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ABSTRACT

This report descrthes the first three menths activity in the development of
a fully self-contained automated near field antenna measurement facUlty . A
description of the system Is includ ed . The pr imary efforts have Involved purchasing
of long lead hardware and equipment , mechanical design of the posittoner str ucture ,
and outlining of softwar e requ irements.
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PURPOSE

The measurement of antenna characteristics Is a significant cost Item In the
development, manufacturing, and field use of many radar and communication
systems. Such costs are particularly high for phased array radar systems where a
large amount of information, such as beam position data, Is required on each
Individual antenna in order to provide system calibrations.

The conventional approach to such requirements involves transporting the
antennas and beam steer ing control equipment to a high performance outdoor pattern
range, often at a considerable distance from the manufacturing site. Even if the
pattern range is automated so that data acquisition is computer controlled, a
relatively long test program is required to properly evaluate typical phased arrays.
If problems arise , far field pattern measurements provide little insight Into the
diffi culty - -a single mnlswired phase shifter or an open connection In a complex array
may be almost Impossible to diagnose without dismantling the system.

In recent years a measurement technique called near field probing has been
developed to the poInt where it can provide an effective alternate to the far field
range . The National Bureau of Standards, Boulder , Colorado, and the Georgia
Institute of Technology, Atlanta, Georgia, have pioneered In the development of the
hardware and computational techniques necessary to make this approach practical.
Both organizations have built and demonstrated system s which provide accurate
measurements on typical array antennas.

The near field technique involves the sampling of the vector RF field on a
per iodic grid near the antenna radiating ap~~ture. These data are converted to a
far field pattern by a mathematical algorithm equivalent to the actual creation of the
far field pattern In space from the field distribution. Although the sampling must
be periodic, and approximately at half wavelength Intervals, an absolute position refer-
ence to the antenna aperture is not required. This feature makes the technique
extremely cost effective for measurements of phased arrays since many beam
positions can be interlaced during a single scan of the near field probe. Fast RF
switching may also be used to allow sum and difference or multiple beam antenna
ports to be properly sampled dur ing a single scan.

This program will develop the hardware and softwar e necessary to provide
a near field measurement system capable of meeting the requirements for measure-
ments of planar array antennas such as the AN/TPQ-36 and AN/TPQ-37

.1
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System Description

The system being developed consists of a 2 axIs XY positi oner , an
antenna ~nounting structure, a signal source and phase amplitude detector , and
a computer , display and control system. The system will be entirely self
sufficient with only special control devices for the antenna under test r equired to
perform a full measurement of all pertinent antenna parameters.

The basic design of the posittoner mechanism has a great deal of similarity
to the very successful NBS facility except for modification necessary to make the
equipment relocatable and to provide a more suitable antenna mounting arrangement.

The poslttoner scans in a vertical plane and is capable of traversing 13
feet in the X (horizontal ) direction and 15 feet in the Y (vertical ) direction.
Simple scaling of the design could be used to obtain different area coverage . Lateral
dIsplacem ent of the probe with respect to the antenna under test (Z direction) is
accomplished by movement of the antenna mount. The artist ’s sketch in Figur e 1
shows the positioner mechanism.

Accurate position measurements In the X and Y direction will be made by a
Hewlett -Packar d laser Int er ferometer measuring system. The laser measuring
system is more than adequate to provide the specified probe position resolution of
005 In. Each axis wifi be monitor ed Independently by the softwar e operat ing

system to allow on-line det ermination of the probe location while the probe is
traveling across the antenna aperture . A single laser transducer will be used as
the coherent light source , and the output beam split to provide a beam for each
axis. Each beam will be measured using its own Interfe rorne ter and receiver , with
the two receiver outputs being fed into an interface unit for translatIon to a binary
value that can be read by the computer.

The probe used to sample the radiated field mounts In a simple, manually
adjusted fixture on the vertic al carriage of the positioner . The fixture allows the
probe to be rotated about a Z -axis for polarization selection with Indexing provided
to Insure repeatability . The accuracy obtained in the computation of the far field
pattern s Is strongly dependent on the accuracy of the probe characterization . For
linearly polarized antennas , the probe should be linearl y polarized . To avoid
ambiguities in the computed pattern, it is necessary that the prob e pattern not have
any null s in the region of interest and linearly polarized , open-ended waveguide
elements are nearly optimum probes for this system. A complete data set wtU be
mea sured on each probe In an anechotc chamber. In this calibratIon measurement,
the probe will be as close as possible to the condition it wIil be used in the near
field measurement. Absorber will be placed around the back of the probe so the
RF characteristics measured in the anechoic chamber will be the same as they are
in the near field test.

An antenna mounting fixture will be provided which , while designed pr imar ily
to support the AN/ TPQ-36 and AN/TPQ-37 antenna s, can readily be used with
other antennas. This antenna mount has the capability of linear travel In the lateral
(Z) direction and rotation about the Y (vertical) axis. The lateral motion is provided

2
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by placing the antenna mount on ball boshtng pillow blocks riding on hardened and
ground sta inless steel shafts. The lateral six feet of travel Is sufficient to allow
rotation of the mount and convenient Installat ion or removal of the AN/11’Q-36 and
AN/TPQ-37 antenna s without Interfere nce with the probe position ing structure. The
rotation about the Y-axis is provided by a large roller bearing . Locking mechanisms
are provided to proh ibit lateral and rotational movement while measurements are
being taken.

A frequency synthesizer (Hewlett-Packard 8672A) and network analyzer
(Hewlett-Pa ckard 8410) form the source and phase amplitude detect or for the
system. These specific unit s make it possible to realize measurement rates
consistent with the concept of multip lexing and obtaining a full set of antenna data
in a single scan, while meeting the stability and accuracy required to meet the
system per formance objectives. The computer controls the synthesIzer through an
IEEE 488 Buss Interface and high perfor mance analog to digital converters are used
to translate the phase and amplitude data from the network analy zer into the computer .

