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ABSTRACT

An experimental GPS receiver modified and built by
the German Space Operation Center at DLR was inte-
grated into the PCsat Prototype Communication satel-
lite as an experimental payload, which provides an ex-
cellent opportunity to study the operation and perfor-
mance of the receiver onboard a microsatellite flying in
a low Earth orbit. A series of GPS tracking experi-
ments had been carried out in the past 12 months. Re-
sults obtained from these experiments demonstrated both
the ’hot’ and ’warm’ start capability of the GPS receiver,
with an achieved time-to-first-fix in no more than 60 sec
and 3 min correspondingly. GPS tracking data suggested
accurate tracking performance of the receiver, despite in-
favorable tracking condition. On average the receiver
tracked 10-11 GPS satellites out of the possible 12 avail-
able tracking channels. The large number of tracked GPS
satellites from an elevation angle of−15◦, led to a favor-
able geometry for the single point navigation solution,
where an average PDOP value of unity was observed.
Despite such tracking condition, the onboard navigation
solution yields a 3D r.m.s. of about 10-15 m due to the
presence of measurement outliers.

1. INTRODUCTION

While spaceborne GPS receivers can in general be con-
sidered as a well established tracking tool for low Earth
orbit (LEO) satellites, their use on micro- or nano- satel-
lites poses multiple problems from a systems engineering
point of view. Representative examples include the mass
budget, the lack of a suitable attitude stabilization system,
antenna allocation problems, restricted command and tel-
metry links as well as limited onboard power resources.
The recent flight of a small GPS receiver onboard the
PCsat Prototype Communications satellite provides an il-
lustrative example of GPS operations on a 20 kg class
micro-satellites.

These limitations imposed by the satellite will have a di-
rect influence on the operation and performance of the

GPS receiver. For example, the receiver faces difficul-
ties in tracking GPS satellites continuously due to uncon-
trolled satellite attitude. Limited exterior surface area and
other mechanical restriction, poses limitations on the se-
lection of the GPS antenna and may results in a degra-
dation of the received signal strength, thus affect the re-
ceiver tracking performance. Last but not least, the lim-
ited onboard power resources, which will lead to fre-
quent discontinuous operation of the GPS receiver, in
favor to other primary mission payloads. To minimize
the degradation of performance of the GPS receiver due
to these limitations, the receiver has received numerous
software modifications for operation in LEO environ-
ment, in particular, a GPS signal acquisition aiding al-
gorithm is implemented into the receiver software to en-
sure rapid GPS signal acquisition to minimize the time-
to-first-fix (TTFF). Hence, maximizing the tracking du-
ration under each short GPS receiver operation cycle.

To validate the performance and operation of the GPS re-
ceiver onboard PCsat, a series of GPS experiments had
been carried out in the past 12 months with the assis-
tance provided by a team of dedicated radio amateurs
from around the the world. Results obtained from the ex-
periment, demonstrated both ’hot’ and ’warm’ start capa-
bility of the receiver. GPS tracking data suggest accurate
tracking performance by the receiver. Apart from that, a
preliminary study of the spin rate of the satellite was car-
ried out using GPS signal-to-noise ratio (SNR) measured
by the receiver. The resulting spin rate assessment came
into close accord with the solar panel voltage measure-
ments.

2. THE PCSAT PROTOTYPE COMMUNICATION
SATELLITE

The PCsat Prototype Communication Satellite has been
designed and built by midshipmen of the US Naval
Academy (USNA), Annapolis. It serves as a spaceborne
extension of the terrestrial Amateur Radio Automatic Po-
sition Report System (APRS), which allows the distri-
bution of position/status reports and short messages us-
ing handheld or mobile radio with omni-directional whip
antennas. The use of APRS protocols allow hundreds
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of users per pass to access the satellite. It augments
the existing worldwide terrestrial Amateur Radio APRS
tracking system by providing links for the 90% of the
earths surface not covered by the existing terrestrial net-
work (Bruninga, 2001). PCsat is licensed as an Amateur
Satellite in the Amateur Satellite Service. The satellite
has a dimension of a 10” (25 cm) cube with commercial
graded solar cells mounted on all faces of the spacecraft,
providing a typical power of 7 W in full Sun, which is
buffered in a set of 12 NiCd cells to allow operations dur-
ing eclipses (Fig. 1). The minimum power consumption
amounts to 3.5 W when sending only safe mode beacon
messages, thus leaving a best case value of 3.5 W for ther-
mal control, user communications, and experiment oper-
ations.

