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Scope 

Within the framework of the jointly conducted VSB30 flight project by DLR (Germany) and 
CTA (Brazil), a newly developed GPS tracking system for high dynamic and space 
applications was flown for the first time onboard a real sounding rocket. The GPS receiver, 
called Phoenix, has been developed by DLR/GSOC and was flown as part of the rocket’s 
service module. This document provides a summary of the achieved tracking performance as 
well as the evaluation of raw and navigation data obtained during the mission.  
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1 Introduction 

1.1 Mission Overview 

In the framework of a Brazilian-German cooperation, a jointly developed dual–stage 
sounding rocket, called VSB30, has been launched in October 2004 from the Centro de 
Lançamento de Alcântara (CLA) in the north of Brazil. The main goal of the mission was to 
qualify the vehicle for a future use in European and Brazilian sounding rocket programs. 
Furthermore, the mission offered the opportunity to flight qualify the newly developed 
Phoenix GPS tracking system, dedicated for the use on orbital and suborbital platforms, 
under representative high dynamic conditions [1,2].  
 
The rocket was composed of a S31 boost motor and a S30 motor as a second stage. Both of 
the above are solid-propellant motors, developed and manufactured in Brazil. The vehicle 
was flown in an unguided configuration and thus the trajectory could not be altered after lift-
off. While the S30 motor has already successfully completed numerous flights in a single 
stage as well as dual stage configuration, the present flight represents the maiden flight of 
the S31 motor. In addition to the motors, various other key components of the rocket have 
been verified during the mission which were partly developed for the VSB30 vehicle (fin 
assembly second stage, boost adapter, etc.) and partly adopted form existing systems (fin 
assembly first stage, payload adapter, de-spin system, etc.).  

 
In order to obtain representative performance results during the flight, a dummy payload 
segment was flown as part of the rocket, comparable in size and weight to the payload 
typically used in the European Texus and Maser microgravity missions. Aside from dummy 
weights, the cylindrical payload segment accommodated a service system, comprising a data 
handling and telemetry system, numerous acceleration, temperature and vibration sensors 
as well as rate gyros providing a comprehensive set of data for a post mission analyses. 
Furthermore, a Phoenix GPS tracking system developed by DLR/GSOC for space and high 
dynamic applications was flown for the first time on a sounding rocket as part of the service 
system. Aside from providing position and velocity information for a post-mission assessment 
of the vehicle’s performance, the main objective of the flight was to test and qualify the new 
GPS receiver hardware platform in a real sounding rocket mission. Moreover, real-time GPS 
data were used on ground for operational flight safety purposes during the mission. 
 

 

Fig 1.1 The VSB30 rocket had an overall length of 12.7 m. It employed a 
VS31 boost motor and a VS30 second stage motor, which carried a 400 kg 
payload to an altitude of about 240 km 
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The rocket left the launch pad on October, 23rd 2004 at 16:51:00 UTC. During the 45 s total 
burn time of the both motors the vehicle was accelerated to a final velocity of 1676 m/s. The 
payload segment with an approximate weight of 400 kg was carried to an apogee height of 
almost 240 km, which was reached 252 s after lift-off. About 650 seconds subsequent to 
ignition of the first stage the payload landed in a distance of roughly 190 km form the launch 
site in northeastern direction in the ocean, only 700 meters away form the nominal impact 
point. An illustration of the mission profile is provided in Fig. 1.2. 
 

 
Fig. 1.2 VSB30 verification flight mission profile 
 
When telemetry was lost prior to touch down, the payload was located at  

 Logitude WGS84 = -43.248°  
 LatitudeWGS84 = -1.035°  
 hWGS84 = 1.0 km . 

The rather low vertical velocity component of approx. 8.6 m/s along with the sink rate of 79.2 
m/s reported in the last received navigation message suggests a final touch down of the 
payload in close proximity to the above ground position about 10 to 15 seconds thereafter. 
Due to its experimental nature as well as the absence of any scientific experiment onboard 
the payload segment, the vehicle was not equipped with a parachute system and thus no 
recovery of the module was possible. 
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1.2 Sequence of Events 

Key events of the VSB30 mission are summarized in Table 1.1, which is based on reference 
information provided by the Mobil Rocket Base as well as GPS data collected during the 
flight. All times refer to Sunday, 23 October 2004 (day of year 297, GPS week 1293). 

