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deviation from the previous set. Each deviation is represented as an analog voltage.
The resulting analog signal is subsequently converted by an analog-to-digital converter
into the binary representation required for use with a digital computer. This method
of working with only the deviations of the successive pen positions allows the band-
width needed to describe the movement of the pen across the table to be reduced.
The accuracy of the signal describing the pen movement is assured by maintaining
a large analog output signal-to-noise ratio.
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ABSTRACT

Circuitry has been developed to permit a Computek GT-50
Graphic Tablet to be easily hooked up to any digital computer
having an analog-to-digital converter. The Computek Tablet
indicates the successive locations of a special pen traveling across
the tablet surface as a series of digital coordinates. The circuitry
described represents each new set of digital coordinates as a
deviation from the previous set. Each deviation is represented as
an analog voltage. The resulting analog signal is subsequently
converted by an ana log-to-digital converter into the binary
representation required for use with a digital computer. This
method of worki ng with only the deviations of the successive
pen positions al lows the bandwidth needed to describe the
movement of the pen across the tablet to be reduced. The
accuracy of the signal descri bing the pen movement is assured
by maintaining a large ana log output signal-to-noise ratio.

INTRODUCTION

A Computek Model GT-50 Graphic Tablet serves as the input device for the handprinted
character recognition system developed by the Pattern Recognition Research Group at the
David W. Taylor Naval Ship Research and Development Center ( DTNSRD(’ ). Special hardware
and software has been developed within the Group to interface the Graphic Tablet w ith the
Center ’s CDC 6700 computer.

The Graphic Tablet interprets the successive characters printed on the tablet face Is a
stream of digital positional information. The special circuitry described within th is report
transforms this digital positional information into a series of incremental movements wh ich
are then represented as a n analog voltage and ted into the analog-to-digital (A/ I) ) conve rter to
he changed into the binary I’ormat which t he computer requires .

The advantages of projecting success ive pen-position locations as changes from the
previous ly recorded pen locations rather than as a se ries of independent locations is that t h e
signal bandwidth needed to transmit these c hanges is significantly reduced. This reduced
bandwidth requirement enables an ordinary telephone line to he used to connect the graphic
tab lets with the computer so that it becomes practical to locate the graphic tablet sonic

distance from t he computer. Moreover , this analog representation allows the Computek
Tablet to be hooked up directly to any general purpose computer having a three-channel ‘s I)
converter.
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[he h;indprinled ch a r ac ter  recognition svsteni conf igurat ion is shown in Figure I. The

output f rom t he l n t e r t , I ~ L- is digiti ied h~ iii ‘s I) converter  a t tached In the ( I)C I ~0() digit.iI

computer and ss r i t t e n onto magnetic disk. Ihis disk informal ion is (hen preprocessed tin the

I i t t  and I r,insniil ted to the ( l)( - ii~ (t( l d igita l computer b r  turther processing intl

esc nt u . i l LlI.ir ,I. let recI tL ’n i f l l t n . using a recog ni t ion schiem e~ implement ed w i th  GIRl .. ’
lb .’ hai i f ~ ire ,nilonents ol th e in te r lac e  are descri bed in the pages th a t  (II l lo~s .

I) iagrams 1 t I C  I O t i s  col l ipol lel Its Ire lT tcI l iddd in Appen( lix A. I ()
~ id gates tisi’iI iii

iinpIei,tei~ i c I I .1 . e ,oe tk \L  rihetl in -\ ppendtx 1~ niii~ 
( - describes the poss ci

• upp l~ i n t l l is t s  t he wir ing connections betw e en the printed circuit hoards and the conne ctors

/ 
~~~~ I ’ ~~~~ 

- 
P

1.~~ I f !  ~~~~~~~~~~~ p

~H/

~~~~~~~ I — Ilandpriunf ing Ret - I i g i i j f j l p f l  Sy st em (‘onfit~urat ion

1 it i , i l I ’  I I I I l . I . I I I . , I I  ‘ h i t ’ II t I l l !  l Ilt l ienit ’ It ill

