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Chapter 4 — DGPS REQUIREMENTS
AND EQUIPMENT SELECTION

4.1 INTRODUCTION

As discussed in the previous chapters, accurate determination of aircraft position is a strong requirement in
several flight test applications and often requires a significant effort in terms of availability of test ranges
properly instrumented with optical or radar tracking systems, time for data reduction and dependency on
environmental and meteorological conditions.

The foreseen capabilities of GPS, in terms of data accuracy, quickness of data availability and reduction of
cost, moved many military and civilian flight test organizations to consider DGPS-TSPI systems.
Most efforts are addressed to GPS using C/A code, with post-flight differentiation. This is usually
preferred to GPS using P-code due to both simplicity of use and high accuracy attainable notwithstanding
its lower cost. In the following discussion of DGPS-TSPI systems requirements, we will mostly refer to
fast jets applications.

4.2 DGPS TECHNICAL REQUIREMENTS

In general, a DGPS-TSPI system has to include the following elements:
* A GPS receiver with differential capability to be installed in the aircraft;
* A ground Reference Station (RS); and
*  The software for computation of the correction parameters.
The corrections computed in the RS should be applicable to the Airborne Receiver (AR) data in post-
processing or, optionally, in real-time.
All systems have to be designed in accordance with the following military standards:
+  MIL-STD-461, for identification of electromagnetic emissions and control of the interference;
*  MIL-STD-462, for evaluation and measurement methodology of electromagnetic interference;
*  MIL-STD-704, referring to airborne electric power generation systems; and

+  MIL-STD-810, relative to the different methods for evaluating environmental factors affecting the
performance of electronic systems (temperature, humidity, vibrations, etc.).

4.2.1 Airborne Receiver

The on board receiver (L1 frequency, C/A code receiver) should have at least 9 channels. Optionally,
the system would also be able to operate with both L1 and L2 frequencies (P-code) or process carrier
phases. The ability to program the receiver, before flight, directly with the system control-display unit or
with a common PC is required. As a minimum, the following three parameters should be inserted (on the
ground) for selection of the best satellite constellation:

*  PDOP Threshold (PT). Corresponding to the minimum PDOP for positioning computation;

*  Minimum Elevation Angle (MEA). This parameter represents the minimum elevation of
satellites over the horizon for inclusion in the positioning computation; and

» Signal-to-Noise Ratio (SNR). This parameter represents the intensity of the satellite signals with
respect to noise. A low SNR has a negative effect on code acquisition.
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Moreover, the satellites should be automatically selected in order to obtain the best PDOP factor or,
alternatively, the satellites to be included in the positioning computation should be selectable by the
operator at the ground programming stage.

The airborne system has to be able to operate in both stand-alone and differential modes, and to provide
position and velocity in two and three dimensions (with or without height data). Optionally, the system

could be aided with a barometric altimeter or an inertial navigation system.

The dynamic conditions in which the sensor should operate are the following:

*  Maximum speed: 800 kts;
*  Acceleration: >4 g; and
o Jerk: >2 g/s.

The accuracies of position and velocity data, with and without Selective Availability, have to be:
+ Stand-Alone Mode (non-differential).

*  Without SA: Position: 25 m SEP;
Velocity: 0.02 m/s RMS.

*  With SA: Position: 100 m 2d-RMS;
Velocity: 0.1 m/s RMS.

¢ Real-Time Differential Mode.

e With or without SA: Position: 10 m SEP;
Velocity: 0.02 m/s RMS.

*  Post-Processing Differential Mode.

¢ With or without SA: Position: 5 m SEP;
Velocity: 0.02 m/s RMS.

Once turned-on the on-board receiver has to be able to give TSPI after not more than 2 minutes
(Time To First Fix — TTFF). If the receiver has been already initialised with external positioning data,
the information has to be provided within 1 minute (Reaction Time — REAC).

Time, position and velocity data have to be available from the receiver at a minimum rate of 1 Hz
(1 data/sec) and preferably up to 20 Hz (this data rate is sufficient for most applications, although data
rates of up to 300 Hz can be required in very high dynamics applications). The transmission of data from
the sensor to the other on-board systems (magnetic recorder, differential processing unit, etc.) can be made
with a standard RS-422/RS-232 interface and/or with ARINC-429, MIL-STD-1553, USB, etc.

