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Chapter 1 Introduction 

The Dual Accelerometer Vector Sensor (DAVS) is a measuring equipment developed during WiMUST1 

project to perform geophysical acoustic surveys at sea. The device is a vector sensor for underwater 

sensing applications, in a compact size capable of being mounted on an autonomous underwater vehicle 

(AUV). This small size allows for an easy integration with AUVs and facilitates the vehicle manoeuvrability, 

compared with a classic towed array [1]. 

 

The DAVS acoustic sensor consists of two closely spaced tri-axial accelerometers one on each side of 

a hydrophone, all in the same casing and aligned along an axis. These sensors work as a vector sensor and 

can obtain information about the directivity of the acoustic signals. Compared to traditional sensor arrays, 

the DAVS sensor configuration is able to easily distinguish sea-bottom reflections from direct and surface 

reflected paths, allowing for a simpler data processing than that needed for a towed array [1]. It´s acoustic 

sensors are molded together to form a solid and compact directional array. Additionally, it has inertial 

sensors, which allows to obtain information about the device orientation. For the cabled mode will be 

used the DAVS Base Station system as a telemetry and powering external system. 

The DAVS system is a complete acquisition system, with 7 recording channels corresponding to the 

acoustic sensors (accelerometer #1 X axis, X axis, Z axis, hydrophone, accelerometer #2 X axis, Y axis, Z 

axis). The recorded data from that 7 channels is stored into a WAVE format file, without any compression.  

Any deployment follows a workflow with 3 main phases, covered in the following chapters: 

1) Preparation and configuration of the device;  

2) The underwater deployment or the experiment;  

3) Retrieving and processing of the recorded data. 

The DAVS can operate in two different modes: an autonomous mode and a cabled mode. The 

autonomous mode allows for a standalone deployment where acquisition, data storage and powering are 

internal to the DAVS. The cabled mode allows the acquired data to be visualized and stored by any 

external host device, the powering of the system and the adjustment of some DAVS settings on the fly. In 

this manual we will use the external DAVS Base Station system, developed by Marsensing. Each mode has 

different preparation methods and running details, so for each phase of the workflow �š�Z���Œ���[�•�� ���o�•�}�� ����
distinction between them.   

The manual is structured in the following way: 

�x 2nd chapter talks about the basic preparations before deployment with DAVS. It´s explains what 

you need to do and prepare before leave to deployment site.  

�x 3rd chapter shows how to proceed in the deployment site and some care to be taken when running 

the experiment. 

�x 4th chapter details the after deployment, namely the data retrieve process and some simple data 

processing examples, using two common �•�}�(�š�Á���Œ���[�• (Audacity and Matlab). It has also some 

information about the long-term storage and maintenance operations. 

 
1 WiMUST project, funded under H2020-EU.2.1.1.5, agreement ID:645141 

Figure 1 - DAVS system 
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�x The appendix section, where some additional �]�v�(�}�Œ�u���š�]�}�v�[�•���v�}�š���v�������������(�}�Œ�������‰�o�}�Ç�u���v�š�����Œ�������}�v���X��
There is a more detailed description of the devices, the Matlab source code, some basic 

information about the Fast Fourier Transform algorithm and the structure of some files generated 

by DAVS.  

 

This manual serves as a reference for DAVS usage from a user perspective, containing only general 

information about the system. It will explain some of the hardware without getting into much detail, for 

anyone that will need to work with DAVS understand what each component is. More technical 

�]�v�(�}�Œ�u���š�]�}�v�[�•�����Œ���������•���Œ�]���������]�v���š�Z���������À�]�������Z���Œ���Á���Œ�����Œ���‰�}�Œ�š��[2].  
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Chapter 2 DAVS Operation: Before Deployment 

This chapter will focus on the preparation of the device, for any of the deployment modes. It contains 

all the important information to plan and prepare an underwater deployment.  

2.1 DAVS system introduction 

DAVS system is a complete acquisition platform that record data from acoustic sensors plus some 

meta data information about the device status. It´s three main parts are the end cap that close the, the 

main cylinder that contains all the electronic boards inside and the nose where the acoustic sensing 

elements are molded. These are identified in Figure 2.  

The end cap is a simple cap made with Delrin, which seals the main cylinders and contain an 

underwater connector that allows a cable connection. The main cylinder is also made from Delrin and 

contains all the electronic systems (electronic control boards and battery packs for autonomous mode) of 

the system. DAVS nose is where the sensing elements are molded and is attached to a Delrin cap that 

screw to main cylinder. All the electronic boards are attached to nose. Inside DAVS nose there are two 

accelerometers placed between a hydrophone. Each accelerometer is designed by a number (#49 or #50), 

referring to accelerometer last two digits of serial number. This identification is useful to know the relative 

position of accelerometers into DAVS nose, since DAVS is a vector sensor where the orientation is 

important. 

 

The two accelerometers and the hydrophone generate 7 channels of acoustic data which depending 

on the deployment mode can be streamed (autonomous mode) or stored into an internal SD card 

(autonomous mode). When streamed to DAVS base station, this device will store the acquired data 

internally. In any of the two cases, the acoustic data is stored into a WAVE file of 8 channels. Table 1 

resume the corresponding WAVE files channels to DAVS sensing element. 

 

Transducer 
Accelerometer #49 

Hydrophone 
Accelerometer #50 NOT 

USED X axis Y axis Z axis X axis Y axis Z axis 
WAVE 

channel 
1 2 3 4 5 6 7 8 

Table 1 -WAVE file channels  

The DAVS has also an inertial measurement unit which generate roll, pitch and heading information. 