A Hewlett -Pa ckard 1000 computer system has been chosen for this application
because of its sophisticated real -time executive operating system, extensiv e
instrument interface capability, large and fast meniory, complete subsyst em soft-
ware , rnicroprogr ar nxnability, and high-speed input /output. This computer system
forms the major element for contr ollIng the collection and processing of near -field
data. All normal operation s will be performed unde r the control of the real -thr~
executive and subsystem softwa re .

The 50 megabyte on-line disc provides sufficIent data storage for both the
near-field probe data and software used In data collection and analysis. The disc
also provides a media for interactive software nodtficatton and prog ram generation .
A magnetic tape drive allows the system user the capability to store collected data
as well as softwar e sources for off-line use, transfer to other computer systems,
or for archives. The HP2 1MX , E ser ies, computer used In this system provides,
in addition to a fast processing speed and high-speed main memory , a considerable
amount of main memory to handle the special processi ng required for the efficient
three-dimensional or contour plot generation. To further improve operat ing speed,
special microcoded Instructions may be Included to handle extended precision
numbers and subrout ine transfers.

There are two devices used for gra phic display--a Hewl ett -Packard CRT
term inal display, and a Versa rec Model 1200 electrostatic pr int ing/plotting device.
The (RT has 1024 x 1024 addressable points; the hard copy unit provides 200 dots!
inch, across the 11-Inch page and may generate as long a plot as required . These
graphic peri pherals have dual functio ns since they are also used as the system
console and line printer , respectively.

The softwar e to support these devices Includes a library of subroutine s to
generate simple plots with axes, notation , grids and automatic scaling on both the
CRT terminal and hard copy plotter. More sophisticated plots such as contour
plot s and three-dimensional plots are generated directly on the electrostati c plotter.

Software to be used with the near field measurement system can be divided
Into four general categories :

• Control and measurement
• Analysis
• Display
• Standard subsystems

4 
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The control and measurement software Involves most of the programming
written specifi cally for the system. The analysts software primarily involves a
number of FORTRAN subroutines which have already been developed by NBS and
Georgia Tech and which have been converted to operate on the Hughes HP3000

• computer which is a 16-bit machine lik e the selected minicomput er . Since a
cross compiler is availabl e on the 3000 for the 2IMX, much of the preliminary
effort and debug will be performed on the larger machine. Display software mainly
involves standard products such as HPPLOT and VERSAPLOT which are currently
in use. Standard software provided with the selected minicomputer system is among
the most complete and capabl e of any currently available for a minicomputer
includ ing many functions normally not associated wIth minIcomputers . The real-
time operating system Is the most appropriate computer operati ng softwar e availabl e
for automated test applications .

The operation of the X -Y positioner Including the laser interferom eter ,
selection of the RF source frequency, and record ing and stori ng probe data will be
controlled by softwar e subroutines. The control program m ing will operate in two
basic modes, with all operator dialog being performed thr ough a conversational
command sequence. One mode will normally be used for making a measur ement on
either an AN/TPQ-36 or AN/TPQ-37 antenna using a pr edetermined set of fr equencies
and beam positions. In thi s mode, all parameters , such as positioner speed,
measur ement intervals, data file allocation , and number of antenna input s, will
already be known, and the measurement will begin on operator command .

The second mode of program execution wifi allow an operator to specif y the
variou s characteristics of a measurement for general applications. Pa rameters ,
such as mea surement frequencies , beam positions , and numbe r of antenna input
port s will be input through the console keyboard using an English language dialog with
the operator . The program will then determine measurement location s either by
cal culation or as requested by the operator , determine positioner speed to achieve
measurement reliabtlity, etc. and begin the measurement . Controls will be
availabl e to the operator to select a specific frequency and beam position and perform
spot check mea surement s or to set up a complet e measurement sequence which ccEld
be stored for production use.

Measurement Intervals will normally be determined by the set of measure-
mont frequencies. Each beam position and antenna Input port will be measured at
half-wavelength Intervals for every frequency. A tabl e of locatIons will be constructed
In the program that will be compared to the laser Interfero meter location data . At
each point of coIncIdence during a vertical scan of the positloner a measurement of
phase and amplitud e will L Initiated and a frequency, beam position or port para-
meter changed to be ready for the next coincidence . At the end of the pass , the
vertical drive will be set back to the start position , the horizontal driv e will be
moved approxI mately one-half wavelengt h, and another vertical pass started .
Optimum positioner speed will be determined from the measurement pattern to
allow dat a to be taken in the shortest possible time while maintaInIng data reliability.

Program Organization

The entire development task has been divided Into separat e functional areas
generally associated with specifi c ind ividual responsibilities. These are:

• Computer Hardware
• Microwave E quipment
• Laser System
• Positioner Structure

5
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• Positioner Drive and Control Equipment
• Antenna Mount Structure
• System Housing
• Interface and Cabling
• Software Design
• Control and Data Collection Programming
• Analysis Programming
• Display Programming
• System Alignment Procedures

• • Test and Evaluation Proc edures
In this and subsequent quarterly rep orts each of these areas will be rep orted

on as to status including problems and resul ts for each individual area.

Status of Individual Fun ctional Areas

Computer Hardware-- Or der s have been placed for all of the basic computer
system equipment includ ing all standard Interface card s and the electrosta tic plotter .
The basic system, a Hewlett -Packard 1000 Is expected to be del ivered and set up In
early J anuary 1978. A member of the program staff will attend a two week training
session in mid January to become fully familia r with the System 1000 hardware and
Real -Time Executive software. No probl ems have been encountered assocIated with
this portion of the system.

Microwave Equipment - -The major microwave equipment items, the signal
source , the network analyzer , and the pr eamplifiers have been ordered and will be
delivered durin g the first quarter of 1978. No probl ems are anticipated in connection
with these items and an internal Hugh es test facility which uses these items In an
automated control system is nearing completion. This test facility will provide
considerable experience in using this equipment prior to use in the near field facility.

