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PR E FACE

The problems related to aircraft trailing vortices are currently
under intensive stud y for the Federal Aviation Administration
(FAA ) by the U. S. Department of Transportation. The Trans-
portation Systems Center (TSC) of the U. S. Department of
Transportation (DOT ) initiated and is carry ing out several pro-
grams in this area , including programs to develop acoustic
systems for detecting, tracking, and measuring the strength of
aircraft  wake vortices. The system described in this report was
designed , built , and tested by Avc o Corporation’s Systems
IYivision (A vco/SD ) for DOT /TSC under Contract DOT -TSC-620,
dated 15 August 1973. It is an eng ineered extension of the pulsed
acoustic multi-static radar concept developed by the Communica-
tions Branch of DOT /TSC at Cambridge , Massachusetts.

The Avco-engineered system is designed to permit simultaneous
operation of two (of three)  8-element arrays deployed along an
appropriate baseline, and to provide real-time detection, track-
ing, recording, and graphic display of vortex locations .

This volume of the fina l report describes operation of the system
and documents the software. Othe r aspects of the system are
covered in additional volumes (I, II, and IV ).

The work performed under this contract was significantl y
enhanced by the close cooperation and contributions of Ralph Kodis ,
David Burnham, and Thomas Sullivan, all of DOT/TSC .
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1. INTRODUC TION

This introduction is presented in two parts.  Paragraph 1. 1
serves as an introduction to the complete final report ; Paragraph
1. 2 serve s as an introduction to this volume (Volume III) of that
report.

1. 1 INTRODUCTION TO THE FINA L REPORT

Trailing vortices from heavy jet a i rcraf t  represent a currently
und efined hazard , particularly during landing and takeoff opera-
tions . Considerations of safety and the need to optimize airport
operation make it essential to acquire positive information about
the presence and locations of vortices generated by heavy aircraft .

The feasibility of us ing mult i-s tat ic  pulsed acoustic radar to
detect and track wake vortices has been demonstrated by the
U. S. Department of Tra:isportation ’s Transportation Systems
Center (DOT/ TSC) in tests of Logan International Airport , Boston ,
Mass . ;  at John F . Kenned y International Airport , New York , N . Y . ;
and at the Nationa l Aviation Facilities Experimental Center (NAFEC),
Atlantic City, N. J. The hardware used during these test con-
sisted of laboratory models . The equipment was not engineered
for long-term installation in the field , and was incapable of auto-
matic real-time data processing and disp lay.

This report describes a pulsed acoustic vortex sensing system
(PAVSS ) development program carried out by Avco Systems
Division (Avco/ SD) for DOT/TSC under Contract DOT-TSC-620.
The goal of this program was to develop, build , and test an en-
gineered wake vortex sensing system consisting of acoustic
sensors and associated electronics;  to acquire and process the
sensed data ; and to disp lay thi s data visually in real time .

The complete final report on this program consists of this volume
(Volume III, PAVSS OPERATION AND SOFTWARE DOCUMEN-
TATION ) and three additiona l volumes , as follows:

Volume I H A R D W A R E  DESIGN

1— 1
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Volume II STUDIE S OF IMPR OVE D PAVSS
PROCESSING TECHNIQUES

Volume IV PAVSS PROGRAM SUMMARY
AND RECOMMENDATIONS

1.2 INTRODUCTION TO VOLUME III, PAVSS OPERATION
AND SOFTWARE DOCUMENTA TION

This volume of the final report on the pulsed acoustic vortex
sensing system describes the operating procedures and docu-
ment s the software. The program magnetic tapes were furnished
with the hardware.  The program listings , which form part of
this volume, are furnished under separate cover.

a. Background

Avco/ SD desi gned and developed a PAVSS capable of
detecting and locating trailing (wake ) vortices pro-
duced by aircraft  during landings.  The system
generates , transmits, receive s , and processes
acoustic pulses in real time . Vortex position plots - -

and diagnostic displays are also generated in real
time . Both a cathode ray tube (CRT)  terminal and -a
hard-copy printer are available for disp laying data
and diagnostic information. Operation of the hard-
ware system and a descr iption of the software used
to control system operation and to process data are
covered in this volume of the final report .

b. Organization of Volume III

The remaining sections of this volume of the final
report cover the areas indicated below:

Section 2 Describes Operation of the PAVSS

Section 3 Documents the PAVSS Software

1—2
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2. SYSTEM OPERATION

2. 1 SYSTEM DESCRIPTION

This section provides the operator with .~n o v e r - v~ew of the PAVSS
to aid his understanding of where certain operatio.’.s are carried
out and the consequences of various operations.

2. 1. 1 System

From a hardware stand point , the PAVSS consists of a pulsed
acoustic rada r subsystem (with up to 24 acoustic antennas),  a
data acquisition subsys tem (which includes a minicomputer a
data display subsystem, and a data storage subsystem. The
arrangement  (for a single antenna a r r a y )  is shown in conc~ ?tual
and block diagram form in Figure 2- 1. Up to three antenna
arrays  can be dep loyed , but only two can be ope rated simulta-
neously by the system. The ope rator is primarily concerned
with the equi pment located in the control station (equi pment
t ra i ler) .  The hardware items located there  are often r e f e r r e d
to as the housed equi pment as dist inct  from the field equipment
which consists generally of those hardware  items dep loyed

- external to the control s tation. -

2 . 1 . 2  Housed E quipment

The equi pment with which the operator in te r faces  consists  of
several  interconnected equipment racks , a desk-mounted com-
puter termina l with a CRT disp lay and a key board unit , and a
hard-copy p r i n t e r/ p lot ter .  These items are shown in Figure 2-2.
Operation of the PAVSS can be controlled by appropriate use of
this equi pment. For more detailed descr ip t ions  of these i tems ,
see Volume I of this final repor t .

2. 1. 3 Field E quipment

The PAVSS field equipment  consis ts  of antenna s , integral  trans-
mit ter  power amplif iers  and receive r p re -amplif iers , and the
cabling used to connect the antenna a r r a y s  to the c - ~ trol station.
Knowled ge of the exact antenna spacings in t e r m s  of distance

2 — i
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FIGURE 2-1 PAVSS Configuration: (a)Artis t ’s Concept,
(b )  Block Diagram
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from the runway centerline is required for system data entries.
For fur ther , more detailed descr i ptions of the field equipment ,
see Volum e I of this final report .

2 . 1 . 4  Displa y Formats

Several disp lay formats  are available for CRT and hard-copy
data disp lay. These are operator selectable for viewing either
in real time or in a playback viewing mode.

2 . 1 . 4 . 1 CRT Displays

Table 2-1 lists the CRT disp lays of PAVSS data tha t are available
during real time or playback mode operation.

2. 1.4. 2 Hard-Copy Displays

Seve ral hard-copy disp lays are available . They are listed on
Table 2-2.

2. 1.5 Data Storage

The system contains two magnetic tape recorders  - - one analog,
the othe r di gital -- for data storage and handling.