Table 1.1 VSB30 main events given in time since launch, UTC time, and GPS time 

Event h [km] t [s]      UTC GPS sec
Ignition 1st stage 0.1 0.0 16:51:00.0 579073.0
Lift-off 0.1 0.3 16:51:00.3 579073.3
Peak acceleration (6.8 g) 0.2 2.5 16:51:02.5 579075.5
Burnout 1st  stage 4.1 13.8 16:51:13.8 579086.8
Booster separation 4.1 13.8 16:51:13.8 579086.8
Ignition 2nd stage 5.2 16.6 16:51:16.6 579089.6
Start of coning 15.5 30.0 16:51:30.0 579103.0
Peak acceleration (11.3 g) 23.6 36.0 16:51:36.0 579109.0
Burnout 2nd stage 40.9 45.0 16:51:45.0 579118.0
Yo-Yo de-spin  72.8 62.7 16:52:02.7 579135.7
Motor separation 78.0 65.7 16:52:05.7 579138.7
Start of zero-g (h<100 km) 100.0 79.0 16:52:19.0 579152.0
Apogee 236.4 252.0 16:55:12.0 579325.0
End of zero-g (h<100 km) 100.0 425.5 16:58.05.5 579498.5
Peak deceleration (13.6 g) 29.5 466.5 16:58:46.5 579539.5
Loss of signal by DLR TM 1.0 634.0 17:01:34.0 579707.0
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1.3 Phoenix GPS Tracking System 

The Phoenix GPS receiver can be considered as the successor of DLR’s flight proven Orion-
S/HD [3,4] receivers for space and high-dynamics applications. As its predecessor, the 
Phoenix receiver combines commercial-off-the-shelf (COTS) technology with a GPS signal 
processing soft-ware specifically designed and thoroughly validated for the navigation of e.g. 
sounding rockets and low Earth orbit (LEO) satellites [5].  
 
As opposed to its predecessor, the Phoenix receiver hardware platform is a fully commercial 
product [6] available from Sigtec Navavigation (SigNav), an Australian company developing 
and marketing GPS-related technology and products. The receiver is built around the 
GP4020 chip of Zarlink [7], which combines a 12 channel correlator for L1 C/A code and 
carrier tracking, a microcontroller core with 32 bit ARM7TDMI microprocessor and several 
peripheral functions (real-time clock, watchdog, 2 UARTS etc.) in a single package. 
Moreover, the receiver employs the GP2015 radio frequency front-end chip for signal 
filtering, down-conversion and digitalization. Further key components on the main receiver 
board are a 5-to-3.3 V DC/DC converter, a 10 MHz reference TCXO, SRAM and flash 
memory devices and an onboard low-noise pre-amplifier in the radio signal branch.  
 

The receiver software has been developed by DLR/GSOC, starting form a sample source 
code for a simple terrestrial GPS application. This code has been extensively modified and 
extended to support high-dynamics space applications [5]. For use on sounding rockets, a 
position-velocity aiding has been implemented [8], which allows the receiver to obtain coarse 
values of the instantaneous position and velocity from a low-order polynomial approximation 
of the nominal flight trajectory. Using the aiding concept, the receiver is able to quickly re-
acquire tracking after temporary signal losses. Further on, the receiver uses a wide-band 3rd 
order phase-locked loop with FLL assist for carrier tracking and a carrier aided delay-lock 
loop for code tracking. This ensures robust tracking and avoids systematic steady state 
errors even under high signal dynamics. Moreover, the software has been supplemented by 
an instantaneous impact point (IIP) task that computes a real-time prediction for the touch-
down point of the rocket based on the latest valid navigation fix [9]. To the knowledge of the 
author this is the first receiver which can provides this information in real-time and onboard 
the rocket. Finally, all measurements and data outputs are synchronized to integer GPS 
seconds and a 1 pulse-per-second hardware signal for timing purposes is generated at the 
same instant.  
 
For use on VSB30, a tailor made interface board, originally designed for the Orion receiver 
and the use in Maxus/Texus missions, has been made available by Kayser-Threde (KT) [10]. 

