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IMPROVEMENTS AND MODIFICATIONS TO THE NASA
MICROWAVE SIGNATURE ACQUISITION SYSTEM
by
B. R. Jean, R. W, Newton, G. L. Warren,

B, V. Clark and J. L., Zajicek

INTRODUCTION

Project Description

The Remote Sensing Center of Texas A§M University (TAMU)
has completed a sensor analysis, modification, and construction
project for the National Aeronautics and Space Adwministratien,
Johnson Space Center (NASA/JSC). The project was divided into
two phases of activity. The objectives of the first phase were
to make the necessar§ improvements and modifications to the Micro-
wave Signature Acquisition Systew (MSAS) that would enable it to
perform properly at the original L- and X-band frequencies and
to generate preliminary design and interface specifications for
the incorporation of a C-band channel. The results of the fivst
project phase are documented in "Improvements and Modifications
to the NASA Microwave Signature Acquisition Systen," Interim
Report RSC 3308-1 [1].

The objectives of the second phase of activity were to
construct and interface a C-band channel to the MSAS, to provide
the required software for operating the moditicd systom and forv
data rveduction, and to design and construct a platform tacility

for transporting and operating the MSAS during field expeoriments,

T U




The objectives were defined in terms of four major tasks for which
TAMU was responsible.

Task A specified the design, construction, and check
out of a C-band (4.90 GHz) radiometer tb be integrated with the
MSAS L- and X-band radiometers and the MSAS control and monitor-
ing subsystem and equipment.

Task B specified that modifications and improvements
be made to the MSAS software to permit (a) efficic.t and automatic
operation, (b) accurate recording of antenna temperatures for
the L-, X-, and C-bands, and (¢) recording of all ancillary data
needed for the accurate reduction of radiometric brightness
temperatures. Task B also provided for purchasing of an additional
4K (4096) by+~es of core memory for the MSAS Rolm 1601 minicomputer.

Task C required that a platform suitable for use in the
collection of data from the MSAS radiometers be developed and
implemented. The platform was specified to consist of an aerial
boom truck, a data van, boom positioning hardware, cabling, and all
other equipment required to operate the MSAS and record the re-
sulting data during field experiments. Task C also provided that
an antenna positioning system be installed for quickly and accu-
rately positioning the antennas and that an antenna support
truss be constructed.

The contract agreement specified that the aerial boom
truck and data van be purchased with TAMU funds and that TAMU re-
tain ownership of the vehicles. NASA funds were provided to
modify the van and boom trucks. These modifications were to in-
clude air conditioning of the data van, installing high capacity

2



voltage regulators, interior modifications to the van, electrical
instaliations; and all mechanical and electrical modifications

to the aerial boom necessary for accurate and efficient operation
~of the MSAS,

Task D specified that the configuration of the data van,
aerial boom truck, C-band radiometer, and the software be docu-
mented through complete drawings, circuit diagrams, and other
appropriate means. The performance of the complete platform and

the C-band radiometer was also to be documented.

Summary of Results

All tasks have been successfully completed and the MSAS
is now in a fully operational condition. The software and hard-
ware modifications to the system have greatly simp’ified the data
acquisition procedure and have allowed for more efficient upera-
tion of the system and improved data quality.

The sensor capability has been expanded by the addition
of a C-band (4.90 GHz) channel to the original L-band (1.41 GHz)
and X-band (10.69 GHz) channels. The system platform facility in-
cludes a modified Reach-All HD 50-50 aerial boom mounted on a Ford
F750 truck chassig; a 7.5' x 16" van mounted on an International
Loadstar 1600 chassis which houses the MSAS controller, Rolm
1601 minicomputer, Ampex 7-track tape drive, the automatic an-
tenna positioner microprocessor and display, and operation con-

sole; and a trailer mounted 15 KVA Onan gasoline fueled generator.

Scope of the Report

This report provides a user oriented description of the
modified and upgraded Microwave Signature Acquisition System.
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The present configuration of the sensor system and its operating
characteristics are documented and & step-by-step operating pro-
cedure provides instructions for mounting the anienna truss
assembly, readying the system for data acquisition, and for con-
trolling the system during the data collection sequence. The
resulting data products are also identified.

Additional detailed documentation of the software
modifications to the MSAS operating system is given in "Micro-
wave Signature Acquisition System Software Operating System and
Procedures,”™ RSC 3308-2 [2]. The addition of the C-hand radiom-
eter channel and the design and construction of the antenna
positioning system are documented in “"Microwave Signature Acqui-
sition System, C-band Channel Maintenance Manual,' RSC 3308-3 {3}
and "Micfowave Signature Acquisition System, Antenna Positioner

Maintenance Manual,'" RSC 3308-4 |4}, respectively.

SYSTEM DESCRIPTION

The Microwave Signature Acguisition System is a three
frequency microwave radiometer system which car proviie cali-
brated brightness temperature measurements over a dynamic vange
of approximately 0% to 750° Kelvin. The specifications of the
radiometer system are summarized in Table 1. The measurement
palarization may be continuously varied from vertical to hori-
zontal for any look angle from nadir to zenith (0° to 180°).

There 1is a separate antenna and RF receiving subsystenm

for each of the three frequency bands. The L-band antenna is a



TABLE 1.0

Specifications of the Radiometer Syastem

L-Band C«Band X-hand
Center Frequengy |
{GHz) 1.413 4,900 10,025
Bandwidth
(MHz} 30 200 200
Sensitivity
{*K) 0.5 0.2 ¢L8
Antenna Beamwidth
{3 dB) 20° 10° o
Q{namie Range )
(") 0 - 350, Low Range

280 - 50, High Range

L



64 element rectangular phased array. The C- and X-band antennas
are parabolic dish reflector antennas with rectangular waveguide
feed structures.

The RF receiver electronics for each band are housed
in separate temperature stabilized enclosures. The L-band re-
ceiver enclosure also contains the IF receiver electronics for all
three bands as well as the detection, Y-factor measurement and
data multiplexing circuitry. Figure 1 is a photograph of the
antenna and radiometer systems as they are mounted on the antenna
truss assembly.

