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PREFACE

The problems related to aircraft  trailing vortices are Currently wider
intensive study for the Federal Aviation Administration (FAA ) by the
U. S. Department of Transportation. The Transportation Systems Center
(TSC) of the U. S. Department of Transportation (DOT) initiated and is
carrying out several programs in this area , including programs to
develop acoustic systems for detecting, tracking, and measuring the
strength of a i rcraf t  wake vortices. The system described in this
report was designed , built , and tested by Avco Corporation ’s Systems
Division (Avco/SD) for DOT /TSC unde r Contract DOT-TSC-6a0 , dated
15 August 1973. It is an eng ineered extension of the pulsed acoustic
mult i-s tat ic  radar concept developed by the Communications Branch
of DOT /TSC at Cambridge , Massachusetts.

The Avco-eng ineered system is designed to pe rmit simultaneous
ope ration of two (of three) 8-element arrays  deployed along an
appropriate baseline , and to provide real-time detection, tracking.
recording, and graphic display of vortex locations.

This volume of the final report summarizes the background of the
program and program accomplishments, and presents Avco ’s recom-
rnendations regarding future PAVSS activities. Other aspects of the
system are covered in additional volumes (I, II, and Ill).

The work performed under this contract was significantly
enhanced by the close cooperation and contributions of Ral ph Kodis ,
David Buraham , and Thomas Sullivan , all of DOT/TSC .
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1. INTR ODUCTION

This introduction is presented in two par t s .  Paragraph 1. 1
serves as an introduction to the complete fina l report ;  Para-
grap h 1.2  serves as an introduct ion to this volum e (Volume IV)
of that report .

1. 1 INTRODUCTION TO THE FINAL REPOR T

Trailing vortices f rom heavy jet a i r c ra f t  represent  a current ly
undefined hazard , par t icular l y 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 pr ese nce and loca ti ons o f vor t ices gene rated by heavy a i r -

- aft .

~. feasibi l i ty  of using mul t i -s ta t ic  pulsed acoustic radar  to

~.t and track wake vortices has been demonstrated by the
U. S. Department of Transportat ion ’s Transportat ion Systems
Cen~;er (DOT/TSC ) in tes ts  at Logan International Airport ,
New York , N. Y . ;  and at the Nationa l Aviation Facilities
Experimental  Center  (NAFEC),  Atlantic City, N. S. The hard-
ware used during these tests  consisted of laboratory models .
The equi pment was not eng ineered for long- term installation in
the field , and was incapable of automatic real- t ime data pro-
cess ing and display.

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 goa l of this program was to develop, build , and test an en-
gineered wake vortex sensing system coz~~isting of acoustic
sensors and associated electronics ;  to acquire and process the
sensed data ; and to disp lay this data visuall y in real time .

The complete final report  on this program consists of this
volume (Volume IV , PAVSS PROGRAM SUMMARY AND
RECOMMENDATIONS ) and three  additional volumes as follows :

1—1



_ _ _  ~~~~~~~~~ ~~--.-~~~~~~~~~ -~~~~-

Volume I HARDWARE DESIGN

Volume II STUDIE S OF IMPROVED PAVSS
PROCESSING TECHNIQUES

Volume Ill PAVSS OPERATION AND SOFTWARE
DOC UMENTATIO N

1.2 INTRODUCTION TO VOLUME IV , PAVSS PROGRAM
SUMMARY AND RECOMMENDATIONS

This volume of the final report  on the pulsed acoustic vortex
sensing system covers three major aspects of the program:
the back ground of the program , program accomplishments , and
recommendations regarding fu r ther  actions.

a. Background

Av co/ SD desi gned and developed a PAVSS capable of
detect ing and locating trailing (wake ) vortices produced
by a i r c ra f t  during landings.  The system generate s ,
t ransmi ts , r ece i ves , and processes acoustic pulses in
real time . Vortex position plots and diagnostic disp lays
are also generated in real time . Both a cathode ray
tube (CRT)  terminal  and a hard-copy printer are avail-
able for disp lay ing data and diagnostic information.

The back ground of the program , program accomplish-
ments , and A vco ’s recommendations regarding the
PAVSS program are covered in this volum e of the final
report.

b. Organization of Volum e IV

The remaining section8 of this volume of the final
report cove r the areas indicated below:

Section 2 Describes the back ground of the
PAVSS .

i— a
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I
Section 3 Summarizes PAVSS program accom-

p 1ishments in the areas of hardware
features , software features , and the
operation and performance of the
system.