 

Fig. 1.3 Phoenix (MG5001) receiver board. For use onboard sounding rockets and LEO satellites, the battery and 
the connectors are removed since these components are not suited for use in space applications  
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With minor modifications this board could be adapted to the Phoenix receiver hardware as 
well as the electrical interface of the service system onboard the VSB30 rocket. Besides a 
keep-alive battery for the operation of the receiver’s real time clock and non-volatile memory 
during power down phases, the I/F board provided an RS422 output to the onboard data 
handling system and a bi-directional RS422 serial port connected to the ground support 
equipment (GSE) via umbilical cable.  Further on, a RS232 serial port is available for 
diagnostic purposes and receiver firmware uploads.  
 
Due to the fact that neither a parachute system nor an experiment sensor was installed 
below the tip of the rocket no necessity was given to separate the nose cone from the rest of 
the vehicle during this test flight. This permitted the use of a single GPS antenna mounted in 
the tip of the ogive [11] for signal reception throughout the entire flight. The excellent 
performance of this type of GPS antenna during the boost and ascending flight phase, 
especially on spinning vehicles, has been demonstrated during numerous earlier flights. 
However, prior to the present flight it was unclear whether the antenna is also capable to 
withstand the thermal and mechanical stress during the atmospheric reentry. Therefore, in 
addition to its main objective, this flight was also intended to evaluate the antenna 
performance and survivability during the descending and reentry phase.  
 
For the VSB30 mission the Phoenix GPS receiver was configured to output a navigation 
solution (F40 message), the instantaneous impact point prediction (F47 message) and all 
relevant raw data (F62 message) at a 2 Hz update rate. In addition, a channel status 
message (F43) and a configuration and status parameter message (F48) was generated and 
transmitted once per seconds. 
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2 Flight Data 

During the VSB30 mission, navigation and status information have been sent from the GPS 
receiver to the ground station from lift-off up to the loss of telemetry prior to landing with the 
exception of two outages related to dropouts in the telemetry link. Data transmission was first 
lost at t+155.0 s for about 14.5 seconds and again shortly thereafter at t+186.5 s for 9 
seconds. Furthermore, the receiver temporarily lost 3D navigation for approximately 60 
second near apogee. Surprisingly, this gap in the navigation solution could not be attributed 
to a drop in the number of tracked satellites below the critical limit of four. The encountered 
problem could be traced to an internal tracking problem on one receiver channel and is 
addressed in more detail in section 2.1. Apart from the above anomaly, in the collected 
navigation data no evidence was found of an unusual receiver behavior or performance 
degradation during the flight. In the sequel various key receiver parameters as well as the 
navigation data collected during the mission are analyzed and discussed in more detail.  
Special emphasis is given to the high dynamic phases.  

2.1 Tracking Status and Signal Acquisition 

Fig. 2.1 shows the altitude profile and the history of the number of tracked satellites recorded 
during the VSB30 flight. 
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Fig. 2.1  Number of tracked satellites and altitude of the VSB30 payload as a function of the mission elapsed time 
 
A total of fourteen different GPS satellites were theoretically visible during the VSB30 flight. 
Table 2.1 summarizes the GPS visibility conditions considering the elevation limit of -10° that 
was configured in the Phoenix GPS receiver. Out of these satellites above the elevation 
mask the receiver tracked constantly between 9 and 12 satellites from lift-off up to landing, 
yielding typical PDOP values of 1.5 and better. Neither during the boost nor the reentry 
phase the number of tracked satellites provided any indication of severe tracking problems 
caused by the high dynamics of the host vehicle. Likewise, the plot showed no evidence 
suggesting any signal reception anomalies due to the use of a single tip antenna.    
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Table 2.1 GPS satellite visibility and tracking status during the Maxus–4 campaign (elevation threshold –15°) 

