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TRANSPORTABLE AUTOMATED ELECTROMAGNETIC COMPATIBILITY
MEASUREMENT SYSTEM (TAEMS)

C. J. Chilton, A. H. Diede, W. M. Welch, R. A. McLean,
and F. G. Stewart”™

An automated, computer-controlled receiver system developed by
ITS for the U.S. Army Communications Command provides a unique
solution to such problems as spectrum management, EM hazards measure-
ments, and site surveying. This receiving system is designed around
a commercially available automatic receiver system and covers the
frequency band 1 kHz-40 GHz, thus extending the capability of the
receiver system by providing extended frequency coverage, multiple
antenna selection, improved noise figure performance, built-in test
capability, noise figure measurement capability, and 160 dB measure-
ment range; as well as 10 Hz frequency resolution to 40 GHz, computer-
controlled directional antenna pointing, and automatic real-time
calibration to 40 GHz. Three rf preselector/down converters were
developed by ITS for use with the receiver to cover frequencies
between 2 and 40 GHz. High sensitivity and low transmission loss was
achieved by attaching the down converters directly to the antennas
and mounting the complete system package on the elevation/azimuth
(EL/AZ) positioner. The down converters mix the rf signals to IF
(150 MHz), and this IF signal is transmitted through the EL/AZ pedestal
via coaxial cable to the bus structure interface unit, mixed to 50 MHz
and then fed to the rf-microwave section of the automatic spectrum
analyzer for further processing. In addition, a real-time-executive
(RTE) software operating system was developed for the receiver system
by ITS to extend the operating capability of the receiver system.
The RTE allows multiprogram execution, as well as program scheduling,
file manipulations, and editing. Using the editor, FORTRAN measure-
ment routines can quickly be written or modified. Both source and
object programs are stored on magnetic disc with measurement data
stored on magnetic tape for further analysis.

Key words: computer controlled receiver; 1 kHz to 40 GHz;
electromagnetic compatibility spectrum management;
EM hazard measurement
1. INTRODUCTION
A new computer-controlled receiver system developed by ITS for the U.S. Army

Communications Command provides a unique solution to such problems as spectrum
management, EM hazards measurements and site surveying. Indeed, the hardware and
software systems are sophisticated enough that, once the system is deployed, it
is possible for a measurement mission to be executed with minimum operator
intervention. The ITS receiving system is designed around a commercially avail-

able automatic receiver system and covers the frequency band 1 kHz-40 GHz.

*

The authors are with the Institute for Telecommunication Sciences, National
Telecommunications and Information Administration, U.S. Dept. of Commerce,
Boulder, CO 80303.



The ITS receiver system extends the capability of the commercial system by
providing: extended frequency coverage, multiple antenna selection, improved
noise figure performance, built in test capability, noise figure measurement
capability, and 160 dB measurement range. In addition, the system features 10 Hz
frequency resolution to 40 GHz, computer-controlled directional antenna pointing,
and automatic real-time calibration to 40 GHz.

The significant developments of the ITS system are the three rf preselector/
down converters developed for use with the system to cover frequencies between 2
and 40 GHz. To achieve high sensitivity and low transmission loss, the down
converters are attached directly to the antennas and the complete package is
mounted on the Elevation/Azimuth (EL/AZ) positioner. The down converters mix the
rf signals to IF (150 MHz), and this IF signal is transmitted through the EL/AZ
pedestal via coaxial cable to the bus structure interface unit, mixed to 50 MHz,
and then fed to the rf-microwave gection of the automatic spectrum analyzer for
further processing in the system. The boundary conditions placed on the design
of the down converters were that operation had to be user compatible both in the
automatic and manual modes. This requirement was imposed so that operators would
not be required to learn separate operation techniques for frequencies above and
below 2 GHz. The system software was designed so as not to require extensive
rewrite to make the system functional, and any new software developed for other
systems could be expected to execute with little or no modification.

Essentially the same approach was used for each of the three down con-
verters to achieve selectivity, sensitivity, and frequency accuracy. The selec-
tivity is obtained by using a yig-tuned microwave filter; the sensitivity is
accomplished by using a low-noise microwave mixer; and the frequency accuracy is
achieved by phase-locking the local oscillator to a frequency reference generated
by frequency synthesis from a highly stable 10 MHz oscillator. A significant
technical improvement available in these down converters is a built-in noise
source and comb generator which permits complete system calibration except for
antenna gain. Since the calibration is generated under computer control, a

complete system calibration can be performed as often as may be required.
2, SYSTEM DESIGN

A number of commercially available computer-controlled radio receivers were
investigated and considered as the basis for designing an integrated system that

would work from 20 Hz to 40 GHz. After evaluating the performance specifications



of all these receivers and comparing them with the requirements of the Army, it
was clear that these requirements could not be met by any of the commercially
available systems alone. In this section, the system boundary conditions, the
phase-lock loop design, yig filter, and oscillator tracking characteristic for the

integrated receiver systems design are discussed in detail.
2,1. System Boundary Conditions

The basic problem in the system design was one of synthesizing a receiver
system that would meet the Army's performance specifications and also have
minimum impact on the system hardware and software systems. The requirements
which helped to define the system design were:

(1) Receiver operation in both automatic computer controlled and

manual modes.

(2) Receiver remote control from a distance of 75 feet from the

measurement van.,

(3) High sensitivity and high dynamic range.

(4) High frequency accuracy and resolution.

(5) Real-time rf calibration.

(6) Provision for frequency extension to 40 GHz.

(7) Unambiguous signal display.

(8) Dual linear polarized direction finding and omni-directional

antennas from 1 kHz-40 GHz.

(9) Elevation-over—azimuth antenna positioner mounted on a 50 foot

variable height tower.
In addition, the system must operate over the following environmental ranges:
-35°C to 50°C, up to one-hundred percent humidity, and winds up to 100 km/hr.

Requirements 8 and 9 imply that the directional antennas (and for some bands,
the omni-directional antennas) be mounted on the elevation/azimuth rotator atop the
50 foot, variable height tower. Since a number of antennas are required to cover
the 1 kHz-40 GHz range, a switch matrix is necessary to allow selection of a
particular antenna. This switch matrix must also be located on the EL/AZ posi-
tioner, otherwise a large number of long transmission lines would have to go
through the positioner and down the tower. Clearly this would be undesirable and
impractical. Digital control of the switch matrix is also required since the

antenna selection must be remotely controlled.



Having the antenna system 75 feet away was a significant engineering problem.
Initially we considered transmitting the rf signal from the antenna subsystem via
transmission line to the receiver system. However, the high transmission loss of
coaxial cable and waveguide, and the finite bandwidth of both, demanded another
solution. In addition, waveguide transmission lines were not consistent with the
concept of a transportable measurement system. By down converting the rf signals
above 2 GHz to an IF, the limitations of coaxial cable could be minimized.

Once it was realized that’the rf signal must be converted to an IF, it was
clear that only a preselected superheterodyne feceiver with a synthesized local
oscillator could meet the requirements for sensitivity, frequency accuracy and

resolution, dynamic range, calibration, and spurious response.

2.2, Phase Lock Loop

‘As was indicated above, a synthesized local oscillator (1.0) was the only
solution capable of meeting the frequency resolution and accufacy requirements.
Since the 2-4 GHz first LO of the system is a synthesized signal and available at
a test port of the spectrum analyzer, it was logical to use this signal to
generate the local oscillator signal for the receiver.

Two direct multiplication techniques were considered: active multipliers
and yig-tuned mulfipliers. Active multipliers were eliminated because their sub-
octave bandwidth was not compatible with the required multi-octave receiver
coverage; i.e., the hardware design would have required more components. Yig-
tuned multipliers were examined, but such problems as tracking over wide temperature
ranges and inadequate power output up to 20 GHz eliminated their further con-
sideration. (Since 1975, great progress has been made ih the tracking of yig
multipliers and in wideband amplifiers. Had these improved devices been avail-
able in 1975, an alternative design might have been considered. However, to
properly evaluate this new alternative, a prototype would have to be built and
‘tested.) |

Fundamental yig-tuned oscillators were chosen as the most suitable source of
LO power because of their wide bandwidth, output power, tuning linearity, and
spectral pufity. To achieve the required frequency accuracy and resolution require-
ments, it was necessary to phase lock the receivers' local oscillator to the
synthesized first LO of the system.

Figure 1 is a simplified block diagram of the phase-lock loop used in this

receiver. The phase detector compares the phase of the IF signal from the harmonic
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mixer with a stable offset reference. The error voltage from the phase detector
is low-pass filtered and applied to the fast tune port of the voltage controlled
oscillator in such a way that the phase of the oscillator must track the phase of
the two input reference signals.

A fundamental requirement of the receiver was of a subtle nature. Basically,
this requirement was that the tuning equation for the system be satisfied in the

automatic and manual modes:

Fep = N (FREF) + .550 GHz (€))
where '
FRF = signal frequency,
FREF = 2-4 GHz first 10 signal, and

N = harmonic number (1,2,3,4,5,...10).

The + sign is chosen for upper sideband mixing, with respect to N , and is

" ‘ FREF
denoted N . This requirement arose out of the desire to preserve all essential
operating features of the basic system, in particular, its manual tuning accuracy
and capability. Thus, the down converter must tune to the frequency indicated on
the spectrum analyzer; i.e., the down converter and spectrum analyzer must
satisfy Equation (1).

Thus, the design question to be answered was: '"How to design a phase-lock
receiver that satisfies Equation (1)?" An answer to this question was found by

rewriting the tuning equation (1) as:

Fpg = (RREF)i Fog) * (+350 - Fo) (2)
where
FRF = the receiver signal frequency in GHz,
FREF = the 2-4 GHz first LO of the ARS-400,

N=1,2,3,...10, and

FOS = OFFSET frequency.
If we define
FLO = (N(FREé)i:FOS) = receiver LO signal (3)
and
Fip = (.550 - FOS) = receiver IF signal, (4)



we can rewrite Equation (2) as:

FRF = FLO + FIF'

At this point one may wonder what advantage may be gained by this algebraic
manipulation. Equation (3) defines a "translation loop" (Gardner, 1966) where
the local oscillator is offset from the Nth harmonic of the reference signal.
There are real advantages to FOS # 0. One of the most important advantages of
this type of phase-lock loop is that it allows us to stabilize the loop gain by
using a constant phase-limiter amplifier to limit the offset signal level before

it is applied to the phase detects. Initially an F g = 1.1 GHz is chossen. This

gave a convenient receiver IF frequency of 550 MHz.O However this offset frequency
had a problem when the reference signal was approximately 2.2 GHz. For this
reference frequency, there are essentially two 1.1 GHz signals: one from the

Nth harmonic and one from the (N+1)th harmonic. The extra IF signal results in
undesirable modulation which could not be removed'by filtering. This scheme was
abandoned because of this undesirable feature. Thus one rule in building phase-

lock loops can be stated: the offset frequency cannot approach 1/2F Next,

the offset frequency was chosen to be 100 MHz. In this case, the reiggver IF
turned out to be 450 MHz. This loop had the very undesirable feature of randomly
locking at a frequency 50 MHz away from the desired frequency about half the
time. The key to the solution of this problem came from the following simple

analysis: Equation (3) can be rewritten as:

Fo- N (FREF> = Fos. (5)

When the LO is tuned to a slightly different frequency, FLO" the harmonic mixer

also generates a product given by:

L =
Mo ~ Vg = Fos
where FLO' is a different receiver LO frequency.
For fixed FREF and arbitrary L, M, and N, we can solve for the general relationship
1 .
between FLo and FLO . The relationship is:
= ' -
Flo M(N/L) Fo * (L-NM/L) Fy. (6)

For the harmonic mixer that we have chosen, the equation with M = 2, L = 2N

turned out to be the harmonic product that caused our loop to false lock. For this



case, Equation (6) becomes:
Fo Fo * .5 (FOS). (7N

Simply stated, Equation (6) shows that a false lock frequency also tracks the
desired lock frequency, irrespective of the loop offset frequency. For FOS = 100 MHz,
the equation predicts that the false lock points will be above (N+ Band) and
below (N Band) the desired lock frequency by 50 MHz. As mentioned above, this
was the observed loop behavior. A search oscillator was used to acquire lock in
our phase-lock loop design, and depending on exactly how lock was acquired, the
loop could lock at the correct frequency or the false lock frequency. Basically it
depended upon whether the false lock or the correct lock frequency was encountered
first as the search oscillator swept the local oscillator over its range. To test
this hypothesis, the amplitude of the search oscillator was reduced so that the
local oscillator was deviatéd less than + 50 MHz from its commanded frequency.
When this is done, the false lock problem disappears.

" This analysis pointed to a significant criteria to be used in selecting the
values of FOS’ Thus, FOS
the yig-oscillator so that there will bg no possibility of acquiring a false lock.

must be greater than the maximum expected tuning error of

There are several sources of yig tuning error. They are tuning nonlinearity,
temperature drift, hysteresis, and dc electronic drift. Typically these errors
might give a worse case tuning error of approximately 30-50 MHz. Thus, there is

some advantage to picking F ., large.

At this point, it shougg be pointed out that amplitude could have been used to
discriminate against the M x L harmonic product. However, over the extremely wide
receiver bandwidths used in this system, and over an 80° C temperature range, the
required amplitude discrimination was difficult to achieve reliably. Thus, a large
loop offset frequency was chosen as the means to achieve this discrimination.
Again, the idea in using this technique is to place the "spurs'" far enough away
from the desired lock points that they are of no consequence.

Our final choice for FOS was 400 MHz for the 2-8 GHz and 8-18 GHz receivers, and
200 MHz for the 18-26 GHz and 26-40 GHz receivers. These selected values for FOS
allowed the search oscillator to deviate the receiver local oscillator by a.maximum
of + 150 MHz for the two lower frequency receivers and + 70 MHz for the two higher
frequency receivers. In both cases, the receiver IF frequency was 150 MHz.

Considerable effort was also expended in identifying a suitable harmonic mixer

for the phase-lock loop subsystem. Six different mixers were examined, and all had



problems with harmonic conversion flatness. Ideally, a mixer which was designed
specifically to function as a harmonic mixer would have been most suitable.
However, few of this type were available with the required rf and LO bandwidths.

The most efficient harmonic mixer was assembled from discrete components in
the ITS laboratories. The block diagram of Figure 2 shows this device. The mixer
diode's performance was limited to about 12 GHz and therefore was inadequate.
Figure 3 shows the second harmonic conversion loss of this mixer. A double
balanced mixer (RHG DM 1-18) was finally chosen to be used in all four receivers.
The principle disadvantage of this mixer was its low, even-order harmonic conversion
due to its double balanced structure. TFigure 4 shows the DM 1-18 second harmonic
conversion. This problem was dealt with by choosing odd order mixing modes when
possible.

Several interesting effects were discovered which substantially influenced
the design of the analog portion of the phase-lock loop. Initially, the FM coil
was driven by two power transistors, biased so that one transistor drove current
in one direction through the coil while the other drove current in the opposite
direction. With this design, as the phase-error signal approached zero, the phase
noise on the local oscillator increased substantially. We attributed this effect
to the imperfect matching of the two transistors used to drive the FM coil. The
loop gain decreased as the error voltage (dc components) went to zero, and the
phase noise went up as a consequence. The effect was eliminated by restricting
the phase error to be monopolar.

A second effect was related to the dynamic performance of the operational
amplifier used to realize the active low-pass filter of the loop. It was dis-
covered that the slewing rate (V/usec) quoted for linear operations was not always
representative of the slewing rate coming out of saturation. When the loop is
unlocked, the operational amplifier (op-amp) is driven to one of its output limits.
The slewing rate can depend upon which limit (+ or -) the op-amp was driven to
during the searching process. If the slew rate coming out of saturation is
different from its normal slew rate, then the time required to drive the loop to
the locked condition can be excessive. If the slew rate is too slow, the search
oscillator may actually drive the VCO past the desired lock point before lock can
be acquired. This problem was resolved by selecting an op—amp whose slew rate was
not effected by being driven into saturation. A final requirement was that the
bandwidth of the op-amp must be considerably in excess of the loop bandwidth so

that the external circuit elements determine the loop bandwidth.



0T

205-4.10 GHz @ 10dBm

%

6 dB POWER DIVIDER HP 33801 A GHz DEVICE
MIDWEST MICROWAVE [~ | MIXERDIODE [ (GC76010) |
BIAS TEE
2-8 GHz @0 dBm
, 502

Block diagram of the harmonic mixer for the phase-lock
loop subsystem.

Figure 2.



MIXER HARMONIC CONVERSION LOSS

g =

-

10.000

/DIV

wgp NI T3A37T TYNOIS

-70.00

8400.0

400.00 /DIV

4400.0

FREQUENCY (MHz)

2-4 GHz Q

0 dBm, RF Input: 2-8 GHz @ 10 dBm, Tuning equation:

Frf = Flo+. 400.

Second harmonic conversion loss of harmonic mixer used in
LO Input:

discrete component R&D prototype.

3.

Figure

11



GHz MIXER CONVERSION LOSS

RHG DM1-18

1
!
[}
|
|
U

-y - - -

A ——dd

- - - o

b - -

—— e w2 |

———— -

+
|
!
i
1
1
'

.

-—— - - -

— > - ——

- - o b - o -

wgp NI 73A37 TYNODIS

-70.00

8150.0

400.00 /DIV

4150.0

FREQUENCY (MHz)

Second harmonic conversion loss of harmonic mixer used

Figure 4.

2-4 GHz @

LO Input:
2-8 GHz @ 10 dBm, Tuning equation:

in final equipment configuration.

0 dBm, RF Input:
F .=F + .15.
rf lo

12



Acquisition of lock is a very important aspect of any phase-lock loop system.
From a systems point of view, it is this factor that primarily influences the
tune/amplitude measurement cycle time. Generally, an auxiliary technique such as
a search oscillator is used to speed up the acquisition of lock. Our approach to
this problem was somewhat unique and is outlined below.

An up/down counter and D/A converter are used to generate a digital sawtooth
voltage which is applied to the main tuning coil of the oscillator when the loop is
unlocked. This approach has the advantage of being linear, and of having an easily
adjusted period and amplitude. In addition, the counter has an "infinite" memory
so that, when the up/down counter is disabled, the final count is latched at the
input to the D/A converter.

The digital»search oscillator and the quadrature channel of the phase detector,
along with two analog voitage comparators, are combined to form a closed loop
acquisition circuit as shown in the block diagram (Figure 5). The technique has
definite advantages in lock acquisition time compared to open-loop acquisition
techniques. (See, for example, '"Phase-Locked Loop Sweep Acquisition,'" by P.
Wakeman, CRC Report No. 1305, 1977.)

The dynamic operation of the loop can be explained in the following way.
Suppose the receiver has been commanded to a new frequency. Lock is broken as the
yig-tuned oscillator (YTO) tunes to the new frequency. The quadrature output of
the phase detector goes low and enables the search generator. The search oscillator
drives the YTO oscillator toward the lock point. As lock is approached, the
filtered output of the quad phase detector exceeds a preset threshold and disables
the search oscillator. The FM coil then tracks out the residual frequency error.
Should the phase error exceed either the upper or lower phase-error limit, the
up/down counter is enabled, and the dc component of the error is fed back to the
main tuning coil. When the phase error has been driven back into the preset phase
error window, the up/down counter is again disabled. Thus, the range over which
the FM coil can tune the oscillator is limited by the window chosen for the phase
error limits. Typically, this phase-error window is limited to 2 MHz.

There are also restrictions on the operation of the search oscillator. This
circuit is used to sweep the local oscillator through the desired lock frequency.
The choice of the sweep rate in MHz/usec is not arbitrary, as will be shown by the
following considerations: If the loop bandwidth is 100 kHz, this implies a settling

time of 10“5 sec. This means that the frequency of the yig oscillator cannot

13
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change by more than the loop bandwidth in this period of time. The sweep time for
a 100 MHz sweep can be estimated by computing the number of loop bandwidths for the
required sweep range and multiplying the number of loop bandwidths by the loop
settling time. Numerically,
lO8 Hz
5
10~ Hz

Thus, to sweep 100 MHz will require 10 milliseconds if the loop bandwidth is 100 kHz.

10_5 sec = 10_2 sec.

Experimentally, it was determined that reliable lock could be acquired in 7
milliseconds.

It should be noted that, for small frequency steps of 1 MHz or less, the loop
does not normally lose lock. Again this was verified by tuning across the 8-18 GHz
receiver band in 1 MHz frequency steps. 1t was found that the average tune/measure

cycle required only 2.4 milliseconds.
2.3. Yig Filter/Oscillator Tracking

The yig-tuned filter and yig-tuned oscillator of each receiver must track a
harmonic of the 2-4 GHz oscillator of the receiver system. For the receiver
yig oscillator and filter to track, the 0-10 VDC signal used to tune the 2-4 GHz
oscillator must be scaled; i.e., since there is only one tune voltage available,
this voltage must be used for each frequency band used by the receiver system
and the tuning parameters of both the receiver's yig filter and oscillator.
The tuned frequencies of the 2-4 GHz reference, and the receiver local oscillator

and filter can be written as:

Frer = FREFO t Terr VREF (8)
Flo = FLo0 + oV 9
Fo = FFO + mVy (10)

REF ° FLO s FF are the tuned frequencies when the tune voltages

o o o
VREF’ VLO’ and VF are O VDC. The tuning rates Mepr® Mo and mF are given in
gigahertz per volt.

where F

We know that the receiver local oscillator's frequency is given by:

F = NF + F (11)

LO REF — ~OF’

15



By combining the above equations, the scale tune voltage for the receiver local

oscillator is shown to be:

Vo = [N FREFO (FL00> * Foglimg + I (mREF/mLO>] VREF* (12)

Likewise, for the receiver's yig-tuned filter

Fgp = Fro * Frp (13)
giving the scaled filter tune voltage as

(o] o )
Vg = [Fg & Frgp+ Fp l/mp + Impo/m ] Vi (14)

Thus, only one scaling network is required to tune both the local oscillator

and the receiver quantities. The m s FLOO or mp, FFO are determined by measuring

the tuning characteristic of the yig device, and least squares fitting this data

to a straight line using the software program FIT (see Appendix). These constants

are used by the program TRAK to determine the parameters in Equations (12) and

(14). The tables following program TRAK in éhe Appendix are examples of the output.
A unique approach was used to realize this scaling network. For each harmonic

band, there is a system-generated 5-bit binary word. This word is used to

select a preprogrammed lO%bit switch for both the gain and the offset. These

10-bit switches are used to program an offset digital to amnalog éonverter

(DAC) and a multiplying DAC. The analog tune voltage is applied to the reference

input of the multiplying DAC, and the output summed with the offset to generate

the scaled tuned voltage. The advantages to this approach are:

1. It avoids the use of large numbers of precision resistors
and trim pots.

2, The offsets and gains can be quickly reprogrammed as
required.

3. Improved dc stability is achieved.

Our initial design philosophy, as formulated in Equation (14), relied explicitly
on the stability of the tuning characteristics of the yig filter and oscillator
over the -30°C to 50°C temperature range. Besides the deviation from linearity of
these devices, there are two other sources of tracking error: hysteresis of the
filter and FM coil tuning of the local oscillator. Hysteresis of the filter
results when it is tuned to a specific frequency from a lower or higher frequency.
Depending on the direction it is tuned, a significant frequency error can be

incurred. The Coil tuning error results when the FM coil is used to tune the

16



oscillator to achieve lock. To minimize the effect of filter hysteresis, the ramp
generator voltage (used to acquire lock) is applied to both the filter and the
oscillator., This ramp sweeps the LO (and filter) from 100 MHz below the command
frequency to 100 MHz above the command frequency. When lock is detected, the up-
down counter used to generate the ramp is disabled. Since lock can only be
achieved by going from a lower frequency to a higher frequency, filter hysteresis
is minimized. The FM coil tuning errors are minimized by limiting the phase-error
voltage to a window between 0 and 2 Volts. When the error exceeds one of the
limits, the up-down counter is enabled and the main tuning coil voltage adjusted
until the phase-error voltage is within the window. The error voltage is fed
back, and it is applied to both the filter and the oscillator, limiting this error
to approximately 2 MHz.

To minimize frequency drift of the yig devices with temperature, our final
design incorporated a proportionately controlled heater to maintain the temperature

of the mounting bracket for the yig devices at approximately 54°C.
2.4, Receiver System Integration

The final receiver system design is shown in block diagram form in Figure 6.
The 2-8 GHz, 8-18 GHz (and 1 kHz-2 GHz switch tree), and the 18-40 GHz receivers
are housed in waterproof enclosures and mounted on the EL/AZ antenna positioner
where they serve the dual purpose of receiver and antenna counterbalance (Figure
7). The 18-40 GHz assembly (3) is shown mounted on top of the EL/AZ pedestal, the
8-18 GHz assembly (1) is shown in the lower front, and the 2-8 GHz assembly (2) is
located at the lower rear of the pedestal.

The tower systems interface mounts in one of the system equipment bays. The
tower systems interface is a multifunctional unit which interfaces the receivers
to the system, the EL/AZ positioner controller, and downconverts the receiver IF
frequency. Figure 8 is a simplified block diagram of the tower systems interface.

Figures 9, 10, 11, and 12 are simplified block diagrams of the individual
receivers. Figure 13 details the 1 kHz-2 GHz switch matrix, the 2-4 GHz and
100 MHz reference signal control, as well as the digital and analog control
signals. Key features of the receiver design are:

(1) multi-throw input switch allowing selection of antenna input, noise

source, and comb generator;

(2) programmable rf attenuator (0-70 dB) to prevent receiver saturation;

(3) tracking yig filter to minimize spurious response; and

(4) phase-locked local oscillator for precise frequency measurement.
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ITS IOHz-40 GHz Receiver System
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Figure 6.