Section 4 Presents Avco ’s recommendations
regarding PAVSS hardware  and soft-
ware improvements, and the course
of future PAVSS activities .

1-3/1-4



2. BACKGROUND

The pulsed acous t ic  vortex sensing system (PAII SS ) concept was
developed and demonstra ted by the U . S. Department of Trans-
portat ion ’s Transporta t ion Systems Center (DOT-TSC) .  The
work began in 1970 and continued until mid- 1973.  This DOT-
TSC effort  proved that it was possible to locate trailing vortices
from landing a i r c r a f t  b y anal ysis of acoustic data collected by
a mult i -element  acoustic radar  t ransce iver -  -although at this
stage the locating was not being done on a real-t ime bases.

The technique employed is i l lustrated in Figure 2- 1 upon which
the following descr iption of the PAVSS is based. The tr . ~.s-
mj t te r  section of the t ransceiver  at the left t ransmits  a t ra in  of
acoust ic- f requency pulses that i l luminate both vortices. Some
of these pulses are re f rac ted  by the vortex and return to earth
where  they are detected by the rece iving  sections of the trans-
ceive rs at the ri ght ( t ransceivers  1 and 2) .  By comparing the
t ransi t  time of this re f rac ted  si gnal to the transit  time of the
same pulse train tha t reache s t ransceivers  1 and a directly f rom
the t ransce iver  to the left (the so-called l ine-of-s ight , LOS , signal) ,
the d i f f e rence  in the t imes of a r r iva l can be determined.  At the
same t ime tha t this is taking place , s imilar  pulse trains are being
t ransmi t ted  b y t ransce ivers  1 and 2 , and both LOS and vortex-
re f racted signals are being r eceived by the t ransceiver  at the
le ft . El l i pses based on this time data can then be constructed.
Their in t e r sec t ion  accurately defines the vortex location. Success-
ful location of t ra i l ing vortices by this approach indicated its
feas ib i l i ty .

The next step in ca r ry ing the program beyond DOT-TSC’ s
successfu l  demonstrat ion was to implement a full y automatea
eng ineered system capable of collecting and processing vortex
location data in real  t ime , and of providing cathode ray tube
( C R T )  and hard-copy  disp lays of the p r o c e s E e d  data in either a
real-time mode or a playback mode. Such a sys tem would in-
clude three a r rays  of ei ght t ransce ivers  each. These constituted
the f ie ld- located sensing system. DOT-TSC awarded a contract
(DOT -TSC-620) for such an eng ineered system to Avco Corporation ’s
Systems Division (Avco/ SD)  in August  1973. The performance

2— i
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period for the contract was from August  1973 to May 1975.
Table 2 - I  lists important milesttrnes in carrying out this con-
tract .

Th e  contract was amended several times to include work tha t
substantially improved system performance and ope ration.
These amendments, in the form of supplemental agreements
(SA ’s), are listed in Table 2-2 along with a brief descr iption
of their content .

Work under the basic contract and SA’ s 1 throug h 4 was com-
pleted in May 1975 by which time the system was operationa l at
the J. F . Kenned y International Airport  ( JFK)  Vortex Test Site
at the end of Runway 31R .

2—3
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TABLE 2- 1 Signif icant  PAVSS Program Milestones

Date Event

15 August  1973 Award of contract

5 April 1974 Completion of hardware and factory
ci e rn. n St rations

16 April 1974 Completion of improved tracking
techniques (by subcontractors ,
Scope Electronics , Inc . and Arcon
Corporation)

16 April 1974 Shipment of system to J. F. Kennedy
International Airport  (JFK) Vortex
Test Site (at end of runway 3 lR)

8 May 1974 Installation complete at JFK Vortex
Test Site

15 Jul y 1974 Completion of field testing and software
optimization

19 July 1974 Successfu l completion of final acceptance test

27 May 1975 Completion of further software improvement

2-4



TABLE 2-2 PAVSS Contract (DOT-TSC-620) Supplementary
A greements

Supplementary
Agreement  Description

1 Study of improved techniques for
processing PAVSS data

2 Addition of identification data and
hard-copy display to the system

3 Installation and extended testing of
the PAVSS at JFK

4 Improvement of the software; reduction
of the operating complexity

2-5/2 -6
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3. ACCOMPLISHMENTS

This section presents  a brief  account of the accomplishment made
during conduct of the eng ineered PAVSS contract .  It is centered
primarily on the housed equipment used in the PAVSS . The re-
mote , f ie ld- located pulsed acoustic radar subsystem , which includes
the antenna elements , antenna support towers , cabling, e tc . ,  is
very similar in concept to corresponding equipment developed
prior to award of the contract for the eng ineered PAVSS . Hence
tha t subsystem is not discussed here where  at tent ion is centered
on accomplishments under the eng ineered PAVSS contract .  All
aspects of the hardware  desi gn , including tha t of the pulsed acoustic
radar subsystem, are detailed in Volume I - H A R D W A R E  DESIGN
of this final report .

