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Executive Summary

Detailed, quantitative, atmospheric data are essential for accurate analyses and
forecasting of mesoscale phenomena for military and civilian applications.

Over remote areas, environmental satellites provide qualitative and broad-scale
quantitative information more suitable for synoptic scale analyses. Because
satellite instruments for measuring atmospheric variables have relatively large
footprints and vertical resolutions, airborne systems remain the only reliable
source of detailed, quantitative, accurate data for remote mesoscale areas,
especially those around 500 by 500 km or smaller. Within remote or hazardous
regions, use of manned aircraft for gathering atmospheric data may not be
feasible because of the high risk to personnel and expensive equipment.

Unmanned aerial vehicles (UAVs) can carry small sensors and dropsondes into
such areas, at no risk to personnel, and at a very low cost. The U.S. Army
Research Laboratory, Battlefield Environment Directorate led the development
of a dropsonde with Global Positioning System (GPS) windfinding capability,
assisted by the Physical Sciences Laboratory of New Mexico State University.

Weather conditions at different altitudes, for a given location, can be measured
by radar techniques, a rawinsonde carrying data collection equipment aloft, or
dropping a parachute suspended package (dropsonde) from an aircraft. Wind
speed and direction of a sonde are calculated by direct tracking, or with the aid
of the OMEGA, LORAN, or GPS radio navigation systems, by measuring
time and location. Several models of GPS receivers or engines will acquire,
track, and process the GPS coarse acquisition code and navigation information.
The navigation accuracy of the GPS engine has a statistical distribution that
depends on the error in the range signal caused by selective availability and the
geometry or relative positions of the satellites and the receiver. A three-
dimensional navigation solution can be computed when the GPS engine is
tracking at least four satellites.

This report briefly discusses the dropsondes and presents the results of the
flight test. We concentrate on wind velocity measurements because GPS
windfinding was the primary innovation. The results indicate that current
technology dropsondes updated with GPS windfinding technology are capable
of producing atmospheric soundings with an accuracy at least comparable to
that from rawinsondes. = The 600-m smoothing (similar to that of the
rawinsonde system) gave values that fell mostly between the earlier and later
rawinsonde flights. The UAV dropsondes and sensors will provide important




input for the Integrated Meteorological System and other projected Army
systems. Other Department of Defense and civilian users can use this type of
data for any application in which detailed in-situ data are required from remote
areas over land or sea, where personnel could be at risk. Examples include
regions in and around forest fires, near or over spills of hazardous materials, or
through regions containing chemical or biological agents. For civilian
applications in which personnel are not at risk, light, manned aircraft could
carry onboard sensors and dispense dropsondes. The cost is expected to be low
enough that agencies and others (such as universities) with limited resources
can use these instruments. '




1. Introduction

Detailed, quantitative, atmospheric data are essential for accurate analyses and
forecasting of mesoscale phenomena for military and civilian applications.
Over remote areas, environmental satellites provide qualitative and broad-scale
quantitative information (cloud amount and type) and supply quantitative input
more suitable for synoptic scale analyses (temperature and dewpoint soundings
for standard atmospheric levels). However, satellite instruments for measuring
atmospheric variables have relatively large footprints and vertical resolutions
(Miers, Cogan, and Szymber 1992). For remote mesoscale areas (Orlanski
1975), especially 500 by 500 km or smaller, airborne systems (on-board or
ejected) remain the only reliable source of detailed, quantitative, accurate data.
Skony, Kahl, and Zaitseva (1994) provide an example of older technology
dropsondes ejected from large, manned aircraft over a remote area. Within
remote or hazardous regions, the use of manned aircraft for gathering
atmospheric data may not be feasible because of the high risk to personnel and
expensive equipment. Unmanned aerial vehicles (UAVs) can carry small
sensors and dropsondes into remote or hazardous areas without degrading other
missions, at no risk to personnel, and at a very low cost. The U.S. Army
Research Laboratory, Battlefield Environment Directorate led the development
of the dropsonde discussed in this report, assisted by the Physical Sciences
Laboratory (PSL) of New Mexico State University.