Laser System- -The equipment required for the laser interferometer position
• measurement system has been ordered and delivery is expected In mid December

1977. AlternatIve approaches to using the laser data for automatic control of the
positioner are being studied . No hardware difficultIes are expected In this area and
a mockup of the laser system will be built to check its operation and interface before
installation on the actu al structure.

Positioner Structure--The overall structural design is complete. Final
drawing release has been delayed pending decisions on details of the drive mechanism
and laser mounting.

Positloner Drive and Control Equipment--Alternative dr ive techniques are
under investigation . Potential accuracy limitations arising from cable stretch and
the positioning resolution of simple DC n-xtor control systems need to be resolved.

Antenna Mount Structure- -No significant effort has been expended In this
area however a potential change to the present concept In order to accommodate
heavier antennas than required for the FIREFINDER system is being examined.

System Housing- - No activity in this reporting perIod except for providing Hughes
Plant Facilities with space requirements.

Interface and Cabling- - Components have been ordered for the A to D interface
required for the network analyzer and preliminary Interconnection block diagram is
complete and shown In FIgure 2.

Software Design- -An Initial functional design specification for the system is
complete and is provided as Attachment A to this report. This document provides an
outline of the individual computer controlled tasks to be performed by the system and
will be the basis for development of specific software flow charting and programming.
No problems have been encountered associated with the software design

.6
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Control and Data Collection Program ming- -No specific activities in this area
have been started.

Analysis Progran-xmlng- -The National &ir eau of Standard s, Boulder , Colorado
will be used as a consultant in the development and adaptation of analysIs programs
to the minicomputer system. Paperwork necessary to formalize this consultant
contract has been initiated and informal consultations have begun. The analysts
software will first be converted to operate on the Hughes -owned Hewlett Packard 3000
computer and then transferred to the near field system computer. This will allow the
near field computer to be dedicated to development of the control and data collection
software. Transfer of programming between these two computers in this manner
will not involve any significant extra program ming and will speed up overall
program development.

Display Programming- -No activity has begun in this area except for gathering
of background program data from currently operating display software associated
with a number of in-house computers. Figure 3 shows an example of a plot generated
by a minicomputer using an electrostatic printer and software converted from an
IBM 370 Lthrary program.

System Alignment Procedures - -Various concepts for system alignment are
being examined as part of the positioner structural design, however no formal proce -
dure development has taken place yet .

Test and Evaluation Procedures- -No activity has been started In th is area .
Other Activities - -In addition to technical program development a meeting was

held at Hughes with M1 . J. F. Kelley and Mr. G. R. Teller of ECOM. A number of
government and Hughes personnel involved with the FIREFINDER program were also
present . Minor contract discrepancies were resolved and discussions relating to the
application of the near field measurement system to the FIREFINDER antennas
occupied most of the meeting. As a result of these discussions changes to the
positioner drive mechanism has been made to eliminate cable stretch as a potential
problem.

CONCLUSIONS

At this point in the development program there are no important results which
require a change in the proposed program. Details of the positloner drive technique
will be somewhat different from that originally proposed (which was identical to the
NBS system) however this change will not impact on program cost or sc~~dule.
Assessment of progress on a percentage basis is not yet appropriate however at this
time there are no specific indIcations that would suggest any problem in meeting the
current program schedule.

PROGRAM FOR THE NEXT QUARTER

A number of major program events should occur dur ing the second quarter .
These include:

• Receipt and setup of the computer system
• Receipt and breadboardtng of the laser system
• Placement of the positioner structure subcontract
• Flow charting of prog ram segments
• Start of formal consultation with NBS
• Completion of positloner drive and control 

desIgn.9
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IDENTIFICATION OF TECHNICIAN S

Listed below are the primary technical personnel working on this program,
their area s of responsthlli ty, and the time spent during this reporting period .
Biographies for those listed are attached.

• Alan E . Holley- -Program Manager

• R. W. Howard--Computer hardware, microwave equipment, laser
system, control and data collection progran-xming (100 hours).

• D. J. Mecham- -Software design, display programming (35 hours).

• R. L. Cun-u-nlngs- -Positioner structur e, positioner drive and control
equipment, antenna mount structure system housing (114 hours).

• W. L . Lange--Analysis programming, test and evaluation procedures
(115 hours).

11
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A. E . HOLLEY

Manager
Technical Staff
Electromagnetics Laboratory
Cormiuntcatlca-ts and Radar Division

Education:
BS, Physics, Polytechnic Institute of Brooklyn
MS. Physics, University of Cal ifornia at Los Angeles

Experience:
— 22 years at Hughes

23 years total

Hughes Positions: Mr. Holley has a wide variety of experience in the field of
microwave devices, antennas, and instrumentation. He Is currently responsthle
for the acquisition, development, and use of Communications and Radar Division
test equipment and facilities and Is also senior consultant In the Electromagnetics
Laboratory for advanced microwave and antenna programs. He supervises the
automated RF test facilities including automatic network and spectrum analyzers
as well as the special -purpose computing facilities of the Division. He has been

• 
Involved In most major hardware programs within the Division including
AN/SPS-32/33, SAM-D/CUP, ADAR, AWACS, FLORIDA and has contrthuted to
many of the study programs in providing technical direction for many of the
research and development programs In the microwave areas. While associated
with the Antenna Department at Hughes Aerospace Group he was involved in many
programs involving shaped beam antennas and other optical microwave systems.

Previous Associations: Prior to joining Hughes, Mr. Hoiley worked on microwave
antenna projects at the Naval Research Laboratory and special purpose computer
equipment at E. C. Berkley and Associates.