Av co chose to design the sys tem around a Di gital E quipment
Corporation (DEC)  GT-40 minicomputer  complete with a key board
unit and a cathode ray  tube ( C R T )  d isp lay. This comp lement of
equipment provides means for en te ring  sys tem control parameters ,
calculating vortex locations , and fo rmat t ing  and disp laying data.
The design philosophy that was adopted provide s the system
operator with the capabili ty,  via the key board unit , of al tering
any or all operating parameters  at his d i sc re t ion  dur ing tes t ing.

This operational f reedom and f lex ib i l i ty  al lows the sys tem to be
optimized in the field with minimum need for changes in the soft-
ware. Disp lays were provided to a s s i s t  the operator in monitor ing
performance , de te rmin ing  the e ffects  of ha rdware  adjustment s ,
and assessing the results  of changes in the processing pa rameters .

3. 1 HARDWARE FEATURES

Figure 3-1 is a block diagram showing the basic confi gura t ion  of
the eng ineered PAVSS . The system is built around a DEC mini-
computer , as noted above , and appropriate field-located antenna
arrays and associated equipment (the pulsed acoustic radar sub-
system) .  The minicomputer element of the GT-40 is basically
a DEC PDP 11/05 unit in which a second central process ing unit
(CPU ) is incorporated to provide CRT disp lay capabilities. A
CRT terminal, key board unit , and a light pen used with the CRT
disp lay are all included in the GT-40.

3-1
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Several additional items were added to the equipment complement
to implement the required computer  peri pheral functions . These
include : a 7- t ra  di gital magnetic tape unit (DEC T U - l I )  with
an associated c& unit (DEC T M - l l ) ,  a 16K-word memory
(DEC ME l l -L .~ rnal to the GT-40, a bootstrap loader (DEC
M R - l l -D B ) ,  anJ ‘~~ extended ar i thmet ic  unit (DEC K E - l l - A ).
A 14-track analog magnet ic  tape unit (Bell and Howell C P R - 40 l 0)
is provided for data recording . A special-purpose Avco-bu ilt
controller  serves as the in ter face  unit between the computer data
bus , the PAVSS confi guration control  module , 12 signal proces-
sing modules , and the analog recorde r .  The interface between
the 12 si gna l processing modules and the field-located antenna
arrays  is handled by an isolation module used :  (1 )  to provide
balanced inputs to minimize  electromagnetic interference (EMI),
and ( 2 )  to protect the system from lightning and othe r fi eld -
induced t rans ien ts .

The princi pal features  of the PAVSS hardware are summarized
on Table 3-1.

3 .2  SOFTWARE FEATURES

The sof tware  for the eng ineered PAVSS consists of two programs ,
each on magnet ic  tape . One program loads the system memory
with the ope rating program.  It permits the PAVSS to operate in
either a rea l - t ime data collecting mode or in a playback mode.
The othe r program is used to disp lay--via eithe r the CRT or a
hard-copy p r in t e r - -vo r t ex  data previously written by the PAVSS
on di g ital tape . The software is wri t ten in the AVMOTS (Avco
Modular  Test Sy s t e m)  assembly language , a language quite
s imilar  to PAL II. The software is described in VoLume III of
thi 3 f inal  repor t  and in the listings provided with the system.

Several outstanding features were included in the software. These
are discussed brief l y below.