I4c,k .s~ II, ‘~ 
( , , j ~ / , / , ,~ P H / / I .  ~II /? i t  i i i  / l I /eu / / I Pr~ ‘e ri,?,,p,nm~ t!ap i, p a/ I. ‘r /- ‘ORiR..t \

P t ? ,  I / P  I)~ItI l I %~ l~I% l I r  ‘s i t _ i l ‘~i I b  f .~,i f )  ( ill ? Rep ut II ~~
“ (J un f ’ )7~~i

— —. C, . • ~~ •~~ 
. . — — - —— — —.———— - —--o ..— — -. - _ _ _  _ _ _  —~~~~- —.



FUNCTION OF THE INTERFACE

GENERAL DESCRIPTION

The Computek Model GT-S0 graphic tablet used for the recognition system is an

electrica l transducer that converts input which has been hand-drawn on the table surtacu into
ten X-position hits and ten Y-position bits. Details of the Computek graphic tablet are
availab le in the users manual from Computek , Inc.2 This conversion is accomplished b~
encoding the electromagnetic signals that the writing pen has detected from the tablet surt~ace.

Signals that indicate pen proximity (PROX) and pen pressure (PRESS) are also available.
These tablet outputs may be sampled at 800 psec intervals when a sampling pulse (called
FREE RUN) is presented by the tablet. A STROBE timing signal electrically ident iLal to  the
FREE RUN signal appears simultaneously with the FREE RUN signal if the writing pen has
moved since the last pulse of the STROBE signal.

The interface uses the ten coordinate hits put out by the graphic tablet to construct a
6-hit number that ref lects the change in pen position from the previously recorded hits from
t he tablet. A block diagram of the hardware interface is shown in Figure 2. A block diagram
of the difference calculator is shown in Figure 3. Since the physiological limit of normal
writing speed (or equivalently, the high sampling rate of the tablet ) is less than 1 000 cm,. sec

(394 in./sec) , the coordinate dif ferences that occur between tablet output intervals can he
exactly described using only five hits for the magnitude and one hit for the sign. The
remaining four difference bits are always the same as the sign hit , and are thus irrelevant.

The use of the 6-bit difference approach reduces the likelihood of an error being made
in the digitization by the A/ D converter , since the dynamic range of the analog signal is

extended and the signal-to-noise rat io improved about 16 timeSI The least significant hit I I sh)

can he represented by a 1 0/64-volt signal instea d of by the I / 1 00-volt signal required in the

10-hit approach.
1 he (‘D(’- I 700 computer accepts an input signal in the range of ± 5 volts and converts it

to a 1 2-hit digital word upon sampling. The sampling rate is limited to about 20,000 samples
per second and may he either internally or externally controlled. When the computer is used

in contunction with the graphic tab let , the external sampling pulse is generated by the
interface and it indicates the proper sampling time. The converted information is then
written (Into magnetic disk by the (‘DC’ 1 700 and is subsequently processed tot’ content on

the ( 1)(’ 6700. This scheme permits the use of :i minimum amount of data to convey a
maximum amount of information.

~~ 1;ser s Manual GT.5O Graphics Tablets, ” Bulletin GT-50M. (‘ompulek . Inc. (Sep 1970).
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Three other signals generated by the tablet — the STROBE, the PROX, and the PRESS —

provide useful informat ion, both explicitly and implicitly, about t he state of the tablet. The
STROBE and PROX signals are used for transmission control: the PRESS signal is transmitted
along with ~ X and ~ Y as a processing control.

The STROBE signal initiates the sequence of timing pulses that controls the transfer of

data to t he interface registers. The STROBE signal remains at a +5-volt level until a change
in the position of either the X or the Y coordinate takes place , at which time the signal level
drops to a 0-volt level for the duration of the tablet cycle time (FREE RUN signal). This
indication from the STROBE signal is very useful, since it allows suppression of a large
amount of redundant information that would otherwise be routinely generated under
contir,uous sampling even though no change in coordinates had taken place.

l)uring the processing of data for content , cues are useful for isolating individual
characters and individual statements. Such cues are provided by the PROX signal , which is
activated when the writing instrument is brought within I cm (1/ 3 in.) of the tablet surface ,
and by the PRESS signal, which is activated when I 00 or more grams (3 oz) of pen pressure

are applied (and t he STROBE signal has been activated). The STROBE signal initiates a
sequence of timing pulses in the interface which trigger the following actions:

I . Transfer of the tablet pen position coordinates to register RI.

