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ABSTRACT
This paper introduces a novel digitized sun sensor for
pico- and nanosatellites developed at the Technische Universität Berlin (TU Berlin). In March 2010, a set of four
sun sensors was successfully tested aboard the sounding
rocket experiment REXUS-8. During a 10 minutes flight
up to an altitude of 90 km, experiment data including the
sun angles, reference values, and health status of the system were captured and sent to the ground station for live
monitoring. The system also contained a new set of lowcost digital gyroscopes in oder to test them in a space-like
environment. The sounding rocket experiment demonstrated successfully the sensor’s resistance against heavy
loads and fast temperature changes that appeared during
launch. In addition, the evaluation of the sun sensor’s raw
data makes it possible to further improve the sun sensor’s
sensitivity and tolerance towards earth albedo.

1.

INTRODUCTION

The TU Berlin has a long and successful history in the
development and production of micro satellites. In the
past four years the TU Berlin has been setting a focus on
pico- and nanosatellites. Due to their cost effectiveness
and variability satellites with a mass of less than 20 kg
become more and more attractive for future space missions. In September 2009 the institute of space technology launched BEESAT-I, a satellite that fully meets the
CubeSats specifications, and has been operating it successfully ever since.
With TUPEX-3 (TU Berlin Pico- and nanosatellite
EXperiments) the TU Berlin has flown an experiment on
a REXUS (Rocket EXperiments for University Students)
rocket for the third time. As in the previous experiments
many students have benefited from TUPEX by gaining real hands-on experience on an actual space project.
The program also provided a valuable opportunity to test
miniaturized spacecraft components for future space applications in an orbit-like atmosphere. The main objectives of TUPEX-3 were the in-flight verification of a

newly developed sun sensor and a communication system for pico- and nanosatellites. This was achieved by
building up two experiments within the rocket module
assigned for TUPEX-3. In this paper only the results of
the sun sensor experiment (SSE) shall be covered. Details about the inter satellite link experiment (ISLE) can
be found in the REXUS/BEXUS results paper ”Verification of an UHF based inter-satellite link on a sounding
rocket” by Jens Riesselmann et al.. In this experiment
several communication modules were used to establish a
radio frequency cross link during the rocket flight.
Sun sensors are used in astronautics to determine the attitude of a spacecraft in relation to the sun. The ability to build a high accuracy attitude acquisition system
for CubeSats is the key to extend their field of application. As such, missions with pointing requirements, e.
g. using cameras, become possible even for the smallest
class of nowadays satellites. The sensors tested on board
the sounding rocket are based on a photosensitive device
and are being optimized with regard to power consumption, mass and volume. Additionally the experiment was
equipped with a new series of low-cost digital gyroscopes
which were also to be tested in a space environment.

2.

SUN SENSOR

The sun sensor uses a position sensitive device (PSD)
and detects currents proportional to the angle of incident
sunlight. The signals are filtered, digitized and then processed in order to calculate two–dimensional sun vector
information in the satellite’s body–fixed frame. The sun
sensor provides configurable data packages through an
I2 C-Interface. I2 C is a common two-wire serial data bus
which has grown in popularity, especially in the sector of
CubeSat technology. Fig. 1 shows the basic components
of the sun sensor including the PSD, an aperture plate and
a microcontroller.
The focus during component selection and design was set
on reducing size, mass and power consumption. Table 1
shows some of the sensor’s main characteristics.

via the REXUS Service Module. The SSE ground segment offers the ability to store and display the data during
the experiment. To be able to determine the behavior of
the TUPEX-3 module instantly, a live visualization in 3D
of the angular rates and the sun vectors has been implemented (Fig. 4).
PCDLU

4 sun sensors

Figure 1. Basic principle of sun sensor
Table 1. Sun sensor key properties
Size
< 20x25x5mm3
Mass
< 3g
Power supply
1.8 − 3.3V
Power consumption < 1mW
Accuracy
< 1◦
Opening angle
> ±55◦
3.

