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Permanent Link to Innovation: Spacecraft Navigator
2021/05/29
Autonomous GPS Positioning at High Earth Orbits To initially acquire the GPS
signals, a receiver also would have to search quickly through the much larger range
of possible Doppler shifts and code delays than those experienced by a terrestrial
receiver. By William Bamford, Luke Winternitz and Curtis Hay INNOVATION
INSIGHTS by Richard Langley GPS RECEIVERS have been used in space to position
and navigate satellites and rockets for more than 20 years. They have also been used
to supply accurate time to satellite payloads, to determine the attitude of satellites,
and to profile the Earth’s atmosphere. And GPS can be used to position groups of
satellites flying in formation to provide high-resolution ground images as well as
small-scale spatial variations in atmospheric properties and gravity. Receivers in low
Earth orbit have virtually the same view of the GPS satellite constellation as receivers
on the ground. But satellites orbiting at geostationary altitudes and higher have a
severely limited view of the main beams of the GPS satellites. The main beams are
either directed away from these high-altitude satellites or they are blocked to a large
extent by the Earth. Typically, not even four satellites can be seen by a conventional
receiver. However, by using the much weaker signals emitted by the GPS satellite
antenna side lobes, a receiver may be able track a sufficient number of satellites to
position and navigate itself. To initially acquire the GPS signals, a receiver also would
have to search quickly through the much larger range of possible Doppler shifts and
code delays than those experienced by a terrestrial receiver. In this month’s column,
William Bamford, Luke Winternitz, and Curtis Hay discuss the architecture of a
receiver with these needed capabilities — a receiver specially designed to function in
high Earth orbit. They also describe a series of tests performed with a GPS signal
simulator to validate the performance of the receiver here on the ground — well
before it debuts in orbit. “Innovation” is a regular column featuring discussions about
recent advances in GPS technology and its applications as well as the fundamentals
of GPS positioning. The column is coordinated by Richard Langley of the Department
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of Geodesy and Geomatics Engineering at the University of New Brunswick, who
appreciates receiving your comments and topic suggestions. To contact him, see the
“Columnists” section in this issue. Calculating a spacecraft’s precise location at high
orbits — 22,000 miles (35,400 kilometers) and beyond — is an important and
challenging problem. New and exciting opportunities become possible if satellites are
able to autonomously determine their own orbits. First, the repetitive task of
periodically collecting range measurements from terrestrial antennas to high-altitude
spacecraft becomes less important — this lessens competition for control facilities
and saves money by reducing operational costs. Also, autonomous navigation at high
orbital altitudes introduces the possibility of autonomous station-keeping. For
example, if a geostationary satellite begins to drift outside of its designated slot, it
can make orbit adjustments without requiring commands from the ground. Finally,
precise onboard orbit determination opens the door to satellites flying in formation —
an emerging concept for many scientific space applications. Realizing these benefits
is not a trivial task. While the navigation signals broadcast by GPS satellites are well
suited for orbit and attitude determination at lower altitudes, acquiring and using
these signals at geostationary (GEO) and highly elliptical orbits (HEOs) is much more
difficult. This situation is illustrated in FIGURE 1. Figure 1. GPS signal reception at
GEO and HEO orbital altitudes. The light blue trace shows the GPS orbit at
approximately 12,550 miles (20,200 kilometers) altitude. GPS satellites were
designed to provide navigation signals to terrestrial users — because of this, the
antenna array points directly toward the Earth. GEO and HEO orbits, however, are
well above the operational GPS constellation, making signal reception at these
altitudes more challenging. The nominal beamwidth of a Block II/IIA GPS satellite
antenna array is approximately 42.6 degrees. At GEO and HEO altitudes, the Earth
blocks most of these primary beam transmissions, leaving only a narrow region of
nominal signal visibility near the limb of the Earth.This region is highlighted in gray.
If GPS receivers at GEO and HEO orbits were designed to use these higher power
signals only, precise orbit determination would not be practical. Fortunately, the GPS
satellite antenna array also produces side-lobe signals at much lower power levels.
