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Abstract: The use of Light Fidelity (LiFi) can enable the reduction of satellite mass by
reducing the wiring harness while avoiding electromagnetic interference. In this paper, a
LiFi-transceiver suitable for Telemetry and Telecommand (TMTC) intra-satellite communi-
cation is developed and evaluated. The focus of the implementation is on miniaturization
and energy-efficiency. First test results with a simple Transimpedance-Amplifier and an
investigation of the achievable eff. data rate depending on different distances and Error-
Correcting-Codes and the energy-consumption of the developed transceiver are presented.
The results show that the LiFi-transceiver achieves a payload data rate of 77.6 kbit/s with
Error-Correcting-Code protection and thus can be used for a reliable TMTC communication
within the satellite bus.

Keywords: Light Fidelity (LiFi); intra-satellite communication; Telemetry and Telecommand
(TMTC); Optical Wireless Communication (OWC); CubeSat; Transimpedance-Amplifier
(TIA)

1. Introduction
The reliable interconnection of subsystems on a satellite platform is essential for

ensuring optimal performance, but it also gives rise to complex wiring harnesses that
compromise reliability, contribute to increased mass overhead [1] and hinder the flexibility
of Assembly-, Integration- and Testing-Phase (AIT) processes [2]. Consequently, research
into wireless data transmission for intra-satellite communication between subsystems has
been an area of significant interest for many years.

Several studies have explored the use of Radio Frequency (RF)-based methods, such as
the Ultra Wide Band (UWB) [3–5], demonstrating promising results in CubeSat platforms.
However, these approaches also come with inherent disadvantages, including the potential
for Electromagnetic Interference (EMI) with other sub-components and susceptibility to
interference by themselves, thereby posing a security risk through spoofing or jamming [6].

To overcome the limitations of RF-based solutions, the SatelLight [7] project aims
to use wireless communiction through a completely new approach via LiFi [8]. Unlike
conventional optical communication methods, LiFi does not require fiber optic cables, and
transmission takes place in free space. In addition, it adds no EMI to the satellite, cannot be
interfered with or read from outside the satellite structure and offers a high bandwidth for
both redundant channels for reliable transmissions or high data rate transmissions.

In addition, the use of LiFi offers further advantages, especially in terms of meet-
ing different requirements, such as the direct connection of external modules without
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optical–electrical conversion, but it also supports the energy-autonomous operation of
micro-components using energy from light (e.g., sensors) [9]. Like RF-based solutions, the
elimination of a large part of the harness reduces assembly times and potential problems
caused by faulty cabling.

The advantages of the SatelLight approach can be summarized as follows:

• Significant reduction in the harness and thus savings in mass, assembly time and the
avoidance of potential sources of error.

• In contrast to RF solutions, LiFi does not emit any EM radiation and therefore does
not interfere with electronic components.

• LiFi transmission is completely shielded within the satellite structure and therefore
cannot be interfered with or tapped from outside (cyber security).

• Direct integration of external modules (e.g., in docking mechanisms, as described
in [10]) without optical–electrical conversion.

In this paper, a first prototype of a LiFi-transceiver module is presented, which is
tailored for intra-satellite communications for reliable TMTC communication. The primary
requirements were the miniaturization of the module, reliability and energy efficiency of
the communication. The conceptual design of a transceiver is presented. The suitability
of a TIA for the reception of LiFi signals is simulated and evaluated in laboratory tests.
Furthermore, the data transmission is secured by different Error-Correcting-Codes (ECCs).
The results show that LiFi transceivers can be implemented in a highly miniaturized form
and that data transmission of up to 94.3 kbit/s (no coding)/77.6 kbit/s (Reed-Solomon) is
possible, which is already suitable for the transmission of TMTC in satellites.

2. Related Work
The topics of LiFi, OWC or Visible Light Communication (VLC) for commercial ap-

plications are extensively presented and explained in [11–13]. LiFi is of great interest for
the upcoming mobile radio standard 6G, particularly because of its high bandwidths [14].
However, the focus of this work is TMTC intra-satellite communication applications where
high-bandwidth is less important but small form factors and reliability are required.

