
“ AD—AO3 * 599 RCA ADVANCED TECHNO4.09Y LAuS CAMOCH N ~J ~~S SflSCAM4INS CURSOR TECHN I~ UE S . (J I
DCC 76 S I F30602_7leeC_031e

UNCLASSIFICD *TL CR.7645 RAOC—Tk—76—363

_ _  

S ii 
_ _I__Ion_ _
_ _

_ _  ~IIna
p A



1.0

I I• _ _

• 
1.25 

~~ ~



_ _ _ _ _ _ _ _ _ _

RADC—TR—76— 363
Final Technical Report
Decenber 1976

SCANNING CURSOR ~EC}~JIQURS

Radio Corporation of America

Approved for public release ;
distribution unlimited.

D D C

U t ~~1~U ~fls
ROME AM DEVELOPMENT CENTER
AM FORCE SYSTEMS COMMAND

6RIFFIU AM FORCE BASE, NEW YORK 13441

\

~~ ~~ 
.
~ 

..



This report has been reviewed by the RADC Information Office (01) and
is releasable to the National Technical Information Service (NTIS). At NTIS
it will be releasable to the general public including fore ign nations .

This report has been reviewed and is approved for publication.

APPROVED: ,? ~~~~~
STANLEY P. DAMON
Project Engineer

APPROVED : 
“

HOWARD DAVIS
Technical Director
Intelligence & Reconnissance Division

FOR THE COMMANDER ~~~~~~~~~~~~~~ _4/~~~~~~~~~~~~L—

JOHN P. RUSS
Acting Chief , Plans Off ice

r

Do not return this copy. Retain or destroy .

I-



MISSION
of

Rome Air Development Center

RAX plans and conducts rrn arch, exploratory and advanced
d.v.lo ~aiiat p rogra in cc mnd, control, and co unications
(C3) act.j vj ti.a, and in the C3 areas of nf ontati o~ sci.nc.s
and int.lligsoce. The pri ncipal tecMlcal aission area ’
are cc m.lcations, •l.ctro.agra tic guidance and control,
surveillance of ground and aerospace obj ects, int.lligsoc.
data collection and landLthg, inf oz.a tion syst t.i *iwlogy,
iono.p b.ric p r op agati on, solid state aci.,ac.m, ~icro~~vs
p hysics and electronic reliability, wainta iraabilitg and
c~~~.tibility.

4o~I.uTI~ ’,

V



UNCLASS IFIED
S(CUNITV CL I~~ICATI O N O~ TI411 PA Ct  (P~ .o Data En~.t.d) 

____________________________________

READ INSTRUCTiONSEPORT DOCUMENTATIuru r~ u~ BEFORE COMPLETING FORM

~~~~~~~ 
J 2 GOV T ACCISSION NO. ) REC IPIEN T’S C A T A L O G  N U M S E R

RADC R— 76 — 363 _____________________________
4. tIT~~~ (~~ d SubfIIJ.) ?—‘ Y— ~~ ~~P ~~~~ ‘~~~~T S P~~~ IO O v E R

(~. .~~~~
ff

INC CU RSOR TECHNIQUE

__ 

Jund 174 Ma~~~~ T h 7

7 AuTsOR(.) ~~~~~~~~~~~~ t.. ‘..M NT NUMBER( S)

_ _ _ _  
_ _ _  

~~~~~~~~~~~2-74~c~4318bV~~~
/’

• PERFORMING ORCAN I ZATION NAMI~~,%~~~ DDRISS ~O PROGRA M E M T .~~~~ 0j~~~~T , TASK

Radio Corporation of AmerThl7Advanced Technology 62702F
Laboratories 55690335
Front & Cooper Streets, Camden NJ 08102

II . CONT ROLLING OFFICE N A M E  AND ADDRESS 7 )
~ ~

4— flU~~ wr

Rome Air Development Center (IRRE ) ( / ( Dec~~~~~r •76
Criffiss AFB NY 13441 \._,.~~ ~~~~~~~~~~~~~~~~ “~~~~-

48
4 MO N I T O R I N G  AGE NCY NAME S AOORE$S(if dJfl.r.nI f,oai Conttoii1n4 OuSt.) IS SECURITY CLASS. (of IhIa ~•pocf)

: ~~~~~~ ~~~~ ~~
/A

~~
;:

~~~~
;iCATION oOwN GRA01N G

IS. DI$TRISIJI’ION STATEM ENT (.1 h~ R.povtj

Approved for public release; distribution unlimited .

17. OISTRI•UTION STATEMENT (a! th. ab.l,.cl et.,.4 in Dl.ck 30, ii ~~ll., iS ip~~ R.p.vf )

Same

‘S. SUPPLEMENTARY NOT E S
RADC Project Engineer:
Stanley P. Damon ( IRRE)

II. K EY WORDS (cant Spy. an a,.,.. *id. SI n c... 7 and SdinfSiy by block nu.b.,)

Cartography; Digitizing; Aided—Track Scanning Cursor; Photosensitive
Linear Array

20. ASITRA C T (C.nfMu. an , ,a,an aid. Si n•C.0• y and Id.nttI~. by block nu..b.P)

This report describes the effort to design, fabricate and teat a digitizing
cursor with integral line centering capability. The resultant cursor is
tranamissive in nature utilizing a linear photodiode array, an optical system
and array signal processing electronics. Processor output is a binary count
representing position of the imagt~ traced feature on the array . A computer —
algo rithm uses the in fo rmat ion  a~ . ‘ co r rec t ive  term to yield accurate coordinate
data. Computer—generated rotatlt ’n II commands serve to continuousl y posi tion
the array to be orthogonal to tht’ teature to ensure maximum accuracy in

DO 
~~~~~~~~~ 

1413 EDITION OF NOV 55 IS OSSOL ETE UNCLASSIFIED

~~~~~~~~ $__~~~~~,/ 
IECIJRITY CLASSIFICA T ION OF TWIS PAGE (5%.. D.I.~~~nu.d)

-~ 

~~~~~~~~ 
‘ ‘

~~~~~~~~~~~~~~~~~ *~~



UNU.ASSIFIED

SECURI TY CLASII~~ICA T t ON OF ? 4I5 PAGE(WP,.. Data £nls ~.d)

‘tracing features containing curvatures or forming closed contours. Accuracy
off ’~

) .OO3 inch is obtainable in digitizing with the cursor.

~~~o r

UNCLASSIFIED
SSCuRITY CI. ASSIPICATION OP tHIS PASS~~~ an 5.4. $J jE~~

______  ~~~~~~~~~~~~~ 
~. . .--.



PREFACE

The work reported in this Technical Report was performed under RADC
Cop~.tract F30( 02-74-C-0318 entitled, Scanning Cursor Techniques, by the RCA
Ad%atlced Technology Laboratories (ATL) , Camden , NJ.

The following RCA personnel contributed to this program: G. W. Hunka,
L. Toombs , M. Soffa , E. Hutto, and C. Lauxen. J. J. Ruduick acted as Project
Leader.
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EVALUATION

This report includes an area which supports an integrated progran
designed to introduce automation into the cartographli field; specit ic allv ,
it addresses the need to evolve  and implement approaches which will incr&~ise
the overall conversion rate , but which will maintain a c c u r a c y .