These are stored in two ways, depending on the deployment mode. When using in autonomous mode 

these inertial data is stored into WAVE file header, while when in cabled mode this data is merged with 

some other system information and stored into a comma separated values (CSV) file. During Autonomous 

Figure 2 - DAVS main components  
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mode, additional information about the system is stored into WAVE file header. Figure 3 resumes the 

stored data, where the acoustic sensor is always recorded to WAVE file, while system and inertial 

information can be stored into WAVE file header (autonomous mode) or into a separate CSV file (cabled 

mode with base station). 

 

In autonomous mode the created WAVE files are stored into a micro SD card, while when in cabled 

mode with DAVS base station, the WAVE and CSV files can be accessed and downloaded via web browser. 

2.2 DAVS Storage and Transportation case 

 The DAVS system is stored inside a waterproof Peli Case (model 1605), which can also include 

several accessories as the batteries, battery packs and chargers for batteries (Figure 4). Depending on the 

Figure 3 - Recorded data path and files created based on selected mode 

Figure 4 - DAVS Peli Case (left side image) and some optional accessories inside case (right side)  
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deploy mode, this case can carry all the needed material. Before leaving for deployment always check the 

case content for your deployment needs.  

2.3 Autonomous mode 

The DAVS autonomous mode selection is based on the detection of a SD card in slot A, containing a 

�À���o�]�������}�v�(�]�P�µ�Œ���š�]�}�v���(�]�o���X���/�(�U���Á�Z���v���‰�}�Á���Œ�]�v�P���µ�‰���š�Z���������À�]�����U���š�Z���Œ���[�•�������^���������Œ�����]�v���•�o�}�š��A with a configuration 

file, the device will boot for autonomous mode. If no card is found, then DAVS will assume the cabled 

mode and begin streaming the data through Ethernet. When powered ON, DAVS will start by searching 

for the configuration file and then configures all the electronics accordingly.  

 

2.3.1 SD card preparation  

Prepare the micro SD card timely, formatting it in exFAT or FAT32 format. There are no restrictions 

on volume name�X���/�š�[�•���v�}�š���v�������•�•���Œ�Ç���š�}���(�}�Œ�u���š���š�Z���������Œ�������À���Œ�Ç���š�]�u�����Ç�}�µ���µ�•����DAVS but pay attention to free 

space and the estimated deploy time. DAVS have 3 different sample rates available (10547, 52734 and 

105469) which can be chosen, depending on the experiment needs. Even if it only uses 7 channels, the 

device records the 8 analog outputs of analog to digital converter (ADC). You can estimate the file size for 

some acquisition, based on the recording time �P�å�Ø�Ö�â�å�×�Ü�á�Ú (seconds) and analog to digital converter (ADC) 

sample rate �5�4 (Hz) setting, using the following formula (1) in MegaBytes: 

�5�E�V�A�Ø�æ�ç�Ü�à�Ô�ç�Ü�â�á
L��
�5�4�Û�t�v�Û�z�Û�P�å�Ø�Ö�â�å�×�Ü�á�Ú

�z�Û�t�6�4 ���>�/�A�C�=�$�U�P�A�O�? 
 

(1) 

Note that since each WAVE file created has a header information which occupy some extra bytes 

(512), this value is only an approximation. You can also estimate the recording time �P�å�Ø�Ö�â�å�×�Ü�á�Ú (seconds) 

allowed by a SD card of size �5�&�æ�Ü�í�Ø (GigaBytes): 

�P�å�Ø�Ö�â�å�×�Ü�á�Ú
L��
�z�Û�t�7�4�Û���5�&�æ�Ü�í�Ø

�5�4�Û�t�v�Û�z
���>�O�A�?�K�J�@�O�? 

 
(2) 

For example, when sampling at 10547 Hz, you will be storing 10547 points of 24 bits for each channel 

per second. So, the eight channels will need 2025024 (10547*24*8) bits per second of recorded data. If 

you store 60 seconds of data, it will result in 121501440 bits (2025024*60) or 15187680 bytes 

(121501440/8). This is near 15 MB per minute of record. Using a sample rate of 52734 will result in file 

with near 73 MB per minute. Each free GB will give you approximately 4241 seconds (70 minutes) at a 

sample rate of 10547 Hz or 848 seconds (14 minutes) at 52734 Hz, so always consider the expected 

deployment time, sample rate chosen and free card space. Also remember that higher sample rates (as 

105469 Hz) will require a card with a high write speed, namely an U3 class card. Some slow speed classes 

may result in data losses or card corruption.   

���(�š���Œ���(�}�Œ�u���š�š�]�v�P�U�����Œ�����š�����������}�v�(�]�P�µ�Œ���š�]�}�v���(�]�o�����v���u�������^CONFIG.TXT�_�����v�����‰�o���������]�š���]�v���š�Z�����Œ�}�}�š���}�(���^���������Œ���X��
The settings you choose will maintain until you change any paramet���Œ���]�v���^CONFIG.TXT�_���(�]�o���X���������Z���o�]�v�����}�(��
this text file will represent some DAVS configuration parameter: 

Line 1) Length of the recorded WAVE file, in seconds. The minimum value is 60 seconds. To keep files 

at a reasonable size, they are stored with a fixed length, usually a few minutes (1, 2 or 3). 

�W�Œ�}�����•�•�]�v�P���o���Œ�P�����(�]�o���•�������v���������Z���Œ���U���•�}���]�š�[�•�������P�}�}�����‰�Œ�����š�]�������š�}�����Œ�����š�� individual files with only a 

few dozen MB. For example, for a record file with 60 seconds of the seven sensors data, this 

line should contain the number � 6̂0�_���~�Á�]�š�Z�}�µ�š���‹�µ�}�š���•�•�V 

Line 2) Hydrophone Programmable Gain Amplifier (PGA) index, from 1 to 7 representing the gains 

from 1x to 64x (see Table 2). These gains are explained in appendix A.1.4 ; 

Line 3) Accelerometers PGA Gain Index, from 1 to 7 representing the gains from 1x to 64x (Table 2); 
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Line 4) Sampling rate index, from 0 to 3 corresponding to DAVS sampling rate (see Table 3). Check 

appendix A.1.4 for a detailed explanation. 