Antenna Input

Antenna Input

Antenna Input

The final ITS system design for the 10 Hz - 40 GHz receiver.
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Buss Structure Interface and Display Unit
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Figure 3. The tower system interface which interfaces the receivers

to the ARS-400 system, the EL/AZ positioner controller,
and down converts the receiver IF frequency.
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2-8 GHz Preselector /Downconverter
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Figure 9. Simplified block diagram of the 2-8 GHz preselector/down

converter.
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Figure 10. Simplified block diagram of the 8-18 GHz preselector/

down converter.
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Figure 11.

Simplified block diagram of the 18-26 GHz preselector/
down converter.
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Simplified block diagram of the 26-40 GHz preselector/




These features are common to the 2-8, 8-18, and 18-40 GHz receivers. The 2-8 GHz
receiver, in addition, has two low noise frequency channels (3.7-4.2 GHz and
7.25-7.75 GHz). Also, the 8-18 GHz receiver contains the 1 kHz-2 GHz switch tree
rf which routes rf signals from the antenna system to the receiver for down
conversion (Figure 13). The design fof the 18-40 GHz receivers uses a combination
yig-tuned local oscillator and frequency doubler to produce fundamental local
oscillator power for the balanced waveguide mixers. The advantages of the approach
were reduced cost of local oscillators, lower power consumption, reduced weight,
and the added advantage of realizing the phase-lock loop using coaxial cable
rather than waveguide technology. A concentrated effort was made to make all the
receivers as similar as possible, and to use as many commutual microwave com-

ponents as possible.

3. SYSTEMS PERFORMANCE

The comb generator spectra (Figures 14, 15, 16, and 17) demonstrate the
frequency coverage of the receivers. The comb generator multiplies a 100 MHz
input to 400 MHz. The 400 MHz signal is applied to the step recovery diode to
generate the harmonic comb lines. As an example, Figure 15 clearly shows that
both 400 MHz and 200 MHz comb lines are also present in the output. The comb
generator spectrum provides a standard for quick assessment of the receiver
performance and may also be used to generate rf attenuator correction factors.

Noise figure measurements provide an accurate measure of the real-time
sensitivity of the receiver. Generally, a degradation in noise figure is indicative
of degradation in the yig filter/oscillator tracking; however, it can also be
indicative of a change in LO output power or the noise figure performance of the
receiver's double balanced mixer.

The noise figure of the receiver is measured using the receiver's noise diode
and the Y factor noise figure measurement technique. The e~quation for noise
figure then, is

F = R/(Y-1). (15)

Here, R = the excess noise ratio of the receiver's noise diode (approximately

25 dB) and Y

P2/Pl = the ratio of the receiver's output noise power when the
noise diode is ON (Pz) to the receiver output noise power when the noise diode is
OFF (Pl).

Figures 18, 19, 20, and 21 show the noise figure performance of the 2-8 GHz,
8-18 GHz, 18-26 GHz, and 26-40 GHz receivers. Figures 22 and 23 demonstrate the
low noise performance of the receiver in the 3.7-4.2 GHz and the 7.25-7.75 GHz
satellite bands. Corrections for noise diode excess noise variations were included.

The measurement program (noise) is included in Appendix A-3.
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Figures 24 and 25 demonstrate the two-tone intermodulation response of the
2-8 and 8-18 GHz receivers, respectively. These measurements indicate that, for a
30 kHz IF bandwidth, the distortion free dynamic range is greater than 55 dB for
two -50 dBm input signals separated by 1 MHz. This performance is primarily a
function of the non-linear transfer characteristic of the double balanced mixer

which is used in the down converters.

4. SYSTEM CALIBRATION

Accurate and repeatable measurements are a fundamental requirement for any
EMC measurement system, and in general, the accuracy of the measurements will
depend upon the precision of the calibration of the system.

Generally, the calibration factors which convert the measured power to
absolute power and which linearize the system response will be at least a function
of time and temperature. Thus, ideally, the measurement system should be re-
calibrated often enough to minimize measurement errors due to calibration factor
changes. Periodic calibration has the added advantage of providing a permanent
record with which to monitor changes in the receiver due to misalignment, slow
degradation of components, and other factors. By establishing performance deg-
radation thresholds, the system's operator may be informed that the system requires
realignment or repair.

An outstanding feature of the TAEMS is its ability to calibrate each receiver
in real-time. The noise diodes are also used for this measurement. Advantages of
this method of calibration are that the devices are small and lightweight, consume
little power, are very wideband, quite stable, and inexpensive. :In addition, the
noise diodes require no tuning during the calibration process, and the excess
noise ratio (R) is furnished by the manufacturer of these devices.

The calibration procedure is as follows: With the noise diode off, the
output power of the receiver is measured at 200 frequencies across the receiver
band. Then the noise diode is turned on, and the output power of the receiver is
measured at the same 200 frequency points.

The noise power at the receiver output when the noise diode is off is

= 16
P, = KGB (T1 + Te) (16)
where ‘
T1 = noise temperature of the diode when it is off,
Te = effective noise temperature of the receiver,
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Figure 24. The two-tone intermodulation response of the 2-8 GHz
receiver showing the intermodulation response of the
converter A2, For input signals at approximately -50 dBm,
the IM response is suppressed by approximately 61 dB.
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noise power bandwidth of the receiver,

G = receiver system gain, and

23 1

g1y,

When the noise diode is turned on, the receiver output noise power is

Boltzmann's constant (1.38066 x 10 “~ mw Hz

~
]

P, = KGB (T, + Te) 17

where T2 = noise temperature of the diode when it is on. Subtracting Equation (16)
from Equation (17) gives the following expression for the receiver gain:

G (dB) = 10 log (P2 - P.) - 10 log KBTo ( Tex)

1)
where Tex is the excess noise temperature of the noise diode and T0 is 290°
Kelvin,

The first term in the expression for the receiver gain is a measured quantity
while the second term is a computed quantity. It can be shown that a noise
signal which has been logarithmically amplified and envelope detected will measure
2.5 dB lower than an equivalent cw signal. Therefore, this measurement correction
factor must be applied to the second term. Then the expression for the gain of

the receiver is
G (dB) = 10 log (P2 —Pl) - 10 log KBTo (Tex) - 2.5. (18)

Notice that the determination of the receiver gain depends on the power difference,
(P2 - Pl), and the excess noise temperature of the noise diode.

As noted above, the second term in the above expression is a computed
quantity. In the measurement of P2 and Pl’ the software system automatically
applies correction factors to these measurements. Therefore this term should
have the same correction factors applied to it so that the measured and computed

quantities are comparable. The final expression then is
G(dB) = 10 1log (P2 - Pl) - COREC (IADCR [10 log KBto (Tex)]) - 2.5 (19)

where COREC and IADCR are the software system calls required to apply the receiver
calibration factors to the second term (computed noise power).
After P, and P

1 2
band, the gain measurements are least squares fitted to a straight line model.

have been measured at 200 frequencies across the receiver
The two resulting parameters are gain, in decibels, and gain slope, in dB/GHz.

A "fine grain'" correction algorithm is used to account for deviations from

the straight line model when required. In actual use, the calibration cycle for
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all four receivers requires about two minutes and should be executed approximately
every four hours. Figures 26, 27, 28, 29, 30, and 31 display the gain, gain
slope, the variance of the gain and the gain slope, and standard deviation. The
deviations from the straight line model are plotted. Generally, the deviations
are less than 3 dB for the full band and about 1 dB for the satellite bands.

The calibration program, KALND, used to make these calculations, is listed in
Appendix A-2,

In EMC measurements, the power density in dBm/m2 is the most useful quantity
in predicting interference and hazards problems. One reason that the power
density is such a useful quantity is that it is an antenna independent quantity.
Therefore, measurements made at different times with different antennas may be
compared quite easily.

Software routines apply the frequency and antenna dependent corrections
required to convert the measured signal power to power density. These routines
can easily be edited to reflect changes in the antenna subsystem configuration.

The signal power density is related to the signal power measured by the

receiver in the following way:

2
PR (mw) = Aeff P (mw/m”) (20)
where
PR = the received signal power in milliwatts,
A = the effective area of the receiving antenna in square meters, and

eff 2
P = the signal power density in mw/m .

In the TAEMS system there are cable losses associated with the transmission of

the signal from the antenna to the receiver. Therefore,

P, =1L (P ) (21)

R MEAS

where
L = the cable loss factor, and

= -400.
PMEAS the power measured by the ARS-400

The effective area of the receiving antenna is defined in terms of antenna

gain by
AZ
Aeff = %r © (22)
where
= wavelength of the received signal in meters, and
G = antenna gain factor.
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CONVERTER CORRECTION FACTOR
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CONVERTER CORRECTION FACTOR
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CONVERTER CORRECTION FACTOR
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CONVERTER CORRECTION FACTOR
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The signal power density is given by
P (dBu/n’) = P, (dBm) - [G(4B) - L(dB)] - 27.55 + 20 log F (23)
where

F

The quantity in brackets is computed by the system function AGAIN (ISA,F),

the received signal frequency in MHz.

where the parameter ISA is the antenna source address and F is the signal frequency
in megahertz. When the source address parameter, (ISA), is the address of one of the
noise diodes in a particular receiver, the excess noise ratio of that noise diode

is returned instead of an antenna gain. Having the noise diode excess noise

ratio data stored in this function represents an efficient usage of the allocated

core storage. A listing of AGAIN is included in Appendix A-1 for reference.

5. ANTENNA SUBSYSTEM
The antenna subsystem consists of an array of antennas to provide frequency
coverage from 1 kHz-40 GHz (Figures 32 and 33). Other principal components of
the antenna subsystem are a 50-foot guyed tower (Figure 34), and an elevation
over azimuth (EL/AZ) pedestal shown mounted on the tower assembly (Figure 35).
The accompanying antenna control unit (Figure 36) is rack mounted inside the van
where it can be manually or computer controlled.

The selection of an antenna was based on the following requirements:

(1) dual linear polarization coverage from 30 MHz-40 GHz,

(2) omnidirectional coverage from 1 kHz-40 GHz,

(3) space restrictions requiring the antennas to be physically
small and weight restrictions of the 50-foot tower and EL/AZ
mount, and

(4) an antenna gain of 10 dB for G/T in the 7.25-7.75 GHz satellite

band fixed the size of the 2-8 GHz antenna at 5 feet in diameter.

To simplify the overall receilver design, antenna bandwidths were matched to those
of the down converters. For instance, an 8-18 GHz parabolic dish (2 ft.) and an
8-18 GHz omni were chosen to go with the 8-18 GHz receiver.

Below 2 GHz, the selection of antennas was based mainly on size and weight.
In addition, antennas with large bandwidths were chosen to minimize the total
number of antennas. For a number of reasons, two antenna configﬁrations were
chosen (Figures 37 and 38). The main reason, however, was that is was not possible
to deploy all the directional antennas and receivers on the antenna tower/mount

simultaneously without exceeding the tower/mount weight limit. Figure 37 shows
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Figure 34.

Guyed tower used in TAEMS system shown erected to full,
50 ft height with EL/AZ pedestal, 2-8 GHz parabolic
antenna and simulated test load.
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Figure 35.

52



53

Antenna positioner control unit used in the antenna subsystem.

Figure 36.
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the antenna configuration which provides omni and directional coverage from

2-18 GHz as well as omnidirectional coverage from 0-26 GHz. Figure 38 shows

the second antenna configuration which provides omni and directional coverage

from 18-40 GHz and 0-2 GHz as well as omnidirectional coverage from 2-18 GHz.
Together, these two antenna configurations provide E-field coverage over the

entire frequency range of 20 Hz to 40 GHz and H-field coverage from 20 Hz to 50 MHz

Linear polarization characteristics can be measured with the E-field antennas from

30 MHz to 40 GHz and with the H-field antennas below 50 MHz. Both directional and

omnidirectional coverage are provided throughout the entire frequency range. 1In

Table 1, each antenna type is identified along with its frequency range, gain,

polarization, and voltage standing wave ratio (VSWR). The gain model for the

antennas from 2-40 GHz is given by,

GAIN = Af + Al (log F)
where F is in megahertz, and AP and Al were determined by filtering experimental data
into the above model. Since the antenna factor data was available for antennas
below 200 MHz, the gain model used in this case is
GAIN = -29.8 + 20 log F + AF
where AF is the antenna factor. The gain model data thus obtained is summarized
in Table 1. The system function AGAIN (I,F) is used to compute the frequency

dependent gain of each antenna in the system.

6. SOFTWARE SYSTEM

A real-time-executive (RTE) software operating system was developed for the
automatic receiver by ITS to extend the operating capability of the system. Real-
time-executive allows multiprogram execution, as well as program scheduling, file
manipulations, and editing. Using the editor, FORTRAN measurement routines can
quickly be written or modified. Both source and object programs are stored on
magnetic disc, with measurement data stored on magnetic tape for further analysis.

At the time development was started on the computer-controlled receiver
system, a cassette operating system (COS) was included. This operating system was
based on a cassette tape unit as the primary storage device and used BASIC as the
primary programming language. It was felt that the speed and reliability of a
cassette system could be drastically improved by development of a disc based (DOS)
operating system.

Therefore, a disc based system was provided as the starting point. “Tthe chosen

system is a multiprogramming system where up to four programs may simultaneously

56



LS

TABLE 1

TAEMS ANTENNA CHARACTERISTICS

FREQUENCY RANGE GAIN POLARIZATION VSWR ANTENNA TYPE

1 KHz-2 MHz -29.8 + 20 log F + AF A <2.0 Active loop

1-50 MHz -29.8 + 20 log F + AF Dual Linear (DL) - <2.0 Active cross loop
30-200 MHz -29.8 + 20 log F + AF DL End fired

0.2-2 GHz 7.5 DL <2.5 Cross log periodic
2-8 GHz -49,3 + 22.7 log F DL <2.5 Parabolic

8-18 GHz -43 + 18.4 log F DL <3.0 Parabolic

18-26 GHz -61 + 18.5 log F DL <1.5 Std. gain horn
26-40 GHz -58 + 17.3 log F DL <1.5 Std. gain horn

1 KHz-2 GHz 0 + 3 dBi Vertical Modified biconical
2-8 GHz 0+ 1.5 Slant Linear <3.0 Bicone

8-18 GHz 0+ 2.5 Slant Linear <3.0 Bicone

18-26 GHz 0+2 Slant Linear <3.0 Bicone

26-40 GHz 0+ 2.5 Slant Linear <3.0 Bicone



occupy memory and share computer execution time. All input/output is handled by
the operating system with extensive and general capabilities. Programs may be
scheduled to run automatically at various times of the day. When several programs
are competing for the central processor unit, a priority associated with each
program is used to schedule the program to be executed. The system also handles
all file management. An extensive list of system requests for operators and for
programmers is available. In addition, the disc based system was a proven system
that was well supported. FORTRAN, ALGOL, and assembly language are the principle
programming languages used.

Almost all the equipment of the automatic receiving system is connected to
the computer through an equipment bus. Also, a display console, keyboard, printer,
and hard-copy device are connected to the equipment bus. The power meter is one
piece of equipment that is connected through its own I/O interface and is not on
the bus. The main part of the effort in the operating system consisted in writing
drivers for these devices. The largest and most complex is the driver for the
equipment bus. The devices on the bus are now operated under interrupt. Another
driver is used to control the display generator, and another is used for the power
meter. These three drivers provide the interface between the DOS standard operating
system and the receiver system.

The next level up from the DOS system itself involves the software necessary
to operate the graphics and automatic receiver equipment. This software consists
of a set of subroutines that controls the graphics on the display and another set
that controls the settings of the receiver and takes measurements from it. A user
program, for example, calls one of these subroutines to clear the display, draw a
vector on the display, change the receiver bandwidth, or measure the currently
received signal amplitude. In the cassette operating system (COS), a similar set
of subroutines is available. One of the design criteria for the DOS version of
this software was that, from a user's point of view, the subroutines should be
like the COS version. This allows a maximum of compatibility between user software
written for the standard commercial system and the EMC Measurement System. The way
each subroutine carries out its particular function may or may nof be similar to
the original COS version as long as the end result to the user is the same. This
criteria was largely met, but some exceptions occur because of the differences in
the two operating systems. A few thingsvthat are done in the COS software are
inappropriate or unnecessary to do in DOS.

The fundamental approach to operating the graphics display that was decided

upon differs from the COS approach. This necessitated writing the lower level
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graphics subroutines from scratch. For example, it was decided that the memory
used to provide a buffer for all‘fhe‘graphics information should be allocated from
the DOS system as needed and returned to the system when not needed. The normal
text information displayed on the screen (analogous to the COS text buffer) is
handled by the bus driver. The analog to the COS graphics buffer, which takes care
of all lines drawn on the screen and some text information, is handled by this set
of graphics subroutines. A few of the graphics routines are at a somewhat higher
level. For example, one draws a set of axes for graphs on the screen and draws
appropriate labels. These higher level routines are written so that they depend
on the lower level subroutines rather than any particular buffer structure. These
subroutines needed little modification to run under DOS once the lower level
routines were changed.

The first step in modifying the software that runs the receiver was to make
it run the standard automatic receiver system. Later new subroutines were added
and old ones modified to reflect the hardware differences between the standard
receiver system and the final EMC Measurement System. Under COS, the common area
of memory is used for storage of about 450 words of information containing calibration
data and current receiver status. Under this method, the calibration data is read
into memory from a cassette. Under RTE, this block of data is kept in high core
and is referenced by externals, with the common area all reserved for programmer
use. Variables in this area which have initial values (as from the calibration
data) are initialized automatically when the DOS system is "booted-up.'" Some of
the calibration data is stable over long periods of time. This is kept in a
subroutine in the system library. The advantage of this is that memory is not
used for these constants except in programs that reference them. The constants
are loaded into core when needed by the RTE loader without operator intervention.

Because all input/output is handled by DOS, the subroutines required modifi-
cations to make I/O requests rather than handling it themselves. This results in
more overhead occurring on each I/0 operation as DOS will make some unnecessary
checks. However, the amount of time used in overhead is low compared to equipment
operation times. Therefore it was felt the overhead was justifiable. This does
not mean that the programs run slower under DOS. Because COS uses BASIC primarily,
which is an interpretive language and relatively slow, and the main language for
DOS is FORTRAN, which is quite fast, programs run faster under DOS than COS.

Because of the additional hardware required on the EMC Measurement System,

some new subroutines to handle this equipment were necessary. First of all an
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antenna selection routine was needed. By calling for a particular source, any of
the various antennas with their available polarizations may be selected. Also
various noise diodes and comb generators may be used instead of an antenna.
Another subroutine turns a selected noise diode on or off. Because the down
converters have their own selectable attenuators, another subroutine was needed
to select the desired value of attenuation. A subroutine to drive the azimuth-
elevation position of the antennas was also added. The AZ/EL controller includes
a microprocessor that always moves the positioner through the shortest angle in
moving to a new azimuth position. This feature will sometimes move the antenna
positioner into a rotation stop. This is rather cumbersome in that manual
intervention is necessary to back the positioner off the stop. The subroutine
that handles the antenna position must keep track of the current position angle
and must make a decision on which way to rotate the antenna while still allowing
a 720° rotation range for efficient positioning. In order for the system to know
the current antenna position, the approximate antenna position is input and the
antenna commanded to that angle automatically during the boot-up procedure.

These subroutines to handle the extra hardware are listed in the Appendix under
New System Calls. The system initilization program used to set constants in the
high memory area and to set the antenha controller to a known start position is
also listed in the Appendix under SINIT.

Some additional changes in the subroutines were necessary to wait for the
down converters to phase lock. The new receiver uses three output ports for the
input control unit. The software automatically selects the correct output port,
depending on the tuned frequency. This also is an extension of the old software.
Another subroutine was added to calculate the antenna gain and line loss of the
operating antennas. The line loss calculated here is only for the transmission
line between the antenna and the down converter. The line loss down the tower to
the receiver input is measured and corrected for in the calibration procedure.
This allows absolute power measurements to be made.

Another change was necessary to allow the new receiver to tune through its
full 40 GHz range. In the old software, the megahertz portion of the frequency is
frequently held as a single word integer. On this computer, the largest integer
is 32767, which is insufficient. A method of tuning the full range was devised

and implemented.

60



During the development period the commercial supplier introduced a new operating
system for the receiver called TODS-II. This operating system is disc based and
corrects the main deficiencies of the original COS system. It was felt that RTE
had significant advantages over TODS-II, and that the méin development effort would

still be in this area. TODS-II is now available as a backup system.

7. APPLICATIONS SOFTWARE

In order to use the TAEMS efficiently a set of applications software was
developed. Presently there have been two primary missions identified for the
TAEMS. These have resulted in two scenarios:

1. Application Scenario for Electromagnetic Radiation Hazards (EMRH).

2, Application Scenario for Evaluating Defense Satellite Communication

Systems.

Each of these scenarios is basically a plan for taking measurements and doing the
proper analysis for these two missions. The applications software consists of a
set of programs implementing each of these scenarios and also a third set of

generally useful programs and subprograms.

7.1 Application Scenario for Electromagnetic Radiation Hazards

The objective of this application scenario is to describe a sequence of
events and actions which must be uﬂdéftaken to acquire, analyze, and characterize
the electromagnetic radiation environment in the vicinity of ordnance and artillery
sites worldwide in support of the U.S. Afmy Nuclear and Chemical Surety Program.

The basic idea in the scenario is to measure the entire electromagnetic
spectrum from 10 kHz to 18 GHz. The:signals that are measured are then analyzed to
determine the total field strength received. This is then compared against allowable
levels to determine whether a hazard exists or not. Because weak signals do not
contribute significantly to the totél field strength, the measurement procedure can
be optimized to more accurately measure the stronger signals at the expense of very
weak signals.

The software can be broken into three categories: (1) measurement software,
(2) analysis software, and (3) utility software. The utility software consists of
various‘programs to aid in bookkeeping that list and graphically display the data,
measure and display requested parts of the spectrum, etc., and will not be discussed

further (see Appendix A-3).
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There are three measurement programs which take data from the spectrum analyzer.
The basic program is the off-site emitter measurement program. This is the program
that scans the entire spectrum from 10 kHz to 18 GHz. A variety of antennas are
used to cover the desired range of frequencies. In addition, both E and H field
antennas are ﬁsed. Because many of the antennas are directional, each of these
must be rotated to cover the full hemisphere of reception. Likewise, both horizontal
and vertical polarizations are measured. Bands which may contain radars are input
to program, This allows special techniques to be used in measuring these radars.
All measurements made are recorded on magnetic tape for later analysis.

The second measurement program is to measure on-site radars, that is, radars
located on the same base as the ordnance site being surveyed. Emitters which are
on the measurement site are the most likely to have the greatest field strength and
therefore present the greatest hazard. 7For these on-site emitters, special measure-
ment programs were developedbwhich measure the worst case hazard. For radars, the
transmitting antenna is pointed directly at the measurement antenna located at the
site of interest. Measurements of the peak power, pulse width, and pulse repetition
rate are made. This data is also stored on magnetic tape for later analysis.

The last measurement program is for on-site communications equipment. Various
communications on the base including mobile transmitters are measured separately
and also while simultaneously transmitting on the same channel. The mobile radios
can also be moved to various positions and measured. As previously stated, this
data is also recorded on magnetic tape.

The analysis starts by reducing the data. The off-site data goes through a
pre-pass program which orders the measurements by frequency and reduces the data by
only taking the maximum of several measurements at every frequency. Usually the
off-site measurements will be made many times in order to increase the likelihood
of measuring emitters that are intermittent. To provide for this, a data merging
program is provided to allow the various sets of data to be combined. Data merging
programs are also provided for the on-site data. Each type of data set has an
analysis program which combines the signals to find the total field strength. For
any desired set of bands, the field strength for the band is computed. These can
be combined in various ways (for example combining the on-site radios with on-site
radars for a total on-site figure or combining on-site with off-site data). Finally,
each band can be compared to the allowable limits to determine if a hazard exists

at a site.
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7.2 Application Scenario for Evaluating Defense
Satellite Communication Systems

The objective of this scenario is to evaluate the communication and inter-
ference environments for fixed and transportable satellite earth terminals.

The general approach is to measure the environment looking for signals which
may cause interference to a satellite earth terminal. The signals that are measured
are analyzed in a program that includes a model of the satellite earth terminal.
The signals that are potentially interfering are identified and a guard band arbund
these signals is calculated.

There are three measurement programs. The first of these searches for signals
which are in the region of the actual satellite and might be received in an earth
antenna's main beam. Because even very weak signals in this area are potential
interferers, this area is searched with high sensitivity. Any signals found are
recorded on magnetic tape.

The second measurement program measures non-pulsed signals at or near the
horizon. This is the area where most of the emitters can be found. Even though an
earth terminal's antenna is pointing up at the satellite, signals originating near
the horizon can cause interference if they are strong enough to be received on one
of the antenna's sidelobes. Because signals in this region must be stronger to
cause interference, the search need not be as sensitive. Signals found by this
program are also recorded on magnetic tape.

The third measurement program measures pulsed emitters such as radars. The
above two programs are not suited for measuring some pulsed emitters. Therefore,
when this type of signal is encountered, this program is used. A spectrum of the
signal measured using peak-hold circuitry is recorded on magnetic tape.

There are several preliminary analysis programs. The culmination is a program
which models an earth terminal receiver. This model includes such things as the
antenna, rf filter, IF-filters, modem filters, and interference threshold of the
receiver. The varibus signals that were measured are processed through the model
to see if they will cause interference or not. If a signal does cause interference,
a guard band around that signal is calculated. The guard band is a frequency range
that should not be used by an earth terminal. Various utility and housekeeping

programs are also included in this scenario.
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7.3 Non-Scenario Programs ;

This category includes some programs and subprograms which may be used in many
applications.

