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The equipment can be considered in two groups, one which is used to generate the ex-
periment program data consisting of transmitters, antennas, calibration receivers and
instrumentation, and the other used to evaluate the navigation solution data consisting
of WSMR instrumentation hardware.

2.2.1 Transmitters

Four transmitters were provided (Figure 13), one of which has the capability
of operating on batteries while carried aloft by a balloon. All transmitters were de-
signed to radiate spread spectrum signals to simulate the type of signal which would
be obtained from 621B satellites. The transmitter output signals are fed to two an-
tennas; one, the uplink signal, was used for the link to the test aircraft and the other,
the monitor link signal, was directed to the Mobile Calibration Station (MCS) (for
some flights).

Figure 13 System 621B Transmitter
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profile at the aircraft which would be similar to that received from a satellite. To
achieve this goal the system was configured with a transmitter uplink antenna with

a pattern shaped to give a constant power level for constant altitude flight paths, an
omni antenna at the aircraft, and parabolic dish antennas on the ground to route the
signal from the transmitters to the calibration receiver. In addition, a simple test
antenna was used in the WSMR field test to sample the rf field at various points to
gain an understanding of the system antenna interactions with the actual installations.

As will be seen in the test results discussion in Volume III, we improved our
understanding of some aspects of the antenna design requirements as the program
progressed. This section will, therefore, discuss the details of the electrical and
mechanical characteristics of the antenna as well as their utilization at WSMR so
that the appropriate background is available for discussion of test results and antenna
errors presented in Volume III.

The antenna utilization is best understood with respect to the type of test. Test
categories are Area Navigation, ILS, and Ground User Multipath,
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Figure 21 Omni Antenna

Omni Antenna Radiation Patterns

Formal scale model radiation patterns of a scale model omni antenna mounte d
del NC-135A aireraft were never performed. It was felt that a botton
antenna location on the NC-135A test aireraft would provide sufficient antenna cover-

ace during system demonstration testing,

Wit! i scale mode! antenna radiation patterns, satisfactory era luring
LS testing was in question, Since the balloon antenna was to b above the aircraft,
a top omni antenna location on the aireraft was dictated; however a top fusel
‘ ti vas poor for providing coverage to the ground transmitters.

| | { the T1.S gquestion plastic cale model )7 (structural equivalent
of NC-1 A} was constructes yainted black, back lighted and placed in a
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Figure 33 621B Balloon and Launch Pad Complex
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Figure 36 Balloon Telemetry Package Mounted on Load Bar

All balloon related functions we
Laboratories Bedford, Mass. (AFCR

re handled by the Air Force Cambridge Research

1) Holloman AFB Detachment. Srumman Aero-

space Corporation was responsible for the function of the 621B transmitter and its

installation and removal prior to and

2.2.7 \l’:q;“_‘,‘,,_!iff,“"“‘,“,‘;‘“ Trajectory S

Most reference trajectories pr
measurements from which position d:

at the end of each mission.

ensors

ywided by WSMR are based on angle and/or range

ita are computed. Velocity and acceleration are

usually obtained as derivative data from the position information. Thus velocity

and acceleration "measurements'’ are

, not measurements at all but are mathematical

derivations and are no more precise than the position data from which they are de~-

rived.
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To enhance the WSMR Reference data to the accuracy considered necessary for
our test program, four types of aireraft position instrumentation were utilized. The
AN/FPS-16 radar, Askania Cinetheodolites, a Doppler Velocity and Position System
(DOVAP), and an airborne LTN-51 Inertial Measuring Unit. Software packages have
been developed to filter and merge various sensor data to produce a best estimate
of trajectory (BET).

2,2.7.1 Radar

AN/FPS-16 radars normally scheduled for the 621B flights were R=113, R-123,
and R-127, Figure 38. Other radars were sometimes used if one of the above was
inoperative,

The FPS-16 radar is a C~band monopulse tracking radar capable of providing
real-time data for vehicle control and flight safety purposes, acquisition data for
range instrumentation, and vectoring data for drone and aircraft control. Skin and

Figure 37 6218 Balloon Package
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the summer months the free air temperature reached 100" to 110°F to which the

effect of heat reflection was added. In spite of very primitive working conditions,
however, the strip did provide a suitable landing field for the test aireraft. (See

Figure 63 for a view of the ILS configuration.)
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Figure 63 ILS Northrop Strip Configuration
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3.2 GROUND EQUIPMENT INSTALLATION

For area navigation tests, equipment installation was done at the five sites pre-
viously defined. Each transmitter site was configured similarly. The configuration
consisted of transmitter, associated mounting and power connections, a pole which

held the antenna at the proper height, and electric power provisions. The equipment



located at Corner Site consisted of the calibration receiver housed in the MCS,
electric power provisions, and poles with antennas mounted so that the signals from
the transmitters could be received.

lhe installation period extended from Nov. 1971 to Feb, 1972, While
the period was longer than that anticipated (due to changes in equipment availability)
it provided for an installation which we felt would withstand the desert environment
adequately, provide ease of equipment maintenance as necessary and provide a
signal well controlled in both signal level and propagation delay.