Band selection and system status monitoring functions
are implemented in the MSAS controller subsystem which is wmointed
in the data van equipment rack near the operator console. The
data acquisition procedure is “nitiated through s sequence of
Teletype input commands to a Rolm 1601 minicomputer. The mini-
computer interfaces to the MSAS controller, a 7-track Ampex digital
magnetic tape unit, and the antenna positioning system microproces-
sor. The photograph of Figure 2 shows the equipment rack and oper-
ating console as it is installed in the data van.

The antenna positioning system consists of a micro-
processor controller, a manual elevation angle and polarization
selection control panel, sn elevation and polarization display
panel, and independent closed loop elevation and polarization
control circuits.

The data van, in addition to housing the system control

and data collection electronics, provides storage space for the

6



Figure 1. Radiometer and Antenna System
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Figure 2. Operating Console
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radiometer and antenns truss assembly during transport and provides
sufficient work spuce und facilities for in-the-field maintenance
and repair of the MSAS, The van is air conditioned and well insu-
lated to provide for operator comfort and safety over the extremes
of weather conditions which are likely te be encountered during
field experiments. The photograph in Figure 3 illustvates the
various features of the data van facility.

A hydraulic powered aerial boom assembly, pictured in
Figure 4, constitutes the working platform for the MSAS. The boom
sssembly elevates the antenna and radiometer assewmbly to a nominal
working height of approximately 13.7 metors (45 feet). Detalled
instructions for wounting the antenni truss assewbly and operating
the serial boom are given in the next section, Following the in-
structions for operating the unerial boom iy & cvomplete operating

procedure for the MSAS facility.

AERTAL BOOM OPHERATING INSTRUCTIONS

Basic Set-Up Procedures

This section describes the basic procedure for operating
the hydraulic powered aerial boom. The location, operation and
checking of the hydraulic controls are described and specific
safety warnings ave given. The operating procedure and precsu-
tions to be observed in wmounting the antenna truss assembly ave
also described. A councise checklist for setting up the antenna
system follows the mwore general description of the systewm oper-

ating procedure.
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Figure 4. verial Boom Asscombly
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Operating the hydraviic boom < Be sure the truek is

X

T

“parked on a firm lovel terrain. ~ DO NOT attempt to park the true

i

b,

on_tervain whieh has an overall slope of gereater than § degrees

if boom operation is intended.

Disengage the transnission snd ser the wheel locks.

The wheel loeks are an alr brake system which iy sctivated by
raising the marked lever located to the left of the steering
colum, The brake pedalyis then "pumped" a few times te lock the
wheels, NOTE: The wheel locks are to be used only during boom
operation., Always release the wheel locks when the boom is not
in use, Umnecessary prolonged application of the wheel locks
can damage the brake system,

With the cluteh depressed, engage the hydraulic syatem
by pulling out the power take-off (PTO) dash control. 1 the en-
gine lugs, or the hydraulic system is sluggish in opevation, the
throttle control may be used to increase engine v.p.m. In cold
weather, the hydraulic svstem should be allowed a wavm-up period
of approximately €ive wminutes betore nperétion\

The outriggers should now be lowered fiuvmly to stabilisze
the trucek platform, The outrigger control valves are located on
the cab side of the base of the boom artm assenbly as shown in
Figure 3, Thase control valves in left-ta-vight order ave Right
Front, Right Rear, Left Rear, and Left Front, To the vight of
the outrigper contrel valves is the osutrigger/boom selector
valve., Wien in the OUT pesition, this valve connects the oute
rigpers to the hrydraulic power source.

If the truck is not level side-to aide, alwavs set

12



Outrigger Hydraulic Control Values and Outrigger/

Figure §.
Boom Selector Value,
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the lower side outriggers £irst, leveling the chassis as much as

possible, DO NOT attempt to raise the wheels clear of the around;

the outriggers were desipned to correct for a slope angle of up to

5° only and not to carry the weight of the chassis. Once the truek

has been leveled, the upside outriggers may be brought to rest

%

irmly on the ground.

DO _NOT attempt to operate the boom unless sutrigpers ave

or injury te operating personnel.

To check the outrigger holding valves, push in the out-
rigger/boom selector valve and then pull each outrigger valve to
the UP position. If the holding valves are working properly, the

outriggers will not wove. DO NOT attempt to operate boom systen

if outriggers are not holdiny properly. To do so could result in

damape to the system or injury to personnel. With the outripgers

L

firmly planted and checked, operation of the boom wmay begin.

To operate the aerial boom, the outvigger/boow seiector
valve must be pushed to the IN position. Before attempting to
operate the boom, the boom hold down strap shown in Figure o must
be released. There are two metal hold Jdowns on the boow truss
assemnbly which must also be removed and relocated to form a
securing bracket for the elevation axis member. The hold down
brackets are pictured in Pigure 7 and shown being installed as

the elevation member securing bracket in Figure §. NOTH: Failure

to release boom truss from support tie-downs or failure to secure

the elevation axis member will result in damage to the systew,
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Figure 6. Boom Tie-down
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Figure 8. Boom-Truss Hold-downs as Dlevation Axis Member
Securing Bracket,



7}_Dnce the boom 15 free of 1ts txe dowus and the elevatlon axls'

f“;;_member 13 secured the boom mqy be ralued rrom 1ts supports.‘_v.