Fig. 1. PCsat Prototype Communication Satellite. (photo
taken during outdoor integration test as part of the
prelaunch preparation)

As part of the Kodiak Star mission, the PCsat satellite
was launched from Kodiak Island, Alaska, on September
30, 2001 (02:40 UTC). The Lockheed Martin Athena 1
rocket carried a total of four microsatellites (PICOSat,
Sapphire, PCsat and Starshine 3) with a combined weight
of about 200 kg into orbit. PCsat was released into a cir-
cular orbit of 800 km altitude with 67◦ inclination along
with PICOSat and Sapphire.

US and European radio amateurs can access the satellite
for up to six passes of 10-15 min each per day. Due to the
Earth’s oblateness the ascending node of the orbital plane
on the equator recedes at a rate of 2.6◦ per day. About
twice per year, the orbital plane is roughly perpendicular
to the Sun direction yielding a dusk-dawn orbit with a
continuous Sun illumination.

2.1. Satellite Architecture and Design

With a simplistic satellite design architecture, the entire
telmetry and command/control system was built from an
off-the-shelf Kantronics KPC-9612 Plus terminal node
controller (TNC). The TNC provides telemetry, beacon,
and communications capability. It also acts as a digital
repeater (digipeater) which provides real-time digital re-
lay of AX.25 packets data between users. The telemetry,
command and control system is designed very similarly
to a radio amateur packet radio station on ground. Where

the TNC is connected to a transceiver for radio commu-
nication, and a control unit for control and command pur-
poses. PCsat is design with dual-redundant systems, la-
beled A and B (Fig. 2). In norminal operation, the A side
is configured for 1200 baud VHF (uplink and downlink)
and the B side is set to 9600 baud UHF (uplink) and VHF
(downlink) AX.25 data communication. Users can access
PCsat via both VHF and UHF frequency depending on
his/her application. The designated downlink frequency
for TNC-A and TNC-B is 145.825 kHz and 144.390 kHz.
For use on PCsat the original TNC has been modified to
gain a total of 16 telemetry channels for housekeeping
data (power, temperature, etc.) as well as 8 configurable
command or I/O bits, 4 on/off command bits and 1 input
bit.

GPS Receiver

Control UnitTNC
(PK-9612Plus)

Transceiver

Side A

TNC
(PK-9612Plus)

Transceiver

Side B

VHF
(1200 baud)

UHF         VHF
(9600 baud)

Fig. 2. Schematic drawing of the PCsat telemetry, com-
mand and control system.

The GPS receiver is connected to both TNC-A and TNC-
B via RS-232 interface. By default, NMEA $GPGGA
messages containing navigation data are routed through
TNC-A, while Mitel data messages, containing raw GPS
measurement (pseudorange and Doppler) and channel
tracking status of the receiver are transmitted via the 9600
baud downlink at TNC-B. The NMEA navigation mes-
sages permits PCsat to report its own APRS position in-
tegrated with all the other user GPS position data in the
downlink. Thus, the GPS experiment not only provide a
study of the GPS receiver operation and performance in
orbit, it also supports the primary mission objective.

For attitude control of the satellite, a passive magnetic
stabilization technique with permanent magnet is em-
ployed onboard. The magnet is positioned within the
spacecraft structure to ensure the+z face of the satel-
lite is nadir pointing over most part of the northern atmo-
sphere (North America and Europe) and the GPS antenna
has optimum visibility to the GPS constellation. The
UHF and VHF antenna is painted alternately in black and
white to induce differential solar pressure, which leads
to a small spin rate aims to stabilize the attitude of the
spacecraft’sz axis (rotational axis) inertially and to avoid
excessive heating of the spacecraft on a single side.