Table 2 - PGA gain index for configuration file (for line 2 and 3)  

Table 3 - Sampling rate  index for configuration file  (for line 4)  

2.3.2 SD Card preparation example (Windows OS) 

In Windows environment, insert the SD card into computer using any micro SD adapter. By selecting 

the card in windows explorer, right click it and choose format as in (1) of Figure 5. Then select FAT32 file 

�•�Ç�•�š���u�U���Á�Œ�]�š���������v���u�������v�������o�]���l���Z�����P�]�v�[���š�}���•�š���Œ�š�����v�����Z�K�<�[���š�}�����}�v�(�]�Œ�u���~�î�•�X��After formatting card finished (3), 

open it and create a text file (extension � .̂txt�_) with notepad or similar (4). Write the desired settings in 

each line, saving �š�Z���� �(�]�o���� ���•�� �^CONFIG.TXT�_��into SD card root folder (5). In the example above, a 

configuration file was created with files of 60 recording seconds, with PGA gains of 1 for hydrophone and 

accelerometers and an ADC sample rate of 52734 Hz. 

 

2.3.3 18650 Li-Ion Batteries preparation  

When deploying in autonomous mode, DAVS use five rechargeable Li-Ion 18650 batteries as power 

source. These batteries should be charged in an appropriate charger for Li-Ion, which manages the 

charging process. When picking the batteries, it´s possible to check for the charge state of a battery using 

a multimeter. Just check if the battery presents a voltage around 4.1 Volt as in Figure 6. A good charger 

PGA Gain 1x 2x 4x 8x 16x 32x 64x 
PGA File Index 1 2 3 4 5 6 7 

Sampling Rate (Hz) 10547 52734 52734 105469 
Sampling File Index 0 1 2 3 

Figure 5 - Example of DAVS configuration file in Windows and Notepad++  
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will also have the option to check the charge state of a battery. If any battery has less than that voltage, 

�‰�Œ�}�������o�Ç���]�•�v�[�š fully charged.  

Note that a discharged battery can take several hours to recharge, depending on the charger and 

charging current, so prepare them in advance. Always choose quality branded batteries with a high rated 

capacity (> 3000 mAh) for longer runtimes. 

 

2.3.4 Accessing DAVS Battery compartment 

Open the DAVS battery compartment, removing the locking wire and pulling the cap out gently (check 

Figure 7). Take care of the Ethernet and XT30 power cables inside DAVS which could be connected to 

DAVS mainboard. XT30 could be manually unplugged, but Ethernet need a screwdriver (or anything with 

a long rod) to help unplugging it from the yellow main board support. 

Figure 7 - Removing locking wire, end cap, XT30 connectors and Ethernet connector from main cylinder  

Figure 6 - LiIon  batteries charger  (left ) and LiIon voltage measure with a multimeter  (right ) 
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2.3.5 Accessing DAVS SD card slots 

If you need to insert a SD card, remove the DAVS nose by unscrewing it gently. Try to press the nose 

in the white Delrin zone only (marked in dashed red at Figure 8 above). Only unscrew the nose from the 

cylinder when the SD card is prepared, to minimize the exposure time to any dust or particles that may 

damage the sealing o-rings. 

 

All electronic boards are attached to the nose, so remove it from cylinder carefully (1 in Figure 9). The 

SD slots are in the plastic yellow support and you need to use on slot A a card with a configuration file. 

Can also be used slot B for extending memory capacity, with a valid card on slot A(2). After inserting the 

SD card immediately close the DAVS, reversing the process of Figure 8. Slide the cylinder through the 

electronic boards carefully (3), then screw it in the direction marked by (4) and until it aligns the cylinder 

X axis mark with the nose X mark (5). The X mark follows the mold marks, as the dashed green alignment 

mark shows.  

 

 

Figure 8 - Remove nose from main cylinder  
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2.3.6 Attaching Battery pack to DAVS end cap 

DAVS Battery pack is a blue cylinder which use five Li-Ion 18650 batteries and can be screwed to DAVS 

end cap. If the battery pack was disassembled from end cap (Figure 10�•�U���]�š�[�•���v�������•�•���Œ�Ç���š�}���‰���•�•���š�Z�������v���Œ�P�Ç��

Figure 9 - Opened DAVS (1) with marked yell ow support location and SD card slots (left side) and X axis alignment 
marks ( 2). Closing procedures (3 and 4) and align ed position  (5) 

Figure 10 - Mounting of battery pack  in End Cap  
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and communication cables through the centre of the battery pack (1) before inserting the batteries. With 

some care, pass the cables as shown in Figure 10 (2) paying attention to the pack threaded end that should 

be in the end cap side. Then screw the battery pack to the black part of end cap and just slightly tighten 

�]�š���~�ï�•�X���/�š�[�•���Œ�������Ç���š�}���]�v�•���Œt the 18650 batteries (4). 

2.3.7 Installing DAVS Batteries 

Before installing the batteries, make sure they are recharged by checking the voltage individually. 

Each one should have around 4.1 Volt, as seen in chapter 2.3.3. A discharged pack will reduce the device 

autonomy. Don´t mix charged and discharged batteries in the same pack.  

