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EXECUTIVE SUMMARY

Normally the performance evaluation of an automobile antenna
requires that the automobile be placed on a rotating platform and
received signal be recorded as the automobile is rotated.
Obviously, this restricts the performance to a laboratory
environment.

The present report describes a portable automobile antenna
system which is capable of providing the antenna response at any
desired location. The antenna response is obtained by driving
the test car at any desired location around a chosen circle of
small radius. The azimuth information is obtained from an
electronic compass mounted on the roof of the car. The
(commercial) air signal received by the test antenna mounted on
the automobile, the signal received by a standard antenna
developed for the system and the azimuth information are fed to a
data acquisition system which is controlled by a small computer.
All data are stored and processed digitally and results are
plotted in standard polar plot format. Enough information is
provided so that the absolute or the relative (to a standard
antenna developed for the purpose) gain of the test antenna can
bé obtained. The system is portable and, hence, antenna
performance can be evaluated in urban or any other desired

environment.

This is a first prototype system. Improvements can still be
made in data storage and signal processing capability of the
system. The speed of the printing system is slow at the present

and can be improved if so desired.
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I. INTRODUCTION

This report describes the development of a portable system
capable of evaluating the performance of an automobile antenna.
The objective of the program has been to design and develop a
standard antenna and associated electronics system so that the
performance of a variety of entertainment antennas mounted on
automobiles may be evaluated by receiving commercially available
signals. The frequency bands of interest are AM, FM, CB, VHF and
UHF. Basically, the system compares the response of the antenna

under test to a desired signal with that of the standard antenna.



ITI. THE STANDARD ANTENNA

2.1 Design of the Antenna

The design of the standard antenna was obtained by using the
well-known broadband properties of biconical and discone antennas
[1] [2]. Figure 2.1 shows a sketch of the standard antenna
system which essentially consists of a coaxial fed monopole using
a 5-ft diameter circular ground plane. The monopole element is
an inverted cone of angle 2a, base 2b, height h and slant-height
L as shown in the figure. For convenience we have chosen a cone
angle 2a = 60° so that the geometry then indicates

b =1L/2

(1)

L 1.15 h.

Satisfactory broadband performance from such an antenna can be
obtained over a 3 to 1 band of frequencies provided the parameter
L is chosen as [1,2]

L =0.382 (2)
where ) 1s the wavelength at the lowest frequency of the band.

It is evident that the same antenna cannot be used

satisfactorily for the AM to UHF bands of frequencies. We have
designed the antenna for the following two bands of frequencies:
90-300 MHz - Band 1; 300-1000 MHz - Band 2. The required
parameters L and h, as obtained from Egs. (1) and (2) are:

L ~ 15", h ~ 13" for Band II.

L ~ 50", h ~ 43" for Band I.

o
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Figure 2.1 A sketch of the standard antenna.



Both antennas use 60" diameter circular ground plane. It is
assumed that the Band I antenna will be suitable for the AM-band
also.

For transportability, the Band 2 antenna and a part of its
ground plane is designed as one compact unit; the full ground
plane and the Band 1 antenna configuration can then be obtained
as simple extension of the Band 2 antenna.

The monopole element for Band 2 is fabricated as an inverted
cone from a solid block of aluminum; the Band 1 cone
configuration is obtained as an extension of the cone height to
the required value. The extension is obtained by introducing a
number of inclined metal rods along the rim of the solid cone
base.

The ground plane in the compact unit consists of a 15" -
diameter aluminum sheet. It is extended to its full size (60"
diameter) by introducing a number of radially oriented metal rods
along its rod.

Thus, the compact unit occupies a space of approximately

15" x 15" x 15"; the design was such that the standard whip
antennas {(length 32") used in automobiles can be used as the
required extension rods.