It directly addresses the needs of TPO 3 whi h has  t h c  najor g~~ l ~
prov i d i n g  new techniques to improve the accuracy and efficiency ot the
ca r tographic  processes .

In using a manual input digitizer as an approcach to the data c~~n v er s i o n
problem , the process is tedious and error prone. By using an aided—tr ack
digitiz ing cursor and allowing the operator to make small errors w h ij
are automatically computer—corrected , the accuracy of the di gitized data is
improved and simultaneously operator efficiency and output are increased.

~4 ~~~~~~
STANLEY P. DANON
Project Eng ineer
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Section 1

INTRODUCTION

A. BACKGROUN D

Currently , manual tracing operations on digitizing tables are used In convert ing
cartographic feature coordinates to digital values for storage and subsequent
processing. The designation of a feature includes any line function on the map
serving to define both man-made artifacts and geographic boundaries such as roads,
rivers, coastlines, contour lines, etc. whose point-by-point position can be given
using a coordinate system. This procedure consists of maintaining a hand-held
cursor cross-hair centered over the feature being digitized. Cursor position is
sensed by various techniques ranging from servoed slaved carriages linked to optical
encoders to a coded grid embedded in the table surface.

The inherent accuracies cannot be consistently met because the tracing process
becomes quite tedious; operators cannot consistently perform operations to the
inherent machine accuracies. Consequently, this operation is time consuming and
produces errors that necessitate costly digital editing efforts.

Thi s program has an objective to incorporate a device to sense small position
variations of the map feature relative to Its initial position as it is traced; these
variations are then used to generate corrections to the encoded cursor coordinate
values. By allowing the operator to make small errors which are automatically
computer-corrected, the overall process is improved in its digitizing accuracy, and
at the same time operator efficiency and output are increased.

Use of a Gradicr ’ table was proposed to establish the feasibility of this concept.
Since the Gradicon t~~Ae is backlighted, it was ideally suited toward an approach
which Incorporated a linear photosensitive array to sense variations of the traced
feature position. Extension of the concept for use on opaque digitizing tables by an
illumination source contained within the cursor also seemed feasible, thus providing
operational flexibility .

B. AiDED-TRACK C URSOR CONCEPT : PRINCIPLES OF OPERATION

1. Line Sensor Aided-Tracking

Use of a linear photosensitive array located in and aligned to the cursor
permits a direct means for measuring the position deviation of a map feature
Imaged on the array .

1

V



The operator must foUow the feature to be digitized with suffic ient accurac y to
~: keep the feature within a tracking circle on the reticle, shown in Figure 1. The

circle diameter is in the order of a 1/16 inch , based on a 32—ele ment array on
0.002 -inch centers .

2. Generation of Correction Factors

Dimensional Information of the intersection of the line array and the tracked
feature can be derived from the array output. This value and the known angle of the
array with respect to the coordinate axis allows the X and Y corrective terms to be
dete rmined. This process is shown in Figure 2, for the simplified case àf a linearized
trace feature. (Note that an orthogonal array position has been assumed. The array
is in fact computer commanded to orthogonal positions, which Is a unique concept of
this aided—track cursor design. ) The feature to be digitized is shown as a solid line.

AIDED
/ TRAC K

CIRCLE

Figure 1. Cursor fiducial markings showing the aided—t rack circle.
In oper9tion feature being tracked must be maintained
within aided-track circle to generate coordinate correction
factors.
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FIgure 2. Geometry for computing correction factors to modify encoder output.
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Encoder coo rdinates are shown as (X E, ~ E) ’ representing the position of the array
center element . The path of the center of the cursor is defined by the Interpolated
cross hai r. * With the operator only approximately following the feature within the
cursor aided-track circle , the computer , based on previous coordinates will
direct the array to be perpendicular to the computed extrapolated tangent of the
t raced feature. Each element output is sequentially sampled for feature detection ,
conve i-ted to a digital count , and transferred to a computer buffe r in an ordered
manner. Since the pitch distance between spatial samples is known, the sample num-
bers at which the feature is Intercepted times the pitch distance represent s the di-
mensional interc ept of the array with the feature with respect to a reference ele-
ment of the array . if this distance is called p, then the geometry of Figure 2 with
its explanatory geometric derivations applies in deriving the true position of the
feature with respect to array element 1.

3. Array Rotation

Figure 3 shows the behavior of the array when tracing features which con-
tain curvatu re. The array position Is controlled by computer computations and an
angular servo to establish a position orthogonal to the slope of the feature. If the
array does not remain at approximately right angles to the feature , the array can be
“wiped -out’s In extreme cases where a 90—degree turn occurs in the curvature; 1. e.,
the entire array will be covered by the feature intercept , invalidating any correction
factor computation. Prior positions of the feature coordinates permit an approximate
orthogonal angle to be computed for every new data point which constantly rotates the
array to a right angle position to maintain the highest accuracies of measurement.
Considering the case where closed contours (such as elevation contours) are to be
traced, at least ±360 degrees of rotation for the array must be allowed.

Obviously, gross rotation of the cursor assembly in the feature tracing op-
eration must be avoided for the system to operate properly.

When the aided-track mode is to be used , an initializing procedure is re-
quired to supply the computer with enough data to establish the initial slope for posi-
tioning of the array. This Is performed by providing accurate manual tracking at the
start of the feature , thus allowing the computer to establish some history on the
feature. After this, the operator Is required only to maintain the feature within the
aided-tracking circle on the cursor reticle.

*Because a computer is used in determining the correction factors, any constant
offset of the array with respect to the true encoder position can be corrected for in
the computational algorithms; offset determinations are discussed in Section Vi. D,
with the corrective algorithm given in Section VI. E.

4
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Figure 3. Rotation of the array to remain orthogonal to the
traced feature allows an accurate estimation of line
position which is unaffected by feature curvature.

4. System Integration

The concepl of the aided—track cursor as incorporated into existing carto-
graphic equipment is shown in Figure 4.

The Gradicon Digitizing System, the minicomputer , and tbe display terminal
are part of the present cartographic facility; the additional modules shown provide the
digitizing station with an aided-track operational mode. Following sections of this
report describe the modules In detail .
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Section II

SYSTEM DESCRIPTION

A. GRADICON DIGITIZING SYSTEM

1. General Descriition

When drawings, photographs or other graphic data are being analyzed, it is
often necessary to identify and record certain features in terms of their X and Y Co-
ordinates. The coordinate values, when recorded, can be utilized in computer pro-
grams for future modification or editing, and rapid regeneration of the manuscript by
a writing device.

The GRADICON* ~~~~ phic to ~~gital CONverter) is a manual system which
enables the operator to digitize graphic data. The positional information is displayed
numerically, In terms of the X and Y coordinates, or recorded in a data processing
format.

The GRADICON system is comprised of three major units: The 48-inch x
60—inch glass top digitizing table, the electronic console and the optional output
device, in this case an Imlac PDS-1D minicomputer.