Activities IEEE, Professional Groups on Microwave Theory and
and Honors: Techniques, Antennas and Propagation, and Instrumentation

and Measurement
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R . W . HOWARD

Engineering Programmer
Electromagnetics Laboratory
Communications and Radar Division

Education/Training:
U.S. Air Force Radar Technician School
Fullerton Junior College, pursuant to A.A. in Engineering Technology
Hewlett-Packard Company, specialized computer progranrnlng courses

Experience:
- 18 years at Hughes
4 years as Air Force Radar Technician

Hughes Positions: Mr. Howard has been associated with a number of major
programs at Hughes. These Include SPS-39/42, SPS-33, ADAR, FLORIDA,
AWACS, etc., primarily In the area of microwave design and component test.
For the past seven years he has been associated with automatic testing of RF
components and subassemblies using both an automatic network analyzer and
spectrum analyzer. Mr . Howard Is currently responsible for specialized
progranu-ning efforts on both of these systems and also for generating on-line
data collection prograrrrning for a Hewlett-Packard 3000 computer system.
These programming efforts require the use of FORTRAN, SPLI ASSEMBLY,
and BASIC languages.

Previous Experience: Prior to join ing Hughes, Mr . Howard was an Airborne
Radar Technician in the Air Force performing maintenance on airborne fire
control systems.
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D. J. MECHAM

Member of the Technical Staff
Electromagnetics Laboratory
Communications and Radar Division

- Education:
A.A., Physics/Mathematics, Fullerton Junior College, 1961
A . B., Science, Oregon State University, 1964
M S .,, Computer Science, California State University, ChIco, 1974

Experience:
5 years at Hughes
13 years total

Hughes Positions: Mr. Mecham directed the Implementation and operation
of a Real-Time 1~ ta Processing Center for a large group of engineers. The
Center uses an HP3000 and several peripheral HP2100 computers. Operating
systems are per formed in batch and timeshare modes. Significant tasks
include system progran~~1ng, user documentation and training for interactive
operations, troubleshooting, procurement, data link , graphics, and data
collection subsystem design and development, and account management.
Computer languages include: user Interface dialog languages, AN/FSQ-7
Assembly Language, JOVIAL, ALGOL, FORTRA N, PL/l, BAL, JCL, COBOL,
data base management/query/report languages (CDMS).

Previous Experience: Prior to joining Hughes, Mr. Mecham was a Prograrr~ner
Analyst for System Development Corporation, Santa Monica, California. He
performed design and Implementation tasks for interactive search and retrieval
system operating In a time -sharing (TS/DMS) environment. Machine used was
IBrvi 360/67. Performed system and progranvning documentation analysis
and design. As Computer System Analyst, responsible for design of Interface
between user and time-shared data management system. The main task was
the design and production of the user manual for report description and
generation. Other tasks included design and implementation of messages for
interactive communication, data base design and generation for specific
a pplications , and data base system training lectures. Had responsib ility for
computer programs in large-scale, real -time command and control system,
SAGE. The programs involved real-time executive, Input/output data li nk,
display , light gun, system simulation, and system utility programs. Designed,
tested , and implemented special functions, Integrating them into the command
and control system programs. Performed system generation and wrote
technical documentation.

Activities and Founder and Past President, HP3000 Users Group
Honors: Past President, Los Angles Chapter, Association for

Systems Management
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R . L. CUMMINGS

Member of the Technical Staff
Electromagnetics Laboratory
Communications and Radar Division

Education:
BS, Mechanical Engineering, University of Southern California
MS. Mechanical Engineering, University of Southern California

Experience:
11 years at Hughes

Hughes Positions: Mr. Cun~nIngs is presently working as the Operations
Coordinator on the HP3000 computer. His duties Include system programming
in three languages (BASIC, FORTRAN and SPL) as well as controlling system
operations and providing mechanical design support to the Technical Staff.
He worked as a stress and dynamic structures analyst in the Antenna Systems
Department. He has been involved in the following projects and studies:
Hardsite, AWACS and IPD. He also worked on the design and analysis of the
polarizer for the Comsat Domestic Satellite Program.

Activities and Pt Tau Sigma Mechanical Engineering Honorary Fraternity
Honors: Tau Beta Pt Engineering Honorary Fraternity

ASME
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W . L. LANGE

Member of the Technical Staff
Array Systems Analysis Group
Array Antenna Section
Antenna Systems Depa rtment
Electromagnetics Laboratory
Communications and Rada r Division

Education:
BSEE and MSEE, Texa s A and M University

Experience:
11 years at Hughe s

Hug hes Positions: Mr. Lange ’ s responsib ilities have included design ,
analysis , and tenting of phased array antennas , single element antenna s,
and reflector antennas. The phased array antenna programs he has
partici pated in include ADAR, AN/SPS-33, AWACS , COBRA JUDY , and
AN/T~ Q-36. Mr. Lange used aperture simulation techniques to match the
ADAR aperture to space. This included the design and te sting of a high
power radome . On the AWACS and AN/TPQ-36 programs he was involved
in software generation to computer beam forming and beam steerin g
analysis and the effects of errors on pattern performance , and beam
location. In AWACS he aided in the desi gn of a sum-difference mono-
pulse feed for eleva tion tracking . For the sequential lobing AN/TPQ-36
antenna he was involved in creatin g an algorithm to predict beam position
using measured and theoretical data. These tasks have involved con-
siderable antenna pattern range work and computer simula tion. Mr.
Lange ’ s conformal array experience includes a desi gn effo rt on a pro-
posed system for COBRA JUDY . The proposed antenna s was a cylindri -
cal array with both azimuth and elevation scanning capability.

Mr. Lange aided In the corporate RF feed design for IPD/TAS. This involved the
design and testing of high power air dielectric stripithe circuits . For the
DSCS antenna Mr. Lange did most of the initial computer simulation of the
spherical lens antenna . Beam crossovers , null formation and broad
beam coverage capabilities were predicte d. Single element antenna desi gn
and ground propagation studies were performed for a short range com-
munication system. Field te sting was done at both L-band and at MF.
Mr. Lange ’ s latest task involves the desi gn of RF lenses using optical
techniques. These lenses are used to modify feed characteristics to
match these feeds to reflector antennas.