Insert five batteries in the pack, respecting the polarity as in Figure 11�X���d�Z�����‰�}�o���Œ�]�š�Ç���]�•�v�[�š���u���Œ�l�������]�v��
the pack, so note the negative side as a metal spring plate. The battery pack voltage should also be 

checked with a multimeter, to guarantee that the voltage is near 20.5 Volt. An autonomy of 20 hours is 

expected when using five 18650 batteries with 3100 mAh of capacity. 

2.3.8 Closing DAVS system 

Connect the two female XT30 energy connectors from the end cap and battery pack, to the two male 

connectors of the electronics (Figure 12). The Ethernet cable can be left unplugged. The DAVS system will 

start up immediately, trying to read the SD card. To see if the�Œ���[�•���v�}�����Œ�Œ�}�Œ���Œ�������]�v�P���^���������Œ���U�����Z�����l���(�}�Œ���>������
light which should be blinking with 10 seconds duration (10 second ON then 10 seconds OFF). If blink 

���µ�Œ���š�]�}�v���]�•���v�����Œ���í���•�����}�v���U���š�Z���v���š�Z���Œ���[�•���•�}�u�������Œ�Œ�}�Œ���Œ�������]�v�P���^�����(�]�o�� which should be verified. Please note 

Figure 11 - Batteries position on battery pack  

Figure 12 - XT30 power plugs connection  
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that a 10 second blink just indicate that DAVS is working�X���/�(���š�Z���Œ���[�•�����vy problem with configuration file, 

DAVS will not be recording but it ���}���•�v�[�š has any LED indication for that.  

Assemble the DAVS by inserting the cap with care in the cylinder. Just slide it in the direction shown 

at Figure 13 �~�í�•�����v�����‰�Œ���•�•�������o�]�š�š�o�����]�v���š�Z�������v���U���š�Z���Œ���[�•���v�}���(�]�Æ�������‰�}�•�]�š�]�}�v���(�}�Œ���š�Z�]�•�������‰�X���W�µ�š���š�Z�����o�}���l�]�v�P���‰�o���•�š�]����
wire, by rolling it (3) through the opening of the image (2). After closing it, the two ends of the locking 

wire will be sticking out, and the system is ready for deployment (4).  

 

2.3.9 Autonomous deployment material check list  

Before leaving for deployment site check if you carry the basic material for autonomous operation. 

The following Table 4 resumes the more useful material to take.  

 

Material Notes 
DAVS Peli case  

18650 batteries 5 units 

18650 spare batteries Depending on deployment time 

18650 charger  

Zip Ties Large size  

Duct Tape Large size 

Fixation Supports �/�(���š�Z���Œ���[�•�����v�Ç���(�}�Œ���š�Z�������Æ�‰���Œ�]�u���v�š 

Cleaning cloth To dry DAVS after retrieving it from the water 

  
Table 4 - Autonomous mode material check list  

 

  

Figure 13 - Closing the end cap  
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2.4 Cabled Mode: 

When using DAVS on cabled mode an external device should be used to provide energy and receive 

the acquired data. This connection is done through an Ethernet cable prepared for underwater use, 

allowing the real-time streaming of sensors data as well as powering the device. An external host 

computer must be used for view and retrieve streamed data as well as set acquisition parameters. Here 

we will use DAVS Base Station system described in appendix A.2, which already has the underwater cable 

and act as a Wi-Fi hot spot allowing the connection of any external host computer. Real time streamed 

data will be stored in this device memory. DAVS setting can be adjusted through a web interface of DAVS 

Base Station. 

2.4.1 DAVS base station storage case 

DAVS Base Station (Figure 14) is a companion system of DAVS developed by Marsensing, allowing an 

easy visualization of acquired signals and an interface to change acquisition settings on the fly. All the 

system components are inside a protective Peli case model 1200. It includes an underwater cable for 

direct connection to DAVS. When the system is working, it will act as a Wi-Fi hot spot allowing the 

connections of external devices and giving access to a web server. This web server will allow the 

visualization of streaming data and the download of recorded files, through a web interface. I�š�[�•�� ���o�•�}��
possible to configure DAVS, adjusting some settings through this web interface. 

 

2.4.2 Lead/Acid Batteries preparation  

DAVS Base Station is powered by a 12 Volt DC lead acid battery type (Valve Regulated Lead Acid type, 

model UL9-12), with 2 male spade type connectors and a capacity of 9 Ah (Figure 15). It needs to be 

charged with a specific charger for lead acid batteries and can take several hours to recharge. So, prepare 

the batteries some days before the deployment day. For recharge just connect the charger cables to 

battery, respecting polarities (Figure 16). Depending on the charger, can be seen the state of charge. The 

charging times also depend on the charger current. The voltage can be measured with an multimeter and 

should be higher than 12 Volt. 

Always prepare some spare batteries, depending on how many days are planned for the experiment.  

 

Figure 14 - DAVS Base Station  with case and external Ethernet green cable (left image) and case opened without 
battery  (right image)  
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2.4.3 Accessing DAVS Batteries compartment 

To access the batteries compartment, start by opening DAVS, removing the locking wire and pulling 

the end cap out gently as seen on Figure 17. Take attention to the Ethernet and XT30 power cables inside 

DAVS which could be connected to DAVS mainboard. XT30 can be disconnected by hand, but Ethernet 

need a screwdriver to help unplug it from the yellow main board support (check). You will need to press 

the Ethernet locking pin with the help of a screwdriver and pull it by the wires. Or you can disconnect it 

by hand if need to disassemble DAVS nose for SD card removal. 