The boom control valves are located to ‘the rear of the

ﬂfg;aerlal boow asssmbly, just abave - the boom prOt._ (See rlgure 9 )

B These control valves 1n.1eft to r;ght order are Lower Boom Up/Down,
Upper Boom Up/Down, and Boom Rotation Clockwise/Counterclockwise.
"vCare,must4be;exer¢iséd in operating the boom assembly. Without
- the load of an_anteﬁna-truss.assembly, the boom tends to respond

with quick motions. Always operate‘the boom control gently and

©bring boom movements to a smooth stop. DO NOT reverse the con-

“trols QUickly. To avoid fast or jerky movements, “feathering"

of the boom controls is required.
| To "feather" a controi is to ease the control from one
position to another. Most movements of the boom will be done
" with the boom controls "feathered" to some position less than the
'full'on position. 'in'mbunting and unmounting the antenna truss,
:féatherinélbf'fﬁé contr015 is 4 must.  In raising the aerial boom
from its supports, ALNAYS raise the upper boom arm first. If the

' lower boom arm is ralsed flrst, the boom truss is pushed down onto

| 1tq supports, whch may ‘result in damaqe to the system.

| 7o check ‘the boom holdlng valves, raise the upper boom
arm from 1ts_rest, making certain that the elevation axis member
is seturé in the bbbm'truss.aéséﬁﬁiy;”.RaiSe the uppef boom arm
to approxlmately 45° from the horizontal. Ralse the 1owe1 boom
arm to apprO\lmately 45“ from the horlzontal The upper boom arm
: should now be in a horlzontal pocltlon. ‘With the upper and lower
boom arm in the 0° ﬁnd 45° positions, respectively, pull the

17
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"} _the outrlgger/boom selector caniral $0 - 113 out: pasmtlon. Push -

'*7Vjthe 10war bnem contrni lever tn the ﬁown position, The lower
’-“€=:boom arm should not. mcve‘; lépeat £or'the upper boom arim. - If the
L wermai boom alms ﬁu not ratamn thelr 0° and 45° positions during

”i:'thls test the hnldlng valves are not operating properly and ré~

qumre servacmng as dlrected in the Reach-All manuals., DO NOT

_ attempt.tn~aperate.the uinit if the boom avin valves are not holding.

~ To do so could result in damage to the system or injury to person-

SR |1 R e

"~ There is one other control system needed for the antenna
meunting operation, the-antenna-positioner control box, located

'qbove the boom arm control valves just below the cowl. The con-

- trod box is shown in Figure 9. The antenna posltloner contlols

 consists of four switches which are, in order from Ieft—to-right:
‘Blevation Up/Down, Elevation Autainaﬁuai’*Poiarizahion Counter-

'fclockwlse/ClocLW1se, and Pblarlzatlon Auto/Manual. ALWAYS Leep

S Auto/Manual switches in “Manual pobltlon durlng transport and

antenna mounting. Failuré to do so could result in damage to the

© o system or injury to"gprsﬁnnel; AUto'contrbl should be activated

only after the ant&nnas are ready to be ralaed to a worklng posm-.

S gien anﬁ th& vmcroprocassor is plepaied to control the truss

'aSbembly o o |
| T the P051t1nner 1equ1res a source of electrlcal power
for operation. This power is_supplied_by_the bortable genevator
" through a poWef'Eablé'link?up to the van truck. The power cable
i$ Stdred.ig_the_right front storage cabinet of the boom truck

18



Figure 9. Boom Hydraulic Control Values and Fositioner
Control Switches
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*H;and connects tn tha Pﬁteh*bOA 1ocated nndur the rmght front cornar;rr*

”-%fuf tne van,:z*“

s The storqwe czhmuets oI the boom.truck also” cantazn

'f'?hree dwta carrylng cables 1n addltaon to th& power cable. Two of

'-ﬁjfthese uxbles canvar data to ‘and from the antenna heads qnd the

ZV,thlrd p10v1das q data 1¢nk for the Posmtloner auto contrnl. These

ables connact to a patch-panel on the hoom truck and the patch~ 

'°Df~ba\.0£ the van.

_Antenna Truss Mnuntlnn Inetructlons

_ The prev1ou¢ sectlan on. Basmc Set-Up 1ocated and de~ -
scrmbed the varlous hydraul;c and electronmc controls necessary
;;,for the saie operatlon of tha boom truck.  In this section, the
f; use of these controls. 1n ordex to mount the antenna truss to the

=mbqomqpxugsq;gudes;rmbgdglﬂ-a_ﬁhort_stgtement form. The mounting

- of the antenna tiuss must be done carefully. The overshoot from

woo.a too fast boom arm motion can result in serious damage to the

antEnnas or radiometer enclosures, or injury to persomnel. The

7.5;sequence of: phutoglaphs Ain anures 10-11 illustrate the. antenna

{truss mountlnn~procedure.

”*Vfuountlnq Procedu:e"

_;} ; Be suxe trucks are parked propelly and wheels
n'fvf are 1ocked 7 The truckb should be parked on
ﬁ_ilevel ground 1n e back-to- back Iashlon with a
'separatlon of appr xlmately thirteen feet.

2. Prepare_hocm_truqk for operation.
- 20
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Figure 10. Raising Boom and Positioning For Antenna Mounting
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(A)

Figure 11,

Aligning Mounting Plates
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Engage PTO.

Set outriggers.

Release boom tic-downs and secure elevation
axis member in boom truss assembly.

Check Positioner Auto/Manual switches. These
must be set in the manual position.

Connect electrical power generator to van and
connect boom power cable to van.

The three data cables should also be connected
at this time.

Switch hydraulic power from outrigger to boom.

Prepare van truck for antenna loading.

Open rear door.

Raise "Tommy-Lift".

Release antenna truck transport from its tie-
downs and position the truss on van tailgate
with the mounting plate in the top-horizontal

position.

Raise boom and position for mounting.

a.

Raise upper boom arm clear of transport rests
by several feet.

Raise lower boom arm clear of transport rests.
Remember that moving the lower boom avm moves
the upper boow arm. Always watch entirve
aerial boow assembly when operating.