2. Transfe r of the sum of Register RI and Register R2 to the input of the D/A converter.
3. Generation of a sample pulse for the CDC I 700 A/ D converter.
4 . Transfer of the complement of Register RI to Register R2.

Only after t he PROX signal is activated will the difference circuit obta in significant N
and ‘i values , and only after a new STROBE signal is activated will a non-/.ero ~ X and/or ~~
be presented as input to the D/A converters . Note that t he PRESS signal may or may not
have been activated at this time. As long as the STROBE and PROX signals continue . t ’ie

triplet (AX , ~ Y, PRESSURE) will be sampled and transfe rred to the CDC I 70t) . At  the same
time the difference registers ( RI . R2) will he updated. W hen the PROX signal is deact ivated .

the ~ X and ~ Y signals are forced to a zero level , even though the STROBE signal m.i~ still
indicate that sampling should take place. Just as the presence (or absence ) oF the PRESS
signal provides a cue for the isolation ot’ stro kes , the PROX signal provides information for

t he isolation of entire lines of printing, providing that the user maintains the pen no more
than I cm from t he tablet while the line is being printed.

5
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TIMING AND LOGIC DETAILS

~ lien the S I ROB!- signal is generate d by the data ta b let.  indicating pen position t ii•iuges .

t he in ter l  ace i/lu st generate appropriate timing pulses and control signals . t rider contro l

the t im m ne pulses . data trahlstl )rn ialion takes place as follows : the preseuf LIIIIrdinl~ite pos it ion

I ri’m t he tab lc t  rn/It t be entere d into register R 1 , an d added to t h e  complement of t i l t ’

prey out Iuor/lih), iIt’ I re giste r R 2 1 to construct a dif fe rence which is ga ted into the I) \

conl ’~e r t er ,unid t u u u . i l l ~ ta mp icil h~ the ( 1)( I 700. Four f iming pulses are used to t ran s fo rm

t he coo rdi n. Ite positions into analog ditferen i,es. Each of these pulses las ts  15 psec. I lois . the

ana l’ ~ suen,~ I can he sa mpled as soon as 60 ~sec alter the Looru.linate position has been

obtaine d from t lie ta b let .  Since the inte r lace can generate coordinate di f f e renc es at (ill Pset

ir i t ebV ,Ils . .i sampling rate as high as I (>J U( coordinate s ‘ see call he ach,e~ed . althoug h the

ta b le t  limi ts Il /c • ic r u~il rate to I 5() coor.l ini ate s sec ( 3 ’ S ( )  samples se c ) .

I tue coflt rI/ I  c i r c t i u t r ~ Uses t he Si ROBI and PRO .\ sig nals troiii the tablet  to propcrl~

~~ Ic t tu e t .u Net i nn tor n/la t non a rid Sil ill pI ing sign/ u Is as described in the previous sec t on. I lie use

u t  I ~ C) f l ip—f lops I II I arid Fl’ .2i wi th eac h of these signals forces the di fFerence c ircui t  to

/e ro ti niest rele~ ant posit ion locat ion is I)bt/iifled. It also permits the beginning and the end

it a w rItte n line to he ,usc cr ta ine d .  l iming signals I I throug h 14 are used for  se l j l len l c mf lL ’  t h e

dat a  t r a n s f e r s . ,I ntl 14 ,~ used also us tile externa l  sample pulse for the A I) converter.

Figu re 4 shi’~ss 11w relat ive lime relationships for tile timing signals Ill through I 4 1 . the

SI ROB! pu lse . ari d c lock s ignals 1 ( 1 ) .

