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ABSTRACT

This report describes the first three months activity in the development of ,
a fully self-contained automated near field antenna measurement facility. A i
description of the system is included. The primary efforts have involved purchasing

of long lead hardware and equipment, mechanical design of the positioner structure,

and outlining of software requirements.
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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 steering 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
difficulty--a single miswired 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 systems which provide accurate
measurements on typical array antennas.,

The near field technique involves the sampling of the vector RF field on a
periodic grid near the antenna radiating aperture. 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 during a single scan.

This program will develop the hardware and software 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.
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NARRATIVE

System Description

The system being developed consists of a 2 axis XY positioner, an
antenna mounting 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 required to
perform a full measurement of all pertinent antenna parameters.

The basic design of the positioner 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 positioner 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
displacement 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 Figure 1
shows the positioner mechanism.

Accurate position measurements in the X and Y direction will be made by a
Hewlett-Packard laser interferometer measuring system. The laser measuring
system is more than adequate to provide the specified probe position resolution of
.005 in. Each axis will be monitored independently by the software operating
system to allow on-line determination of the probe location while the probe is
traveling across the antemma 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 interferometer 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 vertical 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
patterns is strongly dependent on the accuracy of the probe characterization. For
linearly polarized antennas, the probe should be linearly polarized. To avoid
ambiguities in the computed pattern, it is necessary that the probe pattern not have
any nulls in the region of interest and linearly polarized, open-ended waveguide
elements are nearly optimum probes for this system., A complete data set will be
measured on each probe in an anechoic chamber. In this calibration measurement,
the probe will be as close as possible to the condition it will 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 primarily
to support the AN/TPQ-36 and AN/TPQ-37 antennas, 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
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by placing the antenna mount on ball bushing pillow blocks riding on hardened and
ground stainless steel shafts, The lateral six feet of travel is sufficient to allow
rotation of the mount and convenient installation or removal of the AN/TPQ-36 and
AN/TPQ-37 antennas without interference with the probe positioning structure. The
rotation about the Y-axis is provided by a large roller bearing. Locking mechanisms
are provided to prohibit lateral and rotational movement while measurements are
being taken.

A frequency synthesizer (Hewlett-Packard 8672A) and network analyzer
(Hewlett-Packard 8410) form the source and phase amplitude detector for the
system. These specific units make it possible to realize measurement rates
consistent with the concept of multiplexing 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 performance analog to digital converters are used
to translate the phase and amplitude data from the network analyzer into the computer.

A Hewlett-Packard 1000 computer system has been chosen for this application
because of its sophisticated real -time executive operating system, extensive
instrument interface capability, large and fast memory, complete subsystem soft-
ware, microprogrammability, and high-speed input/output. This computer system
forms the major element for controlling the collection and processing of near-field
data. All normal operations will be performed under the control of the real-time
executive and subsystem softwarc.

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 modification and program generation.
A magnetic tape drive allows the system user the capability to store collected data
as well as software sources for off-line use, transfer to other computer systems,
or for archives, The HP21MX, E series, 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 processing required for the efficient
three-dimensional or contour plot generation. To further improve operating speed,
special microcoded instructions may be included to handle extended precision
numbers and subroutine transfers.

There are two devices used for graphic display--a Hewlett-Packard CRT
terminal display, and a Versatec Model 1200 electrostatic printing/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 peripherals have dual functions since they are also used as the system
console and line printer, respectively.

The software to support these devices includes a library of subroutines 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
plots and three-dimensional plots are generated directly on the electrostatic plotter.

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

e Control and measurement

e Analysis

e Display

e Standard subsystems




The control and measurement software involves most of the programming
written specifically for the system. The analysis 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 like the selected minicomputer. Since a
cross compiler is available on the 3000 for the 21MX, 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 capable of any currently available for a minicomputer
including many functions normally not associated with minicomputers, The real-
time operating system is the most appropriate computer operating software available
for automated test applications.

The operation of the X-Y positioner including the laser interferometer,
selection of the RF source frequency, and recording and storing probe data will be
controlled by software subroutines. The control programming will operate in two
basic modes, with all operator dialog being performed through a conversational
command sequence. One mode will normally be used for making a measurement on
either an AN/TPQ-36 or AN/TPQ-37 antenna using a predetermined set of frequencies
and beam positions. In this mode, all parameters, such as positioner speed,
measurement intervals, data file allocation, and number of antenna inputs, will
already be known, and the measurement will begin on operator command.

