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Abstract – Up until today, commercially available acoustic tags pose the inconvenience of lacking bidirectional communication 
capabilities. This implies that once deployed in the sea, they cannot be reconfigured in any way, limiting their potential 
applications and versatility. This paper aims to develop a firmware for an acoustic tag with bidirectional communication 
capabilities, enhancing its capabilities and versatility. 
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I. INTRODUCTION 

This paper shows the firmware that has been developed for an acoustic tag with bidirectional communication 
capabilities. The hardware used as a foundation has been developed within the framework of the project SASES (Sistemas 
acústicos submarinos para la monitorización del comportamiento espacial de especies). 

This hardware enables efficient management of bidirectional communications, minimizing the system's energy 
consumption, thanks to the use of a STM32L432KC low-power microcontroller [1]. Moreover, this platform is designed 
to support the integration of various sensors, providing greater capabilities to this system compared to commercially 
available tags today. Figure 1 illustrates the block diagram of the developed tag. 

 
Fig 1. Hardware Architecture of SASES Tag [2][3] 

 

II. FIRMWARE OPERATION 

The system firmware has been developed following a modular structure based on different layers of abstraction. The 
developed modules are designed to be interchangeable, allowing the system to work with various modulations. It can 
seamlessly switch between them during runtime without causing disruptions. This structure also facilitates the 
straightforward and uniform development and integration of new modulations. 

The firmware structure is divided into two layers or levels of abstraction. The low-level layer is called the transmission 
layer and is composed of the transmission and reception peripherals. In this layer, control of the various microcontroller 
peripherals is carried out to achieve an analog-to-digital front-end with the tag's hardware. This layer enables real-time 
analog-to-digital and vice versa conversion through the use of the microcontroller's ADC, DAC and DMA. 

ELEVENTH INTERNATIONAL WORKSHOP ON MARINE TECHNOLOGY, MARTECH 2024

Palma de Mallorca, June 6th and 7th - ISBN: 978-84-09-61714-2
Page 55



Martech 2024.  
Marine Technology Workshop 
06, 07th June. Palma, Balearic Islands, Spain 
 

The intermediate level consists of the communication layer, which integrates the modulators and demodulators of the 
different developed modulation techniques. This layer communicates with the transmission layer through event-based 
signalling and data flow based on memory buffers. Having a homogeneous interface with the transmission layer greatly 
simplifies the development of new modulation and/or demodulation algorithms, as developers need only focus on algorithm 
development without worrying about hardware management. 

Furthermore, the developed communication firmware has a simple and uniform interface for all modulators and 
demodulators. This allows them to be managed from the main program, which provides the tag with the rest of the 
functionalities to be developed. The entire structure is illustrated in Figure 2. 

 
 

Fig 2. Communication Firmware Structure 

 
III. IMPLEMENTED MODULATIONS 

Once the firmware structure has been developed, and the transmission and reception modules belonging to the 
transmission layer have been implemented, various algorithms in the communication layer have been developed to provide 
the tag with bidirectional communication capabilities using different modulation techniques widely used in the industry. 
The acoustic tag has the ability to both emit and receive 32-bit packets using these algorithms, this is due to the limitations 
caused by the multipath propagation effect [4]. 

Modulators and demodulators have been developed for the 2-FSK and 2-PPM modulations, which serve as the 
foundation for the protocols of various commercial manufacturers [5]. This approach allows for potential compatibility 
with existing commercial devices in the future. Currently, efforts are underway to develop new modulation techniques that 
minimize the multipath propagation effect and enable more robust communications. 

 

IV. CONCLUSIONS 

The conclusions drawn from the development of this project demonstrate the feasibility of creating a bidirectional 
acoustic tag, paving the way for advancements in this technology. While it is true that further work is needed on the 
developed software to achieve optimal performance and integration with the hardware in order to let this project to evolve 
into a commercially viable technology. 

 

 

ELEVENTH INTERNATIONAL WORKSHOP ON MARINE TECHNOLOGY, MARTECH 2024

Palma de Mallorca, June 6th and 7th - ISBN: 978-84-09-61714-2
Page 56



Martech 2024.  
Marine Technology Workshop 
06, 07th June. Palma, Balearic Islands, Spain 
 
 

ACKNOWLEDGEMENT 

This work was supported by the project SASES (Sistemas acústicos submarinos para la monitorización del comportamiento espacial de especies) of 
«RETOS INVESTIGACIÓN» from Spanish government research program. We are also grateful for the financial support from Spanish Ministerio de 
Ciencia, Innovación y Universidades. Reference No. RTI2018-095112-B-I00. 

 

REFERENCES 

[1] STMicroelectronics, “Datasheet - STM32L432KB STM32L432KC - Ultra-low-power Arm® Cortex®-M4 32-bit MCU+FPU, 100DMIPS, up to 
256KB Flash, 64KB SRAM, USB FS, analog, audio”, may 2018. [Online]. Available at: 
https://www.st.com/resource/en/datasheet/stm32l432kb.pdf 

 
[2] I. Masmitja, D. Corregidor, J. M. López, E. Martinez, J. Navarro and S. Gomariz, "Miniaturised bidirectional acoustic tag to enhance marine animal 

tracking studies," 2021 IEEE International Instrumentation and Measurement Technology Conference (I2MTC), Glasgow, United Kingdom, 2021, 
pp. 1-6, doi: 10.1109/I2MTC50364.2021.9459945. 

 
[3] D. Corregidor, I. Masmitja, J. M. López, S. Gomariz, J. Navarro and G. de Arcas, "Analysis and initial design of bidirectional acoustic tag modulation 

schemes and communication protocol," 2021 IEEE International Instrumentation and Measurement Technology Conference (I2MTC), Glasgow, 
United Kingdom, 2021, pp. 1-6, doi: 10.1109/I2MTC50364.2021.9460108. 

 
[4] DOMINGO, Mari Carmen, “Overview of channel models for underwater wireless communication networks”. Physical Communication, vol. 1, no. 3, 

pp. 163-182, 2008. ISSN 1874-4907. 
 
[5] REUBENS, Jan, AARESTRUP, Kim, MEYER, Carl, MOORE, Andy, ØKLAND, Finn y AFONSO, Pedro. “Compatibility in acoustic telemetry”. 

Animal Biotelemetry. vol. 9, no. 33, 2021. https://doi.org/10.1186/s40317-021-00253-z. 

ELEVENTH INTERNATIONAL WORKSHOP ON MARINE TECHNOLOGY, MARTECH 2024

Palma de Mallorca, June 6th and 7th - ISBN: 978-84-09-61714-2
Page 57


