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FOREWORD

This report was prepared by The University of Michigan, under USAF Contract
No. AF’33 (615) -2606. The contract was initiated under Project No, 4357,
"Electromagnetic Compatibility Techniques'' and Task No. 435703, "Interference
Measurement Techniques. " This was administered under the direction of the
Electronics Warfare Division, Air Force Avionics Laboratory at Wright Patterson
Air Force Base, Ohio, with Mr, H. M. Bartman as Project Manager and Mr. K. W.
Tomlinson as Contract Monitor. This report covers work conducted from April 1965

to April 1966.

This report was submitted by the authors, 15 April 1966.

PUBLICATION REVIEW

This technical report has been reviewed and is approved.

OSE#H A. DQMBROWSKI
Lt. Colonel, USAF

Chief, Electronic Warfare Diviaion
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ABSTRACT

This report discusses three areas which are of importance to the
Electromagnetic Compatibility program presently being conducted by the U. S.
Government. The areas discussed in this report are: 1) methods for obtaining
spectrum signatures at a minimum of cost, 2) data recording techniques, and 3)
methods for obtaining transmitter signature characteristics.

The methods for obtaining antenna spectrum signatures discusses the use of
simplifed models together with typical results for three different antenna configura-
tions. The three antenna configurations were tested on both a simplified and a pre-
cision model of a jet aircraft at a fundamental and four harmonic frequencies. In
the data recording section the data format for antenna signatures is presented. A
recommendation as to the format in which the data should be collected and forwarded
to ECAC for prediction analysis is made. A discussion of a technique for digitally
recording signature data at a minimum of cost is presented. Under the final section,
techniques for determining the signature characteristics of a communications type

system are discussed and some preliminary results are presented.
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INTRODIUCTION

The present study has been divided into three areas. Each has been concerned
with the determination of the Spectrum Signé.ture of airborne electronics systems.
The three areas considered during this study were: 1) methods for obtaining the
antenna pattern spectrum signature at a minimum of cost, 2) data recording and
reduction techniques, and 3) methods for obtaining transmitter output characteristics.

To obtain antenna spectrum signatures, consideration has been given to the use
of simplified models rather than precision models or instrumented airborne systems.
An extensive experimental study has been conducted to determine the feasibility of
the simplified modeling technique. The initial investigation of simplified models, as
they may apply to airborne antenna spectrum signatures, is presented in a report by
Ferris, et al (1965) . This study has been continued, and typical results are pre-
sented. In addition to simplified models further consideration has been given to
fly-by tests (employing an instrumented full-scale aircraft). Because of costs and
the complexity of the technique, it has been rejected as a practical means for obtain-
ing spectrum signature data.

Techniques for recording spectrum signature data of airborne antennas in a
digital format have also been investigated during this study. Several
digital recording procedures have been considered such that the data could be

efficiently stored by the Electromagnetic Compatibility Analysis Center (ECAC),
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Supplement I (Dute et al 1966) of this report discusses these techniques in further
detail. Digital techniques for recording and storing the original antenna signature
data are desirable since ECAC prefers to use statistical procedures when making
interference predictions.

Consideration has also been given to procedures that would be applicable to
accurately determining the spectrum signature of airborne transmitters. Present
measurement techniques employed to obtain signature data from which interference
predictions may be calculated are relatively crude. Therefore, the interference
predictions are generally unreliable. The present study has been directed to a level
which is relatively basic in principle. From this study a better understanding of the
measurement procedures as applicable to obtaining the output characteristics of the
transmitter can be achieved. The study also provides a more accurate picture of
the electronic phenomenon that takes place between the transmitter and antenna at

the fundamental, spurious and harmonic frequencies.
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SIMPLIFIEDII MODELING
In a previous report, Ferris et al(1965), op. cit. it was shown that the technique
of simplified modeling appeared feasible. Therefore, the present contract was
initiated to complete the study. During the period covered by the present contract,
three antennas located on both the simplified and precision models have been con-
sidered. In addition to the study of simplified and precision models, the need for
employing full scale aircraft antenna techniques has been considered.