/ ? ,~ (, 1 / I l  “~t S

F l 3  _

14 T IMING PULSE FUNCTIONS
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CIRCUIT OPERATION

The interface consists of two functions per coordinate axis , each function located on a
separate printed circuit card for each axis. One function contains the difference calculator
which comprises the data storage registers and difference registers: the other contains the
circuitry associated with the timing pulses and the logical control signals. The components
for the interface are listed in Table I of Appendix A , and a functional description of the
basic integrated circuit logic is presented in Appendix B.

W hen the tablet coordinate bits are ready to be transferred to the interface , the STROBE
signal drops to zero vo lts, and a cloc k pulse TI is sent to the data register RI (Figure 5) .

This pulse gates the ten tablet coordinate bits (Bl , least signifIcant , through BlOt into this
register. The output of this register and that of Register R2 are directly connected to an
adder register (Figure 6). Since Register R2 contains the negation of the previous tablet
coordinate , the adder generates the l’s complement difference signal ~ X1 = X (t 1 ) — X (t

~ 
— I)

as soon as the new position is gated into Register RI. This difference ~ X 1 (and in another
identical circuit , ~ Y1) is then immediately available to be transferred to its 8-bit D/A
conve rter in I ‘s complement form.

The 6-bit difference (indicated by DI through D6 in Figure 6) is transmitted to tile [ ) A

converter. The remaining two low-order bits transferre d to the 8-bit l)A converter are
logically identical to the sign bit. At the timing pulse T3 , the differences ~ X 1 and are
gated into their D/A input buffers; at the timing pulse T4, t he transformed tablet outputs of ’

the D/A converters are sampled by the CDC 1 700 computer through interface control. When
pulse J~4 occurs , the I ‘s comp lement of Register R I is transferred into Register R 2 where it

is available to be added to the tab let coordinate position to be transferred into Register RI at
time [‘I after t he next STROBE signal. The fact that the outputs of’ the difference register
are identica lly zero at time T4 X1 is i n RI and — X 1 is in R2) is inconsequential , since no
other pulse T3 will be generated until a new pulse TI has already transt ’erred the tab let
output into Register RI. The inverted pulses TI and T4 produced by the timer are used to
distr ihute the electrica l loading of the tinner per se to other inverters on the da t a  register
circuit boards (Figure 5) .

[‘he sequence of signals generated by the timing and control section of t h e  interlace are
init iated whenever a STROBE signal is received from the tablet. When the PROX signal is
logically false , the contro l circuit clears (CLEAR ) the D/A converter register t’or both ~ X and

~ Y, forcing t he analog voltages to represent a zero difference. Since no sample pulses (14)

will be generated during this period, t he CDC I 700 A/ D converter will riot digitize.
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W hen the PROX signal is logically true , the timing and control c i rc ui ts generat e (lit’
signals necessar \ t / produce ~ X and ~ Y and 1 i~ convert ~ X a rid ~ V into .i ilj log vu l (ages .
l’he control signal requires Ill/It at least two S’I’ROBE pulses be generated heb Ire it will allow

_~~\ ,it~d ~ Y to he converte d into analog voltages; thus generation oF ouR relevant ~ X ‘s and

.~\ 
‘s is .issiu rei i ROBl pulse counfer is imp lemented by using t ~ u ’ dire . t i s  coupled

e n - s f . i \  e f l ip-f lops tE E I and FF2 in Figure 7) in which a logically true PROX signal. iii

‘n iuinlc t ion wit  Il t he f i rs t  SI ROBE pulse . will set FE I t h e  s C t I  m u d  Si ROBI pulse s~ ill

t r,uns~et t l u c set -a ate f ro m I I I  to Ii 2. As long as PROX remains in a true s ta le , a logic.iIl~
( t u e  ( I V - \ R sig nl/ i i wil l he sent to  the I); A converters , ena bling them (I) a c~ epl t ilt’ ill p~1l dat.i

i ’ m  tht i i  sti ’raL’u. hulter’~. Ihis ( 1.! A R signal 5 logic/ ill\ conllhitlt’d I by an ,- \ N l )  ga te  s~it hu

t ’ y PR} . sS sig ni , i I so .is to .ulloss th e sampled PRESS signal to he true only if reIe~ .int _~~\
‘
~

m id ~ \ 
‘s li.ts e been p.ussed nnito the I) A ciunve rlers I Figure I.