The National Aeronautics and Space Administration (NASA) has designed and tested
the Navigator, a new GPS receiver that can acquire and track these weaker signals,
dramatically increasing signal visibility at these altitudes. While using much weaker
signals is a fundamental requirement for a high orbital altitude GPS receiver, it is
certainly not the only challenge. Other unique characteristics of this application must
also be considered. For example, position dilution of precision (PDOP) figures are
much higher at GEO and HEO altitudes because visible GPS satellites are
concentrated in a much smaller region with respect to the spacecraft antenna. These
poor PDOP values contribute considerable error to the point-position solutions
calculated by the spacecraft GPS receiver. Extreme Conditions. Finally, spacecraft
GPS receivers must be designed to withstand a variety of extreme environmental
conditions. Variations in acceleration between launch and booster separation are
extreme. Temperature gradients in the space environment are also severe.
Furthermore, radiation effects are a major concern — spaceborne GPS receivers
should be designed with radiation-hardened parts to minimize damage caused by
continuous exposure to low-energy radiation as well as damage and operational
upsets from high-energy particles. Perhaps most importantly, we typically cannot



repair or modify a spaceborne GPS receiver after launch. Great care must be taken to
ensure all performance characteristics are analyzed before liftoff. Motivation As
mentioned earlier, for a GPS receiver to autonomously navigate at altitudes above the
GPS constellation, its acquisition algorithm must be sensitive enough to pick up
signals far below that of the standard space receiver. This concept is illustrated in
FIGURE 2. The colored traces represent individual GPS satellite signals. The topmost
dotted line represents the typical threshold of traditional receivers. It is evident that
such a receiver would only be able to track a couple of the strong, main-lobe signals
at any given time, and would have outages that can span several hours. The lower
dashed line represents the design sensitivity of the Navigator receiver. The 10 dB
reduction allows Navigator to acquire and track the much weaker side-lobe signals.
These side lobes augment the main lobes when available, and almost completely
eliminate any GPS signal outages. This improved sensitivity is made possible by the
specialized acquisition engine built into Navigator’s hardware. Figure 2. Simulated
received power at GEO orbital altitude. Acquisition Engine Signal acquisition is the
first, and possibly most difficult, step in the GPS signal processing procedure. The
acquisition task requires a search across a three-dimensional parameter space that
spans the unknown time delay, Doppler shift, and the GPS satellite pseudorandom
noise codes. In space applications, this search space can be extremely large, unless
knowledge of the receiver’s position, velocity, current time, and the location of the
desired GPS satellite are available beforehand. Serial Search. The standard approach
to this problem is to partition the unknown Doppler-delay space into a sufficiently
fine grid and perform a brute force search over all possible grid points. Traditional
receivers use a handful of tracking correlators to serially perform this search.
Without sufficient information up front, this process can take 10–20 minutes in a low
Earth orbit (LEO), or even terrestrial applications, and much longer in high-altitude
space applications. This delay is due to the exceptionally large search space the
receiver must hunt through and the inefficiency of serial search techniques.
Acquisition speed is relevant to the weak signal GPS problem, because acquiring
weak signals requires the processing of long data records. As it turns out, using serial
search methods (without prior knowledge) for weak signal acquisition results in
prohibitively long acquisition times. Many newer receivers have added specialized
fast-acquisition capability. Some employ a large array of parallel correlators; others
use a 32- to 128-point fast Fourier transform (FFT) method to efficiently resolve the
frequency dimension. These methods can significantly reduce acquisition time.
Another use of the FFT in GPS acquisition can be seen in FFT-correlator-based block-
processing methods, which offer dramatically increased acquisition performance by
searching the entire time-delay dimension at once. These methods are popular in
software receivers, but because of their complexity, are not generally used in
hardware receivers. Exceptional Navigator. One exception is the Navigator receiver.
It uses a highly specialized hardware acquisition engine designed around an FFT
correlator. This engine can be thought of as more than 300,000 correlators working
in parallel to search the entire Doppler-delay space for any given satellite. The
module operates in two distinct modes: strong signal mode and weak signal mode.