The most important of these is a general scanning program called GSCAN. This
program allows an operator to look at any part of the spectrum with a large variety
of options. Basically it allows the spectrum analyzer to be operated under computer
control, but used much as it would be under manual control. The operator types in
the various spectrum analyzer settings when asked. He can also type in a selection
from a large variety of detector and scanning options. Most of these options are
provided by software and are not available to the user of the manual system. The .
resulting spectrum that is measured is then displayed on the screen. The operator
has the option at any time to .change the spectrum analyzer  settings or program
options to look at the same portion of the spectrum in a different way or to look
at a different part of the spectrum. In addition some special options are avail-
able to measure a signal that is displayed. Appendix A-3 has a complete listing of
the GSCAN program. ,

A group of subprograms provided has to do with enhanced plotting. Capabilities
are provided for linear and logarithmic plots. Other subroutines allow polar
graphs to be plotted. ;

A group of programs dealing with the systems calibration data is provided.

One program allows the spectrum analyzer's current calibration data to be examined
and, if desired, to be saved on the disc. Another program allows previously saved
data on the disc to be restored to the system. A third program allows calibration
data to be changed and either restored to the system or saved on the disc. |

A program is provided to find the direction of a signal. A variety of geo-
graphical transformations and mathematical functions are also provided. -

The computer controlled spectrum analyzer has proved to be a very versatile
instrument with some significant advantages over manual sysﬁems. (Manual systems
also have the advantage of fast scans. The ideal system is one which can be used
either manually or under computer control, as the TAEMS.) The applications for

this sort of instrument are virtually endless and have only begun to be explored.

8. CONCLUSIONS AND RECOMMENDATIONSV
Our overall system design philosophy was to make the mechanical and electrical
architecture of the receiver as flexible as possible to allow easy incorporation
of improved microwave Compnnents as they become available and as their incorporation

is required to upgrade system performance.
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The down-converter circuitry was state-of-the-art at the time it was designed
in 1975. Since that time, numerous component improvements have been made. The
performance of each of these components should be continually evaluated to determine
the advantage of replacing components in the down converters presently in operation
as new components become available.

For instance, advances have been made in FET oscillators, low noise FET
amplifiers, yig-tuned filters, rf switches, attenuators, and mixers. We can look
at each of these devices and evaluate the improvements that might be expected.

Let us first consider the rf switches. This component has been particularly
troublesome, not in terms of its rf performance, but with respect to the dc
indicator contacts. These indicator contacts have not performed well. However,
in the meantime, the manufacturer has improved his screening techniques, and this
problem has been substantially reduced. Also in the original design, feedback of
the rf switch closure was regarded as critical. Consequently, due to the intermittent
behavior of the dc contacts, this function had to be disabled. Replacement of
the present switches would then allow for a more reliable indication of the state
of the switches.

The attenuators are fairly simple to evaluate. New models are available with
lower insertion loss. These attenuators, having significant improvement in noise
figure, could be incorporated with minimal impact on the system design.

Advances in low noise amplifiers are being made so rapidly that it is difficult
to track their progress. Nevertheless, significant progress has been made to
warrant replacement of the 3.7-4.2 GHz and 7.25-<7.75 GHz band amplifiers. The
gain requirement of these devices should be carefully evaluated so as to maximize
the dynamic range of these two frequency bands.

Yig-tuned FET oscillators are now available which cover the 2-8 GHz and 8-18
GHz frequency bands, and they now have guaranteed performance over the full -54°
to 71°C temperature range. New, more reliable drivers have also been designed to
tune these FET oscillators. It is fairly cleaf that the 0-60°C temperature range
FET oscillator and driver in the 2-8 GHz receiver should be replaced by the new
devices.

Significant advances are being made in the performance of yig-tuned filters.
Perhaps the most significant advance in components has been the auto tracking
feature of these new filters. This feature should eliminate tracking problems
over time and temperature. The possibility of improved insertion loss, VSWR, and
in band ripple are also definite improvements which would result from the use of

these new components.
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Mixers are key components in the down converters. New designs are being
developed which may offer improved intermodulation performance without paying a
noise figure penalty. Certainly, the gain in the present mixer/preamp could be
lowered with an attendant increase in dynamic range and essentially negligible
change in the down converter noise figure performance. So, a first step in improved
system design would be to replace these devices with the new, lower gain devices.

It should be emphasized again that almost all of the devices discussed above
can be incorporated with little or no impact on the down converters and with the
possibility of considerably impfbved performance and reliability.

A further recommendation would be to eliminate the 90° hybrid and the SPDT
switches that were included to synthesize circular polarization from the two
linear inputs in the 2-8 GHz down converter. It is felt that the benefit of this
configuration is so marginal that it should be eliminated. The alternative
benefit would be approximately 1 dB improvement in sensitivity.

Other areas of consideratibh would include replacing the analog and digital
components with the new, improved versions that are now available; replacement of
the 10 Bit DAC with 12 Bit DAC in the preset and gain circuits; redesigning the
PLL board; and devising techniques to cut the lock acquisition time, as well as
investigating other PLL offset/converter IF frequency optionms.

In perspective, the system developed by ITS to extend the capabilities of the
commercial receiver system represents a significant advance in computer-controlled
remote receiver design in the 18-40 GHz region of the frequency spectrum.

The TAEMS is a versatile tool for measuring electromagnetic radiation. In
order to use its potentialities, a set of applications programs had to be developed.
Because of the practically infinite number of possible applications of TAEMS, the
applications programs presently developed only scratch the surface of its potential.

Several programs have been written which can be useful in almost any situation.
Also, two specific measurement scenarios have been devised and applications programs
written for them. One of these measures rf hazards and the other electromagnetic
interference at satellite receiver sites.

The most important of the general programs is GSCAN (see Appendix). The GSCAN
program, which stands for General Scanning Progrém, allows the user to measure and
display any portion of the spectrum he wishes from 10 kHz to 40 GHz. The program
allows the user to specify what portion of the spectrum he wishes to see, the
receiver settings required to use it, and the particular measurement techniques to

use it. A user may look at one signal or a wide spectral range including many
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signals. By varying system settings for the antenna used, the direction to point
at, bandwidth, etc., the analyzer may be optimized for any type of signal reception.
The wide variety of measurement techniques also allows many types of real time
analysis to be made. If one signal is being displayed, the user may have the
computer calculate and display thé signal's parameters. Just this one program
greatly extends the uses of the automatic, computer-controlled spectrum analyzer
over a manually operated spectrum analyzer. In addition, the general application
category of programs includes such things as‘a plotting package that allows data

to be displayed on a wide variety of graphs including polar coordinates, a direction
finding program, spectrum occupancy measurement and analysis programs, antenna
pattern measurement and plotting, and various geographic coordinate transformation
programs.

The first specific scenario was developed to measure the electromagnetic
radiation present at a particular site and analyze this data to determine whether
the site has an actual or potentially dangerous level of radiation. The measurement
part of this is done by three programs. The first of these measures the entire
spectrum of interest (10 kHz to 18 GHz) repeatedly using various antennas and
polarizations. This data is recorded on magnetic tape. Because the signals which
are likely to pose the greatest threat are those on the site, the other two
programs make more careful measurements of these emitters. These data are also
recorded on tape. A variety of analysis and data reduction programs are available
to produce a graphical display that represents an overall measure of the radiation
for any specified band. These results can then be compared with allowable levels
to determine if a hazard exists or not. Also included in the scenario are several
utility programs to ease the bookkeeping required and to display the data for
human interpretation if desired.

The second scenario involves measuring the electromagnetic environment at an
actual or potential satellite receiver earth terminal and analyzing these data to
determine if the signals present might cause interference to the satellite receiver.
Again, there are three measurement programs. The first measures signals that
might be received in an antenna's main beam. Special techniques are used to
insure that TAEMS is measuring at its maximum sensitivity. This is done because
even weak signals are potential interference sources. The second measurement
program scans the horizon at different elevation settings looking for signals that
might be received in a side lobe of the sateliite receiver antenna. Because a

signal must be stronger than a given level to be a potential interferer, the
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program can use less sensitive but more efficient measurement methods. A third
program measures wide-band pulsed signals. Since these signals must be analyzed
as a spectrum of frequencies rather than as a single frequency, this program
records the entire spectrum of the signal. All of these measurement programs
record their data on magnetic tape. Again, a variety of data analysis and reduction
programs are provided. The analysis programs culminate in a program which models
a satellite receiver. The measured data for a signal are input to the program.
The analysis traces the signal through the feceiver to determine whether it will
cause interference or not. This program will also handle signal pairs to check
for intermodulation interference. It will also handle the signal data representing
an entire spectrum of data. Several preliminary programs in this scenario handle
details such as making a file of the satellite receivers parameters for use by
other programs, calculating a threshold level below which a signal is not a
potential interferer, calculating a satellite's expected position, and measuring
its actual radio position. There are also available bookkeeping and data display
programs.

As mentioned before, these programs are only a beginning to using the full
capabilities of the TAEMS. Further applications are now being planned and will

probably continue to increase as long as the system is in use.
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A-1 NEW SYSTEM CALLS

ASME,L | ,
HED TOURC, MOIZSD, AND RATTN DOWNCONVERTER FEOUTIMNES
NAM SOURC,?

EMT SOURC,RATTN,NOISD

EXT .ENTR,EXEC,ERROR,MAST,SFACT

*

EXE R X EEXEEEEEEEEEERERREEEEEEEEXXEEXEELEEEE R EXE X EX X XXX XX

*:

* 29 JUNE 1i9rvg

*

# CALL S0URCI(I)

* I IE2 AN INTEGER PARAMETER THRAT SPECIES WHICH S0URCE DEWICE
# [ANTEMNA, COME GEWNERATOR, OR NOISE DIODEI IS TO BE IMPUT
* FROM.

*

# CALL RATTHMIIY SETS THE REMOTE RF ATTENURTOR ON THE MAST.
* I I AN INMTEGER THRT MUST BE B8 TO F8 DB IH IMCREMENTZE

* 0OF 1g.

%

# CALL HOISDCID

* I 1% AW INTEGER PARAMETER THRT TURME THE HOISE DIODE

* oM QR OFF. ‘

* I = 8 FOR OFF

¥ I = 1 FOR OH

*

PR EEEREREEELEEEREE R X EEEEEE X EEEXEEREEEEEE X
*®
DEVIC NOP
SOURC NOP
JSB JENTR
DEF DEVIC :
LOA MAST ZERO THE CURRENT SOURCE BITS
AND =B1777 IN THE DOWNCONYERTER STATUS
STA BUF
LOA DEYIC,I MASK DEVYICE NUMBER TO & BITS
AND E?P?
ALF ,ALF SHIFT TO BIT POSITIONS 18-15
RAL ,RAL
JEB OUTP OUTPUT THE WORD
JMP SOURC,I

0
B
=

*
oOUTP  HOP .
IOR BUF FUT BITE IM CURRENT WORD
ETH BUF AND STORE.
ETA MAST ALSD STORE IN MAST STATUS.
JEB EXEC CALL EX¥EC TO QUTPUT TO DEVICE
DEF %+5
DEF .2
DEF .28
DEF EBUF
DEF .3
LDA BUF+1 CHECK FOR ERRORS
AHD =Ri7?7788 MASK OF EXTRA EEROR BITE
“OR BUF
2R IF MO MRATCH, ERROR
JHP EEER
LTA BUF+2
ZLALRSS

JHP OUTR, T ALL OK, S0 RETURN
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ERR

ATTH
RATTH

it on B RS
o Z
- 1
[ |

=M

%
% COHETAHTE
*

JSB ERROR
DEF #+3
GEF .3

DEF ERMS
JMP OUTP,I

BEE 1

HOP

JEB JENTR
DEF RTTH

La MAST

AMND =BiFel?y

TR BUF

LDA ATTH,I
CLE

iy .ia

AMD =RBY

ALF ;ALE
ALS,ALS

JEB OQUTPR
JSB EZFACT
JMP O EATTH,I

BSE 1

NP

JEB .EHTR
DEF ONOFF
LDA MAST
AMD =B17767
STA BUF

LDA OMOFF,I
AND .1

ALF ,ALS

ALS

JER OUTP
JHP MOISD,I

DEC
nEC
DEC
LEC
LEC
ocT
EXZ
DEC

AEC

DRIES B0 B B 1% B S SV o I S
=~ 01 X

EMD

3]
o
[
s ]
3

i d

ZERD THE ATTHN BITS INM THE CURREHNT
CONVERT THE RTTN TO 8-7

SHIFT TO BITS 7-9

AND OUTPUT
UPDATE CORRECTION FRCTORS

CLEAR THE OHWOFF EBIT

MASK THE ONOFF FRRRAMETER
SHIFT TO BIT &

QuUTPUT IT

AND STORAGE
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HED RZEL - ROTRTE ANTEHNA HMAST

MAM RZEL,T
EMT REZEL

EC,EREROR,CED,IFIXH,RBUSYL

EXT CEHTR,EH
EXT HAZ;EL
*
EEFERFE LR EFE R I LR FE I I LR FEFFFFFF IR LI F XS PR EXILRS X R 2%
&
# 22 APRIL 13739
*
# CALL AZEL(AZIM, ELEV)
# AZIM AMD ELEY RARE FLOARTIMNG POINT HUMEERE SPECIFYING
# THE DIRECTIOM TO POIMT THE AMNTEHMHAR MAST.
# 8.8 .LE. AZIM .LE. +366.0
# -%. .LE. ELEY .LE. +91.8
#
# ERROR ARZEL-2 IX FOR R PARAMETER OUT OF RAMGE.
# ERROR AZEL-5 MEAME THE HHARDWARE IE UMAEBLE TO DO
# THE OPERARTION CALLED FOR.
#
Ry Yy E E E E Iy s
. v
RZIM  MOP EMTRY FOINT RAHND
ELEY HOP ARGUEMENT FICKUFR
RZEL HOP ZEQUEMCE

JEB JEHMTRE
DEF RZINM
DLD AZ2IM,I
FHP Fila
JEBE OIFIR

* CHECK FOR VRALID

LIE HZ
TEIE

ADE 3686
CHEGZIME
ADE B
EZBRREER
SEPE DOEL
TR 1

SRR
SJHPERREL

CHME, IME

DE .3caad

JHP ERRI
SZB,RES
CLA

ITR HMEW
LDE AZ
CHE, IMEB
ADE B

STE DIF
HDE .i268
TEBL,REE
JMP TEBIG
LIE 2688
ADE DIF

LOAD THE AZEMUTH VALUE
MULT. BY TEW TO GET TEHTHS
COMWERT TO FIWED POIMT MUMEBER

RAMEE AWND MO REQTATIOW PRET ETOFPE

LOAD CURREMT AZIM FROM COMMOW ARER

IS THE CURREHNT RAZIM MEG.(-128<R2<188]
YE&, HDD Zeo.8 TO ITIl28 TO 2681

TAKE THE HMNEGR. 0OF THE CURREWT POE. RZIHM

ADD THE HEW AZIN

ARE THE HAZEMUTHE THE SAME

YEE GO DO ELEVATION THIHMG

CORPY HMEW REZIM INTO THE B REG.

IF RZIM NEGHTIVE,

ERROR .

GET MEG. 0OF NEW RZIM

ALDD Zs8.8 TO IT

I'E THE MEW RZIM GREATER THAM 356 .8
YES, TAKE ERROR EXIT

ETORE THE HWEW COMMAMD AMGLE

LOAD CURREMNT RZIM

THKE THE HMEG. OF THE CURREMT AZIN
ADD THE HMEW AMGLE

ZAVME FAE AMGLE DIFFERENCE

AOD 18@.8 TO THE DIF RAMGELE

IEZ THE DIF AMGLE LESE THAM -158.8
MO, &0 D0 MORE CHECKIME

YES, BET 3&88 CONISTAMT

MAKE DIF AMGLE POE.,
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STB DIF AND RESET IT

JHP TSE® G0 TEST IF ANGLE EQUAL -188
TSEIG LIDEB M1E800 CET NEG. 1888
ADB DIF ADD DIF ANGLE
TSR IS DIF ANGLE GREATER THAN +180.8
JMP TSE® MO, GO TEST IF ANGLE = -1i8@
LDE M3688 YES, TAKE THE COMPLEMEMNT OF THE
ADB DIF AHNGLE AND RESET
STB DIF DIF ANGLE THEHN
JHP TSBRIG G0 CHECK ANGLE AGAIN
TSE®@ LIB DIF LOAD DIF ANGLE (-188 TO 548)
ADB .18060 ADD 188 TO DIF ANGLE
SZB 15 THE DIF AMGLE -1€8
JHP HTi86 NO, G0 PROCESS DIF ANGLE .CT. -18@
LDA AZ LORD CURRENT ANGLE :
SSA I8 IT NEG.
JHP AZNEG YES, G0 MOVE MAST IN 98 DEGREE INCREMENTS
ADIA M9BB SUBTRACT 98 FROM CURRENT HANGLE
£3R 1S IT MEG .
ADA 3668 YES, TAKE THE COMPLIMEMNT
JIB OUTP G0 MOVE THE MAST %8 DEGREES
LA HEW GET NEW COMAND ANGLE
JEB OUTP MOYE MAST TO MNEW AMGLE
LDB AZ : CGET OLD ANGLE VYALUE
ADE M12889 SUBTRACT 188 DEGREES
TR AZ SAYE AS NEW AZEMUTH ANGLE
JMP DOEL GO DD ELEYATIONM THING
* .
AZNEE ADA .96@ CURRENT AZEMUTH WAS NEG.
SSA I8 IT LESS THAN -90 DEGREES A :
ADA .3680 YES, TAKE THE COMPLIMENT OF THE ANGLE
JESB OUTP &0 MOYE THE MAST qa DECZREES :
LDA HEW CET MNEW ANGLE
JEB OUTP MOYE THE MAST TO -THE NEW ANGLE
LDE AZ LOAD THE OLD ANMGLE VYALUE
ADE .1800 INCREMENT IT BY 188
TR AZ RESTORE AS THE MEW RANGLE VALUE
JMP DODEL CO DO ELEVYATION THING
*
NTI188 LDR DIF ANGLE WAS HNOT -188 DEGREES
ss 1S DIF ANGLE MEG.
JMP DIFHNG YES, GO HAWNDLE MEG. ANGLE
ADA AZ CET SUMM OF DIF AND CURRENT RANGLE
STAR 1 STORE SUM INTO B
ADA M3688 SUBTRACT 368 DEGREES
I3IA IS THE SUM .GE. 269 DEGREES
JHP ROTRZ MO, G0 MOVYE MAST TO THIS ANGLE
LDA AZ LOAD CURREHT ANGLE
ADA Mo@B SUBTRACT 98 DEGREES
JEB OUTP MOYE MAST EBY 96 DEGREES
LA AZ - LOAD CURRENT HBHNGLE
ADA M1S88 SUBTRACT 188 DEGREES
JSB OUTP MOYE MAST AMOTHER 98 DEGREES
LDA HEW CET NEW ANGLE
STR AZ SAYE AS CURREMT MAST ANGLE
JEB OUTP G0 MOVE MAST TO MEW AMGLE
JHP DOEL G0 DO ELEVATION THING
*
ROTAZ STE AZ SET CURREMT AMNELE TO THE SUM (DIF+AZ)
LDR MNEW CET MNEW. ANGLE
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JEB OUTP G0 MOVYE MRAST TO NEW ANGLE

JHF DOEL 0 DO ELEVYATION THING
*
DIFNG RDA REZ THE DIF HHGLE WHS HMEG.
ETR 1 RADD RZ AHWD EAVYE IN B REG.
ADAR .3608 ADD 368 DEGREES
TEALRES I® AMGLE HOW HEG.
JHMP ROTRZ MO, GO MOVE MAST TO ANGLE OF {(DIF+R2)
LR R YEE, LOAD CURRENT RMNGLE
ADRA .564 ALD S8 DEGREES
JEB OUTP GO MOWE THE MAST 298 DEGREES
LDA AZ LORAD CURRENT HANGLE
ADR .12088 ADD 128 DEGREES TO IT .
JEB OQUTP G0 MOWE MAST AHOTHER 98 DEGREES
LI'A NEW LOARD MEW AHWHGLE COMMAND
JEB OUTP MOVE MAST TO HEW RHGLE
LDE HEW LORD MEW ANGLE
ADE M3cba SUBTRRACT 368 DEGREES
ETE RZ AMD EAYE AS CURRENT AMGLE
4MFP DOEL GO DO ELEYWRATION THIHNG
*

# OUTPUT AZIMUTH ANGLE TO BUES
*®

OUTP NOP ENTRY POINT TO RCTURL OUTPUT ROUTINE
EER IT THE HEW RANGLE HEG.
ADA 36809 YES, ADD 3268 DEGREES TO IT TO MAKE POS.
JEB CBD CONVYERT HNGLE TO RCD
ETR BUF MOVE TO OQUTPUT BUFFER
JEB BUSY! WAIT 'UNTIL BUSS NOT BUSY
JEB ERXKEC CHLL EXEC FOR OUTPUT
DEF #+3 RETURM ADDRESS FROM EXEC
DEF .2 - WRITE COMMAND
DEF .27 LOBICAL UNIT
DEF BUF BUFFER HDDRESS
DEF .3 BUFFER COUNT
LOA BUF+2 GET THE STHTUS
ZLR AMY ERRORE?
JHP ERRZ YEF, G0 PRINT ERROR
LDAR BUF+1 LORD THE QUTPUT LATCHES
RKOR BUF CHECK AGANET WHAT WAS SENT OUT
EZA ARE THEY THE ZAME
JHP ERRZ MO, 60 PRINT ERROR
JMP O OUTPR,I RETURM FEOM QUTPUT ROUTIHNE

*

% ELEVATIOHN ANGLE FPROCESSIHMG
*®

DOEL DLD ELEWY,I LOADF FLOATIMG POINT YALUE FOR ELEVATION
FMP Fig MULT BY 18 TO GET TENTHS
JEB IFIX COMVERT TO FIKED FOIMT HUMEBER
ETR 1 ERYE IM B REG
CHE,INB TAKE THE HEG. OF THE ANGLE
RDE EL ADD THE CURRENT ELEVATION RHNGLE
SZBRES ARE THEY THE SAME
JHP RZEL L1 YEZLRETURH TO CALLING ROUTIHE
ETR 1 MO, RESTORE B TO MEW ASHGLE
AR .58 CHECK IF LE®S THHHMN -5 DEGREES
ZEEB
JMP ERRI1 YEE, PRIMNT ERROR MESEAGE AND RETURN
2TR 1
ADE M218 CHECK ELEY HNOT OQVER +91.8
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ERR1

ELOK

ERREZ

*

#  COHN
#
M36aa
Migga
Maie
MeEn

[ B

A () = 3 PN G
[<x B ]

e R £ A R LY R B 53 )
%]

[ 5 e B

=)
4
-

HE
BUF

o
LR =)

DEF
LEF
DEF
DEF
LDEF
LA
LA
SHP
LA
W
JHP
SHP

JER
LDEF
DEF
LEF
JHP

ELOK
ERROR

#4+3

2

ERME
AZEL 41

L3680

E

L

CED

=F468688

BUF
U 3 "l"
EREC
4+ 5

-y
B

it .

td =

]

-

[ ool 7% B0 el 43 ]

=

F

+

ERREZ
BUF+1
EUF

ERRZ
AZEL,I

2

ERROR
43

5

ERME

AZEL .1

12 IT .6T. 91
MOL,ELEYATION REGUEST OK
FARAMETER OUT OF RANGE

CHECK IF ANGLE HNEGRTIVE

IF MEG, ADD 3&@ DEGREES

STORE AT PRESENT ELEY ANGLE
COMVERT TO BCD

ZET BIT TO IMDICATE ELEVYATIOHN
STORE INM OUTPUT BUFFER

WHIT UWMTIL BUSE MOT BUEY
QUTFUT TO DEVICE

RETURN ADDRESS FROM RTE

WREITE COMMAND

LOGICAL UMIT

BUFFER HDDRESE

EUFFER WORD COUMT

LOAD THE ESTATUS FROM THE BUFFER
AHY ERRORE

YES G0 PRINT AN ERROR MEZERGE
LORD THE OUTPUT LATCHES

ARE THEY THE EHME A=

QUTPUT COMAMD WORD

MO, GO PRIMT ERROR MESSAGE

MO ERRORE, RETURHN

ITAMTE AMD STORAGE

nEC
DEC
nEe
e
nEC
TDED
DEC
TED
DEC
TEC
DEC
nEC
DEC
ne:

EC
AEC
HOP
NOP
BES

END
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FTN4,L
FUNCTION RGRIN(ISA, FI

THE PURFOSE OF THIS FUNCTION IS TO COMPUTE THE GAIWN

OF AN AMTEMHA SPECIFIED BY THE SOURCE ADDRESS “Ism"

AS A FUNCTION OF FREQUEMCY IN MEGAHERTZ

CAELE LOSSES ARE ALSO ESTIMATED FOR EACH ANTENHNA.

THE MODEL USED FOR ANTENNA GAIN IS

ACAIN=B+M#LOG(F) .

THE SUBROUTINE ALSE0 INCLUDEE THE EXCESS HOISE RRTIO OF
THE HOISE SOURCES®. THEEE ENR’S ARE FOR THE DOWHCOHVERTER
IYERTEM # 2 OH VAM # 2.