The second mode of program execution will allow an operator to specify the
various characteristics of a measurement for general applications. Parameters,
such as measurement frequencies, beam positions, and number of antenna input
ports will be input through the console keyboard using an English language dialog with
the operator. The program will then determine measurement locations either by
calculation or as requested by the operator, determine positioner speed to achieve
measurement reliability, etc. and begin the measurement. Controls will be
available to the operator to select a specific frequency and beam position and perform
spot check measurements or to set up a complete measurement sequence which could
be stored for production use.

Measurement intervals will normally be determined by the set of measure-
ment frequencies. Each beam position and antenna input port will be measured at
half-wavelength intervals for every frequency. A table of locations will be constructed
in the program that will be compared to the laser interferometer location data. At
each point of coincidence during a vertical scan of the positioner a measurement of
phase and amplitude 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 drive will be
moved approximately one-half wavelength, and another vertical pass started.
Optimum positioner speed will be determined from the measurement pattern to
allow data to be taken in the shortest possible time while maintaining data reliability.

Program Organization

The entire development task has been divided into separate functional areas
generally associated with specific individual responsibilities. These are:

e Computer Hardware

e Microwave Equipment

e Laser System

e Positioner Structure




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
e Test and Evaluation Procedures
In this and subsequent quarterly reports each of these areas will be reported
on as to status including problems and results for each individual area.

Status of Individual Functional Areas

Computer Hardware--Orders have been placed for all of the basic computer
system equipment including all standard interface cards and the electrostatic plotter.
The basic system, a Hewlett-Packard 1000 is expected to be delivered and set up in
early January 1978. A member of the program staff will attend a two week training
session in mid January to become fully familiar with the System 1000 hardware and
Real-Time Executive software. No problems 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 preamplifiers have been ordered and will be
delivered during the first quarter of 1978. No problems are anticipated in connection
with these items and an internal Hughes 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 actual 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. ‘

Positioner Drive and Control Equipment--Alternative drive techniques are
under investigation. Potential accuracy Iimitations arising from cable stretch and
the positioning resolution of simple DC motor 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

1 complete and shown in Figure 2.

» Software Design--~An initial functional design specification for the system is
complete and is provﬁ]ed 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.
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Control and Data Collection Programming--No specific activities in this area
have been started.

Analysis Programming--The National Bureau of Standards, 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 analysis
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 programming 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 Library 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 this area.

Other Activities--In addition to technical program development a meeting was
held at Hughes with Mr. ]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 positioner 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 sch:edule.
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 during the second quarter,
These include:
e Receipt and setup of the computer system
Receipt and breadboarding of the laser system
Placement of the positioner structure subcontract
Flow charting of program segments
Start of formal consultation with NBS
Completion of positioner drive and control design.
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IDENTIFICATION OF TECHNICIANS

Listed below are the primary technical personnel working on this program,
their areas of responsibility, 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 programming (100 hours).

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

R. L. Cummings--Positioner structure, positioner drive and control
equipment, antenna mount structure system housing (114 hours).

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

11




A, E, HOLLEY

Manager

Technical Staff

Electromagnetics Laboratory
Communications and Radar Division

Education:
BS, Physics, Polytechnic Institute of Brooklyn
MS, Physics, University of California 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 responsible
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 contributed 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, Holley 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 programming 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
prograrmming efforts on both of these systems and also for generating on-line
data collection programming for a Hewlett-Packard 3000 computer system,
These programming efforts require the use of FORTRAN, SPL, ASSEMBLY,
and BASIC languages.

Previous Experience: Prior to joining Hughes, Mr. Howard was an Airborne
adar 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:
S years at Hughes
13 years total

Hughes Positions: Mr, Mecham directed the implementation and operation
of a Real-Time Data Processing Center for a large group of engineers. The

Center uses an HP3000 and several peripheral HP2100 computers. Operating
systems are performed in batch and timeshare modes. Significant tasks |
include system programming, 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, FORTRAN, PL/1, BAL, JCL, COBOL,
data base management/query/report languages (CDMS),

Previous Experience: Prior to joining Hughes, Mr, Mecham was a Programmer
Analyst for Eystem 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
IBM 360/67. Performed system and programming 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
applications, and data base system training lectures, Had responsibility for
computer programs in large-scale, real-time command and control system,
SAGE. The programs involved real-time executive, input/output data link,
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 1
Honors: Past President, Los Angles Chapter, Association for
Systems Management