There are already some works that use OWC technologies for intra-satellite com-
munication. The FOTON-M3 mission and the Venus Express OWLS Flight Technology
Demonstrator used and demonstrated an Optical Wireless Links for Intra-Satellite Commu-
nications (OWLS)—Controller Area Network (CAN) bus [15]. The OPTOS-Satellite is the
first satellite whose communication bus is completely wireless and based on the OWLS-
CAN bus [16,17]. OWLS technology should mainly work as physical-layer substitution
with zero or minimum impact on the network architecture [15]. In contrast, the presented
work in this paper not only deals with the physical layer consisting of components and
modulation, but also includes the coding of the data to make communication even more
reliable. Furthermore, OWLS is based on infrared, while our work uses visible light.

Similar to our work, Ref. [18] presents an OWC system for intra-satellite communi-
cation specifically designed for CubeSats up to 3U. Their main focus is the front-end for
high throughput without considering possible control or Forward Error Correction (FEC)
mechanisms. They used a Vertical Cavity Surface-emitting Laser (VCSEL) with a ball lens
for better diverging light and an Avalanche Photodiode (APD) with integrated TIA, and
they measured the BER and the optical power, achieving a data rate up to 100 Mbit/s and a
distance of 40 cm.

3. Transceiver-Design
SatelLight mainly addresses LiFi communication for small satellites and CubeSats.

For this reason, one of the main criteria is the size and mass of the transceiver. Complexity
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should be reduced to a minimum but still have the possibility to implement redundancy
mechanisms. Furthermore, the power consumption should be minimized.

In this section, we first present the development of the hardware of the transceiver.
Following this, the software architecture is shown.

Figure 1 shows a block diagram that provides an overview of the architecture of the
developed transceiver module.

  

SWD
(Programming,

Debugging)

Power supply
(Extern 3.3V)

Serial 
Communication

(UART)

MCU

Sender
LED

Amplifier

Receiver
Photodiode

Payload

Optical 
Frontend

Figure 1. Block diagram of the developed LiFi-transceiver.

3.1. Transimpedance-Amplifier (TIA)

A Transimpedance-Amplifier (TIA) similar to that in [19] or [20] can be used to convert
the current produced by a photodiode into a voltage and amplify it.

It consists of an Operational Amplifier (OPA), a resistor RFB and a capacitor CFB in
the feedback path and the photodiode, as shown in Figure 2. The feedback resistor RFB

determines the gain of the input current to the output voltage. The feedback capacitor CFB

is used to stabilize and remove unwanted oscillations. The two resistors R1 and R2 act as a
voltage divider to provide a negative bias voltage to the photodiode anode. A negative
voltage on the photodiode anode causes the photodiode to operate in photoconductive
mode, which reduces its capacitance and enables a faster response [19,21].

output

GND

Vcc

C_FB

1 µF

R1

R2

R_FB

Figure 2. Circuit diagram of the Transimpedance-Amplifier (TIA).
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The resulting bandwidth depends on the Gain-Bandwidth-Product (GBP), the feed-
back resistor RFB and the total parasitic input capacitance from the photodiode and the
operational amplifier, and it can be calculated with the following equation [19,22,23]:

f−3dB =

√
GBP

2 · π · RFB · CI
. (1)

A first simulation with the OPA355 was performed to determine the frequency re-
sponse of it. The simulation ran from 1 Hz to 200 MHz. Figure 3 shows the gain in dB
over the frequency axis. The −3 dB point of the gain in the simulation is 1.6 MHz. In
Figure 4, three measurements were taken with a square wave pulse signal that has been
converted into a current source using a resistor to mimic a photodiode and determine the
behavior of the OPA in general. It can be seen that although the current at the input is not
optimal and is significantly attenuated at higher frequencies, the output still keeps up with
the frequency and is capable of amplifying the TIA input signal as soon as it changes its
positive or negative sign.
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Figure 3. Simulated frequency response.
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Figure 4. Measurements taken on a TIA.

