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ATTC gratefully acknowledges the contributions of the following
personnel to this study:

Mr. Antonio Palomino, White Sands Missile Range
Mr. Mark Moeglein, Stanford Research Institute




SECTION 1. SUMMARY

1.1 BACKGROUND

The U.S. Army Aviation Technical Test Center (ATTC), jointly
with White Sands Missile Range (WSMR), developed a global posi-
tioning system (GPS) vehicle tracking system. ATTC uses the
tracking system in flight testing to provide time space position-
ing information (TSPI) of fixed- and rotary-wing aircraft. The
GPS tracking system, named the Truth Data Acquisition Recording
and Display System (TDARDS), was designed to be a real-time
tracking system capable of l-meter root mean square (RMS) spheri-
cal error probable (SEP). TDARDS consists of a vehicle system or
systems (up to 10 units), a ground system, and a data link. The
TDARDS uses differential GPS technology with both carrier phase

and code measurements to provide the very accurate position solu-
tion.

1.2 PROBLEM

Determine the baseline accuracy of the TDARDS so that ATTC
can use the TDARDS in flight testing as a TSPI truth source.

1.3 OBJECTIVES

1.3.1 Quantify the accuracy of the TDARDS GPS tracking system
throughout the dynamics of normal helicopter flight.

1.3.2 Ensure that the rotor effect on the GPS signal reception
is considered.

1.4 PROCEDURES

1.4.1 ATTC conducted the accuracy measurement test at WSMR from
June 1995 through April 1996. A UH-60L BLACKHAWK helicopter was
used as the airborne platform, and the airborne GPS was mounted
in the rear of the cargo area of the aircraft. The test was con-
fined to a small area on the WSMR and optical tracking systems at
WSMR were used as the truth data. All data produced in the re-
port are with respect to the WSMR truth data.

1.4.2 Mounting of the GPS vehicle unit required mounting the GPS
receiver antenna, GPS receiver, and data link antenna. Since the
GPS antenna would be the tracking target used by WSMR optics,
care was taken to ensure maximum visibility around the helicopter
fuselage. The GPS antenna was mounted where the main fuselage
and the tailboom meet, approximately 216 inches aft of the main
rotor hub on the center line of the aircraft. The mount was a
white rectangle 8 inches wide by 8 inches tall that affixed to
the top of the tail rotor drive shaft cover. Six white stripes



were painted on each side of the airframe in an arrow shape
pointing to the GPS antenna mount (figure (fig.) 1). The GPS
receiver was mounted on the aircraft floor in the rear center of
the cargo area. The data link antenna was mounted on the bottom
of the aircraft on a cover made to fit over the cargo hook hole.

1.4.3 The GPS ground station consisted of two computers that
were interconnected, a GPS reference receiver card, a GPS
antenna, a data link transmitter, and a data link antenna. One
of the computers was used to collect GPS data to correct the
vehicle unit GPS, and the other computer was used to control the
data link to the vehicle unit GPS.

1.4.3.1 To properly set up the GPS reference receiver computer,
the GPS antenna had to be located over a first order surveyed
point less than 30 meters away from the GPS reference receiver.
The point at WSMR was on the roof of building 300. The location
of the point was surveyed just prior to the testing.

1.4.3.2 The data link computer was located in building 300
directly adjacent to the reference receiver computer. The

antenna for the data link computer was also located on the roof
of building 300.

1.4.4 The optical trackers (cinetheodolites) at WSMR were
located on the "Small Missile Range" in a rectangular pattern
(fig. 2). There were two parallel rows of 3 trackers each; the
rows were separated by approximately 7,000 feet, and the individ-
ual trackers in each row were 4,000 feet apart. A 2,500- by
6,000-foot box was centered and overlaid on the area of the
trackers in which the aircraft maneuvers were completed.

1.4.5 The test was flown in accordance with (IAW) the test plan
(appendix (app) A). Start times and stop times (app B) were

determined when the helicopter entered and exited the maneuver
box.