Slowly extend boom arms such that the bhoom-
truss mounting plate arvives at the van

23
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harlaantally over the antonana-truss mounting
plate. 7
?lnal Poxittaning ”ar Mowntings  The autauna truss

m@uutinq plata has three groups of thrae holes each

alang_itg perimeter. These groups have equai dls«
Ctant spacing as do three alignment ping on the hoowm

trugs mounting plate, Located on each side of the

piuns ave threaded holes t@r the mounting bhotta,

a,  Using the Polaris zation switel of the Positioner

~ control box, votate the hoow muuntina plate so

Cothat the alignment wavkarg are acresy fron eqch
'éther‘ The aligpmment pius should be over the
center hole of the thréé'hule'graupﬁ;. ggm§gg,
activate the Hlevation control éw&&ch, T o
so conld shear the shaft @\tﬁﬁding ixnm the
notor geat box or damage the year hox tixell,

b, “Reathering" the upper arm h&draulié contrals,

gently lower the boow truss until the wounting
plates ave in contact, DO NOT forge the plates
together, 1o do _so may vesult in seveve damage.

to_the antennsa. 03 Lﬂ? A!lv the Loband arvay.

¢, With the plates in contact, the.“ix mounting
hﬁl&éfmav nﬁw*hé inserted and tightened,

d. Release the antﬂnna tr&nxpovt tie-downs

oy Reloase the ¢tﬂvxtion axis wember tie Jowns «

ad



'f. “Featheriog" the hydtaulic control, slowiy
raise the antennas clear of the van truck.
6. 'Moviﬁg'ﬁoem.Truck to "Working" Position.
o a.. Bting the boom arms back to transport rests.
| DO NOT “poﬁer"'the arms into reSts,'rather
let them slip gently into position. Always
.be eware of the antenna position.
b. Switch the hydraulic power to the outriggers
end retract them.
c. Disengage the PTO and release the brake-lock.
d. Keeping aware of boom truck cable linkagés
_to;the_van,'slow1yfdrive the boom tfuoktto
the desired "working" position. Boom truck/
. data van interconﬁeCtion'Cabies.shoold.be
Caxried-alohg by perSoonel and not drogged
by the boom truck. bQ-NOT drive ovet'cables.
e. Set the brake- 1ock, engage the P10, and set
the outrlggers as ‘described earller.

- £. Raise the aerial boom from 1ts transport rests o
"and fully extend and rotate into the "worklng”
position. DO NOT attempt to rotate the boom

" unless both boom arms are Ciear of eny.ohstacle
and the outrlggers are down _

'g.srwlth the boom extended and rotatlonally posi-
tloned and the Antenna P051t10ner controller.
'ready to take over, the P051tloner sw1tches

may now be set to Auto.
_ _ . _




‘h. The boom truek engine may newfbe.shet down,
i. 'If'tﬁe field:is'level the-Brake-lotkimay?be-
| released - If notr 1eave the brake-loek on

'unt11 the truck is to be moved to another-

pos;tlon.

:MSAS OPBRATING PROCEDURE

Introductlon

The Mlcrowave Signature Acquisitien System (MSAS) is a
"very complex system. However, great care has been taken te de-
- sign all hardware and software systems for ease of operation. None-
'itheless, the system is not feolproof and misuse may result in
damage to theesystem.and/or personal 1n)ury to its operators. The
Jpreceduyes_giten in thie section will Tesult in the most efficient

and safest operation for both the system and its operators..

- Pewer Up- Seqpence
| “The system receives power £rom a 15 KVA Onan generater.

' Some of the pertlnent'speclflcatmons,of the generator are given

below, A
i Genereter'Outpht.Veltage=j 240 Volts
Oetpﬁt Current o | 62.5 Amps
 Frequency . 60 Hz
*Fuel Consumption | = 1 gal./hr.
lFﬁél'Capﬁéity- E " 50 gal..

f Although the fuel censumptlon has been found to be
abeut one gallen per hour, 1t is recommended that the generator
fuel tapk be refilled every 35-40 hours of operation.




.Other'specifications and information are given in the
Onan manual located in the contrel panel-door, The lubrication
and maintenance schedules in this manual should be followed.- The
electrlcal system 15 shown schemat1ca11y in Figure 12. |

Connect;#g the Generator - Before startlng the generater,

the poﬁer cabie nnst be connected to the van. The receptacle for
the cable is located on the dr1ver 's side of the data truck unde:r-
neath the front part of the van. The Jack fer the remote start
cable, which 15 t1ed to the power cable, is ‘behind the power cable
connector. When these twe cables have been connected the generator
is ready to be started

Star 1_grtne Generater - The generator can be started

from either the control panel on the generator or by a switch
| insi&e-the date.ven} _It.is recommended, however, that it be ini-
tially_started_from_tbercontrel panel so that the engine géugeS'
(eil pressure and ammeter) and'the generator output voltage meter
may be men1tored The generator control panel is shown in F1gure
13, To start the generator, simply move the three p051t10n start
swltch from the middle p051t10n to the top p051t10n. When the
_aenglne starts, the starter will dlsengage autematlcally. When
'the englne comes up to speed, and the voltmeter reads 240 velts,w
_turn on the 70 amp breaker if it is not already on,

| _ To start the generator from inside the van, the three
_.p051t10n start switch on the generator contrel panel must be in
| the bottom p051t10n. Therstarter will engage when_the r__emet_.e= |
start switch located én the"anglefpesitien'penei_is'meved te its
up position-_'Pushing-the remote switch badk_dewn wiil stop the

.___.2_7 s
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Figure 12, Data Van Electrical System
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Figure 13. Generator Control Panel
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engine. Note: If starting the generator with the 70 amp breaker
on, make sure the main disconnect switch in the van is off. The
generator will not start under load.

Unregulated Power and Air Conditiener Precautions - Once

the generator is started and the 70 amp breaker is on, move the
main disconnect switch te the ON position. Power is now available
to the lights, wall plugs, air conditioner and voltage regulator.
WARNING: The air conditioner has been shown to cause surge cur-
rents in excess of 80 amps and has caused the generator to die.