3.2. Implementation

The Microcontroller Unit (MCU) MAX32660 from Maxim is used as a central controller.
With the 16-pin wafer-level package, this microcontroller offers a small footprint of max.
1.6 mm × 1.6 mm. Furthermore, apart from an applied voltage of 1.71 V to 3.63 V and
three small capacitors to stabilize supply fluctuations, no other peripherals are required to
operate the microcontroller. MAX32660 is therefore suitable for reducing the number of
components required in the resulting circuit and, in turn, for reducing the space required.
It directly controls the LED to send the data, and it receives the signal detected by the
photodiodes. The threshold of the GPIO pin of the MCU is used indirectly as a comparator



Eng. Proc. 2025, 90, 16 5 of 10

to convert the analog output of the TIA to a binary signal. On-Off-Keying (OOK) is used
as modulation, as this enables an almost optimal use of the available optical power and
the required transmitter front-end is significantly simplified [24]. In addition, OOK can be
used with existing microcontroller modules such as UART.

The components must be powered by an external 3.3 V power supply. External
connectors provide the ability to program and debug (SWD) the MCU and to communicate
via a serial interface (UART). It is also possible to read sensors or control payloads. The
photodiode VBPW34S [25] is used to receive the light signal. It covers a spectral range from
430 nm to 1100 nm, and it has a sensitive area of 7.5 mm2 and an angle at half sensitivity of
65◦. The LED LW VH8G [26] was selected because it is very small and provides sufficiently
good illumination in initial tests. In addition, the beam angle of 105◦ at 50% Iv is relatively
high and should therefore enable a high light signal when the modules are aligned at
different angles to each other. The OPA OPA355 [23] was selected as it performed well in the
initial tests. It requires a power supply of 2.7–5.5 V and has a high gain-bandwidth product
of 200 MHz and at the same time a small size of 3.05 mm (L)× 3 mm (W)× 1.5 mm (H).
In addition, the OPA can be put into power saving mode when not in use.

A TIA, as described in Section 3.1, is used to amplify the light signal captured by the
photodiode. The feedback resistor RFB was set to 30 MΩ, which in initial tests enabled a
sufficient signal for a distance of about 20 to 30 cm and thus appears sufficient for Cubesats
up to a size of 3U. The photodiode has a maximum capacitance of 70 pF. The parasitic input
capacitance of the operational amplifier includes the common mode and differential mode
capacitances, which are specified as 4 pF and 5 pF. The total parasitic input capacitance is
therefore CI = (4 pF + 5 pF) + 70 pF = 79 pF. The bandwidth is therefore calculated with
Equation (1) to be 115.891 kHz . This bandwidth is well suited for TMTC communication.

The components can be arranged on both sides of a PCB smaller than 9.2 mm × 9.6 mm.

3.3. Software Architecture

The software architecture was divided into the following layers: Application, Control,
Coding, Protocol, OWC-Front-End (OWC-FE) and Hardware Abstraction Layer (HAL).

At the bottom is the HAL, which provides the basic functionality for, e.g., controlling
the LED and reading the photodiode signal, as well as setting the MCU and the OPA to
energy saving mode.

Above this layer, there is a layer for the OWC-Front-End (OWC FE). This is used to
directly send and receive individual bits and bytes. Currently, UART configured to 1 Start
bit, 8 Data bits and 1 Stop bit without parity (8N1) is used for this.

Since the GPIO control is not carried out via the fast Advanced High-performance
Bus (AHB), but via the Advanced Peripheral Bus (APB), which only allows for the slow
control of the pins, the use of the UART enables faster transmission, while at the same time,
synchronization is carried out at byte level.