2. Position Encoding

A hand—held cursor is used to mark the point to be digitized by means of a
crosahair intercept. This cursor incorporates a coil which senses an electrically
generated signal. A generating coil, located below the table and attached to a mechani-
cal gantry, follows the cursor as it moves. Mounted on the gantry is a light source
used to backlight the manuscript being digitized. This generating coil repositions it-
self immediately under the cursor. This is accomplished by an electromagnetic servo
system and two servomotors which move the generating coil in the X and Y axes.

As soon as the hand-held cursor is moved to the required location, the dis-
placement is detected by the generating coil. An error signal is then generated which
causes the two servomotors to move the generating coil. The circuit is null seeking
and , therefore , the generating coil follows up and homes on the cursor. It is moved
until It Is located below the cursor. The movement of each servomotor rotates an

*Gradjcon Is the trademark name for this table manufactured by Instronics
Limited, Stittavllle, Ontario.

7
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encoder to provide a signal which is proportional to displacement along that particular
axis.

The rotational signals are fed to a visual readout in an electronics console
where a numerical value of the position is displayed. Therefore , as the cursor is
moved , the numerical values change rapidly so that coordinate values are displayed
visually, and simultaneously transferred to an Imlac - 1DS minicomputer , used as a
video display te rminal.

3. Modes of Operation

The normal operating modes which can be selected for the aided—track
cursor mode are given below:

a) Point Mode. Recordings made in the point mode of operation are related
to the cursor position only. Each time that the operator depresses a
cursor push-button or the foot switch , the X and Y coordinate position of
the cursor is transmitted to the recording device or to the computer.
This is a manual digitizing mode as opposed to the continuous output data
stream obtained in the incremental mode.

b) Incremental Mode. In the Increnientai mode, the operator may select an
imaginary grid with vertical (X) or horizontal (y) or both. Spac ing this
grid will cause the digitizer to provide an output to the recording device
or computer each time that the cursor traverses an imaginary vertical
or horizontal grid line. A three-digit thuxnbwheel switch (Increment
Select Switch) allows inc rement spacing intervals of from 0.002 inch to
0. 998 inch in X or Y. *

Absolute readings recorded in either the point or incremental modes
represent the displacement of the coordinates measured from the zero
origin or reference origin. For simplicity , operation with the
aided-track cursor is designed for first quadrant operation, I. e., posi-
tive values of x and y only ; programming changes would permit operation
in all quadrants. For purposes of demonstrating the feasibility of the
aided-track concept , the added programming complexity was txt  deemed
technically significant toward meeting the obj ectives of the program.

*()~j the basis of these preliminary specifications , the design of the aided-track
cursor was based on Incremental motions of 0.010 Inch. As it developed, the RADC
Gradiccu was calibrated In micrometers, requiring dimensional conversion factors
to be applied in the computer algorithms. Approximation errors are discussed In
Section UI. F.

8



B. AIDED-TRACK C URSOR SYSTEM

1. Description of the Aided-Track Cursor

The fully-as sembled feasibility model of the aided-track cursor is shown in
Figure 5. This unit is capable of remote operation from the processing modules within
a 3-ft-diameter range. The housing (containing the electromechanical and optical
components , and the photosensitive array ) captures the existing cursor , whose push-
button switch controls are on the left side. The operator viewing port is in the for-
ward sloping portion of the unit. At the top of the housing, there is an error reset
switch, as well as the control switch for activating the array rotational servo. In the
off position, the array zero degree position is assumed. Two LEDS are provided on
the forward portion of the switch housing to indicate servo on-off mode and a data
error indicator.

The overall size of this working feasibility model is determined by the
operator viewing area desired. In a later section (Section VI. B), a second-generation
model is described which substantially reduces the overall size of the cursor assem-
bly by decreasing the viewing diameter from 2 Inches to 1 Inch. Comparative
photographs are Included in Section VI. B ifiust rating the improvement In form
factor achieved by this simple change.

The electromechanical system contained in the cursor housing is shown in
Figure 6. The array and Its driver cIrcuitry are located on the rotatable mount shown.
This mount is rotated by a ring gear so as to position the array orthogonal to the
traced feature. A dc servoed motor is geared to the mount as shown, and follows the
computer-derived angular commkMs. A 10-turn potentiometer, providing the feed-
back voltage, is driven by the ring gear; 2:1 gearing allows the potentiometer to travel
a maximum of +900 degrees If necessary, and provides adequate margin for tracing
closed contour lines.

Electrical signais required for the rotating assembly (phase voltages, array
output, power, and scan control signal) are supplied through a miniature slip-ring as-
sembly located on the reverse side of the mount; this side is shown In FIgure 7.

In addition to the electromechanical system described , the cursor housing
also contains an optical system to allow an operator to simultaneously view the feature
as it Is being imAged onto the array. Figure 8 is a diagram of the optical system
used. Simultaneous viewing and Imaging are achieved by use of the 30% transmissive
neutral densIty beam splitter shown. Focusing of the 1:1 ImagIng lens, a coated
achromatic lens with a 36-mm focal length, is possible by means of an external screw
adjustment.

8
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Figure 8. Basic optical contiguration for the aided-track cursor.

The heart of the system, the photosensitive linear array, is a 64-element
unit manufactured by Reticon Corporation. Operational specifications and the func-
tional blocks contained on the integrated circuit chip are shown in Figure 9. This
array, representative of a number presently marketed, Is available on an off -the-
shelf basis.

2. Overall Aided-Track Cursor System

a. General

Figure 10 shows in block diagram form the system elements in terms of
physical functional modules. As seen, the modules are:

1) Integral Aided-Track Cursor Unit. This unit contains the array and
phase drivers, array mount, motor and feedback potentiometer, and
the optical system, as discussed previously. This housing is simply
attached to any existing cursor by a set of capture screws, so that it
can be used Interchangeably. An s~l!gnment procedure (Section VI. D)
permits the crosshalr center and the array rotational center to be
measured and brought into correspondence.

13
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Figure 9. Reticon RL-64.

2) Servo Module. The servo module shown contains the D/A converter
to generate an analog signal from the computer-generated angular
position, stabilization, gain, and motor drive amplifiers. in addi-
tion, an osciliator (120 Hz) is incorporated into this module to pro-
vide dither to the motor to overcome stictional levels for small
angular signals. The feedback voltage Is adjusted to provide for
+512 degrees of rotation. The scale factor was chosen to correspond
to the least significant bit of the 10—bit D/A converter or

Scale Factor = 
1024 d:gi~ees 

= 51.2 degrees per volt

3) Video Control Module. This module contains the array clock and the
electronic functions for array scan control and generation of array
phase voltages. It also contains a charge amplifier for amplifying
array output signals. The boards performing these functions are
purchased from Reticon for use with their array. A provision for
synchronizing the scan start to the Gradicon output Instant was made,
but this mode, as will be pointed out , is not used.
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4) Video Processing Module. This module processes the detected
feature by hard-clipping the analog signal to generate a count
control pulse whose width is proportional to the feature line width.
This module also controls the scan count to the leading edge of the
detected signal , then enables a one-half count circuit to produce a
total count represent ing the distance to the line center. At the
trailing edge of the signal pulse , the counter is disabled , and the
count displayed and held in a storage register for t ransfe r to the
computer.