For the cabled operation mode, we need to make sure that no SD card is inserted in any DAVS slots 

���v���� �š�Z���š�� ���š�Z���Œ�v���š�� �‰�]�P�š���]�o�� ���v���� �y�d�ï�ì�� �‰�}�Á���Œ�� �������o���� ���Œ���� ���}�v�v�����š������ �š�}�� �u���]�v�� ���}���Œ���X�� �/�(�� �š�Z���Œ���[�•�� ���v�Ç�� �^���� �����Œ����
inserted, it will prevent DAVS from booting in cabled mode and stream data, so we need to remove it. If 

Figure 15 - 12 Volt Lead Acid (VRLA) Battery  for base station with marked polarities  

Figure 16 - Charging a lead acid battery  (left side) . Note the color of the charging  cables respecting the battery 
polarity . Checking battery voltage with a multimeter (right side)  
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none SD card is inserted and the Ethernet and energy cables are connected, you can skip the next steps 

to chapter 2.4.6. 

 

2.4.4 Removing the battery pack from DAVS  

In cabled mode i�š�[�•���‰�}�•�•�]���o�����š�}���µ�•���������s�^���Á�]�š�Z���}�Œ���Á�]�š�Z�}�µ�š�������š�š���Œ�Ç���‰�����l���]�v�•���Œ�š�����X���/�(���Ç�}�µ ���}�v�[�š���Á���v�š���š�}��
�Œ���u�}�À�����š�Z���������š�š���Œ�Ç���‰�����l�U���i�µ�•�š���u���l�����•�µ�Œ�����]�š���Z���•�v�[�š�����v�Ç�������š�š���Œ�]���•���]�v�•���Œ�š�����X���/�(���Ç�}�µ���Á���v�š���š�}���Œ���u�}�À�����]�š���(�}�o�o�}�Á��
the sequence from Figure 18 and with all cables disconnected from mainboard unscrew the blue pack 

gently from white end cap (1) in green arrow direction, then separate it from the end cap cables with care 

�~�î�•�X�����}�v�[�š���(�}�Œ�������š�Z�����������o���•�U���]�(���š�Z���Ç�[�Œ�����•�š�µ���l���µ�•�����Ç�}�µ�Œ���(�]�v�P���Œ�•���š�}���o�}�•�����š�Z���u�X 

 

Figure 17 - Removing locking wire, end cap, XT30 connectors and Ethernet connector from main cylinder  

Figure 18 - Removing of battery pack  from DAVS end cap  
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2.4.5 Removing any SD card from DAVS slots 

If need to remove any SD card from mainboard you will need to disassemble DAVS nose, starting to 

unscrewing it gently. Try to press the nose only in the white Delrin zone (marked in dashed red at Figure 

19 above) and rotate the main cylinder body in the green arrow direction. Try to minimize the exposure 

time to any dust or particles that may damage the sealing o-rings. 

 

All the electronics are attached to the nose, so remove it from cylinder with care. To remove a card, 

just pull it gently from the plastic yellow support (Figure 20 image 1). After removing the SD card 

immediately close the DAVS, first connecting the Ethernet cable (2) then sliding the white cylinder with 

care (3). Screw it in the direction marked in (4) till the cylinder and nose marks align (5). Please note that 

when plugging the Ethernet cable, the end cap (and battery pack, if attached) will be physically connected 

to the nose, so screw the cylinder with care and never force it if you find any resistance. While screwing, 

check if the Ethernet wires are not being twisted and rotate the end cap to prevent twisting, if necessary. 

Check if something is stuck and try to clear it before continuing to screw the cylinder. Rotate it till the 

alignment marks from cylinder and nose overlap. 

 

2.4.6 Closing DAVS 

If the Ethernet cable is disconnected try to reconnect the Ethernet plug, just by pressing it until hear 

the locking pin click. You will need to manually align it with the DAVS mainboard socket and then press it 

with the help of any long object like a screwdriver or a pen. Then reconnect the XT30 power plug and 

close the cylinder, sliding the end cap gently in green arrow direction of Figure 21.  

To lock the end cap, press a little in the cap to take it to the correct position (1 of Figure 22�•�X���d�Z���Œ���[�•��
no fixed position for this cap. Put the locking plastic wire, by rolling it (3) through the opening of the image 

(2). After closing it, the two ends of the locking wire will be sticking out, and the system is ready for 

deployment (4). 

 

 

Figure 19 - Remove nose from main cylinder  
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Figure 21 - Connecting Ethernet, power plug and closing cap  

Figure 20 - DAVS SD card slots ( 1), Ethernet cable connection (2), closing DAVS procedure (3) and (4) and 
al ignment  of cylinder and nose (5)  
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2.4.7 Cabled mode deployment material check list  

Before leaving for deployment site check if you carry the basic material for cabled operation. The 

Table 5 - Cabled mode material check listresumes the more useful material to take.  

 

Material Notes 
DAVS Peli case  

DAVS Base Station case  

Lead Acid Battery 1 unit 

Lead Acid charger Depending on deployment time 

Zip Ties Large size  

Duct Tape Large size 

Fixation Supports �/�(���š�Z���Œ���[�•�����v�Ç���(�}�Œ���š�Z�������Æ�‰���Œ�]�u���v�š 

Cleaning cloth To dry DAVS after retrieving it from the water 

  
Table 5 - Cabled mode material check list  

 

 

 

Figure 22 - Closing the end cap  
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Chapter 3 DAVS Operation: During deployment 

This chapter will focus on the onsite deployment of DAVS device, for any of the operating modes. It 

contains information to prepare a deployment as the attachment to any structure and some verifications 

that can be done.  

3.1 Autonomous mode 

The deployment in autonomous mode allows the attachment of DAVS to any AUV or to any fixed 

structure, leaving the device working standalone. This method and the chose settings should be well 

planned, since it´s not possible to see what is going on during the acquisition. 