 Lift-off Landing Status 
PRN Az El Az El  
1 296.5° 65.2° 278.9° 66.4° tracked 
3 264.4° 61.0° 272.6° 60.4° tracked 
6 35.3° -6.8° 36.3° -8.5° - 
11 222.2° -6.3° 219.9° -5.1° - 
14 160.0° 44.2° 161.9° 38.3° tracked       
15 123.0° 41.6° 118.5° 43.2° tracked 
16 342.4° 22.8° 346.0° 22.8° tracked 
18 123.2° -5.1° 119.4° -5.8° acquired at t=39.5s and lost at t=581s 
19 227.0° 36.2° 231.0° 37.8° tracked 
20 269.4° 2.1° 264.5° 1.4° tracked 
21 74.0° 18.4° 69.9° 18.5° tracked 
22 148.3° 12.9° 145.0° 11.0° tracked 
23 320.2° 5.0° 317.4° 8.8° tracked 
25 22.4° 44.1° 26.8° 49.5° tracked 

 
While during the first 90 seconds in flight near-constant carrier-to-noise (C/N0) readings with 
typical values between 42dB/Hz and 48 dB/Hz have been collected for all tracked satellites, 
a slow but notable drop in the signal levels was encountered thereafter (Fig. 2.2). This 
gradual decrease of the signal strength, observed across all used channels, persisted for 
roughly 100 seconds. After passing a local minimum with C/N0 values of 32 dB/Hz to 39 
dB/Hz around t+200 s, the signal levels started to increase again, reaching values 
comparable those measured around lift-off at about 300 seconds after ignition. A second, 
quite similar, minimum in the signal levels was recognized about 420 seconds after launch, 
again followed by a period with gradually rising C/N0 values. The start of the atmospheric 
reentry at around t+450 s was finally marked by a sudden and significant increase in the level 
of variation in the C/N0 readings across all channels. This was apparently caused by the 
tumbling motion of the payload module build up during the entry into the dense part of the 
atmosphere.  
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The above sinusoid-like pattern noticed in the signal strength readings during the free-flight 
phase may suggest a slow but constant change in the rockets attitude during this flight 
phase, resulting in the GPS antenna temporarily pointing towards the Earth. Although the 
employed tip antenna generally features a near-spherical antenna diagram, the integrated 
system suffers from an inherently blind spot in the antennas anti-bore sight direction, 
resulting in low C/N0 values and a highly instable tracking during phases with a nadir pointing 
tip. The phase shifts between the different C/N0 curves in Fig. 2.2 can be best explained by 
the individual azimuth and elevation angles for each visible satellite. Depending on the 
specific geometry between antenna and concerned GPS satellite the minimum signal level is 
reached slightly earlier or later. While during the first minimum the drop in the C/N0 readings 
was well correlated with a slightly increased fluctuation in the number of tracked satellites, no 
such direct relation could be recognized during the second signal minimum. However, a 
closer inspection of the channel lock status indicators revealed a highly instable tracking not 
only during the first minimum but although a significant number of losses of frame- and even 
bit-lock across all channels during the second minimum.  
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Fig. 2.3  Carrier-to-Noise readings, lock status and measured pseudo range for Satellite #15 tracked on receiver 
channel #7. 
 
Approximately 170 seconds after launch the receiver lost track on channel 7 to satellite 
PRN#15, most likely as a consequence of significantly decreased C/N0 values. Apparently, 
due to a rapidly improving visibility situation, the concerned satellites could be reacquired 
within the following 30 seconds and the receiver gradually achieved code-, carrier- and bit-
lock. At t+197.5 the receiver finally reported successful frame-lock (Fig. 2.3). At the same 
instance the pseudo range measurement for this satellite dropped from approximately 22000 
km, which is in the order of magnitude of the actual distance between GPS satellite and 
receiver, to a value of -38000 km. A post mission analysis showed that this jump 
corresponds to a range error of 59958.5 km or exactly 200ms. Given a GPS data bit rate of 
50 Hz this yields a synchronization error of 10 GPS data bits. The exact cause for 
encountered phenomenon is not jet completely understood and therefore still under 
investigation. As a result of this “false lock”, on channel #7 the receiver lost 3D navigation 
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due to a no longer converging least-square algorithm in the navigation task. The system 
required more than one minute to recover form the apparent frame synchronization error for 
satellite PRN #15. Subsequently, the lock status for the affected satellite was set back to bit-
lock and the frame synchronization process was restarted on the corresponding receiver 
channel. Simultaneously, the receiver regained 3D navigation. Another 2.5 seconds later a 
correct frame-lock could be achieved for satellite PRN#15 and normal receiver operation was 
fully resumed and maintained for the remaining flight. While the exact cause of the sync error 
is still not known, the receiver software has henceforth been modified to exclude negative 
pseudo ranges form being incorporated into the navigation solution.   
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2.2 Boost Phase 

Due to its high relevance for the performance assessment of the VS31 and VS30 motors as 
well as the Phoenix GPS receiver itself, the boost phase of the VSB30 mission is discussed 
in more detail below.  
 