A n error-indicating circuit is also provided which indicates an overlap
of the detected signal with either start-of—scan or end—of—scan signal . This indicator
shows the operator that his trace is at either end of the erro r tolerance allowed with-
in the aided-track circle. An LED located on the cursor indicates this condition.
When thi s occurs , no data is transferred to the computer until the condition is cor-
rected and the error indicator is reset.

For diagnostic testing, a main.ai operating mode is available by an in-
ternal switch , and the output count is displayed using LEDs.

The functioning of the array processing circuitry in producing an output
count representing the position of the line intercept referred to the scan start element
is described pictorially in Figure 11, showing an ideal array waveform. Basic timing
relationships are referenced to a start—of-scan pulse; in FIgure 1 la the array chi p
output is shown for continuous scan operation , with a signal detected as shown by the
reduced output over a range of array samples. The analog processing t~ sent la1ly
produces a gate corresponding to the detection Interval by hard-clipping the de-
tected output from a sample-and-hold circuit to pmd~~e the output shown in Figure
J ib;  the trailIng edge of this gate is used to generate an end—of-count (EOC ) signal .
At the start—of—scan , each sample clock Is counted as shown in Figure lIc . The lead-
ing edge of the detected signal is used to enable a divide-by—two count to obta in the
best estimate to the center of the detected line. This total count is then transferred
to the computer Interface register with an appropriate data-ready flag.

While not describing in detail the threshold and gating circuitry , all of
the essential elements of both the analog and digital processing of the arra y output are
given by these waveforms.

It may be noted that since the output Ir the best estimate to the center of
the detected signal , line focus is not criti cal so long as the detected output is rela-
tively synunetrical about the center of the signal interval.

16
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Figure 11. Output waveform diagrams. Gate logic generates
signal for counting at half the array clock rate to
define center of detected line.

Using the same line of reasoning, changes In depth of signal modulation
with line width will not influence the accuracy of the count , assuming that the de-
tected signal is above the threshold level.

Figure 12 provides further details of the functional units discussed.
The foilowing section describes the operat ion of the processing portion of the sys-
tems at a component level.

b. Ci rcuit Description

1) Analog Processing

Analog processing of the array output is shown functionally In
Figure 13. The main design objective of this portion of the system is to provide an
ima.nibiguous d’~tection gate indication for count control, and for suppression of noise
stemming from tht~ sampling process and spatial variations In array illumination by
thresholdthg.
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Figure 13. Array output analog processing.

Changes in light level or sample Integration tiir os are accommo-
dated by the level adjustment shown. The clipping amplifier provides an output range
compatible to TTL-togtc circuitry.

2) DIgital Processing

A functional description of the output digital processing follows with
reference to FIgure 14. The duration of the start-of-scan (SOS) pulse generated by the
scan control circuits is extended to overlap the time at which the first array element
sample occurs. This stretching Is done by the variable one-shot (OS) shown, OSl .
By this overlap, the Initial negative going array output is Inhibited from triggering
flip-flop FF2 at scan start and prevents generation of false reset pulses by 0S4. By
having the duration of the SOS pulse controllable, any element can be chosen as the
reference elements from which the count is started.

The analog processed signal is gated to the digital processor at the
end of the stretched start-of-scan pulse by gates Gl and G2. At start-of—scan,
counter Cl Is also cleared. When the delayed start-of-scan ends, the counter starts
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counting the array sampling clock, Fs, through an enabled gate, G4, and an OR
circuit , G6. The counter input gate, G7, Is also enabled at start—of-scan by a reset
signal. When the detection gate occurs , the data input of FF1 changes state; this
state is transferred to the output on the next sampling pulse via the C P-input of FF1.
At thi s time , the FF1 output disables the direct sampling clock gate , G4 , while en-
abling the half frequency F6/2 clock gate, G5, by the state change of FF3. The hail-
frequency clock pulses are then counted. This half-count, which results in a count
representing the center of the signal detection interval, continues until the trailing
edge of the detection gate signal occurs. The output of FF1 is also used to condition
the traffing edge detector composed by FF2 and 0S4. This conditioning occurs when
the leading edge of the signal is detected by FF1. The change in state of FF1 produces
a pulse at the output of 0S2 which is delayed in time by 0S3. The delay prevents un-
wanted resets of FF2 due to uncertainties on the leading edge of the detected signal.
When the trailing edge occurs after the conditioning, a change of state of FF2 results
in an output pulse from 0S4. Further counting is prevented at this time by disabling
the counter input gate, G7 , via FF4 whose state is changed by the output pulse of 0S4;
this pulse also resets FF1 and FF3 to their initial states. The counter output, repre-
sented by output bits BO through BN , is held until the next start-of-scan pulse occurs,
which clears the counter. During this Interval, It can be transferred out via an inter-
face.

This describes the complete counting cycle, which is repeated for
each array scan.

21
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~~~~~~~~~~~~~~~~~~ii:
ERROR ANALYSIS

A. TRACKING VELOCITY CONSID ERATIONS

Design objectives were to provide for a correctional accuracy corresponding to
±1 resolution element of the array , which for the array chosen is ±2 mils. In order to
realize this accuracy , a tradeoff must be made between maximum tracking speed and
an array integration time which results In a signal level ensuring consistent detection.
Gradicon outputs In the incremental mode are generated when cursor motion in X or Y
direction is in the order of 0~010 inch (10 mils). For maximum tracing velocity , an
array output must be obtained before motion of 0. 002 Inch is exceeded after the Grad!-
con output. Experimentally , a 25-kllz array scan rate gives an adequate integration
time. Although the array used is 64 elements In length at 0. 002 Inch pitch, only 33
elements are actively employed in detecting feature intercepts to allow for minimum
interference In tracing closely spaced features. However, time must be allowed for
the scan of at least 64 elements plus an additional 8—element interval to allow for a
reset interval.

The maximum allowable tracing velocity for obtaining an array output within one
array resolution element of motion is given by

Rv =~~~~Ts

R = resolution element = 0.002 inch

N = effective elements scanned = 72 scans

Ta = array scan frequency = 25,000 scans per second

For the numerical values given, the maximum velocity is then limited to 0. 7 in/s.

The tolerance given to the operator in tracing the feature lies within an aided-
track circle of 0.064 Inch (approximately 1/16 Inch).

Further, based on considerations of typical manuscripts, line detection must be
achievable over line widths ranging from 4 to 20 mIls.

B. ALIGNMENT CONSIDERATION S

The rotational mount for the pliotodiode array is maintained positionally by a
three-point ball-bearing suspens ion system. Two nl tgnmenta must be considered to
preserve the accuracy capabilities of the aided-track cursor; first , the rotational axis
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of the array cannot vary beyond one resolution element ).00 l inch), and , second , the
center of the aided—track viewing circle should he optically aligned to correspond to
the center element of the active scan output. Most stringent is the first requirement,
and it has been readily achieved in the feasibility model. The mechanical alignment
of the center of rotation of the array mount has been measured under a toolmaker’s
microscope to be within ±1 mit, or -i-a resolution element .