SO0URCE 3-H FREG® RANGE EMR

2 FEd4 1akK-30MHZ 25.5

7 264 19-28B8MHZ 25.8

i@ 243 2 - & GHZ 25 .8

26 242 Z2.7-4.2GHZ 23.7

33 343 F.25-7.705GHZ 25.9

49 3IF B-18 GHZ 34 . FE-2.27#LOG(F]

OOOO0OO0OnDOOOoOD0OOn00

DIMENSION AB{64) ,AI{54)
REAL LOGF,LOGBFZ2

DATA AB/-29.3,8.,25.5,-38.9,-20.9,-28.2,-28.2,25.8,,
1 23.9,23.9, @..a..a..—oa 4,-B7 6 Bl d 413,
2 6.9,25.8,8.,-48.4,-40, 3,»41 4,-41.3,6.9,25.7,0.,

3 —dB.4,-40.3,~41.4,-41.3,6.9,25.9,08.,-40.4,-48.3.8.,
4 a.,a(,a.,a.,e.,a.,a.,@.,-12.3,—5.9,15.9,34.?5,

s a.,0.,-61.8,-61.8,08.,25.9,0,,8.,-58.0,-58.,08,48,,

6 21.6,8.,8.7

DATH Al 28.,6.,08.,208.,20.,18.2,18.2,8.,-8.1,-8.1,

g.,08.,8.,20.,15.6,08.,208.,28.1,-2.3,8.,8.,
Z6,,28.1,26.,86,1,-2.3,8.,0.,20.,,20.1,208.,20.1,
“2.3,9-;@..;2@-.5@ 1 guu@-qgnngn.guuaunanqg-q

B8 67 8. 48 =5 .1 ,-2. 27 8. ,0,,18.5,18.5.8.,8.,8.,
B n T B lT B B BBy Br
THE CABLE LOSSES(IN dbsFT) FOR TIMES WIRE CO.
SF-214 FROM 10-288 MHZ ARE ESTIMATED BY:
L B1464+,.0174%LO0G(F)
FROM .2-2 GHZ BY
- 1513+,8752%L0G(F)
AMD FROM 2-8 GBHZ BY:
- BBF4+ . 2135%LOGIF)
THE CREBLE LOSZEZ(IM dEAFT) FOR TIMEE WIRE CO.
SF-1428 FROM 2-8 GHZ ARE ESTIMATED BY:
-1.08249+.2647%L0OC(F)
AND FROM B-18 GHZ BY:
-2.4186+.7283%L0G(F]
TOTAL ANTENMA CABLE LOSSES(IN dB) AS A
FUNCTIOH OF FREQUEMCY ARE FOUND BY MULTIPLYING
THE APROFPRIATE EXPREZZ0OM BY CABLE LEHGTH AHND
AND SUMMING OYER CABLE TYFES IF NECESSARY
LOGF=ALOGT (F)
LOGFE=L0GF*LOGF
AERIN=AB{IZA+11+811I2A+1)+L0OGF
FOR THE LOW FREGUEMCY LOOPS & THE END FIRED
COUPLET OMLY ARPPROXIMATE ANTENNA FACTOR DATA
WAS AVAILABLE AS OF 11/27-77. ANTEMHA GAIN
WAS COMPUTED USIHG THE FOLLOWIMG EQUATIOM:
EAIN=-29.8+28%L0GIFI-AF(dB) . THIS EGUATION

DA I O CN R R

OO ODOOO00nR0O 000

Lon I o T B e B
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o0

ASSUMES 377 & 5B OHMSE RESPECTIVELY FOR THE

FREE SPHRCE AND RECEIVER IMPEDAMCES.
AF=0.
IFI{ISA.E8.8) AF=18.74-10,19*xL0GF+3.39%L0OGF2
IF(ISAR.E@.3 .0R. ISAR.EQ@.4) AF=2R.1-153.3#L0GF+12.2%L06F2
IF{ISR.EQ.5 .OR. ISA.ER.8) AF=188.1- 88.4+*L0GF+21.7P*L0OGF2
IF(ISA.EQ.13 LAND. F.LE. .887) AF=-12.5-6.9%L0GF+1.87%L0GF

3]

IF{ISA.EQ.13 .AND. F.GT. .8@87 .AND. F.LT. 48) AF=12.
IFI{ISA.E®.13 .AND. F.GE. 48) AF=599.5-862.8%L0O0GF+185.5%L0C

IFI{ISA.EQ.14) AF=118.4-181.62L0GF+23.1+%L0GF2
AGRIN=AGAIN-AF

RETURH

EMD

END$
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ASME,L |
HED RFCON - READ OR MODIFY RF CONSTANTS
NAM RFCON,7
*
[ E XX ELEEEE RS EEEEEEEEEELEE RS L EEL L L LR LS L AL AR S S S S L LRSS L2 2 282K
16 RUGUST 1978
READ OR MODIFY RF CONSTANTS

CALL RFCONIARDDR, YALUE)
ADDR = THE MUMBER OF THE RF CONSTANT
FOSITIVE IF READING CONSTANT
NEGATIVE IF WRITIHMG COMSTANT
VYALUE = RETURHNS THE VYRLUE OF THE CONSTAHNT IF
READIMG OR THE VALUE TO PUT IM THE CONSTANT
IF WRITING

CAUTION: CHRANGING THE VYALUE OF THE RF CONSTHHNTS IN THE
SYSTEM RRER CAN OFTEN CRAUSE SUBTLE ERRORS. THIS
SUBROUTIME SHOULD BE USED WITH CRAUTION.

ok ok ok ok ok ok ok ok ook ok ok ok ok ok k%

A2 XX EELEEEEEEEEEEEEEELEE LA RS RS EE SR RS ERRSXEE Rt X

*

ENT RFCOH

EXT .ENTR,AFRG
ADDR HOP
VYALUE HNOP
RFCON MNOP

JEB JENTR

DEF ADDR

* RESOLWYWE RAMY INDIRECTS IN THE RDDRESSES OF AFR®Q
LDA SADIR GET THE ADDRESS OF AFR®

IND SEALRES IMNDIRECT BIT SET?
JMP G0 NO, GO0 AHERD
AND =B?P7?P?P7 YES, SET RID OF INDIRECT BIT
LDA B8,I LOAD FROM THAT ADDRESS
JMP IND TRY IT AGRIN

G0 STR SADDR STORE AWARY THE GOOD ADDRESS

# I8 IT A LOAD OR A STORE
LDA ADDR,I
$SA
JHP STORE

# LORAD
ADA M1 CALCULATE ADDR
ADA SADIDR
LDE 8,1 GET THE VALUE
STB YALUE,I PASS IT BACK
JHP RFCON,I RETURN

¥ STORE

STORE CMA CALCULATE ADIR
ADA SADDR
LIBE YALUE,I GET THE VYALUE TO STORE
STE 0,1 STORE IT IN RF CONSTANT AREA
JHP RFCON,I RETURN

M1 DEC -1

SADDR DEF AFRG
EMD
END$

ADDR + AFRG® - 1

ADDR + AFRQ - 1
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A-2 NEW SYSTEM PROGRAMS

FTH,L
PROGREAM KALND
C
C B3 APRIL 1979
C
C THIS PROGRAM CALIEBRATES THE DOWNCOMYERTERS.
C MERSUREMEMTS ARE HMADE OF THE HWOISE DIOQGDES THROUGH THE
C DOWHCOMYERTERS ., FOR EACH BAND AROVE 2 GHZ, LIHEAR
C CORRECTION FRACTORS (COMSISTIHMG OF AM OFFEET AND ZLOPED
C ORE COLCULATED. THESE ARE ETORED IW THE EBAND THELE.
C THIS CHLIEBRATIOM WILL TAKE IMTO ACCOUNT ALL DOWNCONVERTER
C OMD ARS4G8 FACTORS ASIOCIATED WITH THE BAMND FROM THE
c HOIZE DIODE DOWH. AMY ANTENHA GAIWM OR LIME LOEZ FROM THE
c AHTEMHA TO THE DOWNCOMVERTER PORT I3 HMOT CRALIERATED HERE.
C
DIMENSION PiliZ2E8) ,CFI2688) ,FREGS(S) IS AI1@) ,SLOPETL1B],
1 ?E[lB},IEQ[dﬂl,F?S Sn0lm
EQUIYALEMCE (SLOFE,IER) ,(IEQ(21) ,%Y8)
C FesS55 ARE THE ESTART FFfUUtHLIES FOR THE i1=-,1+,2-,2+,3
D 5+,6—,1@+,1ﬁ-,1ﬁ+ HARMDOHIC EBEHAMDE.
DATH FESS5-15086.,2680.,3556.,4658.,56868.,188868.,11738.,
1 21858, ,1293 E.,EIBSB. £y
by IZA-1%,49,85,81,
3 Clisd.2429448197,
4 FREQEZ 20080, 8268080, ,1268898, 26500, ,40884848,~
c
C SET UP THE AMALYZER
C
CALL HESET
CRLL ALGRI(2]
CALL RATTEMHI@)
CALL BUHDTHI188.)
CHLL GRIHIZ®]
CALL PORTZ(5,1,3)
cELL wIDEDOLY
5 o1 IE = 1, 18
C
[ ZERDO OUT THE CURRENT EBAND CORRECTIOM FRCTORSE
C
CALL RFCOME-Z288 - 9 % IEB, 8]
CALL RFCOW({=-287 - 9 % IE, @)
"QLL RFCOMi~-z2G88 - 9 % IB, @I
118 CEpLL RFCOMI-28% - 92 % IE, 81
JEHD =
oo 5688 IB=1,2
C IF 18-48 GHZ DOWMCOWNYWERTERE UZED CHAMGE IHDEX LIMIT TO 4
CALL CLEARIA)
Fl = FREQZIIE]
Fo2 = FREGESIIER + 12
WRITE(L,128
igeg FORMAT ! i4¥,"COHYERTER CORRECTION FARACTOR™
CRLL SCRALEIFLF2,~-18.,18.]
CRLL ZAXNEER! liiFE*Fl‘.l J
CALL YECTIL,8,126,488)
CRLL WECTI(2,3,8%:,488)
CARALL FTUMEILF1D
CALL EOURCIOIZAIIEN)
CHLL RATTHIE
CRALL MOIZDIiA}
IF=iFz=-Fli-281.
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SUMEZ=8.
TUMZ=8.
C AVERAGE 1868 MEASUREMENTS
CALL DIGsUI@,-188,0.,18.]

B, )
¢ MEASURE MOISE FOWER WITH NMOISE DIODE OFF
IO 158 I=1,200
F=Fi+I*DF
CALL FTUNE(F)
CALL DIGGO(A,PEAKP ,PEAKM)
PLliIi=EXPiA-CL)
158  CONTIHUE
CALL MOISDi1)
C TURM HOISE DIODE OM AND MEASURE MOISE DIODE POWER
CALL FTUME(F1)
0 256 I=1,200
F=F1+I=DF
CALL FTUNE(F)
CALL DIGEO0(A,PERKF,PEAKM)
P2 =EHPIA/C1)
C GET EXCESS MOISE RATIO FROM FUNCTION AGRINMIISA,F)
EHR = REAIMIISA, F)

C COMPUTE EXCESS MOIZE TEMPERTURE FROM ENR
TEX=EXPIENR~C1)
C COMPUTE HOIZE FOUWER QUTPUT OF HOIZE DIOQDE FOR 188 KHZ
C EAHDWIDTH,AHD APPLY EAME CORRECTIOME REZ APPLIED TO P2
COAND PIOI).
FCAL=COREC{IADCRI{1IO.%ALOGT (4. 42E-122TEXY ¥ 1
C COMUTE CORERECTION FRACTOR AT ERCH FREQUEHNCY .
C 2.5 dB ACCOUNTE FOR EFFECT OF LOG AMPLIFICATION AHD
C EMYELOPE DETECTIOM.

CFIIl=18 . #RLOGTI(P2-PL1I{IY 1-{(PCAL-2.5)
FEHZ=.BB1%(F-F11

IUMB=3UNB+CF (I

ZUMLI=SUM1I+FGHE

SUMZ=2UMZ+CFIII*FGHZ

ZUM3=SUMI+FEHZ*FEHZ

258 COHTIMUE
=288, *SUM3-SUML=2UM1
C COMPUTE GRIM ZLOFPE FOR THE DDMHPﬂN 'ERTER .
SLOPET= (280 , +SUMS~SUMB*SUMI Y~
COCOMPUTE GAIM OF DOWMCOMVERTER @ DUMHEDMHERTER START
C FREQUEHCY ,F1l.
YRT = (SUMB2SUMI - IUMPZ*IUMI)I~D
JEHD=2

IFIIR.ER.1) IEND=4
o ==z I=1,1EHD
ELOPELJENDI=SLOPET

C COMPUTE DOMWMCOMVERTER GARIN @ B8

5533 ERMD EDGE
YRLJEHD) =YAT+ELOPET* . 881« (FO353

[JBEND)Y-F 11

2328  JEND=JEHD+1
SIGMP A,
CALL BLOCK({IEZ)
D0 488 L=1,2060
F=Fi+(L-131%DF
FEHZ=.881% (F-F1]
C COMPUTE DEYIATIOW OF CORRECTION FACTOR FROM LINEAR ESTIMATE
R=CFiLI-(YBT+FEHZ#SLOPET]
SIGMA=SIGMA+RER

o]
w



ASME,L
HED
MAM

SINIT - SYSTEM INITIALIZATION
SINIT,3,1

*
* 8 MAY 1979
®
# THIS PROGRAM RUNS WHENEVER THE SYSTEM IS BOOTED UP. IT
# INITIALIZES SOME OF THE CONSTANTS IN THE HIGH AREA OF
# THAT ARE NECESSARY TO RUN THE ARS-488.
# IF BIT 15 IN THE S-REGISTER IS SET RT BOOTUFP, THE
# SECTION INITIARLIZING THE AZEL POSITIONER IS SKIFFED.
# THE S-REGISTER IS ALWAYS CLEARED AFTERWARDSE.
- .
* BEAMDS TABLE VYALID FOR VAN 2.
*
* o ‘ v
EXT BNDS,ABNDS,AFR®,ARFRA,ANFRA,ASTP ,ADUMM ,ADUM
EXT ACTEL ,ABWOF,ADTBL,ASTFP,ADIGF ,ASTAT,AZ,EL
EXT EXEC,AXSEL,ADCIN,AMEAS,BUSY1 ,CBD,FLOAT ,IFI¥
START HOP ,
JSB MEMST INITIALIZE ADDRESSES
# INITIALIZE THE BNDS THABLE
LDB M189% GET THE COUNTER
STBE CNTR AND STORE IT ,
LDE BNDS3 GET THE ADDRESS OF THE EBMDS TARELE
STE ADDR AND STORE IT o
LDB CEBHNDS THE ADDRESS OF THE CONSTANTS GOEZ IN E-REG
ALOOP LIDRA 1,1 GET THE HEXT VYALUE
STA ADDR,I STORE IT IM BNDS TAELE
INB INCREMENT ADDR IN CONMSTAHNTS
182 ADDR INCREMENT ADDR IN EBNDS
152 CHTR INCREMENT COUNTER
JMP ALOOP IF MORE, LOOP
-
LI1a 1 CHECK UPPER BIT OF £
S3A,RSS IF SET, SKIP RZEL INIT
JEB AZLST :
CLR ALWAYS SET S-REG TO ZERD
aTA &
¥ STOF
JEB EXEC 1F DONE, ASK FOR TERMINATION
DEF %43
DEF .6
DEF ZERO

*

* COMSTARAMTSE

%
CBEHNDE DEF
DENDE DEC
DEC
DEC
DEC
DEC
Dec
DEC
DEC
DEC
DEC
DEC
DEC

DEMDS
-12

8

Ed

2

ia

58
~3.8366965
g.

i8
1399
i

2
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488 CRLL PLOT(F,R,31!
SIGHMA=SIGHA~ 208,
WE=2808 .*ZIGMA-D
YYa=SIGHMA*SUMI-D
WRITE(1,475) ¥8T,VY®,3LOPET,YS,SIGMA
475 FORMAT(SX,"GRIM(HEB) =" ,F7.4,14% ,"YARIANCE=" ,E9.6,~,
1 8X;"GAIN SLOPE(dBsGHz)=",F7.4,4%,"VARIANCE=",E9.6,,
2 SX,"STD DEVIRATION=",E9.8)
WRITE (1, 45)
45 FORMAT ("Press MARK to continue™]
I = 8
CALL CRPOSI(IX, IX, I
580 CONTINUE
DO &668 IBE=1,8

caLlL RFCOM(-2086 - 9@ % 1B, IEQ(2 * IB + 191)
CALL RFCON(-287 - 9 % 1B, IEQ(2 % IB + 2811
CALL RFCOW(-2B8 - 9 % IB, lEQ(2 % IB - 113}
CRLL RFLCOM(-289 - 9 % 1B, IEQ(Z2 * IEB))

6080 CONTINUE
CRLL CLERRI(4Q)
WRITE(1,858)

650 FORMATI("ZET SENSE SWITCH I TO UP POSITION TO REFEART")
WRITE(1,;45)
I1=8
CALL CRPOS(IX,IX,I)
CALL SSWi{1,M1)
IF(MI.ME. B8)Y GO TO S

Y88 CALL ARSET

CRLL STOP
EMD
EMND#
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DEC 231999
DEC 1B
LEDC &
1EC 558
LEC 22.5
DEC 8.
DEC z2658
DED 327687
nEC 18
neEc ¥
neEL -558
neEo 22.5
nEc @,
*
L36BE DEC Ze8a
.3868 DEC S88
L36B DEC 268
L1748 DEC B.174285
2T LEo 27
13 nEc 1A
18 DEC 18.
e B DEC &
-3 Do @
. neEC 2
ZEROQ HOF
Migs DLEC ~169
CHTR HOP
ADTR HOP
* y
# MEMET IMITIARLIZES EOME RADDRESIES IN SYSTEM PARAMETER ARER
%
MEMEST HMOF
LIA CcHa2
aHD =RBPFPPPT
LIOE 8,1
LIA CHe:
TR CHTR
LOOP  LIA CHTRE,I
TZALREE
JHMP MEMET 5 1
AMD =BF77F77
LOA a,1
=T 1,1
IME
122 CHTR
JHEFLOgPr
CNe3 DEF CH&l
ocHez DEF AFERX
CHEL TEF HAAFRQ
DEF BMFRQ
DEF TR :
DEF ADUMH
DEF ADUN o
DEF RCTEL

m

LEF HEHDE
DEF AEWHOF
DEF HIDTEL
DEF RAETPP
LEF ADIGF
DEF HETAT
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MOP

AZLET INITIALIZES THE AZEL PEDISTAL

THE APPROXIMATE AZIMUTH POSITION IS INPUT. THE AZEL MOUNT
I§ THE DIRECTED TO &0 TO THAT AZIMUTH AND TO AN ELEVATION
OF ZERO. THE HNOW KNOWN POSITION OF THE PEDISTRL IS

STORED IN THE SYSTEM PARAMETER ARER.

Tk ok ok ok ok ok ke

ZLET HoP
JEB RHIEL
DEF =#+2
DEF .2
JEB RDCIN
DEF #+2
DEF .2
JEBE AMEREZ
JEB OFLOAT :
FMFP L1748 4898X=726,X=.1748
FEE .3&6
18
IFI¥

-
=
T

ureoe {5R5)

™o

2]
L300d
CED

SEMIR
Rz

LAV S 7 e w v B R
PIRE N e IR B e VIR
W DD DD D u

-
S N B
I

1
&1

JHP UP9@

CLA '

STH EL

10R =E40008

JSB SEWDR

JSB AXSEL

DEF #+2

DEF ZERD

JSB ADCIN

DEF #+2

DEF ZERQO

JHP RZLET,I
SENDR MOP

STA CHTR

JSB BUSYI

JEB EHEC

TEF =+5

DEF .2

DEF .27

DEF CHTR

DEF .32

JHP SENDR,I

EMD ST
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FTN,L

o000

1@

e

1

A-3 UTILITY PROGRAMS

FEOGRAM GECAN
11 TEPTEMBER 1978

DIMEMZION RC151},B(151),M(32)
CALL TRAPI(3)

GO TO 98

HUMPTE = 151

CARALL ARZET

CRLL AXSEL (8]

CRLL CLERRIB]

IP8=-1

WRITE(L 2]
FORMAT (< 29X ,"GSCAN" ,~

28H ,"GENERAL ZCAHMNING FROGRAM™]

CH&2¥4 4% #+#FZFPECIFY HARDWARE FRARAMETERS®*#®%%¥®¥%

561

o

385
518

L]
-
=4

11

Cereesv¥reyrevsvrxe3¥%2%3REDEFINE SCAN FPARAMETER#=sssxzszssszzezsss

Sea

599

R

.t.

WRITE (1,8)
FORMAT {5~ ,28%,"ANTENNA NUMBER FOR SOURCE? "}
CALL BELL
READ (1,%*) ISOURC
WRITE(1,5181
FORMAT (2~ ,28X,"MAX INPUT LEVEL (dBm)? ")
CALL BELL
READ(1,%) IMAX
iFiIPE .GT. @IGO TO So@
WRITE (1,9)
FORMAT (2~ ,28X%, "ANTENNA POINTING AZIMUTH? +")
CALL BELL
READ (1,%) AZ
WRITE (1,11)
ORMAT (2-,28X,"AHTENNA POINTING ELEVRATION? +")
CALL BELL
READ (1,%) EL
CALL AZEL (AZ, EL)
IF (IF2 .LE. 8) GO TO 523

CHLL CLEARR{E)
WRITE(L,599)
FORMAT(S~,,15%,"SPECIFY PRARAMETERS®

" T0 BE REDEFINED",~

15%,"1. ANTENNA SOURCE",~

15%,"2. MAX. INPUT SIGHNAL LEVEL",/,
15%,"3. ANTENNAR POINTING DIRECTION",,s
15%,"4. START AND STOP FREQUENCIES",/
15%,"S. PRESELECTOR",/,

15%,"6. I.F. BANDWIDTH",”

15%,"?7. MEASURED (DETECTOR) TYPE",-
15%,"8. DISPLAY LOGIC MODE",/

5%,"9, MO CHANGES: EXECUTE PROGRAMY,,,~
15%,"18. STOP PROGRAM 2 ",/ ,~
15%,"FARAMETER? ¢")

CALL BELL

READIL ,#)IP9

IF (IFP? .E@. 18) CALL STOP

iFiiP9 LLE. ® .OR. IP9 .GT. 9JGO TO 560

IPE = 1

CALL CLEARIA)

soTo (s@i, s8s, 517, 523, 536, 534, 12, 28, 522),IF
IFS = ~-i



538

3
53&

n

O3
-~

2 ()

(L]
(A N

[y
)

14

i

EE T T I T T S S S

B0 TO 548
CALL CLEAR(O!
URITE(1,525)
FORMAT(18,,28%,"START FREQUENCY [(MHzI? +")
CALL BELL
READ (1 ,%)F1
WREITE(1,538)
FORMAT (28X, "STOP FREQUENCY (MHZI? ")
CALL BELL
READ(1,*1F2
IF(IPE .GT. 8160 TO 589
CALL CLEAR(D)
WRITE (1, 537]
FORWAT(S®,"FRESELECTOR OFF (TYPE 8} OR OH

CAHLL BELL

-
-t
e
m

R

READ (1, =) IPREEL

CALL PREELUIPREEL]

IF (IP8 .BT. @) FOTO 588

WRITECL,323)

FORMAT(Z2+,5¥,"1.F. BANDWIDTH (KHZ) [8& TO RAUTO-RANGEIF
lli ,é..ii |

CHLL BELL
READCL ;# ) BAMDW

IF(EANDUY ZEB. 81 CALL BWATRI(FZ,Fl1,NUMPTE, BANIWI]

CARLL TUMEILFI1)
ETP = 16868.%(F2-FL)-I(NUMPT3-11

IF (IP® .GT. @) GOTO 42

CALL CLEARIGD

WRITE(L,13)

FORMAT (5~ ,15%, "SELECT MEASUREMENT TYPES",~
158,"1, INSTAMTANEOUS AMPLITUDE"
15%,"2. MEAN AMPLITUDE",~
15%,"3, PEAK AMPLITUDE"Y,

15%,"4. TRUE RMS HPPLITUDE (DEMI ",
{5%,"5, TRUE RWS AMPLITUDE (MWI®,~
15X ,"6, TRUE RMS AMPLITUDE (U-¥OLTSI",
15% "7, PEAK-AYERAGE AMPLITUDE(DEI",~
15K ,"8, MAX-MIN AMPLITUDE (DE1I®,
15K, "9. MINIMUM AMPLITUDE (DEMI", .-
15X, "TYPE? "]

CALL BELL

READTL ;# I MEZTYP

MRITE£1,14J

FORMAT (2]

IADCIN = 3

IF [(MESTYP LHE. 321 IARDCIN = 2

CALL ADCIMIIADCIHNI

IFIMESTYP BT 13G0 TO 15
TIMERZ=6.8

G0TO 28

MESTYP=MEETYP~1

CrALL BELL

IF(MESTYP EEL. 3 LAMD.  MEESTYP WLE .
WRITELL 16)

FORMATI(ISH , "MEFRIURE TIMEIMIEDI? "3
READIL ,#)TIMERS

[4)]
Loy}
Lot}
-~}
[}

IFE=
IFUIRS WwB2T . BIGO TO Sas
G0TO 2@

WRITE(L,l888)
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1688 FORMATI1SE, "NUMEBER OF MEARSUREMENTE? «")
REARD(1,*)TIMERS
IF{IP® .GT. @10 TO 598
CHEXEFS XXX X255 %L0GIC TEST ENTRY POINTH*$¥F3F$45F35355%2
Cexexexrexrexexsl 9 IZ MOWING AYERAGE LOGIC FLAG*sxssesxsszss
zae LS=-
CALL CLERARI1)
WRITE(L,23)

]

a0

{"EELECT DRTH DIZFLAY LﬂGIESE";f;f

FORMAT IS, o158,
+ 15K, "i. INMDEFPEMDENT EZSCANZE",”/
+ is¥, "2. CUMULATIVE AVERAGE OF SCANS®,.
+ iS4, "3. MOWIME RAYERAGE OF SCANSY,~-
+ 15%, "4, CUMULATIVE PEAK VYALUES" /.~
+ 134, "DIZPLARY TYPE? ")
CALL EBELL
READCL y=1L

CALL CLEAR(L)
Mi=18088
IF(L  CLE. 2160 TO 48
CHEFS XXX FFFHEEFEFFFXMOVING AVERACE S L X X TS XX F L XX FFEXEH
IFIL JEGR. 3160 TO 38

L=
G0 TO 48
CE XX ¥F 255525322232 45MOVING AVERAGCGE ® $ X2 $ 3 $ 2 ¥ 32 ¥ e eeen
a2a WRITETL ;25
35 FORMRT (157,153 ,"AVERRAGE OF HOW MAHNY ZSCRHE? «")
READIL ;#1H1
L=2
LS=1
40 IFLIPSE BT . By TO Saa
CHEEFEEFFEFEFFE X222 FREEZTART ENTRY POINTHEEF SIS FEEFEETFTREES
42 CALL TTRHEIIMAHX Iz0UrE, IPRSEL, ITT)
43 cabl SPECGLITT, ﬁ’f'Yr,.,FL,Fp,I“h TE,JB11
IT9=8

CALL ERSET

CALL SCHEW(BAMDUW,.8)
Do 78 H=1,H1
caLL CLERRILL)

IF1 = F1
CALL SCHFQIFLOARTIIFLY, 1
CALL SCHHMSIMEETYP,TIMERS,
CALL EDATALA,MUMPTE])
CRLL DLYEHY

CARLL HECAMIM,1

&
I

£ (F1
P2,1.8]

[ |
,I-..F
IFLIT®2 CHE . SI160 TO 44
IMAY = IMARYE + 18
G0 TO 42
44 IF(LS GT 5] LAMND . M LEQ, M1} H=Hi-1
caLL =EWi1,IZ)
IFIIZ EQ. gI1e0 TO &3
Cex*xe¥:::REPLACE RAL DATA Wy ZMOOTHED DOTH#ssssssssssrssssess
HRAYE=3

CALL ASMTH(A,1,B,1,NUMPTS,NAVE)
CALL BLOCK (JEB2)
IO 45 IR=1,MUMFTS
CALL PLOT(FLOATIIR),EBC(IR),2)
45 COMTIMUE
CALL SIGBWI(E,1,HUMPTS,18.8,F8,F3)
ES=(F9-Fa)#STP
IF(BS .LT. 1@8@@8.8) GO TO 595
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5S¢

5995

5e

359

68

el

63

B = EI -~ 18606.
WRITE(LI,S56) ES

FORMAT (3~ ,28%,"-18 DB BW (MHZ) = ",F9.3}
50 TO 59

WRITE(1,58)B5

FORMAT (3~ ,28%,"-18 DB BW (KHZ) = ",F7.3)

FO=F1+(STF-18808.1%((FB8+F2)-/2.-1.)
WRITE(L,8B)F5

FORMAT (28K, "CENTER OF FREGUENCY (HMHZ) = " ,F%.3}
BE5 = 188.8

CALL SIGBWI(B,1,NUMPTS,B5,F&,F7)

ES = IWNT(1G., % BS + .5)/ 1@,
WRITE(1,61) BS

FORMAT (28K ,;,"53/H RATIO (DB) = ",F4.8,-]
FPRUZE . .