Due to mechanical constraint and to avoid excessive
shadowing of the solar panels caused by the GPS antenna,
a quarter wavelength monopole antenna is selected for
GPS operation. The antenna is mounted at a corner of the
satellite structure (Fig. 3). The monopole antenna leads
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to a 3 dB loss of the received signal strength and a pream-
plifier is required to account for that loss.

Fig. 3. Monopole antenna (λ/4) for GPS operation.

3. PCSAT GPS SENSOR SYSTEM

Aside from the primary mission of PCsat, which acts as
a digital relay for APRS communication for the radio
amateur community worldwide, there are also a number
of experiments performed onboard, such as the GPS ex-
periment, the ultraviolet release experiment and the ther-
mal cooling experiment. For the GPS experiment, PCsat
carries an experimental GPS receiver developed by the
German Space Operations Center (GSOC) at DLR. The
GPS payload delievered by GSOC consists of a GPS re-
ceiver board connected to an external interface board,
as well as a low noise preamplifier (LNA) for the con-
nection with the passive quarter wavelength monopole
GPS antenna. The receiver unit measures a total of
5 cm ∗ 7.5 cm ∗ 12.5 cm at a weight of 260g (including
housing and preamplifier) (Fig. 4).

Fig. 4. DLR Orion GPS Receiver. (actual flight hardware
mounted inside the housing)

The GPS receiver is a L1 C/A code receiver with 12 phys-
ical tracking channels, based on the Mitel (now Zarlink)
design information and employs a GP2015 RF front end,
GP2021 correlator and an ARM60B 32-bit microproces-
sor. Operates with an active antenna a gain of 28 dB can
be achieved. The receiver software is stores within two
1024 kB EPROMs located at the receiver board. At boot
time, the software is loaded into the receiver’s RAM with

a total storage capacity of 512 kB via a native loader rou-
tine. The receiver software for the PCsat GPS experiment
has a size of about 200 kB. In orbit software upload is not
supported by the receiver.

All I/O between the GPS receiver and the TNCs, as well
as the power for the receiver are routed through the GPS
receiver interface board. The interface board has dimen-
sion which measured the same as the receiver board at
5 cm ∗ 10 cm and comprises a switching regulator, line
drivers for the two serial I/O ports as well as a recharge-
able NiCd battery to maintain the real-time clock and
non-volatile memory inside the receiver while discon-
nected from the main power supply. The receiver payload
consume 2 W at 5 V supply voltage. A 2.4 W power con-
sumption is measured when accounting for losses and the
switching regulator.

The software of the Mitel Orion GPS receiver is based on
a task-switching operating system, where tasks are exe-
cuted by the onboard processor according to their pre-
defined priority and the specific activation time. Tasks
with a high priority will be executed by the processor at
activation time, while other tasks with a lower execution
priority will be either suspended or interrupted by the op-
erating system until the higher priority task is completed
(Mitel, 1999).

3.1. In-Orbit Hot Start Capability

To maximize the tracking duration and performance
of the GPS receiver operating under limited power re-
sources, infavorable antenna visibility with respect to the
GPS constellation and rapid variation of Doppler shifted
GPS signal due to high dynamics of the satellite orbiting
in LEO. A Doppler aiding GPS signal acquisition algo-
rithm is implemented into the receiver software, to assist
the receiver in initial acquisition of GPS signal and to fa-
cilitate rapid signal re-acquisition in case of temporary
loss of track due to continuously variation of antenna ori-
entation caused by tumbling motion of the satellite.

The Orion GPS receiver employs a sequential signal
search process, which dynamically steers the signal track-
ing loops to search for the C/A code of a particular GPS
satellite within a Doppler frequency search bin (the de-
fault bandwidth of the search bin is set at 500 Hz to en-
sure no uncertainty in the C/A code detection process).
If no C/A code is found within this search bin, the sig-
nal search process will proceed to the next search bin.
The signal search algorithm cycles through all frequency
search bins until the C/A code of the corresponding GPS
satellite is found. For a receiver operating in LEO, the
incoming GPS signal will be Doppler shifted by a maxi-
mum of±50 kHz and the rate of change of the Doppler
offset will be significant due to the high dynamics relative
to the GPS constellation.