Strong signal mode processes a 1 millisecond data record and can acquire all signals
above –160 dBW in just a few seconds. Weak signal mode has the ability to process
arbitrarily long data records to acquire signals down to and below –175 dBW. At this



level, 0.3 seconds of data are sufficient to reliably acquire a signal. Additionally,
because the strong, main-lobe, signals do not require the same sensitivity as the side-
lobe signals, Navigator can vary the length of the data records, adjusting its
sensitivity on the fly. Using essentially standard phase-lock-loop/delay-lock-loop
tracking methods, Navigator is able to track signals down to approximately –175
dBW. When this tracking loop is combined with the acquisition engine, the result is
the desired 10 dB sensitivity improvement over traditional receivers. FIGURE 3
illustrates Navigator’s acquisition engine. Powered by this design, Navigator is able
to rapidly acquire all GPS satellites in view, even with no prior information. In low
Earth orbit, Navigator typically acquires all in-view satellites within one second, and
has a position solution as soon as it has finished decoding the ephemeris from the
incoming signal. In a GEO orbit, acquisition time is still typically under a minute.
Figure 3. Navigator signal acquisition engine. Navigator breadboard. GPS
constellation simulator. Navigator Hardware Outside this unique acquisition module,
Navigator employs the traditional receiver architecture: a bank of hardware tracking
correlators attached to an embedded microprocessor. Navigator’s GPS signal-
processing hardware, including both the tracking correlators and the acquisition
module, is implemented in radiation-hardened field programmable gate arrays
(FPGAs). The use of FPGAs, rather than an application-specific integrated circuit,
allows for rapid customization for the unique requirements of upcoming missions. For
example, when the L2 civil signal is implemented in Navigator, it will only require an
FPGA code change, not a board redesign. The current Navigator breadboard—which,
during operation, is mounted to a NASA-developed CPU card—is shown in the
accompanying photo. The flight version employs a single card design and, as of the
writing of this article, is in the board-layout phase. Flight-ready cards will be
delivered in October 2006. Integrated Navigation Filter Even with its acquisition
engine and increased sensitivity, Navigator isn’t always able to acquire the four
satellites needed for a point solution at GEO altitudes and above. To overcome this,
the GPS Enhanced Onboard Navigation System (GEONS) has been integrated into
the receiver software. GEONS is a powerful extended Kalman filter with a small
package size, ideal for flight-software integration. This filter makes use of its internal
orbital dynamics model in conjunction with incoming measurements to generate a
smooth solution, even if fewer than four GPS satellites are in view. The GEONS filter
combines its high-fidelity orbital dynamics model with the incoming measurements to
produce a smoother solution than the standard GPS point solution. Also, GEONS is
able to generate state estimates with any number of visible satellites, and can provide
state estimation even during complete GPS coverage outages. Hardware Test Setup
We used an external, high-fidelity orbit propagator to generate a two-day GEO
trajectory, which we then used as input for the Spirent STR4760 GPS simulator. This
equipment, shown in the accompanying photo, combines the receiver’s true state
with its current knowledge of the simulated GPS constellation to generate the
appropriate radio frequency (RF) signals as they would appear to the receiver’s
antenna. Since there is no physical antenna, the Spirent SimGEN software package
provides the capability to model one. The Navigator receiver begins from a cold start,
with no advance knowledge of its position, the position of the GPS satellites, or the
current time. Despite this lack of information, Navigator typically acquires its first
satellites within a minute, and often has its first position solution within a few



minutes, depending on the number of GPS satellites in view. Once a position solution
has been generated, the receiver initializes the GEONS navigation filter and provides
it with measurements on a regular, user-defined basis. The Navigator point solution
is output through a high-speed data acquisition card, and the GEONS state estimates,
covariance, and measurement residuals are exported through a serial connection for
use in data analysis and post-processing. We configured the GPS simulator to model
the receiving antenna as a hemispherical antenna with a 135-degree field-of-view and
4 dB of received gain, though this antenna would not be optimal for the GEO case.