2.2 Construction of the Antenna

Based on the design discussed in Section 2.1, the standard
antenna was constructed using twenty four (24) 32"-long standard
whip antennas for ground plane and cone extensions. A photograph
of the Band 1 antenna configuration is shown in Fig. 2.2. The

antenna has a 15-inch diameter aluminum ground plane which i:
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Figure 2.2 A photograph of the standard antenna.



extended to the full size with the help of 12 equally spaced and
radially oriented whips attached to the edge of the aluminum
ground plane. A BNC antenna connector is also attached on the
outer edge of the ground plane. A 0.141 semi-rigid (508 )
coaxial cable goes from the connector to the tip of the cone
which rises from the center of the ground plane. The cone is
made of aluminum and is 13 inches high having a total angle of 60
degrees. The cone is then extended in size by adding 12 standard
whips equally spaced around edge of its base. For ruggedness, a
plexiglass cylinder is used at the base of the cone as well as
three nylon pillars to support the cone.

The antenna is also mechanically designed for conversion to
a simple monopole. In such case the cone is removed and is
replaced by a single whip antenna at the center of the ground
plane.

2.3 Measured Impedance Characteristics

Impedance characteristics of the standard antenna were
measured using a Hewlett Packard 3510A network analyzer and a
capacitance meter. Since the network analyzer covers the range
of frequencies 45 MHz to 18 GHz, the measurements were carried
out over 45 MHz to 1000 MHz. Figures 2.3 and 2.4 show the VSWR
characteristics of the antenna with and without extensions,
respectively. As expected, the performance of the antenna
without extensions is better (VSWR < 1.5) but over a limited
frequency range. With addition of extensions the low frequency

(45-100 MHz) performance is drastically improved (Fig. 2.4),
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although there is a slight increase in VSWR (VSWR ¢ 2) in the
midrange (140-800 MHz). Overall, it is therefore suggested that

the extensions be always used.

2.4 Gain Characteristics

The gain vs frequency for the standard antenna was obtained
by comparing the measured response of the standard antenna with
that of three different reference antennas when they were
illuminated by a signal of desired frequency. The following
three different reference antennas of known gain were used:

(1) Monopole. The monopole element consisted of a metallic
rod of length 108" and diameter 0.75". A FET amplifier with Cm
5 pF and GV = -2.6 dB was used to couple the antenna to a 50 ohm
receiver. The gain of the antenna can be obtained by using

"short antenna theory" and is given by

_ v _VTo/eo (L\2 _
GAM(dB) = 20 Tog [Xi' —E7 (2) ] - 2.6dB (3)
where,
L=2.8m (108"),
A = wavelength in meters,
29 = impedance of free space
€

= 1201 ohms.
The operation of the monopole is limited to frequencies below 30
MHz.

(ii) Biconical Antenna. This was a standard EMI antenna

designed per MIL-STO-461A and operates in the range 30-200 MHz.
Similar antennas are also available from EMI antenna

manufacturers.



(iii) Dipole Antennas. These were tuned dipoles and (three

of them) were used for measurements in the range 100-1000 MHz.
The dipoles were made by Ailtech.

Fig. 2.5 shows photographs the various antennas. The gain
vs frequency for the standard antenna is shown in Fig. 2.6 where
the values obtained from the individual reference antennas are
also indicated. The gain of the standard antenna is found to be
low at low frequencies because it feeds a 50 ohm load. With
increase of frequency the gain increases and approaches 0 dB
(isotropic) at higher frequencies. The oscillations in the
results are probably due to resonances of the (whip) extensions
and are also evident in the VSWR results (Fig. 2.4) around 100

MHz.
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Figure 2.5 Photographs of standard and reference
antennas (used for gain calibration)
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ITI. THE SYSTEM DESCRIPTION

The complete antenna evaluation system consists of (a) an
electronic package, (b) the vehicle test antenna and the standard
or reference antenna and (c) an electronic compass that can be
mounted on the roof of the test vehicle. The standard antenna
characteristics have been discussed in Section II. In the
following sections we describe the other components of the system
and give some results obtained from sample measurements.