The Doppler aiding algorithm steers the central frequency
of the Doppler search bin with an estimated Doppler shift
value calculated based on the results obtained from the
orbit model for the user satellite (NORAD SGP4 orbit
model (Hoots & Roehrich, 1980)) and the GPS satellite
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(almanac or ephemeris orbit model). This approach will
ensure the frequency search bin that contains the C/A
code to be searched first, hence significantly shorten the
TTFF. To support a ’hot start’ of the receiver, valid GPS
almanac and ephemeris information obtained by the re-
ceiver at an earlier instance are stored inside the non-
volatile memory of the receiver, which allow the calcu-
lation of the expected Doppler shift value of all visible
GPS satellite based on the time given by the real-time
clock in the receiver.

From a real-time software implementation view point, the
NORAD SGP4 orbit model, which being an analytical
orbit model, allows the calculation of the spacecraft’s po-
sition and velocity at any given epoch with a single com-
putation process as compared with other numerical meth-
ods. And from an operational view point, the availability
and the frequent update of the NORAD two lines element
(TLE) over the Internet, makes the SGP4 model more at-
tractive and convenient to operate during a mission. The
accuracy of the Doppler prediction is governs by the age
of the TLE applied. The maximum accuracy of SGP4
is on the order to 2 km for position and 2 m/s for veloc-
ity. As the TLE gets less current, the Doppler prediction
accuracy of the aiding algorithm will deteriorate. Sig-
nificant difference in Doppler shift is observed between
the measured and prediction from a 11 days old TLE. A
13 days old TLE introduced a maximum Doppler predic-
tion difference of 612.2 Hz. Consider the bandwidth of
the Doppler frequency search bin of 500 Hz, it is recom-
mended that a once per week TLE upload strategy should
be adopted for operation of the GPS receiver onboard
PCsat (Leung et al., 2001).

3.2. Simulation Testing

Prior to the final integration of the GPS receiver for the
mission, a series of simulation using a GPS signal simu-
lator was carried out to verify the receiver software and
the overall operational performance of the receiver, es-
pecially with the integrated SGP4 orbit propagator and
the NVM support in the receiver software. Due to the
lack of information on the exact orbit and the attitude of
PCsat at the time of the simulation, a similar LEO orbit
scenario with inertially stabilized spacecraft attitude was
selected for the simulation (ionospheric delay and GPS
satellite broadcast ephemeris error are modelled in the
simulation). All testing were performed using STR2760
GPS signal simulator, which can simultaneously simu-
lates 10 GPS satellites. The GPS signal generated by the
simulator was radiated via a passive Procom GP2000 an-
tenna. The signal was received by an active M/A COM
ANPC131 antenna with an LNA gain of +26 dB at a dis-
tance of about 1 m from the transmitting antenna and
boresight angles of maximum of 60◦. The SNR at the
receiver measured between 10 dB to 24 dB as expects for
LEO operation.

The tracking performance was validated in a 10 hours
long simulation (≈ 6 orbits), where the receiver main-
tained 3D navigation with a maximum of 10 and a mini-
mum of 4 GPS satellites in lock throughout 97% of the
simulation. Since the signal simulator can only simu-

lates 10 GPS satellites simultaneously out of the possi-
ble 13-15 visible GPS satellites with an receiver’s ele-
vation mask of−15◦ at LEO. The dilution-of-precision
(DOP) value would be higher than measurements ob-
tained from PCsat due to lower number of tracked GPS
satellites, which would lead to less favorable geometry of
GPS satellite distribution used in single point positioning
(Section 4.2.1).

To study the ’hot’ start capability of the receiver, a series
of interruption in terms of power-down and power-up of
the receiver was performed to observed the behavior of
the receiver and identify the TTFF. In all occasions, the
receiver was able to obtain 3D navigation after a maxi-
mum of 20s since switch on. And in most cases, the re-
ceiver could lock onto a minimum of 6 to a maximum of
9 satellites within 20s after switch on. This observation
applies to all on-off experiments with different duration,
ranging from 1 min to 57 min (Leung & Montenbruck,
2001).