GO TO 43

CRLL MWPTRI{JEBLl, 1)

CRLL ssuwz, IS)

IF (I8 .E@. 8) GOTO 64
I2 = @

- CHLL SCPOS(X, ¥, IS)

&4

ve

Cr*rees
=%

¥ = F1 + (F2 - Fi1) % ¥ ~» NUMPTS

CALL PERKI(.999 * K, -1.881 * ¥, ¥, H)

CALL TUHNE (X))

WRITE (1, &3) ¥

FORMATI(ZY,"FREQUENCY IS",F18.3)

IS = @ '

CALL SCPOS(H, ¥, I3

CALL CLEARIL1)

CALL 2sSWi?, IE)

IFIIS HE. 81 GOTO 42

CRLL SsWig, IZ)

IFI(IE HE. 8) 50T0 Saa

COMTINUE

=0 TO 42 )
FEXFEFFEXFEFFEFTRAP O FLAG-SET* X 4 ¥ %S X RS ¥ XXX FXF ¥
I1T8 = 5

CHLL RTRAF

CALL . STOP

EMT

SUEBROQUTINE BWATR(FZ2,Fi,HUMPTE, BAHDUI

C ¥*¥£%#%THIZT IZ 0 TUBROUTIME TO ZET BANIWIDTH AUTO-RAHNEEX::

2

Cxee®s
FXEF

DIMEMSION B9(11)

IATA E9-3088.,300.,180.,308.,18.,3.,1.,.3,.1,.83,.81~

EANDY = 2880.

$ = 1888.%(F2-F1)/ (HUMPTS-1)

D0 28 I=1,11

IF (B9(I) .BT. .8 % S) BANDW = BS(I)

CONTINUE

RETURN

END

SUBROUTINE SPECG(ITT,MESTYP,TIMERS
1%

F2,HUNPTS,Js
##%%THIS SUBROUTINE WILL DEFINE TH EC

,ri,
E SP

DIMEMSION IBUF(48)
CALL CLERRI(B)
CALL YECT(1,8,128,1616)

CALL CODE

WRITE(IBUF,1)

FORMATI("ZEYW 1: EMOOTH DATA AHD MERSURE SIGHRL ™)
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(3}

ia

13

28

25

30

33

48

43

47

54

CALL LABEL(19, IBUF}
CALL VECT(1,8,128,984)
CALL CODE
WRITE(IBUF,5)

FORMAT{("2SW 7: RESTART SCAN SEGUENCE")

CALL LABEL(14,IBUF)
CALL YECTI(1,B8,128,932)
CALL COIDE
WRITE(IBUF,18)

FORMAT("SSW 8¢ REDEFINE SCAN CONDITIONS

CALL LABELI(16,IBUF)

Y1 = ITT - 78

Ya ITT

W3 16.8

IFIMESTYP BE. ! LAND. MESTYP
IFIMESTYP SEG . 8160 TO 45

¥Yi = 8.8

IFI{MESTYP .GE. 1 AND. MESTYP
CRALL ASCALI1,¥Y2,1,1)

=0 TO 2@

IFIMESTYPR GE . &  AND. MESTYP
caLL AZCALIZ2,%2,1,1)

¥ = 1E-18

I¥Ye = 1

Ive = (2.6%x1IY8)

IFiIvY8 LT, 1860 TO 3@

I¥Yg = 1

Y = Y#18.68

IF(Y LT, {Ivyas¥Y21 160 TO 2%

ya hi

Y3 = ¥Ya2rs18.8

GO TO 45

IFI(MESTYP LEQ. TIGO TO 48

VY2 = 28.8

ou

{1}

Y3 = 5.8
O TO 45
Y2 = 58.8
Y3 = 18.0

CALL SCALE (F1l,F2,vi,v2)
CALL SAXES(IF2-Fll-18.8,Y3])
ANUMPT = HUMPTE

CALL SCALECL . ,ANUMPT,¥Y1,¥2]
CALL YECT(1,8,413,16)

CALL CODE

WRITE(IBUF ,47)
FORMAT("FREQUEHNCY , MHZ")
CALL LABELI(?,IBUF]

IF (MEESTYP .E&. 1 .RMD. TIMEARS .EW@.
£7)

¢oTo (ss3, 55, s?, 57, 57, 63, 65,
CALL YECT(1,8,48,592]
CALL CODE
WRITE(IBUF,52)
FORMAT (" IHET")

CALL LABEL{2,IBUFI

G0 TO 6%

CALL YECT(1,8,48,592)
CALL CODE
WRITE(IBUF ,54)

FORMAT ("MEAN")

CALL LABEL(2,IBUF)
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3160

vIG0

TO

TO

GOTO 51
MESTYP

)

DAL



35

-

(&}

64

&3

67

68

&9

re

Fi

B0 TO &9

CALL VECT(!,B,54,592)
CALL CODE
WRITE(IBUF ,56)

FORMAT ("PERK")

CALL LAEBEL(2,IEBUF)

€O TO &9

CALL YECT(L,8,54,592)
CHLL CODE
WRITE{IEUF ,58)
FORMATC"RMS )

CALL LABEL(2,IBUF)

GO TO &9

CALL YECT(1,8,16,592)
CALL CODE
WRITE(IBUF ,64)
FORMAT("PK~AYG")

CALL LABEL(3,IEBUF)

SO0 TO 69

CALL YECT(1,8,32,592)
CALL CODE
WRITELIBUF ;661
FORMATI"PK-PK "I

CALL LABEL(3,IBUF)

B0 TO 69

CALL WECT(L,®,48,5922)
CALL CODE

WEITE (IEUF ,68)
FORMAT("MIN.")

CALL LABEL(2,IBUF)
CALL YECT(!,B8,48,560)
cALL CODE
WRITELIEUF ,7@)

FORMAT ("AMPL")

cALL LABEL(Z2,IBUF!

€o To (71,71,71,73,75,77),MESTYP

CALL VECT(1,8,54,528)
CALL CODE
WRITE(IBUF ;727
FORMAT("dBm ")

CALL LABEL(2,IBUF)

&0 TO &8

CALL VECT(1,0,54,528)
CALL CODE
WRITE(IBUF 4747

FORMAT ("mi "3

CALL LABEL(1,IEBUF)

0 TO &8

CALL YECT(1,8,54,528)
CALL CODE

WRITE (IBUF,76)
FORMAT (" pv")

CARLL LABEL(Z2,IBUFR)
G0 TO 28

CALL YECT(1,8,54,528)
CALL CODE
WRITE(IBUF,78)

FORMAT {,"dE")

CALL LABEL(1,IBUF)
CALL BLOCK (JB1)



CHEFEEFEXXLEEEREX 24 22END OF SPECTRUM GCRAPHICIES S X IFLE XXX LETEES

RETURHM

EMD

SUBROUTINE TTARAEI(MAY, ISOURC, IPREEL, ITTI
SET THE RTTEMURTION AND GRIN FOR TOP OF TREBLE.
SET S0URCE AND PORTE.

IF IZ0URC = 13, THEW USE FORT ©
IF IS0URC = 14, THEMN USE PORT 7
IF AMY OTHER ISO0URC, THEN UZE P
IF ISOURC < 15 THEM USE 85281 A
REMOTE ATTEMUATORE

RTBRS ELE

[ B N el w ol w B R
50
rr
[
by
m

CALL RHDUPIMAR,
IZCR = HMAA
IF (IZ0QURC
IF (IPREEL
EO0TO 128
IZCR = ISCR + 22

IF (IS0URC.GE.23.AND.IX0URLC,
CALL RHDUPI{ISCR, ISCR]

IGAIN = 2Z@

IRTTEN = IZCR + IGRAIW + 18
IF (IATTEHW .GE. 8] GOTO 148
IATTEN = IATTEHW + 18
IGAIN = IGAIM + 18
IF (IGAIN .LT. 5@}
TRTTEH = @
GOTO 138

IF (IATTENM .LE. 78}
IATTEHM = IATTEWM - 18
IGAIN = IGARIN - 18
IF (IGAIMN .GT. 81
IF (IATTEH .E&. 78@)
IRTTEM = 7@
CRLL CLEAR{G)
WRITE (1, 181
12 FORMAT("WARMING - CAMNOT RDJUST ANALYZER FOR" -7,
i "MAXIMUM SIGHAL EXPECTED™)
CRLL EBELL

FAUZE

CALL GAIMIIGRAIN]

IF (IZOURC .LT. 132

ITT)

GOTO 118
ISCR = IZCR + 21

IGT.
.HEI

151
@3

lia
LE.2&)

1
(2]
D}
]
]
1t
L]
De
tal

128

=

GO0TO 13
148 GOTO 158

GOTO 148
GOTO 1358

138
GOTO 1&g

X3 )
PR |

CRLL
CARLL
CHLL
GOTO
CRLL
IF (1
CALL
GOTO
caLL
caLL
RETUR
EHD

1va
i@

SUBROUTIHE RHDUPTI,

Jom o1
IF 4
J o= 1
RETUR

RATTH(IATTEHN]
ATTEM(G)
FORTE(S,
1ao

ATTEN(IATTEMN]
SOURC .LT. 13)

Ly

21

FORTE(IZ0OURC -

188
PORTS(S, 1, 1)
SOURC (ISOURC)
M

LET. 8l J o=
g o (J - 18]
M

GOTOD 178
7, 1, 1)

1

+ 9
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ENDZ
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ASMEB,L

%

*
*

HED MSCAN - B83580F SPECTRUM SCAN/PLOT ROUTINE
(ARE-498 YERTIOHN)

MAM MSCHM 7

FERFEFLERXFXEXFETETFFREENFEFREFAEFRERIREEIRZERRFEIEREHERES

* -®
* HEH1R: H3ICAW, FART 1 {ARE-483) *
% {6~-25-75) %
% -«
(XX XX R EEEREEEELREREYXEXEEEEEESIERERE EE X E X E X R LR R R R L XX
# MECAN #
* %
* SUBROUTINE "HECHAN" IS R GENERAL FPURPOSE SCAN- #*
* NIMNGE AND PLOTTING ROUTINE FOR THE 8588B AUTO- #*
* MATIC SPECTRUM HANARLYZER. REFER TO THE "MECAHN *
* USER’S GBUIDE" FOR DETAILED APPLICRTIONS AND *
¥ OPERBTIME IMFORMATION,. *
* *
* %
* *
[EEXEETEEREEEEEEEELEEEEEELEEEEEEEEEL XL FEEEE R EE R X XX XX XX
% SREET: SCHAN RESET %
* ]
% SREET(NO FPARAMETERS) %
* *
* ATES BASIC EBRAMCH TAEBLE ENTRY: SRSET; ®
-« ®
X T EEEEEEEEEEEEEIEEEE R L EEESEEEEEEE X R R EE R AR EE LN EEX X R
* SCHEW: SCAM I.F. EANDWIDTH *
% *
* SCHBWEBW,YIDED) *
* EWl = I.F. BANDWIDTH (KHZ) #
* VYIDEO = VYIDEO FILTER STRATE (8=0FF; 1=0H) *
* *
# ATS BASIC BRAMCH TABLE ENTRY: SCNBUWIR,I); *
* *
[XEEEEEEE-EEEEEEEEEFEEEEIEEEEEEEEEEEEEXEEEEEEEEEREEE XXX
* SCHF@: SCAM FREQUENCIES *
* *
% ECHFRIF . .MHZ ,F.HZ,STEPRI} , )
* F.MHZ = STARTIHNG FREQUEMNCY, MHZ PART *
* F.HZ = STRRTIHG FREBUENCY, HZ FART *
® ETEPI = FREGBUEHNCY STEP EIZE, KHZ *
* *
% ATS BARASIC ERAWHCH THELE ENTRY: SCNFR(R,R,.R); *
# *
********&**%%*%***%**%******%***********************
% SCHME: SCHAN MEASUREWMEHNT TYPE *
* *
* SCHHE(MTYPE,TIME,INTRP ,DELAY) *
* MTYPFE = HMEASUREMENT TYPE *
* = 1 FOR WIDEQO RVYERRAGING %
* = 2 FOR 20FTWARE PERK-HQOLD *
K = 3 FOR TRUE RHME (DEBEHMI #
% = 4 FOR TRUE REHMI (MU} %
* = 5 FOR TRUE RMI (UYWOLTS) =
# = & FOR PERK-HAYGE (DEBE) %
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7 FOR MAX-MIN {(DE)
g FOR MIWN (DEMI

MEASUREMENT TIME
FOR MTYPE = 1,2,6,7,
= MO. OF MERSUREMENTS
FOR MTYPE = 3,4,

TINME

INTERRUFPT ESTRTE FOR
@ FOR IMTERRUPT OFF
SAMPLING RHATE, THUS
CEPT PROBREILITY OF
= 1 TO ENREBLE
oMA IHNTERRUPTE FOR
GREAPHICE, FLUZ TRAFPE

INTRP

Bk ok ok ok ok ok ok ok ok ok ok ok sk sk R

MO. OF TIME COMETAN

DELAY T
BETWEEN MEARSUREMENTS

SDATAH: SCAM DATH
ESDATAR(DATA,HFTE)

DATA =

MERIURED DRATH FRONM

tqul
MO .

MPTS

OF ELEMEHMTE

ATS BASIC BRAMHCH TRELE ENTRY:

ok ok ok ok ok ok ok sk ok ke ok sk Rt sk sk o

"

DFECH: DIFFERENTIAL

DFECHIMODE ,REF)
MODE DIFFERENTIAL 3SCAN

INTERRUPT
REFRESHING THE

ATES EBASIC BRAMCH TRELE EMTREY: =

FIRET STORAGE LOCATION
TOHEM.

OF FREQUENCY POINTE
OF DATA ARRAY.

(MSEC?

AHMD 8.

AYERAGED
orR 35

MTYPE = 2.
(FOR
MASIMUM
A FULSEDY.

MAXIMUM
IMTER~-
AYETEM (RLLOUS

ETC.

SENSING,

2 OF DELAY

CHMES(I,R,I,RI;

FEEFFEFELEFRFFFLEF R LR R RFEXEXXEE XXX XXX FEREXE RS
Dol
ETORAGE

(ARRAY} OF
FPLOTTED

SDATA(R,I);

(AL XX LR XS EEEEE LR AR EEREEREEE SRR R ER RS LR,

FCAM MODE

ETATE «

non

SCAN.
ECAN.

1 TO EMABLE DIFFERENTIAL
G TO DISABLE DIFFEREMNTIAL

REF REFEREMCE DATH ARRAY:

MUET HAYE EAME

MUMBER OF ELEMENTE
SDATAH.

ATS BASIC BRAMCH THEBLE ENTRY:

k ok ok ke ok ok ok ok ok sk ke ke ok

H: DRTAR ARRAY IH

DFSCHII,R1;

# LEECHN: LIMKED-ZCAMW MODE

%

¥ LKECHIMODRE , IZCAL)

¥ MODE = LIMKED EZOAN STHTE.

* = 1 TO EHMAERLE LIMNKED 2CAN,.

* = B TO DIEZHBLE LIMNKED ZCAM,

* TECAL = IMTEGER ECALIWMG RATIO; EQUALS HNO.
* OF FREGQUEMCIES IHM EACH ZUE-SCAM OF
# LIMKED EZCAM.

*® .

* ATE EAZIC BEAMCH TRELE ENTRY: LEESCMIT, I3
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¥

**************%********%***%**%**%*****************

* MECAN: EXECUTE N'TH 3C8H

"

# HMECAMIMN,IPLOT,LITSPL}

* H = SCAM HUMEER (USED FOR WEIGHTIMNE DATA
* IM CUMULATIVE BYERRAGIMGE MODE) .

%

* IFLOT = FPLOT ESTHBTE

* = 1 FOR IATA TO EE PLOTTED 4% TAKEN.

* = 8 FOR PLOT TO BE SUPFRESIED.

*

* LDSPL = DISPLAY LOGIC CODE

* = 1 FOR IMDEFPENDEMT ZCAM DIZPLAYS

% = 2 FOR CUMULRTIVE, WMEIGHTED AVERAGIHG
¥ SCAN~TO~-SCHN.

* = 3 FOR CUMULATIVE ENYELOPE (MAXIMUM)
% ZCAN-TO-SCAN.

*

# ATS BASIC BREAMCH TAEBLE EHTRY: HMECAMII,I,I)
*

X T E X R R R Y R R R R R R R R R Rk R N Y L
%

£

Y

ko sk ok g sk ok ok ot e o ok ok ik e

L* * ok e

¥*

EXT HFER
EXT T28
EXT GFEF
*
ENT SCHHE,SCHEBW,LKSCH,DFECH,SDATA
ENT MICHM,ZCNFR,SREET
*
* FROM STHHDARD HMAXI ARS-489 LIBRARY ...
EXT JEHTR,ERROR,.ETOP
EXT .FHD..F By o FMP, FDVY ,IFIX,FLORT
EXT BUSYIL1 ,BWDTH,HLDOF, . .NFEDO,FLOT
EXT FPE TEP; ?TEpngEP TUNER TMQ?T; nED
#
¥ FROM COMTRIBUTED LIBRARY ..
ELXT RINIT, HE EL ,
* MOTE: MSEL RERUIRES ADDITIONAL CONTRIBUTED
* LIBRARY SUEROUTIMNES MEAEP ,MERME,PKAVE,
% AMD VIDAY.
*
[EZ XXX XXX EEREEEESEEAEEEEEEREEEEE R L EEEEl Ll st R X RS
* EREET -~ ECAMN REZET
[T XX R R R EEEEEXEEEEREEEEREREEEEEEEEEEAEEEE R EEEEEEEEE SR
*
SREET HOP EHTRY .
JEE O CEHNTR
DEF EREZET
LDA RATEL FICKUF TRELE ETARTING ADDRESS
ITR TEHPF FUT IM TEHMP.
CLA ZET HMOP IM A-REG.
LOE ZTEL FICKUP FIMAL THELE RIDDREERE,.
RGARIN ETHR TEWMFP,I ZET CURRENT TRELE ELEMENT =
CFE TEHMP DOHEY
JHP DOKE YEE.
IZZ TEMF IMCREMEMT RADDREZZ.
JPMFOHGHIH HAME TN THERE.
DOME CCH
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ETA OK=U SET BETUP OK FLAG.
PP EREET I RETURH.

S I I I I I Y XYY
% SCHBW - SCAM EBAMDWIDTH #
Ny I I s s I i I I I I XY
Bu MOP
VID HOP
SCHBYW HOF EMTRY .

JE2B JEHTR

DEF EW

JEB ERERSU HAS SRSET BEEN CALLED?

JEB BUDTH BUW <= 388 KHZ.

DEF #4+2

DEF BuW,I

JEB WIDED SET YIDEO FILTER.

DEF #+2

DEF ¥ID,I
*
# DEFINE BRNDWIDTH FLAG:
* BWFLE = 8.8 TO 5.8, DEPENDING OWM I.F. BAMIDWIDTH
* YIDEO FILTER STATES.
%

DLD EBW,I GET BANDWIDTH.

DET IFERUW TAVE.

LDR T28 GET WIDEO FILTER STRTE.

JEB FLORT

JER JFMP SET FOR "TWRITIT.!" IF

DEF DS YIDED FILTER "0OM®,

DET BUWFLG SAYE.

LD D1y

JEB JFDV CALCULATE "TWARAIT* TIMNE.

DEF IFEBW

JEEB LFAD COMBIMNE.

DEF BWFLGE

DET BUWFLE ERAVE.

JEB .FSE SUBTRACT 5.

BEF IS

2EA BUFLGE >= 5.7

HMP BHEND BUWFLGE < 5.

DLD DS ZET BUFLG = 5.

LET EBWFLG TAYE AS BAMIWIDTH FLAG.
#
BWEND JEB TWARIT DEFINE SETTLING TIME.

DEF #+2

DEF BWHFLEG
%

CCA

ETR OKEW SET EBWDTH OK FLAG.

JHMP EZCHEW,I RETUR}
*
R Y L R
# FCHF® - SCAN FREGUEHCIESR #

*

F.MHHZ MOF
F.HZ HOP
STEPI HNOP
SCHFR HMOP ENTRY .
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JEB L.ENTR

DEF F.HMHZ
JEB ERRSU HAS SRSET BEEN CRLLED?
*
DLD F.MHZ,I SAYE STARTING FREQUENCY.
DET FHHZ :
DLD F.HZ,I
DET FHZ
*
DLD STEPI,I GET STEP SIZE.
ET IETEP IAvE.
*
ccH
ETRA OKF@ TET FREQUEMCY OK FLAG.
JHPP SCHFE, 1 RETURHN .
*
FEFEREFFXLIER R X FEF RIS R EFSERIFEL S SRS E S H ISR EXF R RHRS
* SCHME - SCAN MEARSUREMENT TYPE *

2 I E E XYY
*
MTYPE HOP
TIME HNOP
INTRP HNOF
DELAY HNOP
SCHME HNOP ENTRY.
JEB .ENTR
DEF MTYPE

JEB ERREU HAE SRESET BEEN CRLLED?
*
LDA MTYPE,I YES. GET MERSUREMENT TYFE.
5TA METYP SAVE.
DLD TIHME,I GET MEASUREMENT TIME.
3T MTIME ERVE.
LDA INTRP,I GET IMTERRUPT FLAE
ETA NTRFPT EAVE.
DLD DELRY,I GET HO. OF TIME CONSTAWTS DELAY.
DET TCDLY SAYE .
*®
CCR SET MEASUREMENT OK FLAG.
ETA OKHMES
JMP O ECHME I
*
I I I IR R R R I I R IR E R R R R YY)
# EDATRA ~ EZCAN DATA 3TORAGE *

* .

DATA HOP
MPTS HOP
SDATA HOP EMTRY .
JEB LENTR
DEF DATA | |
JSE ERRSU HAS SRSET EBEEMN CALLED?
LDA DATA YES. GET ARRAY STARTING ADDRESS.
STA DATAL TAVE.
STA ADATA SAYE. |
LDA HPTE,I EET HO. OF DATA POINTS.
STA NFHTS SAVE.
cHa, INA MEGATE.
STR HREF SAVE.
STA COUNT SAVE.
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MAKE H
THHET IT
CRALLING
FROGEAM
IZZUED
RATHER

llE!“sl ";"‘&

B BE I CEE I I I R

D

T

iz

e W R e

]
R e R I S U N R

DA S O xR e B o T o= O = |

4
-t

#
FEEEEEEF LY
=
EEFEEFFEEEE

# HOTE -
*
*
DMUDF HOFP
BEF HOP
LDFZCHM MOP
JEE
TEF
JER
e
HE>
; L]

R i B

G &3 T7 A

a
P
A
f
f

Ti

....!

I3

I
]

3 B S o % N

TEETE

(3 G T -t

M B e B e LS i Y B e

o S
-

P
=
)

*

s

TRIAL RUNM THRU THE DATRA ARREAY
HAZ BEEW ATDEAUATELY DIMENSIOMED IH
ATS BRZSIC PROGEANM. IM THE EVENT OF

TO YERIFY
THE

MER ERROR, THE "ERROR DET-1" WILL THEW EE
FOR THE LIME OF BASIC THAT CHLLED "SDATA"
THAM FROM THE LATER "HNECAM" (WHERE AN

LET-1" WOULD EE ZOMEWHAT MOEE AMBIGUOUSZ).