Weather conditions, at different altitudes, for a given location can be measured
by radar techniques, a rawinsonde carrying data collection equipment aloft, or
dropping a parachute suspended package (dropsonde) from an aircraft. Wind
speed and direction of a sonde are calculated by direct tracking or, with the aid
of the OMEGA, LORAN, or Global Positioning System (GPS) radio
navigation systems, by measuring time and location. The development of GPS
has provided a means of increasing the accuracy of wind speed and direction
measurements. GPS eventually will replace OMEGA and LORAN as they are
phased out. Several models of GPS receivers or engines will acquire, track,
and process the GPS coarse acquisition code and navigation information. The
navigation accuracy of the GPS engine has a statistical distribution that
depends on the error in the range signal caused by selective availability (SA)
and the geometry or relative positions of the satellites and receiver. A three-
dimensional (3-D) navigation solution can be computed when the GPS engine
is tracking at least four satellites.




This report briefly discusses the dropsondes and presents the results of the
flight test at the conclusion of phase 1. For more details on the specific
dropsondes and flight test, refer to Greenling, Luces, and Thomas (1995).

Phase 1 investigated off-the-shelf capability (as of late 1994) with a
modification to obtain wind profiles via GPS techniques. Phase 2 seeks to
produce proof-of-concept prototype dropsondes and dispenser. In this report,
we concentrate on wind velocity measurements because GPS windfinding is

the primary innovation.




2. Phase 1 Test and Results

2.1

The flight test took place on 14 Dec 1994 at White Sands Missile Range (WSMR),
NM. Two types of sondes were tested, one built from commercial parts by PSL
and one built by Radian, Inc. Both sondes used GPS techniques to obtain wind
speed and direction and standard methods to obtain temperature, pressure, and
humidity. The variables were recorded when the sondes were dropped from an
altitude of approximately 3660 m (12,000 ft) above mean-sea-level (MSL).

Radian Dropsonde

The Radian dropsonde prepared for this test was a small, tubular prototype that
had a Trimble SVeeSix-CM2 GPS engine and antenna integrated with Radian’s
LORAN board. The board was modified to use GPS information coming from the
Trimble engine instead of computing its location using the LORAN radio signals.
Several parameters in the sonde can be set and commands can be sent to the GPS
engine via a connector on the module. The sonde transmits the GPS, and pressure,
temperature, and humidity (PTH), information to the ground station through a
flexible wire antenna. The antenna is stowed with the dropsonde parachute in the
top of the tubular structure. When the parachute deploys, the antenna is extended
to its operational position by the parachute shroud line. GPS and PTH data are
transmitted using direct digital modulation of the 403-MHz carrier with 1-kb/s
encoded data. A ballute parachute is used to slow the descent of the sonde. A
single shroud line connects the parachute to the top of the sonde. The vertical
length of the parachute is about 84 cm and the horizontal section (measured
diagonally) is 94 cm.

A portable computer, battery, GPS antenna, GPS receiver/control box, and
acquisition tube are used to prepare the dropsonde before it is dropped. This
equipment is used so the Trimble GPS engine will acquire the GPS signals and
go into a 3-D navigation mode quickly after the sonde is dropped from an aircraft.
The antenna must be mounted outside the aircraft to receive the GPS signals. The
acquisition tube contains another antenna that retransmits the signals received by
the external antenna. The GPS receiver/control box transfers up-to-date time,
initial position, and almanac data to the GPS engine of the dropsonde.




2.2

The Radian ground station consists of an antenna, receiver, and computer. The
receiver/frame buffer decodes the telemetry data from the sonde and stores
(buffers) the data in frames consisting of 16 data words. Frame rate from the
sonde is four frames/s, resulting in 64 words/s. Each word is a 16-bit quantity
encoded as four ASCII hexadecimal digits. Sensor data are received in a raw
uncorrected format to reduce the processing load on the sonde. A 16-bit time tag
is added by the frame buffer to each frame to provide unambiguous lost frame
detection. The receiver sends each frame of data to the computer where it is
stored for postprocessing. Commands can be sent to the receiver to control the
receiver frequency and other parameters.

PSL Dropsonde

PSL constructed a dropsonde using a Rockwell Microtracker GPS engine, micro-
controller board, Vaisala RS80-15 radiosonde, and Aeroantenna Technology GPS
antenna. Specifications may be found in the manufacturers’ literature. The design
concept in building the sonde was to buy off-the-shelf modules and minimize
custom designs. Components were assembled in a tier structure and slid into a
cardboard tube 10 cm in diameter by 51 cm in length. The complete sonde with
parachute weighed 1.45 kg.