Furthermore, a layer for coding as well as a small protocol layer were created. The
Hamming (7,4) and Reed-Solomon (255, 223) codes are currently implemented. In case
one of these codes is used, the resulting message frame size is greater than 1, which is
why in these cases an additional synchronization symbol (ASCII: SYN, DEC: 22) is sent
beforehand for synchronization at message level and to recognize the start of a message at
the receiver side. Additionally, within the Reed-Solomon code, the length of the message to
be transmitted is added at the beginning. This results into a length of 256 bytes, where only
222 bytes are actual information. In the case of the Hamming code, 3 parity bits are added
to 4 bits of information. Thus, one byte (8 bits) is split into two half bytes (2 × 4 bits) and
encoded independently of each other with 3 parity bits each, resulting into 2 × 7 bits. The
SYN symbol can also be represented with 7 bits. Therefore, when using the Hamming code,
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the UART can be configured to 7 data bits. The overall amount of data to be transmitted
results into 3 × 7 = 21 bits (1 SYN Byte and 2 half bytes with 3 bits of parity) for 8 bits
of information. Due to these extra symbols and redundant information, the coding rates
decrease to the rates shown in Table 1.

Table 1. Used codes and their rates.

Coding Coding Rate Rcode UART Rate Ruart Effective Rate Re f f

No Coding 1 8
10

8
10 = 0.8

Reed-Solomon 223−1
255+1 = 222

256
8

10
222
256 · 8

10 ≈ 0.694
Hamming 8

3·7 = 8
21

7
9

8
21 · 7

9 ≈ 0.296

At the highest control layer level, a simple Application Programming Interface (API)
for data transmission is provided to the user, enabling function calls like is_data_available(),
send() or start_receiving(), as well as configuring the baud-rate and coding.

4. Evaluation
4.1. Test Setup

The evaluation is carried out with two LiFi-transceivers aligned in front of each other.
To avoid unwanted external influences, these are placed in a closed box (see Figure 5b). The
two LiFi-transceivers are set up at different distances from each other and are controlled by
a host PC via the serial interface (as depicted in Figure 5a).

  

Host-PC / 
Controller

Sender Receiver
Optical transmission

Distance

(a) Abstract representation (b) Transceivers are placed inside a box

Figure 5. Setup of the evaluation.

The host PC configures the settings such as the baud rate and code. The test data
are written into the buffer of the sender and the receiver is configured with the expected
datalength. The test data consists of 3 × 500 = 1500 bytes = 12,000 bits. Since the receiver
knows the expected number of bytes, it can send a signal to the host PC when these have
arrived after successful transmission. Otherwise, there is an additional timeout that can
be used if the data are lost during transmission. The host PC then starts the transmission.
Following the data transmission, the host PC reads the received data from the receiver and
calculates the Bit Error Ratio (BER).

4.2. Bit Error Ratio (BER)

The Bit Error Ratio (BER) is the ratio of erroneous bits to the total number of all bits
sent. To obtain this, the received data are compared with the sent data at bit level, and the
total number of erroneous bits is counted. With the total number of bits n and the number
of erroneous bits w, the BER can be calculated using the following equation: BER = w

n .

4.3. Effective Data Rate

The data rate depends on the baud rate and the used coding. The effective rate Re f f

is the ratio of the number of information bits to the total number of bits that need to be
transmitted. Table 1 lists the implemented codes from Section 3.3 and their rates (Rcode),
the rate by the UART (Ruart) and the resulting effective rate. The effective rate is calculated
by multiplying the following two rates: Re f f = Rcode · Ruart. The rate from the UART is
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Ruart =
8

10 in the cases of no coding and Reed-Solomon coding. For Hamming coding, the UART
is configured to transmit only 7 data bits, which is why the rate for Ruart is 7

9 in this case.
The data rate is finally calculated by multiplying the effective rate and the baud rate.

In the following, only the data rate is considered.

4.4. Results

The results of the BER in relation to the eff. data rate for different distances and
codings are shown in Figure 6.
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Figure 6. Results of the Bit Error Ratio (BER) in accordance with the selected eff. data rate and
coding. The diagrams show the results for the distances at (a) 5 cm, (b) 10 cm, (c) 15 cm, (d) 20 cm
and (e) 25 cm.

Each diagram shows a different distance. The blue curve shows the results for no
coding, the red curve for the Reed-Solomon code and the green curve for the Hamming code. For
the codings, the results show the BER after the messages were corrected, but the detection
of faulty messages is not considered.