The optical alignment is of less significance because any constant offset can be
accounted for in computer algorithms used in calculating the correctional factor.
(See Section VI. D for a discussion of alignment techniques using the array output to
measure cente r offsets.)

C. ROTATIONAL ERRORS

Because of the small dimensions involved in the correctional factors , errors
due to rotationAl position inaccuracies are at worst one resolution element for
the case of a 7-degree error in tracing an extreme curvature represented by
radius equal to that of the aided—track circle. Design provisions have been made
for computer-correction of rotational errors by an additional I/O interface which
provides the computer with actual array rotational values in response to commands.
Need for this additional interface is to be established during evaluational testing.

D. PHOTOMETRIC NOISE

In addition to errors which can be allocated to mechanical and optical alignment
sources, the dominant error source stems from spurious detections from non-uniform
Illumination and artifacts generated by tolerance-circle intercepts and any sizable
manuscript imperfections such as dirt particles. Spatial noise caused by illumination
non—uniform ity remains invariant since the light source travels wIth the cursor.

These noise sources are not of significance if they are below the system thresh-
old level set for noise rejection.

E. PROCESSING ERROR

Uncertainties in the detection and conversion of the signal to a binary count are
inherent to all processors , even in noiseless systems. Detection uncertainty is a
result of quantizing the output signal in the sample-and-hold process, and can be
represented by a worst case ±1 count error.
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F. COM PUTER APPROXIMATION ERROR

In the discussion of software , it is pointed out that the Gradicon encoders are
calibrated in the basic unit of 20 micrometers per count, while the arra y outpu t count is
doubled to represent 1 mu per count. A scale factor is introduced in the computer
program to convert array pulse count to a corresponding Gradicon count. This con-
version can result in a 1 count error in the value of the array data transferred to the
computer , or +0. 5 mit .

Table 1 summarize s the contribution of each error source for worst case error.
Two conditions are shown: the first column assumes maximum tracing rate of 0.7
In/s and maximum angular error of 7 degrees; the second column is given for the
case where tracing velocities are well below the maximum allowable rate and angular
errors contributing negligible effect on the array output count. Count errors given In
the table are referred to the array re solution of 2 mlls,

It Is assumed that noise is below threshold and that offsets have been compen-
sated in the computer algorith m.

While systematic errors, i.e., cyclic errors due to rotational offset s, are in-
cluded in this estimate, known repeatable cyclic errors are also subject to computer
correction, given Increased algorithm complexity and adequate computer capability.

TABLE 1. TABULATION OF WORST-CASE SYSTEM ERROR IN THE
CORRECTED COORDINATE VALUE

Count Errors

Typical
Error Source Worst Case 5 Worst Case

Tracking velocity +1 -

Rotational plignment +

Angular error +1 -

Processing uncertaInty ±1

Computer approximation

Total +4 +2

5aeferred to array resolution element of 0.002 inch.
55A t maximum tracing rate of 0.7 in/s and 7-degree angular error In tracing

curvature equal to array radius.
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The worst—case error of -
~~~ counts at the design limits represents a conversion

error of ±8 rnlls, while the typical reading uncertainty is +4 mils, worst case. On a
statistical basis , the probab ility that the error is ii mil or less is 0 5 .  Compute r
errors due to metric conversion factors were not initially anticipated , since the
Gradicon was understood to be calibrated in English units , i. e. ,  counts /inch. Thi s
approximation error can be reduced to arb itrar ily small levels by increasing the
computer conversion accuracy for a total typical uncertainty of ~3-l/2 mils.
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Section IV

COMPUTER INTERFACE

The following paragraphs refer to compute r modifications which were made to
permit addition of two peripheral input channels and one output channel. AU channels
have a 16-bit capacity. While these channels were added specific ally for this pro-
grain, they are not restricted to this use ; i.e., If future developmental conce~~s re-
quire data manipulations from any peripheral devices, these input/output channels can
be employed by observing the inst ructions in the Hardware User’s DescriptIon, pre-
sented on the next page.

Addition of these interfaces does not affect normal station operation of this com-
puter in Its performance as a video terminal station for the Gradicon digitizing table.
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HA RD\VARE USER ’S DESCRIPTION - RC A SPEC IA L fl~TE R FAC ES

(SERIAL ~198~

PHYS I CAL:

These 3 interfaces ~o, 0 , and 0—raw)5 are located on the CPU backplane. There
are 4 cards associated with these interfaces. The 0—interface is in slot 309 , the
p —i nterface in slot 306 , and the 0—raw interface in slot 307. Slot 315 contains a
150-wire cable card terminating the cable between the Gradicon terminal box, and
the 3 interfaces. The terminal box provided inte rfaces Imlac ’s cable to RCA ’s
cables.

EL ECTRICAL:

All 3 interfaces are 16-bit parallel interfaces. The P and 0-raw interfaces trans-
fe r 16 bit (P and 0—raw) words into the PDS accum ulator using either skip or in-
terrupt programming. The o-interface transfers a 16-bit ~ word f rom the PDS to
the Gradicon servo D-A latches.

The 0-raw and ~ Input lines are terminated with 470 ~ pull-ups and latched by
7475’s.

The 0 lines are driven by 7403’s, and should be terminated with 470 ci pullups.
The 0-write strobe and grad ready flag are driven by a 7438. A 150 ~ pull-up is
recommended for these term ination s.

I 0-INTERFACE: Issuing an lOT 712 transfers the contents of the imlac accumu-
lator bits 5—15 to the latches of the Servo D—A.

U P -INTERFACE: Issuing an lOT 711 t ransfers the complement of Gradicon
p -word into the 8 LSB’s (8-15) of the Imlac accumulator. Bit 14 in the status
word is assigned to the P-ready flag. The status word may be read into the
Imlac accumulator with lOT 102. lOT 704 causes the next instruction to be
skipped if the P flag is high. If the interrupts are armed and enabled , a first
level interrup t will be gene rated when this flag goes high. This device ’s in-
terrupt will be armed by issuing lOT 142 with bit 14 in the Imlac accumulator
set.

Ill 0-raw- INTERFACE: lOT 701 t rans fers the 10-bit 0—raw word into the 10
LSB’ s of the Imlac accumulator. Bit 13 is the status bit for this flag; lOT
714 causes the next inst ruction to be skipped Li the 0-raw flag is high. First
level interrupts can be generated off this flag If the Interrupts are armed
with bit 13 in the accumulator set, and interrupts are enabled.

IV Both the P-flag and the 0-raw flag may be cleared by issuing lOT 702.

V INSTRUCTION SUMMARY: Bit 14- P status bit. Bit 130-raw status bit .

~0 and p have been defined in previous sections as angular position of the array and in-
tercept distance, respectively . 8-raw Is the servo potentiometer reading converted
to digital form to indicate to the computer actual versus commanded positions to
derive corrective factors. it is not anticip ated that the 8-r aw output will be required.
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lOT 142 Arm interrupts - This LOT arms all (word 2 , level 1) interrupts
whose status bits are set.

lOT 102 Read Status word - This LOT reads the 10 device flags into the
Im.lac accumulator.

lOT 712 Write 0—value - Thi s LOT transfers the contents of the accumulator
to the Gradicon 0-latches.

lOT 711 Read P-va lue - This LOT trans fers the Gradicon P-value to the
J.mlac accumulator.

lOT 701 Read 0-raw-value - This LOT transfers the G ra djeon 0-raw value to
the Imlac accumulator.

LOT 704 Skip if P flag set - This lOT causes the next ins t ruc tion to be
skipped if P data is ready.

lOT 714 Skip if 0-raw-flag set - This lOT causes the next instruction to be
skipped Li 0-raw data is ready.

lOT 702 Clear flags - This lOT clears the p and 0-raw flags.
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Section V

SOFTWARE FOR THE SCANNING CURSOR

A. GEN ERAL

Two computer programs were written for the PDS-1D to demonstrate the corre ct-
ing capability of the scannin g cursor. Both programs conta in the basic algorithm
necessar y for the operation of the scannin g cursor. The basic algorithm Is flow
charted in Figure 15. The difference is the method of displaying the output. The pro -
gram titl ed ~Scanning Cursor PlOt Curves” display s on the screen of the PDS-1D the
feature as it is being traced and corrected .

The program titled “Scanning Cursor Display Digits ” display s numerical data on
the screen of the PDS-1D. The first line of data to be displayed consists of the first
pair of coordinates (X, Y ) with X corrected , the P-count for the second pair of coordi-
nates, the second pair of coordinates (x ,y) with x corrected , and the initial angle of
rotation of the array. The angle of rotation Is a number from 0 to 1023 with one count
equal to one degree. The array is parallel to the X-a~ds and scans left to right when
the angle is 512. The arra y can rotate almost three revolutions , allowing closed con-
tours to be t raced. Subsequent lines contain sample number , the X and Y coordinates
as read from the G ra dicon , the p-count from the array , the corrected X and Y coordi-
nates , and the angle of rotation of the array . Up to 20 lines of data may be displayed.
The data is scroll ed down one line as each new data point is re ad and processed .

The programs were debugged and sever~1 modifications were patched into the
object tapes. The listings for these two programs, the modified object tapes, and a
list of the modifications are available. The listings included in this repo rt are source
listings containing the modifications made above, but have not been assembled to as-
sure their accuracy becaus e of the expiration of the RCA contract. Other modifica -
tions are necessary, depending on the resolution setting on the Gradicon and the
desired output resolution. The modifications are outlined in Tables 2 and 3.

B. OPERATION OF THE SCANNING CURSOR

The scanning cursor can operate with the Gradicon in either the point mode or the
increment mode. The software is limited such that the Gra dicon must be set so that
the feature to be t raced lies in the first quad rant ; I. e . ,  X and Y as read from the
Gradicon must be positive. Operate with the Gradicon INC switch —2 and resolution 2 ,
4 , or 8. In resol utions 2, 4 and 8 , one count from the Grad icon equal s 20 , 40 and 80
micrometer s , respectively. The data is scaled so that one count equals 20 mIcrom-
eters at all resolutions when the program is modified as outlined in Tables 2 and 3.
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TABLE 2. MODiFiCATK’N~ FOR SCANNING CURSOR DISPLAY DIGITS

Line of l isting Res 2 Res 4 
_______ 

Res 8- Octal~~ J O ctai
MNEMONIC Code MNEMON IC Code MNE~ 1ONIC I Code