An assembly language program was written to command the Microtracker, record
navigation data, and transmit the desired information. The navigation information
is stripped out and retransmitted to a ground station. The Microtracker sends
frames of navigation and status information with a message identifier over a serial
receiver at 300 Bd using Vaisala’s 403-MHz carrier. A total of 52, 8-b bytes are
sent to the ground station from the dropsonde. The Microtracker provides
navigation data once a second, but data are transmitted every three seconds
because of the low baud rate. In addition, PTH data are sent to the ground station
on the 403-MHz carrier via a quarter-wave wire dipole antenna extending out of
the bottom of the dropsonde during descent.

The sonde is built so the Microtracker can be switched to standby (keep-alive) or
normal operation mode. In normal operation mode, the Microtracker tracks the
GPS satellites and transmits navigation telemetry data to the ground station. In




standby mode, only the internal clock of the Microtracker is incremented, and the
last sets of satellite parameters are maintained in static random-access memory.
The stored satellite parameters allow a rapid navigation fix when the sonde is
switched to operate mode, if the age of the parameters is less than 4 h. The GPS
antenna of the dropsonde is mounted at the top of the tube, and the parachute is
folded over the antenna. The parachute has a cross type configuration with eight
shroud lines and a length of approximately 152 cm across each section of the
cross. The dropsonde operation consists of acquiring and tracking GPS satellites
while on the ground, switching the GPS engine to standby mode, and taking the
sonde aloft in the aircraft. At the desired test altitude, the GPS engine is switched
to normal operation mode, and the sonde is dropped from the aircraft.

The ground station consists of a Vaisala Digicora MW 11 radiosonde receiver, two
computers, a modem, and a Rockwell Microtracker. The Digicora receives and
demodulates PTH and GPS data. PTH data are recorded on one of the computers
via a serial communications port. A sample of the demodulated frequency
modulated signal is sent into a modem that decodes the 300-Bd GPS data and
sends them to the second computer. The second computer also receives GPS
information from the Microtracker in the ground station.

The PSL ground station uses a modified version of the software supplied with the
Rockwell Microtracker development kit to display and record the received GPS
information. The modified software decodes the ground station GPS data and the
dropsonde telemetry data, then produces a real-time display as shown in figure 1.
In figure 1, the dropsonde data are in the lower box. The state and space vehicle
identification (SVID) numbers for each channel (CHAN) of the two receivers are
shown in the upper box. The SVID number represents the satellite being tracked
on the indicated channel, and a state 5 indicates the CHAN is processing the
satellite ranging data. An asterisk next to a CHAN number indicates the channel
is being used as a utility channel. The utility channel acquires and cycles through
the satellites in view that are not being used to compute the 3-D navigation
solution. As shown, only space vehicles 14, 22, 29, 25, and 15 are in view of the
antenna. The latitude, longitude, height, speed, and heading of the antenna are
also shown. When this figure was made, the sonde and ground station antennas



DropMon v1.92
MAIN MENU OPTIONS

Mode: 3D NAV Set Time = 23897
FOM 1 *Time = 18:27:42.162
Sats Used= 4 Date = Sun 91/29/1995 F1: Time Init

* PDOP 2.78 GPS Time 66472.163 F2: Position Init
GDOP 3.13 GPS Week = 786 F3: Mask Angle

F4: Datum Select
Lat, Long, Height= N32° 16.7@081°' Wi1@6° 45.2190° 117@.1 F5: Set Altitude
Speed, Heading = 1.11 MPH 323.21° F6: Auto 2D
) F7: Cold Start

CHAN SVID STATE C/No D-SVID D-STATE sv EL AZ F8: B.I.T Test
CH1 14 5 39 22 5 14 69.3 2990.9 F9: Store Almanat
CH2 22 5 39 14 5 22 57.5 115.6 Fl10: Load Almanac
CH3 25 5 43 25 5 29 39.7 313.4

. CH4 15 5 36 15 5 25 30.3 46.8 N: Next Menu

i CH5x 29 5 38 *x 29 5 15 16.0 216.5 ESC: Quit

R: Reset
Drop GPS Time = 66468.913 C: Clear CRT
Battery Voltage = 9.023 S: Screen
Drop Status 3D NAV
Lat, Long, Height= N32° 16.7896' W1@6* 45.2214’ 1166.7
Speed, Heading = @.64 MPH 328.13°
Ack: Mess 201

2.3

10

Figure 1. PSL ground station computer display.

Dropsonde Test

For the flight test, a helicopter rigged with a PVC tube and test computer was
used to take the sondes to an altitude of about 3660 m (12000 ft) MSL, 2440 m
(8000 ft) above ground level. Each sonde was inserted into and then dropped
through the tube so its parachute would deploy below the helicopter. Two -
Vaisala rawinsondes were launched from a site a few hundred meters
horizontally from the drop location.