1.4.6 The test did not begin until the reference receiver indi-
cated a GPS constellation of at least four satellites.

1.4.7 The GPS data to be collected were the raw measurements
data (pseudorange, range rate, integrated carrier cycles, and
integrated carrier phase) on board the vehicle and ground station
for postmission processing (referred to as method 3) and the
navigation solution (latitude, longitude, altitude) generated in
the vehicle unit using the differential corrections generated by
the ground station (referred to as method 1).
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1.4.7.1 The postmission-processed GPS data used a process
referred to as carrier averaging to produce the navigation solu-
tion from the raw measurements taken at the vehicle unit and
ground station. The carrier averaging process was applied to the
GPS receiver channel by channel (or satellite by satellite).
Pseudorange and integrated carrier phase corrections were calcu-
lated by using the reference receiver data and the first order
survey data and were individually applied to the airborne GPS
receiver's code and carrier measurements. Once these corrections
were applied, the difference between pseudorange and integrated
carrier phase measurements was observed. The weighted average of
this difference over the entire interval for which the satellite
vehicle was in track determined the best estimate for the con-
stant of carrier phase integration. On a second pass through the
data, the stored constant of integration was added to the indi-
vidual integrated carrier phase samples to form the best estimate
of pseudorange. This best estimate of pseudorange data was then
used in determining position (or a navigation solution) using a
weighted least squares filter. Finally, this position solution
was smoothed with differentially corrected velocity data, which
were also derived from integrated carrier phase data.

1.4.7.2 The real-time navigation solution was calculated by
using the pseudorange and integrated carrier phase differential
corrections received from the ground station at the airborne GPS
and individually applied to the GPS receiver's pseudorange and
integrated carrier measurements. Once these corrections were
applied, the difference between pseudorange and integrated car-
rier phase measurements was observed. The weighted average of
this difference over the time the satellite vehicle had been in
track (past data only) was used as an estimate for the constant
of carrier phase integration. This constant was added to the
most recent integrated carrier phase sample to form the best
estimate of pseudorange. This best estimate of pseudorange data
was then used in determining position (or the navigation solu-
tion) using a weighted least squares filter. (Note that the
real-time (method 1) software does not currently perform the
velocity smoothing found in the postmission (method 3) software.)

1.5 RESULTS

1.5.1 The GPS antenna installation on the UH-60L tailboom proved
to be very effective for the WSMR test. The antenna provided a
highly visible target from all aspect angles of the helicopter.
The white-painted antenna mount also had a high contrast that was
easily identifiable through the optical tracker video. The added
stripes painted on the tailboom of the helicopter pointing to the
antenna were visually helpful. The GPS antenna was mounted on
the tailboom under the rotor, approximately two-thirds of the way
down the rotor. This ensured that the GPS data were exposed to
the interference problems associated with the rotor.




1.5.2 The reference receiver ground station could not be set up
to operate in the method 1 mode of position solution (differen-
tial corrections transmitted to the aircraft and the position
solution calculated on the aircraft and transmitted to the ground
station). This turned out to be caused by a setup problem with
the third RS-232 port on the ground station. This port is used
to communicate with a graphics system for displaying position.
The method 3 mode of GPS position solution (airborne GPS raw
measurements are transmitted to the ground station where they are
corrected using the reference receiver corrections and a position
solution is calculated on the ground station) was used for real-
time operation. Data presented in this report as real time used
the algorithms that would have been used on the airborne unit for
method 1 processing. These data were processed postmission and
are a representation of what the data would have been assuming a
perfect transmission data link with no data dropouts. For most
applications where there is line of sight between the ground sta-
tion and the airborne unit, this is a safe assumption.

1.5.3 Although some maneuvers were not completed within the
smaller prescribed box inside the optical trackers, all were
completed within the larger rectangle formed by the trackers
(fig. 2).