The analog recorder  is a 14-track unit that uses 1-inch tape.
Raw analog data is recorded on thi s machine for subsequent off-
line processing when des i red .

The di gital recorder  is a 7-track unit used to perform two func-
tions : (1)  to enter software programs into the PAVSS , and ( 2 )
to record , in c~ict,~ r real time or in p layback mode , vortex solu-
tion data as required by the PAVSS .

2 . 2  OPERATING PROCEDURES

Operation of the PAVSS requires tha t a specifi c procedure be
followed. Since the system is under computer control, the input
parameter limits must be str ict ly adhered to , and the sequences
of operation must  be followed precisely or the system will halt
or malfunction. Paragraphs 2. 2. 1, 2. 2. 2, and 2. 3 (Program
Loading, Data Collection, and SYSTEM OPERATING MODES ,

2-4
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TA BLE 2- 1 CRT Displays

Display Title Reference Figure Descri ption

Plot 2-3 This dL.pl.y consists of a single page on which the

(P) height of each vortex is plotted versus time and the
horizontal position of both vortices is plotted ver .us
time. The head er data contains pertinent run ident i-
ficat ion info r mation. including array identi fication .
run number , aircr aft identificat ion (ID). sta rt-of-
run (Soft) time , and mode. The time scale.--
which are in second s and can be 60, 120 . or 180
second.- -are keyboard selectable by the operator .

2. Cross Plot 2-4 This plot conta ins two grid pre sentations . The

(C) upper half of the disp lay plots both vortice s from
one array Tn terms of hori zontal distance ver sus
elapsed time. The lower display plots both vor-
tices from one array in terms of borisonta l distanc e
ver sus vertica l height. This display includes the
same header data as the Plot (P ) disp lay.

3. Processing Paramet er s 2-5 This disp lay shows either page I or page 2 of the
current proce ssing parameters. The first pag e
conta ins the operating mode and tr&cker parameter s
and some of the header input data . The top of the
page gives the number of the next run and the last
wind calculation up.date for the two arrays cur-
rentl y opera ting in real time . Page 2 contains the
antenna geometrie s and the data mask-o ut region s.

4. Acou .togram P lot 2-6 This disp lay shows the acoustic data rece ived by

(A) the selected r eceiver .  The horizontal scale is in
time (in term s of milliseconds fro m the transmit
pu lse). The vert ical scale is in terms of fra me
number after the start-o f-run. Th . hor izontal
broken line shown at fram e 176 on Figure 2-6 dc.
notes the mask-out region , with the solid portions
of the line repre senting those time zones during
which no data is allowed to ent er the vortex
pro cessor.

5. Tracking Acoustogra m 2-7 This disp lay is the same as the acou stogram plot (A)

(T) described in 4. ,  above , except that only the tracked
data is disp layed.

6. Dot Grid 2-8 Each of the above CRT displays (A, T) includes
a dot grid in the lower rig ht-hand corner. This
is shown , in enlarged form , on Figure Z-8a.
This grid identifies those trackers currentl y
tracking data. U the data is insufflci.nt and can-
not satisfy the tracke r minimum re q4remen ts ,
a low-intensity spot will appear at th. app ropriate
grid location. When there I. suffIcient data and
the tracker is track ing, the appropriate spot in-
creases in intensity . Figure 2-gb shows the
layout of the dot grid. Each array has six active
transceivers . Each receiver can r .ceive a maximum
of three line-of—si ght (LOS) and three vortex returns .
These have their origin in specific transmitters on
the other side of the array. Therefore , the upper
left dot Is receiver l s  resp onse to transmitter 4
and the lower ri ght dot is the response of receiver 6
to transmitter 3. The four sets , or blocks , of grids
represent the 2 LOS and 2 vortex returns for the two
arrays as indicated in Figure Z-8b.

7. Dig ital Tape Displays 2-9 The header and vortex location data recorded on
digita l tape may be displayed in playb ack mode
operation on the CR T. A typical display Is shown
in Figure 2-9. Either manual page .by-page or
automatic page-turning display is possible . The
data displayed on the first page is the header dat e
(Figure Z-9a). It pre sents all pertinent dat a for
the run being covered. Subsequent record s in the
file contain the vortex location data , as shown in
Figure 2.9b .

2— 5
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TABLE 2-2 Hard-Copy Displays

Display Title aeference Figure Descr iption —

Process ing Param eters 2- 10 Upon appropr iate command , the hard -copy
pr inter will print out all of the process ing
parameter s currently entered In the mach ine .
During pr intout , all other system function s
halt until the printout is complet ed.

2. Plot 2 - 1 1 ,  Plot (P) Pr intout . The plot (P) pr intout is the
(P) 2-12 same as the Plot (P) CRT display. The header

data is the same as the CRT display except that
the time scale is included and the start-of-run
time is entered at th c end of the plot. The
total time scale of the CRT plot (P) display
is limited to the input on L ine A Column 2 of
the processing parameter s . The hard-copy
time scale changes with thi s entry , but the

- 
printout continues until the run is stopped.
Figure 2- 12  shows the hard-copy display of
both arrays on the same grid.

• 3. Acoustogram Printout 2 - 13 , 2-14 , 2 - 1 5  This printout is the lame as the CRT acousto-
(A) gram disp lay; that is , the data received is

plotted against time Into the frame and the
frame number. The hard-copy pr intout ,
however , may disp lay one , three , or six
receiver acou stograms from one selected
ar r ay.

4. DigIta l Tap e~ Data 2-16 The digita l tape conta ining vortex location
Dump Printout solutions can be printed out on the hard-copy

print er for quick review. Each file can be
printed sequentiall y in either an automatic
(Continuous) or manual (page-by-page) mode .
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1

P.A .V.S.S. PROCESSING PARAMETERS - RUN 6 - WIND - -8.7. - .0

A - II3DE (R.P) — PLOT TIME (1.2 .3 MIN I P 2
B • AUTO START - AUTO STOP (E.D) E E
C = ACTI VE ARRAYS x
8 - L.O.S. DATA FREQUENCY T. C. 12.0 12.0
E • L . O.S .  TRACKER 1. C. 6.5 6.0
F • L.O.S. DATA FREQUENCY REQUIRED 0.5 0.5
S • DELAY DATA FREQUENCY T. C. 3.5 3.0
H • DELAY TRACKER T. C. 1.5 1.5

- DELAY DATA FREQUENCY REQUIRED 0.4 0.4
3 • FRAME DURATION ( IISEC) 950 950
K • STARTING FPAME NUMBER 12
L LOS GUARD BANDS -/ +  (.25 MSEC) 25 Page 1

- STARTING ALTITUDE 80.0 80.0
N • MET. ELEMENT SELECTION (E.F.L.R) p L
O - LOCK OUT ELEMENT SELECTION (L.R.S.C)
P • WIND SWITCH POINT (+ ~ — ) 5 .0 5.0
O - L.O.S. DETERMINATION METHOD (N.T) T I
P • PULSE LENGTH (MSEC) 3 3