ADETH,I GET A DATA YALUE.

ADATH,I STORE IT BACK IN ITSELF.
AnATA CALCULATE THE MEXT ADDRESS.
ADATA

COUNT DONE?

TESTED MO; TEST HEXT DATA ADDRESS.
OEDAT SET DATA DEFINITION OK FLAG.
SODATA,I RETURH .

R R AR A L EEEEEEEEEEEEREREEEEEEA RS EE LR R LR E]

BFEGH -~ DIFFERENTIAL ZCHM SPECS *
EEEEEEEEEEREREELEEEEEEEREREERERERERERERREEEEERESEEEELEES
EDHTH MUET EBE CAHLLED BEFORE DFSCH, SIHCE
THE DIMEMEION OF THE REFEREMCE ARREAY IE
SPECIFIED IR SDATAH. (ERROR HMECAM-ZI .

EMTRY

JEHTR
DHMODE
ERRSU HAS SRSET BEEW CALLED?
15 YES. GET SDATA ERR CODE IW CASE.
GKDAT GET SDATA OK FLAG.
REE SKIF IF OK.
ERF MOT OK. ERROR NSCAN-3.
Mo CET DIFFEREMTIAL SCAM MODE.
DI SAYE AS DIFF’L SCAN FLAG.
53 DIFFEREHMTIAL SCAM FLAG SET?
MO . RETURH.
YES. GET ARRAY STARTIMG ADDRESS.
SAVE .,
REF SAVE .
NREF GET (-} HO. OF DATA POINTS.
COUNT SAVE .
AREF , 1 RUM THRU THE REF ARRAY TO MAKE
AREF I SURE IT IS DIMEMSIONED OK
AREF SEE WOTE IW *SDATA® FOR
AREF DETRAILE.
COUNT IOHE 7
TE“TP MOp TEST MEXT REF ADIRESS.

EEEEEEEEEEH
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JEB O ENTE
DEF LMGDE
JEB OERREU HAS SREET BEEW CALLED?
LDA LMODE,I YEEZ. BET LIMEED-ICAHN ZTATE.
ETH FLIHE SRAYVE BY FL8GE.
LA LECcAL,l GET LIMEED-ZCAN ZCOLE FROTOR.
CMA,IH NEGRTE.
STEH HECHEL EHRYE .
AP OLKECH,I RETURHM.
*
FEFREFFFF RS FEPEFE R F PR LR L FF LRI L E LI P LS IR TR RFERERERE
* HECAN - EXMECUTE HW!'TH EZCAH #
P Y X s s s s X s XS XY
*
H HOR
IPLOT HOP
LDERPL HOP
NECHN HMOF EMTRY .
JEB JEHMHTR
DEF H
-
¥ CHECK THAT ALL REQUIRED PAREAMETERES HAWE EEEN
* IPECIFIED.
*
JEB ERREU HAE SREIET BEEHW CARLLED?
LOB 12 YESZ. BET HEXT ERREOR CODE.
LDA QKB CHECE FOR ZCHEBW.
2B ,REE SKIP IF OF
JMP ERE HO PRIOR SCHEW, ERROR NICAM-2Z,
LOA OEFG CHECK FOR ZOMFS.
IME =
EZRLREE IEKIP IF 0Ok.
SJMPERRE MO PRIOR ZOHFG. ERROR HICAM-3.
LA ORHMES CHECK FOR ZOHME.
IME = d
EZALREE SKIP IF 0OKR.
SHFPERE MO PRIE" TOMME., ERROR HMICAM-4.
LH ORDAT CHECKE FOR ZDRTH.
IHE = 5
SEZHLREE TIKIP IF 0.
P EER MO FRIOR SDATA. ERROR MECAN-S.
45EB TUHMER TUME TO STHRTIHNG FREGUENCY .
TEF #+3
DEF FMHZ
LDEF FHZ
*
#® IF LIMNKED-SCAWM MODE ZELECTED, BACK UP IHITIAL
2  TUMIHG BY 1.2 0OF 8 SUBICAM, EG:
* CHLL STERPI-FLOATILESCAL-11#3TERI~Z .0
# SIMCE MECAL = ~LaCpAl, THIE® REDUCES TO:
# CoLl STEP(FLOATIHMEICAL+1I#ETEPI 2.0
LR FLINEK GET LIMEED-ZCAN FLAG.
RERGREE LIMEED SCAMT
P ORPREET M.
LA HMECAL YEZ. GET -HMO. OF IZURBSCAM STEFE.
MG =MECRL+L
JEB OFLOAT COMYVERT TO REAL .
LDET TEHF THVE .



ok g ok ok ke

#

PRESET
HUMEBER, COUNTER,

RSET

OLD IESTEP
JEBE LFHF
LEF TEMWMF
JEB LFDW
DEF D2
DET TEMP
JEB STEP
DEF #+2
DEF TEHWF

LEAR DARTAIL
ETH ADATH
LA REF1
ETR ARREF

LR HNREF
ETH COUNT

LT Dt
ET IMDER

JEB LFDV
DEF IFEW
JEE OLFHMF
DEF Di@8
DET TEMP
LTA Tza

LOAR I3
JEB FLORAT
JE FRD
BEF TEWMP

JEB CFNMF

DEF TCDLY
JEB IFIX
ETA MEDLY

PRy

GET FREGUEHCY STEP SIZE.
=FLORT{NSCAL+11*3TEFI

=FLOARTI{NSCRAL+1I*ETEPIF2.

SAYE TEMPORARILY.
ADJUSET TUHING.

ARRAY ADDRESSES, LKFLG, PLOT FREGUENCY

ETC
GET MRAIN DATA HRRAY ADDRESS.

GEY REF ARKHAY RDDRESS. [TRASH
IF DFECH WOT DEFINED) .

FPREZET MAIN 3CRAN LOOP COUNTER.

INITIALIZE FLOT FREQUENCY
INDEXING .

CALCULATE OME TIME CONSTANT

(MEECY OF BW (= 1-BuWl.
CONVERT TO 188°3% OF USEC.

SAYE TEMPORARILY.
GET VIDEO FILTER STATE.
SKIP IF YIDED FILTER OFF.
FILTER GOH, SET 2.2 MSEC.
CONYERT TO REAL.
GET OVYERALL TIME COMSTANT:
= [BW + VYID) DELAYS
MULTIPLY BY NUMBER OF TIME
COMSTANTS SPECIFIED.

ERAVE.

CRLCULATE-STORE MEXT FREBUENCY TO BE TUNED.

IF

Lot
[0 3 75 I e
T e
e
-1 4 -
™ mm
M

i bt i

et
t
ot

LDR M,I
STA HTHSH
ARA IM2
SSA LRSS
JHMP COHT2
CLA,INA

JEE AIMIT
DEF #+5

DEF ADATA,I
DEF It

GET ESTEP ETIZE.

» INITIALIZE DATA ARRAY TO -2868.

GET H.
SAYE AS "N-TH SCAN™.
= H-2

r= @ 9 (H»1)

Ho» o1

M = 13 SET H=i.
SAYE.

IMITIALIZE ELEMENTE 1 THRU HNPTS
OF THE DATAH ARRAY TO -288.
{(~-288 DBEM I3 LESE THAMN AMY-
THIMGE THE 2588 CAM MEASURE;
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DEF HPHTS MOTE THAT YOU CAN*T SET 8

LEF Dm2ea BECARUSE UNITS ARE DBH.?
*
* STRART MAIN TURESMERSURE LOOF.
*
CONTZ LIDR FLINK GET LINKED-SCAN FLAG.
TZALREE LIMKED-SCRAHN?
JHMP BUWUTET NO.
*
% ETART ESUB-2CAM OF LINKED-SCHH.
*
LLD DMzes YES.
ETH AMAR FREZET AMAX TO -2886.
ETE OBMEX+1
LIOA NECHL GET (=) HMO. OF SUB-SCRAN ELEMENTS
STH HMEUER SAYE.
*
* SET BUS TIMER ACCORIING TO "BUFLG®
£
BWTET JEEB BUEY1
JEB HLDOF EMCODE MEASUREMENT DELAY.
DEF =+2
LEF MIIDLY
*
* MAKE JRFPECIFIED MEASUREMENT.
*
JSE MEEL
DEF #+5
DEF MEITYP
LEF HMTIHE
DEF HTRPT
DEF AMPL
*
* SET 188 MSESEC DELAY IF BAMD-CHANGE FLAG IS SET.
*
Lone JeP2F ZET BAMD-CHAMGE FLAG.
TERREE FLAG SET?
JHP COWTS HI BAMND-CHAMGE.
JEB HLDOF TET DELARY OF 188 MEIEC.
DEF #+2
DEF 11868
SE BUESYL
* GET EZYHTHEZIZER =STARTED TUHING MEXT FREQUENCY.
*
CONMTZ LEA HFREW .
JEB JHNFGO0 QUTPUT PRE-CALCULATED FREGBUENCY
Lo OISTEPR CHLCULATE MEXKT FREBUENDY.
JEB ZETEPR
JEB PETEFR
; IS THIZ & LINKED-ZICARHT
CoMTSs LD FLIMK GET LIMKED-SCAM FLRAG.
ZERLZHEEE LINKED-SCAN?
AMP O COMT? MO
* 1% THIZ THE LARGEST HAMPLITUDE (30 FAR) OF THE
%  RBUB-ZOQHT
%
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DLD AMAX YES. GET UPPEHT MAX AMPL.
JEEB JFEE =HMEE JF
DEF HMPL
SEHRLEEE AMPL > BMHAA?
JHP O CONTS HO.
LD RAMFL YEE.
TTH AMEd REPLACE AMAXY WITH AMPL.
ETE AMAR+L
# IHCREMEHNT ZUB-SCAHN.
*
CONTE TEZ HIUE SUB-SCAN COMPLETE?
JMP BWTET HO.
GLD AMAEx YES .
ETH AMFL DEFIMHE AMPL=HMHXR.
ETE AMPL+L
# EZELECT BIZRLAY TYPE.
#
CONT? DLT ADATH,I GET LAST DATA ¥YALUE AT THIS FRER
ETAR OLDAT ZRAVE .
ITE OLDAT+I
Loa LbarL I
AhR O IMS = LODEPL-3
EER,L,REE
JMFP SWOHS LOSPL »= 3; CUMULRTIVE ENVELOPE.
MR
=LA
JHP ZMWEHL LOEZFL <= 1y IMDEPENDENT SCANS.
AMP SWOHEZ LOEPL = 23 CUMULATIVE AVERRGING.
-
# IMDEPEMDEHNT ECAHHME.
*
SWCHLI DLD AMPL GET CURRENT MERSURED AMPLITUDE.
DEAYE DET ADATH,I IpVE IT.
I3Z HADATH IMCREMENT DATA ADIDREEE.
ISZ2 ADATH :
JHP COMTS
=
# CUMULARTIVE AYERAGIHNE.
* AMPL = (FLOAT(H-11*0LDAT+AMPLI-FLORT (M
SWCH2 LIOA MTHEM GET HN.
SEE OFLOAT
ETR TEWMF TAVE TEMPORARILY.
ETE TEMP+1
JEB JFEE =FLORTIMHI-1.
TEF D1
JEB JFHMP
DEF DQLERT = FLOAT(M-11*0LDAT
JEB JFHD
DEF AnFL = FLORTIN-11=0LDRT+ANMPL
JEERE O LFDV = WEIGHTED RANPL.
DEF TEWMF
ETA AMPL FREFLACE MEASURED RMPLITUDE WITH
ETE AMPL+1 WEIGHTED WRALUE (FOR PLOTY.
SHP DEAVE '
¥  CUMULATIVE ENYELOPE.
*
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SWCH3 DLD
JEB
DEF
EER
JHP
DLD
STH
ETE
JHF

OLDAT
.FEB
AMPL

SWCH1
OLDAT
AMPL
AMPL+1
SWCH1
*
*
*
CONTS LDA IPLOT,I
$2ZA,RES

JHP CHT18
LDA FDIFF
$ZA,RSS

JMP CONT®
DLD AMPL
JSE .FSE
DEF AREF,I
STA AMPL
STE AMPL+1
152 AREF
182 RAREF
JSE PLOT
DEF %+4

DEF INDEX
DEF AMPL
DEF I3

PLOT OQUTPUT?

COHTS

*
*
%

CHT1B

DONE"?

IMDEX®
LFRD

ni
IMDEX
IMDER+1
COUNT
COMTZ
MECHHM, I
*

GET OLD DATAH.

SUETRACT CURRENT AMPLITUDE.

OLDAT »= HMPL?
HO.
YES. REPLACE AMFL WITH OLDART.

GET PLOT ONFOFF FLAG.

FLOT?

HO.

YEE. GET DIFFERENTIAL FLAG.
DIFFERENTIAL PLOT?

ETANDARD PLOT.

DIFFERENTIARL FLUOT.

SUBTRACT REF FROM AMPL.
FUT BARCK IN HMPL.

INCREMENT RREF TUWICE.

FLOT THE MERSURED,
"MREERGED" DATAH.

IMCREMENT PLOT FREQUENCY INDE¥.

ZCAHN
MO,
YES.

COMPLETE®

RETURH.

[ZX XXX EEEREEEEEELEIEEEEEAEAEEEEE LR R EEEE LA AR LR LR L LR E LR

%

ERROR

ERROR
ERROR
ERROR
ERROR
ERROR

MECAN-1¢
MHECAM-2:
HESCAM-3:
HECAN-3 &

1

MECHM-31

h g ok k %k sk ok ok

FEFFEFFEEIFEFIFFEFTEEFPFEFEEFFERFEFREXEREREFXERFEEFEFES

ERRSU HOP
LDE I
LDA OKSU
SZA,RSES
JHP ERR
JHP ERRSU,I

MESSAGE HAMDLING

FRIOR
PRIOR
PRIOR
FRIOR
FRIOR

ER3ET.
SCHEUW.
SCHF@&.
STHHME.,

ATH.

MO
MO
MO
MO C
HO ]

=
-
>

EMTRY .

GET 34U EREOR CODE,
GET SETUP FLAG.
FLRE ZFET®

HO. ERROR HMSCAN-1.
UK. RETURHM.

JUST
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ERE STB ERCOD PUT ERROR CODE MUMBER IN ERCOD.
JEB ERROR

DEF =%+3

DEF ERCOD

DEF ERRHNM

JEB STOP

3

ERCOD HOP ERROR CODE STORAGE.
ERRM DEC 5

ASC 3,MICAN
¥
Y A A R X R A Y
¥ #
¥ COMSTANTS AND POINTERS ¥
# *

FEFEFFFRTFRE I IR SRR ERRFIIIFFEFEXEF RS EFERF IR XX E 252
*

*

DMzBse DEC -288.
D1 DEC 1.

Dz DEC 2.

s DEC S.

nie DEC 1i8.

>

IMz DEC -2

IM3 DEC -3
il DEC |

Iz neEc =2

I3 DEC 3

I3 DES 3
133 DEC 33
11688 DEC 1800
*

FEEFFFEXLFRF P FRRLERIREFXFFEIFERRFRERFHLFREXRXFTLRRRES
# ¥
% STORAGE %
% #
EFEEFFFEFFFF R FE R R F R R F R LR R LR R LR R EF R R ER LR LR ERRE RS

ATBL DEF #+1

ADATA HOP ADDRESE OF CURRENT DATA RARRARY ELEMENT
AMAX  HOP MAX AMPLITUDE IN A FUB-SCAN.
!;,‘! D P " L1 L n " n
AMPL HOP CURRENT MEARSZURED AMFPLITUDE
MOF (MRAY BE DB, DEBEM, MW, OR UV)
AREF HOP ADDRESE OF CURRENT REF ARRAY ELEMENT.
EWMFLEG HMOP I.F. BANDWIDTH FLAG (FOR "TWAIT")
;..1I D P " " "
CCOUNT MOP COUNTER.
DATAL HOP FIRET ADDRESE IH DRATA ARRAY.
FODIFF HNOP DIFFERENTIRAL SCHHN FLRG.
FrH HOP STRARTING FREGUENCY, KHZI PART.
r,'l ‘:‘ F- . i " i ]
FLINMK HOP LIMKED SCRMN FLAG.
FHHZ B3 2 ETARTING FREBUEHNCY, MHZ PART.
IFEY HOP I.F. BANDUWIDTH.
N U P (1) 1
IMDEX HOP CURRENT PLOT FREQUENCY INDEY NUMBER.
!.,4 0 P " " " n
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ISTEP

LEKFLG
MSDLY
METYP
MTIME

NPNTS
NREF
NECAL
MEUEB
NTHEHN
NTRPT
OKEUW
OKDRT
OKF@
OKMES
OKEU
GLDAT

REF1
TCDLY

ZTBL
*

NOP
HOP
HOP
NOP
NOP
HOP
MOP
HOP
NOP
NOP
NOP
MOP
NHOP
NOP
NOP
NOP
NOP
MOP
HOFP
NOP
NOP
NOP
NOF
DEF *-1

SCAM STEP SIZE, KHZ.

86éB8 PHASE-LOCK FLAG.
MEARS’MENT BELAY, 188°‘% OF UZEC.
MERSUREMENT TYFPE.
MERSUREMENT TIME, HSEC.
114 1" 113

MUMBER OF DATA (AND REF) POINTS.
{-) HO. OF DRTH ELEMENTS.
(-} HO. OF FREA'S IN LIMKED SUBSCANW.
SUB-SCAN ELEMEMT COUNTER.
N-TH E=CAM HMUMBER (>= 11].
INTERRUPT FLAG (FOR PERAK~-HOLD MODE).
BWDTH FLAG, =-1 AFTER ECHEW EXECUTION
DATA FLAE, =-1 AFTER SDATA EXECUTION
FRE& FLAG, =-1 AFTER SCHF&® EXECUTION
MERE FLAE, =-1 AFTER ZECHME EWECUTION
SETUP FLAG, =-1 AFTER SREET EXECUTION
OLD DATA AT CURRENT FREQUENCY.

i 1] 1] u "
FIRST RADDRESES IN REFERENCE ARRAY.
TIME CONSTANTS OF DELAY

BETWEEN MERZIUREMEHMNTE.

# THE PRECEEDING STORAGE LOCATIOWNE, COMMENCING WITH
* (SRSET IS CALLED BY RDYHME).

#
TEMF

'3

HOP
MOF

END
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ASME,L
HED PKAYE - 858088 MIN/MAX/AYE AMPLITUDE

*
MAM PKAVE,T

XX R R R R TR R X E AL EEEEE RS S LR R EE S EEE RS RS K X ]

85888 MIM/MARX-AYGE AMPLITUDE

PKAYG WILL BE CALLABLE FROM EITHER FORTRARH OR
ATS BASIC, AS:

CALL PKAVYG(TIME ,AMIH,RYG,AMAY]

WHERE @
TIME = HAVERAGING TIME (MILLIZSECI. THE

MAXIMUM ALLOWAELE VYALUE OF "TIME"

I3 s@8680 MEEC (= 1 MIMUTE); VALUES
OF TIME GREATER THAN 8888 WILL BE
LIMITED TO 668688 BY PEAYGE. VALUES
OF "TIME" <= 8 WILL RESULT IHN A
SINGLE ADC RERDIME BEIMNG TRKEM (E.G.
MO AVERAGINGD .

AMIN = MIMNIMUM AMPLITUDRE (DEM)
AYE = AVERAGE AMPLITUDE (DEBMI]
AMAY = MAXIMUM AWMPLITUDE (DEM)

NOTE: PKAVYE‘S DATA ACQUISITION CYCLE TIME IS
APPROXIMATELY 48 MICROSECOMDS, RESULTIHG IN A
DATA SAMPLIME RATE OF APFROXIMATELY 235 KHZ.

# oA vk ok sk ok sk ok sk sk ok ok ok sk o sk ok ok sk ok ok o sk ok ok
¥ ok sk sk ok oA sk ok sk ok oo ok ok ko sk ok sk ok ok sk ok

#

Y i I I R s 1 T
% #
# ATE EBASIC EBERANCH TAELE EMTRY: PEAVMG(R,R,;R,R1 3 *
# *
EE SRR R E R R R R F AR R R R AR R R R AR F LR AR R R ERFREEEEE RS
* *
¥ MO HOW-STRAHMDARD EUEBROUTIMES OR FUNCTIOHMNS *
* ARE USED. %
* *
* %
* #
# RHH 27 JUMNE 1977 MODIFIED FOR RTE =+
* %
*

EHT PKRVE
%

EXT LENTR,EBUEYL,EXEC

EXT COREK,FLOAT

EXT IFI®,.FRD,.FIDV

EXT .FMP,.FEE
#
TIME HGOP
AMIN HOP
AYG HOP
AMAX WGP
FKRAVE HMOP EMTRY POIHMNT.

JEB JEHTR #% PHESS IM PARAMETERS.

DEF TIME *
*
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CONT1

GETIT
*

CONTZ

CONT3

CONT4

CONTS

JEB

CLA
TR
CHA
ETH

LD
FEH
Jme
cLA
CLE
DET
JEEB
DEF
EEA
JHP
LD
JHP

LD

JEEB
LEF
DET
JEEB
LEF
IER
JHP
LIA
ETH
nLo
JEEB
DEF
JEEB
LEF
JEB
TR
JEEH
JEB
LEF
DET
LIA
JHP

LLD
JEB
DEF
JSR

EZA

JHP
CLA
JEEB
JHP

cMA
ETA
cLA

CLEB
DET

BUEY1 %%

L IMA %%

FIRST *
, INA #
RPEAT * %

TIME,I
sRES

COHT1

A

HFLT
FSE
Desk

GETIT
DeBK
CONT2
MFLT

ok A sk ok sk ok ok sk ok ok ok ok

*

*

FHMP
FACTR
MFLT
.FEE
D3Gk

CONTH
IMiaa
RPERAT
NFLT
SFDY
Diga
LFARD
PTFIY
IFI®
CREF
FLOAT
Fmp
Diga
MFLT
CREF
CONTS

EE IR R CEE BE B B B N B CEE B N R I B R

* *

I R N A 4

MFLT
LFRD
PTFIV
IFIX

MLrTe
LSUR ) B

s IMNA
FLORT
CONMT2

%
E O A

,IMNA
CREF

E
E S

I A

L]
4
ol
=

2

WAIT UNTIL BUS IS NOT BUSY.

CLERR REFERT FLAG; SET TO -1,
SET FIRET TIME FLAG.

SET RPEAT: ASEUME OHLY 1 LOOP
oF < 38K ADC YALUES MNEEDED.

GET IMTEGRATION TIME (MSEC).
TIME HEGHTIVE?

TIME >= 8.

SET TIME TO &,

SAVE "TIME".

TEST FOR MAX OF &B80@646,
(ZUEBTRRCT c£8PBA6.)

REZULT >= @7

TIME < sB8@68, GET IT BRACK.
LIMIT TIME TO ceBoa.

GET EBRCK TIHWE.

ECHLE "TIME"™ TO TOTAL WNUMBER
OF ADC READINGE RE@°D.

EAVE IM HNFLT.

FUBTRACT 20688.

REMAINDER >= 8%

{ 28688 SAMPLEY REGUIRED.
>= 30888, MAKE INTEGER.
SET RPERAT FOR 188 LOOPS.
GET EBRCE "TIME".

DIVIDE HWFLT BY 188

AND ROUWND OFF TO

GET COUNT-/LOOP, CREF.

ACCOUMT FOR POSSIELE
TRUNCATION ERROR IH
CALCULRTIOM OF CREF BY
COMPUTING EXACT HFLT.

GET BACK REG'D MO. OF TIMES.
ann .3 TO ROUND
OFF VALUE.
TRUNCATE TO IMTEGER.
ZEROY
HOT ZERGO.
ZERD, SET FOR 1 ADC READING.
COMYERT TO REAL.

MEGATE; STORE AS COUNT
REFERENCE, CREF.
CLERR A AHD B
REGISTERS;
INITIALIZE CSUM TOD @.
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LOOP

TEEST1

REUME

ICONT

CLA
ETH
ETH
LDA
TR

JSEB
DEF
DEF
DEF
DEF
DEF
LDA

ETH
LIE
ZEB
JHP
ADA
E3R
JHP
LoR
CHA
o
LTA
ADH
ZER
JHP
LoR
CHA
FTH
LDR
ADA
EER
JHP
ETH
I
JHP

LIA
JEER

- DIET

LoR
JEEB
JEER
DEF
JEE
LEF
JEB
DEF
DET

ASUM
OFLGW
CREF
COUNT

EXEC
*+5
sl
28
VAL
Ig

VAL

RTEMP
FIRET
L,RES
INIT
MAX

TESTI
ATEMP
. IHA
MAR
ATEMP
MIN
LRSS
RSUME
ATEMP
,INA
MIH
ATEMP
ASUM

FIRIT
AEUNM
COUNT
AMza

AZUM
FLOAT
AREUM
OFLOW
FLORT
 FHP
COMET
.FAD
AZUM
LFRD
CEUM
CEUNM

RFEAT
Loop

SEDY
MFLT

IFIX

A

o koo ok sk sk ok ok ok ok ok ok ok sk ok ok ok ook ok ok ok ok ok

*

E

B J

* %

LA

o ok ok ke sk ok ok ok ke sk ook

INITIALIZE RSUM

AND OFLOU

TO B,

GET COUNT REFEREHNCE;
ETORE IM COUNT.

TAKE AN ADC REARDING
AND RESET THE RADC.

SAVE RIDC TEMPORARILY.
GET FIRST TIME FLAG.
SKIP IF MOT FIRST TIME.
INITIALIZE MIM AMD MAX.
COMPARE RIDC WITH MAK.
FKIP IF POSITIVE.

OLD MAX IS OK.

GET BRCEKE RTEMP.