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, Cummings 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 Pi Tau Sigma Mechanical Engineering Honorary Fraternity
Honors: Tau Beta Pi 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 Department
Electromagnetics Laboratory
Communications and Radar Division

Education:
BSEE and MSEE, Texas A and M University

Experience:
11 years at Hughes

Hughes Positions: Mr. Lange's responsibilities have included design,
analysis, and testing of phased array antennas, single element antennas,
and reflector antennas. The phased array antenna programs he has
participated in include ADAR, AN/SPS-33, AWACS, COBRA JUDY, and
AN/TPQ-36. Mr. Lange used aperture simulation techniques to match the
ADAR aperture to space. This included the design and testing 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 steering
analysis and the effects of errors on pattern performance, and beam
location. In AWACS he aided in the design of a sum-difference mono-
pulse feed for elevation tracking. For the sequential lobing AN/TPQ-36
antenna he was involved in creating an algorithm to predict beam position
using measured and theoretical data. These tasks have involved con-
siderable antenna pattern range work and computer simulation. Mr.
Lange's conformal array experience includes a design effort on a pro-
posed system for COBRA JUDY. The proposed antennas was a cylindri-
cal array with both azimuth and elevation scanning capability.

Mr. Lange aided in the corporate RF feed design for [PD/TAS. This involved the
design and testing of high power air dielectric stripline 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 predicted. Single element antenna design
and ground propagation studies were performed for a short range com-
munication system. Field testing was done at both L-band and at MF.

Mr. Lange's latest task involves the design 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 Pi, Eta Kappa Nu, Phi Kappa Phi.
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4 FUNCTIONAL DESIGN SPECIFICATIONS FOR THE NEAR FJELD SYSTEM

The following outline covers the primary functions, with a

\ brief description, 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 will be based.

A. INITIALIZE RTE COMPUTER SYSTEM

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

B. VERIFY ANTENNA LOCATION
PRIOR TO TAKING MEASURMENTS THE ANTENNA MUST BE ALIGNED.

1. MECHANICAL CONSIDERATIONS
IN ORDER TO INSURE PHYSICAL ALIGNMENT AN OPERATOR MAY 3
BE REQUIRED TO MAKE THE FOLLOWING ADJUSTMENTS
A) HEIGHT
B) TWIST
C) TELT
D) SPACING

2. SOFTWARE CONSIPERATIONS
COORDINATION OF SOFTWARE AND HARDWARE LOCATION IS PERFORMED
BY INITIALIZATION OF THE LASER MEASURING INSTRUMENTATION.

C. CONFIGURE/CALIBRATE/INITIALIZE

A SEQUENCE OF OPERATOR/COMPUTER DIALOG TO

ESTABLISH THE TYPE OF ANTENNA TO BE MEASURED

END THE TVPE OF MEASUREMENT TO BE PERFORMED.

THIS PROVIDES THE APPROPRIATE SET OF ANTENNA
MEASURMENT PARAMETERS FOR THE DESIRED TESTING.

THE FOLLOWING LISTS THE FUNCTIONAL PARAMETERS REQUIRED.

1. MEASUREMENT TYPE DETERMINATION

ESTABLISH WHETHER THE MEASURIMENT WILL BE MADE
USING PRE-DETERMINED MEASUREMENT PARAMETERS, OR THE
OPERATOR WILL BE INPUTTING THE PARAMETERS ON THE
CONSOLE KEYBCARD.
A)STANDARD MEASURMENT FOR TPQ-36
PREDETVERMINED SET OF MEASURMENT PARAMETERS FOR TPQ-35
B)STANDARD MEASURMENT FOR TPQ-37
PREDETERMINED SET OF MEASURMENT PARAMETERS FOR TPQ-37
C)SPECIAL
THERE WILL BE A FUNCTION TO ALLOW THE OPERATOR
TO CHANGE THE STANDARD MEASURMENT PARAMETERS.
D) DIAGNOSTICS OF TEST ANTENNA
WHILE NOT WITHIN THE SCOPE OF THIS PROJECT CURRENT 4
DESIGN WILL TAKE INTO ACCOUNT POSSIBLE DIAGNOSTIC FUNCTIONS
SUCH AS PHASE SHIFTER TESTS. W

2. ANTENNA INPUT SIGNAL SPECIFICAION

A) STANDARD TPQ-36
1 INPUT PCRT
B) STANDARD TPQ-37
3 INPUT PORTS
SUM
AZIMUTH DIFFERENCE
ELEVATION DIFFERENCE
C) SPECIAL MEASUREMENTS
SFECIAL INPUT SIGNAL SPECIFICATION.