- ~~~~~~~~~~~~~~~ —- —- --- -_ _ _ _  _ _ _ _ _ _ _ _ _

361 M~~: Dec 8 000010 MXI : Dec 8 000010 ~LX1: Dec 8 ØØOØiO

496 N ()P 100000 SAL 1 00304 1 SAL 2 003042

499 NOP 1 00000 SAl . 1 00304 1 SAL 2 003042

TABLE 3. MODIFICAT IONS FOR SCAN MN G C URSOR PLOT CURVE S

Line of Listing Res 2 Res 4 Res s
Octal Octal

MNEMONIC Code MNEMONIC i Code MNEMONIC Code
_ _ _  4

322 k MXI : Dec 8 ØØØØ1Ø~

426 NOP 100000 SAL 1 00304 1 SAL 2 003042

429 NOP 100000 SAL 1 003041 SAL 2 003042

636~~ SAL 2 003042 SAL 2 003042 SAL 2 003042

651~~ SAL 2 003042 SAL 2 003042 SAL 2 003042

694** C PI2:l 000001 CPI2:1 000001 CPI2:1 000001
~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  _ _  _ _

t MXI is the number of count s (20 micrometers /count) by which X or Y must change
before the coordinate (X, Y) Is used. Reduc e MXI for greater resolution.

**Scale the number of counts in X and Y before displaying feature on screen. The
numbe r of counts to produc e one increment on screen = 2 x C P12.
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The linear array of sensors effectively consists of 33 two—mil elements. The out-
put fro m the array is the sum of the position numbers of the first and last element s
which are obscured by the feature. An error light in the cursor indicates when the
feature is outside the 1/16 inch ret icle. The effective output from the array is a count
between 10 and 66 where 1 count equals 1 mU. The array was optically aligned so that
a count of 33 represents the center of the array ; howeve r , this count may be adjusted
to correct for an offset. Thus (P.-33) is the distance from the center of the cursor to
the feature measured along the array . This distance is scaled by 1. 27 in a table look-
up so that I count equals 20 micrometers, the same units as X and Y from the Gradi-
con.

= 1.27 (P . — 33) i = —1 , 0, 1, . . . (1)

The scanning cursor operates as follows (see footnote 1). The array is initially
rotated so that it is parallel to th e X-axis and scans left to right. This is undesirable
if the initial segment of the feature to be traced is also parallel to the X—axis. In thi s
case the algorithm should be modified to begin with the array in a vertical position.

Read two points and the corresponding values, (X_ 1 , Y 1, P_ i) and (X0, Y0, P~)
with the array parallel to the X—axis (see FIgure 16). In the inc rement mode the
Gradicon samples whenever X or Y changes by two times the resolution (INC=2).
Changing the variable MXI in the program allows an even coarser sampling to be used
by the program (see Tables 2 and 3). In the point mode the foot pedal must be op-
erated to sample. Compute the corrected X and Y coordinates from Equations 2 and 3,
which are special cases of Equations 8 and 9, respectively :

X ’~ = X~ + P1 1 = — 1 , 0 (2)

= array parallel to X-a,ds (3)

If the arra y were Initially parallel to the Y-axls, Equations 2 and 3 become:

X’1 X1 I = —1 , 0 (4)

= + P1 array parallel to Y—a~ds (5)

Compute the slope of the line from (X _j ,  Y...1) to (X0, Y0) with i = I in Equation 6:

Y’i_l —a = arctan I = 1, 2 , . . . (6)
i—I 

— 

i—2

Footnote 1. Obta Inin g the initial angular orientation of the array can be more simply
determined following proc edur es given in Section VI. E. In this procedure
Initial orientation of array angle and feature angle is not dependent on do-
ternilning the required array orientation.
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Rotate the array through the smallest angle O j such that it will be perpendicular to the
line from (X’~~21 Y’~~2) to (X’ 1_ 1 ,  Y’ j_ 1)~

6 = Q —90° for i 1, 2, . . . (7)

Read the next pair of coordinates (Xj, Y1) and the corresponding P1 and compute the
corrected coordinates from Equations 1, 8 and 9:

X’1 
= X . + P’

~ 
cos 9 (8)

= y + P’~ sin 6~~ (9)

Equations 1 and 6 through 9 are repeated for subsequent points.