3. 2. 1 Delay Pair Selection

Vortex position is determined in a multi-static a r ray  by measur-
ing the propagation t ime-delay of vortex-refracted signals for
d i f f e ren t  path lengths . Each t ime-delay measurement specifies

3- 3
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TABLE 3-1 PAVSS Hardware  Features (Housed Equipment )

GRAPHICS UNITS (GT-40)

PD? 11/05 Minicomputer

16-bit data word

16-bit address

Me mory read/wr i te  cycle time - 950 nsec

Internal line clock

8K word internal me’nory

16K word external memory

Asynchronous serial in ter face

CRT Display

Separate disp lay central  processing unit

7-1/2- inch by 9-1 /2- inch  screen

1024 by 768 raster unit area

8 intensity levels

6 by 8 dot matrix character font

96 ASCE ASCII and characters

31 special characters

Alphanumeric Key board Unit

96 ASCII characters

31 special characters

3-4

- - _ _ _ _ _



TABLE 3-1 (Cont ’d )

SIGNA L PROCESSOR

Filtering

Z- pole bandpass , synchronous

Compute r -con t ro l led

Detection

Double d i f f e ren t i a t ion

CONTROLLER

Interfaces with PD? 11/05  Unibus

Provides system control

Run state

2 00-second time-out

Selects acoustic f requencies

Feeds acoustic data to computer

Controls antenna a r ray  confi guration

Formats and decodes identification words

7-TRACK MAGNETIC TAPE UNIT (DIGITAL)

0, 5-inch wide industry-s tandard type

800 bits per inch packing density

14-TRACK MAGNETIC TAPE UNIT (ANALOG)

1.0-inch wide tape

Head configurat ion per IRIG 106-71

Tape speed: 15/16-inch per second to 60 inches per second (ips)

3-5
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TABLE 3-1 (ConcPd)

HARD-COPY PRINTER

Printing Capability

96 characters

132 columns

14. 5 dot matrix charac ters  per inch

500 lines per minute

Plotting Capability

10. 24-inch by 10. 24-inch square wri t ing area

1024 total wri t ing points

122 , 880 dots p er second

3-6



the location of the refract ing target  (in thi s case , the vor tex)  as
a point somewhere on an elli pse whose foci are located at the
particula r t ransmi tte r  and receiver  used in making the t ime-de lay
measurements.  This point is the n completely defined by anal yt-
ically determining the point of in tersect ion of position elli pses
based on pairs of time -delay measurements representing d i f fe ren t
path lengths.  Clearl y, a number of redundant  measurements  may
be made in many reg ions of the a r ray  coverage.

Time-delay measurement e r rors  are reflected in locat ion-dependent
position errors  in b istatic and mult i -s tat ic  radar  systems.  Tha t
is , small t ime-delay errors  may resul t  in si gnificant position
errors  when the position is defined in t e rms  of the intersect ion
of two hi ghl y eccentric position ellipses.  In the engineered
PAVSS, this sensi t ivi ty (of the actua l position determination to
time-delay measurement  errors ) is used to advantage by making
tha t sensit ivity the index for selecting the most accurate data in
redundant sets of data. At any location point the best pair of
t ime-delay measurements is , therefore , that which also repre-
sents the largest  angula r di f ference  among the set of elli pses at
the point of their  intersect ion.

An error  sensi t iv i ty  anal ysis was performed to provide a basis
for making the optimum choice among redundant  t ime-delay
measurements .  The resultant choice cri terion , in the form of
a ‘look-up ’ table , was then incorporated in the computer software .
During operation , the PAVSS examines the available si gna l returns
and previous data regarding the vorte x whose position is being
located , and then selects the appropriate delay pairs for use in
calculating the vortex location .

3. 2. 2 E llipse Solution Algorithm

As noted above , the time delay (time di f ference  between the vortex-
refracted signal and the LOS, or ground , si gnal) of a vortex
re turn  defines an ellipse on which the vortex may be located. The
relevant t ransmit ter  and receive r are the foci of tha t ellipse. One
method of determining vortex position requires calculation of the
intersection point of two ellipses generated on the basis of two
vortex time delays . Typically, the s traightforward geometric

3-7 
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equations emp loyed in this calculat ion include numerous  square
root t e rms .  The square root operation , however , ha s to be
implemented by special software and is normally a relat ively
slow operation . A vco , the re fore , devised a unique i terative
al gorithm , one without square root t e rms , to avoid need for the
exact geomet r ic  calculation.  The approach is as follows . A
s ta r t ing  altitude is se lected.  This al t i tude value is then incre-
mented or decremented  by success ive ly smaller al t i tude intervals
until the actual intersection altitude is converged upon with suffi-
cient accuracy.  The long itudinal in te r sec t ion  point is calculated
as part of the i teration.  The accuracy of the convergence is an
inverse function of the number of al t i tude i terat ions executed.
This approach saves considerable execution t ime as compared
to use of the d i rec t  geometr ic  formulas- -and even thi s shortened
execution time is controllable b y appropriate  selection of the
numbe r of al t i tude i tera t ions  to be used .