EXPERIMENT SET-UP

The space segment of the Sun Sensor Experiment (SSE)
is composed of four sun sensors mounted from the inside
of the rocket’s skin (Fig. 2 (right)) in combination with
the Power Control and Data Logging Unit (PCDLU) in
the center of the module. Figure 3 shows all components
of the Sun Sensor Experiment integrated in the REXUS-8
rocket element. The cabling connects the sensors to the
PCDLU and holds the supply voltage of 1.8V. Furthermore it contains four wires for analog measurements and
the I2 C-Bus to communicate with the sensors.

Figure 3. TUPEX-3 module

4.

RESULTS

All four sun sensors mounted on the outer skin of
REXUS-8 and the PCDLU including the gyrometers
could withstand both thermal and vibration stress. Temperatures exceeding 100◦ C were measured by the sun
sensors during the 10 minute rocket flight to an altitude
of about 90km. All of the experiment’s data was transmitted without any significant loss. The sun angles determined by the sun sensors were plausible. They could be
followed directly in the live 3D visualization of the experiment module (Fig. 4) also showing the attitude of the
module.

Figure 4. 3D visualization of REXUS 8 flight
Figure 2. Power Control & Data Logging Unit (left)
and sun sensor (right)
The PCDLU (Fig. 2 (right)) also carries the three gyrometers ADIS16251 from Analog Devices, set to a maximum measurement range of ±150◦ /s. To reduce the
overall risk of losing data, the telemetry frames are being
stored in the space segment itself and sent to the ground

During flight the sensors did not only detect the sun but
also the sun’s reflection on earth also referred to as earth’s
albedo. In figure 5 the sum of the inducted current in
one sun sensor’s PSD which is digitized is plotted over
time. With increasing luminance the voltage decreases.
By using the replay possibility of the 3D visualization
platform following characteristics could be related to cer-

tain events. Direct solar radiation could be detected easily. In phases with steep incident angles the voltage drop
is very high compared to the voltage drop in other phases.
At very flat angles near to 90◦ sunlight is reflected from
the drillhole and directed onto the PSD. The illuminance
is very weak and the effect vanishes in the relevant input
angle range of ± 55◦ . The reflection from earth is characterized by a flatter gradient of voltage drop. The earth’s
albedo is diffuse compared to sunlight. The whole PSD
is illuminated when the sensor sees earth. The center of
gravity of the light spot on the PSD therefore appears to
be near its real center. The angles calculated are nearly
0◦ at all time when only earth is in the sensor’s field of
view. A major issue is an overlap of sunlight and earth
reflection which can lead to a significant divergence of
sun angle detection.

therefore be rated as a success. Fig. 7 represents the first
300 seconds of flight showing also the yo-yo-despin of
the rocket and the motor separation.

Figure 7. Angular rate measurements

5.

Figure 5. Sun sensor current sum
The spin rate of the rocket during the ascent phase could
be calculated despite of a low sample rate of 10Hz. A
spin profile of the ascent and early in-orbit phase could
be created only using sun sensor data (Fig. 6).

The digital gyrometers have proved to be quite tolerant towards linear acceleration and vibration stress on
the rocket. For a possible satellite application the implemented filter algorithms and selectable modes would
have to be adapted to the typical rotary behavior of a
small satellite. Usage of the angular rate sensor on future spacecrafts of the TU Berlin are being considered.
The data recorded during flight will further be analyzed
to get a better understanding of the influence of earth’s
abledo on the sun sensor’s. Especially scenarios in which
a combination of sun light and albedo take effect on the
sensor need to be examined in more detail. With new
insights, filtering algorithms for a more accurate sun angle detection could be implemented. Also the sun vector
determination could be made more robust towards varying atmospheric conditions. A future application of the
sun sensors will be the attitude acquisition system on the
TU’s current student CubeSat project BeeSat-III. This picosatellite designed mainly by students of the department
of space technology will approximately be launched by
the end of 2011.

6.

Figure 6. Spin profile of REXUS 8 during ascent phase
The main experiment phase of interest after the despin
was accurately covered by the angular rate sensors which
enabled the 3D visualization to display the experiment’s
attitude. During the entire flight the angular rate sensors
did not heat up more than 25◦ C or showed any deficiencies. The verification of the gyrometers on REXUS-8 can
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