In order to prevent this problem the following steps should be
taken:

1. Be sure air conditioner is off before turning on
main disconnect.

2. Turn the compressor knob (Temp. Control) fully
counterclockwise.

3. Set fan control to desired speed (Hi, Med, Low).
Do not use the gold "Power Saver Settings' for
the fan.

4, After the fan is on, rotate compressor knob to
desired position. When the compressor comes on,
the generator will strair and the lights will
dim, but this should not affect the operation
of the rest of the systen.

NOTE: The gold '"Power Saver Settings' on the fan con-

trol (Cooling Control) cause the fan to go on and off when the

compressor goes on and off. If the compressor and the fan come
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on at the same time the generator may die. Therefore use only
the white fan settings.

1f the generator does die, the starter will automatically
re-engage and try to restart it, Since the generater will not
start under load, immediate action is required by the operator.
The operator may do one of two things to relieve this condition,
If the generator was running with the remote start switch activated,
the switch may be pushed to the stop position. This will disen-
gage the sturter. The other alternative is to turn the main dis-
connect switch off. This will rvemove all load from the generator
and it will restart. Before turning the main disconnect switch
back on, the air conditioner, MSAS controller, and voltage regula-
tor should be turned off., The main disconnect may be turned on
and the normal power up sequence followed.

Regulated Power - Power for the MSAS controller and Rolm

Computer rack, the microprocessor rack, the buss strip on the work
bench, and the outlets on the boom truck come from the "Stabline"
voltage regulator. To turn on the regulator, simply turn on the
circuit breakevr on its front panel. The voltmeter on the front
panel should indicate 115 volts., The microprocessor and angle
position display will come on with the regulator. Once the vegpu-
latar is on, power is available to all of the MSAS components and

the power up sequence is complete,

System Status Lights and Alarms

The switch on the {ront panel of the controller controls

the Rolw Computer and the Teletype. Turn the switch on and select
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a radiometer band (L, C, or X). When the controller comes on, the

teletype will start typing, fans will start, and lights will

flash. After a few seconds, the system should settle down to the

following state:

1.
2.
3.

Alarm (ALMY on L, C, and X bands.

"Monitor Alarm" light will be on.

"Heater On" lights will be on for the L, C, and

X bands,

"Meas. Rng. 0-300K" should be on. Pushing this
button will cause '"Meas. Rng. 200-750K" light to
come on. Either measurement range may be selected.
The 0-300K range is usually used.

In the calibration interval section, the "Computer"
light should be on. If the "Manual™ light is on,
push the button and "Computer'" should come en.

The Radiometer Temperature meter should indicate

about 75% of full scale after the calibratioen

cycle is cdmpleted. The calibratien cycle lasts

32 seconds and is initiated by: a) pushing manual
override, b) selecting a band or changing bands,
or c) answering "Y" to computer query of "START?"
(See Data '‘Acquisition.)

The Radiometer Temperature out of Range (Rad Temp
out of Rng) light will be on if a band (L, C, or
X) has not been selected. Selecting a band should

make it go out.
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The Alarms on L, C, and X bands indicate that the
radiometer heads are not up to operating temperature. They
have internal heaters and fans to keep the enclosure at a pre-
set, constant temperature. When the enclosure reaches that
temperature, the alarm light for that respective band will go
out. The alarm lights will not go out at exactly the same time,
but should all go out within a few minutes of each other. When
all three alarm lights go out, the "Monitor Alarm' light should
also go out. The monitor light comes on anytime there is an
alarm condition in any one of the three heads. The ready lights
(RDY) are activated by an internal timer and will not come on
until 34 minutes after the system has been turned on even though
the alarm lights go off before that.

NOTE: Occasionally, the C band comes on in the ready
state. If this occurs, the C band timer should be reset. To
reset the timer, push the C band RDY/ALM butten. The ready light
and the '"Heater on C Band" light will go »ut. Pushing the button
again will cause the "Heater on C Band™ and the "ALM" lights to
come back on, indicating the timer has been reset,

These initial alarms are nermal and should eccur when
the system is turned on. Once they go off and the ready lights
come on, there should be no more alarms.

Subsequent alajims - If a subsequent alarm dees occur,

something is wrong with the system. A subsequent alarm will re-
quire shutting down the system and correcting the problem accord-

ing to the Maintenance Manual.
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Antenna Positioning

The antennas can be positioned in one of two ways,

manually with thumbwheel switches, or automatically through the

teletype. Either method requires that the microprocessor be on

and its program running. The micreprocessor's program is stored

in ROM's so that it does not have to be reprogrammed each time

the system is powered up. To start the program push RFSET and

then START on the processors's front panel. The program is now

running and the antennas may now be positioned.

Manual Positioning Procedure

1.

Set positioner in manual mode by pushing Manual/
Automatic switch to Manual position.

Enter desired elevation and/or polarization angles
on the thumbwheel switches. Polarization will be
0° for horizontal and 90° for vertical.

At this time either the elevation or polarization
data may be sent te the boom. Set the Elevation/
Polarization switch to the desired position and
push the ENTER switch up. The antennas will vegin
td move and the angle information from the boom
will be sent back toe the LED displays. If both
angles ére to be sent, it is not necessary to wait
for the antennas to stop te send the second angle.
Each angle is stored by the positioning system on

the boom and both can be processed simultaneously.
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4. When LED displays agre¢ with thumbwheel switches,

the antennas are positioned correctly.

Automatic Positioning Procedure

1. Set positioner into automatic operaticen with the
Manual/Automatic switch,

2. When the "Angie™ and "Polarization" are typed in
by the operator during the data acquisition se-
quence {(see Data Acquisition) the angles are sent
to the boom and the antennas positioned accordingly.
In this mode the thumbwheel switches have no effect.
However, the correct angle data will still be dis-
played by the LED displays.

3. Before starting the program (before answering "Y“
to computer query of "START?'") make sure the LED
displays agree with the angles entered on the
teletype. NOTE: Do net confuse this manual/
automatic operation with the manual positioning
box on the boom truck. When the manual positioning
box is in the manual mode, the antennas cannot be

positioned from inside the data van.

Data Acquisition (Also refer to [2].)