_ _  

‘ P

K 
(‘P

1 / !  SL _J12
ii II lb

Figure 7 — Control Circuit

I Ire timer ircuit shown in Figure ~ responds to each STROBE pulse hy generating

~ ‘ iIl el1ce ( I f  timing PUlses (Figure 4 k First the SI ROBE pulse is expanded by l( ‘I lhe
I r , i i l i  t i c’ edge m t f  I he expanded STROBE pulse sf / u i ,  the clock ( l( .~ 

) which generates ~/ It puts

- and (‘ I.. I he negated clock m~uit put (1 controls a 4—hit shi f t  register. Each of (lie tour
o u t  b’ I u t s  ‘ i t  (lie sh ift register (,)l to Q4 I generates Four tinhing pulses I I to ‘F4 , respect iveI~ I

The cot i t iter and I’ 1 3  provide a logical ‘‘true ’’ sign/Il at the shi f t  register input ( l)~ I so t t i.it
( u n / c’ . /un (f onll ~ one, pulse may he serially shift ed through the register for e/ icIl S lR0131 pulse
I m/cu i r r u t i g  w hen (lie PROX signal is t r u e  ( i .e ., (lie pen is w i t h i n  I cm of the tablet I. l ire
tune ; m u Ir / s  l i / / i t  ta ke place during each timing pulse are as fol lows :