3 .3  OPERATION AND PERFOR MANCE

This section summar izes  the ope ration and per formance  of the
PAVSS . Details r e ga rd ing  sys tem operation are presented in
Volume Ifi - PAVSS OPERATION AND SOFTWARE DOCUMEN-
TATION .

3. 3. 1 Ope ration

Sys t em opera t ion is init iated by loading the computer p rogram
into the PAVSS from magnet ic  tape . Once this is done the sys-
tem is provided with  a set of operating pa ramete rs  previousl y
determined to be optimum for general l y p revail ing condit ions .
(A short period of t ime is requi red  following program loading to
allow the operator to set the gain of each processing channel .
Sett ing of the gains , which vary as a function of the meteoro1o~~-
ical condit ions , is the onl y manua l se t t ing required for system
operation. )

Rea l - t ime  data collection is accomp lished ei ther manually (under
ope rator cont ro l )  or au tomat ica l ly (in response to commands
init iated remotel y) . A R E A D Y  command s ta r t s  the recorders
and hard-copy pr in te r .  When an a i rc ra f t  (A / C )  is over the
location chosen for the s tar t  of the run , a suitable command
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( s t a r t - o f - r u n , SOR ) is executed.  This command initates those
functions by which the system selects , calculates , and solves
for vortex positions. Hard-copy and CRT disp lays are produced
as req ui red .  A new run beg ins ei ther  when a new R E A D Y  com-
mand is issued , or af ter  200 seconds have elapsed following the
previous SOR command.

Should the operator choose to modif y one or more of the system
parameters , he may do so via the key board unit. Examples of
such modif icat ions  are changes in the a r ray  select ion;  a change
of mode (real- t ime or playback);  and entry  of approximate wind ,
relative humidi ty ,  and t empera tu re  data .

Several disp lays are avai lable on call by the operator during sys-
tem operation.  They may, for example , be selected to allow the
operator to monitor data collection or to examine data af ter  its
co llection. in addit ion , a data dump option is available to permit
the vortex position data recorded on the di gital magnetic tape to
be rev iewed .  The CRT disp lays are summarized in Table 3-2.
Examp les of CRT disp lays are shown in the fi gures identified in
that table (Fi gures 3-2 throug h 3-8 ). The hard-copy printout
options that are available are  listed in Table 3-3. Examp les of
the printout are shown in Fi gures 3-9 throug h 3-15.

3. 3. 2 Performance

The per formance  of the PAVSS varies great l y as a function of
meteorological conditions and of a i rc raf t  type . Wind effects
appear to have the most influence on the quali ty of the data.
Most a i r c ra f t , other than Boeing 707 and McDonnell Doug las
DC-8 types , are t racked well by the PAVSS under calm or li ght
wind (less than 10 knots ) conditions . For winds above 10 knots ,
vortex t racks  de te r iora te  progressively as the wind increases ,
especiall y in respe ct to the horizontal location of the vor t ices .
This may be due to more rapid breakup of the vortices , more
erra t ic  vortex behavior , an increase in ambient noise , or dis-
tortion of the acoustic path , etc. Such conditions amplif y errors
in def ining accura te ly the point of intersect ion of the ellipse pairs
used to determine the vortex position. Examples of good quality
data are shown in Figures 3-16 and 3-17.

3-9
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TABLE 3-2 CRT Disp lays

Display Title Refere nce Figure Desc ri ption

Plot 3 - 2  This display consists of a single page on which the
(P) height of each vortex is plotted ve rsus time and the

horizontal position of both vor t ices  is plotted versus
W1~ e. The header data contain, pertinent run identi-
fication information, including array identification,
run number , aircraft identification (ID), start-of-
run (SOR) time , and mode. The time 8ca les--
which are in seconds and can be 60 , 120 . or 180
seconds- -are key board selectable by the operator.

2. Cross Plot 3 - 3  ThiS plot contains two grid presentationc . The
(C) upper half of the disp lay plots both vort ices from

one array in terms of horizontal distance versus
elapsed time . The lower display plots both vor-
t ices from one array in terms of horizontal distance
versus vertical height. This display includes the
same header data as the Plot (P) display.