It can be seen that the BER increases with an increase in the eff. data rate, which means
that more bit errors occur. A BER > 50% results from data loss.

In most cases, the BER is zero for lower data rates, followed by a second area with
alternating BER = 0 and BER > 0 at some points, ending with an area with BER > 0 at
all points. The maximum eff. data rate with BER = 0 in the first area is denoted as the
“worst case” and the maximum eff. data rate with BER = 0 in the second area (which is the
maximum eff. data rate with BER = 0 overall) is denoted as the “best case”. These points
are extracted and shown in Figure 7 in relation to the distance.
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Figure 7. Max eff. data rate, where BER = 0 vs. distance. (a) Worst case (b) best case.

In the case of no coding the maximum eff. data rate at the best case is almost always
the highest, while the maximum possible eff. data rate in the case of the Hamming code is
always the lowest. This reflects the effective rates calculated in Section 4.3.

It can also be seen that in the worst cases, the maximum eff. data rate for no coding
and the Hamming code are more reduced than that of Reed-Solomon in comparison to the
best cases.
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The possible eff. data rate is reduced with shorter distances. The highest eff. data
rate is 94.3 kbit/s (no coding), 77.6 kbit/s (RS) and 28.4 kbit/s (Hamming) at a distance of
20 cm. At the distances of 5 and 10 cm, the eff. data rate reduces to a range of 100 bit/s.

When configured as a transmitter (OPA off, LED on), the power consumption of the
transceiver is 32.6 mW. Configured as a receiver (OPA on, LED off), the transceiver requires
38.7 mW. In case where not much processing is needed and the MCU can enter sleep mode,
these values are reduced to 19.7 mW and 31.2 mW, respectively.

5. Conceptual Integration into the Satellite Architecture
For general TMTC, satellite subsystems typically use reliable and redundant fieldbuses

like SpaceWire, MIL-STD-1553, or CAN for intra- and inter-subsystem communication.
These buses offer a low bandwidth (kbps) but ensure high reliability and real-time ca-
pability [27]. We have already shown that the required bandwidths are possible with
LiFi. Reliability and real-time communication are possible using, e.g., TDMA MAC pro-
tocols [28]. The wide spectrum of light also offers further redundancy on the PHY layer,
increasing fault tolerance. Wired bus systems can be replaced on the link layer. Hybrid
operation is also possible, as subsystems can communicate transparently with each other
on the network layer.

6. Discussion
We observed the strongest reduction in the maximum eff. data rate with no coding

or Hamming code in the worst case in relation to the best case, as compared to the Reed-
Solomon code, which may be due to the enhanced correction capabilities. It is also worth
mentioning, that by using the Reed-Solomon code, in every case where BER > 0, it was
recognized that the message was faulty. This emphasizes the increase in reliability by using
the Reed-Solomon code in relation to the other two configurations. However, the max.
eff. data rate without coding with BER = 0 is still higher than with coding. This may
result from the overhead and thus smaller eff. rate. Nevertheless, when using the faster
transmission rate without coding, one could not be sure that errors would not happen.

The fact that the achievable transmission rate decreases at shorter distances may be the
result of saturation due to the higher light signal and thus overloading of the operational
amplifier. Reflections could also have a negative influence on the transmission rate. This
can be improved by reducing the gain for shorter distances and adjusting it to the specific
setup requirements where satellites are an ideal environment due to the static setup.

7. Conclusions
Wireless intra-satellite communication based on LiFi provides reduced harness and

more flexible AIT, and it offers advantages over RF-based solutions in terms of EMI and
security aspects (spoofing and jamming). In this work, the first developments and eval-
uations from the SatelLight [7] project were presented. A TIA for a LiFi receiver was
simulated and a LiFi-transceiver based on that was implemented for the TMTC commu-
nication of small satellites. The transceiver can be highly miniaturized to a size smaller
than 9.2 mm × 9.6 mm and a maximum power consumption of 38.7 mW. In the future,
LiFi can be used in addition to TMTC communication with low bandwidths due to the
large and unregulated spectrum of light for various interfaces within the satellite, which
was successfully demonstrated in this paper.