-s - FREQUENCY (WITH — AGAINST) WIND (HZ) 2000 2000

I - MET. DATA — WIND (FI/SEC) — REL. HUM. (‘~) 0 .0 513.13
U • TE)PERATURE. PLAYOQCK STARTUP 32.0 ?~~.67
V DISPLAY NODE ~GI—40.I (VERS) A l - ?  N
U • CONST ANT PATH LENGTH — DATE 5 .0  00 1: 0 3: 4 2:3 3

• AIRPORT CODE — TAPE NUMBER K I

X — ELEMENT POSITIO NS . >~ ARRAY
-480.0 -330.0 -180.0 --30 .0 30.0 180.0 330.0 400.0

Y - ELEMENT POSITIONS . Y APPA l’
—46 0 .0 — 320 .0 -180.0 -40.8 40. 0 180.0 3 0.0 450.0

— ELEMENT POSITIO NS , 2 APPAY
-460.0 -? 2~ .0 —18 0 .0 —40. 0 40.0 180 .0 320.0 460.0

Page 2

~~SV POSITIONS - APPAY I
508 9443 0 4013 940 0
300 940 1) 3013 940 0
400 940 0 500 940 (3

r~ SK P~ SIT I ON5 — AP PA , 2
500 940 0 1I~~ 940 fl
300 9443 0 ~~~ 940 (1

400 9413 0 530 940 0

FIGURE 2-10 Processing Parameters, Versatec Printout

~~ ~VMth81i tO?N 2- 12
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P.A .V.S.S.  - VORTEX POSITION VS. TIlE (I DIVISION - 20 SEC.) - ARRAY X - RUN 2 — 8—72? — WIND • .0

DISTANCE (Fl) POST ALTITUDE (FT) STBD ALTITUDE (Fl)
-305 0 300 0 155 0 ISO

7181 ~TAPT TIME •

NOTE : Port ( lef t )  and starboard (right ) are used to designate
directions relative to the runway center-line as viewed
by a pilot landing on the runway . The following-listed
synibols are used:

o = Port
x = Starboard
- = Port
+ = Starboard

FIG UR E 2-11 Plot (P) , Versatec Printout

2= 13



P.A.V.S.S. - VORTEX POSITION VS . TIlE (I DIVISION • 20 SEE.) - ARRAY XIV - RUN 10 - DC— I0 - WIND - — .3. .0

DISTANCE (Fl) PORT ALTITUDE ( P T )  SlOB ALTITUDE (Fl)
-300 0 300 5 ISO 0 ISO

5.•_ ’ I , -

8~~’4 88 . -PT  T ( ( ~~ 9 1 1

NOTE: Port (left) and starboard (right) are used to designate
directions relative to the runway center-line as viewed
by a pilot landing on the runway. The following-listed
sytnbols are used:

o = Port
o = Port
x = Starboard

• = Starboard
- = Port
+ = Starboard

FIGURE 2- 12 Plot (F)  for Both Active Arrays , Versatec Printout
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r.IP$(W I 7 .Plll I -
MIL 1I,.-.-O.,d. , F - F , . F F ~~%. • ~~~~~~~~~~~ 

~~11. 1. 
I~ IF~ *lft ~~~~~~~ ~~~~~~~~~~~ I

, p..wn,i m . 5$*IiØI

P.

Feet Per k.-O.4 
IF ‘ FF ’,l’I U

IJegrefl , 1. ~~ — ‘ “~~~ —

\ ~~\ 
F ,  F 8 4PP~ — I

1 III .lW ’T I ’  Ill IF ~ ‘1r Ie~

— F - . - , ’ . 1 “ 1011 l IP  ‘4,4 IF

.1 Il 000 0 0  4 II
Ill , F II I 000 0F’~ F,~

‘ 1  ‘ 0 ,0 000 0 0  1

FIGUR E 2-16 Digital Data Dump, Yersatec Printout
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respectively )  describe in a step-by-step manner the parameter
limits and sequence of ope rations required for proper operation
of the PAVSS.

NOTE

For continuity and for simplicity of reference,
the steps described below ha ve been numbered
sequentially from 1. through 65. without regard
to the particular paragraph under which they are
presented.

2. 2. 1 Program Loadii~g

The PAVSS operating program is loaded from magnetic tape via
the di gital magnetic tape recorder  (7-t rack) .  This is done as
follows :

1. Turn on the PAVSS by rotating the key-operated
Power switch on the GT-40 (shown in Figure 2-17)
clockwise (CW ) to the POWER position. This applies
power to the GT-40 processor , the CRT disp lay, both
of the magnetic tape units , and the hard-copy pr inter /
plotter (Versat ecL

NOTE

After start-up, the key-operated power switch
on the GT-40 can be set at the PA NE L LOCK
position and the key removed , if des ired, to
pre vent inadvertent  or unauthorized ope ration
of the GT-40 switches.

2. Make sure that controls on the di gital magnetic tape
unit ( T U-l o ) ,  shown in Figure 2-18 , are set as
follows :

a. The PWR ON/ PWR OFF (Powe r On/Power Off )
switch is set at the PWR ON position.

2— 19
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SPACE

i’,

ADDRESS/DATA SWITCHES
CONSOLE SWITCHES
PO~tER ~‘dITCL

FIGUR E 2-17  GT-40 CRT Termina l  and Key board Unit
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I~1HL~JI ~ IkD]I~ 1
1~4kiL~1I ~1( 1kw
PWR ON ON-LINE START

PWR OFF OFF-LINE S~EOP

LOAD FWD

_ _  

~~~~~~~~~

j )UNIT
BR/REID SELECT REV

FIGUR E 2-18 Digital Tape Recorder  ( T U - l O )  Control Panel Layout
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b. Unit 0 (Zero)  is selected via the thumbwheel . -
control on the UNIT SE LECT switch.

c. The ON-LINE/OFF-LINE switch is set at the
OFF-LINE position.

d. The START/ STOP switch is set at the STOP
position.

3. Set the LOAD/BR R E L  (Load/Brake Release)  switch
on the di gital magnetic tape unit ( T U - l O )  at the Brake *
position. This will release the vacuum and lock the
brakes in the tape handling system.

4. Make sure tha t the re is no write-enable ring in the
tape reel groove on the File (p rogram)  reel , and then
mount the File (program)  reel and thread the program
tape as described in steps 5. and 11., below , and in
the vendor ’s manual f o r  the magnetic tape unit**.

5. Install the File (program) reel on the lower hub with
the groove facing the hub. Make sure that the reel is
f i rmly seated against the hub flange.

6. Install (or make sure that ) the take -up (upper)  reel is
in position, with the groove facing the hub. Make sur e
that the reel is f irmly seated against the hub flange.

7. Set the LOAD/BR R E L  switch on the T U - l O  at the BR/
REL position.

8. Unwind sufficient tape for threading from the File
(program) reel and thread the tape over and around
the various tape guides , the head assembly, and the
capstan as shown on the tape threading diagram ,
Figure 2-19.

9. Wind about five turns of tape onto the take-up reel.

*This ~s the unmarked center position.
**TM_11 DEC Magtape Sys tem , DEC-11-HTMAA-C-D, Section 3.3.

2 — 22
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TAKE-UP REEL

GUIDES :2)

FILE P~~ L
TLTRNED ON

I RIGHT VACUUM
O0L~M1

‘
%• 

Q
/ FILE ~~~L

¶1~JRNED OFF

I

VAOUUM CHAI~ffiER PORT
(To VACUUM ?4)TOR) 

_ • ,

~~~~~~~~~~

NOTE : Tape is automatically drawn into vacuum
columns when LOAD/BR REL switch is set
to LOAD position .