HEGATE HMEW MAX.

IAVE HEW MRAN.

FET BACK RATEWMP.

COMPARE ADC WITH MIN.
TKIP IF MEGARATIVE.

OLD MIM IS 0OK.

GET BRACK RHTEMP.

MEGATE HEW MIN.

TAVYE HEW MIHN.

GET BACK ATEMP.
ACCUMULATE DATA.

IS ASUM POSITIVE?

MO. ADJUET ASUM AND OFLOW.
YEE. ZAVE AETUM.
INCREMENT AND TEST COUNT.
GET HEXT ADC READING.

COUHT LOOP FIMIZHED.
GET FLORATIME POINT

EQUIVALENT OF
TOTAL ADC SUM.

CUMULATE WITH CEUM.

ALL LOGPE DONE?
MO. D0 MEXT LOOP.

¥YES. GET AVERAGE ADC VALUE:
(DIVIDE CEZUM BY HNFLTY.
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JSB COREK # CONYERT TO TDBM.

DST AYE,I #

LDA MIH # GET MIN. ,

CMA,INA # MAKE POSITIYE AGAIN.

JSB COREK ¥ CONYERT TO DEM.

DST AMIN,I # RETURN AS AMIN.

LDA MAX # GET MAX.

CHMA, INA % MAKE POSITIVE AGAIN.

JSB COREK # CONYERT TO DEM.

DST AMAX,I # RETURM AS AMAX.

JHP PKAYG,I %% EXIT SUBROUTINE.
*
FIXIT RAL,CLE,ERA %% CLEAR SIGH BIT.

I1SZ OFLOW % INCREMEMT OYERFLOW

JMP ICONT #% ACCUMULATOR.
*
% HNOTE: OFLOW IS ALWAYS POSITIVE, S0 IT CAN NEVER
* GET SO0 LARGE AS TO CAUSE THE "ISZ OFLOW"
# TO JUMP TO “INIT".
*
IMIT CHMA,INA £% IMITIALIZE MIN AND MAY

STA MIN # TO NEGATIYE OF THE

STA MAR # FIRST ADC YALUE.

CMB,INB # NEGATE FIRST TIME FLAG.

STE FIRST # STORE BACK IN "FIRST".

JMP RSUME #% RESUME MEASUREMENTS.
*
Y Y Y L 2 X XIS RS R R R L R R RS S LT
* ¥
* COMSTANTS & STORAGE. #
* *

[ETE XXX EEEELEEEE L EE R R AL EEELERE L AR LA LSRR R R E XX

*

ASUM BES 2 ADC ACCUMULATION (SEE OFLOW).
ATEMP HNOP CURREMT ADC vALUE.
CHMND OCT 1680861 ADC ADDRESS.
COMST DEC 32768. SCALING FOR OFLOW,
COUNT HOF ADC COUNTER (=ADC'S~,LOOP).
CREF HOP COUNT REFEREMCE VYARLUE.
CSUM  EEE 2 CUMULATIVE SUM (ASUM+O0FLOW) S,
VAL 3% 2
.1 DEC 1
.2 DEC 2
28 DEC 28
Dig@ DEC 188. HUMEBER OF LOOPS FOR >38K ADC’'S.
D3gk DEC 30608, MAX HNO. OF RDC'E PER LOOP.
DeBK DEC 608888. MAX. "TIME" (MEEC).
FACTR LEC 25. SCALE FACTOR (= ADC RATE, KHZ).
FIRET HNOP FIRET=1 IF 18T RADC (=-1 RAFTER).
IMi88 DEC -1@8 RFEART COUNMT FOR >C2DBB8 ADC'S.
MAX HOP MAXIMUM ADC VYALUE.
MIN NOP MINIMUM ARDC VYALUE.
MFLT B=S 2 TOTAL HMUMEBER OF RADC READINGS.
OFLOW HOP OVERFLOW COUNTER (IMTEGER MATH).
PTFIVY DEC .5
RFEAT HNOF MO. OF REPETITIONS OF ADC LOOP.
*

END
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38

188

268
218

SUBROUTINE ASMTH(ARRY1,N1 ,ARRYZ,N2,NTOTL ,HRAYG)
ASMTH: HARRAY SMOOTHING

DIMEMSION ARRY1 (1) ,ARRY2(1)

XX XX XS EZEEE R AR R LR R R SR EEE R R R EEERERRE XXX X R XL X X R

* v *
* AEMTH SMOOTHE THE DATA VALUE VARIATIOME IH RARRY1, *
¥ CREATIMEG A HMEW ARERY, ARRYZ. EACH ELEMEHNT IH RAREY1 *
* IS RAVERAGED WITH ITE HAYGE ADJACENT ELEWMEMTS (E.5. *
* HMNAVYGE=1 AYERAGESE THREE ADJACENT ELEMENTE; HAVE=2 *
* AVERAGES FIYE ADJACENT ELEMENTE; ETC.) THIS AVYERAGE =
* IS STORED IN RREREYZ. M1 AND HZ2 ARE THE STRARTIHNG *
¥ ADDREESZES IH RRRY1 HAND ARRYZ: HTOTL IS THE HMUMBER *
#* OF ELEMENTSE IWN HREFEY1 TO BE ADJUZSTED. HTOTL MUST BE *
* GRERTER THAM 2*HMAVE+1. *
* *
R Ry Y IR R R R R R R R R R R R R R R R R R R R P E R E R R R E R X EEEE S XK K
* *
# ATS BASIC BREANCH TABLE ENTRY: REMTHIR,I,R,I,I,I)} *
* *
XA XX R L EEELEELEREEEEEEEEEEEEEEEZELEEEAEEEELEELE RS L ELEEEE L XX
* *
* NO NOW-STAWNDARD ZBUBROUTIMEE OR FUNCTIONSE ARE CALLED. *
* *
[ EEEEEEREEXELEEEEEELEEEEEEEEEEEE LA L EEREESEEEEEEEEEEE R X XA X X ]
*® *
* *
* *
XX R EEEEEREEEERE XL EEXEEREEENEEEEEEREEEEEELEXEE-E-FR-FE-FREEEE R R E T
ha=a,

Il=1

NIEND=N1+NTOTL-T1

NZTMP=N2

MSTOP=N1+NAVE

ATEMP=DB

DO 188 J=N1,NSTOP
ATEMP=ATEMP+ARRY1 (J)

HTEMP=HSTOP-M1+I1

ARRYZ2 (N2THMP)=ATEMP/FLORT INTEMP]
HSTOP=NSTOP+I1

NZTMP=HZTHP+I1

IF (NTEWP-Z2=NAVGIS5H8,260

NITHP=N1+NAVG-TI1
MITMP=MITHMP+I1
JiI=NITHP-HAVE
J2=HITHP+HAVE
ELMTES=2*NAVGE+I1
RTEMP=DB

Do 286 J=041 .02

ATEMP=RTEMP+ARRY1 ()
~

ARRY2(HEZTHPI=ATEMP ELNTS
M2THP=NZ2THMP+I1
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c

488

588

E88

IF (J2-H1ENMD)Z18,4088

MITMP=M1TMP+I1

ATEMP=D8

D0 586 J=HI1TWMP,NIEND
ATEMF=ATEMP+ARRY1 (J}

RRRYZ(NZTHMP)=ATEMP-FLOAT(NIEND-NITMP+I1]

H2THPR=HZ2THP+I1
IF (HITHMP-NIEND) 488,600

EMD
END#
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SUBROUTINE SIGBW(DATA,NSTRT,NSTOP,DE,FSTRT,FSTOR)
SIGEW FIGHAL EBAWDUWIDTH (& &N ESTIMATIOW)Y OF ARREAY DATA

DIMENSION DATACL) ;RHMMM (4]

EXEEEERZEET I AL LR RELRES R RS EEEEEREELREXREEELEELEREEEEEEER]

E 53

SUBROUTIME =2IGEBW ESEARCHES THE ARERY “DATA" FRONM
ELEMENT HN3TRT TO N3TOP, IHCLUSIWE, LOCATIHMG THE
LARGEET DATH YARLUE. HETOP MUST EE >= HETRT.

A ZEARCH IE THEMWM COMNDUCTED IM ERCH DIRECTIOM FEONM
THIZ MAKIMUM TO FIWND THE FIRST ELEMEMNTE WITH A MAG-
MITUDE OF "DE" LESS THAMN THE "DATA" MASIMUM. ORDI-
MARILY , THIS® WILL REBUIRE IMTERPOLATION BETWEEH
ADJACENT "DATA" VALUES. THE INTERPOLATED WALUES OF
THESE POINTES ARE RETURHMNED RS FETRT AMD FETOP.

IF THE REGUESTED "DR" FOR WHICH THE EBAMDIWIDTH IX TO
BE DETERMIMED IS TOO LARGE FOR THE ACTUAL E-M RATIO
OF THE DATA (&0 THE SEARCH WOULD RUM OFF THE EHDE OF
THE ARRAY), "FETRT" AMD "FETOP" WILL BE RETURNED FOR
A REDUCED WVALUE OF "DEB". THIZ HEW VWRALUE OF "DEB" WILL
HLED BE RETURHED TO THE CALLIME PROGRAM, 20 CHETE THE
YALUE OF "DE" RETURMED TO RBE SURE YOU GOT WHAT vyou
WANTED! A EPECIAL CAZE OF THE AEBOYE OCCURE WHEM THE
"ODATA" MARKIMUM IE EITHER THE FIRET 0OR LRAZT ELEMENT OF
THE HERHRY . I THI® CHREE, "DE" IE RETURHED RE ZERO.

dhodk sk ook ok o ok ke ok ook b sk sk ok ok sk sk ok ok ok ok e ok o ok o ok

#odk ok ook ok de sk ok sk o sk o ok ok ok sk sk ook ook sk ok gk ook ook sk ok ok R sk ook sk sk sk sk sk ke ok R ok

SMOOTHING OF THE DATA (SUBROUTIME "ASMTH") II OFTENM

A USEFUL SIGHMAL PROCESSIMG CALL TO MAKE PRIOR TO A

CALL TO "SIGEBW". SUBROUTINE "HFLCT" IZ AR PARTI-
# CULARLY USEFUL CALL TO PRECEDE "ZIGEBUW" WHEHW THERE
%  MAY BE MORE THAT ONE SIGHAL IWM THE "DATAY ARRAY
#  "HFLCT" WILL LOCATE ALL THE LOCAL MIMIMA AMD MAXKIMA
* iM THE HARRHAY "DHATH". THE FPRIRE OF MIMIMA BERACKETIHNE
# A PARTICULAR MAXIMUM ARE THEWM USED BY "SIGEWY A% ITS
# EFEARCH LIMITSE.
e :
S I XYY
¥
# ATE EARZIC BRAMCH TARABLE EMTRY: SIGEBWIR,I,IR,R,R);
*
XL TR Ry Y T I I TR
#
# NON-STAMDARD EXTERMAL SUBROUTINES CALLED ARE: #*
* AMMME #
¥ #
I Y XY
# *
% #
* *
X R X X XA A X A R Y Y Y Y Y Y Y]

Ii=1
##%% FIMD LOCATIOW AND VYALUE OF "DATHA" MAXKIMUM.

CALL AMMME(DRATRILY HETRT ,NETOP ;LMIN LMAX RHMMI1]]
DRAR=RMMH {3
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118
128

zaa

488

418

428

#%% IS LMAX=NSTRT OR LMAX=NSTOF?
IF (LMAX-MSTRT-11158,10

IF (NSTOP-LMAK-I1156,188

DE=0.

FSTRT=FLOAT (LMAX)

FETOP=FSTRT

RETURH

##% CALCULATE TEST LEVEL, DBM.
TODEM=DMRX-DE

#%% SEARCH FROM LMAX TOWARD NSTOP.
IMCHMT=1I1

ISTOP=NSTOP

ITEST=LMASR

LAST=ITEET

ITEET=ITEST+INCHMT

#%% HRVYE WE REACHED THE END OF THE ARRAY?
IF (INCMT+(ISTOP-ITEST))Z88,208

#%% HO. IS THE MEXT DATA YALUE LESS THAWN THE TEST DEM
£%% YALUE, "TDEBM"?
IF (TDEM-DATACITEST)) 129,408

*+¥% EMD OF ARRAY, WITHOUT SATISFYING "DE" TEST.
% FIND MIMIMUM DATA YALUE BETWEEM LMRX AMD ISTOFP,

#¥% THEM RE-DEFINE "DB".

Hi=LMAX

HZ2=HETOP

IF (IMCMTIZ10,328

Hi=HSTRT

MZ=LMAX

cabl AMMMES(DATACL) ,NL,N2,LMIN,LMAX,RMMM(1]]

DE=FLOAT(IFIX(DMAX-RMMM (1)1 ’

GOTO 168

#¥+% CALCULATE INTERPOLATION SCALING FRCTOR.
ZCALF=(TDEM-DATAC(ITEST) I/ (DATAILAST)-DATARIITEST))

$%% CALCULATE FSTRT OR FSTOP?
IF (INCHT1418,428

#%% CALCULATE IMTERPOLATED FLOATING-POINT FETRT VALUE,.
FETRT=FLOAT(ITEET)+SCALF
RETURH

#¥* CALCULATE IMTERPOLATED FLORTING-POINT FETOP YALUE.
FETOP=FLOAT(ITEST)~-SCALF

#*+% SEARCH ARRAY FROM LMAX TO M3ITRT.
INCHT=-11

IZTOP=HNETRT

GOTO 118

EMD
END#
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SUBROUTINE RASCAL(ITYPE,DATA,NSTRT,NSTOP)
TCAL: ARRAY AMPLITUDE DATA SCALING
(OBM TO-FROM MW, UV, OR ADC VALUES)

£

ﬂ

DIMEMEIOM DRATR(1)

**%%*****%ﬁ**%**%********i************************%***ﬁ**%

* *
* 838688 -~ AMPLITUDE UMNIT CONVERSIOMS *
® ' *
¥  ASCAL COMYERTE (SCALES) THE AMPLITUDE YALUES IN THE *
# ELEMENTS HSTRT THROUGH NETOP OF ARRAY "DRATA" FROM *
¥ FROM OME SET OF UNITES TO AHOTHER,; E.G.: *
* : *
* ITYPE IMNFUT UNITS OUTPUT UNITS *
% i DEM MILLIWARTTS ¥
¥ 2 DEN MICROVOLTSES (58 0OHME) *
* b DENM ADC *
* *
*® ) *
¥ FOR MEGATIYE YALUES OF ITYPE, THE INPUT AMD QUTPUT *
* UNITS ARE INTERCHAHGED. E.z. ITYPE = -1 CONVERTSZ *
* MILLIWATTE TO DBM. *
* *
% METOP MUST BE >= HNETRT. ¥
* *
EEEEREEEEEEEEEEEEREEEEEEREEESEEEEEE L EE R R R EE R RS R R X X
% : - *
* ATE BRASIC BRAHNCH TAHELE EHTRY: RECAL(I,R,I, I} *
* *
R R R Y R EE L L LR PR R gy ]
® *
* MO HON-ETAHDARD SUBROUTIMES OR FUNCTIOHNS ARE CRALLED. *
¥ *
FHER LR RS LR LR ERE R LR LR LR L AL LR L R LRI XL RR LI ER LR EXLFLETELE
* *
® HREI JULy 11, 1273 REY. 4: 5-31-75 *
® *

X R R R R R NN RN R RO RO R N N OO MO N NN OO SO SO

IATYP=IAES (ITYPE)

DO 1888 I=HSTRT,HNSTOP
DATAI=DATA(I)
IF (ITYPE) 188,508

COTO (208,308,488) IATYP

##% CONYERT MILLIWHATTS TO DEM.
IATAI=4.342%945+*ALOG(DATAI)
GOTO iaaes

#xs® CONMYERT MICROYOLTS TO DBM (50 OHMS).
IRTAI=8.683E82*ALOG(DATRI*4 .,47214E~86)
GOTO 18895

#%% CONVERT ADC TO EQUIVYALEWT DBM.

DATAI= CGREC(IFI%[DQTRI]]
EOTO 1888
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raa

2806

1668

o)

GOTO (680,760,380) IATYP
#%%+ COMVERT DBM TO MILLIWATTS.
DATAI=EXP(DATAI*.2382585)

COTO 1608

##% CONVERT DEM TO MICROVOLTS (58 OHMS.]
DATAI=.2236B7PE+A6*EXP (DATALI*.115129)
COTO 1008

#%#% COWNVERT DBEM TO EQUIYALENT ADC YALUES.
DATAI=IARDCR(DATAI}

DATA(I)=DATAI

END
EMD¥
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SUBROUTINE AMMMSIDRATA(NETRT (HSTOF,LMIN,LMAR,RMMMS)

AMMMS: MIN, MEAN, HMAX, AND SUM (OF ELEMENTI) OF
AN ARRAY

IO 0

DIMENSION DRATALL) ,RMMMEI(1)

(A XXX RS A X R AR AR R XA R AR EREXEE SRl AR XX XX R R R E R XX R 2 2 X 23

LA A A AR A SRR Sl ARl R XA RSl iRl Al RARREREREEEEE X R X

*

c

M

C * *
C * SUBROUTIHE AMMME DETERMINES THE MINIMUM AND MAXIMUM *
C * VALUEE IW THE ARRAY "DRATAR{IJ" FOR I=MSTRT TO HWETOP, *
C * IMNCLUSIVE. AMMME ALE0 CRALCULRTES THE MEAW OF THE *
¢ * "OIRTAY VALUES BETWEENW THESE TWO EOUMDE OF 1I. THE *
C * MIN, MEAM, MAX, AND SUM ARE RETURNED TO THE TRALLING *
C * ROUTINE VIR RERL ARRAY RHMMS, AE FOLLOWE: *
(M * *
C * RMMMEC(1) = MIMIMUM *
C * RMMME(2) = MEAHN *
Cc * EMMMS ({321 = MAXIMUN ¥
C * EMMME(4) = SUM *
C ¥ *
C * SUEBROUTIHE AMMME ALS0 RETURNE THE LOCATIOM OF THE *
C * MINIMUM AND MHKIMUM, AS YLMIN" ANMD "LHMAM",. *
c * *
C * METOP MUST BE >= HETRT. *
C % *
C XA T R R R R e R R R R R Y R E L R R XN
C * *
C * ATES BHSIC BRANCH TRHBLE ENTRY: AMMME(R,I ,I,IP,IP,R]; *
™ * *
C R E R Y E R Y Y Y Y X E R E R R X E LY X
C * *
C * MO HOM-STAMDARD SUBROUTINES OR FUNCTIONS ARE CALLED. *
C * *
M (X R E R E A LR EEER R LR ELER LA EEE R EREXEEREEEXERRLREREEEEEERXEEE X
C * %
C * ®
C * *
C

C

C

##%% IMITIALIZE POIMTERE, MIMA/MAX DATA VYALUESES, ETC.
LMIN=NETRT

TMIN=DHTHINSTRT)

LHAX=HETRT

DMAX=DMIN

DEUM=8.

T3 0)

##% SEARCH DATH ARRAY.
Do 138 I=HSTRT,HETOP

#%% NOTE: THE CURRENT DATA YARLUE, DATA(I}, IS RE-
# ASSIGNED TO A SIMPLE YARIABLE, DATAI, TO SPEED UP
# EXECUTION (THE SUBSEQUENT REFERENCES TO DATA(I)
# NEED NOT RE-COMPUTE THE ADDRESS OF A SUBSCRIPTED
%+ YARIABLE). THIS ALSO SAYES SOME CORE.
DATRI=DRATAHRI{I}
DSUM=BSUM+DATAI
IF (DMAX-DATAII1GB,116
18@ DMAX=DATAI
E LMAX=1

DOoOaoO0n
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IF (DATAI-DMINIL1Z2G,138
DHMIN=DATHI
LMIH=I

#%% HESIGH YALUES TO RETURNMED MINAMEAN/MAX RARRAY.
RMMME 0L =0MIN

EMMMELZ)=DEUNFLOATINETOP-NETRT+1)

REHMME (3T =0MAY

FHMME(4=03UHM

EHD

EMDF®
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SUBROUTINE AINIT(DRATRA,NSTRT,NSTOF,VALUE)
AINIT: ARRAY INITIALIZATION

DIMENSION DRATAL(1)

FEEF LR L EE LI LR TR LI R FRRERLRRETR RN ERERRTFREFR LRI EEERF

* *
* SUBROUTINE RINIT INITIALIZES ELEMENTS HNSESTRT THROUGH *
* NETOF 0OF THE ﬂRRQY‘"DnTQ", SETTINHG EACH ELEMENT EQURL =*
* TO "YARALUE". *
*® » *
# HMETOP MUST BE >= METRT. ¥
» *
PR R R R EEEEE L L XL LR X R R L L R R R R RCR
* *
# QTS BASIC BRAWCH TABLE EHTRY: AINIT(R,I,I,R); #
* -
X E XX R R R EEE LR EEEALEE R R R KRR R R Ly Y IR R Xy
* *
* NO HON-STRAHDARD SUBROUTINES OR FUNCTIONS ARE CRLLED. *
* *
FEFEF IR RN R R RN R R R X R P AR LR XD R R L XXX IRER XSRS
% ‘ *
* *
* *
[ EXE XX A EEEAELEEEEEEEEEESEEEEEEEEEEEEEEEEEEEREEEEEELEEREEERE R X

DO 188 I=HETRT,HNETOP
DATAIII=VALUE

END
EHMD%
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SUBROUTINE MSELIMTYPE,TIME,INTRPFP,AMPL])

MZEL : F58RE MERSUREWENT SELECT

R Y s s E I I T I T IS,
% %
* SE20E MERSUREMEMT ZELECT *
% *
* %
% SUBROUTIHME MIEL TELECTE A MERIUREMEHMWT TYPFE RBCCORDING %
* TO THE VALUE OF "HMHTYPE".

* *
# MERSUREMENT #
* MTYPE SUBROUTIHE MEASUREMENT TYFPE UHITE #
* %
* i DIGED AVERAGE DEM %
* 2 nIcEo PERK DEN *
# c! MERME TRUE R, DEM *
* 4 MERME TRUE RM& M *
# 5 MEREME TRUE RENME uy *
* & FRAVE FERESAVERAGE IE ¥
# ¥ FEAVE MAW-MIHN e ¥
* e ERYG MIN nh *
- *
* THE PARAMETERE "TIME® FOR "DIGEO" OR “"PKHLD", “"HIECH *®
* FOR "DIGGO", RHD "HAVE" FOR "MERMSES" RRE FPARS SEB IMTO £
# MEEL WIA ®TIME". THE PHRAMETER "IMTRP" I3 IGHORED. *
% *
B Ry L R R e Y s I LY
% . *
% RTE BAZIC EBRANCH TAELE EHTREY: MEELII,R,I R1; *
* *
PR PR PR EEELRRRERRRRPRERLEPREBRREREREERRERRE SRR RS EeE
* *
* MOM-ZTOMDARD ZUBROQUTINES:S OR FUMNCTIONS CALLED RARE: #
* MERME, PEAVG *
* *
P L E R EEE R XX EEE R R E R EE R R R R R R R LR R R X LR L X X
* *
* #*
# &
B A A R X R Y Y I Y

OO oONODO0OOOONOO0ON OO0 O00000 00000

ITIME=IFIX(TIME?

C
C #%% IMITIALIZE MEASUREMENT SWITCHIMG FPOINTERS.
[ # MEELR = MERME SWITCHIHG POIMTER
C #¥%® MSELP = PEAYE SWITOHING POIMTER
MEELR=MTYPE-Z
MEELP=MNTYFE-5
r
L ##% RZELECT MERZUREMENT TYFE.
EOTO (i@a,11l@,126,128,128,150) HTYFPE
C
lga CHLL DIgsurg, 2@+ ITIME~-L1, 8., 58.)
CRLL DIGGEOIAMPL, Pi1,; FZ2I
EOTO 995949
C -
116 CRLL DIGSUCL, @, TIME, 28.]
CALL DIsooiA, AMPL, P21
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C
lza
C B B
1246

C
146G

o
158

C
1682

C
178

c
9999

GOTO 9999

CALL MERMEIITIME ,POWER,AMPL]
GOTO (9999 . 138,148 M2ELRE

AMPL=FOWER

EOTO 9999

AMPL=SGRTI(POWER=.5E+11)
GOTO ¥

CALL PKAVGI(TIME,AMIN,AVE,AMAR)
AMPL=AMAX-AYEG

EOTO (9993 168,170 IMEELP
AMPL=AMAY-OMIHN
GOTO 99949

FMFL=FAMIN

EHT
EMDE
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OO0

a0

oo
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v

i@
28

EUBROUTINE MSRMS(N,AMW,RDEM)
MERMES: RMS MEASUREMENT ROUTINE

EEECR R SR TS A E XL FEE TR AR T FRE R IR IR RFEFFIFHRFXFREIFTXFRZRT S
MERME - 8588BF TRUE RMS MEARSURING ROUTINE

SUBROUTINE MSRME MAKES N MEASUREMENTS AT THE CURRENT
TUNED FREGUEHNMCY. ERCH IS CONVERTED TO MILLIWATTS FOR
CALCULATION OF THE &UM, AND ULTIMATELY THE RMS (MEAN)
VALUE. THE RMS VALUE IS CONVYERTED TO DBM AND
RETURNED AS ADEM. THE RMS VYALUE IN MILLIWATTS IS
RETURMNED RS AMUW.

FOR THE NRRROWER BARANDWIDTHS (<= .1 KHZ2), AR t,2 BAND-
WIDTH TIME CONMSTANT DELAY IS INSERTED BETWEEN MERS-
UREMENTS .