Eng. Proc. 2025, 90, 16 9 of 10

Author Contributions: Conceptualization, M.J., B.P. and U.K.; methodology, M.J. and U.K.; software,
M.J.; hardware, M.J.; investigation, M.J.; resources, U.K.; writing—original draft preparation, M.J.
and U.K.; writing—review and editing, M.J., B.P. and U.K.; project administration, U.K. All authors
have read and agreed to the published version of the manuscript.

Funding: This work is part of the SatelLight project which is funded and administered by the German
Space Agency at DLR, supported by the Federal Ministry for Economic Affairs and Climate Action
(FKZ 50RP2360B).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of the data; in the writing of the manuscript;
or in the decision to publish the results.

References
1. Malagoli, M.; Cosquéric, L. Space harness design optimization opportunities on ecss derating rules. ESA Space Passive

Component Days Conference, Noordwijk, The Netherlands, 24–26 September 2013.
2. Drobczyk, M.; Martens, H. Deployment of a wireless sensor network in assembly, integration and test activities. In Proceedings

of the 2016 IEEE International Conference on Wireless for Space and Extreme Environments (WiSEE), Aachen, Germany,
26–29 September 2016; pp. 129–134.

3. Skith—Skip the Harness, Entwicklung Einer Kabellosen Satelliten-Infrastruktur. Available online: https://www.dlr-innospace.
de/gefoerderte-projekte/skith/ (accessed on 7 March 2025).

4. Ratiu, O.; Rusu, A.; Pastrav, A.; Palade, T.; Puschita, E. Implementation of an UWB-based module designed for wireless
intra-spacecraft communications. In Proceedings of the 2016 IEEE International Conference on Wireless for Space and Extreme
Environments (WiSEE), Aachen, Germany, 26–29 September 2016; pp. 146–151.

5. Grzesik, B.; Baumann, T.; Walter, T.; Flederer, F.; Sittner, F.; Dilger, E.; Gläsner, S.; Kirchler, J.L.; Tedsen, M.; Montenegro, S.; et al.
InnoCube—A Wireless Satellite Platform to Demonstrate Innovative Technologies. Aerospace 2021, 8, 127. [CrossRef]

6. Falco, G. When Satellites Attack: Satellite-to-Satellite Cyber Attack, Defense and Resilience. In Proceedings of the ASCEND 2020,
American Institute of Aeronautics and Astronautics, Virtual Event, 16–18 November 2020; p. 4014. [CrossRef]

7. Jahnke, M.; Grau, S.; Kulau, U. Demo Abstract: SatelLight—Using LiFi for Intra-Satellite Communication. In Proceedings of
the 21st ACM Conference on Embedded Networked Sensor Systems, Association for Computing Machinery, Istanbul, Turkiye,
12–17 November 2023; pp. 476–477. [CrossRef]

8. Haas, H.; Yin, L.; Wang, Y.; Chen, C. What is lifi? J. Light. Technol. 2015, 34, 1533–1544. [CrossRef]
9. Mohsan, S.A.H.; Qian, H.; Amjad, H. A comprehensive review of optical wireless power transfer technology. Front. Inf. Technol.

Electron. Eng. 2023, 24, 767–800. [CrossRef]
10. Kortmann, M.; Dafnis, A.; Schervan, T.A.; Schmidt, H.G.; Rühl, S.; Weise, J. Building Block-Based “iBOSS” Approach: Fully

Modular Systems with Standard Interface to Enhance Future Satellites. In Proceedings of the 66th International Astronautical
Congress, Jerusalem, Israel, 12–16 October 2015.