3.1.1 Orienting DAVS and Attaching to a support structure 

Since DAVS system is a vector sensor, it captures data which has directional information as the 

accelerometer readings. So, it´s important to decide an orientation for the deployment and respect that 

orientation when attaching DAVS to any structure. Also, DAVS have an inertial sensor which records the 

position of the device, useful when deploy attached to an AUV for example positioning. In Figure 23 can 

be seen the acoustic sensors axis orientations as well as the inertial sensor axis, which are not the same. 

 

Before attachment DAVS should be rotated along each axis to calibrate the inertial sensor. Just rotate 

twice along each axis to guarantee that the calibration is done. Also note that the inertial sensor is 

prepared for a vertical fixation. A horizontal attachment will generate wrong compass values. 

The attachment of DAVS to the development structure can be made using any specific supports or 

using a simple duct tape or zip ties. The duct tape solution also prevents the rotation of DAVS, so should 

be used in conjunction to Zip Ties. In Figure 24 (1) and (2) can be seen some specific Delrin clamps made 

for the exact sizes of DAVS and the AUV. In (3) a duct tape solution is used, inserting some foam pieces 

between the AUV structure and DAVS. This foam is useful to reduce some of the mechanical noise that 

could occur with direct contact between the rigid surfaces. Any adopted solution should take care of 

Figure 23 - DAVS orientation axis  
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tighten enough the device, preventing it from slipping but not tighten it to the point of deforming the 

case, which can result in water leakage. 

In Figure 24(3) there is also the DAVS axis represented, which are of extreme importance to respect. 

Since the DAVS has a directional response, the attached position should be the one which permit the best 

results for the acquisition scenario. When attaching DAVS the acoustic axis position should be considered 

and recorded for later data processing. 

 

3.1.2 Data quality assurance check   

When deploying DAVS in autonomous mode, the recorded data remains inaccessible before the 

recovery. So, it´s not easy to check if the recorded data are good for the purpose of the experiment. The 

gain settings of the programmable amplifiers should be set to an appropriate level for the type of signals 

expected by the experiment. An experiment for record underwater ambient noise for example, will need 

a gain high enough to get a good signal to noise ratio. However, if there´s a possibility to exist loud sources 

in the deployment site, this high gain can lead to saturation and clipping of the captured signal. So, these 

settings should consider the expected sound levels for that acquisition. 

Depending on the experiment, some checks can be made to guarantee a good quality of the recorded 

data. Always check for LED blinking for 10 seconds (Figure 25), any other time or no LED light indicates 

some problem which should be checked. Please note that during daylight it can be difficult to see the LED 

light through the Delrin cylinder, so choose a dark location.  

If �]�š�[�• possible to retrieve DAVS during the experiment (for batteries change), or immediately after 

recovering it, pick the SD card with the recorded data and check it in a computer, taking attention to: 

�x Visually check the recorded data for data presence. If no data is present in the WAVE file or no WAVE 

files exist, then there was some problem with DAVS system start up. Check that SD card was correctly 

formatted and configured, by doing a simple procedure. With the DAVS nose opened and SD card 

inserted, plug the battery pack for some minutes. Then unplug battery pack and check again for data 

recorded. �/�(�U���š�Z���Œ���[�•���v�}���t���s�����(�]�o���• check for configuration file format. Any wrong format (with text 

in any line, for example) will simply not store any WAVE file.  

Figure 24 - DAVS Delrin supports (1) made for a specific AUV attachment  (2). DAVS attached to a AUV using  duct 
tape (3). Note the orientation of the device by the axis representation.   
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�x Check for the amplitude of the interest signals (dynamic range of the signals). If there´s some 

saturated zones, the amplifier gains should be reduced. If the interest signals are weak, the gains 

should be raised.  

�x Hear the recorded audio for each channel searching for clipping and saturated zones, mechanical 

noises from attachment or platform, unwanted anthropogenic noises or other environmental noises. 

If audio files are saturated, the amplifier gains should be reduced. If �š�Z���Œ���[�• some mechanical noises 

from the mechanical attachment, the fixation method should be changed. If the deployment site has 

meaningful unwanted anthropogenic noises, probably it´s not a good place to deploy.  

 

 

 

  

Figure 25 - Green LED position in Delrin cylinder  
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3.2 Cabled Mode 

The DAVS cabled mode allow the connection to an external host computer and adjust some setting 

during the experiment. 

3.2.1 Connecting DAVS Base Station external Ethernet cable 

To connect the external Ethernet cable of DAVS Base Station first remove the dummy caps from both 

the DAVS and DAVS Base Station connectors (Figure 26). Start by unscrewing the DAVS locking sleeve in 

the direction of green arrow (1) and then pull the dummy caps apart gently, storing them in a safe place. 

Then connect the green cable terminal plug to DAVS connector (2) and screw the threaded connector 

sleeve (3).  

 

3.2.2 Orienting DAVS and Attaching to a support structure 

Since DAVS system is a vector sensor, it captures data which has directional information as the 

accelerometer readings. So, it´s important to decide an orientation for the deployment and respect that 

orientation when attaching DAVS to any structure. Also, DAVS have an inertial sensor which records the 

position of the device, useful when deploy attached to a boat that can change its positioning. In Figure 23  

of chapter 3.1.1 can be seen the acoustic sensors axis orientations as well as the inertial sensor axis, which 

are not the same. Before attachment to support structures, DAVS should be rotated along each axis to 

calibrate the inertial sensor. Just rotate twice along each axis to guarantee that the inertial sensors are 

calibrated. Also note that the inertial sensor is prepared for a vertical attachment, any horizontal 

attachment will give wrong readings. 

The attachment of DAVS to the development structure can be made using any specific supports or 

using a simple duct tape or zip ties. The duct tape solution prevents the rotation of DAVS, so should be 

used in conjunction to Zip Ties. When attaching to any platform, respect the defined orientation of DAVS. 