2.1 Antenna Configurations

Two VHF and one UHF antenna configurations were employed during the study
of the simplified modeling technique. The VHF antennas were a modified monopole
and a conventional A/4 monopole antenna. The full-scale modified monopole
antenna is designed to ope.rate over a 2:1 frequency range of 200 to 400 MHz,
and the simple full-scale /4 monopoleis anarrow-band antennathat operates at
300 MHz. Both of these antennas were scaled by a factor of 8 so that they
operated in the UHF frequency range at approximately 2.4 GHz center frequency.

The modified monopole was located on scale models of a jet aircraft directly bene ath
the wings. Three-dimensional antenna spectrum signatures were collected at the funda-
mental and four harmonic frequencies. The A/4 monopole was located on the underside of
the nose of the aircraft. Three-dimensional data was collected at the fundamental fre-
quency and principal plane patterns were obtained at four harmonic frequencies.

The UHF antenna simulated a full-scale 1.0 GHz antenna. The scale model
antenna consisted of a short section of open ended X-band waveguide operating at a
fundamental frequency of 8.0 GHz., Principal plane patterndatawas collected at the
fundamental and four harmonic frequencies. This antenna was located in the under-

side of the fuselage midway between the wings.
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Pattern data was collected both on the simplified and precision models of the jet
aircraft. This data was reduced to typical statistical formats used by ECAC. The
statistical data was compared to determine the validity of simplified model data.

2.2 Modified Monopole

Figures la and 1b show the modified monopole located on the precision and sim-
plified models respectively. Some data, demonstrating the feasibility of the sim-
plified modeling technique for the modified monopole, was presented in a previous
report (Ferris, et al 1965). During the period covered by the present contract,
additional data was obtained for the modified monopole antenna at the fundamental
and four harmonic frequencies. This data was collected such that the three-
dimensional pattern characteristics of the antenna were obtained at each of the above
frequencies.

All pattern data collected with the aircraft employed the spherical coordinate
system shown in Fig. 2. :I‘he three-dimensional antenna patterns were recorded in
the 6-variable plane with §§ varied in increments of 10°. The polarization of the
transmitting antenna was constant E o'

A typical set of three-dimensional pattern data is shown in Figs. 3-22, The data)
is for 7.2 GHz and alternate patterns show results first for the simplified and then
for the precision model for various values of 6 and . This data was reduced to a
 cumulative gain distribution (statistical) format for further comparison. Typical
cumulative gain distributions for the above patterns are shown in Figs. 23-32.

An example of an alternate data reduction technique that was employed to com-
pare the simplified and precision models is illustrated in Figure 33a. The con-
ventional antenna patterns shown in Figs. 3 and 4 have been reduced to statistical
patterns in Fig. 33a. Pattern data, when placed in this statistical format by an
averaging process, may be effectively compared due to the smoothing of the pattern
in cluttered, narrow-lobe regions. This alternate technique employs a sliding sec-
tor as illustraged in Fig. 33b. Here it is seen that the sector width (in degrees)

is denoted as @, and the sector slide increment (in degrees) as B. The sector a is
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FIG,

PRECISION T-33 MODEL




THE UNIVERSITY OF MICHIGAN
7274-1-F

FIG. 1b: SIMPLIFIED T-33 MODEL
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¢ =270°

FIG. 2: SPHERICAL COORDINATE SYSTEM
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is slid in steps of B across the 360-degree width of the conventional antenna pattern.
As the sector is slid, statistical data is calculated and plotted as follows: (1) the

average gain within the sector «, is determined and recorded at ozl/ 2; (2) the sec-

1

tor «, is slid Bo becoming ¢, and the above calculation repeated and plotted at

1 2
az/ 2 = al/ 2 +B; (3) the process is repeated for @y, etc. across the pattern

(Note: @, = @, = a,, etc.). Figure 33a is a composite (precision versus simpli- |

fied modil) of jveragz data for the modified monopole with «a = 20° and B = 4° .