3. Processing Parameters 3-4 ThiS display shows either page I or page 2 of the
current processing parameters . The first page
contains the operating mode and tracker parameters
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-
rently operating in real time. Page 2 contains the
antenna geometries and the data mask-out reg ions .

4. Acoustogram Plot 3-5  This disp lay show, the acoust ic data received by
(A) the selected receiver. The horizontal scale is in

time (in terms of milliseconds from the transmit
pulse). The vertical scale is in term. of frame
number after the start-of-run. The horizontal
broken line shown at frame 175 on Figure 3 — 5 de-
notes the mask-out reg ion, with the solid portions
of the line representing those time zones during
which no data is allowed to enter the vortex
proc es b r .

5. Trs.cki.ng ~ cou.togiam 3_ b T~~s 611p~iay ii the same as the acoustogram plot (A)
CT ) described in 4., above , except that only the tracked

data is disp layed.

6. Dot Grid 3-7 Each of the above CRT disp lays (A, T) includes
a dot grid in the lower rl ght~ hand corner. Th is
is .hown, In enlarged form , on Figure 3-is..
This grid identifies those trackers currentl y
tracking data. If the data is insufficient and can-
not Satisfy the tracker minimum requirements ,
a low -intensity spot will appear at the appropriate
grid location. When there is sufficient data and
the tracker is tracking, the appropriate spot in-
cr eases in intensi ty . Figure 3 -lb show s the
layout of the dot grid. Each array has six active
tran Sceivers . Each receiver can receive a maximum
of three line-of-sight (LOS) and three vortex returns .
These have their origin In specific transmitters on
the other side of the array . Th~ refore , the upper
left dot Is receiver l’s response to transmitter 4
and the lower right dot is the response of receiver 6
to transmitter 3. The four sets , or blocks , of gridsrepresent the 2 LOS and 2 vortex returns for the twoarrays as indicated in Figure 3-lb.

7. Digital Tape Disp lays The header and vortex location data recorded on
digital tape may be disp layed in play back mode
operation on the CRT. A typical display is shown
in Figure 3 -8 Either manual page~ by_ pag e or
auto matic page~ turni ng disp lay is poss ible . The
data disp layed on the f irst page is the header date
(Figure 3 -8*). It presents all pertinent data for
the run being cov e red. Subsequent records in the
file contain the vortex location data, as shown in
Figure 3-Sb.

3- 10
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P.A .V .S .S .  - SOSTEX POSITION W. TI lE 13 DIViS ION • 2R SEC.) - ARRAY X - SUN 2 — B-?2? - IJIND —

DISTANCE iFT) PORT AtTITUDE (Fl) 5155 ALtITUDE (El)
-305 5 Joe S 150 0 ISO

1~Ii I i~~~~~I1~~1 rIFE . 5-3~~1 IIIII ‘~~

NOTE : Port (left) and starboard (right) are used to desi~~ate
di rections relative to the run way center-line as viewed.
by a pilot landing on the runway. The following-listed
symbols are used:

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

FIGURE 3-10 Plot (P), Versatec Printout
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P.A.V.S.S. — VORTEX POSITION VS. TIrE II DIVISION • 20 SEC.) - ARPOY XIV - RUN 10 - DC—IS - WIND - .3~ .0

DISTANCE (tEl PORT FiLTITUI)E (Fl’ 53111 A LTIT UDE IFT)
-308 0 300 8 158 8 I5~

5’ _ . .

- 

‘ 

~ I 1 ~ T ,.II lIFE I H I I l ~~H - i  ~l 

I 

-

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
symbols are used:

o = Port
o = P o rt
x = Starboard
• = Starboard
- =  Port
+ = Starboard

FIGURE 3-11 Plot (P) for Both Active Ar rays , Versatec
Printout

3-19



V. — --- -

55 _________ _________ _________
55 — —

55
41 -

3

.4
45-5 0
55 

.4

55 . .  .. . , . C
C ~~~

-‘ .4.__ ,Jj2~~! P1*. _ * _

i 55 114

U

~ 

0)
.4

35
- C

I 
- _- 10

4) 

‘5

55 . IS
0~ - —-— 131

I ‘-.40 ~ 
..