3. MEASUREMENT FREQUENCIES

A)STANDARD
1)TPQ-36

17
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2)TPQ-37
F(@)
F(-)
F(+)

B)SPECIAL
ALLOW OPERATOR INPUT OF SPECIFIC FREQUENCIES.
THIS DPATA AND THE # OF BEAM POSITIONS FROM
SEC. 6.5 WILL BE USED TO DETERMINE MEASUREMENT
INCREMENT AND OPTIMUM SCANNER SPEED.
1)SINGLE FREQ.
2)START,STOP,STEP
3)FREQ. SET

4. BEAM POSITIONS
A)STANDARD
1)TPQ-36
19 BEAM POSITIONS
AZIMUTH
g DEG (™)
-1/3 MAXIMUM BEAM SCAN AZMITH ANGLE
-2/3 MAXIMUM BEAM SCAN AZMITH ANGLE
- MAXIMUM BEAM SCAN AZMITH ANGLE (*)
+1/3 MAXIMUM BEAM SCAN AZMITH ANGLE
+2/3 MAXIMUM BEAM SCAN AZMITH ANGLE
+ MAXIMUM BEAM SCAN AZMITH ANGLE (*)
(*) 3 ADJACENT BEAMS F(#),F(15),F(16)
2)TPQ-37
AZINMUTH ELEVATION
2 DEGREE DEGREE
-1/3 MAXIMUM BEAM SCAN AZMITH ANGLE DEGREE
-2/3 MAXIMUM BEAM SCAN AZMITH ANGLE DEGREE
- MAXIMUM BEAM SCAN AZMITH ANGLE DEGREE

- MAXIMUM BEAM SCAN AZMITH ANGLE
2 DEGREE

MAXIMUM BEAM SCAN AZMITH ANGLE
MAXIMUM BEAM SCAN AZMITH ANGLE

N +anaN

+1/3 MAXIMUM BEAM SCAN AZMITH ANGLE DEGREE
+ MAXIMUM BEAM SCAN AZMITH ANGLE DEGREE
+1/3 MAXIMUM BEAM SCAN AZMITH ANGLE +1/3 MAXIMUM BEAM SCAN AZMITH ANGLE
+2/3 MAXIMUM BEAM SCAN AZMITH ANGLE +2/3 MAXIMUM BEAM SCAN AZMITH ANGLE

B)SPECIAL

PROVICES FOR INPUT BY OPERATOR OF SPECIAL BEAM POSITIONS.

5. PROBE PHYSICAL POSITION

THE OPERATOR MUST PERFORM THE FUNCTION OF PHYSICALLY INITIALIZING

AND CONFIGURING THE TEST ANTENNA FOR PROPER RELATIONSHIP TO THE PROBE.
6. MEASURMENT POLARIZATIONS .

THE POLARIZATION FUNCTION IS A PHYSICAL OPERATION BY THE

OPERATOR TO INITIALIZE AND THE POLARIZATION IS COMMUNICATED

TO THE SOFTWARE THROUGH OPERATOR DIALOG.
7. PROBE SCANNER DRIVE CONTROL

THE DRIVER SPEED IS INITIALIZED AND VERIFIED THRU SOFTWARE.
8. ADDITIONAL PARAMETERS

ADDITIONAL PARAMETERS ARE REQUIRED DURING INITIALIZATION I.E.
THE STORAGE FILE NAMES AND REQUIREMENTS FOR COLLECTED AND ANALYZED
DATA.

SYSTEM VERIFICATION

WN -
. .

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

FREQ CONTROLLER
BEAM POSITIONER
LASER

PRELIMINARY DATA ANALYSIS & DISPLAY

1.