1.5.4 The helicopter performed the maneuvers IAW the test plan.
These maneuvers were increasingly more dynamic and gave a trend
of the effects of the dynamics on the GPS solution.

1.5.5 The constellation of GPS satellites viewable by both the
ground station and the airborne GPS varied between 6 and 9. The
solution switched between satellites during the dynamic maneu-
vers, but the transitions occurred without dropping below the 6
common satellites.

1.5.6 The data comparing the postmission and real-time processed
GPS position solution to the WSMR optics data are summarized in
app C and D, respectively. A summary of statistics for the post-
mission and real-time processed data is in app E.

1.6 CONCLUSIONS

1.6.1 The TDARDS is capable of tracking helicopters through
their flight envelope to an accuracy of less than 2 feet SEP in
real time. The TDARDS solution can be refined in postmission
processing to an accuracy of less than 1 foot SEP. It should be
noted that the accuracies stated are dependent on having satel-
lite coverage equivalent to the test data or better.




1.6.2 The rotor system appeared to have minimal effect on the
GPS signals. There was no difficulty in signal tracking or
acquisition, and there was no appreciable carrier-to-noise loss
due to the GPS antenna being located under the rotor.
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STEAT-FS-B  (70-10r) 3L dnN 1A

MEMORANDUM FOR SEE DISTRIBUTION

SUBJECT: Internal Test Plan (Support), Global Positioning System
(GPS), TECOM Project No. 4-CO-210-000-068, XO 399

1. REFERENCES

a. Memorandum, Department of the Air Force, Aeronautical

Systems Center, 5 May 1994, subject: Customer Test Request, U.S.
Army Aviation Technical Test Center.

b. Telephone Conversation, Mr. Rigler, AMSTE-TA-L, Head-
quarters, U.S. Army Test and Evaluation Command (HQ TECOM), and
Mr. Hamilton, STEAT-TS-P, U.S. Army Aviation Technical Test
Center (ATTC), 31 May 1994, subject: Support for GPS Test.

c. Technical Manual (TM) 55-1520-237-10, Operator’s Manual
for UH-60A through UH-60L Helicopters, 15 February 1993.

2. TEST OBJECTIVES

Support the helicopter GPS test program conducted by the
Eglin Air Force Base (AFB), Florida (FL), Range Applications
Joint Program Office (RAJPO) to:

a. Quantify the effect of rotor blade interference with GPS
receiver operation.

b. Determine a suggested location of the GPS antenna for
future helicopter use.

3. TESTING AUTHORITY

a. On 5 May 1994, the U.S. Air Force (USAF) Aeronautical
Systems Center requested HQ TECOM to direct ATTC to support the
Eglin AFB RAJPO as required for the GPS test (reference (ref)
paragraph (para) 1la).

b. On 31 May 1994, HQ TECOM directed ATTC to support the GPS
test as requested (ref 1b).

4., SYSTEM DESCRIPTION

The instrumentation to be installed on the UH-60A consists of
the GPS Coarse Acquisition Code Receiver (CACR), a GPS antenna, a
High Dynamics Instrumentation System (HDIS) GPS receiver with
solid-state recorder, a RAJPO Data Link System (DLS), a DLS
antenna, and a radar tracking transponder and antenna.

A-3




STEAT-FS-B

SUBJECT: Internal Test Plan (Support), Global Positioning System
(GPS), TECOM Project No. 4-C0-210-000-068, X0 399

5. TEST CONCEPT/PROCEDURE

a. The flight testing will be conducted at Eglin AFB, FL,
from 13 June to approximately 17 June 1994. One UH-60A helicop-
ter will be ferried from Cairns Army Airfield (AAF), Fort Rucker,
Alabama (AL), to Eglin AFB, FL. Upon arrival at Eglin AFB, the
test equipment for the GPS project will be ground checked.
DynCorp will provide aircraft staging and maintenance support at

Eglin AFB which is several miles from the test site at Eglin
range B70.

b. The test will be conducted in approximately 6 flight-
hours under day visual meteorological conditions (VMC). Ferry
flights to and from the test site (if required) may be completed
during day or night VMC or instrument meteorological conditions
(early takeoffs and late returns).

c. The flight portion of the test will be conducted at the
Eglin AFB test range. The profiles consist of standard maneu-
vers, shown in table 1, in a specified area of the range. As the
helicopter flies the profiles and GPS signal data are acquired
and recorded, cinetheodolites and ground-based range radars will
track the helicopter location and provide truth data.