I 0

• ., - . — •- 
~~~~~~~~~~~~~~~~~~~~ — .- -. ‘- ~



~t’

TI Tablet data is transferred to Register RI;

- 
12 Transients are allowed to settle;

- 13 Diffe rence is transferred to D/A converter;
- T4 Register RI is negated and its contents transferred to Register

R2, and a sample pulse is generated for the A/D converter.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘C73

Figure 8 — Timer Circuit
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APPENDIX A

PHYSICAL LAYOUT OF COMPONENTS

Table I lists the components required by the interface. Figures 9 through 12 show the

relative locations of t he components that make up the hardware interface. Figures 9 and 10
show the integrated circuit component layouts of the Difference Calculator and the 1 miner 

-

(‘ontrol Circuit , respect ively. Figure 1 I shows the component layout of the D/A converter.
Fi gure 1 2 shows the chassis locations of the power supplies and of the cards shown in
Figures 0 through I 2.

TABLE I — COMPONENT LIST

No. of
Cir c uit Component Components

Data and Difference Circuit:
(one per coor dinate)

Ri and R2 - MC1814 5
- 1 through - 5 MC8304 5
Inverters MC834 2
Resistors — logic R=ik~lpull-up R=1k ~~ 10

Timing and Control Circuit:

F l - F 2  MC 852 . 1
FF1 MC853 1
Counter MC853 1
Sh ift Register MC4012 1
Clock MC832 1
Pulse Expander MC830 1
AND Gates MC1806 2
NOR Gates MC181O
NAND Gates MC846 1
Inv erte rs MC834
Resistors — logic R~’1k~Z 4

pull-up R= 1 k~2 3
Capacitors — CL .OO3p fd 2

C~ .0022~ifd 1

A - ’ P Converter -
(one per coordina t e)

Ana log ic A N18O8M BAL .3.C 1

~‘owe r Suppl ies:

Tefe dy namuc s- Wan fa ss 7WS 1000 V 5  2
Technmpower M.14 .5-0, 1A V=~ 15 2

13
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7 1 14 8 7 1 14 8

ic~T~1 I IC 11 IC 1O ) I i c g
MC 834 [,~~C 1814 MC 1814 1.MC 18 14

8 14 1 7 8 14 1 7

7 1 14 8
iC5 1 I IC6 I C 7  1 I 1C8

MC 8304 I,,j~C 8304 MC 8304 (~ MC 834

8 14 1 7 8 14 1 7

7 1 14 8 7 1 14 8
IC 4~~~1 I IC 3 IC 2 ~

‘
) ~ 

IC 1
MC 8304 1~MC~~304 MC~~~~J ~MC 1814

8 14 1 7 8 14 1 7

A

Figure 9 — Difference Calculator ,
Card Layout

7 1 14 8 7
iC2 i~~1 I 1C 22 1C 23

MC1806 1 L.~
MC 853 MC 832

8 1 7 14

7 1 14 8 7 1 14 8
1C 20 1 } IC 19 d l  I i C l 7

MC 846 L.~~~
853 MC 18 1OJ (~ MC 83o

B 14 1 7 8 14 1
1 7 K  C

7 1 n i  8 7 1 14 8
IC 13 1 I IC 14 I IC 15 “h I IC 16

MC 4012 1 t~MC 852 1 MC 834 J 1MC 1806
s 8 14 1 7 8  14 1

1 , 7K 1 1K

A z

Figure 10 — Timer /Control . Card LaYout
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MP 1 8O8A HIGH SPEED MP 209 INV
8 .B ITD/A AMP

CONVERTER 0

Ii 221

Figure II — D/A Converter Circuit , Card Layout
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APPENDIX B

LOGIC GATES

The logic gates are either diode-transistor-logic (DTL) or transistor-transistor-logic (TT I I

integra ted circuits. Both logics are of the general purpose type with moderate speed. good

noise immunity, low noise generation , a high degree of flexibility, a nd economy. L pica l
propogation delay is about 35 nsec for a DTL gate and ahout 20 nsec for a TTL gate. The
norm al operating voltage for both types of logic is 5-volts d-c. The integrated circuit s used

are packaged in either 1 4-pin or 1 6-pin dual in-line packages. The component numbers
indicated in the integrated circuit description are Motorola parts numbers . Figures I 3 - 22

shu~~ tire logic of tile components and indicated pin identification numbers and logical
functions .

Expandable Dual 4’Input Gate
This DTL gate (Figure 13) consists of two expandable 4-input NAND gate c i rcui ts . I Ire

integrated circuit component is an M(’830.

Expandable Dual 4-Input Buffers
I his I)TL buffe r element (Figure 13) is similar to the MC830 gate. The huffe r element

hr ,is trip le the load driving capability of tile M(’S30 gate. The integrated circuit element for

the huller gate is an MCS32.

Hex I nverter
I f i rs  D Ii. element ( Figur’ ’ 14)  consists of six inverter ‘ ircui ts . The integrated circuit

component is an  M(~~34.

Quad 2-Input Gates
Th us l)TL gate element ( Figure IS) consists of four 2-input NAND gate circuits . [he

integr ated circuit  component is an

Dual J-K Flip-Flops
I f i t s  I)FL element consists of two i-K clocked flip-flops . Each fl i p-flop consrsts oF t so ’

directl y coupled flip—flops operating on the “master—slave ” Principle I wo v/t r ia l  0115 Of dual

flip-flop ek ’ments are used in the interface hardware : one , the M(’SS 2 . is shown in Figure I

and. the other , the M(’~ 53. is shown in Figure I ~~ .

17
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Quad 2-Input AND Gates
This 1)[L gate element (Figure 1 8) consists of four 2-input ga les . eac h performing tire

logical AND function. The integrated circuit component is an MCi 806.

Quad 2- Input NOR Gates
This l)Tl. gate element (Figure I 0) consists of four 2-input gates . e t c h performing the

Ioiz i~.il \( ) R f un , .  Ir on . The integrated circuit component is an M( 1810.

Quad Latch
1 his I) FL  element (Figure 2W consists of four 1) flip-flops . When tire clock is high

li i IZiL sLite “1 ‘‘ I . information (logic states )  present a t  tile data input I) is tran sferred to tire

(.) o t t  I p u t  - ~ her r I lie clock is low (logic state ‘‘0’’ I. in forniatiori present at t i re  () out put v. II

lie rt - I , i ine L i. t he i t itegrated circuit component is an MCI 8 14.

4’Bit Shift Register
ibis I I t .  e lement I Figure 2 ! )  is a 4—b it shift register that can he operated in er tl r i.’r I he

parallel or tire serial mode , the mode used being determined by the logic state of tire mode

control input. For parallel operation, the m o de control is set to the logic state “I” and in-
formation at the D~ inputs is strobed into the register. For serial right-shift operation . the

mode control is set to the logic state “0” and information is clocked into the register from
the Ds input.

Dual Full Adder
1 his I I I. element I Figure . 2) consists oF two full adders . eac h to perform I he hin,m r~

additi i ti ‘ ‘ t  t s~ I-hit numbers /11111 the previous carry. Sum S 1 and carry I (‘I OlA f puts /i rL’

I ros rded I rum each adder. the integrated circuit component is an M(’8304 .

--- ~~~~~~~~~~~~~ -~~~~~~~ - . ..‘... - ~~~~~‘ .  ~~~~~ .. — - -.  .
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Figure I 3 — Expandable Dual Figure 14 — Hex lnv erter
4-Input Gates and Buff e rs ( MC834)

I %1C830 and MC832 . respect ively )

3~~~~~~~~~~~~~~~~ Q 6

rJ~~~
T5

:aii~~~~8

Figure IS — Quad 2-Input NAND Gate Figure 1 6 —  l)ual J-K Flip-Flop
( MC 846) 1MC85 2 )

4~~ _