Powering-Up the System - System turn-on and turn-off

should be made with the Tape Unit power switch off and with the
Teletype power ON. Further, the software system should always

be brought back to the System Monitor (SYSMO) module and the
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Front Panel key switch turned to LOCK for power turn-off. The

purpose of this procedure is to insure proper software restarts

when the power returns to the CPU,

Reloading Core Memory - If memory has become modified

to the extent that the system no longer functions properly, the

contents may be restored by using the STAND-ALONE loader which

starts at locatien 17237,. The procedure is as follows:

1.
2.
3.

System power - ON

Teletype Unit power - ON (LINE)}

Tape Unit power - ON

Mount Program Magnetic Tape and pesition

to Beginning of Tape.

Select Tape Unit - ON LINE

Set Front Panel Data Switches to 017237,.

Select RESET then START on Front Panel. At this
point the S/A LOADER should read the contents of
the magnetic tape into core, restoring the pro-
gram to its proper configuration., The tape
read-in takes approximately 3 minutes to complete,
at which time the message "LOADED" will be printed
en the teletype unit.

Select 310, on the Front Panel Data switches.
Select RESET then START. The ''SYSMO" message
should print on the teletype, indicating that the
system is operating in the SYSTIEM MONITOR module

and awaiting operator commands.
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If during the loading procedure the magnetic tape fails to read
in properly it may be because the STAND-ALONE Loader had been
altered. To correct this the Loader itself must be reloaded.
The, S/A Loader object code is stored on punched paper tape and
may be loaded using the procedure detailed in Section III of
reference [2].

Operating the SYSTEM MONITOR Module - After a cerrect

power-on procedure is executed the software will be operating in
the SYSTEM MONITOR module, as evidenced by the teletype message
"SYSMO." This routine is primarily a switching and error pro-
cessing module. Its functien is to interpret Operator Commands
and transfer control to any service module that is requested by
the Operator. It also provides a recovery location (or module)
for a large group of error conditions, mestly associated with
the magnetic tape unit.

The current SYSTEM MONITOR configuration has a reper-
toire of six commands, as illustrated in Figure 14. Any SYSTEM
MONITOR command must be preceded with the "&" key. Any errone-
ous command string entered will result in the teletype message
"®CMD ERR*". The software is designed so that the command de-
coder is invoked by a teletype interrupt. Any interrupt received
by the module that is not from the teletype or a power failure
will cause a "FALSE INTERRUPT'" message to be displayed on the
teletype. A power failure, usually associated with power turn-
off will result in orderly software termination and subsequent

restart only if the front panel key is in the LOCK position.
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Figure 14, MSAS 8 Primary Logic Modules
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Table 2.0 summarizes the command functions and responses for the
SYSTEM MONITOR.

" TAPE UTILITY Module Operations - The tape utility module

has a four-command decoder, as indicated in Figure 15. Any command
string entered on the teletype and not in the set will cause the
message "*INVLD CMD " to be printed on the teletype. Table 3.0
summarizes the valid commands for TAPE UTILITY and that module's
response. Table 4.0 summarizes error messages that may be gener-
ated when using TAPE UTILITY. Also presented is their probable
cause/effect ang any appropriate corrective actions.

STORE Module Execution - After the Operator has pesi-

tioned the magnetic tape, put the unit ON LINE and invoked the
STORE module, two decimal number entries are required from the
Operator. These should be entered on the teletype when requested
by the module. The first will be the starting address of the
section of memory to be saved. Two conditions are imposed on
this number.

a. The entry must be the decimal equivalent of
the Octal address; e.g., 32, = 26,,.

b. The entry must be greater than l]lu (= 139] be-
cause locations 10 and 11 (12, and 134) a;e used
by the loader when mapping data back inte memory.

After a valid starting address is received by the STORE module,
it will request the ending or "LAST ADDR" of the section of mem-
ory to he storcd on tape. Condition a., above, also applies to

the second number enterved. Further, the STAND-ALONE Loader and
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Figure 15. Over-all System Command Structure
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Table 2.0

SYSTEM MONITOR Operaticns

COMMAND STRING

System Response is to transfer control to:

eTuy
@sT
@LD
@DA
gCL

TAPE UTILITY

STORE

LOAD

DATA ACQUISITION
CONSTANT LISTER
CALCULATE CONSTANTS

ERROR MESSAGE

CAUSE OR INDICATION

*CMD ERR*

FALSE INTERRUPT

Invalid character siring entered on the
teletype

Invalid interrupt received while in SYSTEM
MONITOR., Indicates interrupt nask is not
set correctly or a hardware problem. Most
likely cause is an incoerrect -ystem start-
up or loading procedure. Correct by re-
loading the entire program from magnetic
tape.
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Table 3.0

TAPE UTILITY Routine Operations

COMMAND
STRING

Respense is control
transfer to:

Sub-module Response:

RW

SK

EF

//

REWIND (tape)

SKIP (file)

Write EOE

SYSTEM MONITOR

Rewind the magnetic
tape

> 8kip n files on the
magnetic tape

Write an End-of-File
mark on the magnetic
tape
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Table 4.0

TAPE UTILITY Error Messages

ERROR
MESSAGE CAUSE/INDICATION CORRECTIVE ACTION
*NOT-RDY Tape Unit not "“ON LINE" Press ON LINE switch on
Tape Unit.
*EOT FOUND End of Tape Encountered Rewind/Replace magnetic
tape
*LATE-RWDG Last command is still Re-enter command after

**BAD TAPE

®®CMD IGND

AXINVLD CMD

*LGNTH ERR

M*WRITE-RNG

**ILLEG CMD

being executed.

Tape unit was unable to
complete the command.

Tape unit did not re-
spond to the command
issued.

Invalid command given
by Operator while
using the TAPE
UTILITY

Number of bytes tead
does not match the
number of byizs
asked for; i.e.,
record length mis-
match.