3.1 Hardware

A block diagram showing the hardware configuration of the
complete system is given in Fig. 3.1. For the sake of discussion
the system is divided into section as shown in Fig. 3.1. The
first section encompasses the analog signal path of the system.
This includes the reference and test antennas, the receiver and
the electronic compass. The reference and test antennas are
connected to a receiver which in turn is connected to the HP 3421
A/D converter or the Data Acquisition System. At the present
time the receiver is a spectrum analyzer powered by a 12 VDC to
110 V AC inverter. The electronic compass (mounted on the roof
of the test vehicle) produces a continuous analog x-y pair of
signals depending on the orientation of the vehicle in the
earth's magnetic field contaminated by the test vehicle. These
directional signals are then also fed into the HP 3421 A/D
converter. In the analog section of Fig. 3.1, all of the cables

are marked according to their respective function. Since the
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DATA ACQUISITION
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HPIL digital circuit
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Figure 3.1 Hardware configuration.
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HPIL is a serial poll bus, the order in which the various devices
are interconnected is important for proper operation of the
system. Currently, the printer is the first device connected to
the HP-71B followed by the disk drive and finally the HP 3421
data acquisition unit.

The second section comprises of the digital processing
storage and the output part of the system. It consists of an HP-
71B controller/computer, the HP 3421 A/D converter, an HP 9114
3.5" floppy drive and a Think-Jet printer, all connected to an
HPIL bus structure for interdevice communication. The floppy
drive serves to store programs, calibration and test data. The
Think-Jet printer has a 640 x 640 pixel graphics capability and
prints the final polar plot. The HP-71B does all the necessary
data processing operations.

3.2 Software

There are numerous subroutines in the software package, but
there are only three main divisions on the operator level. The
general layout can be followed from Fig. 3.2 showing the software
configuration. We shall now look at each subroutine as it fits
in the general scheme of operation (for detailed instructions on
operation see Section 3.3).

The first main system operation consists in collecting a
compass calibration reading. As can be seen by viewing Fig. 3.3,
the MAIN module (Fig. 3.3) calls the GETCAL (Fig. 3.4) subroutine
which runs through the compass calibration procedure. After

answering a few housekeeping questions, the routine starts to

15
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Figure 3.2
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Software configuration.
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WAIT
FOR
KEYPRESS

(SHELL)

EXECUTE
DESIRED
FUNCTION (S)

RETURN

Figure 3.3 SHELL logical flow.
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ENTER NUMBER OF
CALIBRATION POINTS

FILE NAME

FILE TITLE

( aLIeN car )

COLLECT THE
COMPASS
CALIBRATION
DATA

COMPUTE THE
ELLIPSE
PARAMETERS
AND
OFFSET ANGLE

INPUT ANY
FILE COMMENTS

SAVE THE
CALIBRATION
DATA

RETURN

Figure 3.4 GETCAL logical flow.
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collect data from the compass as the car drives counterclockwise
in a circle. This produces a calibration file which is used to
correct the angular data for the antenna measurements. The
response of the compass in the most general circumstances is
expected to be a rotated-and-translated ellipse. After the raw
data are read in, they are processed to extract general
parameters of this ellipse; its tilt with respect to the X-axis,
major and minor axes, and its center are obtained. Since the
car's starting position is known, any later measurements can be
mapped onto this calibration ellipse.

The second main system operation is the collection of the
radiation pattern of an antenna. The subroutine invoked is
called COLLECT (Fig. 3.5) and it performs several tasks. In the
first measurement it collects a reading of the reference autenna.
It then waits for the operator to switch to the test antenna and
position the car before collecting radiation pattern data. After
the collection run, it calculates the minimum and maximum signal
levels and calls the SCALE subroutine (Fig. 3.6), which rescales
the raw signal levels into dBm (SCALE must be modified if the
receiver is changed in order to preserve any sense in the
rescaled amplitude levels). The next subroutine called is
CORRECT (Fig. 3.7) which takes the angular data and corrects them
using a previous compass calibration result, storing the result.

It then returns to the MAIN module.
The third main system operation is (Fig. 3.7) plotting the

data. Two subroutines are currently resident for this. The
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DATA FILE NAME
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Figure 3.5 COLLECT logical flow.



SET AUTOSCALH
LIMITS

RESCALE THE
SIGNAL DATA

RETURN

Figure 3.6 SCALE logical flow.
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PATTERN
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USING
CALIBRATION
FILE

RETURN

Figure 3.7 CORRECT logical flow.