To aid.in the reduction of the data into statistical formats all data has been re-
corded in a digital, as well as analog, format (the pattern data in this report is in
analog format). The instrumentation employed to obtain the digital data is discussed
in a later section of the report.

2.3 >‘Z4 Monopole

The )t/ 4 monopole was also discussed in the previous report (Ferris et al 1965).
Since the writing of that report, additional data has been obtained at the fundamental
and harmonic frequencies. A complete set of three-dimensional data has been ob-
tained for the A/4 monopole at the scaled fundamental frequency of 2.4 GHz. Figures
34a and 34b show the antenna mounted on the underside of the nose of the precision
and simplified jet aircraft models. Figures 35-54 constitute a set of three-
dimensional data for the \/4 monopole at 2.4 GHz. It is interesting to note the
similarity between the patterns of the precision and simplified models in spite of the
streamlined contour of the precision model. Cumulative gain distributions (statis-
tical) were plotted to aid in their comparison as shown in Figs. 55-64 .

The University of Michigan analog-to-digital converter was employed to record
the above antenna pattern data in digital form on magnetic tape as the analog pattern
was being plotted on chart paper. The digitalized data was later automatically pro-
cessed, reduced and plotted in a form of cumulative gain distributions as will be
discussed later in this report. During the period covered by the present contract,
the recording system was modified to include a 60 db dynamic range and this was

employed to obtain the above patterns.
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FIG. 34a: )\ /4 MONOPOLE ANTENNA ON PRECISION MODEL T-33
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FIG. 34b: X /4 MONOPOLE ANTENNA ON SIMPLIFIED MODEL T-33
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2.4 Slot Antenna

The two previous antenna types discussed were an omnidirectional split-beam
configuration, It is also of interest to examine a unilobe structure similar to an-
tenna configurations used in the UHF frequency band for airborne systems. To
simulate such an antenna, an open-ended section (Figs. 65-66) of waveguide was em-
ployed. This antenna was used to simulate typical antenna types that operate in the
1 GHz frequency range. Therefore, the scale frequency was 8.0 GHz. Signature
data was collected at the fundamental and four harmonic frequencies to compare the
simplified versus the precision modeling technique. The proper waveguide transi-
tions were used between waveguide bands to minimize the probability of higher order
modes being excited in the waveguide. A typical set of pattern data obtained at the
fundamental through thefifth harmonic is shown in Figs. 67-76. There are some
slight discrepancies in the patterns. However, good agreement is bound to occur in
the statistical data shown in Figs. 77-81. It is to be noted that all data was collected
using the U of M digital recording system to facilitate the reduction of the data into
the proper format for final analysis.

2.5 Concluding Remarks to the Simplified Model

Three antenna configurations have been considered using the simplified model-
ing technique to obtain antenna spectrum signature data that can be forwarded to
ECAC for further interference analysis purposes. Further, it will be noted that one
simplified modeling configuration was employed during this study. In the event that
more accurate statistical data is required, it is felt that the simplified modeling
technique could be modified and still retain its simplicity and low-cost features. For
example, in the case of the jet aircraft, one might consider the feasibility of model-
ing the nose region by a conic section that could easily be turned on a lathe. The
fuselage might remain a cylinder and the tail section could be another conic section.
The three parts could then be glued or pinned together. Also, extra care may be

required in fitting of wings into the fuselage to minimize discontinuities. However,
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FIG. 65: SLOT ANTENNA ON PRECISION MODEL T-33
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FIG. 66: SLOT ANTENNA ON SIMPLIFIED MODEL T-33
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the main purpose of this study has been to show that a relatively simple model may
be used to obtain reasonably accurate signature data for interference prediction
analysis. It is also feasible that further simplification of the modeling technique
could be employed; e.g., rather than using surfaces of revolution, flat plane surfaces]
could be employed to simulate an aircraft. One such technique that has been
suggested, but not investigated, is the possibility of modeling the fuselage of an
aircraft with a plane surface having a silhouette outline of the fuselage.