Table 1. Flight Maneuvers for GPS Test

-
Bank Load
Altitudes | Airspeed | Angle Factor
MANEUVERS (ft AGL) (KIAS) (Deg) (9)
1. Racetrack 500 70 30-45 <2.0
2. Figure-8 500 70 30-45 <2.0
3. Vertical takeoff 500 TBD 0 <2.0
(100-ft increments)
4. Maximum vertical climb 500 TBD 0 <2.0
5. Medium vertical climb 500 TBD 0 <2.0
6. High speed run 500 120-130 0 <2.0
7. Rapid altitude change 100-300 100-110 0 <2.0
in flight




STEAT-FS-B

SUBJECT: Internal Test Plan (Support), Global Positioning System
(GPS), TECOM Project No. 4-C0-210-000-068, XO 399

Notes: AGL - above ground level
Deg - degrees
ft - feet
g - gravity
KIAS - knots indicated .airspeed
TBD - to be determined

6. ADMINISTRATION AND SUPPORT REQUIREMENTS
a. ATTC will provide one UH-60 helicopter and flightcrew.

b. DynCorp will provide maintenance support at Eglin AFB and
Cairns AAF as required. If this test is done on a TDY basis, the
DynCorp support crew will consist of a flight mechanic, an
electrician, and a technical inspector.

c. The 46th Test Wing (46TW) at Eglin AFB will provide test
management and coordination of the overall test effort.

d. The test equipment suite (para 4) will be provided by
RAJPO and installed by Dyncorp technicians at Cairns AAF. ATTC
will conduct flight release inspections and provide a flight
release for the internal sensor package installation.

e. USAF personnel and contractor personnel from Eglin AFB

will be flying in the aircraft during the test as test instrumen-
tation operators.

f. The aircraft will be flown without the external stores
support system. Crew will consist of two pilots, one crew chief,
and up to two instrumentation technicians. With the test equip-

ment installed, the takeoff gross weight will be approximately
15,000 pounds.

g. The aircraft will be flown within the limitations of the
UH-60 Operator’s Manual (ref 1lc) and the flight release.

h. Labor and flight-hours will be charged to XO 399.

i. ATTC will submit a test record within 35 days of test
completion.

j. The overall level of risk for this test support is LOW
(III-E).
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SUBJECT: Internal Test Plan (Support), Global Positioning System
(GPS), TECOM Project No. 4-C0-210-000-068, XO 399

7. POINT OF CONTACT

Point of contact is CWS William R. Murphy, Test Director, DSN
558-8167, commercial (205) 255-8167, or FAX (205) 255-8174, Fort

Rucker.
Wi L

JOHN V.R. REDINGTON
LTC, AV
Director, Flt Sys Test Directorate

~

FOR THE COMMANDER:

DISTRIBUTION:
C, PLANS AND SECURITY DIVISION (Mr. HAMILTON)
CW5 MURPHY, TEST DIRECTOR (2 COPIES)
C, FLIGHT TEST DIVISION B
SAFETY OFFICE
C, FLIGHT OPERATIONS DIVISION
MS. MATTHEWS, SENIOR EDITOR
TECHNICAL LIBRARY (5 COPIES)
SECRETARY, FST DIRECTORATE
(RECORD SET/RHA COPY)