As shown in Fig. 2.4, during the 13.8 s total burn-time of the S31 boost motor the vehicle 
reached a peak total velocity of 498 m/s around 12.5 s after lift off. At t+2.5 s a peak thrust 
acceleration of 6.8 g (relative to the Earth frame) was measured. The negative acceleration 
of about 2 g noticed at the end of the thrust phase lasting up to the ignition of the second 
stage results form a still relatively dense atmosphere at an altitude of about 4 to 5 km 
causing a temporary deceleration of the rocket. About 3 seconds after booster burnout and 
separation of the first stage, the S30 motor was ignited at an altitude of 5.2 km. During the 
subsequent 28.5 s propelled flight, the vehicle was carried to an altitude of 40.8 km reached 
at burnout of the second stage. Shortly before burnout, at t+42 s, the maximum up-velocity of 
1925 m/s was recorded. The horizontal velocity components built up through the propelled 
flight phase amounted to 305 m/s in east direction and 332 m/s in north direction. During the 
burn-phase of the S30 second stage motor a peak acceleration of 11.3 g was determined 
roughly 36 seconds after launch.  
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Fig 2.4 Velocity and acceleration profiles recorded during the first 60 seconds of the VSB30 flight.  
 
Despite the lack of accurate reference position and velocity information, the conducted self-
consistency checks and further analyses of the GPS navigation and raw data revealed no 
evidence of an unusual or instable tracking during the initial 60 seconds in flight. Other than 
in previous sounding rocket missions with the Orion receiver, the recorded data exhibited 
neither an overshooting near the end of propulsion nor any notable jumps or even gaps in 
the navigation fixes during phases with high jerk [12,13]. Although a quantitative assessment 
of the navigation accuracy was infeasible, the assumption of a reliable and reasonably 
accurate receiver operation through this flight phase is further supported by the smooth IIP 
prediction and ground track plot obtained during the flight.    
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Fig 2.5  Response of the reference oscillator on the acceleration during the boost phase.  

In previous sounding rocket flights, the behavior of the receiver oscillator was found to 
provide a good indication of e.g. lacking tracking robustness during high dynamic phases. 
Fig. 2.5 depicts the frequency error of the 10 MHz oscillator of the Phoenix receiver 
measured during the first 90 seconds in flight along with the recorded vertical acceleration. 
Although the plot indicates that acceleration obviously still affects the oscillator, the 
frequency response is negligible compared to what was identified in previous missions with 
the Orion receiver. Apparently, neither the employed code and carrier tracking loops nor the 
oscillator itself have a problem to cope with the acceleration and jerk values typically 
encountered during such a high dynamics mission. The results further demonstrate the 
excellent overall receiver performance not only during the free-flight phase but also during 
the critical phases of the VSB30 mission after lift-off and during re-entry.  
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For the sake of completeness, Fig. 2.6 depicts the horizontal (east and north) components of 
the acceleration vector during the propelled flight phase. Since acceleration values are not 
directly provided by the receiver they have been derived from consecutive velocity fixes 
which may explain a limited accuracy of these values. However, one can clearly recognize 
that form t+30 s onwards a small oscillatory acceleration was superimposed to the main 
thrust acceleration on both axes. In order to facilitate the investigation of this specific 
phenomenon the diagram in Fig 2.7 shows the residual North and East components after the 
main acceleration has been stripped off.  
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Fig 2.7 Residual acceleration (East and North components) after removal of main acceleration.  