Fig. 5 and Fig. 6 indicates the position and velocity error
of the receiver generated navigation solution, with corre-
sponding 3D rms of 3.4 m and 0.8 m/s.
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Fig. 5. Position errors from GPS signal simulation.
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Fig. 6. Velocity errors in GPS signal simulation.

4. PCSAT GPS EXPERIMENTS

The aims of PCsat GPS Experiment are to validate the
Doppler aiding concept, the tracking performance of the
receiver in LEO and the overall performance of the re-
ceiver’s hardware and software. Due to the limited
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Table 1. GPS tracking campaign and PCsat full-Sun pe-
riod of 2002.

GPS
Exp.

Full-Sun Objective

1 6 Jan - 22 Jan GPS tracking perfor-
mance validation

2 7 Jun - 23 Jun GPS SNR and space-
craft spin rate study

3 20 Sep - 28 Sep GPS tracking perfor-
mance validation

power resources onboard PCsat, GPS receiver operation
is highly restricted and require a close monitoring on the
power level of the satellite, to avoid causing inconve-
nience to other users. GPS operation is only carry out
during full-sun season, where the power margin is more
favorable to operate the receiver. A total of three GPS
experiments had been carried out in the past year dur-
ing the full-sun period as listed in Table 1 with the corre-
sponding objective of each tracking campaign. With the
assistance of a group of dedicated radio amateur opera-
tors from around the world (Fig. 7), and Internet linked
special ground stations (IGates), an extensive set of GPS
tracking data was collected.

4.1. Initial GPS Operation

To ensure a smooth initial operation of the GPS receiver,
a valid set of GPS almanac, TLE were stored inside the
receiver’s non-volatile memory. The receiver onboard
clock was also synchronized to GPS time prior launch
to allow the computation of expected Doppler shift, thus,
assist the receiver in initial signal acquisition upon first
activation in orbit.

The receiver was first switched on less than 24 hours af-
ter launch, but telemetry data obtained from the USNA
ground station at Annapolis suggested the receiver was
experiencing difficulties in acquiring enough GPS satel-
lites to produce a 3D navigation solution (Montenbruck,
2001). Subsequent investigation based on receiver mea-
sured SNR and tracking data, voltage reading of solar
panels onboard PCsat and information obtained from the
other two satellites, PICOSat and Sapphire (put into the
same orbit by the same launcher), indicated an unfavor-
able spin rate as well as a undetermined tumbling mo-
tion of the spacecraft after separation from the launcher
in combination with the satellite selection strategy imple-
mented in the receiver software.

These rotational and tumbling motion of the satellite led
to rapidly varying antenna attitude with respect to the
GPS constellation introduced great difficulty to the re-
ceiver in achieving bit and frame synchronization with a
particular PRN. Although the Doppler aiding algorithm
was providing correct Doppler shift information to the
frequency search routine inside the receiver, the unfavor-

able tracking condition, would caused difficulty in detect-
ing the C/A code within the correct frequency search bin.
Due to this phenomenon and the nature of the sequen-
tial signal search process, the search would proceed to
the neighbouring search bin to search through a maxi-
mum frequency range of±15 kHz. Once this had oc-
curred, it was highly unlikely that the correct search bin
was searched where the C/A was located due to the rapid
variation of the Doppler shift value caused by the high
dynamics.

In the second attempt, on the 31 October 2001, the GPS
receiver was able to track 11-12 GPS satellites upon re-
ceiving a set current TLE. This observation indicated the
improve GPS antenna attitude over the 30 days period,
which would suggested by a reduced spin rate and tum-
bling motion caused by magnetic stabilization onboard.
The receiver continue to operate and provide 3D naviga-
tion solution since then.