The system should be able to conform to the RTCM-SC-104 standard protocol for differential corrections.

The antenna can be either a standard Fixed Radiation Pattern Antenna (FRPA) with a pre-amplification
and filtering unit, or a Controlled Radiation Pattern Antenna (CRPA) with relative control unit.

4.2.2 Ground Receiver

The minimum requirement for the GPS system in the ground RS is for an L1, C/A code receiver with
9 parallel channels. Optionally, the system would also operate with both L1 and L2 frequencies (P code),
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use carrier phase or combinations of pseudoranges and carrier phases. The system has to be able to
provide the differential correction parameters using the RTCM-SC-104 standard protocol and to record
satellite data for at list 4 hours. Finally, the system should be equipped with a control-display unit or
should be linkable to a generic PC keyboard/screen.

4.2.3 Software
The system software has to perform the following functions:

*  Provide the three-dimensional position of the aircraft (in WGS84 co-ordinates) at a frequency of
1 — 10 Hz , with an accuracy of 5 m SEP;

* Provide, with an accuracy of 0.02 m/s RMS, the velocity along the three axes of the aircraft at a
rate of 1 Hz (minimum); and

e Provide UTC time.

These data have to be computed by the software and made readily available to the operator, based on the
following input data:

e On-board GPS receiver data; and

e Ground GPS receiver data and differential corrections.

4.3 EQUIPMENT SELECTION

A large variety of GPS receivers are available on the commercial market, which can be used for DGPS
applications. Particularly, two classes of receivers are well suited for flight test applications:

*  Surveying GPS receivers; and

e Aviation GPS receivers.

The two options are briefly discussed in the following paragraphs.

4.3.1 Surveying Products

Surveying, in requiring accurate and repeatable results, is currently one of the most demanding GPS
applications. It is a common practice to employ a survey type receiver for the remote station, and an
aviation receiver for the aircraft mounted receiver (but this is certainly not the only option!).

GPS surveying products enable operators to achieve centimetre or even millimetre levels of accuracy.
Selection of GPS receivers belonging to survey class (both for ground station and aircraft installations)
should take into account, more than in standard surveying applications, factors like power consumption,
antenna requirements, operating temperature range, resistance to humidity, load factor, etc. An advantage
is that virtually all commercially available surveying receivers are already designed for DGPS operations
(generally in post-processing or on-the-fly). Examples of GPS receivers belonging to this class are the
TRIMBLE 4000SE/SSE, the ASHTECH Z-12, the NovAtel ProPak and the SOKKIA GSR2100. All these
receivers are multi-channel (up to 12 channels) with all-in-view capability. These types of receivers are
well suited for flight test applications because they are capable of tracking both pseudorange and carrier
phase observables, both on the L1 and L2 frequencies (mostly adopting cross-correlation techniques),
thereby providing centimetre level accuracies on-the-fly or even millimetre accuracies in post-processing
applications.

The majority of current receivers also adopt the ASHTECH patented Z-Technology. This is the process
for mitigating or eliminating the effects of DoD Anti-Spoofing (A-S) and thereby retaining receiver lock
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and tracking capability at all times for those satellites in view. This technique separately matches the
Y-Code on the L1 and L2 frequencies against a different, locally generated P-Code; in essence it is a
correlation process that recaptures the encryption code on each signal. Since each carrier contains the
encryption code, with sufficient signal integration the encryption bits can be estimated for signals on both
the L1 and L2 bands. Each signal is compared to the other, so the encryption code can be removed.
After this has been accomplished, it can be measured. Z-Technology receivers are capable of tracking
rapidly varying ionosphere with full observable accuracy. This cannot be accomplished with standard
cross correlation receivers. Acquisition transients settle in seconds, while the majority of other systems
have to wait minutes before the A-S observables reach equivalent accuracy [1].

A good example of a surveying GPS receiver suitable for flight test applications is the ASHTECH Z-12.
This is a 12 channel receiver which can automatically track the GPS satellites following the indications
given by the user (by means of a keyboard and a display) in terms of minimum elevation angle
(for multipath reduction) and minimum number of satellites for position calculation. The expected
accuracy of the system varies between 10 and 100 m SEP depending on SA, but this is significantly
improved using differential corrections. The keyboard and the display are located on the receiver front
panel, while the input/output connections are located on the back (Figure 4-1).