Activities
and Honors: Tau Beta Pt, Eta Kappa Nu, Phi Kappa Phi.
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FUNCTIONAL DESIGN SPECIFICATIONS FOR THE NEAR FIELD SYSTEM

The following outline covers th. primary functions, with a
br i ef descr ip t ion , required to implement the Near Field Probe
software system . The functional description below is used
to generate specific Software Specifications upon which the
actual design w i l l  be based .

A. INITIALIZE RTE COMPUTER SYSTEM

START THE COMPUTER PERIPHERALS AND EXECUTE
THE NEAR FIELD PR OBE SOFTWARE OPERATING SYSTEM.

B. V E R I F Y  ANTENNA LOCATIO N

PRI OR TO TAKING MEASURMENTS THE ANTENNA MUST BE ALIGNED.

1 . MECHANI CAL CO~.SIDE ~ ATI ON S
IN ORDER TO INSURE PHYSICAL ALIGNMENT AN OPERATOR MAY
BE RE QU RED TO MAKE THE FOLLOWING AD JUSTMENTS
A >  HEI G HT
B > TWIST
C ) TILT
0) SPACING

2. SOFTWARE CONSID ER ATIONS
COORDINATION O F SOFTWARE AND HARDWARE LOCATION IS PERFORMED
BY INITIAL I ZATI ON OF THE LASER MEASURING INSTRUMENTATION.

C. CONFIGURE/CALIBRATE /INITIALIZE

A SEQUENCE OF OPERATOR/COMPUTER DIALOG TO
ESIA BLI S’-I THE TYPE OF ANTENNA TO BE MEASURED
A ND TF:E TYPE OF MEASUREMENT TO BE PER F or ~ME D .
THIS PRO V IDES THE APPROPRIATE SET OF ANTENNA
MEA SURMENT PARAMETERS FOR THE DESIRED TESTIN G.
THE F OLLOWING LISTS THE FUNCTIONAL PARAMETERS REQ(JrRED .

1. MEA SUREMENT TYPE DETERMINATION

ESTABLISH WHETHER THE M EASUR: r~ENT WILL BE MADE
USING P R E — D E T E R M I N E D  MEASUREMENT PARAMETERS , OR THE
OPERATOR WILL BE INPUTTING THE PARAMETERS ON THE
CONSOLE KEVBC A RD.

A )STANDA R D MEASURMENT FOR TPQ— 36
PREDE T ERMINED SET OF MEA SURMEN T PARAMETERS FOR TP Q-36

B ) STANDARD MEASURMENT FOR TPO— 37
PREDETERMINED SET OF MEASURMENT PARAM ETERS FOR TPO—37

C )SPECIAL
THERE WILL BE A FUN CTION TO ALLOW THE OPERATOR
TO CHANGE THE STANDARD MEASURMENT PARAMETERS.

D) DIAGNOSTICS OF TEST ANTENNA
WHILE NOT WITHIN THE SCOPE OF THIS PROJECT CURRENT
DESIGN WILL TAKE INTO ACCOUNT POSSIBLE DIAGNOSTIC FUNCTIONS
SUCH AS PHASE SHIFTER TESTS.

2. ANTENNA INPUT SIGNAL SPEC I FICA ION

A) STANDARD TPO- 36
1 INPUT PORT

B) STANDARD TPO— 37
3 IN PUT PORTS

SUM
AZIMUTH DIFFERENCE
ELEVATION DIFFERENCE

C ) SPECIAL MEASUREMENTS
SF ECIAL INPUT SIGNAL SPECIFICATION .

3. MEASURE M E N T FREQUENCIES

A )STAND ARD
I )TPO-36

F (ø)
F( I )
F (  1 5)

F(  1 6 >

F( 30)
F ( 3 1 )  17
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2>TPO-37
F ( 0 )
F (— )
F (+)

B ) S P E CIA L
ALLOW OPERATOR INPUT OF SPECIFIC FREQUENCIES.
THIS DATA AND THE • OF BEAM POSITIONS FROM
S E C .  6 . 5  W I L L  BE U S E D  TO D E T E R M I N E  MEASUREMENT
INCREMENT AND OPTIMUM SCANNER SPEED.

1 ) S I N G L E  F RE O .
2)START ,STOP .STEP
3 )FRE O . SET

4 .  BEAM P O S I T I O N S

A )S T A N D A R D

1 )TPQ—36
10 BEAM POSIT IONS

AZI M UTH

0 DEG
-1/ 3 MAXIMUM BEAM SCAN AZM ITH ANGLE
—2/ 3 MAX I M U M  BEAM SCAN AZM ITH ANGL E
- M AXIMUM BEAM SCAN AZM ITH ANGLE ( * )
+ 1/3 MAXIMUM BEAM SCAN AZM ITH ANGLE
+2/3 MAXIMUM BEAM SCAN AZM ITH ANGLE
+ MAX IMUM BEAM SCAN AZM ITH ANGLE (*)

( )  3 AD JACENT BEAMS F (O) ,F (15) .F( 1 6)

2 )TP Q—37
AZ I 1UTH ELEVATION

0 DE G REE 
- 

0 DE GREE
— 1/ 3 MA~ IMUM C EA M SCAN AZMITH ANGLE 0 DEGREE
-2/3 MA :~Ir tUtl BEAM SCAN AZMITH ANGLE 0 DEGREE
- MAXIMUM BEAM SCAN AZM ITH ANGLE 0 DEGREE
- M AXIMUM BEAM SCAN AZMITH ANGLE + MAXIMUM BEAM SCAM AZM ITH ANGLE
O DEGREE - MAXIMUM BEAM SCAN AZM ITH ANGLE
+1/ 3 MAXIMUM BEAM SCAN AZMITH ANGLE I DEGREE
• MAX i MUM BEAM SCAN AZ MITH ANGLE I DEGREE
+1/ 3 MAXIMUM BEAM SCAN AZM ITH ANGLE +1/3 MAXIMUM BEAM SCAN AZMITII ANGLE
+2/3 MAXI MUM BEAM SCAN AZM ITH ANGLE +2/3 MAXIMUM BEAM SCAN AZMITH ANGLE

B > SPEC IAL
PROVIDES FOR INPUT BY OPERATOR OF SPECIAL BEAM POSITIONS.