FIGURE 2-19 Digital Tape Recorder  ( T U - l O )  Tape Threading Diagram
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10. Set the LOAD/BR R E L  switch at the LOAD position.
This will draw tape into the vacuum columns .

11. First, set the F W D/ R E W/ R E V  (Forward/Rewind/
Reverse) switch at the FWD position, and then set the F

START/STOP switch at the STAR T position. (Both of
these switches are on the TU-lO .  ) It is important
that:

a. The FWD/REW/REV switch be set before the
START/STOP switch is set.

b. The START/STOP switch must go from the STOP
position to the START position.

This should advance the tape to the load point. If tape
motion continues for more than 10 seconds , set the
START/ STOP switch at the STOP position, set the
FWDJREW/ REV switch to the REV pos ition, the n set
the START/STOP switch at the START position again.
The tape should reverse and then stop at the loa d point .
This will be indicated by illumination of the LD PT
(Load Point) indicator on the TU - l O .  - 

-

12. Set the ON-LINE/OFF-LINE switch on the T U - l O  at
the ON-LINE position.

The next set of operations will require use of the console switches
on the GT-40. Figure 2- 17 shows the general arrangement of the
front panel of the GT-40. Note that there are two groups of
switches on the console . The sixteen switches at the left
(numbered 15 through 0) are the ADDRESS/DA TA switches ,
referred to generally as the Switch Reg ister (SWR ). To the ri ght
of the SWR are six switches -- LOAD ADR (Load Address) ,  EXA M
(Examine ), CONT (Continue ), ENA BLE/HALT , START , and DEP
(Deposit ) -- used to control operation of the computer. Their use
is exp lained later. The SWR permits entry of a 16-bit binary
word used to represent the octal data or address  be ing loaded into
the computer. An indicator light above each switch in the SWR
permits ready verification or readout of the address or data
entered on the switches. When these tab-type switches are in

2- 24
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the Normal (horizontal)  position , a ZERO is entered. When the y
are in the Up position, a ONE is entered. (It is not essential that
the operator understand the detailed workings of the SWR since
only two settings , both clearly described below , are used during
normal operation of the PAVSS. )

13. Set the ENABLE /HALT switch on the GT-40 at the F

HALT (Normal) position.

14. Set the SWR to 1731368 ( 1 111 011 001 011 l l O z ). This
is done by setting switches 15, 14 , 13, 12, 10, 9, 6,
4, 3, 2 , 1 at the ONE (U p)  position. The remaining
SWR switches are set at the ZERO (Normal)  position.

15. Momentarily depress the LOA D ADR (Load Addre s s)
F switch (on the GT-40). Verif y that the indicator lights

on the SWR are li ghted above each switch set at the
ONE (U p) position. If they are not , depress the
START switch and then again momentarily depress
the LOA D ADR switch.

16. Set the ENABLE /HALT switch at the ENABLE (U p)
position.

17. Momentarily depress the START switch.  This should
cause:

s- I

a. The di gital magnetic tape unit (TU-lO) to advance
the tape slightly. F

b . A prompt to appear on the GT-40 CRT screen.
Make sure tha t the BR IGHTNESS control on the
CRT (to the ri ght of the s c reen )  is set to make
the message visible . (Clockwise rotation of this
switch increases the bri ghtness of the display. )

18. Clear the SWR by setting each of the switches at the
ZERO (Normal)  position.

19. Set switch 15 on the SWR at the ONE (U p )  position.
At this point:

2-2 5
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a. The program should load into the machine aut o-
rnatically.

b. The tape should rewind automatically upon com-
pletion of the program loading.

c. A new prompt should appear on the CRT screen.

20. Set switch 15 on the SWR at the ZERO (Normal) position.
This will cause Page 1 of the PAVSS processing para-
meters to be displaye d on the CRT .

Figure 2-20 shows a disp lay of both pages of the processing para-
meters.  The next steps (Steps 21. through 26. ) are used to alter
the data on the ri ght-hand portion of both pages should tha t be
desired.  Figure 2-20, it should be noted , shows only the pre-
viously established data. The person responsible for conducting
the test (test conductor ) must instruct the operator if different
data is to be entered.  A very specifi c sequence must  be followed
to enter data correctly. The change is made by using the key-
board unit.

NOTE

All letters are capital (uppe r case). Therefore ,
wheneve r a letter is entered , the SHIFT key must
be held down while the letter key is depressed (or F

the SHIFT LOCK key depressed and left in that
position if several letters are to be entered
sequentially). Numbers (except for number 1)
must not be entered with the SHIFT key
depressed.

If at any time it is desired to return to the processing parameter
display, the following operating sequence is used:

a. Momentarily depress the $ (Down arrow) key
on the keyboard unit. (Thi s serves as a Stop key. )

and then either:

2- 26
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P.A.V.S.S. PROCESSING PARAFETERS — RUN 6 — WIND - —9.7. — .0 
—

A - MODE (R.P) - PLOT TINE (1.2.3 NIH) R 2
B - AUTO START — AUTO STOP (E.D) E E
C - ACTIVE ARRAYS )( Y
D L.O.S. DATA FREQUENCY T. C. 12.0 12.0
E - L.O.S. TRACKEP T. C. 6.0 6.6
F = L.O.S. DATA FREOUENCY REQUIRED 6.5 0.5
G • DELAY DATA FREQUENCY T. C. 3.0 3.0
H - DELAY TRACKER T. C. 1.5 1.5
I = DELAY DATA FREOUENCY REOUIPED 0.4 0.4
2 - FRIINE DURATION ~-lSEC 950 950
K • STARTING FPA~1E NUMEER 8 12
L - LOS GUAPII EANDS - ‘ + ( .25 MSEC’I 25 35 — Page 1
M - STARTInG ALTITUDE 80.0 80.0
N - (-lET. ELEMENT SELECTION ~E.F.L.R) R L
U • LOCK OUT ELEMENT SELECTION ~L.R.S.C) S S
P - (JiNti SWITCH POINT (+ ~ — 5.0 5.0
O • L . O .S .  DETERMINATION METhOD ((-LI) T T
P - PULSE LENGTH (MSECI 3 3