DEPARTMENT OF THE ARMY
HEADQUARTERS, U.S. ARMY TEST AND EVALUATION COMMAND
ABERDEEN PROVING GROUND, MARYLAND 21005-5055

REPLY YO
ATTENTION OF

AMSTE-CT-T (70-10p) T

MEMORANDUM FOR Commander, U.S. Army Aviation Technical Test

Center, ATTN: STEAT-TS-P, Fort Rucker, AL
36362-5276

SUBJECT: Amendment 2 to Test Execution Directive, FY95
Methodology Program

1. Reference HQ TECOM Memo, AMSTE-CT-T, 12 Sep 94, subject:
Test Execution Directive, FY95 Methodology Program.

2. This memorandum, with list of projects at enclosure 1, amends
reference 1.

3. Point of contact at this headquarters is Ms. Cyndie McMullen,
AMSTE-CT, amstect®apg-9.apg.army.mil, DSN 298-1469.

FOR THE COMMANDER:

-~

%W
Encl FREDERICK D. MABANTA
Chief, Technology Development Division
Directorate for Corporate Information
and Technology

CF:
~Cdr, USAATTC, ATTN: STEAT-TS-D (Larry Eagerton)
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APPENDIX B. START AND STOP TIMES

Following are the start and stop times (Greenwich mean time
(GMT)) for each data pass on 8 June 1995. Times are shown in
following sequence: Julian date:hours:minutes:seconds.

the

PASS | MANEUVER START END

1 Level Flight 5159:18:18:50 |5159:18:19:17
2 Rapid Altitude Change 5159:18:20:21 |5159:18:21:12
3 15° Bank 5159:18:23:14 |5159:18:25:21
4 30° Bank 5159:18:26:34 [5159:18:28:10
5 45° Bank 5159:18:29:22 |5159:18:30:40
6 60° Bank 5159:18:31:48 |5159:18:32:53
7 Figure 8 5159:18:34:12 |5159:18:36:00
8 Level Flight 5159:18:37:16 | 5159:18:37:48
9 Rapid Altitude Change 5159:18:39:13 |5159:18:39:51
10 Level Flight 5159:18:41:16 |5159:18:41:43
11 15° Bank 5159:18:43:12 [ 5159:18:44:55
12 30° Bank 5159:18:46:48 |[5159:18:48:05
13 45° Bank 5159:18:49:47 |5159:18:50:47
14 60° Bank 5159:18:52:02 | 5159:18:53:00
15 Figure 8 5159:18:54:11 |[5159:18:55:09
16 Level Flight 5159:18:57:02 |[5159:18:57:29
17 Rapid Altitude Change 5159:18:59:15 | 5159:18:59:58
18 Level Flight 5159:19:01:34 [5159:19:02:03
19 15° Bank 5159:19:04:31 | 5159:19:06:19
20 30° Bank 5159:19:08:20 | 5159:19:09:41

B-1




APPENDIX C. COMPARISON OF POSTMISSION GPS POSITION SOLUTION
TO WSMR OPTICS DATA
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APPENDIX D.

COMPARISON OF REAL-TIME GPS POSITION SOLUTION
TO WSMR OPTICS DATA
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APPENDIX E. SUMMARY OF STATISTICS FOR POSTMISSION
AND REAL-TIME PROCESSED DATA
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APPENDIX F. ABBREVIATIONS

app - appendix

ATTC - U.S. Army Aviation Technical Test Center
fig. - figure

GPS - global positioning system

GMT - Greenwich mean time

IAW - in accordance with

No. - number

RMS - root mean square

SEP - spherical error probable

TDARDS - Truth Data Acquisition Recording And Display System
TSPI - time-space positioning information

TECOM - U.S. Army Test and Evaluation Command
WSMR - White Sands Missile Range
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Commander
White Sands Missile Range
ATTN: STEWS-TD-P
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NRO-DR-S (Mr. Tony Palomino) 1

White Sands Missile Range, NM 88002
Defense Technical Information Center 1

8725 John J. Kingman Road, Suite 0944
Fort Belvoir, VA 22060-6218