The almost constant 90° phase shift between the periodic variations in North and East 
direction and the similar amplitude values may be best explained by a coning motion built up 
about the flight direction in the second have of the propelled flight phase. Further evidence 
for this assumption was provided by the data obtained from the accelerometers and rate 
gyros in the rocket’s service module. Moreover, a direct correlation could be identified 
between the spin rate and the frequency of the encountered sinusoidal acceleration 
variations, a so called roll-pitch/yaw coupling. The wind data obtained from the high altitude 
balloons released shortly prior and after the launch suggest, that wind gusts at altitudes of 
about 15 km are the most likely cause for the observed instability in the vehicle’s attitude. 
Although a noticeable fading in the amplitude of the oscillation was noticed to the end of the 
boost phase, the coning motion generally persisted up to the removal of the rocket’s spin rate 
about the longitudinal axis at t+63 s (cf. Fig 2.6).   
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2.3 Atmospheric Reentry  

As already mentioned in the GPS tracking system description above, a tip antenna for the 
first time was employed for signal tracking throughout an entire flight, including the 
descending phase and the atmospheric reentry. Therefore, the results obtained during the 
last flight phase before landing were of particular interest for the assessment of the 
robustness and the survivability of this type of antenna under the extreme mechanical and 
thermal conditions encountered through the penetration into the dense atmosphere.  
 
The main atmospheric reentry started about 453 seconds after beginning of the flight at an 
altitude of roughly 50.2 km. During the subsequent 32 seconds the vehicle was decelerated 
from an approximate sink rate of 1856 m/s recorded before start of reentry to a down velocity 
of 220-230 m/s determined at about t+485.0 s (Fig. 2.8). A maximum peak deceleration of -
12.9 g was measured 469.0 seconds after lift-off. During the remaining 150 seconds in flight 
up to the loss of telemetry prior to landing the vehicle was gradually decelerated to a final 
sink rate of roughly 80 m/s and a vertical velocity of approximately 6 m/s measured at an 
altitude of about 1 km.  
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Fig 2.8 Vertical velocity and total acceleration measurements recorded during the atmospheric reentry.  

The images captured by the video camera accommodated in the aft end of the payload 
module showed that the vehicle went into a relatively slow flat-spin at the end of the main 
reentry. As a consequence of this constant rotation in the horizontal plane, short-term 
variations in the signal levels were encountered across all tracking channels with peak-to-
peak amplitudes of up to 15 dB. This resulted in a large fluctuation of the number of tracked 
satellites (cf. Fig 2.1) during that flight phase. Nevertheless, the receiver was able to 
constantly track more than 8 satellites and thus provided a continuous 3D navigation 
solution.    
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For completeness, the frequency response of the reference oscillator for the reentry phase is 
illustrated in Fig. 2.9. Once more, the good robustness of the employed TCXO against 
mechanical stress becomes obvious.  The outlier at t+467 s can be attributed to the inclusion 
of a newly acquired satellite into the navigation algorithm at that instance rather than a real 
frequency variation in the oscillator. 
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 Fig 2.10 Oscillator error along with the vertical deceleration recorded during the main reentry. 
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2.4 Ground Track and Instantaneous Impact Point  

In addition to position and velocity fixes, the Phoenix GPS receiver can be configured to 
compute and output a real-time prediction for the instantaneous impact point (IIP) [9]. During 
a sounding rocket mission, the IIP describes the expected touchdown point of the vehicle 
under the assumption of an immediate termination of the propelled flight. The online IIP 
prediction provides a rapid indication of an off-nominal performance of the system during the 
thrust phase. If the rocket is equipped with a flight termination system this information 
enables the flight operator to aboard the mission in case of an arising safety hazard for 
buildings and people in the surrounding. Usually, only guided or high altitude vehicles are 
equipped with a flight termination system. Due to the lack of any flight experience with the 
new vehicle, however, the second stage of the VSB30 rocket was equipped with a destruct 
unit to increase the mission safety.  