In Figure 27 can be seen three different attachments to support structures, all using duct tape and zip ties. 

The rightest image has marked the DAVS acoustic sensor axis, which should be recorded for the later 

signals processing.  

Figure 26 - Connection of DAVS Base Station  cable to DAVS connector 
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3.2.3 Connecting Marsening system VRLA battery 

Insert a charged lead acid battery into the DAVS Base Station case battery area and arrange the power 

cables inside (Figure 28). A charged battery has a voltage around 13 Volt and can be checked with a 

multimeter. Connect the battery plugs, respecting the colors and starting from the negative pole (black). 

Then connect the positive pole (red) quickly, to minimize voltage spikes in the system. Make sure the 

connectors are well settled. You will see a red LED light blinking, showing that the system is booting up. 

The case should be closed to prevent water or moisture to get inside. Wait for up to 2 minutes for the 

system to completely start up. After that time the led should be always ON. 

 

Figure 28 - Battery installation in DAVS Base Station  case (left side) and power cables connection (right side)  

Figure 27 - Three different DAVS attachments using duct tape and zip ties. Please note the axis on the right photo  
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3.2.4 Connecting to DAVS Base Station Hot Spot (Windows 10 OS) 

When the Base Station system is fully working, it will act as a Wi-Fi hot spot allowing external devices 

connection. You will need to connect to Wi-Fi hot spot using the following credentials: 

�x Wi -Fi Hot Spot Name:        SiPLAB_TP -1 

�x Wi -Fi Hot Spot Password:   digitalHyd  

 

To do this in Windows 10 environment, search for that Wi-�&�]���v���š�Á�}�Œ�l���v���u���U�����Z�}�}�•�����^connect�_�����v����
���v�š���Œ�� �š�Z���� �‰���•�•�Á�}�Œ���X�� ���o�]���l�� �^next�_�� ���v�� � ŷes�_�� �š�}�� ���}�u�‰�o���š���� �š�Z���� ���}�v�v�����š�]�}�v�� �‰�Œ�}�����•�•�� �~Figure 29). You will 

�Œ�������]�À���� ���� �u���•�•���P���� �•���Ç�]�v�P���š�Z���š���š�Z�����v���š�Á�}�Œ�l�� ���}���•�v�[�š�� �Z���À���� �/�v�š���Œ�v���š�����������•�•�U�����v���� �š�Z���š�[�•�� �K�<���•�]�v������ �Ç�}�µ���}�v�o�Ç��
want to connect to DAVS.  

 

3.2.5 Connecting to DAVS Base Station Hot Spot (Android OS) 

�/�š�[�•��also possible to connect to DAVS Base Station using any mobile phone with Android or iOS 

operative system. Figure 30 shows an Android device connection example. The interface design can 

change, based on your Android version or device, but the steps are similar. Start by disabling mobile data, 

then search for a �Z�}�š�� �•�‰�}�š�� �����o�o������ �^SiPLAB_TP-1�_�� �]�v�� �t�]-Fi connections menu, click on it and insert the 

�‰���•�•�Á�}�Œ���� �^digitalHyd�_�X�� �d�}�� �(�]�v�]�•�Z�� ���o�]���l�� �^connect�_�� ���v���� �Á���]�š�� �(�}�Œ�� �š�Z���� ���}�v�v�����šion to stablish. In the end it 

should indicate that the device is connected to SiPLAB_TP-�í�������À�]���������µ�š�����}�v�[�š���Z���À�����/�v�š���Œ�v���š�����������•�•�X 

Figure 29 - Connecting to DAVS hot spot in a Windows 10 operative system  
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3.2.6 DAVS Base Station real time web interface 

After connecting to DAVS Base Station hot spot and access to web interface, open a browser in your 

���}�u�‰�µ�š���Œ�����v�����v���À�]�P���š�����š�}���Œ�����o���š�]�u�������]�•�‰�o���Ç���]�v�š���Œ�(�����������š���^192.168.200.248:7681�_�X���d�Z���Œ�����Ç�}�µ���Á�]�o�o���•�������š�Z����
real time streaming data interface with a waterfall plot and the frequency spectrum inside in the left side 

of the screen. In the right side there are some visualization controls and DAVS settings, that can be 

changed in real time also.  

The visualization window is composed of two components: a frequency spectrum graph and a 

waterfall plot (Figure 31). The frequency spectrum represents the real time amplitude (X axis) of the signal 

frequency components (Y axis). The waterfall plot is a dynamic spectrogram which shows how the signal 

frequencies amplitude changes along time. The amplitude is represented through a color that change 

based on the amplitude of the signal and follows the power scale color scheme. In Figure 31 an high 

intensity signal (around 180 dB) is shown in a red color and a weaker signal (near or above 60 dB) is shown 

in a dark blue color. Moving the mouse through the waterfall plot will identify the frequency of that point. 

A simplified description of the calculations performed to obtain these plots (called FFT) are given in 

appendix A.4. 

Figure 30 - Connecting to DAVS hot spot in a n Android 9  mobile phone 

Figure 31 - DAVS Base Station w eb interface sections and control panels  
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In Figure 31 you can see the different sections of DAVS Base Station web interface. The right hand 

top panel shows the visualization controls that adjust how the signal is represented in the visualization 

�Á�]�v���}�Á�X���/�š�����}���•�v�[�š�����(�(�����š���š�Z�����•���š�š�]�v�P�•���}�(�������s�^���}�Œ���•���À�������t���s�����(�]�o���•�X���d�Z�����(�}�o�o�}�Á�]�v�P���•���š�š�]�v�P�• are available: 

�x Colorscale, adjust which amplitude of the signal correspond to the minimum (dark blue color) and 

maximum (red color) of the waterfall color scale. The scale ranges from 20 to 200 dB. For example, 

choosing a minimum of 40 dB will represent a frequency component with an amplitude of 40 dB 

(or less) by a dark blue color in the spectrogram. 