A lookup table is used to determine the arc tangent , sine and cosine. The sine
and cosine table has been scaled by 2 10 = 1024 so that the computations can be done in
integer arithmetic with three decimal place accuracy. In order to keep the worst case
error in P’ sin Oor P’ cos 0 to ±1 count or +20 micrometers , the angle should be
quantized to steps of 1023, or less as shown in Equation 10. For convenience in soft-
ware the tables were quanti zed in steps of 53’ = arctan (1/64). For an accuracy of ±1
mU , steps of 1°47’ = arctan (1/32) would be sufficient :

= arcain ((1.
1
27) (32) ) 1023, (10)

This is the accuracy required in finding the slope of the line between adjacent points on
the feature. The angle of rotation of the array need not be so precise. For example ,
if the rsdlus of curvature of the feature is equal to the radius of rotation of the array,
then the angle of rotation may vary by 14 degrees for an accuracy of +1 niil in P by
EquatIon 11:

0 = ± arcco~ = +14°22’ (11)

C. DIRECTIONS FOR LOADING OBJECT TAPE

1) Turn power on to P1)8-iD and Paper Tape Reader (PTR) .
2) Press stop on console.

3) Load object tape in PTR.

4) Set address switches on console to 40g.
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5) Press start on console.

6) After tape has been read , set address switches to 1008.
7) Press start on console.

8) Begin cursor operation.

9) Restart at 1008 in case of error .
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Section VI

CONCLUSIONS AND RECOMMENDATIONS

A. PRELIMINAR Y TEST RESULTS

Because of cont ract expiration, evaluational testing of the complete system could
not be undertaken.

While no full station evaluation was possible , preliminary tests using the cursor
alone were carried out both at RADC and at the ATL fac ility at Camden , NJ. Since
the gain and threshold must be adjusted for optimum performance with a given light
source, cnly limited testing was performed at ATL. In general , source level and
uniformity of the simulated Gr adicon table at Camden were poorer than observed at
RADC , and hence improved readings can be expected in an operational situation.

Signal width measurements showed that line widths from 5 mlls to 20 mils pro-
duced consistent noise-free detection gates at the comparato r output . This output Is
the counter control gate for estimating line centers . For these tests a 10-ms integra-
tion time was used, with an array sample rate of 15 kllz. The test medium was
photograp hic lines on tracing vellum.

Typical output s of the processing electronics are shown in Figure 17 and Figur e
18.

These tests performed at RADC produced similar results, with good time
stab ility .

While no dynamic testing of the array rotation servo was made, it has been
de monstrated that it does resp ond to inputs as small as the least significant bit of the
1)/A converte r (approximately 20 my) . A dithe r circuit was added to reduce stict ion
present , but its use may not be requi red.

Other observa tions made on-site Include the fact that no interaction was noted
between the Gradicon unit and the aided—track cursor assembly , indicating that no
compromises in accurac y are made in processing data .
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SCAN I N T E R V A L

4.S ms s.f

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CONDITIONS:
SCAN RATE: 15kHz
INTEGRATI ON TIME: 10 ms
LIN E WIDTH: 10 MILS

1~I .3V

Figure 17. Sample-and-hold output with threshold level superimposed . Significan t
shading of the ifiumination is observable toward the end of the scan.
Such shading determines the threshold settin g.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CONDITIONS:
SCAN RATE :  15 k h z
INTEGRATION TIME: 10 ms
LI NE WI DT H 1O MIL S

1 .3V

Figure 18. Array output pulses (bottom trace); signal gate generated at the
comparator (top trace). This gate controls the count-by—two circuitry
for estimating distance from scan start to the center of the line. Minor
peaks seen are due to the aided—track reticle.
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B. IMPROVED CURSOR CONFIGURATION

During the development of the feasibility model , consideration was given to design
philosophies which would result in a decrease in overall size of the aided-trac k cursor
which would make It easier to manipulate on the table. Original designs were aimed
at maintai ning the viewing area of the unmodified cursor conta ined within a 2-inch
circular viewing port . This pa rticular design goal fixed the dimensional limits and
resulted in a long folded optical path. Reconsidera tion of the design based on the
viewing area led to a tradeoff in this parameter. While a large viewing area is psy-
chologically desirable in that the spatial relation of the traced feature with othe r
features can be maintained and traci ng motions can be adjusted to antic ipate curvature ,
intercepts, etc. , a compromise in this viewing are a can result In a muc h more com-
pact cursor. By revis ing the area to be contained in a 1—inch circle , a shortened
optical path results. A model based on the 1-inch viewing port was constructed for an
actual physical comparison with the feasibility model. Figure 19 shows the configura-
tion of the new version of the cursor app roximately to scale. The overall dimensio ns
with the cursor are 5.4 inches long by 3.3 inches wide by 1.7 inches high.

The second-generation model , which was found to be significantly easier to
handle than the feasibility model , would be the proposed configuration for futu re de-
velopm ental types used for evaluation purposes.

Figure 20 and FIgure 21 are photographs of the improved design cursor and the
feasibility model, respectively, for comparison.

C. ADA PTATION FOR OPAQUE TABLE OPERATION

A rutural extension of the photo-optical techniques used In construction of the
cursor i ~ towards use of the same instrument on opaque top digitizing tables. Use of
reflective properties of selected manu script media could prove feasible in detecting
line position in a manne r similar to that of the tran smissive mode. A dual-purpose
inst rument can then be conceived . Positioning a light source(s) within the cursor
housing to iliwnina te the manuscript would require only minor modification to the
existing cursor housing. Feasibility of this operational mode should be quickly es-
tablished by thi s simple modification. Initial Ulumf nation would be with a common
filament-type bulb; the linear array has maximum sensitivity in the near- IR r ange .
Othe r approaches to implementing a reflective mode of operation can be considered
In addition to and In conjunction with this initial direct approac h to prov ide for 1111-
munity to background sources which could affec t operation.
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(Ij  OP ERATOR VIEWING PORT (
~J SLIP RING ASS0MB~~Y

(j~ SRA MSPL ITTE R DRIVE MOTOR AND GEAR

I MAG I NG L E NS N • I D  HOUSING COVER
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RIN G GEARED ROTATASLE ARRAY MOUNT CURSOR FUNCTION SWITCH ES

MOUNT REARING SUPPORT 4 III UI III I IlL RING GEAR

POTENTIOMETER

Figure 19. Mec hanIcal configuration for Improved version of the
aided —t rack cursor.
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Figure 20. Working feasibility model of aided —track curs oi.

~~~~~~~~~~ .