5’ . FPEOUEHC’F’ (WITH — AGAINST) WIND (Ha) 2000 2600

T • MET. DATA — WIND (FI/SEC) — REL. HUM. ~~) 0.8 56.6
U = TE~FEPATIJ P,E. PLAVOAC K STARTUP 32.0 32.67
V t i l~~PLI ’r’ MUt~E ~GT— 4 O. ‘~VERS) A J — 3  I-i
u • I:otlGmnT F .m  L EN G T h  — DATE 5.0 001:88~ 42:33

= A IR P OP T COD E — rkF’ E (ILINBEP I

— EI..EMEI;1 POSITIONS . A R R A Y  
—

— 46 0. 0  --~ 3i3.0 — 1 9 0 .0  - -36 .0 30.0 186.6 330.0 486.0

Y — ELEMENT PIJSIT IOI’IS, Y ARRAY
-460.0 -320.0 - 198.0 —4 0 .8 40.~ 180.0 3E0.@ 460.0

— — ELEMENT PU’E.JT IOIIS . AR RAY
-450.0 ~32 F3 .0 - 160.6 -40.0 40. 0 180.6 320.0 460.0

_ Pa ge 2
MASK POSIT IONS — A RRAY 1
5130 940 0 400 940 0
300 940 0 77) 80 940 0
400 941) C 500 940 0

MASL POSITIONS — A PPAY 2
500 940 0 4109 940 0
300 940 0 00’) 940 0
400 ~~4I1 0 50’J 940 0 

—

FIGURE 2-2 0 PAVSS Processing Parameter Display
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b. Momentar i ly depress  fi r s t  the CTRL (Cont ro l )  key  and
then the @ ( A t )  key, both of which are on the key board
unit,

or

c. Depress the SHIFT key on the key board unit and while
holding this  key down , momentar i ly depress  the 1 key
(also on the key board unit).  Then release both the
SHIFT and 1 keys .

This will cause the processing parameters  to be disp layed.

If no processing  parameter  changes are required , the system can
now be operated in a rea l - t ime  data collecting mode. All the data
shown in Figure 2 -20  is in the sys t em.  Onl y the a r r ay  selection
(Page 1, Line C),  the date (Page 1, Line W , Column 2),  and the
tape numbe r (Page 1, Line X , Colum n 2)  need to be changed. An
example of the procedure  for changing these entr ies  is g iven in
Steps 21. throug h 26. The various optional entr ie s are discussed
in considerable detail  in Paragraph 2. 3.

21. Depress the SHIFT key on the keyboard unit and while
- ‘ 

holding this key do wn , momentarily depress the C key
(also on the keyboard unit) .  Then release both keys .
This should cause Line C on the CRT to bri ghten ,
indicating it is ready to receive entr ies .  The optional
entrie s for Line C are noted in Paragraph 2. 3.

22. Momentarily depress the 1 key. Thi s prepares the
system to accept an en t ry  in the f irst  of two columns
(in this case , in the lef t -hand column, Colum n 1).

23. Either an X or a Y may legally be entered in Column 1.
If data is to be collected us ing A r ra y  Y , for example ,

F a Y must  be entered.  This is done by depress ing  and
holding down the SHIFT key and then depress ing the Y
key. Both keys are then released.  This should enter
Y in Colum n 1 ( left-hand column) of Line C.

2-28 
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24. Momentarily depress the TAB key. This completes the
left -hand column ent ry  and prepares the system for an
ent ry  in the ri ght-hand column.

25. Either Y or Z may be entered in the ri ght-hand column
of Line C. In this case , since a Y has already been
entered in Column 1 on that line , a Z must be entered

V in Column 2. This is done by depressing and holding
down the SHIFT key and then depressing the Z key.
Both keys are then released.

26. Momentarily depress the CR (Carriage Return)  key.
This completes the ri ght-hand column en t ry  and causes
Line C to be entered in the computer.  This will be
indicated by the disp lay for Line C returning to its
normal bri gh tness .

This cycle of steps (Steps 21. throug h 26. ) must be repeated for
each line on Page 1 on which a change is to be made.

Some mistakes in pararr ’eter en t ry  will cause the keyboard bell to
r ing and the CRT to disp lay the message INPUT ERROR ! When
this occurs , go back and repeat the entry  of cor rec t  data on the
line on which the change was being made at the time the bell rang
and the message was disp layed. This should eliminate the e r r o r
indication .

When operations to change Page 1 have been completed , Page 2
can be disp layed and any des i red changes made.

27. To disp lay Page 2 , per form the following keyboard
funct ions on the key board unit.

a. Depress  and hold down the SHIFT key.

b. Depress  the Y key.

c. Release both the SHIFT and the Y keys.

d . Momentari ly depress  the 1 key.

2-29
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This will cause Page 2 of the processing parameters
for the PAVSS to be displayed on the CRT . F

28. To change the array element positions :

a. Depress and hold down the SHIFT key.

b. Depress the appropriate key (X , Y , or Z )  for the
ar ray  whose parameters  are to be changed.

c. Release both the SHIFT key and the X , Y , or Z key.

This will cause all of the element position numbers of
the selected array to be removed from the display.
Next (assuming a change is to be made in the X a r ray) :

a. Enter the new number for the f i rs t  X a r ray  element
position in the X ar ray  (for example , -480. 0).

b. Momentarily depress  the TAB key.

c. Enter the number of the second element position
in the X array.

d. Momentarily depress the TAB key.

e. Continue in this manner until the last number has
been entered.

f. Momentarily depress the TAB key. This returns

the disp lay to Page 1.

Steps 27. and 28. may be repeated (using the appropriate keys )

as required to change other aspects of the array geometry. F

29. The mask regions on Page 2 can be changed as follows.

a. Depress and hold down the SHIFT key. F

b. Depress the Z key.

c. Release both the SHIFT key and the Z key.

2- 30
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d. Depress and release the 1 key. This will disp lay
F Page 2.

e. Depress and release the 1 key. This will erase
F MASK POSITIONS-ARRAY 1 for receiver 1.

Figure 2-2 1 indicates the arrangement used to
disp lay the mask data. Operation of the 2 key
would have erased the MASK POSITION-ARRAY 1
for receiver 2, etc . The Mask reg ions are

• established as follows :

( I )  The f irst  number represents the time (in
mill iseconds) of the end of the iirst  period
that data is masked out (pr€ve nted from enter-
ing the system). (Note that the system starts
up with data masked out -- prevented from
entering the system.

(2) The second number represents (in milli-
seconds)  the end of the time during which the
f i rs t  data gate is open to allow data to enter
the system.

( 3)  The third numbe r represents  the time (in
milliseconds ) at which the second masked out
reg ion ends (which began at the time established

F by the second number) .

(4 )  The process is repeated until all of the mask
positions have been established.

The next to the last number should be about 10 milli-
seconds less tha n the durat ion of the frame for that
array (as entered on Page 1, Line J).  The last
number should be a ZERO. Up to seven numbers
can be en te red .  There should be an odd number
of entries on each line .