As a result of this study, it is felt that the simplified modeling technique is
justified for use in the collection of signature datafor ECAC and that the next area of
concern involves the techniques that may be employed to collect the data so that it can

be properly transferred and stored by ECAC.
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DATA RECORDIEIG TECHNIQUES

A second aspect of the present contract has been an investigation of data
handling techniques and procedures presenting the data obtained by the Air Force or
other services to ECAC. To ensure that recommendations resulting from the
techniques and procedures developed by The University of Michigan are compatible
with both ECAC and the Air Force, close liaison has been maintained with these
organizations.

During this study the following digital techniques were considered: 1) manual,
2) semi-automatic, and 3) automatic. In addition to investigating recording tech-
niques, consideration has been given to the form in which the data should be
collected. Therefore, a data format that has been discussed with both ECAC and the
Air Force is presented as a part of this report.

3.1 ECAC Data Format

During discussions with ECAC personnel, it was learned that pattern data in the
form of number-pairs is preferred. The desired number-pair consists of the
antenna gain value and the associated angle (azimuth or elevation) for a given data
point. Personnel of ECAC have found that it is less complicated to write the
various programs required for interference predictions with the antenna pattern
data in the number-pair format. This format relieves the interference program
of the burden of having to search the input data to match a given gain value with its
correct angle inthe eventdata is accidentally placed inthe computer in the wrong
sequence. Further, if a single data format is adhered to by the Air Force and
other military organizations, only one computer program will be required at ECAC
to reduce antenna pattern data for statistical analysis. Therefore, costs and time

will be minimized in the prediction of interference.
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The medium by which data is to be stored at ECAC is IBM cards rather than
magnetic tapes since cards are less susceptible to deterioration or damage. It is
recommended that the antenna gain value be represented by four digits, thus enabling
an amplitude to be recorded to aone-halfdb increment, typical of microwave
measurement accuracy. It is also suggested that the angle associated with the
antenna gain be represented by four digits allowing an increment of 0. 59 to be
recorded. The one-half degree increment will enable agencies to measure high-gain,
narrow-beam antennas.

Following the above format, a card will consist of nine data points and an
identification code. Basically, the data will be arranged on the card as follows:nine
data points will be placed on each card consuming 72 columns, and the remaining
8 columns will be used for the identification code. A total of 80 cards will be re-
quired for each antenna pattern. In addition to the data cards, it will be necessary
for each set forwarded to ECAC to be accompanied with a data sheet describing the
lcard content, i.e. antenna model, type, etc. This sheet could very well be a
‘punched card.

3.2 Manual Digitalizing Technique

The manual procedure consists of employing an individual to examine the analog plot
of the antenna pattern and record on a suitable data sheet the antenna gain, relativetothe
pattern maximum, atdiscrete angular increments. Inthe event the patternis a side angle
pattern configuration (half-power beamwidth > 59), data is recorded at 1° increments
for the full 360° of the pattern. In those cases where the pattern has a narrow beam
(half-power beamwidth < 59), data is recorded in increments of 0. 50, The relative
gain isrecordedtothe nearest one-halfdb. Afterthe pattern data has been recorded,
the data sheet is forwarded to a card punch operator, who punches both the angular
position and the relative gain onto an IBM card. These cards can then be forwarded

to ECAC to become a part of their data base files.
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The prihcipal disadvantage of the manual technique is the probability
of human error occurring in the recording of the data. A further disadvantage is
that the process is time consuming and costly.

3.3 Semi-Automatic Digitalizing Technique

A semi-automatic procedure has been considered that requires manual sampling
of an analog antenna pattern. An operator manipulates a pair of cursors on a
machine on which pattern data is placed. The machine is manually directed to
sample the analog waveform at any selected point and supply only the magnitude of
the sample value to an analog-to-digital converter unit (no provision is made to
include angle information). The converter unit digitalizes the data and feeds a card
| punch unit which automatically punches the data onto cards (thus negating the need
for one operator). Figure 82 shows the equipment used in this procedure. The
analog-to-digital converter unit is seen at the left in the photo. The sampling
machine "Oscar'" is shown in the center and the card punch unit on the right.