U ~ 
— F.

low 

~~~~~~ :~ ....: 0
53 x—  II .4

~ W I .. 
11)

a w a
35 -i-i -. 0
55. 4- U

0)
(13 ‘—4

0 z C

______

W

-J
Ui

_______ ____ 

UI
U,

a
8-

3-20 

—•--~~-~~--



-
~~
—--

~~
-.- .—-

~~~~~~~~~~~~
—-- - 

55

40

~

a 

_ _ _ _  —

~~~~~

55 ~~~ 
~~~ 

S  , -  I.-
U

• .~i : ’  ~ . I
z ,I):~ 1’ 
0 z 8)
41) 55 CO 8)

_ _ _ _

• . .
I-s

55 . us ~~ 
. 

____   

,..-

a

3-21



- - - - 
- -

~~~~
——

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

- — 

~~

—-.- - -  -

40
~~~~~~~~~

1III1
t~~~~~~~~~~~~~~~~~~

I 

L

U, C, i~—~ —-~
— ______ ______ ———  

- 
I ~~~~~~~ i:f 11_ 

— - -  ‘~ 1 —
‘U 

~~~~ - .  . -
PP. 5.4 . I

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  E
1)3

a .naa’ r-
~ 4- _ia ~~~~~~~~~~~~~~~~~~~~~~~~~~~ —--. —
45. Z C . -

0
N Ui • .4

-i (0
I :3

~~ 
- .1 - ,  - •  - - 0

I IT ”  

_ _

E