22



first is called QWIKPLOT and it plots a rough character-oriented
picture of the antenna radiation pattern; the results do not have
a high level of detail and are most often used as quick checks on
the validity of the data collected. The second subroutine is
called SLOWPLOT and it produces a pixel-oriented picture of very
high resolution. Its main disadvantage is that it is rather slow
(on the order of about 15-20 minutes). The user can specify a
reference value for a particular plot so that two different plots

can be compared.

3.3 Operations

The first program that has to be run is the MAIN module.
This sets up the user-defined keys on the HP-71B and primes the
system to response to the user. Note that if any of the
subroutines mentioned in the SOFTWARE section are not in RAlM then
eventually there will be an error and loss of data could result;
error handling is minimal due to the lack of memory on the HP-
71B. Make sure that all subroutines are loaded on the disk as
well is SLOWPLOT is invoked; virtually all other subroutines are
cleared to get enough memory to produce the image.

In order to collect meaningful data, the first thing to run
is the GETCAL routine by pressing the appropriately labelled key.
The first question it asks is how many points are to be taken for
the calibration. Although it's better to take as many data
points as possible memory constraints give an upper limit of
about 100. The second question it asks is what to name the

calibration file - usually this is in the form of: FCxxxx where
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xXxx is a four digit value. The sccond question it asks is for a
title to the calibration file; it is also a good place for
comments. The program then waits until the car is pointing in
the starting position. A good technique is to slowly drive the
car in a circle and when the start position is reached press
ENDLINE (this prevents bunching of points as would happen if the
car has to accelerate otherwise). Practice is a good idea to get
the feel of how long the system takes to acquire the necessary
number of points. After a few seconds of crunching, the program
will save the calibration file and return to the MAIN module.

At this point the system is ready to take data for an
antenna. Press the key labelled COLLECT to start. The first
question is how many data points you wish to take - usually just
the same number as the calibration routine. The program then
asks for the data file name (usually FDxxxx) and the file title,
which will be displayed on the polar plots. The next question is
whether the reference antenna is connected to the receiver. If
not, connect it and then press "Y" followed by the ENDLINE key.
The system will then take the reference antenna reading. After
this, connect the test antenna to the receiver and press ENDLINE
to start taking the test antenna pattern data. When the
measurement is finished, the unit will beep and process the raw
data just taken. It then asks for the transmitter frequency and
location, followed by asking for any comments. When the data is
corrected the system will ask for the appropriate calibration

file to use.



The corrected data is then saved. This procedure can be
repeated a number of times, but memory constraints will cause an
OUT OF MEMORY error to occur; if this happens, flush the memory
by purging all the current data files -- do not purge the
calibration file.

The other main activity is to plot the data out and see the
results. There are two programs for doing this; QWIKPLOT and
SLOWPLOT. Press the appropriate key to run either one. QWIKPLOT
is faster, but the resolution is rather bad, especially if the
antenna has a deep null pattern. SLOWPLOT is much better in
detail, but takes about 15-20 minutes for a 100 point data file.

When some changes are wanted in the acquired data EDITFILE
can be called (Fig. 3.8). This program allows changing file
names, comments, reference signal levels, etc., that otherwise
may require repeating measurements.

3.4 Data Collection Procedure

As mentioned in the Introduction the purpose of the Antenna
Evaluation System is to obtain the performance characteristics of
an automobile antenna receiving a desired signal. The system
developed is capable of producing the complete horizontal plane
response of the antenna to commercial signals available at a
place, i.e., in effect it produces the horizontal plane pattern
of the antenna mounted on the car at the desired frequency. The
system requires the following data to be collected systematically

at a place where the antenna response is desired.
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EDITFILE logical flow.




(a) Compass Data: With the compass placed at the roof of

the antenna and connected to the system as described in section
3.2, data are collected as the car is driven slowly around a
circle of convenient radius, the center of the circle being
approximately the desired place. Remove the compass.

(b) Reference Antenna Data: Place the standard or

reference antenna at a convenient place near the circle mentioned
above and connect it appropriately to the system. Then collect
the data appropriate for the desired signal. Remove the standard

antenna.