}.2.1 Pole And Antenna Installation
On 8 Nov. 1971 the WSMR engineers completed the installation of six power
poles at the 621B sites, one pole at each transmitter location and two at the MCS. Th

power poles were 50 ft long with 7 ft buried below the surface. The 43-ft

pole lengths were decided on as a result of a study to eliminate possible multipath due
to antenna proximity to the ground (Ref. 19). Installation of pole hardware (antenna
mounts, dishes) was finished by 13 Nyv. 1971.

Work began on 28 Dec. 1971 to install the uplink antennas with their patterns
riented along the flight profiles as dictated by computer simulations performed
earlier. The pattern orientation with respect to antenna mounts was achieved by
electro mechanically aligning the antennas at Grumman and locking them into assem-
blies in such a way that the electrical source was aligned in both azimuth and eleva-
tion along a N/S orientation for "A" antenna and along a 13" /223", azimuth for the
"B" antennas (Ref. 9). These assemblies were shipped to Holloman AFB intact and
were installed in the uplink mounts on the poles at the transmitter sites. Great care
had been taken in levelling the antenna mounts on the poles, so that when the uplink
assemblies were installed they were properly positioned in the elevation plane. An
azimuth alignment tool was made that could be attached to the e« wunterweight shaft
to serve as a sighting references, Figure 64.
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Figure 64 Optical Alignment Tool
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Figure 65 Optical Aligning
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3.2.3 Sites Completed

)

During the period 29 Jan. to 2 Feb, 1972, the four Hazeltine transmitters were
installed on work benches at their respective sites and the calibration receiver was
installed at the MCS. See Figure 68 for completed transmitter site and Figure 18

for MCS site.

HC
TRANSMITTER

. 60Hz
INTERCOM GENERATOR

< B

-

BATTERY
BOX

Figure 65 Salt Site Transmitter Installation

3o s ILS Ground Site
I'he balloon transmitter and MCS sites at N rthr P St ip were constructed
during May and June of 1972, The transmitter site, comprised of a 4 by 6 ft con-
crete pad with a wooden 4 ft high antenna pole cemented in the pad, is shown in Figure
69. The 621B transmitter assembly and its external battery box was supported by
a wooden bench that rested on the concrete pad. Ac (60 Hz, 115v) power was supplied
to each of the three transmitter pads by WSMR-furmshed gasoline powered generators.
Figure 69, shows the "A" transmitter site: site C" and "D" are configured in the
same manner.,

The balloon launch pad was installed as per 621B Program Introduction 492A0
dated March 19, 1971. Briefly, the balloon pad consisted of seven tie=down anchors

used to moor the balloon on non-flight davs. Each stain s steel anchon 18 set in

a 5 by 3 ft concrete block buried to a depth of 5 ft allowing the anchor to be at ground

level. A 120 ft radius circle about the center anchor wa raded and roll



The MCS site was constructed as shown in Grumman drawing 477AV10135.
Two wooden poles standing 25 ft above the ground were installed, one north, one
south of 621B survey point MOS. (See survey section of 3.3.1,6 and Ref. 16 for
coordinates.) Three dish and one omni antenna were mounted to the poles as shown
in Figure 70. It was found after ground rf surveys that the three dish antennas
were not needed, greatly simplifying navigation solution data reduction. The
three disii antennas were left mounted during the flight test program at Northrop
Strip but were not used. The MCS van, during ILS testing, was parked 35 ft north
of the north pole. IRIG B timing was rf-linked from a repeater station on the west
mountain range into the MCS van's instrumentation system. The VHF antenna used
to receive IRIG B timing is shown in Figure 70. Two WSMR generators, one
60 Hz, 115v and ore 400 Hz, 115v were supplied by the range and were used to back
up the multiple Grumman generator.