The first rawinsonde was launched at 1554 universal time coordinated (UTC),
before the helicopter arrived. The second rawinsonde was launched at 1820
UTC at the completion of the dropsonde tests. Data from each rawinsonde
were used for comparison to the dropsonde information. Fisher et al. (1987)
discuss accuracies of a number of rawinsonde systems. In addition, wind
profiler data measured by the WSMR Atmospheric Profiler Research Facility




2.4

(APRF) were taken for comparison with the other instruments. Hines et al. (1993)
describe the APRF and discuss its capabilities.

The first Radian sonde was programmed and dropped from the helicopter but did
not transmit usable information to the ground station. We believe the parachute
did not deploy, based on the large number of telemetry check-sum errors received
by the ground station receiver and because of the damage to the sonde when it hit
the ground.

A PSL sonde was dropped at approximately 1721 UTC or 1021 local time, and hit
the ground 5 min and 7 s later. The received telemetry shows the Microtracker
acquired the GPS satellites and went to 3-D navigation mode about 45 s after
leaving the helicopter. There are 4 min and 22 s of usable GPS data from the
sonde that start at the 3-D navigation mode and end when the sonde hit the
ground. After hitting the ground, the sonde continued to transmit GPS and PTH
data, with the Microtracker staying in a 3-D navigation mode most of the time,
until recovered.

The final sonde dropped was a second Radian sonde. The second Radian sonde
was dropped without being updated with fresh GPS parameters because of a
procedural oversight, causing the sonde to take 143 s to acquire the GPS satellites
and go to a 3-D navigation mode. The sonde was dropped at approximately
1730 UTC, acquired 3-D navigation at approximately 1733 UTC, and stopped
transmitting at approximately 1736 UTC. The sonde transmitted good telemetry
until it hit the ground. There are 2 min and 48 s of usable GPS data from the
sonde, which start at the 3-D navigation mode and end when the sonde hit the
ground.

Test Results

The following plots present the results of the flight tests. Figures 2 through 5
contain raw wind data from the two dropsondes. To best compare the results of
the different wind measurements, it was necessary to smooth the data to reduce the
effect of noise. Figures 6 and 7 show PSL dropsonde data with only three-point
running averages applied. The averaging is performed as follows: given data
points A, B, C, the new averaged data point is B,,, = (A + B + C)/3. One source,
the rawinsonde "truth," is already smoothed within the receiver when it receives

11
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and saves the data. The effect of the smoothing is to linearly fit the data in 600-m
layers; therefore, the PSL dropsonde data were also linearly fitted in 600-m layers
for comparison to the rawinsonde. As the smoothing interval increased, the
dropsonde profiles more closely matched those from the rawinsonde. At the
600-m smoothing, the wind speed and direction nearly fit between the earlier and

later rawinsonde values.



PSL Drop1, GPS Data
Start: 12/14/94 1722 UTC
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Figure 2. PSL dropsonde raw data, sonde speed versus altitude.

Radian2, GPS Data
Start: 12/14/94 1733 UTC .
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Figure 3. Radian dropsonde raw data, sonde speed versus altitude.
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PSL Drop1, GPS Data
Start: 12/14/94 1722 UTC
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Figure 4. Radian dropsonde raw data, wind direction versus altitude.

Radian2, GPS Data
Start: 12/14/94 1733 UTC
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Figure 5. Radian dropsonde raw data, wind direction versus altitude.
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Figure 6. Comparison of PSL dropsondes to rawinsondes (speed, three -point
averages).
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Figure 7. Comparison of PSL dropsondes to rawinsondes (direction, three-point
averages).
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The method of smoothing was as close to the method reported by the maker of the
rawinsonde instrument (Vaisala) as possible (linear fit is made to the data over the
layer required). All data outside the chosen confidence level (herein plus or minus
one standard deviation) were removed and replaced with the linear fit data. A
linear fit is again produced and used in place of the original data. Figures 8
through 13 compare rawinsonde profiles with dropsonde profiles smoothed in
250- and 600-m (PSL only) layers. Limited comparisons with hourly consensus
average profiles of wind speed and direction from the APRF (not shown) yielded
larger differences, at least in part a consequence of horizontal separation of about
18 km, the different type of measurement, and the temporal smoothing inherent
in hour-long consensus averages. Finally, figures 14 and 15 compare profiles
from the PSL and Radian dropsondes, smoothed in 250-m layers.
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Figure 8. Comparison of PSL dropsondes to rawinsondes (speed, 250-m layer).
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Figure 9. Comparison of PSL dropsondes to rawinsondes (direction, 250-m layer).
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Figure 10. Comparison of PSL dropsondes to rawinsondes (speed, 600-m layer).
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Figure 11. Comparison of PSL dropsondes to rawinsondes (direction, 600-m layer).
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Figure 12. Comparison of Radian dropsondes to rawinsondes (speed, 250-m layer).
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Figure 13. Comparison of Radian dropsondes to rawinsondes (direction, 250-m layer).
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Figure 14. Comparison of PSL to Radian dropsondes (speed, 250-m layer).
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3. Problems and Discussion