COLLECT SPECIAL SET OF DATA

THE INITIAL ABREVIATED TEST CONSISTING OF

MEASURING A SINGLE CENTRAL ROW WITH TWO FREQUENCIES

AND TWO BEAM SCANS IS PERFORMED PRIOR TO THE MAIN

DATA COLLECTION MEASUREMENTS TO VERIFY ANTENNA Se¢T up. 18




INITIALIZE X INCREMENT IN MEASURMENT SEQUENCE TABLE

POSITION PROBE TO ORIGIN (X(@),Y(MIDDLE))

START Y DRIVE

MONITOR IMEASURMENT SEQUENCE TABLE & LASER FOR MEASUREMENT LOCATICON
MEASURE & STORE DATA AT EACH CO-INCIDENCE

SET FREQ & BEAM POS FOR NEXT MEAS

CONTINUE FOR DURATION OF Y RANGE

v.

T

2. ANALYZE PRELIMINARY DATA

AN ANALYSIS IS PERFORMED ON THE SPECIAL DATA MEASURMENT TO
INSURE THAT THE ANTENNA AND MEASURMENT EQUIPTMENT 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.
AMPLITUDE SHOULD FALL WITHIN SPECIFIED CONSTRAINTS
FAR FIELD PATTERN SIDELOBES SHOULD BE BELOW THE SPECIFIED DB VALUE.
FAR FIELD BEAM LOCATIONS SHOULD BE WITHIN SPECIFICATIONS

F. DATA COLLECTION

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

1. INITIALIZE MEASURMENT SEQUENCE TABLE

A. X INCREMENT
THE HORIZONTAL SPACING BETWEEN VERTICAL SWEEPS OF
THE SCANNER. THIS VALUE WILL BE EQUAL TO 1/2 WAVE-
LENGTH AT THE HIGHEST TEST FREQUENCY.

B. Y INCREMENT
THIS IS THE SET OF VERTICAL SCANNER LOCATIONS THAT WILL
CONTROL DATA TAKING. ONE MEASUREMENT OF AMPLITUDE AND
PHASE WILL BE MADE AT EACH 1/2 WAVELENGTH LOCATION FOR THE
HIGHEST TEST FREQUENCY FOR EVERY MULTIPLEXED BEAM SETTING.

2. POSITION PROBE TO ORIGIN (X(@),Y(@))
COMPUTER POSITIOMS THE SCANMER TO THE UPPER LEFT-HAND |
CORNER OF THE SCAN WINDOW.

3. STARY Y DRIVE
THE Y AXIS DRIVE MOTOR IS STARTED AT AN
OPTIMUM SPELD FOR ThE DATA TO BE TAKEN.

4. MONITOR MEASURMENT SEQUENCE TABLE & LASER FOR MEASUREMENT LOCATION

5. MEASURE & STORE DATA AT EACH CO-INCIDENCE
AS EACH MEASUREMENT LOCATIOf IS ENCOUNTERED BY
COMPARING THE LASER POSITION TO THE MEASURMENT SEQUENCE TABLE,
THE AMPLITUDE AND PHASE DATA ARE DIGITIZED AND

‘ STORED IN A TEMPORARY STORAGE AREA.

i 6. SET FREQ & BEAM POS FOR NEXT MEASURMENT
THE SYNTHESIZER AND BEAM POSITIONER ARE SET TO THE VALUES FOR
THE NEXT POINT OF CO-INCIDENCE IN THE MEASURMENT SEQUENCE TABLE.

7. CONTINUE FOR DURATION OF Y RANGE

8. RE-POSITION PROBE TO Y(&),X(N)
DURING THE RETURN OF THE SCANNER TO THE BEGINNING
OF THE VERTICAL SWEEP, THE MEASURED DATA WILL BE
STORED IN THE APPROPRIATE DISC FILES. THE FILE
POINTERS WILL NOT BE INCREMENTED UNTIL AFTER THE
COMPLETION OF THE PRELIMINARY ANALYSIS.

9. PERFOFM PRELIMINARY ANALYSIS OF INTERMEDIATE DATA
TO INSURE DATA VALIDITY AS THE MEASUREMENTS ARE
BEING PERFORMED IT IS CESIREABLE TO PERFORM
PRELIMINARY TESTS AND DISPLAYS OF EACH COLUMN
OF DATA AS IT IS COLLECTED.

18. DISPLAY INTERMEDIATE DATA

11. EVALUATE ONE VERTICAL SCAN OF DATA
THE COMPUTER WILL NOT POSITION THE SCANNER TO THE
BEGINNING OF THE NEXT VERTICAL SWEEP UNTIL ANY PROBLEMS WITH
THE DATA TAKEN OM THE LAST VERTICAL SCAN HAVE BEEN RESOLVED.