4.2. GPS Receiver Performance

4.2.1. Tracking Performance

Data collected from the three GPS tracking campaigns in-
clude NMEA $GPGGA message (@ VHF-A 1200 baud)
and proprietary GPS messages containing raw pseudor-
ange, range rate and tracking channel status (@ UHF-
B 9600 baud). In January campaign, a total of 1700
$GPGGA messages were collected in a 12 days period,
which corresponds to a data arc of about 28 hr. Due to
heavy terrestial communication which interfered with the
data collection and the long message nature of the pro-
prietary messages, some portions of collected messages
were corrupted and require extensive manual editing to
extract meaningful information.

Out of the 1700 $GPGGA messages, 95% contain 3D
navigation solution with an average of 10-11 tracked GPS
satellites from the visible 13-15 at the default−15◦ eleva-
tion mask setting. Fig. 8 shows a rather even distribution
of tracked GPS satellite across a range of elevation angles
(−15◦ ≤ E ≥ +90◦). The selection of GPS satellites lo-
cated at such board range of elevation angles have a posi-
tive impact on the geometry in the navigation solution by
lowering the PDOP value. With the inclusion of lower
elevation GPS satellites, the accuracy of the vertical po-
sition component estimation will increase due to a reduc-
tion in VDOP. Table 2 shows the average (V/H/P)DOPs
value for the single point navigation solution. Due to the
tracking of GPS satellite below the local horizon, an aver-
age of unity PDOPs values are observed. Individual DOP
values vary from 1-2.

4.2.2. Doppler Aiding for Signal Acquisition

The Doppler aiding algorithm was validated from a series
of on-off operation. In ’hot’ start condition, the receiver
obtained 3D navigation fixes within 60 s after activation.
For ’warm’ start, where the receiver has a set of valid GPS
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Fig. 7. Radio amateur ground stations distribution for the PCsat GPS tracking campaign.

Table 2. Mean VDOP, HDOP and PDOP values of single
point navigation solution.

GPS Experiment ¯VDOP ¯HDOP ¯PDOP
January 1.187 0.944 1.528
September 0.902 0.873 1.265
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Fig. 8. Distribution of tracked GPS satellites w.r.t. eleva-
tion (E > −15◦, sin(E) > −0.26).

almanac and a good estimate of the current GPS time, a
3 min TTFF was observed. The slightly longer TTFF as
compare to signal simulation results is probably due to
the telemetry update rate at only 30 s as configured for
PCsat.

4.2.3. Measurement Accuracy

Without a reference orbit for qualitative navigation accu-
racy assessment, a quantitative approach was taken to an-
alyze the accuracy of the raw GPS measurements, namely

pseudorange (ρ) and range rate (ρ̇) and in terms obtain
an understanding of the achievable navigation accuracy.
The aim of the analysis was to identify and remove mea-
surement outliers and investigate the effect of these out-
liers have on the overall navigation accuracy. Using IGS
precise GPS orbits and clock data to remove broadcast
ephemeris errors. No media correction was performed
due to a lack of suitable ionospheric delay model for
LEO and based on the assumption that all tracked signals
pass the Earth at a minimum of altitude of 550 km which
is well above the ionospheric bulge. Single point posi-
tioning using least square method was then performed
on the data set. To avoid singularity and rapid conver-
gence of the least square solution, an a prior state vector
of the satellite was obtained using the NORAD SGP4 or-
bit model. Measurement residual which was greater than
10 m for pseudorange and 2.5 m/s for range rate was re-
jected. This process was repeated until all outliers were
removed while preserving as much measurements as pos-
sible.

Measurements obtained from the January and Septem-
ber campaign has similar distribution of pseudorange and
range rate residual. The distribution of measurement
residual for the September data set is show in Fig. 9 and
Fig. 10. Although there are only 59 set of raw pseudor-
ange and range rate compare with 230 obtained from the
January campaign, the standard derivation of the mea-
surement errors are similar as shown in Table 3. Out
of the 490 pseudorange and range rate measurements,
13% and 4% were rejected based on the editing criterion
described above. The occurrence of outliers was pro-
nounced at (re)-acquisition of GPS signal, which occur
rather frequently due to the tumbling motion of the satel-
lite.