(c) Automobile Antenna Data: Connect the antenna

appropriately to the system. Collect data appropriate for the
desired signal as the car is driven around the circle described
earlier. Remove the antenna connection.

At every place where the antenna response is desired,
procedures (b) and (c) be repeated for available signals of every
frequency and the data be stored for later processing.

The system then processes the data and produces as output
the polar plots {(in dB) of the antenna response for each
frequency with the response from the standard antenna and other
significant levels indicated in each plot. The absolute gain
and/or the gain relative to the standard antenna for the test
antenna can then be obtained directly from the plots.

3.5 Sample Results

Using a variety of Ford automobiles a series of antenna

response measurements were carried out with the system and at a
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number of locations. Here we present a few selected sample
results for the Ford NM-12 automobile obtained from the data
collected at a location near the University of Michigan Willow
Run Laboratory. Test antenna used were the standard whip and a
bent whip (bent approximately 12 inches from the pillar). Data
were collected with commercial FM signals at 91.7, 95.0, 101.1
and 105.3 MHz available at the test location. The resultant
antenna response plots are shown in Figs. 3.9 - 3.16. Each plot
represents the signal received (in dB) by the NM-12 antenna (whip
or the bent whip) as a function of direction or azimuth angle.

In each plot the 0° reference is in the forward direction of the
test automobile (as shown by the inset) and, for convenience, the
direction of the source (i.e., station originating the signal) is
also indicated. From these results it is observed that the
standard whip outperforms the bent version at all of the
frequencies except at 105.3 MHz where both versions perform about

equally.
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bent whip antenna at 95.5 MHz.
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IV. CONCLUSIONS

A portable automobile antenna evaluation system has been
developed. It consists of a standard antenna of known gain and
associated computer and other electronic systems. The system can
be used to determine the response of an automobile antenna to
available commercial signals at any desired location where the
car can be driven around a circle of convenient radius. Although
we have used a spectrum analyzer as the receiver, the system can
also operate with the automobile receiver instead and this should
be investigated further. The present system is slow due to
limitations of the computer used. The speed of the system can be

improved by using better computing and printing equipment.
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VII. APPENDIX

COMPUTER PROGRAMS

IR R R R RS
2o

o9 1 SHELL 18 ine global environment under which all data acquisition

4@ cperations run. In effect, 1t is the user interface.

B¢

Ed ! It itncludes all the necessary furctions that deel witn the

T calibration, collection, correction, and

zg subsequent saving of field data onto the disk.

59 !

10U oA Major axis of ellipse.

110 1+ E Mimor axis of ellipse.

126 1 Al Tesl antenna maximum

120 oAz Test antenna minimum

149 I Al Rererence antenna signal

150 T Correction angle for the data (derived in the CORKECT :zubroutine
1ag gl J=do not have a loadad calibration correction file.

Number of anterna data points.
Number of calibration data points.
Abcissa of calibration ellipse center (derived in the CORRECT =u
Urdinaie of correction ellipse center (derived 1n the COREECT Cu
lone and period of error notification beep.
Waiting for operator input tone and period.
Uata filename
Calibration filename.
Data rile title.
Caligration file title.
i Operator comments on antenna data.
lachiineg comments on antenna data.
Uperator comments on calibration data.
Machine comments on calibration data.
coemmand array used 1n the autoanswer mode.

Lompass response which has been compensated by tne COrRECT subro
rrgles of antenna data points.

Magnitude of antenna dala points.

Uricompensated (raw’) compass Input

tdetines tilted, off-centered eilipse.

Uperator decision input.