12. CONTINUE TO SWEEP,ANALYZE, & STORE DATA FOR TOTAL ANTENNA AREA

G. COMPLETE ANALYSIS 19




1. COMPUTE FAR FIELD PATTERN
OBTAIN MEASURMENT CONFIGURATION DATA
WHICH SPECIFIES PATTERN TYPE,FREQUENCY AND
PATTERN PARAMETERS TO BE ANALYZED.
OBTAIN INPUT MEASURED DATA,AMPLITUDE AND PHASE
TRANSPOSE OR REARRANGE MEASURED DATA AS REQUIRED
PERFORM FAST FOURIER TRANSFORM(FFT) OR CHIRP-Z
TRANSFORM OF MEASURED DATA. THE CHIRP-Z TRANSFORM
IS USED WHERE FINE PATTERN GRANULARITY IS REQUIRED AS
IN BEAM POINTING AND BEAMWIDTH COMPUTATION. THE FFT
IS USED FOR SIDELOBE LEVEL DETERMINATION.
REARRANGE DATA
THE FFT OUTPUT HAS THE BEAM SPLIT. DATA REARRANGEMENT IS
REQUIRED TO CENTER THE BEAM.
PERFORM PROBE CORRECTION
OBTAIN MEASURMENT PARAMETER DATA
OBTAIN PROBE AMPLITUDE AND PHASE PATTERN DATA
INTERPOLATE MEASURED PROBE DATA--CONVERT TO KX,KY
NORMALIZE DATA
COMPUTE ABSOLUTE ANTENNA GAIN USING NORMALIZED DATA.
DETERMINE BEAM PEAK LOCATIONS WITH UNNORMALIZED DATA.
DETERMINE SIDELOBE LEVELS USING NON-NORMALIZED DATA.
CONVERT KX.KY TO THETA,PHI COORDINATES
THE FFT OUTPUT IS IN KX,KY CUORDINATES.
COMPARE NEAR FIELD DATA V'ITH FAR FIELD DATA
BY CONVERTING THE DATA TO THETA,PHI
COORDINATES.

2. COMPLETE ANALYSIS

PATTERN RESULTS
THE NEAR FIELD DATA ALLOWS THE USER TO DETERMINE
ALL THE ANTENNA PARAMETERS NORMALLY MEASURED ON A
FAR FIELD RANGE. THE FOLLOWING TPQ-36 PARAMETERS WILL
BE COMPUTED.
TPQ-36
SIDE LOBE LEVEL
BEAM CRCSSOVER LOCATIONS
GAIN
BEEAMWIDTH
3 TPQ-37
: SIDE LOBE LEVELS
BEAM FOSITIONS
GAINM
DIFFERENCE PATTERN SLOPE
BEAMWIDTH

GRAPHIC OUTPUT DISPLAY
PLOTTED PATTERNS WILL DISPLAY PATTERN POWER IN DB
VERSUS ANTENNA ANGLE. PATTERN LABELING WILL INCLUDE
ANTENNA TYPE, FREQUENCY CODE, AZIMUTH OR ELEVATION
CUT,AND BEAM SCAN.
LINEAR PATTERKS
CONTOUR PATTERUNS
| 3-D PATTERNS

| H. DATA DISPLAY

| A TABLE DERIVED FROM TEST SPECIFICATIONS WILL BE

PRINTED OUT. GRAPHICS WILL BE OPERATOR SELECTED. ALL

RAW DATA FILES WILL BE STORED ON TAPE. COMPUTED DATA FILES,
INCLUDING OUTPUT FRCM THE FFT AND CHIRP-Z ROUTINES, MAY BE
STORED ON TAPE UPCN OPERATOR REQUEST.

I. DATA STCRAGE CAPABILITIES
STORE RAW DATA ON TAPE
CREATE A SEPARATE 2-DIMENSIONAL ARRAY (X VS. Y)
FOR EACH FREQUENCY AND BEAM POSITION.