The higher measurement noise standard derivation as
compare with signal simulation results ofσρ = 1 m
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andσρ̇ = 0.2 m/s (Leung & Montenbruck, 2001; Mon-
tenbruck & Holt, 2002) is partly due to the ionospheric
delay, multipath and broadcast ephemeris errors. The
significant variation (due to frequent signal losses/re-
acquisition caused by the continuously changing space-
craft attitude) and lower SNR observed than in signal
simulation, further increases the range rate measurement
noise.

The presence of outliers has a pronounced impact on
the navigation accuracy. A repeat of the above analy-
sis with the inclusion of outliers led to a standard deriva-
tion of measurement noise of 9.1 m for pseudorange and
1.05 m/s for range rate. Without the removal of these out-
liers in the real-time navigation fixes calculated by the
GPS receiver onboard PCsat and a mean PDOP value of
1.265 (see Table 2), the navigation solution will has an
approximated rms of 11.5 m in each components. This
observation is confirmed by batch filtering of the GPS
position data in a dynamical orbit determination system,
which yielded r.m.s. accuracies of about 10-15 m.
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Fig. 9. Distribution of pseudorange errors as derived
from single point position fixes including measurements
above−15◦ (σ = 2.67 m) (September campaign).
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Fig. 10. Distribution of range rate errors as derived from
single point velocity fixes including measurements above
−15◦ (σ = 0.61 m/s) (September campaign).

4.3. SNR and Spin Rate of PCsat

An attempt was made to identify the spin rate of PCsat in
June campaign using SNR values measured by the GPS

Table 3. Standard derivation of GPS measurement noise
without outliers.

GPS Experiment σρ σρ̇

January 2.40 m 0.55 m/s
September 2.67 m 0.61 m/s

receiver with respect to a particular PRN. Based on the
short-term variation of the SNR caused by the spinning
and/or tumbling motion of the satellite, an estimate of the
rotation rate would be obtained. With a telemetry rate
set to 10 s for higher resolution observation, a short-term
SNR cycle with a period of 80 s was observed. In Fig. 11,
it shows the SNR variation of PRN 14, where there is a
approximately 80 s period from signal acquisition to loss
of signal and this pattern repeated three times during the
pass. Similar pattern was also observed from solar panel
voltage measurements.
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Fig. 11. SNR variation for PRN 14 (2002/06/24, GPS
Week 1172).

A more detail understanding of the radio frequency (RF)
condition in terms of RF interference caused by the on-
board transceiver operations and the GPS antenna char-
acteristic are required before a final conclusion can be
reached on interrupting the SNR measurements for satel-
lite spin rate estimation.

5. CONCLUSIONS AND FUTURE ACTIVITIES

Recent flight experience of an experimental GPS receiver
onboard the PCsat Prototype Communication satellite
was presented. Despite various limitations imposed by
the satellite and the overall mission, the Orion GPS re-
ceiver’s performance has met all expectations. With the
Doppler aiding algorithm, the receiver is able to demon-
strate ’hot’ start in orbit with a TTFF of less than 60 s.
This capability allows the receiver to operate even under
limited power resources onboard. Along with the corner
mounted monopole GPS antenna concept adopted for the
GPS experiment, the receiver is able to acquire on aver-
age 10-11 GPS satellites with a maximum of 12 simulta-
neously even under the unfavorable tumbling motion of
PCsat.

5th International ESA Conference on Spacecraft Guidance, Navigation and Control Systems. 22-25 October 2002. Frascati, Italy. 7



Real-time accurate navigation is demonstrated by on-
board navigation solution with a position accuracy in the
order to 10-15 m. Preliminary analysis of the SNR mea-
surements suggested a spin rate of 80 s, which closely
agreed with independent solar panels voltage measure-
ments. But more detail analysis of the GPS antenna char-
acteristics as well as the surrounding RF environment on
the SNR measurement is required before a more solid
conclusion can be arrived.

Aside from the excellent tracking performance of the re-
ceiver, the fact that it has been in orbit for more than a
year has demonstrated its durability and reliability as a
primary navigation sensor operating on a microsatellite.
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