Assuming a nadir-pointing antenna, all GPS signals are received within a 40-degree
angle with respect to the bore sight. Furthermore, no signals arrive from between 0
and 23 degrees elevation angle because the Earth obstructs this range. An optimal
GEO antenna (possibly a high-gain array) would push all of the gain into the feasible
elevation angles for signal reception, which would greatly improve signal visibility for
Navigator (a traditional receiver would still not see the side lobes). Nonetheless, the
following results provide an important baseline and demonstrate that a high-gain
antenna, which would increase size and cost of the receiver, may not be necessary
with Navigator. The GPS satellite transmitter gain patterns were set to model the
Block II/IIA L1 reference gain pattern. Simulation Results To validate the receiver
designs, we ran several tests using the configuration described above. The following
section describes the results from a subset of these tests. Tracked Satellites. The top
plot of FIGURE 4 illustrates the total number of satellites tracked by the Navigator
receiver during a two-day run with the hemispherical antenna. On average, Navigator
tracked between three and four satellites over the simulation period, but at times as
many as six and as few as zero were tracked. The middle pane depicts the number of
weak signals tracked—signals with received carrier-to-noise-density ratio of 30 dB-Hz
or less. The bottom panel shows how many satellites a typical space receiver would
pick up. It is evident that Navigator can track two to three times as many satellites at
GEO as a typical receiver, but that most of these signals are weak. Figure 4. Number
of satellites tracked in GEO simulation. Acquisition Thresholds. The received power
of the signals tracked with the hemispherical antenna is plotted in the top half of
FIGURE 5. The lowest power level recorded was approximately –178 dBW, 3 dBW
below the design goal. (Note the difference in scale from Figure 1, which assumed an
additional 6 dB of antenna gain.) The bottom half of Figure 5 shows a histogram of
the tracked signals. It is clear that most of the signals tracked by Navigator had
received power levels around –175 dBW, or 10 dBW weaker than a traditional
receiver’s acquisition threshold. Figure 5. Signal tracking data from GEO simulation.
Navigation Filter. To validate the integration of the GEONS software, we compared
its estimated states to the true states over the two-day period. These results are
plotted in FIGURE 6. For this simulation, we assumed that GPS satellite clock and
ephemeris errors could be corrected by applying NASA’s Global Differential GPS
System corrections, and errors caused by the ionosphere could be removed by
masking signals that passed close to the Earth’s limb. The truth environment
consisted of a 70X70 degree-and-order gravity model and sun-and-moon gravitational
effects, as well as drag and solar-radiation pressure forces. GEONS internally
modeled a 10X10 gravity field, solar and lunar gravitational forces, and estimated
corrections to drag and solar-radiation pressure parameters. (Note that drag is not a
significant error source at these altitudes.) Though the receiver produces



pseudorange, carrier-phase, and Doppler measurements, only the pseudorange
measurement is being processed in GEONS. Figure 6. GEONS state estimation errors
for GEO simulation. The results, compiled in TABLE 1, show that the 3D root mean
square (r.m.s.) of the position error was less than 10 meters after the filter
converges. The velocity estimation agreed very well with the truth, exhibiting less
than 1 millimeter per second of three-dimensional error. Navigator can provide
excellent GPS navigation data at low Earth orbit as well, with the added benefit of
near instantaneous cold-start signal acquisition. For completeness, the low Earth
orbit results are included in Table 1. Navigator’s Future Navigator’s unique features
have attracted the attention of several NASA projects. In 2007, Navigator is
scheduled to launch onboard the Space Shuttle as part of the Hubble Space
Telescope Servicing Mission 4: Relative Navigation Sensor (RNS) experiment.
Additionally, the Navigator/GEONS technology is being considered as a critical
navigational instrument on the new Geostationary Operational Environmental
Satellites (GOES-R). In another project, the Navigator receiver is being mated with
the Intersatellite Ranging and Alarm System (IRAS) as a candidate absolute/relative
state sensor for the Magnetospheric Multi-Scale Mission (MMS). This mission will
transition between several high-altitude highly elliptical orbits that stretch well
beyond GEO. Initial investigations and simulations using the Spirent simulator have
shown that Navigator/GEONS can easily meet the mission’s positioning
requirements, where other receivers would certainly fail. Conclusion NASA’s
Goddard Space Flight Center has conducted extensive test and evaluation of the
Navigator GPS receiver and GEONS orbit determination filter. Test results, including
data from RF signal simulation, indicate the receiver has been designed properly to
autonomously calculate precise orbital information at altitudes of GEO and beyond.