A write command was
received, but the
File protect switch
was set,

A Tape Unit command

issued that was not
in the command set.
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tape unit finishes com-
mand currently being
executed.

Unsually occurs if tape
unit is taken off-line
while executing a cem-
mand,

Hardware problem likely
to exist.

Re-call the rovtine and
enter a valié command.

Tape record length errors
indicate the wrong tape
is being used, or a bad
tape is being used, or
a bad spot on the tape.

Install a write-ring in
the magnetic tape to
be written on.

Usually indicates a hard-
ware problem or the

software has become modi-

fied.
ware.

Re~load the sott-



Block Loader are protected by requiring that this number be less
than 7829 (17225.). After a satisfactory "LAST ADDR" is entered,
the contents of the specified section of memory will be reformat-
ted and written onto tape. A successful execution is signalled
by the teletyped message "TAPE LOADED".

It is possible, during execution, for a tape unit mal-
function or error to occur. The most likely three cases that can
exist are:

a. *LATE RWDG

b. *BAD TAPE

c. *LNGTH ERR.

Error a. infers a hardware problem, Error b. will occur if the
Tape Unit goes off-line, and Error c. will occur if there is a
mismatch in the record length. Errer c. will mo=t likely be
corrected by a higher quality tape; i.e., a tape with no bad
spots.

LOAD Module Operation - The Load module is designed

specifically to load files from magnetic tape which have been
been placed on magnetic tape by the STORE module discussed above.
It is not compatible with "standard” Neva object tape formats,
since these tapes are generally punched paper and require a
larger input buffer for execution.

The procedure for using this module is similar te
STORE, except that no communication is required between the
Operator and the software. The Operator need only mount the

magnetic tape, position it to the correct file and place the
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unit ON LINE. Next, the module is called by typing "@LD" on the
teletype. The module first verifies that the tape file being
loaded has "start" and "ending'" addresses that are outside the
MSAS-8 area of core; i.e,, it will not allow over-writing of the
area below approximately 5228 (= 12154, ). Successful execution
is signalled by the teletype message "PROG LOADED'. Table 5.0
summarizes the messages that may be displayed by the LOAD module.

CONSTANTS LISTER Module Utilization - When the command

"@CL" is given while operating in the SYSTEM MONITOR module con-
trol is passed to the module which prints the contents of the
three sets of Brightness Temperature calculation constants.

There are ne internal meodule communications required with the Op-
erator. When invoked, the module causes the three constants
tables to be listed on the teletype in the order that they are
stored; i.e., L-band, C-band, and X-band. The entire printing
takes several minutes. There are no error messages associated
with this routine.

DATA ACQUISITION Module Operations - Figure 16-A and

16-B illustrate the logic sequence and communications between the
software system and the Operator during execution of the Data
Acquisition Module. Following the logic from the entry point,
the software will ascertain (Block 1.0) if a shut-down occurred
due to power failure and if so it will print the "POWER FAILURE"
message. If the "Power-turn-off" procedure discussed earlier in
this section is used the "POWER FAILURE" message will always be
displayed upon first entry into this routine after a power turn-

off.
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Table 5.0

LOAD Module Message

Message

cause

Operator Action

PROG LOADED

Correction Execution

*LOAD ERR

Address field inside

of MSAS 8 module

Tape cannot be
loaded with
this module.
May be allowed

by S$/A LOADER.

*EOF BEFORE EOL

An End-of-File was
encountered before
the end of the load

module

Indicates an
erroneous tape

file.
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At Block 2.0 in Figure 16-A the System is establishing
that the magnetic tape is mounted and ready to accept data. If
the Operator's response, Block 3.0, is "N'" the TAPE-SCAN routine,
(Block 4.0) is executed. This routine asks the Operator for the
"LAST FILE NBR?". The routine then attempts to position the
tape at the first file past the number entered by the Operator;
e.g., a response of zero will cause the next data to be written
on File 1.

Next, the Operator is asked if a Supplementary Frame
print-out ("SUPP DUMP?")}, Block 5.0, is desired. If the response
is "Y" the present contents of the Supplementary Data values will
be printed on the teletype. Figure 17.0 shows a sample of this
print out.

As indicated in Block 7.0 of Figure 16-A the next
decision point for the Operator is the type of Initialization to
make. An "N" response to the "SHORT INITIALIZE?" message will
cause all the items in Figure 18.0 to be reinitialized. The
software will ask, via teletype, for each item in the order shown.
The System expects no more than 4 decimal digits for each of the
first three items. The Date and Time entries must have a "/"
(slash) separating each of the three pairs of entries; e.g.,
Jan. 1, 1978 is entered as 01/01/78 while 4:31:27 PM is entered
as 04/31/27. The next item, "FRAMES PER B-TMP MEAN:" determines

how many frames (each with one value of brightness temperature)
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SUPP DUMPTY

TAPE NBR: ©0dal

FILE KKBR: 00041

FIELD NBR: 24841

DATEs w6 21 78

TIME:s 202 14 4l

FRAMES PER B-THMP MEANT 00830
WBER TAPE RCDS: we@lve

ANGLE® 80045

PGLARIZs V

Figure 17. Sample Print Out of Supplementary Frame
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ORIGINAL PAGE 1S
OF POOR QUALITY

TAPE NBR: _ . _

FILE NBR: _ -

FIELD NBR: _ _ _ _

DATE: _ _/ _ /[ _ _

TIME: _ [/ /] _ _

FRAMES PER B-TMP MCAN: (> 16)

NO. TAPE RCDS/CiCLE:
*FREQ/BAND SEL'D? _

*ANGLE: .