This semi-automatic procedure has several drawbacks not found in the
completely automatic system to be described in the following section. First, it is
doubtful that it is feasible to use this system to punch the digitalized data onto
IBM cards in the format suggested above, asno angle data is available. Second, the
analog waveform must be sampled manually by an operator. Our investigation has
shown that when the equipment is operated by an individual unfamiliar with antenna
problems, there is a high probability of errors appearing in the final data. These
errors are usually difficult to locate and costly to correct.  Third, the curve
sampling procedure is tiring to an operator's eyes and this also increases the
probability of errors in the data.

We have investigated the use of untrained personnel (such as may be employed if
the data were sent to a commercial facility) and also antenna trained personnel to

reduce analog data into digital form using the above semi-automatic procedure. The
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errors introduced into the data by the operator were found to be much higher when
using untrained personnel. Because of these problems it is recommended that the
semi-automatic procedure be avoided if at all possible and in lieu of it employ the
automatic procedure discussed next.

3.4 Automatic Digitalizing Technique

An automatic digital recording technique has been developed by The University
of Michigan. Figure 83 is a block diagram of that system. A high-gain receiver is
employed to measure the antenna radiation characteristics and an antenna pattern
recorder plots the characteristics in analog form on standard chart paper. Simultan-
eously, the analog waveform is sampled at 1° intervals (for 360° coverage) by an
analog-to-digital converter and the magnitude of the sampled values are recorded on
a general purpose tape recorder in the form of binary coded numbers. Figure 84
shows the wide-range high-gain receiving system which incorporates the analog
recorder and the analog-to-digital converter. Figure 85 is a close-up view of the U
of M analog-to-digital converter. The basic operation of the analog to digital con-
verter is discussed in Supplement I (Dute et al 1966). Figure 86 shows the
general purpose tape recorder which places the digital data on quarter-inch
magnetic tape. Upon completion of the antenna measurements the general purpose
tape recorder is transferred to another analog-to-digital converter facility.

Here the quarter-inch magnetic tape is played back into a converter unit which
transfers the data onto half-inch magnetic tape in aformat which is compatible with
the U of M IBM 7090 computer. The equipment used to effect the data transfer is
shown in Fig. 87,

The antenna data now on tape is subsequently transferred to the punch card form
by employing IBM processing equipment. A computer program, which is required to
direct the processing, is read into an IBM 1401 processing unit along with the

antenna data on magnetic tape. The digital data is processed and automatically
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FIG. 84: WIDE-RANGE, HIGH-GAIN RECEIVING SYSTEM
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GENERAL PURPOSE TAPE RECORDER

.

FIG. 86
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FIG. 87: RAYTHEON ANALOG -DIGITAL CONVERTER AND
ASSOCIATED LOGIC RACKS (NORTH CAMPUS)
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punched onto IBM cards for storage at ECAC.

Although the above procedure may appear lengthy and cumbersome, it was
developed to demonstrate the feasibility of recording antenna patterns in both
analog and digital form simultaneously, and the subsequent transfer of digital data
to punched cards for storage. In spite of the complexity of the procedure, it was
found to provide a high degree of accuracy in a shorter period than either the manual
or semi-automatic procedure. This accuracy is illustrated by Figs. 88-89 which
aretypical analog patterns selected at random from patternsets. Plotted as circles on
these analog patterns are the digital data as read from the punched IBM cards after
completion of the digitalizing procedure. Only 60 of the total 361 values sampled by
the digital converter are shown on each pattern to avoid the clutter of too many

points.
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TRANSMITTER OUTPI[\IIT CHARACTERISTICS

A third aspect of the present contract is the consideration of the overall system.
Here, one must determine what data is to be collected by the military (Air Force,
etc.), and supplied to ECAC for interference predictions. Since there are many
types of systems in use today, the systems study has been initially limited to one of
the more popular and less complicated systems. As our knowledge of this system
increases, the techniques developed will be refined so that they can be employed
with more complicated systems. The system initially under consideration is a
communication system that functions in the VHF and UHF frequency range and
employs coaxial cables as the transmission lines.

To further simplify the study, only the transmitter associat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>