The following steps (Steps 30. throug h 47. ) cove r the procedure used
to load tape reels onto both the analog and di gital tape recorders  for
data collection or data playback. Furthe r details regard ing  operation
of the analog recorder  are g iven in the vendor ’s rnanual* .

*CPR 4010 Magnetic Tape R e c o r d e r / R e p r o d u c e r, Operat ion and
Maintenance (992630-0004).
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30. Make sur e that the analog magnetic tape recorder
(CPR 4010) is turned on. It is turned on by set ting
the Fbwer On/Off switeh (shown on Figure 2-22)  at the
ON position.

31. Install an empty 10-1/2-inch reel (take -up reel)  for
1-inch tape on the lower tape mounting hub.

32. Install a full reel (supp ly)  of new (or completely d e —
gaussed) magnetic tape on the upper tape mounting hub.
Make sure that the tape is coming down off the reel on
the left-hand side facing the tape transport, as shown
on Figure 2-23.

33. Pull approximately four feet of tape off the supply
(upper) reel.

34. Thread the tape around the various rollers , guides ,
heads , and capstans along the path indicated on
Figure 2-23.

35. Wrap the free end of the tape around the take -up ( lower)
reel in a counter-clockwise (CCW) direction and pull any
extra tape back up onto the supply (upper) reel to remove

all slack.

36. While holding the free end of the tape against the hub of
the take-up reel , rotate the take-up reel clockwise
several turns until the tape binds itself onto the reel.
Make sure that there is no ‘bump’ on the take-up
(lower)  reel where the tape overlaps .

37. After  the tape has been threaded as shown in Figure
2-23 and described in steps 30. through 36.,  above ,
rotate the take-up reel manually until the READY

indicator light on the CPR 4010 goes ON. If this light
fails to go on, make sure that the supp ly and tens ion
rollers are correctl y positioned (as indicated in
Figur e 2-23).

The analog magnetic tape recorder is now ready for use in data
collection. A similar procedur e is used in preparing for playing
back data.
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The program tape should now be removed from the di gital magnetic
tape recorder ( T U - l O )  and a reel of f resh tape installed as des-
cribed in Steps 38. through 41., below.

38. Set the LOAD/BR REL switch on the digital magnetic
tape recorder (TtJ- 10)  at the BR REL position.

39. Use both hands (one on each reel) to unwind the tape
from the take-up (upper) reel and wind the tape onto
the File (lower) reel until all the tape has been removed
from the take-up reel.

40. Set the LOAD/BR REL switch at the Brake * position
and remove the File (program) tape from the mounting
hub and install the protective band.

41. Install a reel of new (or fully degaussed) tape on the
magnetic tape recorder as described in Steps 2.
through 12., above , except that a write-enable ring
must be installed in the groove on the back face of the
supply reel.

The system is now ready to be operated to collect data. Para-
graph 2. 2. 2 describes the steps to be taken to operate the system
to actually collect data.

2.2. 2 Data Collection

Operation to collect data in real time can beg in after the program
has been loaded into the computer and fresh tape has been installed
in the analog and magnetic tape recorders.  The system may then

V collect real-time data. If there is doubt tha t the program is being
properly executed , reload the program as described in Section
2. 2. 1.

42. Enter the best estimates of wind and relative humidity
on Line T of Page 1 of the processing parameters.

I; ________________________________________
*Thj s is the unmarked center position.
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43. Enter the correct date on Page 1, Line W , Column 2.

44. Enter the correct  airport code and tape num ber on
Page 1, Line X, Columns 1 and 2 , respectively.

45. Enter the two arrays  to be operated on I’age 1, Line C,
Columns 1 and 2.

46. Disable automatic control by placing a D in Columns 1
and 2 , Page 1, Line B.

47. Turn off power to the analog recorder  and place the
digital recorder off line.

48. Start the transmitters by momentarily depressing the
EOS and LOCK keys on the keyboard unit simulta-
neously.

49. Start the LOS trackers by depressing the .~~~~— (Left
arrow) key on the keyboard unit. The system should
now beg in to fill the trackers , and to update the LOS
guard band locations and word value s (at 15-second
intervals ).

5~ If after about two minutes the wind values look reason-
ably close to the estimated value s, momentarily depress
the HOME (ready to run) key on the keyboard unit, wait
three or more seconds , and then momentarily depress
the ~ (U p a r row)  key to start the run. Wait until
a time at least as long as the product of the value s on
Page 1, Lines K and J has elapsed. Watch to see if
the LOS trackers are illuminated while the delay track-
ers are not (as indicated on the dot display in the lower
ri ght corner of the CRT - see Table 2-1 and Figure 2-8).
Adjust the gain potentiometers for the lowest value that :
(a) fills the LOS trackers, and (b) does not produce
delay tracker indications (during a non-vortex period ).
The 12 gain potentiometer controls are panel-mounted
below the 28 recorder channel gain controls on the
analog tape recorder rack. If the delay t rackers  illu-
minate , it means that the guard bands are incorrectl y
located . When this happens , set all of the gain
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potentiometer controls to the 3 o’clock position and
stop the run by pressing the $ (Down arrow ) key
on the keyboard unit. Go to the processing parameters
(via appropriate action of the CNTL and @, or SHIFT 1
keys on the keyboard unit ) and alter Page 1, Line L
to read 150 and 150. Allow the system to continue V

operating for at least one minut e, the n change Line L
to 100 and 100. Allow the system to continue opera-

ting for at least one minute, then change Line L to
50 and 50. Wait again, then set Line L to 35 and 35.

This should capture the LOS signals and enter the guard

bands settings. When the gain has been set corre ctly
insure that Page 1, Line V contains the desired dis-
play and printout information. Place the di gital tape
recorder on line , and turn on the analog tape recorder ,
whose tape speed control should be set to R (Remote ),

making sure that the STOP switch has been set (as

indicated by being illuminated) and the READY light
is ON.

51. Momentarily depress the HOME (ready to run) key on

the keyboard unit. This should start the analog tape
recorder ;  cause the CRT display to shift to the display
corresponding to the entry on Page 1, Line V , Column 1;
and cause the Versatec to write the appropriate header

V 
(not visible at this time ).

52. The start  of run (SOR ) can be entered only after either:
(a)  the paper in the hard-copy pr in ter /plotter has stopped
moving following completion of Step 51., above, or , if
the hard-copy printer/plotter is not used, 1-1/2 seconds
have elapsed following completion of Step 51., above .
The start of run is initiated by momentarily depressing F

the $ (U p arrow ) on the keyboard unit. When this
is done , the SOR time will be entered automatically and
the run will start.

53. When the run is to be terminated , momentarily depress
the (Down arrow) on the keyboard unit. This stops
the run and enters  the SOR time at the end of the hard
copy.

2- 38
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54. The next run is started by entering the new a i rcraf t
identification (ID ) a n d &epeating Steps 42. , 43., and
44. The run number will be incremented automati-
cally.