-:'[“‘ | P1!‘Xif""‘!ﬂ*"?ti?‘kﬂR‘k‘k‘t*f‘k‘kf‘l'k’t‘l‘ﬂ'*********!*R‘k'k?f,Kiktkf!'ﬂkkhtk?lﬂxtllﬁ‘kl"!
iG0

410 UESTROY ALL & CFLAG 20 @ CFLAG 30 @ CFLAG 48 @ CFLAG 41 | Reinitialize o sie
S20 DIM ABL1C1 TISI60), 7280801 FISIE),FOSIET,CISI60) C28I80],C38060],048060)

425 SHORT L7 LD UDLU2 HLBLRY,FI,BI

£
G40 PUT Twastirg Tor command. .. iAs 0 AS=AGLT 0]
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<+ “‘7\\: \.J\.“; “;1 ~ _— ‘L:‘
=ou TrUTOT s SFLae 29 1 User L1s using & macro file.
=93¢ IHFUT "Command file name? ;A%
SIGN #2 TO A% © READ H2;N @ DIM C$(NILEQ] & READ H250%0 ) ©w o mS s oy

S1dOFGR L=1 TU N

Ol TrEnlDt e a

Eoo Cusub Caolg

éLxl L

¢ LUOFLE A PURGE A% & ASSIGN #2 TO A%

B¢ FRINT K“;L G FRINT %2;C%C) @ ASSIGN #2 TO =

00 FOP ¢ GUTU "READ? 1 Restart using the updated macro file.
FETURD

Ny

I tet a allbratlon.
SN Y@L A B PO, ) N2 F2E C3% 045 ,T28 L0380 ))

Ol

B2C

=AY

Ea0 TCoLLiECi T ¢ Coliect an antenna data set.

o3u Crol CdlbocTin, v RO, 700,019 ,C2¢,T1g ,F2g [ D& SR I B TR D

BoU BETuri

ok plaot of a file.

cl':’ ,Di

LU, 147D THEN "QUWIKPLO
CALFLOT?

TV FIS,Cls ,Co6 TIS F28 ,CO0,Cat TOE a1 a7 4l i -

U Tenlrlal s Srlad 21w CFLAG 33
Tod Call GUIRFLOTORT O, TO) F2%,018,C29 ,T1$ ,F24,C34 ,C4% T0% Sl nl  nd N
VHC ChLac 31w KRETURN

cld TSLOWFLOT Y 1 Do oa slow plot of a4 file.

Sy or «Dilata? ;08

LToalD DROT TR0 THEN *SLOWRLGT !

3UOTHEW "CALPLOTT?

2 FURGE COLLECT @ FURGE GETCAL @ PURGE CORRECT o FLECE CDruf

C2% 719 ,F29,C2% ,C4% ,T2% A1 ,a2 8% i

70 GUWIKFLOT @ COPRY COLLECT:Z T3 COLLECT @ COFY EDITFILE:D 10
GETCAL @ COPY CORRECT:2 TO CORRECT @ COFY SCALL:2 10 -inLi

CUbD "[-I\_HL
FETURN

PooonklaG 31 @ CFLAG 33
PLTHO) P28 018 029 TS JF29 C38 ,Cd9 , T249 Al A2 A2 Loy
ECT w COFY COITFILC:Z 7

O CO0Py SCALE:Z TO S0mn

-

KPLOT & COPY CGLLECT:Z 70 cou
Al @ COPY CORRECT:2 TGO CORRECT

™
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S IR

LD O =3 oo

<

— — i ey

jas]

& o i

TTEMPLATE': COPY TEMPLATE:2 TO TEMPLATE @ CALL TEMPLATE
FURGE TEMFLATE @ RETURN

!

PLAVEFILE?: U Store a file on cisk.

o

1100 INFUT 'File name? ’3F$ @ IF F&="' THEN RETURN
FE10 INFUT "New filename? ";NE @ IF N$="" THEN N%$=F$%
ZO COPY FE OTO ONER":2°

C: .

9 CGETFILE': | Transfer a file from disk to memory.
60 INFUT 'File name? ";F% @ IF F$='" THEN RETURH

1170 INFUT “kew filename? ';NE @ IF N$='" THEN N$=F$
il1g¢ COPY F&":2" TO N%

@ "PLOTFARS’: | Redefine the default SLOWFLOT plotting parameters.
1230 INFUT *(Rdedefine (Clreate’;0%
1240 IF D% "0 AND D%<:'RY THEN 123
25¢ INFUT "orid name? ;618 @ INPUT 'Amplitude ref. (dBri)? ';F
80 IWFUT 'Dot reference? ';6 @ INPUT 'Dots per dBm? ';E
1270 INFUT "Number of lines?';N @ INPUT "Zpacing of lines? ;€
1280 IF D$="C' THENW CREATE DATA PLOTPARS @ ASSIGN %1 TO 'PLOTFARES’
298 nSSICN #1 TO PPLOTPARS?
1500 FRINT %1568 ,F,6,E,5 1

Pon00TON #1 TO s+ @ RETURN

PQUIT: FOF 1 Get out of the loop (i1t's MILLER time...)