Receiver front panel Receiver back panel

Figure 4-1: ASHTECH XII/Z-12 GPS Receiver.

On the back panel there are connections for the antenna, for a photogrammetric camera, for external time
and frequency synchronization, the serial ports through which data can be transferred to a personal
computer, a magnetic tape or the telemetry system, and a humidity sensor. The receiver can operate with a
voltage between 10 and 32 Vdc, which can be provided by two external batteries linked to separate
connectors. If one of the two batteries gets flat, the luck of voltage (less than 10 Vdc) is displayed and the
other battery automatically becomes operative without interruption of data recording [1].

The ASHTECH Z-12 automatically switches to Z-tracking when anti-spoofing is employed. If A-S were
implemented in the event that a conflict arose involving the U.S. military, centimetre accurate
measurements would still be possible anywhere in the world. With the Z-tracking technology, there would
be virtually no degradation in measurement accuracy.

An antenna that can be used with the ASHTECH Z-12 receiver is shown in Figure 4-2. This is a micro-
strip antenna that can be mounted on a precisely adjustable platform and protected with an impermeable
cover.
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Figure 4-2: ASHTECH Antenna Platform (Mod. GPS S67-1575-S).

This particular antenna is designed to operate at the L1 frequency (1575.42 MHz). Its radiation pattern is
shown in Figure 4-2. The main characteristics of the ASHTECH GPS antenna are listed in Table 4-1.

Table 4-1: ASHTECH Antenna Characteristics (Mod. GPS S67-1575-S)

ELECTRICAL MECHANICAL ENVIRONMENTAL
Frequency: 1575.42 Mhz Weight: 3 oz. Temperature: — 67 °F + 185 °F
VSWR: 1.5:1 Thickness: 0.404 in. Vibrations: 10 Gs
Polarization: RHCP Diameter: 3.5 in. Height: 55000 ft

Impedance: 50 ohms Material: Aluminium 6061 —T61 /

Plastic Cover
Power Required: 1 watt
Connector: TNC
Gain: - 1.0dB 0° < ¢ < 75°
—2.5dB 75°< ¢ < 80°
—4.5dB 80°< ¢ < 85°
—7.5dB ¢ =90° @ Horizon

4.3.2 Aviation Products

Some standard aviation GPS receivers can be also used well for flight test applications, but in this case it
is essential to select products with DGPS capability (either embedded or external). This can be achieved
either in post-processing or in real-time (usually using a radio link compliant with the RTCM/RTCA
standard formats).

For example, the TRIMBLE 8100 aviation receiver is an advanced airborne navigation system designed
for the current and likely future needs of civilian and military aircraft operations. It is an advanced device

RTO-AG-160-V21 4-5




DGPS REQUIREMENTS AND EQUIPMENT SELECTION OREANTZATION

with a host of features designed to enable seamless transition between all phases of flight navigation
(i.e., oceanic, en route, terminal and non-precision approach). The 8100 receiver can operate as a
standalone device or can interface via a data terminal with a variety of sensors that input information to an
aircraft guidance system. This is a 9-channel receiver, easily upgradeable to 12-channel operation and,
when it becomes necessary, to meet the WAAS specification. TRIMBLE 8100 supports FANS concepts to
replace navigation information now provided by VOR, INS, DME, and OMEGA systems, and it is DGPS
capable, in anticipation of future Category I, II and III approach and landing certifications [2].

ASHTECH also developed a 12-channel all-in-view receiver with Z-Technology suitable for aircraft
installation. This system, named ASHTECH X-Treme, can be used in flight applications requiring
accurate trajectory measurement data, such as airborne photogrammetry and flight-testing [3].

A good combination could be also using a standard 12-channel all-in-view geodetic receiver for the DGPS
ground station (e.g., TRIMBLE 4000 SSE or ASHTECH Z-12), and an airborne receiver with embedded
or external data recording capability (e.g., TRIMBLE 8100, ASHTECH X-Treme).

4.4 REFERENCES
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