WSMR = -
GENERATOR B ot s - P .
Y -5 RS .. o 4.5 i OMNI
6218 ! ANTENNA
TRANSMITTER =

.

EXTERNAL
BATTERY BOX

CONCRETE
PAD -

Figure 69 621B Transmitter Site

3.3 SITE MEASUREMENTS

Upon completion of the design portion of the 621B User Equipment Definition
and Experiment Program, it was evident that several system measurements, such
as cable lengths and signal propagation path length between transmitter and the cali-
bration receiver, could only be made after equipment installation in the field.
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0 Mobile Calibration Ground Site at Northrop Strip

Three basic kinds of site measurements were performed: (1) determination
of the specific location of the transmitting antennas; (2) signal path time of travel
measurements, and (3) measurements which insured the integrity of yvarious com-
ponents. Two of these measurements were necessary elements in the formation of
the 621B solution, and the other was necessary to understand certain aspects of the
ground system operational characteristics.

As seen in paragraph 1.3.1, the pseudo range from the ith satellite to a user is
given by

p.=E-(R:R)+b +b. (=1234"
AR SR A { Y ¢ S |

where R; = location of the ith transmitter

= pseudo range measurements from the ith transmitter

but bj = clock bias
R, =user position
B = ith unit vector

The user position and clock bias are determined by simultaneously solving the
four equations given the transmitter locations and four pseudo range measurements.
It was therefore necessary to accurately determine the transmitter locations (apparent
signal source origin).
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o

The second ILS survey located the position, to within # 3 in. of each antenna
and the point called Flare, of the origin of the data reduction coordinate system for ILS
tests. The resulting coordinates are reported in Table IV A through D. Table TV A
and C is a tabulation of antenna coordinates in the WSCS and WSTM coordinate system.
Table IV B lists the antenna coordinates in the ILS data reduction coordinate system
(DRCS). For ILS the DRCS is not the same as was used in the 50 mi Area Navigation
Test,

The 621B DRCS is a rotation and translation of the WSCS system such that the
origin is at ground level position called Flare. This position was located on the run-
way center line at the point below where the airceraft flares during a normal ILS
approach. Easting, in the 621B DRCS, is positive to the southeast at a heading of
970 15' from WSCS grid north, northing is positive to the northeast at a heading of
070 15!, Z is positive upward and is parallel to WSCS Z axis. All other coordinate
system characteristics are the same as WSCS, Figure 75.
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Figure 77 621B Survey Crews Using Electrotape to Measure Slant Range
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Figure 80 South Pole Movement as a Result of Wind Damage
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Figure 52 WSMR Engineers Straightening South Pole
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Figure 99 ILS Flight Profiles






Runway and approach marking consisted of; an outer marker made from ply-
wood painted red, shaped into an arrow 24 ft long; middle ma rker made to look like
the letter "M" 24 ft high drawn with black road surfacing oil; optical landing aid
marker, a circle 24 ft in diameter drawn with black oil; flare point, marked with the
letter "F" in black oil; threshold marker and end of runway marker, a strip of black
oil across the 150 ft runway noting the formal runway terminal points; runway edge
markers, 7 ft wide strips of black oil 50 ft long running on both sides of the runway
for 10, 000 ft. The runway surface was prepared for the mission by grading and rol-
ling the 12, 000 ft airstrip surface before flights 24 and 26. It was necessary to grade
the runway twice because of heavy rains experienced at Northrop Strip during the
period between flights 24 and 26. Figures 102 and 103 show the flooding caused by
heavy rains that delayed the ILS portion of the flight test program.




Figure 103 Flooded Balloon Launch Pad and Northrop Strip

3.5.4.2 Balloon Operations

The 1LS test performed at Northrop Strip utilized a transmitter suspended from a
45,000 cu ft, helium filled balloon. The purpose of raising a transmitter 5000 ft AGI
and placing it in a specific orientation with relation to the rest of the transmitters
was to optimize the geometry (GDOP) in the Z (the elevation) axis about the flare
point (see paragraph 3. 1).

The launching, maintenance and operation of the balloon was the responsibility
of the Al Cambridge Rescarch Lab (AFCRL). In Jan. 1972 a test inflation and flight
of the balloon and transmitter was performed. The transmitter, balloon control
package and radar transponder was suspended from the balloon load bar and flown ot
2500 ft AGL. The electronics were removed from within the transmitter case for this
first flight and replaced with lead plates having the same mass, This checkout (light
proved the equipment was satisfactory for ILS mission.
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