Due to the fact, that this was the first flight of the Phoenix GPS receiver, the initial idea was 
to not use the onboard IIP predictions for operational flight safety purposes, but to compute 
and record them for a post mission assessment. A few days prior to the launch, however, 
severe problems with both radar tracking stations were encountered during a helicopter test, 
which couldn’t be reliably solved in the remaining time up to the scheduled launch. Therefore 
it was eventually decided to still use the onboard determined IIP predictions for flight safety 
purposes, as a secondary data source. To demonstrate the reliability of the IIP prediction 
algorithm employed in the Phoenix receiver and, furthermore, to test the compatibility with 
the existing flight safety equipment, numerous test runs with nominal as well as off-nominal 
flight scenarios have been conducted prior to launch. These simulations were performed with 
an identical copy of the IIP algorithms used in the Phoenix receiver software running in a 
stand-alone mode on a laptop, fed with position and velocity data provided by the range 
safety officer.     
 

 
 
Fig. 2.11  Map displays showing ground track (red) and instantaneous impact point (IIP; open circles) of VSB30 
obtained from the Phoenix GPS tracking system. The nominal (green) and actual (red) altitude profile are 
depicted in the upper right-hand side window. 
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During the above pre-flight simulation as well as the real flight, the navigation and IIP 
prediction data obtained from the Phoenix GPS receiver were processed on ground in real-
time to obtain a graphical representation of all relevant flight data as e.g. ground track and 
the instantaneous impact point prediction. A snapshot of the monitoring program used for this 
purpose is illustrated in Fig. 2.11. The software has been specifically adapted to the needs of 
the flight safety operators in Alcantara and various data flow tests and simulations have been 
performed to acquaint the flight safety personal to the display system.  
 
A valid IIP solution was available on ground from lift-off to landing with the exception of the 
encountered telemetry and 3D-navigation drop-outs, already described above. As can be 
seen on the both map display windows in Fig above, the VSB30 rocket followed the nominal 
trajectory throughout the entire flight and landed in a distance of a few hundred meters only 
from the pre-computed impact point. Only the recorded altitude profile, depicted in the 
display window on the upper right-hand side exhibits a slight deviation from the nominal flight 
trajectory. This may be attributed to a yet insufficient aerodynamic model used for the flight 
path prediction of the rocket, mainly suffering form a lack of real flight experience. Due to the 
good overall tracking performance of the GPS receiver and especially the accurate velocity 
fixes the IIP plot shows surprisingly little noise compared to the results obtained with the 
Orion receiver in earlier flights.  
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Summary and Conclusions 

Within the framework of a jointly conducted Brazilian-German sounding rocket mission 
aiming at the flight qualification of the cooperatively developed VSB30 vehicle, a Phoenix 
GPS receiver was flown for the first time onboard a rocket. Main objective of this experiment 
was to assess the robustness and proper functioning of the receiver hardware as well as 
software during a real high dynamics space mission. For the signal reception an active GPS 
antenna mounted in the tip of the rocket’s nose cone was employed, providing the Phoenix 
receiver with GPS signals from lift-off to landing. The receiver itself was accommodated in 
the service system which was flow as part of the mass dummy payload segment. 

The receiver provided continuous navigation information during the entire flight up to the loss 
of telemetry near landing with the exception of two small outages due to temporary telemetry 
problems as well as a 60 seconds interval without 3D navigation around apogee. A post 
mission analysis revealed that the latter outage can be attributed to a false lock on an 
individual receiver tracking channel which prohibited the computation of a valid navigation 
solution. About one minute after the occurrence of this apparent false lock, the receiver 
recognized the tracking error and flagged the channel as invalid. 3D navigation could be 
regained immediately thereafter. The receiver software has henceforth been upgraded to 
prevent use of erroneous pseudo range data in the navigation.   

Apart from the above phenomenon, no abnormal tracking behavior or receiver performance 
could be discovered, neither during the free-flight phase nor during the phases with extreme 
dynamics after lift-off and before landing. Despite the lack of an absolute reference data 
source for position and velocity information, the performed self-consistency checks have 
confirmed the good overall accuracy of the raw data as well as navigation fixes which was 
already observed in previously performed GPS signal simulator tests.   

During the mission, the GPS system has been used as auxiliary data source for flight safety 
operations. The onboard the Phoenix receiver computed instantaneous impact point 
predictions were directly sent to the flight control center and there displayed on a dedicated 
monitoring system. As for the navigation solution, accurate and reliable impact point 
predictions were available form lift-off to landing with the above exceptions.  
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