11. Pathak, P.H.; Feng, X.; Hu, P.; Mohapatra, P. Visible Light Communication, Networking, and Sensing: A Survey, Potential and
Challenges. IEEE Commun. Surv. Tutorials 2015, 17, 2047–2077. [CrossRef]

12. Cui, K.; Chen, G.; Xu, Z.; Roberts, R.D. Line-of-sight visible light communication system design and demonstration. In
Proceedings of the 2010 7th International Symposium on Communication Systems, Networks & Digital Signal Processing
(CSNDSP 2010), IEEE: Newcastle Upon Tyne, UK, 21–23 July 2010. [CrossRef]

13. Jenila, C.; Jeyachitra, R.K. Illumination, communication and energy efficiency analysis of indoor visible light communication
systems under the influence of optical source emission characteristics. Photonic Netw. Commun. 2019, 38, 129–141. [CrossRef]

14. Haas, H. Multi-Gigabit/s LiFi networking for 6G. In Proceedings of the 2021 IEEE CPMT Symposium Japan (ICSJ), IEEE: Kyoto,
Japan, 10–12 November 2021; pp. 25–26.

15. Arruego, I.; Guerrero, H.; Rodriguez, S.; Martinez-Oter, J.; Jimenez, J.; Dominguez, J.; Martin-Ortega, A.; de Mingo, J.; Rivas, J.;
Apestigue, V.; et al. OWLS: A ten-year history in optical wireless links for intra-satellite communications. IEEE J. Sel. Areas
Commun. 2009, 27, 1599–1611. [CrossRef]

16. Rivas Abalo, J.; Martínez Oter, J.; Arruego Rodríguez, I.; Martín-Ortega Rico, A.; de Mingo Martín, J.R.; Jiménez Martín, J.J.;
Martín Vodopivec, B.; Rodríguez Bustabad, S.; Guerrero Padrón, H. OWLS as platform technology in OPTOS satellite. CEAS
Space J. 2017, 9, 543–554. [CrossRef]

https://www.dlr-innospace.de/gefoerderte-projekte/skith/
https://www.dlr-innospace.de/gefoerderte-projekte/skith/
http://doi.org/10.3390/aerospace8050127
http://dx.doi.org/10.2514/6.2020-4014
http://dx.doi.org/10.1145/3625687.3628386
http://dx.doi.org/10.1109/JLT.2015.2510021
http://dx.doi.org/10.1631/FITEE.2100443
http://dx.doi.org/10.1109/COMST.2015.2476474
http://dx.doi.org/10.1109/csndsp16145.2010.5580360
http://dx.doi.org/10.1007/s11107-019-00834-2
http://dx.doi.org/10.1109/JSAC.2009.091210
http://dx.doi.org/10.1007/s12567-017-0178-0


Eng. Proc. 2025, 90, 16 10 of 10

17. Rivas, J.; Arruego, I.; Martin-Ortega, A.; Jimenez, J.J.; Martinez-Oter, J.; de Mingo, J.R.; Martin, B. Owls as platform technology in
OPTOS satellite. In Proceedings of the International Conference on Space Optics—ICSO 2016, Biarritz, France, 25 September 2017;
Karafolas, N., Cugny, B., Sodnik, Z., Eds.; SPIE: Bellingham, WA USA, 2017. [CrossRef]

18. Ertunc, E.; Cossu, G.; Messa, A.; Ciaramella, E. High-throughput optical wireless solutions for intra-satellite communications. In
Proceedings of the International Conference on Space Optics—ICSO 2020, Online, 30 March–2 April 2021; Sodnik, Z., Cugny, B.,
Karafolas, N., Eds.; SPIE: Bellingham, WA USA, 2021; p. 209. [CrossRef]

19. Fuada, S.; Putra, A.P.; Aska, Y.; Adiono, T. Trans-impedance amplifier (HA) design for Visible Light Communication (VLC) using
commercially available OP-AMP. In Proceedings of the 2016 3rd International Conference on Information Technology, Computer,
and Electrical Engineering (ICITACEE), Semarang, Indonesia, 19–20 October 2016. [CrossRef]

20. Caldwell, J.; Texas Instruments. 1 MHz, Single-Supply, Photodiode Amplifier Reference Design; 2014. Available online: https:
//www.ti.com/lit/ug/tidu535/tidu535.pdf (accessed on 7 March 2025).