RETRIEVE RAW DATA FROM TAPE

STORE PROCESSED DATA ON TAPE
! RETRIEVE PROCESSED DATA FROM TAPE
B STORE OR RETRIEVE TEST PARAMETER DATA ON TAPE

J. TERMINATE RTE
K. ERROR DETECTION & PROCESSING

1. MECHANICAL DRIVE LIMITS
PROVIDE A MEANS OF STOPPING SCANNER DRIVE
AT EITHER 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
SOFTV/ARE TO INSURE THAT LASER BEAM HAS 20




L.

4.

NOT BEEN INTERRUPTED.
BEAM POSITIONER FAULT

UTILITY & SUPPORT ROUTINES

} i

STANDARD MEASURMENT CONFIGURATIONS
TABLES OF VALUES AS OUTLINED IN SECTION C.

. SPECIAL MEASURMENT MEASURMENT SEQUENCE TABLES

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

SPECIAL MEASUREMENT CONFIGURATIONS

SPECIFY A SPECIAL SET OF DATA MEASURING AND ANALYSIS OPTIONS.
THIS WOULD INCLUDE NON-SWEEP CONTROL AND MEASURMENT.

. OPERATOR DIALOG

DIALOG WITH THE OPERATOR IS PERFORMED USING THE FOLLOWING FUNCTIONS
SYNTAX SCANNER, SEMANTIC ANALYZER, MESSAGE HANDLER

DATA STORAGE (TAPE)

COLLECTED AND ANALYZED SETS OF DATA MAY BE ARCHIEVED ON MAGNETIC TAPE
FILE HANDLING

ALL FILE HANDLING FUNCTIONS ARE HANDLED BY THE HP RTE OPERATING SYSTEM
PLOTTING & GRAPHICS FUNCTIONS

THE FOLLOWING GRAPHICS FUNCTIONS PROVIDE THE NEAR FIELD

APPLICATION'S PROGRAMS WITH THE ABILITY TO DISPLAY DATA IN GRAPHIC/PLOT
FORMAT ON THE HARD COPY PLOTTER OR CRT GRAPHICS TERMINAL. THE

EASIC TWO DIMENSIONAL PLOT PACKAGE IS BASED ON THE EXISTING

VERSAPLOT SOFTWARE PACKAGE WITH ALL ITS ATTRIBUTES.

A. 2 DIMENSIONAL PLOTTING CHARACTERISTICS
THE 2-DIMENSIONAL FUNCTIONS WILL PROVIDE FOUR DIFFERENT
PLOT TYPES WITH OPTIONAL PLOT BACKROUND INFORMATION OUTPUT
ON THE HARD COPY PLOTTER. A LIMITED SUBSET OF THESE FUCTIONS
WILL BE AVAILIBLE ON THE GRAPHICS CRT TERMINAL.

PCINT PLOT

LINE PLOT

CONTOUR PLOT
POINT SYMBOL PLOT

AXES X & Y
AXES TIC MARKS
AXES LABELS
PLOT TITLE
OPTIONAL GRID
TONAL SHADING

{ ) OB S
| T T A I

B. 3 DIMENSIONAL PLOTTING CHARACTERISTICS

THE 3-DIMENSIONAL FUNCTIONS WILL PROVIDE TWO DIFFERENT PLOT
PERSPECTIVES. THE FIRST IS A THREE DIMENSIONAL GRID PLOT AND
THE SECOND SHOWS CONTOURS

MESH PERSPECTIVE PLOT
CONTOUR PLOT

AXES LABELS

PLOT TITLING

£ E U

C. CRT 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. VILITY

THE UTILITY FUNCTIONS AND PROGRAMS ASSOCIATED WITH THE
VERSAPLOT 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

CRT PLOT GENERATION

CRT PLOT LABEL GENERATION 21
GRAPHIC SHADING PATTERN DESIGNATION




- 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 j

THERE ARE A NUMBER OF SOFTWARE ELEMENTS THAT ARE PROVIDED WITH
THE HP1998 COMPUTER SYSTEM

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

FILE MANAGER - PROVIDES UTILITY FUNCTIONS TO CREATE,UPDATE,

:?RES.LIST.COPV.ETC.DISC AND MAGNETIC TAPE
LES.

HP FORTRAN I1 - COMPILER

RTE FORTRAN IV - COMPILER

HP ALGOL - COMPILER

HP EDITOR - TEXT EDITING

RTE ASSEMBLER - HP21MX ASSEMBLER

LOADER - LINK-EDITOR

SYSTEM DIAGNOSTICS

SR i e b e i
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