All upper-air sounding instruments appear to have some form of noise in the wind
measurements. Rawinsondes are influenced by small eddy motions in the
atmosphere and swinging motions of the package under the balloon; both are real
effects but not significant to synoptic scale motion. Rawinsondes also have the
problem of error caused by the method of measuring location (radio tracking,
radar, or navigation aid). In addition, the balloon may not track the wind precisely
as it rises because of the inertia of the system. Dropsondes suffer from all the
problems of the rawinsondes. Luces et al. (1995) discuss wind measurement
corrections for dropsondes in general. In this experiment, the noise source of
interest is the error introduced into the GPS location finding, caused by the
intentional SA errors. Wind profilers have their own set of noise sources (Wolfe
et al. 1995; Cogan 1995).

The PSL and Radian receivers had interference with the reception of the GPS
satellite signals after the electronic sections were assembled and placed into the
respective cardboard tubes. Shielding was required around the GPS engines to
stop the transmission of interference signals. Radian soldered metal covers over
the Trimble GPS engine and telemetry transmitter section of the their LORAN
board. The PSL sonde would not acquire any of the GPS satellites because of an
interference signal coming from the GPS engine or Vaisala transmitter. The
problem was corrected by wrapping the outer tube surface of the PSL prototype
sonde with aluminum tape up to the GPS antenna.

The smoothed wind speed and direction data of the dropsondes are within the
range of values given by the other accepted methods (rawinsondes and profiler).
The majority of errors between the dropsondes and rawinsondes are caused by
(1) the difference between position accuracy of LORAN and GPS radio-
navigation systems, (2) different flight characteristics of the parachute and
balloon, and (3) time and location differences between measurements. Some of
the errors are correctable by applying differential (position) correction techniques
and by developing flight dynamic correction factors to account for the differences
between the parachute and balloon. GPS position fixes are normally more
accurate than the LORAN computed position, and the update rate of the GPS data
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in both dropsondes appear sufficient for an adequate representation of wind speed
and direction. Radian’s velocity update rate is every two seconds with altitude
updated every 4 s, while PSL’s velocity and altitude data are updated every three
seconds.

Of the two methods used to prepare for dropping the sondes, PSL’s is easier.
Disadvantages in the PSL method are (1) the sonde must continually run on
internal batteries or an external power supply until dropped from the aircraft, (2)
the stored GPS information is time dependent, and (3) there is a time lag to reach
the 3-D navigation mode after the sonde is dropped. The Radian preparation
method benefits by allowing the dropsonde to be powered up shortly before the
drop, conserving its internal batteries. In addition, when uploaded with up-to-date
GPS parameters, the dropsonde should acquire and reach the 3-D navigation mode
quickly after clearing the aircraft launch tube. Additional disadvantages are the
requirement of several pieces of auxiliary equipment with an externally mounted
GPS antenna, and the number of steps required to prepare the dropsonde.




4. Conclusion

The results from the phase 1 flight test indicate that current technology dropsondes
updated with GPS windfinding technology are capable of producing atmospheric
soundings with an accuracy at least comparable to that from rawinsondes. The
600-m smoothing (similar to that of the rawinsonde system) gives values that fall
mostly between the earlier and later rawinsonde flights. The flight tests planned
for the phase 2 dropsonde system will check the quality of a system designed
specifically for UAV, which will require far less manual intervention. Coincident
profiles (3- to 5-min averages) from the Mobile Profiling System (Cogan 1995;
Wolfe et al. 1995) and nearly coincident rawinsonde launches will allow a
thorough test and evaluation of the phase 2 system.