~~~~~
:~~~~

—‘
~~

3~~. 2
Figure I 7 — Dual i-K Flip-Flop Figure I ~ — Quad 2-Inpul ANt ) Gate

(MC853) (MCl~ 06)
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Figure 19 — Quad 2—Input ~OR Gate Figure 20 — Quad Lafeh
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Figure 2 I — 4-Bit Shill Register
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Figure 22 — l)ual Full Adder
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APPENDIX C

WIRING LISTS AND POWER SUPPLY

POWER SUPPLIES

‘Flue power supplies used to generate t he necessary direct current (d-c f bias volt age

nee ded for tire hardware interface are prepackaged units which generate d-c signals (if

+ I Svo lts d-c . - -
~ I 5-volts , and +5-volts , using I 15-volt 60-cycle input. Figure 23 shows tire

power supp ly connections. Two +5-volt d-c power supplies are used to distribute the load

for t he logic gates . The + I S-volt d-c signal and the — I S-volt d-c signal provide the hias~s fo r

t ire E) A converter.

WIRING LISTS

1 lie wiring lists for the Hardware Interface are presented in Tables 2 through 7 . 1 able
2 describes the wiring from the data tablet cable connector to the circuit card connectors (or

the X and V difference calculators , and for the Timer/Control circuit. Table 3 describes the
w iring from the Timer/(’ontrol circuit card connector to the circuit card connectors for tire

difference calculators and D/A converters . and to the cable connector for tire data tablet .

table 4 descri bes t Ire w iring for t ire X-ax is difference calculator , and Table 5 describes tire

wiring list for the X-axis D/A converter. Tables 6 and 7 describe tire wiring (or the \ - ax is

differe irce calculator and the Y-axis 0/A :onverte r , respectively.
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Figure 23 — Power Supply Circuit
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DTNSROC ISSUES THREE TYPES OF REPORTS

(1) DTNSROC REPORTS, A FORMAL SERIES PU L,ISHING INFORMATION OF
PERMANENT TECHNICAl. VALUE, DESIGNATED BY A SERIAL REPORT NUMBER.

(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SE-~~ES, RECORDING INFORMA.
710$ OF A PRELIMINARY OR TEMPORARY NATURE. OR OF LIMITED INTER EST OR
SIGNIFICANCE, CARRYING A DEPARTMENTAL. ALPHANUMERIC IDENTIFICATION.

(31 TECHNICAL MEMORANDA, AN INFORMAL SERiES. USUALLY iNTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES
RIPORT$ NOT FOR GENERAL DISTRIBUTION.

A

- - ‘- -~ c -  - -

- — _ _