This is a remarkable accomplishment, given the weak GPS satellite signals observed
at these altitudes. The GEONS filter is able to use the measurements provided by the
Navigator receiver to calculate precise orbits to within 10 meters 3D r.m.s. Actual
flight test data from future missions including the Space Shuttle RNS experiment will
provide further performance characteristics of this equipment, from which its
suitability for higher orbit missions such as GOES-R and MMS can be confirmed.
Manufacturers The Navigator receiver was designed by the NASA Goddard Space
Flight Center Components and Hardware Systems Branch (Code 596) with support
from various contractors. The 12-channel STR4760 RF GPS signal simulator was
manufactured by Spirent Communications (www.spirentcom.com). FURTHER
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164410-001 4.9mm,power amplifier and antenna connectors.i’ve had the circuit
below in my collection of electronics schematics for quite some time.dell pa-9 ac
adapter 20vdc 4.5a 90w charger power supply pa9.police and the military often use
them to limit destruct communications during hostage situations,soft starter for 3
phase induction motor using microcontroller,go through the paper for more
information.ingenico pswu90-2000 ac adapter 9vdc 2a -(+) 2.5x5.5 socket jack,sony
ac-e455b ac adapter 4.5vdc 500ma used -(+) 1.4x4x9mm 90° ro.finecom
dcdz-12010000 8096 ac adapter 12vdc 10.83a -(+) 2.5x5.5m,.
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Standard briefcase – approx.nec adp57 ac dc adapter 15v 4a 60w laptop versa lx lxi
sx.hengguang hgspchaonsn ac adapter 48vdc 1.8a used cut wire power.compaq
pp007 ac adapter 18.5vdc 2.7a used -(+)- 1.7x4.8mm auto c,military attacking
jammer systems | jammer 2.sceptre ad2524b ac adapter 25w 22.0-27vdc 1.1a used -
(+) 2.5x5.5..
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Dve dsa-31s fus 5050 ac adapter+5v dc 0.5a new -(+) 1.4x3.4x9..lionville ul 2601-1 ac
adapter 12vdc 750ma-(+)- used 2.5x5.5mm,.
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As many engineering students are searching for the best electrical projects from the
2nd year and 3rd year,this industrial noise is tapped from the environment with the
use of high sensitivity microphone at -40+-3db.a frequency counter is proposed
which uses two counters and two timers and a timer ic to produce clock
signals.blackberry rim psm05r-050q 5v 0.5a ac adapter 100 - 240vac ~ 0.1,nec
pa-1700-02 ac adapter 19vdc 3.42a 65w switching power supply.cyber acoustics
sy-09070 ac adapter 9vdc 700ma power supply,.
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Toshiba adpv16 ac dc adapter 12v 3a power supply for dvd player.sil vd090030d ac
adapter 9vdc 300ma power supply transformer,at&t tp-m ac adapter 9vac 780ma
used ~(~) 2x5.5x11mm round barre.it’s also been a useful method for blocking
signals to prevent terrorist attacks.microtip photovac e.o.s 5558 battery charger
16.7vdc 520ma class,.
Email:qflV_r09z9@gmx.com
2021-05-20
Nintendo ntr-002 ac adapter 5.2vdc 320ma for nintendo ds lite,netbit dsc-51f 52100
ac adapter 5.2vdc 1a used usb connector wit,edac power ea1050b-200 ac adapter
20vdc 3a used 2.5x5.5x9mm roun.vertex nc-77c two way radio charger with kw-1207
ac adapter 12v,vt600 gps tracker has specified command code for each different sms
command.intertek bhy481351000u ac adapter 13.5vdc 1000ma used -(+) 2.3x5,.


