are program g e ne ra t e d . He curren tly spec ify character size an d 


r a t i o s i n t erms of X and Y mult iplier s applied to a charact er prototype . 


The cha r.ac t e r prototype is cons tructed on a 5" x 7" grid (extended, if 


necessary , to hand l e the l ong t a i l s on pIS, q 's, etc . ), Where the g r i d 


" 2- 10. h .1 l, ne spaclng lS tlmes t e s cre en Slze . Th e i mpo r t a n t point is that
 


n etwork t r a n s mi s s i on s mu s t be c a p a b l e of specifying th ose types of
 


charac teristics when needed .
 


We propose, then, that a message format t hat specifies :
 


Charact er code
 


Cha r acte r position
 


Ch a racter height and width
 


As an aside, we would pre f er tha t the cha rac t cl orig in- be t he left-hand 


b asel ine point r ather than the c e nter--primar i Jy b e cause the center is i11


_de f i ne d unl ess the character space is specifie< t o' i n c l ude vertical ex t ensi o ~s 
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in both dire ctions but al so because i t i s difficult to take advan tage of 


variable sp a cing to j us t ify chara ct e r s that ar e of unequal ,vidth (an 


aesthetic considerat ion of r elEvance in some displays) . . 







(( 


111-' 
V> 


SDC EXT E~DED CH .~ZACT£ R SET	 L; 
c .......
 


Lea st Signi fi can t Di gi t (Hex)	 '<: 


1-' 
\0 


1 0 


~ff8: 
7 I 8 


. 9 : A L i C I 'D E F I! 
I ! I 1\. \0 rJ ) 


. Jl I ry 


~ u i • ; p ! cr -
1 \i l- ! l: I ;' I [" f , ~i y l n! l! r} I .r ' -. 


. J--i. I 


Ii ' ( l) j*I +I , -"2 b : !I I $* I %, . & I / 


i 0 1 I 6 ! 7 
! I I I 


3 2 3 1'4 : 5 8 j 9 : I ; < I = > ? 


4 @ A B C I D ! E { F ! G H I J I K L I v I ,. 0 
I ' 


L 1 ., . 
Q i R I T ; S r i V w ! X 


I i [ A5 p y I Z -i ! \ i ] j!. I 
. 


I 
! . I 


i I ! k 


I 
imi6 00 a b c I d \ e ' 1 f I g h j 1 n. 0 


, I I 


q ! I Iv i .., ! .x ~. Iu Ii/ ! $ " 'I ?: 


... 
7 p r s t z EO~I ' 


v I
• I ! i 1 ! 


I 


0 ! 
I !8 t ~ 1- ". /II 


9 
I I : ,.. i ~ I d ii ( 'J . Ii -: I I ~1 


I~ .\ i I 
I i i I 


j !A ; I I II i' . , I : 


Il 
I 1 I II 


I 


~ ! I ! i I ! I II I I 


D I 
, I I 


I ! I I, 
I 


I I 
--_. , I I 


II I 


I ! I ! 


I I 


I 
i i iiI: 


I I : 
~--+-----+-


c 


~-	


---.I 
1-' 


:los t s i g n i f i c a n t 
di gi t (flex) 


,.-.., 
1-' 
(ll 
(J) 


r-r1-' 
N ...... 


~ 


iU 
()q 
(il 


<;» 


Cf) 


'-< 
(jJ 


rt 
(il 


(	 :3 


t:lRes e r ved f or a to 
<con tro ) chara c t ers ~ ro 
1-' 


'0(	
0


s
ro 


l-3 ::l ZI\	 . . I . , I . --1- I H 
I n ~ M' 


~n 


'I<	 -.....) 0 Z 
O' ri 0b blank 
~'O 
_ 0 


-....J 
EO~ 1 End of ei e s s age O PJ I-' 


O rt 


Or; 


V> 
_f-'- f-' 
00


Fi gure i	 f-' ::l 