5 . PROBE PHYSICAL  P O S I T I O N
THE OPERAT OR MUST PERFORM THE FUNCTION OF PHY SICALLY INITIALIZING
AND CONFIGURING THE TEST ANTENNA FOR PROPER RELATIONSHIP TO THE PROBE.

6. MEASURMENT POLARIZATIONS
THE POLARIZATION FUNCTION IS A PHYSIC AL OPERATION BY THE
OPERATOR TO INITIALIZE AND THE POLARIZATI ON IS COMMUNICATED
TO THE SOFTWARE THROUGH OPERATOR DIA LOG .

7. PR OBE SCANNER DRIVE CONTROL
THE DRIVER SPEED IS INITIALIZED AND VERIFIED THRU SOFTWARE.

8. ADDITIONAL PARAMETERS
ADDITIONAL PARAMETERS ARE RE QUIRED DURING INITIAL I ZATION I.E.
THE STORAGE FILE NAMES AND REQUIREMENTS FOR COLLECTED AND ANALYZED
DATA.

D. SYSTEM VERIFICATION

IN ORDER TO INSURE THE CORRECT OPERATION OF THE TEST/DATA COLLECTION
EOU IPTMENT A VERIFICATION FUNCTION IS PERFORMED FOR THE FOLLOWING
ITEMS .

1. FREO CONTROLLER
2. BEAM POSITIONER
3. LASER

E. PRELIMINARY DATA ANALYSIS & DISPLAY

1. COLLECT SPECIA L SET OF DATA
THE INITIAL A B REVIATED TEST CONSIST ING OF
MEASURING A SINGLE CENTRAL ROW WIT H TWO FREOUENC IES
AND TWO BEAM SCANS IS PERFORMED PR IOR TO THE MAIM
DATA COLLECTION ME A SUREMENTS TO VER IFY ANTENNA SET UP.
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INITIALIZE X IN CREMENT IN MEASURMENT SEQUENCE TABLE
POSITION PR OBE TO ORIGIN (X (0), Y(M ID DLE) )
START V DRIVE
MONITOR IJEASURMENT SEQUENCE TABLE & LASER FOR MEASUREMENT LOCATION
MEASURE & STORE DATA AT EACH CO-INCIDENCE
SET FRE Q & BEAM POS FOR NEXT MEAS
CONTINUE FOR DURATION OF V RANGE

2. ANALYZE PRE L I M I N A R Y  DATA

AN ANALYSIS  IS PERFORMED ON THE SPECIAL . DATA MEASURMEMT TO
IN SURE THAT THE ANTENNA AND MEASURMENT EQU IPTMENT ARE IN
WORKING ORDER AND ALL PARAMETERS ARE WITHIN EXPECTED SPECIFICATIONS.

PLOT AMPLITUDE AND PHASE
PLOT COMPUTED FAR FIELD PATTERN (SEE G. 1 )
EVALUATE DATA AND MAKE DECISION TO CONTINUE TESTING .

AMPLIT U D E  SH OULD FALL WITHIN SPECIFIED CONSTRAINTS
FAR F I E L D  PATTERN SIDELOBES SHOULD BE BELOW THE SPECIFIED DB VALUE.
FAR F I E L D  BEAM LOCATIONS SHOULD BE WITHIN SPECIFICATIONS

F. DATA COLLECTION

THE COLLECTION OF MEASURED DATA IS TAKEN BY DRIVING THE PROBE
ALON G VERTICAL PATHS.

I. I NITIALIZE NEASURMENT SEQUENCE TABLE

A. X IN CREMENT
THE HORIZONTAL SPACING BETWEEN VERT ICAL SWEEPS OF
THE SCAN NER. THIS VALUE WILL BE EQUAL TO 1/2 WAVE-
LENGTH AT THE HIGHEST TEST FREQUEN CY.

B. V INCREMENT
THIS IS THE SET OF VERTICAL SCANNER LOCATIONS THAT WILL
CON TROL DATA TAKING . ONE MEASUREMENT OF AMPLITUDE AND
PHA SE WILL BE MADE AT EACH 1/2 WAV ELENGTH LOCATION FOR THE
HIGHEST TEST FREQUENCY FOR EVERY M ULTIPLEXED BEAM SETT ING.

2. POSITION PROBE TO ORIGIN (X( 0),Y( Z> )
COM PUTER POSIT IO ”S THE SCAN ’~ER TO THE UPPER LEFT—HAND
CORNER OF THE SCA N WINDOW.

3. START V D R IVE
THE V AXIS DRIVE MOTOR IS STARTED AT AN
OPTIMUM SPE LD FOR ThE DATA TO BE TAKEN.

4 .  MONITOR M EAS J 1~ME N T SEQUENCE TABLE & LASER FOR MEASUREMENT LOCATIO N

5. MEASURE & STORE DATA AT EACH CO—INCIDENCE
AS EACH MEA SU R EME I~T LOCATI O~: IS ENCOUNTERED BY
COMPARING TIlE LASER POSITION TO THE M EASURMENT SEQUENCE TABLE,
THE A M P L I 1 U D E  AND F HASE DATA ARE DIGITIZED AND
STORED IN A TEMPOR A RY STORA G E AREA.

6 .  S E T  F R E O  & BEAM PUS FOR NEX T  MEASURMENT
THE SYNT HESIZER AND BEAM POSITIONER ARE SET TO THE VALUES FOR
THE N E X T  P O I N T  OF C O — I N C I D E N C E  IN THE MEASURMENT SEQUENCE TABLE.