I ZE XXX EEEEEEAESELEELEEE LR EAEEES S SRR AR RS X RRSXXX R R XX

%* *
* THE VIDEDO FILTER IS TURNED OFF DURING *
* EXECUTION OF MERMS. IT IS RESTORED ARFTER =
* EXECUTION OF MERME (IF IT WAS ON WHEMNM *
* MERMS WAS CALLED) . *
* *
% *

IEXEEEE LR SRS RS A EZ AR R X R R X R XXX X R R XX R X2 X 2 X X

ok ok vk ok R sk ok ok ok ok ok ok ok ok sk ok ok sk ok ok ok 4k
A ok ok sk sk %k sk sk ok ok ok sk ok sk ok sk ok sk k ok ok sk ok

.

(XX A A XS E RS LR AR RS SRR XL RS RS RXXR RS LRRR R R X )

¥ *
* ATS BASIC ERANCH THEBLE ENTRY: MERMS(I,R,R); *
# *
R R R R R R R R R R R R R R R R R R AR R R E N R RS AR PR IR PRI IR RS RN R R AT XRRRE
P %
% HON-STANDRARD SUBROUTINES OR FUNCTIOHNS CALLED ARE: *
% BUSTP *
# %
R I I I I I I I
¥ ' *
# #
¥ *
B I I I I I mmTT T ™™

#%#% DETERMINE YIDEO FILTER COMDITION.
CRLL RFCON(28, IVID)
CALL YIDEDI(B®)

#%% DETERMINE I.F. BRNDWIDTH; CALCULRTE DELAY (IHN
#¥% MICROSECONDE.)

CALL BUWSTPI8®,BUW)

IDLY=IFIX(5.-BW]

=
Dn)
15

“
)
3
n

#%% CHECK FOR WM <= 8.
MHe=H

IF (HB-1118,29

NE=1

FUM=8.

#+% MEASUREMENT LOOP. (ACCUMULATE SUM OF MILLIWATTE.)
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3

100

DO 188 I=1,ND
CALL MEAS(AMPL}
CALL HLDOF(IDLY)

SUM=SUM+EXP (.23825835+AMPL)

#++* CALCULATE AVERAGE POWER (MW) AND CONVERT TO DBM.

AMW=SUM/FLORT(ND)
ADBM=4 .342945%ALOGC (AMW)

#%#% RESTORE VYIDED FILTER
CALL VYIDEOC(IVID)

END
ENDS$

(IF MECESSARY).
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[ W ]

OOOQOOODDOO0O000O000000000000O0O00000000

OO0

18
28

34
48

188

SUBROUTINE BWSTP(NSTEP,BUF)
BWETP: EBHANDWIDTH STEP ROUTINE

DIMEHEION BU(18)

I EXEEEREEEEEEEEEEEEEL SRR R SRS R AR AR 2 X 22 X2 X2 XXX 0N 2

SUBROUTIMNE BUWETP INCREMENMTE (OR DECREMENTI! THE
CURRENT I.F. BRANDWIDTH BY HNETEP. THE FIHAL I.F.
BANDWIDTH IS RETURNED RS EBUWF. IF N3STEFP = 8,
CURRENT I.F. BAWDWIDTH IS RETURMNED.

_.‘
a:
m
* ok ok k k k k

IF AN RTTEMPT IS MADE TO INCREMEHWT BEYOND T
KHZ BAMDWIDTH (OR DECREMEWT BEYOND THE .81 KHZ EBRND-
WIDTH), THE BANMDWIDTH IS ESET AT 389 KHZ (0R .81 KHZ2)
AMD BWF IS RETURNED RS -BUWF.

Ju
m
o
2]
[<x]

# & ok

¥
ATS BASIC BRAMCH THRELE ENTRY: BHETPII,RY; =
¥
e I I Ty R e N s 1Y
*

MO NON-ETRAMDARD SUBROUTINES OR FUNCTIOME HRE CRALLED. *

[ 24)

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
[ EEEXEEEEEEEEEEE AL XL EESREEEESAEEEE R REEER RS R EERE-RREEEX-X L 2]
*
*
*
*

*
*

27 JUHE 1377 *
CE

*

EEFRFEFEEFEREERRFERERE R L RERRREL LS EFE R LR RER LR L EFERS

#%% SET UF PBANDWIDTH REFERENCE TRELE.
Blili=30606.
BWizi=1806.
BWi(3)=38.

EBWid4r=18.
BUWISI=3,
Buisgl=1.
BWIvI=.3
Bigl=.1
BuUi(9)l=.83
EWiigl=.81

#%% CALCULATE WEW BANDWIDTH CODE, MEWBUW.

*#% (FLAG IOK CHECKE WHETHER THE EBARMIWIDTH LIMITES HAVE
#%% BEEM EXCEEDED WHILE EMECUTIHG BUSTP.)
I0K=1

CALL RFCOM({Z22, ICUREBW)
NEWBW=ICURBW+1~-NSTEP

IF (HEWEBW-1111i0,28

IF (~-MEWBW)188,238

MEWEBW=18

GOTO 48

HEWEW=1

I0K==-1

CALL EBEWDTHI(BWI(NEWEW]]
BWF=BWI(NEWEW)*FLORT (I0K)
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END
ENDS
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Sg

o
pex]

s

REx I ]
o I x|

PROGRAM COME

DIMENZION IARR(C18) ,FL{4) ,FU(4) , IFMHZ (4]
DATA FLs2000,,8008,,12008,,265088, 7
DATA FU-s2086.,.,12086.,265680.,40088., 7
DATH DFMHZ 25.,48.,58.,188 .7

CALL ARZET

Li=@8

E=Zga,.

CALL RATTEHI®)]

CALL CLEAR(&)

CALL FPORTEZ(S5,1,3)

CALL YIDEOUL)

FORMATI("ENTER ETART AWD ETOP FREAUENHCIES™)
WRERITELL 281

FORMATI("ENTER COME GENMERRTOR ADDRESE™)
FORMATI("EHTER IF EBAHDWIDTH")
FORMAT("ENTER MAXIMUM AMPLITUDE")
READCL ,#) IEA

CHLL CLERARIB)

ICOME=8 S .
IF(IZR.EQ.28) ICOME=1
IFIIZA.EQR.S8) ICOME=Z2
IF{IZA.ER.S8) ICOME=2
IFIIZA.ER.62) ICOME=4
IFIICOME.ER.B) &0 TO 18
Fl=FLI{ICOME)

CHLL FTUHEILF1]

Fe=FUI(ICOME)

DF=DFMHZIICOME]

CALL CLERRIB)

CHLL S0URCII=ZM

IRA=L1+48

IFIIRAR.LT.B) IRA=8

IFIIRA.GT .7 IRA=7H
IGAIM=—-(L1+48)

IFIIGRINL.LT.B) IGAIHN=A@
IFLIGARAIN.GT.58) IGAIN=5G0

CALL GRIMIIGAINI

CALL BWODTHIE!

CHLL EATTHIIRAD

WRITELL 48]

FORMATI2E ,"COME GEHERATOR EPECTRUM™)
CHLL SCALELMFL,Fz,L1-288,.,L1)

CALL SAXKEZL.1x(F2-Fl),18.,1]

CALL CODE

WEITE(IRRRE ,7F&)
FORMATI"FREGUEHCY (MH=z) ")

CALL YECTI(1,8,448,38)

CRLL LABELIF,IARR)

CALL BLOCEILIEBL)

F=F1

COMTIHUE

CALL TUHEILF!

CRLL ZIWOL M1

IFIRLWHE .10 TO 508
CRLL Esniz.n2d
IFif2 HE.@160 TO &80

CRLL =3wiz, M2l
IFipM2.HE.RIGD TO 748
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P B 2
pes]
fs]

n
]
=

caa

g@e

g8

lago

1166

CALL SSWi4,M4)
IFIiMa . HE. 8 0 TO &80
CRLL FEMIS5,M51
IFiMS . HE. B8 G0 TO
CALL ZEW&,M&]
IFipe HE. B &0 TO
CALL SEWIF, M7

18848

IFIMTLHE .81 GO To 1ia8
COMTINUE '

CHRLL BUEYP

CALL MEAZIH)

CRLL PLOTIF A ,3)

FaF +TIF

IFIF.LT.F2Y &0 TOo 20

CALL MYPTREOIEBL, 1)
GOTO o8 .
CALL CLERR{B])
WREITELL ,18)
RERDIOL %) Fl,F2
DF=.884% (F2~-F1)
G0TO 50

CALL CLERR(8])
WRITECL ,28)
READCL,*) B

GO TO 5@

=68
CALL SCPOZIFB,PA,W)

WRITE(1S5,718) F&,Fr@

FORMAT (18X ,"FA=",F2.3,18¥,"FP8=",18x,F9.3)

CALL CLEAR(®)
G0 TO S@
COHTINUE

G0 TO z@@
CALL CLEAR(@)
WRITE(1,48)
READ (L ,#) L1
G0 TO 58

CALL CLEARI(®)
WRITE(1,28)

READ(1,%] ISA
g0 TO 45
CALL CLEAR(@®).
CALL ARSET
CALL STOP

EMD

EMD#
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FTN,L
PROGRAM HOISE
DIMENSION F1(9),F2(9)1,P1(201)
DIMEHMSION YL(9),YH(9),YSCALE(9) ,IGAIN(Y)
REAL MF
DATA YL-2%#3.,18.,2%1.,3%10.7,YH/2%33,,30.,2%6.,,3%30,/
DATA YSCALE<2%3.,2.,2%.5,3%2./,IGAIN/2%30,40,2%10,3240/
DATA Fi1-.081,16.,2008.,3708.,7250.,8000.,18008, ,26500,/
DATA F2/18.,2060.,8000.,4200,,7750.,18000.,26500.,40000 ./
DATA Cl-4.3429~
CALL ARSET
CALL PORTS(5,1,3)
CALL ATTEHW (@)
CALL ALGRS(2)

5 CALL CLEAR(G)
WRITE(1,15)

15 FORMAT("ENTER NOISE DIODE ADDRESS")
READ(1,%) ISA
L=
IF(ISA.EQ. 2)
IF(ISA.EQ. 7)
IF(ISA.EQ. 19)
IF(ISA.EQ. 267
IF(ISA.EQR. 33)
IFIISA.EQ. 49)
IF(ISA.EQ.55)
IF(ISA.ER.61) L=8
IF(L.EQ.G) GO TO 5
IF(L.LT.71 CALL BWDTH(3.)
CALL FTUME(F1(L))
CALL SOURC(ISAI
IFiF2iL) .LE. 2@8@88,) CALL PRSEL(1)
CALL RATTH(®)

66 COHTINUE
CALL EWDTH(28@.)
CALL YIDEO(1)
CALL GAIMC(IGAINIL))
CALL HOISD(@)
CALL BELOCK(IEL)
CALL CLEAR(®)
WRITE(1,168)

188  FORMAT(19%," CONVERTER NOISE FIGURE")
CALL SCALEC(F1(L),F2(L),YL(L),YH(L))
CALL SAXES(.1%#(F2(L)-F1(L)),YSCALE(L))
CALL ELOCK(IE2)
DF=.0@85%(F2(L)-F1(L))
CALL DIGSU(G,-160,0.,10.)
D0 158 I=1,280
F=F1(L)+(I-1)%DF
CALL FTUMNE(F)
CALL DIGEO(A,PEAKP ,PEAKM)
PLII)=EXP(A-CL)

156  COHTIMUE
CALL MOISD(1)
CALL FTUME (FL1-(L))
D0 250 I=1,260
FeF1(L1+(I~-1)%DF
CALL FTUME(F)
CALL DIGGO(A,PEAKP ,PEAKM)
vY=i{ EXPLA C1) P1(I) )

—r

H-rrrrrun
=30 e
LAl L N O]

-
i
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ENR=AGRIN(IZEA,F)
HMF=EHMRE-18.*ALO0OGT(Y-1.]
CALL PLOTI(F ,HF,3]
258 COMTINUE
WRITE(l,458!}
454 FORMAT("SET SEHMEE ESWITCH 1 TO UP POSITIOW TO REPEAT™)
WRITE(l,S68)
I=8
S8 FORMAT("Press HMARE to continue")
CALL CRPOSI(IA,I®,I]
CALL S&Wi1.M1)
IFIRML.HE. 81 G0 TO 5
CALL ARZET
CALL ETOFP
END
EHMTI#
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FTH4 ,L

PPUEFQM FIT

DIMENSION DIFF(5@),ICHAR(Z28) ,F(358) FCRL[SB!,?[SB)
ta CALL CLERR({B)

28 ICOUHT=8
WRITE(L 28]
28 FORMAT (18¥,"EMTER MONTH,DATE,YERAR")

READ(1,%) MOMTH,IDATE,IYEAR
WRITE(1,48)

40 FORMAT (168X ,"ENTER DEVICE TYPE")
READIL ,56) ICHAR
54 FORMRAT (28R2]
WRITE(L ,&8)
1=3¢] FDPHHT(iﬁx,"EHTEP DEVICE SERIAL NUNBER"J

READ(L ,%1 I3H
MEITEKI val
Fa FGRHQT(lBX,"IHPUT NUMBER OF DATA POINTS™)
READ(Ll ,#) HPTE
WRITE(L,75]

7o FDRHHT[°X,"TU GEL SEW 1 TO CONTINUE")
e CALL ESW(1,IPOE)
IFiIPOE E@. 8) GO TO 78
[ CALL EEWi1,IPO3)
IFIIPOS LHE. B1G0O TO 77
g8 CALL CLEAR@)
85 WRITE(L,28]
a8 FUPMRTIIB.,“EHTER FREQUEHCY (GHZ) & VOLTAGE PARAIR™)

ICOUNT=ICOUNT+1

READ(L , %) FOICOUNT)Y MIICOUNT)
IF(ICOUNT.LT.NPTS) GO TO 85
WRITE(L,73)

95 CALL E23Wi1,IPOE)
IFI{IPOS JEG. 8)G0O TO 935
96 CALL EsWii,IPOE)

IF(IPOS .ME. 8) GO TO 98
loa Fg=08.

it

ﬁrﬁﬂ‘UWLﬂMilhﬁm'

1@ I=1,HPTE

EA+F (I3

1+v (I

T24F I3V IID

T3+ IIIEv (I
LER3-S1%21
mlHPTS*>2 3511 /D
~$2%51) /D

03 PO o 53 O OO

11w

quq
]
£
A

Y B B P B e O Vo T O 5 T P s B P
it
)

B mEr
Lo e | B Moo | S | I 1

DU 128 I=1,HPTS
FCALII)=3LOPE+Y(I)+YH8
DIFF{I)=FCAL{I}~-F{I)
TEMPLl=RES(DIFF (I
LT=S+DIFF(I)*DIFFII)
1za IFITEMPL.ET. TEMP) TEMP=.082%IFIX(188B.+TEMP1)
Td=3S-MPTE
LO=MHPTE£34-D
TE=24%321-D
CALL EBLOCKI{IBL)
CHLL CLEARI(®)
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4)

17@
188

196

]
=
o=

=2
e

CALL SCALE(-1.,11.,-TEMP,TEMP)

CALL SAXES(1.,-.1%TEMP)

CALL YECT(1,8,128,488)

CALL VYECT(2,3,896,488)

CALL BLOCK(IB2)

DO 1323 J=1,HPTS

CALL PLOT(Y(JI,DIFF(J),3)

COMTINUE

WRITE(1,75)

CALL SSWi1,IPDS)

IF(IPOS .ER. 81 GO TO 134

CALL SSWi1,IPOS)

IF(IPOS .ME. 8] GO TO 135

CALL CLEAR(®@)

WRITE(1,138) MONTH,IDATE,IYEAR
FORMAT(18%,"DATE:",I2,"s",12,"/",14)
WRITE(1,148) ICHAR,ISN

FORMAT (18X ,28A2,~,18%,"DEVICE SERIAL HUMBER-",I6,7)

WRITE(1,158) -
FORMAT(5X,"TUNING VYOLTAGE FIMEASURED) F(CALCULARTED

£

Do 154 J=1,HPTS

WRITE(1,155) ¥(J),F(J),FCAL(J)
FORMAT(SX,F6.3,15%¥,F6.3,18%,F6.3)

WRITE(1,168) ¥8,36

FORMAT (s~ ,SK,"START FREQUENCY=",F6.3,5%X,"¥YARIANCE=",E9.

WRITE(1,178) SLOPE,SS

WRITE(1,188) $4 ‘
FORMAT (5%, "TUNING SENSITIVITY=",F6.3 SX,"VHRIQHCE— JE9.47
FORMAT (5%, "SAMPLE YARIANCE=",E9.4)

WRITE(1,19@)

FORMAT (1@8%,"IF DATA PONT CORRECTION REQUIRED,ENTER 1")
READ(1,%) M1

IFiMi.ER.11 GO TO 500

G0 TO %@\

CONTIMUE

CALL CLEAR(@)

WRITE(1,51@)

FORMAT(1@% ,"ENTER I ,F(I),¥(I) ™)

READC(L,%) I,F(I),¥(I)

WRITE(1,528)

FORMAT(18%,"IF MORE CORRECTIONS REQUIRED, ENTER 1"}
READ(1,%) M2

IFiM2.E@.1) GO TO 588

CALL CLEAR(®)

GO TO 108

WRITE(1,688)

FORMAT ("EHMTER 1 TO START NEW FIT")

READ(1,%) M3

IF(M3.ER.1) GO TO 1@

END

EMD$
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1@
28
30
48

Sa
68

7a
CRT

168
s ¥o

1i@

126

138

148
158
168

ive
H"™)

268

218

25e

268

27a

PROGRAM TRAK
CALL CLEAR(@)

WRITE(1,1@)

FORMAT(S%,"CONVERTER FREQUENCY BAND 2=2-8GCHZ")

WRITE(1,28) |

FORMAT (5% ,"CONVERTER FRERUENCY BAND 3=8-18GHZ")
WRITE(1,38) '

FORMAT(SX,"CONVERTER FREQUENCY BAND 4=18-26.6GHZ")
WRITE(1,48)

FORMAT (5X,"CONYERTER FREBUENCY BAND 5=26.5-48GHZ")
WRITE(1,6@)

FORMAT (5% ,"ENTER CONVERTER FREGUENCY BAND")

READ(1,%) IBND

WRITE(1,78)

FORMAT (5% ,"ENTER 15 FOR OUTPUT TO PRINTER; 1 FOR OUTPUT TO
ll)

READ(1,%) LU

WRITE(1,188)

FORMATI(SK,"ENTER O0SC. STRRT FREG®. IN GHZ~- &TUNING SENS GHZ

LT™)

READ(1,%) FB,TH

WRITE(1,118)

FORMAT(5%X,"ENTER FILTER START FREG. & TUNING SENSITIVITY")
READ(1,%) F1,T1 :
CALL CLEAR(@)

WRITE(LU,128) F@

FORMAT(18%,"0SCILLATOR START FREQUENCY=",F7.4)
WRITE(LU,1308) T@

FORMAT(18%,"0SCILLATOR TUNING SENSITIVITY(GHz YOLT)=",F6.4

WRITE(LU,148) F1

FORMAT (18X ,"FILTER START FREQUENCY (GHz)=",F7.4)
WRITE(LU,158) T1

FORMAT (18X ,"FILTER TUNING SENSITIVITY(GHz VYOLT)=",F&6.4)
WRITE(LU,168)

FORMAT(/~» ,18%¥,"0SCILLATOR: TUHING YOLTRGE COMNSTANTE",~~]
WRITE(LU,178)

FORMAT (" HH " ,168X,"+PREIYOLTE]" 18X, "-PREI(YOLTES)" 18X ,"GARATI

GO TO (268,206,258,276,388) ,IBHD
D0 218 I=1,3

HN=1

A=1(2.85%*HH~FB+.4) /T8
B=(2.85%#HN-FB8~-.41-T8
C=HH*(.285-T8)
WRITE(LU,320)HN,A,B,C

K=1

50 TO 358

D0 268 I=2,5,1

HH=1

A=(2.85%*HH~-FB+.41-TH
B=(2.85%#HH-FB~-.41-T8B v
C=HHM%(.285-T@A)
WRITE(LU,3281HN,A,B,C

K=1

0 TO 358

o 288 I1=1,5,2
HN=1I

IFIHN.E@.1) HN=2.3
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A=(2.85«HN-FB+.2)-T78
E=(2.85*HN-FB-.2)-T0O
C=HH*(.2685-Ta)
HH=2 . #HH
288 WRITE(LU,328) HN,A,B,C
K=2
0 TO 358
388 DO 318 I=5,5
HM=1
ﬂ—la.BS*HN -Fa+.2)-78
B= LB5%HN~ FB—-EI/TB
C= HH*(.E@SfT@]
HM=2 .%HH
318 WRITE(LU,328) HM,R,B,C
K=2 ,
3z2a FORMAT(1¥,F3.1,12%,F8.4,13%X,F8. 4, 8¥X,F8.4)
258 UFSET—[K*F@ F1+ 15]/T1
WRITE (LU,368) OFSET
268 FORMAT (-~ ,18%,"+FILTER OFFSET VOLTQGEI»,F?.4)
UF&ET—[K*FB -F1-.151/T1
WRITE(LU,378) OFSET _
378 FURNHTIIBX,"-FILTER OFFSET VOLTQGE=»,F?.4)
FEAIN=K*TarT1 '
WRITE(LU,388) FGAIN
3&a FQPHHT[in,“FILTER'GHIN FACTOR=",F7.4)
4aa WRITE(1l,418)
418 FURWRT["EHTER 1 TO REPEQT CALCULATION")
READIL,%) IGO
IFI(IGOLER.LY GO TO 5
END
EMD#
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TOGGEL SSW 1 7O CONTINUE

llllllllllllllllllllllll

lllllllllllllllllllllll

s/DIV

11.888

s/DIV

1.00060

-1.000

E-81
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DATE: 2-/28- 886
¥YIG OECILLATOR

DEVICE SERIAL NUMBER- 141
TUNING YOLTARGE FIMEASURED) F(CALCULATED)
.064 2.000 1.999
1.738 3.000 3.003
3.485 4.000 4.002
5.858 5.000 4.993
6.737 6.000 6.000
g.410 7.000 7.003
18.672 S.000 - 8.000
START FREGUENCY= 1,961 YARIANCE=.6293E-06
TUMNING SENSITIVITY= .6088 YARIANCE=.1241E-06

SAMPLE VARIAWMCE=.9670E-85
IF DRTA FOWT CORRECTION REQUIRED,ENTER 1

&
OSCILLATOR START FREQUENCY= 1.9618
OSCILLATOR TUNIWNG SENSITIVITY(GHz/¥OLT)= .5996
FILTER START FRERUENCY(GHz)= 1.9930
FILTER TUMIHNG SENSITIVITY(GHz/VYOLT)= .6882
OSCILLATOR TUNING VYOLTAGE CONSTANTS
HHN +PRE(VOLTE) ~PRE(YOLTS) GAIN
1.8 28155 ~-.5187 3419
2.8 4.2345 2.9083 .6838
3.8 7.6534 ‘ 6.3192 1.8257

+FILTER OFFEET VYOLTHGE= 1965
-FILTER OFFSET VOLTAGE= -.3832
FILTER GAIWN FRHCTOR= . 9998
ENTER 1 TO REPERT CALCULATION
&

138



ForRM OT-29

(3-73)

BIBLIOGRAPHIC DATA SHEET

1. PUBLICATION OR REPORT NOJ 2, Gov’t Accession No. |3. Recipient’s Accession No.
NTIA Report 81-58

U.S. DEPARTMENT OF .COMMERCE
OFFICE OF TELECOMMUNICATIONS

4. TITLE AND SUBTITLE 5. Publication Date

Transportable Automated Electromagnetic Compatibility January 1981

Measurement System (TAEMS) 6. Petforming Organization Code

7. AUTHOR(S) Cc. H. Chilton, A. H. Diede, W. M. Welch, 9. vaoiect/Task/Work Unit No.
R. A, Mclean, and F. G. Stewart 910 3382

8. PERFORMING ORGANIZATION NAME AND ADDRESS
National Telecommunications & Information Admin.

Institute for Telecommunication Sciences 10. Contract/Grant No.

1-3449 325 Broadway
Boulder, CO 80303

11. Sponsoring Organization Name and Address

USA CSA
Attn:

CEM-CCS~-A (Mr. Harold Keitelman)

12, Type of Report and Period Covered

Fort Monmouth, NJ 07703 13.

14. SUPPLEMENTARY NOTES

15. ABSTRACT (A 200-word or less factual summary of most sxgmtxcant information. If document includes a significant
bibliography ot literature survey, mention it here.)

An automated, computer-controlled receiver system developed by
ITS for the U.S. Army Communications Command provides a unique
solution to such problems as spectrum management, EM hazards measure-
ments, and site surveying. This receiving system is designed around
a commercially available automatic receiver system and covers the
frequency band 1 kHz-40 GHz, thus extending the capability of the
receiver system by providing extended frequency coverage, multiple
antenna selection, improved noise figure performance, built-in test
capability, noise figure measurement capability, and 160 dB measure-
ment range; as well as 10 Hz frequency resolution to 40 GHz, computer-
controlled directional antenna pointing, and automatic real-time
calibration to 40 GHz. Three rf preselector/down converters were
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15. ABSTRACT (cont.)

developed by ITS for use with the receiver to cover frequencies
between 2 and 40 GHz. High sensitivity and low transmission loss was
achieved by attaching the down converters directly to the antennas
and mounting the complete system package on the elevation/azimuth
(EL/AZ) positioner. The down converters mix the rf signals to IF

(150 MHz), and this IF signal is transmitted through the EL/AZ pedestal
via coaxial cable to the bus structure interface unit, mixed to 50 Miz
and then fed to the rf-microwave section of the automatic spectrum
analyzer for further processing. In addition, a real-time-executive
(RTE) software operating system was developed for the receiver system
by ITS to extend the operating capability of the receiver system.

The RTE allows multiprogram execution, as well as program scheduling,
file manipulations, and editing. Using the editor, FORTRAN measure-
ment routines can quickly be written or modified. Both source and
object programs are stored on magnetic disc with measurement data
stored on magnetic tape for further analysis.
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