~~~~~~~~~~~~~~~~~~~~~~ i~: ~: ~~~~~~~~

Figure 2 1. Proposed advanced developmental model of aided-track cursor.
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Figures 22 and 23 show the configu ration for a tra nsmtss ive and a reflective
detection system , respectively, as proposed for the improved design cursor. No
changes are anticipated for the optical system , although some revision may be
necessar y electronically to account for a decreased signal range expected in the re-
flective mode. Primaril y , new gain and threshold sett ings would be required .

D. AL TERNATE METH ODS OF ARRA Y ALIGNMENT

For cursor Interchangeability , two procedure s may be followed for taking into
account offset distances which can exist from cursor to cursor between the arra y ro-
tational center , and the cursor crosshalr center. The first proce dure would involve
optical and mechanical alignment by viewing the projected array rotational center on
the crosshair; the second procedure would determine the offset distance in X and Y
electronically . In the first procedure the centers may be aligned by zeroing the
electrically generated counts in X and Y by fine mec hanical motions of the array
housing; in the second method measured offset values can be used as correctional
constants in a computer algorithm which accounts for the offset. Offset errors can
be determined by providing a zero-degree and 90-degree refe rence position for the
array use in conjunction with a reference X—Y coordinate line as demonstrated in
Figure 24.

OPE RMDR
VIEWI NG PORT

PT
PLANE

CA RRI A G E~MOU NT ED
LIGH T SOURCE

Figure 22. Configuration of a backlighted scanning array cursor.
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OPERATOR
V I E W I N G POR T

— ROTATIONAL
MOUNT

BEAMW LITT~~

ILLUMINATING 
______

SOURCE OPAQUE
MANUSCR IPT

Figure 23. Configu ration of scanning array cursor for opaque tables.

Count measurement methods of determining or chec king alignment are to be
evaluated .

For the feasibility demonst ration mode, a direct optical—mechanical alignment
was ma le us ing t he first procedure in which the rotational center was with in one
reso lution element to the cursor crossha l r cente r when aligned .

E. DERIVATION OF CO RRECTION TERMS D4CLUI)fl~G OFFSET

In Figure 25 the geometric rela tionships of tht ~ linear array with respe ct to the
function being t raced are shown . For clarit y, dimen sional distances of the three
sample points shown have been exagge rat ed . Conse quently, significant diffe rences in
slope s between th c points indica te angu lar posPlona l erro r of the array in pe rpendicu —
lari ty to the functio n. In the practical cas e, where sampl e dimensions are closely
spaced , these errors are greatl y reduc ed to second-order magnitudes in their effects
on computed cor rec tional terms.
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Figure 25. Geometry of the tracing operation.

The center of the cursor is shown by the cross symbol ; the digitizing table en-
coder outputs given as Xe and Ye represent the coordinate values of the curso r cente r
at the selected points (xei,  ~~~~ (Xe2, )‘e2) and (x~~, v~~ ). The array element about
which the array rotates is shown by the circle symbol.

The constant offset assumed between the curbor cente r and the array rotational
axis is defined by ox and Oy with re spect to the coordinate axis. This dimensi on is
shown exaggerat ed to maintain diag ra mmatic clarity.
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The dist an ce fr om the reference arra y element at which the scan start s to the
rotatio nal a~x1s is shown as do; the distance to the detected element is shown as d 1,
d 2, and d 3. These distances are given by

d1 = p n1

p = array element pitch distance

= number of array sample pulses counted from the ar ray reference
element at which the function is detected at sample point i.

The fi rst two cursor samples , designated (X el, Ye i )  and (Xe2, Ye2) , are shown as
accur ately tracking the function to allow computation of the initial arra y orientation..
The third cursor poaltion , represented b~ (Xe3,  ~e3)’ shows how correction terms are
derived as the cursor deviates in position from the traced function.

From tne geometr. it can be seen that the value of the array intercept with the
traced function w1~h respect to the encoder value I s given by

= Xei + Axi

~ei ~~~~

whereL~x1 = (d1 - d )  coB 9 - S x

and A 
~~~~ 

S - (d 1 
- d )  sin 9.

The arra y rotational angle for ~ ~hogona1tty to the traced curve , 9, is based on
the initial slope of a computed from previous coord inate pairs and is calculated as

c =  ( a_ ~~~ )

The initial value of a Is obtained by an accurate trace of the curve for at least the
first pair of coordinate samples , and can be computed directly from the encode r
values as

~
‘e2 - ~e1

a = arctan x - x
e2 el

At X~ 3 
and 3t

e3 ~ Figu re 25 the array is shown rotated throug h this angle.
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i. GILADIC ( N SYNCh RONIZE;) VERSUS N ON SYNCH R ONIZED ARRA Y OUTPUT

Initially it was proposed In our design to allow the array scan clock to I ree—run ,
Independent of instants at which Gradicon output values occurred. if the scan rate
could be macic suf ib~-ient lv high , the array output could be obtained within a corre-
sponding one—resolution interv al for a given maxi mum trac king rate .

Another mode of ope ration was also considered and implemented within the
processir~ - iware. Thi s mode ~tctivated the array scan clock at the instants at
which Grau~ on output values occurred , thus time synchronizing the array output to
the Gradicon. Thi s mode was investigated to determine if any signal gain could be
achieved ope rating in this manner by a resultant increased integration time , and to
provide flexibility in the computer data t ransfe r logic by sequencing the input operat—
ing directly from the Gradicon pulse.

Figure 2 shows the output time sequence for the cases of nonsynchronized and
synchronized modes , (a) and (b) , respectively . in the case of nonsynchro nized opera-
tion , laboratory testing showed that adequate signal integration could be achieved at a
25 -kJ hi  scan clock rate . * At the end of each scan interval , eight clock periods are
provided for resetting the outputs to zero so that each successive scan produces a de-
tected output. This clock rate sets the maximum trac king rate at 0. 7 in/s to output
the correction iactor within one array resolution element of motion. As shown , th~arra output will be produced within 3 ms of a Grad icon output value .

With no change in this clock rate , ope rat ing in a Gradicon- synchronize d mode
a ’lows the arra y to saturate even in the 14—ms period between Gradicon pulses at the
maxim um scan rate. Thus , two scan period s are required to pr oduce a valid array
output ‘letec tion sample . The flr : ;t scan serves only to reset the array to zero , with
the second scan re si iting in a detec table output approximately 5. 1 ms afte r the Grad i-
con output. This de13~ would exceed th e allowable time for obtaining data within a one
reso lution motion of the arra ’, .  It becomes obvious that the array clock rate and the
tracing velocity must be related to produce a constant integration time to maintain a
consistent (invar iant) signal level for a given feature. While it appears possible to
increase the tra cing rat e by using a controlled variable frequency array samp ling
clock , it was regarded as an added techni cal complexity not req uired for demonstrat-
ing feasibility of the aided— trac k concept .

‘This rate was established on an expe rimental light table with a background
source Intensity in the rough order of the Gradicon table. This clock rate is there-
fore subj ec t to change for operation on the Grad icon table. Initial testing showed tha t
this cloc k rate may be increased somewhat.
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The synchronized mode of operation, therefore , will not be of practical use inthis program . Station operation has demonstrated that nonsynchronous data transferdoes not present any oper ational problems .
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