A successful UAV dropsonde system, combined with an onboard meteorological
sensor package (Cogan et al. 1991), will be able to collect detailed atmospheric
data over denied areas, along the flight path, and vertically at the dropsonde
ejection locations. The UAV dropsondes and sensors will provide important input
for the Integrated Meteorological System and other projected Army systems.
Other Department of Defense and civilian users can use this type of data for any
application in which detailed in-situ data are required from remote areas over land
or sea, where personnel could be at risk. Examples include regions in and around
forest fires, near or over spills of hazardous materials, or through regions
containing chemical or biological agents. For civilian applications in which
personnel are not at risk, light, manned aircraft could carry onboard sensors and
dispense dropsondes. The cost is expected to be low enough that agencies and
others (such as universities)with limited resources can use these instruments.

23




References

Cogan, J., “Test Results from a Mobile Profiler System,” Meteor. Appl., 2, p 97-107,
1995.

Cogan, J., M. Izquierdo, C. McDonald, H. Ballard, C. Tate, J. Stahoviak, J. Diaz,
J. De La Reza, and A. Bogner, 4 New Meteorological Sensor Package for Light
Manned and Unmanned Aircraft, TR-00291, U. S. Army Atmospheric Sciences
Laboratory, White Sands Missile Range, NM, p 19, 1991.

Fisher, E. E., F. Brousaides, E. Keppel, F. J. Schmidlin, H. C. Herring, and D.
Tolzene, Meteorological Data Error Estimates, Document 353-87, Meteorology
Group, Range Commanders Council, White Sands Missile Range, NM, p 24, 1987.

Greenling, T., S. A. Luces, and J. Thomas, Results of Dropsonde Tests Using the
Global Positioning System (GPS), Final report under contract DAAD07-91-C-
0139, Physical Science Laboratory, prepared for Battlefield Environment
Directorate, Army Research Lab., White Sands Missile Range, NM, p 39, 1995.

Hines, J. R., S. A. McLaughlin, F. D. Eaton, and W. H. Hatch, “The U S Army
Atmospheric Profiler Research Facility: Introduction and Capabilities,” Reprints of
the Eighth Symposium on Meteorological Observations and Instrumentation,

Anaheim, CA, American Meteor. Soc., p 237-242, 1993.

Luces, S. A., J. Spalding, G. Conrad, and J. Thomas, Wind Measurement by
Dropsonde: Comparison of Simulated Systems and a Wind Correction Method,
Final report under contract DAAD07-91-C-0139, Physical Science Laboratory.,
prepared for Battlefield Environ. Directorate, Army Research Lab., White Sands
Missile Range, NM, p 29, 1995.

Miers, B., J. Cogan, and R. Szymber, A Review of Selected Remote Sensor
Measurements of Temperature, Wind and Moisture, and Comparison to
Rawinsonde Measurements, TR-0315, U. S. Army Atmospheric Sciences
Laboratory, White Sands Missile Range, NM, p 41, 1992.

25




26

Orlanski, I., "A Rational Subdivision of Scales for Atmospheric Processes," Bull. Amer.
Meteor. Soc., 56, p 527-530, 1975.

Skony, S., J. Kahl, and N. Zaitseva, “Differences Between Radiosonde and Dropsonde
Temperature Profiles Over the Arctic Ocean,” J. Atmos. Ocean. Tech., 11, p 1400-
-1408, 1994.

Wolfe, D., B. Weber, D. Weurtz, D. Welsh, D. Merritt, S. King, R. Fritz, K. Moran,
M. Simon, A. Simon, J. Cogan, D. Littell, and E. Measure, “An Overview of the
Mobile Profiler System: Preliminary Results from Field Tests During the Los Angeles
Free-Radical Study”, Bull. Amer. Meteor. Soc., 76, p 523-534, 1995.




Acronyms and Abbreviations

APRF
GPS
MSL
PSL
PTH
SA
SVID
3-D
UAV
UTC
WSMR

Atmospheric Research Profiler Facility
Global Positioning System

mean sea level

Physical Sciences Laboratory
pressure, temperature, and humidity
selective availability