340 USER OFF
350 END
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1@ SUS GETCALITI KO, Y0 .AB.PC,) N2 F2% ,C3%,C48.T2% L .Cil i)
20

| s mrram A SRS SRR RS R EEEREREEEEREEEEEE EEREEE EREE TR I S U G A Y

-\

oot oo s X0 LY elliotie calibration curve.

cb v 2@ v ot Center of XY plane and of elligse.

TG D Summation variables used in the calculation of X0 and ¢0.

oo b PoLenotih vector variable uwsed In the maior aris calculation

SO THAT D Center of elligse determination furiction.

DO

1 PorLags:

i | 2G ot i=nuto command file 1s active.

! | 21 ¢ t=Calibration file comment is active.

SV o2 v 1=Calibration file title is active.

IL:.‘U !

Lo Fnllo 3T

RN Humber of calibration points.

1 ! Calibraticn file name (formatl i1s [Cg8% 0.

Tud Calibration file title flag. (l=a ;
valibration file comments. (l=aoti

REECI

! SEE T I e S A o 2 O I I B T i T S S TSP

¢ e T N

HINAOFS POD 200 @ Ta=idy P Pl o
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POETIMES
"CAL. FILE COMMENTS?';C3%
k) F_’ﬂ;
P, T2,88,Y0,4 B N2 RO
fole TalicancT st IF we are in the suto answer wode,
RENRVI plug 1n the values from the command array, and update this Ll

fOd L=L41 & )
PTG r2=Ual i 28 sl @ IF F2010 THEN CH(Li=CpiL 1 VATGSTRTOF2 ) & GOTO "roTIul
i IEOF20D AND F2O100 THEN Cell=0L1,3 ]aCTf‘(Fﬂ‘ e ooye ‘

10 SUD COLLOOTodoy Yoy ROY, T, 018,028 719 ,F2% A1 ,AZ AT, Iy
20

[ A AR R R E R R RN E R E RN R RN R R R R B o I e I A TS NP T
ETC

G i Dol Enuto command file 18 active.
T o 1=0ata file comment 1s acltive.
i 24 : j=fata file i11tie 18 active.

P R R T .
Tue bosnlhod runddad s
1 F i -l - PO -
Pl data points.
1 | e {

aame . VT

i 1 Data file title flag

P y ™ . . 2 . S S
SV Data Tile comments i
- )
; !
RIS e E R R R R R R T T

e T
170 IF FLne Z0 s ThEN TAUTOANS?

Pie DATA POINTS?' i1
P50 15008, T1s

ZUNT 3 RONT Y, TOM
col,Tielael Fislzd]
HAME? T 5F 1S

k]
TTT: oy T
[ R B

v
IV
;v el the reading.
:
o Yl T S AT

Lrdt ! Al . FEADY Y 0%

T \ LT e

Ir Dald v i THEN 27

ST e = [l Tanpal T4 LT

CUTEUT c T TP IRATIINALEE TS
- T -
R e ! -t -
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Tris 1s the min—mas
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Lhc LmlLui tioa 15 for X,¥{n-1i7.
"BOOBOCGT € GOTO EGG

ERFH=7 THEN RETURW ELSE 37TGF

L0000 @ LI=HARKILT BGIL))
AT, DY)y @ UT=NINCUY ,Ta(L )

AEMCL LD

jri—Y

.

I=L4h @

@ E=7.5 @
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S8 0 TEMFLATL 1a used to redefine the keyboard for personalized
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50 the AUTS command parameters.
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Ta FLAC

STV Sls 1=fast plot for cal. file.

TV 22t i=tlow plot for cal. file.

PO 53 i=Fazt plot for antenna data fils.

RV It i=blow plot for antenna data file.
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