7.  CONTINUE FOR DURATION OF V RANGE

8.  R E — P O S I T I O N  PROBE TO Y ( 0 ) , X ( N )
DURING THE RETURN OF THE SCAN NER TO THE BEGINNING
OF THE VERTI CAL SWEEP , THE MEASURED DATA WILL BE
STORED IN THE APPRO PRIATE DI SC FILES. THE FILE
POINTERS WILL NOT BE INCREME N TED UNT IL AFTER THE
COMPLETI ON OF THE PRE L I M I N A R Y  ANALYSIS.

9. PERFO FM P R E L I M I N A R Y  ANALYSIS OF INTERMEDIATE DATA
TO I NSURE DATA VALIDITY AS THE ME ASUREMENTS ARE
BE IN G PERFORMED IT IS DE S IREABLE TO PER FORM
P R E L I M I N A R Y  TESTS AND DISPLAYS OF EACH COLUMN
OF D ATA AS T IS COLLECTED.

ii. DISPLA Y INTERMEDIATE DATA

11. EVALUATE ONE VERTICAL SCAN OF DATA
fl~F~ COMPUTE R WILL NOT POSITION THE SCANNER TO THE
BEI~IN N :r ~ OF THE NEX T VERTICAL SWEEP UNTIL ANY PROBLEMS WITH
THE DATU TA KEN O~’ THE LAST VERTICAL SCAN HAVE BEEN RESOLVED.

12 .  C O N T I N U E  TO SW EE P , ANALYZE . & STORE DATA FOR TOTAL ANTENNA AREA

G. COMPLETE A N A L Y S I S  



-~~~~~

1. COMPUTE FAR F I E L D  PATTERN
OBTAIN NEASUR MENT CONFIGURATION DATA
W HICH SPECIFIES PATTERN TYPE ,~~REQUE N CV AND
PATTERN PARAMETERS TO BE ANALYZED.

OBTAIN INPUT MEASURED DATA,AMPLIT UD E AND PHASE
TR A NSPOSE OR REARRAN G E MEASURED DATA AS RE QUIRED
PERFORM FAST FOURIER TRAN SFORM (FFT ) OR CF IIRP—Z
TRANS FORM OF MEASURED DATA . THE CHIRP Z TRANSFORM
IS USED WHERE F I N E  PATTERN GRANULARITY IS RE QUIRED AS
IN BEAM POINTING AND BEAMWI DTH COMPUTAT ION . THE FFT
I S USED FOR S IDELOBE LEVEL DETERMINATION.

RE A RRAN G E DATA
THE FF1 OUTPUT HAS THE BEAM SPLIT. DATA REARRANGEMENT IS
REQUI R E D  TO CENTER THE BEAM .

PERFORM PROBE CO R RECTION
OBTAIN MEASURMENT PARAMETER DATA
OBTAIN PROBE AMPLITUDE AND PHASE PATTERN DATA
INTERPOLATE MEASURED PROBE DATA—-CONVERT TO KX ,KV

NOR MALIZE DATA
C OMPUTE ABSOLUTE ANTENNA GAIN USING NORMALIZED DATA.
DETERMINE BEAM PEAK L OCATIONS WITH UNNO RMALIZED DATA .
DETERM INE SIDELOBE LEVELS USING NON—NORMALIZED DATA .

CONVERT KX.KV TO THETA ,PHI COORDINATES
TH E FFT OUTPUT IS IN KX ,KV COORDINATES.
CO MPARE NEAR F IELD  DATA ~‘!TH FAR FIE L D  DATA
B Y CONVERTING THE DATA TO THETA .RH I
COORDINATES.

2. C OMPLETE ANALYSIS

PATTERN RESULTS
THE NEAR F I E L D  DATA A L LOWS THE USER TO DETERMINE
ALL THE ANTENNA PARAMETERS NORMALLY MEASURED ON A
FAR FIELD RANGE. THE F OLLOWING TPG— 3~ PARAMETERS WILL
BE COII PUTED.

TPO-3 6
S IDE LOBE LEVEL
BEAM CR CSS O~ ER LOCATIONS
GAIN
£EAIIWIDTH

TPQ-37
SIDE L OBE LEVELS
BEA M POS ITI ONS
GAIN
DIFFERE N CE PATTERN S L O PE
B EA MW ID TH

GRAPHIC OUTPUT DISPLAY
PLOTTED PATTERNS WILL DISPLAY PATTERN POWER IN DB
VERSUS ANTENNA ANGLE. PATTERN LABELING WILL INCLUDE
ANTENNA TYPE , F PEQ U ENCY CODE, A ZIMUTH OR ELEVATION
CUT ,Ar ID BEAM SCAN.

LINEAR PA TTER h S
CONTOUR PATTER A S
3—D PATTERNS

H. DATA DISPLAY
A TABLE DERIVED FROM TEST SPECIFICATIONS WILL BE
PR IN )E D OUT. GRAPHI CS WILL BE OPERATOR SELECTED. ALL
RAW DATA FILES WILL BE STORED ON TAPE. COMPUTED DATA FILES,
INCLUDIN G OUTPUT FROM THE FF1 AND C HI RP—Z ROUTINES, MAY BE
STORED ON TAPE UPCN OPERATOR RE QUEST.

I. DATA STORAGE CAPABILITIES
STORE ~AW DATA ON TAPE
CREATE A SEPARATE 2—DIMENSIONAL ARRAY (X VS. Y)
FOR EACH FRE QUENCY AN D BEAM POSITION.

RETRIEVE RAW DATA FROM TAPE
STORE PROCESSED DATA ON TAPE
RETRIEVE P ROCESSED DATA FROM TAPE
STORE OR RETR i EVE TEST PARAMETER DATA ON TAPE

1. TERMINATE RTE

K. ERROR DETECTIO N & PROCESSING

1. MECHANICAL DRIVE LIMITS
PROVIDE A MEANS OF STOPPING SCANNER DRIVE
AT E ITHER EXTREME OF THE SCANNER RANGE.

2. EXCESSIVE PROBE RATE OF TRAVEL
SOFTWARE FUNCTION TO INSURE THAT THE SCANNER IS NOT BEING
DRIVEN TOO FAST FOR THE MEASUREMENT.