space vehicle identification
three-dimensional

unmanned aerial vehicle

universal time coordinate

White Sands Misslile Range

27




NASA MARSHAL SPACE FLT CTR
ATMOSPHERIC SCIENCES DIV
E501

ATTN DR FICHTL

HUNTSVILLE AL 35802

NASA SPACE FLT CTR
ATMOSPHERIC SCIENCES DIV
CODEED41 1

HUNTSVILLE AL 35812

ARMY STRAT DEFNS CMND
CSSDSLL

ATTNDR LILLY

PO BOX 1500

HUNTSVILLE AL 35807-3801

ARMY MISSILE CMND
AMSMIRD AC AD
ATTN DR PETERSON
REDSTONE ARSENAL
AL 35898-5242

ARMY MISSILE CMND
AMSMIRD AS SS

ATTN MR H F ANDERSON
REDSTONE ARSENAL

AL 35898-5253

ARMY MISSILE CMND
AMSMIRD AS SS
ATTN MR B WILLIAMS
REDSTONE ARSENAL
AL 35898-5253

ARMY MISSILE CMND
AMSMI RD DE SE

ATTN MR GORDON LILL JR
REDSTONE ARSENAL

AL 35898-5245

ARMY MISSILE CMND
REDSTONE SCI INFO CTR
AMSMI RD CS RDOC
REDSTONE ARSENAL

AL 35898-5241

Distribution

Copies

29




ARMY MISSILE CMND
AMSMI

REDSTONE ARSENAL
AL 35898-5253

CMD 420000D C0245

ATTN DR A SHLANTA
NAVAIRWARCENWPNDIV
1 ADMIN CIR

CHINA LAKE CA 93555-6001

PACIFIC MISSILE TEST CTR
GEOPHYSICS DIV
ATTN CODE 3250
POINT MUGU CA 93042-5000

LOCKHEED MIS & SPACE CO
ATTN KENNETH R HARDY
ORG 91 01 B 255

3251 HANOVER STREET
PALO ALTO CA 94304-1191

NAVAL OCEAN SYST CTR
CODE 54

ATTN DR RICHTER

SAN DIEGO CA 92152-5000

METEOROLOGIST IN CHARGE
KWAJALEIN MISSILE RANGE
PO BOX 67

APO SAN FRANCISCO

CA 96555

DEPT OF COMMERCE CTR
MOUNTAIN ADMINISTRATION
SPPRT CTR LIBRARY R 51

325 SBROADWAY

BOULDER CO 80303

DR HANS J LIEBE
NTIAITSS 3

325 SBROADWAY
BOULDER CO 80303

NCAR LIBRARY SERIALS
NATL CTR FOR ATMOS RSCH
PO BOX 3000

BOULDER CO 80307-3000

30




DEPT OF COMMERCE CTR
325 SBROADWAY
BOULDER CO 80303

DAMI POl
WASH DC 20310-1067

MIL ASST FOR ENV SCI OFC
OF THE UNDERSEC OF DEFNS
FOR RSCH & ENGR R&ATELS
PENTAGON ROOM 3D129
WASH DC 20301-3080

DEAN RMD
ATTN DR GOMEZ
WASH DC 20314

ARMY INFANTRY

ATSH CD CS OR

ATTN DR E DUTOIT

FT BENNING GA 30905-5090

AIR WEATHER SERVICE
TECH LIBRARY FL4414 3
SCOTT AFB IL 62225-5458

USAFETAC DNE
ATTN MR GLAUBER
SCOTT AFB IL 62225-5008

HQ AWSDOO 1
SCOTT AFB IL 62225-5008

PHILLIPS LABORATORY
PLLYP

ATTN MR CHISHOLM
HANSCOM AFB MA 01731-5000

ATMOSPHERIC SCI DIV
GEOPHYSICS DIRCTRT
PHILLIPS LABORATORY
HANSCOM AFB MA 01731-5000

PHILLIPS LABORATORY
PLLYP3
HANSCOM AFB MA 01731-5000

31




ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY

ATTN MP H COHEN
APG MD 21005-5071

ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY AT

ATTN MR CAMPBELL
APG MD 21005-5071

ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY CR

ATTN MR MARCHET
APG MD 21005-5071

ARL CHEMICAL BIOLOGY
NUC EFFECTS DIV
AMSRL SL CO

APG MD 21010-5423

ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY

APG MD 21005-5071

ARMY MATERIEL SYST
ANALYSIS ACTIVITY
AMXSY CS

ATTN MR BRADLEY
APG MD 21005-5071

ARMY RESEARCH LABORATORY