21. Bonifacio, V.D.; Pires, R.F. Photodiodes: Principles and recent advances. J. Mater. Nanosci. 2019, 6, 38–46.
22. UDT Sensors, Inc.. Photodiode Characteristics and Applications. Available online: https://www.osioptoelectronics.com/media/

pages/knowledgebase/b954012b64-1675100541/an-photodiode-parameters-and-characteristics.pdf (accessed on 7 March 2025).
23. Texas Instruments. OPAx355 200-MHz CMOS Operational Amplifiers with Shutdown—Datasheet; 2018. Available online: https:

//www.ti.com/lit/ds/symlink/opa355.pdf?ts=1741663852976&ref_url=https%253A%252F%252Fwww.google.com.hk%252F (ac-
cessed on 7 March 2025).

24. Hinrichs, M.; Berenguer, P.W.; Hilt, J.; Hellwig, P.; Schulz, D.; Paraskevopoulos, A.; Bober, K.L.; Freund, R.; Jungnickel, V. A
Physical Layer for Low Power Optical Wireless Communications. IEEE Trans. Green Commun. Netw. 2021, 5, 4–17. [CrossRef]

25. Vishay Semiconductors. VBPW342, VBPW34SR Datasheet; 2011; Rev 1.2. Available online: https://www.vishay.com/docs/8112
8/vbpw34s.pdf (accessed on 7 March 2025).

26. OSRAM. LW VH8G Datasheet; 2023; Version 1.9. Available online: https://www.mouser.co.uk/datasheet/2/588/asset_pdf_5057
875-3419308.pdf (accessed on 7 March 2025).

27. Li, S.; Fan, G.; Xu, G. Application of Wireless Satellite Bus in micro-satellite design. In Proceedings of the 2009 International
Conference on Mechatronics and Automation, Changchun, China, 9–12 August 2009. [CrossRef]

28. Bober, K.L.; Ebmeyer, A.; Dressler, F.; Freund, R.; Jungnickel, V. LiFi for Industry 4.0: Main Features, Implementation and Initial
Testing of IEEE Std 802.15. 13. IEEE Open J. Veh. Technol. 2024, 5, 1625–1636. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://dx.doi.org/10.1117/12.2296165
http://dx.doi.org/10.1117/12.2600015
http://dx.doi.org/10.1109/icitacee.2016.7892405
https://www.ti.com/lit/ug/tidu535/tidu535.pdf
https://www.ti.com/lit/ug/tidu535/tidu535.pdf
https://www.osioptoelectronics.com/media/pages/knowledgebase/b954012b64-1675100541/an-photodiode-parameters-and-characteristics.pdf
https://www.osioptoelectronics.com/media/pages/knowledgebase/b954012b64-1675100541/an-photodiode-parameters-and-characteristics.pdf
https://www.ti.com/lit/ds/symlink/opa355.pdf?ts=1741663852976&ref_url=https%253A%252F%252Fwww.google.com.hk%252F
https://www.ti.com/lit/ds/symlink/opa355.pdf?ts=1741663852976&ref_url=https%253A%252F%252Fwww.google.com.hk%252F
http://dx.doi.org/10.1109/TGCN.2020.3038692
https://www.vishay.com/docs/81128/vbpw34s.pdf
https://www.vishay.com/docs/81128/vbpw34s.pdf
https://www.mouser.co.uk/datasheet/2/588/asset_pdf_5057875-3419308.pdf
https://www.mouser.co.uk/datasheet/2/588/asset_pdf_5057875-3419308.pdf
http://dx.doi.org/10.1109/icma.2009.5246694
http://dx.doi.org/10.1109/OJVT.2024.3481884

	Introduction
	Related Work
	Transceiver-Design
	Transimpedance-Amplifier (TIA)
	Implementation
	Software Architecture

	Evaluation
	Test Setup
	Bit Error Ratio (BER)
	Effective Data Rate
	Results

	Conceptual Integration into the Satellite Architecture
	Discussion
	Conclusions
	References