*POLARIZ: _  ('H' or 'V')
*SUPP:

Figure 18.0 INITIALIZATION Data Frame
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will be used in computing the brightness temperature mean value.
This value must be greater than 15. The "NO.TAPE RCDS/CYCLE"
sets the number of data frame pairs (Type I and Type II sets
{5}) that will be written on magnetic tape during the next data
taking cycle. The message "FREQ/BAND SEL'D?" causes no data
initialization, but is simply a reminder to the Operator to
select the desired frequency on the Front Panel. A "Y" response
by the Operator will cause the next item, ANGLE, to be initial-
ized. Up to three decimal digits may be entered. No checking for
reasonable values is done. After the "ANGLE" value is entered
the System will expect the polarization to be entered as a "V"
or "H" character. The final entry for a "long" Initialize is
the supplementary ("SUPP'") comments. The System will accept up
to 96 characters in two equal length lines,

Referring back to Figure 16-A, if following Block 7.0
the Operator responds with "Y" then the "short" Initialization
(Block 9.0) will be executed. In this routine only those items
in Figure 18.0 which are preceded by an "*" will be requested
by the Operator.

Following entry of the supplementary comments, the
System is ready to begin taking data. This is signified by the
"START?" message. At this point the Operator can return te the
"SHORT INITIALIZE'™ (Block 7.0) or proceed to take data. There
is a third option that is available at any "OPR RESPONSE"
decision point, such as Block 3.0, and that is to type an

"ESC" character on the teletype. This option transfers control,
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unconditionally, back to the SYSTEM MONITOR module. Normally,
however, the response followiﬂg Bleck 10.0 is a "Y" and control
is passed to the "data-taking" moedule, Block 11.0. Control re-
mains in this module until the number of records ("NO. TAPE RCDS/
CYCLE") requested has been written on magnetic tape. Alter-
natively, if an End-of-Tape (EOT) encounter occurs on the tape
unit, control will pass to Block. 13,0 where an End-of-File is
automatically written and a tap; rewind is executed. As indi-
cated in Figure 16-B, the Operator is then given the option of
continuing with another data acquisition cycle or returning con-
trol te the SYSTEM MONITOR. Table 6.0 summarizes all messages
expected during normal, sequential operation of the DATA
ACQUISITION module. Error messages which may occur during opera-
tions in this module include these associated with the TAPE

UTILITY module, Table 4.0.

MSAS Controller Shut Down Procedure

1, Return program to SYSMO.

2. Make sure Rolm key is in LOCK positien.

3. Turn tape deck off.

4. Turn off system centroller,

The above procedure will ensure proper restarts when the

system is turned back on.

Antenna Positioner and Accessory Shut Down

1. Switch manual antenna positioner box on boom

truck to the "Manual" position.
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2, Take truss off boom truck and store in data van.

3. Turn off voltage regulator,

4. Turn off air conditioner and other accessories.
{The light switch may be left on so that when main
disconnect is turned on the next time, the light

will come on.)

5. Turn off main disconnect.
6. Stop generator engine,
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Table 6.0
DATA ACQUISITION Module Messages

Operator
Message Response SYSTEM/MODULE RESPONSE
"PWR FAILURE" none none; CPU sensed power-off or loss
"TAPE POSI- 'y By passes tape positioning module
TIONED?" {TAPE-SCAN).
'NY ‘Executes tape positioning module
"LAST FILE n(<9999) Skips n files on tape unit.
NBR:" -
"SUPP DUMP?" 'Y?! Prints present contents of Initial-
ization Data Values.
'N? By-passes Initialization Data Value
print out.
"SHORT INI- 'Yy? Allows changing only '#*'-items of
TIALIZE" Initialization Data.
'N? Allows changing all items of Ini-
tialization Data,
"TAPE NBR:" n(<9999) Saves Tape Identification for use
in output data.

YFILE NBR:" n{<9999) Sets initial value of File Counter
"FIELD NBR:" n{<9959) Saves Field Identifier for use in
- output data.

YDATE:" mm/dd/yy Saves Date Identifier for use in
output data.
"TIME:" hh/mm/ss Sets and starts pregram clock for
use in output data.
“FRAMES PER n(<99959) Sets Frame Counter to trigger cal-
B-TMP MEAN"Y culation of Brightness Tempera-

ture mean and variance normally
>16 and <100.
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Table 6.0 (cont'd)

p Operator
Message Response SYSTEM/MODULE RESPONSE
"NBR TAPE n(<9999) Sets counter to signal end of Tape
RCDS:" - File
""BAND SEL'D?" 'Y!' Continues executioen
'N! Prints "THEN DO IT ~---"
"ANGLE: " n(<9999) Saves angle value for output data
frame
"POLARIZE:" "H" or "V" Saves Polarization character for
output data
"SUPP:" Type up to Stores 96 characters of supple-
96 charac- mental comments along with Ini-
ters of sup- tialization data in one tape re-
plemental cord at the beginning ef the
data for file.
tape record
""COMPL" none Signifies completion of the sup-
plemental data entry.
"START?" 'Y! Begins data acquisition and re-
cording
'N? Recycles to '"SHORT INITIALIZE?"
query.
"CYCLE END, none Signifies completion of recording
LAST FILE" the requested number of tape re-
cords. Gives File number of
File just completed.
""END OF TAPE" Load 2 new An end-of-tape (EOT) was found
data tape during recording of the re-
quested data set.
"CONTINUE?" 'Y! Re-cycle control te entry of
the DATA ACQUISITION module.
'N' Re-cycle contrel to the entry of
the SYSTEM MONITOR module.
"ALARM ERROR" Check radio- Signifies any of the following:

meter hard-
ware for mal-
function

Band Over or Under Range bit is
set; 28 Volt-reading errer; L-,
C-, or X-band Monitor Alarm bit
is set.

56



Table 6.0 (cont'd)

Operator
Message Response SYSTEM/MODULE RESPONSE
"PARITY ERR" Check radio- Data frame, 32 words, has errone-
meter hard- ous parity count, i.e., parity
ware for a count is not even.
malfunction
"TEST WORD Check radio- Test word Nbr. 29 or the 32
ERR" meter hard- Word data frame is in error;

"FALSE INTER-
RU: "

ware for a
malfunction

i.e., all bits are not set
correctly.

Possible hard- System has received an interrupt

ware or soft-

ware error
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that is not in the allowable
structure.