The system is shut down by carrying out the following steps
(Steps 55. through 57. ).

55. End the current  run (if it is in progress)  by momen-
tarily depressing the (Down arrow ) on the
keyboard unit.

56. Set the ENABLE/HALT switch on the GT-40 at the
HALT position.

57. Rotate the key-operated Power switch on the GT-40
counterclockwise to the OFF position.

The system is re-started by carrying out the f o l lowing-Lis ted
steps (Steps 58. through 65. ).

58. Rotate the key-operated Power switch on the GT-40
clockwise to the POWER position.

59. Set the ENABLE /HALT switch on the GT-40 at the
ENABLE (Up)  position.

60. Momentarily depress the CONT (Continue ) switch on
the GT-40. —

Once power for the di gital magnetic tape unit (TU-lo) has been
turned off , it loses its tape position and a new reel of digital tape
must be installed.

61. Manually take out any slack in the tape by winding it
manually onto eithe r the file (lower) reel or the
tape -up (upper) reel. The LOAD/BR REL switch on
the TU - l O  should be set at the BR R E L  position whe n
doing this.

62. Set the ON-LINE/OFF-LINE switch on the T U - l O  at
the OFF-LINE position.
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63. Set the F W D/ R E W/ R E V  switch on the TU - l O  at the
REW (Center)  position.

64. Set the LOAD/BR R E L  switch at the LOA D position.

65. Set the START/ STOP switch f i rs t  at the STOP position
and then at the START position. When thi s is done
the tape should rewind and the n stop automatically at
the load point .

Remove the tape and install a new tape in accordance with the pro-
cedures descr ibed in Steps 2. through 12. , above .

Make sure tha t the write-enable ring is in place on the new tape
reel. The system can then be operated as described above .

If the re is any question about whether the operating program is
functioning properly, repeat Steps 1. throug h 41.

Section 2. 3 describes not only how various plots are called up,
but also the various disp lay options.

2.3 SYSTEM OPERATING MODES

The preceding section presented the steps that are taken to operate
the system in real time . This section covers the entry definitions ,
means of obtaining diagnostic and parameter printouts , operation
in the playback mode , and the method of changing the content s of
the system run counter.  (Paragraphs 2. 3. 1, 2. 3. 2 , 2. 3. 3, and
2. 3. 4, respectively).  Paragraph 2. 3. 5 summarizes system
operation .

The parameter limitations are noted in Figure 2-24. This figure 
V

shows a typ ical processing parameter printout . Two columns
have been added to the ri ght of the actua l printout . These indicate
the al lowable entries normally used in the t wo parameter ent ry
columns that appear immediately to the ri ght of the parameter
description entry. Note thaton Page 1 each column represents  a
diffe rent function when the parameter descri ption includes two
items -- such as Line A (which contains MODE , and PLOT TIME).
In those cases where the parameter description has only one item ,
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such as Line D (L . 0.S. DA TA FREQUENCY T. C. ), Column 1
refers  to the array entered on Line C, Column 1, and Column 2
refers to the array entered on Line C, Column 2. Numerical
entries can be integers (whole numbers)  or floating point (decimal)
numbers as indicated in the key provided on Figure 2-24 or in the
two right-hand columns added to the printout shown in tha t fi gure.
Integer entries must start with a sign , a di git , or a space. A
floating point entry must start with a sign , a di git , a space , or a
decimal point .

2. 3. 1 Entry Definitions

Several of the processing parameter entries require definition.
These are provided on Table 2-3. The range of values for each
entry is given on Figure 2-24.

2. 3. 2 Parameter Printout s

The operator can obtain hard-copy printouts of the processing
parameters. Printout of these parameters during non-run periods
can be obtained by first  depressing the (Down arrow ) on the
keyboard unit to make sure that the run has stopped , and then
depressing and keeping the CTR L (Control) key depressed and
depressing the D key (lower case, tha t is , without using the
SHIFT key). Both keys are the n released.

2. 3.3 Playback

Previously recorded analog data can be played back for reproces-
sing. The data need not have been acquired on the PAVSS system ,
as long as the recorder track assi gnments are the same as those
in the PAVSS system. To play back data acquired by the PAVSS , F

the system is operated in the so-called P-playback mode. This
is done by entering a P on Page 1, Line A , Column 1 of the pro-
cessing parameters.  The tape should be installed on the analog
recorder and positioned several runs ahead of the location of the
particular run or runs to be played back. The system is then
operated as if it were being used in real time . The system can
be operated manually by using the ~ (U p arrow ) and $ (Down
arrow ) keys on the keyboard unit to start and stop, respectively,
its operation. Alternatively, it can be operated automatically by
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entering an E in Line B, Column 1, Page 1. The analog recorded
control signals will then automatically govern system operation.
In addition , the LOS (Start)  and EOL (Stop ) keys on the keyboard

unit can be used , in conjunction with the key-operated Power
switch on the GT-40 , to remotely start and stop, respectively,
the analog recorder .

If data recorded on anothe r system is to be played back (the so-

called Q-playback mode ), a Q must  be entered on Page 1, Line A ,
Column 1 of the processing parameters.  The procedure then is
the same as for P-playback except that all entries on both pages

of the processing parameters are required.  The s tar t-of-run
time tha t will be displayed will be the playback start time , not the

time at which the recorded run actuall y started. -

Dig ital tapes may be played back to obtain CRT display or to ‘dump ’

data on the Versatec.  Such playback requires loading a different

program into the computer. The following approach is used.
Place the system into operation by repeating Steps 1. through 17.

(Section 2. 2. 1). In Step 18., set switch 1 at the ONE (U p)  position.
Place all the remaining ADDRESS/DA TA switches at the ZERO

(Normal)  position. Continue with Step 19. Remove the program
tape from the T U -l O .  Load the data tape to be dumped int o the

T U -l O .

F 
If onl y a CRT disp lay is desired , set either SWR switch 0 (for

Array 1) or switch 1 (for Array 2)  at the ONE (U p) position to

select the a rray  whose associated data is to be dumped. Set

switch 15 to the ONE (U p) position and the header of the f irst  run

on the tape should be displayed.

If a Versatec printout is desired , before setting switch 15 at the

ZERO (Down) poshion , set switch 14 to the ONE (U p) position for
Versatec printout and the n set SWR switch 15 to the ZERO (Down)

position. A page at a time can be printed out by appropriate

operation of switch 15. If switches 14 and 13 are both set at the
ONE (U p) position , prior to setting switch 15 to the ZERO (Down)

posi tion, setting of switch 15 to ZERO will result in a continuous

printout of seque ntial pages until the end of the di gital tape .
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2. 3. 4 Changing System Run Counter

The CTRL (Control ) key and eitEe r the A (for add ) key or the S
(for subtract)  key (all on the key board unit ) can be used to incre-
ment or decrement, respectively, the number in the system run
counter. Thi s can be done regardless of whether the system is
operating in real time or playing back data recorded on another
system (Q playback) since it pe rmits correct run numbers  to be
assigned to the data being printed out or displayed. During play-
back of data recorded on this system (P-p layback) the run number
is read directly from the analog magnetic tape .