~~~~-

3-22

_ _  - -  ~~~~~~~~~~~~~~~~~~ 
- . .-

~~~~~~~~~~~~~~~~~~
- - - . - _ -



_ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

C ~~~~~~~~ I
I I i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P r  4 - o 1 

:::~ :: ~~~ ::~~ -

FOO t.. .1

FIGURE 3-15 Digital Data Dump, Ver satec Pr int out
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P .A .V.S.S.  - VORTEX POSITION VS. T 1 F ~~ (I DiVISION • 28 SEC. ) - ARRAY it — RUN 2 — 9—?27 — 5)1445 • .0

DISTANCE III) PORT ALTITUDE (FT) STBD ALTITUDE (P11
-308 0 388 0 558 8 158

P~ IP ~ ‘~ pOT lIME - CI ’ ‘I I )3’ :3

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
symbols are used:

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

FIGURE 3- 16  Vortex Tracks , Boeing 727 (Fog, Calm)
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Figure 3-16 shows the tracks of vortices produced by a Boeing
727 landing under foggy, calm conditions . Note tha t the header

data for the plot shows tha t the crosswind was zero. It must  be
realized that the wind value is calculated by the system just
prior to the s tar t  of the run. It appears , however , from the
horizontal position data for the starboard vortex , that there was

a sli ght wind in the negative d i rec t ion--a  wind that held the vortex
close to the runway centerline extension. Since the system sets
up guard bands to keep the vortex t rackers  from acquiring the
LOS signals , the wind shift caused a momentary system black-
out at about 50 seconds into the run. This occurs when the dif-
ference between the t ransi t  time for the vor tex-refrac ted  signal
and the transit  t ime for the LOS si gnal is very small (typ ically,
when the vortex is at a low altitude ).

Figure 3- 17 shows the vortex t racks for a Boeing 747 landing
later on the same day. By that time a cross-wind of +7 .2  feet
per second had developed. This caused the starboard vortex to
move out of the field of view of the PAVSS be fore the system
could t rack its motion. The port  vortex , however , under the
influence of the crosswind moved across the runwa y centerline
extens ion .  When it interacted with the ground , there was a rap id
horizontal accelerat ion tha t resulted in the vortex bouncing up
and returning to its origina l path . By the time 90 seconds had
elapsed following passage of the a i rcraf t , the vortex had moved
300 feet f rom the runway centerl ine .

3. 3. 3 Other Considerations

Work was done in two areas-  -sof tware  improvement and meteoro-

log ical ef fec ts - -addi t ional  to those discussed above dur ing  the
conduct of the PAVSS program.

Avco carried out an investi gation to determine whether or not the
PAVSS data could provide better vortex tracking capabil i ty than
tha t provided by the initially designed sof tware.  Problems of
false signal rejection , spurious responses , ground clut ter , and
multiple tracks were  all considered.  Two subcontractors were
engaged to investi gate more advanced software approaches.
The results of these efforts  are reported in Volume II - STUDIE S
OF IMPROVED PAVSS PROCESSING TECHNIQUES.
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Avco also examined the effect  of meteorolog ical conditions on
PAVSS si gnal performance. in carry ing out this effort , a stud y
was started to determine the validity of using LOS si gnal charac-
terist ics as a measure of the sensit ivity of system performance
to meteorological conditions . Data from a special ar ray of
therma l, humidity, and wind ins t ruments  was multiplexed with
PAVSS LOS signals and recorded on analog tape . The taped data
was the n demodulated and the LOS si gnals di gitized to obtain data
regarding such characteris t ics  as pulse shape , intensity, and
delay as a function of the received frequency and environmental
conditions . The PAVSS was fully calibrated when it was relocated
at JFK . After  tha t had been completed , but before the system
was again opemtional following the move , the instrumentation
trailer at the test site was struck by lightning. Thi s caused
damage so extensive tha t the PAVSS had to be completely reworked.
Financial limitations the n prevented fur ther  work on the meteoro-
logical stud y. One of the anticipated results of the stud y was
definition of an automatic gain setting approach tha t would auto-
matically compensate for those meteorological conditions tha t
have been found to a ffect system operation . Since the study was
not completed , this result  was not achieved. Thus , solution of
most of the gain variation problem remains the operator ’s res-
ponsibil i ty (with resultant need for skilled operators) .
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4. RECOMMENDATIONS

This section presents  Avco/SD’ s recommendat ions  r ega rd ing
furthe r PAVSS development.

The performance of the eng ineered PAVSS full y mee t s , and in
fact in many areas exceeds , contractual  requi rements .  It doe s
have several  advantages as well as cer ta in  disadvantages and
limitations. These , along with br ief  comments  regarding  each ,
are noted in Table 4- 1.

.Avco/ SD feels that fu r the r  work on the PAVSS to overcome these
problems would not be economicall y sound . The technical  benefi ts
that would be gained would not be sufficient  to offset  the disadvan-
tages and limitations inherent in the PAVSS .
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TABLE 4-1  PAVSS A d v a n t ag e s  and Disadvantages

A. ADVANTAGES

1. Real-Time Capability

The sys tem has outstanding real-t ime capability for

most a i rc ra f t  types .

2 . Hardware Simp licity

The simplicity of the hardware is reflected in very low

maintenance requirements.

3. Operato r Skills

Less skill is requ ed tu operate the pulsed acoustic

vortex sensing system than is required to operate the

Doppler acoustic vortex sensing system (DAVSS).

4. Produces Smoother Data

The software tracke r approach used in the PAVSS results

in smoother data presentations than that for the DAVSS.
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TABLE 4-1 (Cont ’d)

B. DISADVANTAGES AND LIMITATIONS

1. Large Real Estate Requirements

There appears to be no feasible way of reducing the real estate

requirements . Baselines of 900 feet  are needed to pz~ovide

appropriate tracking zones .

2 . Noise Pollution

Since the antenna design must be kept simplc (because of the

relatively large number of antennas needed), good side-lobe

rejection is diff icult  to achieve . Thus , there exists a noise

pollution problem in the site area. This problem is aggra-

vated by the fact that performance is better at a transmitting

frequency of 2000 Hz. (Unfortunately, this is the frequency of

maximum ear response. )

3. Does Not Track All Aircraf t  Vortices

The PAVSS does not track vortices generated by Boeing 707 and

McDonnell Douglas DC-8 aircraft  probably because of the large

diameter (and resultant low refraction angles) of these vortices.

Capability for tracking vortices generated by these aircraft

could probably not be incorporated without making substantial
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changes in the design of the antennas and in their  deployment.

Althoug h the tracking capability of the system can be bettered

by software improvements, the PAVSS will remain incapable

of tracking all a i rcraf t  vortices.

4. Requires Skilled Operators

The PAVSS’s Sensitivity to environmental  conditions requires

operator s k i l l  t o  set the receiver gain levels . This could be

corrected via hardware/ sof tware  modifications based on using

presence of the LOS signal as a criterion for computerized setting

of the gain levels . This approach assumes , however , that the LOS

signals are always present  and that their  levels are sufficient to

permit meaningful gain setting. This would have to be confirmed

by appropriate tests . This sing le improvement does not appear

practical in the light of the other disadvantages of the PAVSS and

the existence and advantages of the monostatic Doppler

acoustic vortex Sensing system.

5. Cannot Produce Vortex Circulation Data

Since the PAVSS detects refracted signals , Doppler shift s due to

vortex circulation velocities cannot be detected. The system,

therefore, cannot define the degree of hazard presented by the

vortex being tracked.
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