3. LASER FAULT
SOFT~.’A RE TO INSURE THA T LASER BEAM HAS 20
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NOT B E E N  I N T E R R U P T E D .
4. BEAM POSI TIONER FAULT

L.  U T I L I T Y  & SUPPORT R O U T I N E S

1. STAND ARD MEASURMENT CONFIGURATIONS

TABLES OF VALUES AS OUTLINED IN SECTION C.

2. SPECIAL MEASURMENT MEASURMENT SEQUENCE TABLES

GENERATE A SPECIAL MEASURMENT SEQUENCE TABLE FOR A COMPLETE
DATA A NALYSIS.

3. SPECIAL MEASUREMENT CONFIGURATIONS

SPECIFY A SPECIAL SET OF DATA MEASURING AND ANALYSIS OPTIONS.
THI S WOULD INCLU D E  NON-SWEEP CONTROL AND MEASURMENT.

4. OPERATOR DIALOG

DIAL OG WITH THE OPERAT OR IS PERFORMED USING THE FOLLOWING FUNCTIONS
SY NTAX SCANNER , SEMANTIC ANAL y ZER , MESSAGE HANDLER

5. DATA STORAGE (TAPE )

COLLEC TED AND ANALYZED SETS OF DATA MAY BE ARCHIEVED ON MAGNETIC TAPE

6. FILE  HANDLING

ALL F ILE HANDLING FUNCTION S ARE HANDLED BY THE HP RTE OPERATING SYSTEM

7. PLOTTING & GRAPHICS FUNCTIONS

THE FOLLOWING GRAPHICS FUNCTIONS PROVIDE THE NEAR FIELD
APPL ICAT I O N S  PROGRAMS WITH THE ABILITY TO DI SPLAY DATA IN GRAPHIC /PLOT
F ORMAT ON THE HARD COPY PLOTTER OR CR1 GRAPHICS TERMINAL . THE
BA SIC TWO DIMENSIONAL PLOT PACKAGE IS BASED ON THE EXISTING
VERSAPL OT SOFTWARE PACKAGE WITH ALL ITS ATTRIBUTES.

A. 2 DIMENSIONAL PLOTTIN G CHARACTERISTICS
THE 2—DIMENSIONAL FUNCTIONS WILL PROVIDE FOUR DIFFERENT
PLOT TYPES WITH OPTIONAL PLOT BACKRO UN O INFORMATION OUTPUT

ON THE HARD COPY PLOTTER. A LIMITED SUBSET OF THESE FUCTIONS
WILL  BE AVAIL IBLE ON THE GRAPHICS CRT TERMINAL.

- POINT PLOT — A XES N & Y
- LINE PL OT - AXES TIC MARKS
- CONTOUR PLOT — AXES LABELS
- PO INT SYMB O L PLOT — PLOT TITLE

- OPTIONAL GR ID
— TONAL SHADING

B. 3 DIMENSIONAL PLOTTING CHARA CTERISTICS

THE 3—DIMENSIONAL FUNCTIONS WILL PROVIDE TWO DIFFERENT PLOT
PERSPECTIVES. THE FIRST IS A THREE DIMENSIONAL GRID PLOT AND
THE SE COND SHOWS CONTOURS
— MESH PERSPECTIVE PLOT
- CONTOUR PLOT
— AXES LABELS
- PLO T T ITL ING

C. CR1 DISPLAY GRAPHICS

THE CRT GRAPHICS ARE LIMITED TO SIMPLE PLOTS FOR PURPOSES
OF REVIEWING DATA. PLOT MAY BE COPIED ON THE VERSATEC.
- POINT PLOT—I.E. RAW AMPLITUDE OR PHASE DATA
— LINE PLOT—I.E. CONVENTIONAL ANTENNA PATTERNS
— 3 DIMENSIONAL MESH PERSPECTIVE PLOT

D. U I L I T V

THE U T I L I T Y  FUNCTIONS AND PROGRAMS ASSOCIATED WITH THE
VERS A PLOT SOFTWARE INCLUDE THE FOLLOWING LIST. GENERALLY ,
THESE FUNCTONS WILL BE USED IMPLICITLY ALTHOUGH THEY WILL
BE MADE AVAILABLE FOR SPECIAL OPERATOR USE.

- SORTING VECTORS
- VECTOR TO RASTOR CONVERSION
- CR1 PLOT GENERATION
- CRT PLOT LABEL G rNERAT ION 21
- GRAPHIC SHADING PATTERN DESIGNATION 
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— LINE TYPE DESIGNATION
- SPECIAL CHARACTER GENERATION

M . NON—SWEEP PROBE CONTROL & MEASUREMENT

WHILE NOT INCLUDED IN THIS PROJECT THE SOFTWARE DESIGN WILL PROVIDE POTENTIAL
NON—SWEEP PROBE CONTROL AND SPECIFIED DATA MEASURMENT PARAMETERS .

N. STANDARD COMPUTER SYSTEM SOFTWARE FUNCTIONS

THERE ARE A NUMBER OF SOFTWARE ELEMENTS THAT ARE PROVIDED WITH
THE HP1001 COMPUTER SYSTEM

REAL-TIME EXECUTIVE - CONTROL S ALL SOFTWARE OPERATION , PERFORMES
SYSTEM FUNCTIONS, SYSTEM UTILITY FUNCTIONS,
AND CONTROLS ALL PERIPHERIAL INTERFACE
FUNCTIONS.

FILE MANAGER — PROVIDES UTILITY FUNCTIONS TO CREATE ,UPDATE ,
PURGE ,L IST ,COPV .ETC .DISC AND MAGNETIC TAPE
FILES.

HP FORTRAN II — COMPILER
RTE FORTRAN IV - COMPILER
HP ALG OL - COMPILER
HP EDITOR — TEXT EDITING
RTE ASSE M BLER — HP2 1M X ASSEMBLER
L OADER — LINK-EDITOR
S Y STEM DIAGNOSTICS

22
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