2. 3. 5 Operating Summary

The following is a brief review of the operating procedures des-
cribed in detail in preceding paragraphs of this section.

1. Power up the system

2. Load the program tape into the di gital recorder

3. Load the program into the minicomputer

4. Place fresh digital tape on the di gital recorder

5. Place fresh tape , if needed , in the analog recorder

6. Operate as described above by using the keyboard unit
functions listed on Table 2-4, or operate under exte rnal
automatic control.
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TABLE 2-4 Keyboard Functions

Key or Keys Description Function

I Up Arrow Start Run

Down Arrow Stop Run

Left Arrow Start LOS Track

Right Arrow Stop LOS Track

EOS LOCK Start Acoustic Transmission
or Analog Recorder

EOL LOCK Stop Acoustic Transmission
or Analog Recorder

HOME Ready for Run

CTRL @ Control  At Disp lay Parameter  List

SHIFT 1 Page 1 Request

CTRL R Re-define LOS Zones and Up-
datt - Wind Values

CTRL A Increment  Run Number

CTRL S Dec rement Run Number

CTRL D Parameter  Printout

SHIFT 8 Disp lay Array  1 (GT-40)

SHIFT 9 Display Array  2 (GT-40)
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3. SOFTWARE DOCUMENTATION

3. 1 INTRODUCTION

The software documentation package, together with the program
magnetic tape itself , provides a complete and usable record of
the PAVSS operating system.

The program listing consists of a complete set of listings of all
the main programs and subroutines in the operating system.
These routines and programs are all written in Avco Modular Test
System (AVMOTS ) assembly language which is similar to DEC
PAL II language . The AVMOTS program is a cross-assembler
and linkage editor tha t runs on the IBM 360 computer. The input

V medium is punched cards;  the output is a magnetic tape that can
be directly loaded into the system. Within the program , any
symbolic references to locations defined in anothe r program and
contained by that program are resolved by the AVMOTS linkage
editor.  As noted in Paragraph 3. 2, the pr ogram listing is pro-
vided under separate cover.

The software descr iption consists of a general  outline of the func-
tional purpose , structure, and method of operating sys tem and its

F major subroutines. This description is contained in Paragraph 3. 3
of this report .

I’---

F 3 .2  PROGRAM LISTINGS OF THE PAVSS OPERATIN G SYSTEM

The program listing is provided under separate cover due to its
size and magnitude .

3.3 SOFTWARE DESCRIPTION

3. 3. 1 General

The software system is required to perform three functions:
PAVSS operation , PAVSS control , and data processing. The
system consists of an operating sys tem/application program.
All programs are initially loaded into the PDP-1l from a 7-track
tape , using a bootstrap loader.

F V 
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The operating system permits the operator to initialize the sys-
tern by prompting him for various parameter values. The GT-40
display screen (CRT)  and its associated keyboard are used for all
operator/ system communication. Other portions of the operating
system allow the operator to start  and stop a run and to supply
the radar subsystem controller with the parameters needed for
signal processing. Other functions of the operating system
include :

. Power Fail and Restart Handling

• Interrupt Processing , including interrupts from the :

Operator (Key board)

Radar Subsystem Controller

V Hard-Copy Printer

Digital (7-Track) Magnetic Tape Recorder

Clock - V

• I/O Processing, including formatting and control
routines for the :

Keyboard

GT-40 CRT Display

Har d-Copy Printer

Digital (7—Track)  Magnetic Tape Recorder

• Conversion, including rout ines for converting from:

ASCII to Binary V

V Binary to ASCII

Binary to BCD
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Based on the operator ’s choice , the operating system provides
the parameters required or allows the operator to alter them.
Upon completion of processing, the system checks to see if any
operator ’s requests are outstanding, honors valid requests , and
repeats the cycle until the operator stops the run , or 200 seconds
have elapsed.

3. 3. 2 Operating System

The following descriptions and flow diagrams present a gene ral
outline of the PAVSS software.  It is intended to be an ove r view
of the software system operation. In several cases , considerable
detail is presented in the flow diagrams when it is felt tha t this
could aid the operator in understanding his control of the system.
Other large sections of the computer program, or code , are
described onl y by the function that the y per form without reference
to the method used in performing them. Still other lowe r level
“service ” routines , such as the floating point routine , are not
described at all.

The complete software system is defined by the program l is t ing--
which , as noted in Paragraph 3. 2, is submitted under separate
cove r since it is too voluminous to be ph ysically a part of the
final report. These routines and programs are all wri t ten in
AVMOTS assembly language , a language quite similar to DEC
PAL II language . Within a program , any sym bolic references
to locations defined in anothe r program and contained by that
program are resolved by the AVMOT S linkage editor.  This re-
presents a very  powerful tool and it has been used extensively.

Althoug h the flow charts shown in Figures 3-1 through 3-5 are
intended to be self-explanatory, a short descr iption is provided
to assist in understanding the connections between various
routines.

A flow chart  of the main program is shown in Figure 3-1. This
chart shows very  little program detail , with large portions
indicated onl y by their function . Examples are:  Perform
Requested Soft ware Change , Do Delay Tracking, etc.

3-3
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FIGURE 3-3 Flow Chart , Clock Interrupt Routine
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The chief flow routing parameter in MA IN is called the system
state . Its value is determined by either the status of the software

— - or external events. The events may be operator action s or signals
sent to the PAVSS controller. The normal transition route of the
system state is as follows :

Non-Run J -

(via external event)

Non-Run, Ready Pending

(via software status)

Ready

(via external event)

Ready, Run Pending

(via softwa!re status)
fl- I

Run

I- ~1(via external event) (via PAVSS controller action)

Run , Non-Run Pending Run, Ready Penc~ing

(via soitwhe status ) (via softwLre status)

Non-Run Ready

3-9
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The only exit from the loops of MA IN is by a hardware/ sof tware
action called an interrupt. When an interrupt is issued , the
program status is stored and control is transfered to the appro-
priate interrupt routine. When the interrupt routine has finished ,
the pre-interrupt program status is restored and control passes
back to the interrupted routine. Using this method , various para-
meters in the MA IN program (such as system state ) may be
changed. Four devices are capable of issuing interrupts:  the
keyboard , the PAVSS controller , the clock , and the hard-copy
printer/plotter.

When the operator presses an appropriate key on the keyboard ,
an interrupt is issued and program control passes temporarily to
the routine charted in Figure 3-2 This routine is treated in
cons iderable detail in the flow chart since reference to it enables
the operator to determine what e ffect certain of his actions will
have on the system.

The three other interrupt routines (clock, PAVSS controller, and
printer /plot ter)  are charted in Figures 3-3, 3-4, and 3-5,
respectively.

I
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