AMSRL D

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

ARMY RESEARCH LABORATORY
AMSRL OP SD TP

TECHNICAL PUBLISHING

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

ARMY RESEARCH LABORATORY
AMSRLOPCISDTL

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

32




ARMY RESEARCH LABORATORY
AMSRL SS SH

ATTN DR SZTANKAY

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

ARMY RESEARCH LABORATORY
AMSRL

2800 POWDER MILL ROAD
ADELPHI MD 20783-1145

NATIONAL SECURITY AGCY W21
ATTN DR LONGBOTHUM

9800 SAVAGE ROAD

FT GEORGE G MEADE

MD 20755-6000

OIC NAVSWC

TECH LIBRARY CODE E 232
SILVER SPRINGS

MD 20903-5000

ARMY RSRC OFC
AMXRO GS
ATTN DR BACH
PO BOX 12211
RTP NC 27709

DR JERRY DAVIS

NCSU

PO BOX 8208

RALEIGH NC 27650-8208

US ARMY CECRL

CECRL GP

ATTN DR DETSCH
HANOVER NH 03755-1290

ARMY ARDEC
SMCAR IMI 1 BLDG 59
DOVER NIJ 07806-5000

ARMY SATELLITE COMM AGCY
DRCPM SC 3
FT MONMOUTH NIJ 07703-5303

ARMY COMMUNICATIONS
ELECTR CTR FOR EW RSTA
AMSEL EW D

FT MONMOUTH NJ 07703-5303

33




ARMY COMMUNICATIONS
ELECTR CTR FOR EW RSTA
AMSEL EW MD

FT MONMOUTH NJ 07703-5303

ARMY DUGWAY PROVING GRD
STEDPMTDAL 3
DUGWAY UT 84022-5000

ARMY DUGWAY PROVING GRD
STEDP MT M

ATTN MR BOWERS

DUGWAY UT 84022-5000

DEPT OF THE AIR FORCE
OL A 2D WEATHER SQUAD MAC -
HOLLOMAN AFB
NM 88330-5000

PL WE
KIRTLAND AFB NM
87118-6008

USAF ROME LAB TECH
CORRIDOR W STE 262 RL SUL
26 ELECTR PKWY BLD 106
GRIFFISS AFB

NY 13441-4514

AFMC DOW
WRIGHT PATTERSON AFB
OH 0334-5000

ARMY FIELD ARTLLRY SCHOOL
ATSF TSM TA
FT SILL OK 73503-5600

NAVAL AIR DEV CTR
CODE 5012

ATTN AL SALIK
WARMINISTER PA 18974

ARMY FOREGN SCI TECH CTR
CM

220 7TH STREET NE
CHARLOTTESVILLE

VA 22901-5396

34




NAVAL SURFACE WEAPONS CTR
CODE G63
DAHLGREN VA 22448-5000

ARMY OEC
CSTE EFS

PARK CENTER IV

4501 FORD AVE
ALEXANDRIA VA 22302-1458

ARMY CORPS OF ENGRS
ENGR TOPOGRAPHICS LAB
ETLGSLB

FT BELVOIR VA 22060

ARMY TOPO ENGR CTR
CETECZC 1
FT BELVOIR VA 22060-5546

LOGISTICS CTR
ATCL CE
FT LEE VA 23801-6000

SCI AND TECHNOLOGY
101 RESEARCH DRIVE
HAMPTON VA 23666-1340

ARMY NUCLEAR CML AGCY
MONA ZB BLDG 2073
SPRINGFIELD VA 22150-3198

USATRADOC
ATCD FA
FT MONROE VA 23651-5170

ARMY TRADOC ANALYSIS CTR
ATRC WSS R
WSMR NM 88002-5502

ARMY RESEARCH LABORATORY
AMSRL BE S

BATTLEFIELD ENVIR DIR

WSMR NM 88002-5501

ARMY RESEARCH LABORATORY
AMSRL BEW

BATTLEFIELD ENVIR DIR

WSMR NM 88002-5501

ARMY RESEARCH LABORATORY

35




AMSRL BE

ATTN MR VEAZY
BATTLEFIELD ENVIR DIR
WSMR NM 88002-5501

DTIC

8725 JOHN J KINGMAN RD
SUITE 0944

FT BELVOIR VA 22060-6218

ARMY MISSILE CMND
AMSMI

REDSTONE ARSENAL
AL 35898-5243

ARMY DUGWAY PROVING GRD
STEDP 3
DUGWAY UT 84022-5000

USATRADOC

ATCD FA

FT MONROE VA 23651-5170
WSMR TECH LIBRARY BR
STEWS IM IT

WSMR NM 88001

Record Copy

TOTAL

36

76