�x Frames per Second change the refresh rate of the frequency spectrum and spectrogram. It ranges 

from 1 to 30 frames per second. A higher frame rate will update the frequency spectrum and 

spectrogram quicker. 

�x FFT Window Type, which permit to change the window type used by the FFT algorithm. There are 

Rectangular, Hamming, Hanning, Blackman, Nuttal and Blackman-Nuttal window types available 

(see more information on appendix A.4).  

�x FFT Window Size, which sets how many data points are used by the FFT algorithm. It has three 

options (2048, 4096 and 8192) and the higher the value the more frequency resolution you get. 

However, this is a trade off with time resolution, so getting higher frequency resolution take a lower 

time resolution.  

�x Spectrum, turns ON or OFF the visualization window. 

DAVS controls panel changes how DAVS acquire signals and accordingly, the saved files settings. 

Changing any of these parameters (except the Channel one) will create immediately a new WAVE file with 

the new settings. Control section has the following options: 

�x Datasource, the name and �/�����}�(���š�Z���������À�]���������}�v�v�����š�����U���µ�•�µ���o�o�Ç���^�,�Ç���Œ�}�‰�Z�}�v�����ì�î�í�ñ�_�X 

�x Sampling rate, the number of samples per second (Hz) used by DAVS. It has four options following 

the sample rate of ADC, being 10547, twice 52734 and 105469 Hz. The 52734 Hz has two options 

related to an ADC configuration that change the Signal to Noise ratio (check appendix A.1.4.3). 

�x Preamplifier gain, changes the gain of the PGA. The options available are 0x, 1x, 2x, 4x, 8x, 16x, 32x 

and 64x (check appendix A.1.4). 

�x Channel, selects the DAVS channel being visualized in the visualization panel. The available options 

are presented in Table 6. This setting only affects visualization window, since all the 8 DAVS channel 

will always be recorded to the WAVE file. 

�x Recording, to turn OFF or ON the recording of DAVS acquired data to a WAVE file. 

 

Transducer 
Accelerometer #49 

Hydrophone 
Accelerometer #50 NOT 

USED X axis Y axis Z axis X axis Y axis Z axis 
Panel 

number 
1 2 3 4 5 6 7 8 

Table 6 - Channel options for DAVS control panel  

System information panel �]�•�v�[�š���µ�•�������Á�]�š�Z���š�Z���������š�µ���o�������s�^���Z���Œ���Á���Œ���X 

When using a mobile device, the procedure is the same, just open any browser and navigate to 

� 1̂92.168.200.248:7681�_�� �������Œ���•�•�X�� �d�Z���� �‰���P���� �Á�]�o�o�� �Z���À���� �š�Z���� �•���u���� �o���Ç�}�µ�š�� ���v���� �(�µ�v���š�]�}�v���o�]�š�Ç�� �}�(�� �š�Z���� �v�}�Œ�u���o��
version, as seen on Figure 32. 

 

 

 

https://ualg365-my.sharepoint.com/personal/nfpinto_ualg_pt/Documents/EMSO/192.168.200.248:7681
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3.2.7 Data quality assurance check 

When deploying in Cabled Mode, it´s easy to check if the acquired signals have some problems and 

correct them before the end of the experiment. Since the web interface allows the real time visualization 

of the acquired signal, the visual inspection of the waterfall plot will show the amplitudes of the signals. 

Check �]�(�� �š�Z���Œ���[�•�� ���v�Ç��unexpected high level sounds or if the gains are too high or low for the expected 

signals. If there´s some saturated zones, the amplifier gains should be reduced. If the interest signals are 

weak, the gains should be raised. The gain settings of the programmable amplifiers should be set to an 

appropriate level for the type of signals expected by the experiment. Also check for transients that can be 

caused by impacts and could reveal some problems in the attachment of DAVS to supports. 

Hearing the acquired audio can also help to find any problems. The simple way is to download a 

captured WAVE file and hear it in any software as explained in Chapter 4. Hear the recorded audio for 

each channel searching for clipping and saturated zones, mechanical noises from attachment or platform, 

unwanted anthropogenic noises or other environmental noises. If audio files are saturated, the amplifier 

�P���]�v�•���•�Z�}�µ�o�����������Œ�����µ�������X���/�(���š�Z���Œ���[�•���•�}�u�����u�����Z���v�]�����o���v�}�]�•���•���(�Œ�}�u���š�Z�����u�����Z���v�]�����o�����š�š�����Z�u���v�š�U���š�Z�����(�]�Æ���š�]�}�v��
method should be checked and changed. If the deployment site has meaningful unwanted anthropogenic 

noises, probably it´s not a good place to deploy.  

 

 

 

 

Figure 32 - DAVS Base Stationweb 
interface, using mobile Firefox (Android OS)  
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3.3 Troubleshooting  

Some common problems that may occur are described in Table 7 below. 

 

Problem Mode Cause Solution 
Manual 
Chapter 

�����s�^�����}�v�[�š���•�š���Œ�š���~�P�Œ�����v��
�>���������}�v�[�š���š�µ�Œ�v���}�v���}�Œ��
blink for 10 seconds) 

Autonomous 

Batteries are discharged 
Check batteries and change them for 
charged ones 

2.3.3 and 
2.3.7 

XT30 connector not 
correctly plugged 

Check XT30 connector, reconnecting it. 2.3.8 

Cabled 
Underwater connector 
disconnected 

Check underwater connector and 
reconnect it 

3.2.1 

Green LED blink for 1 
second 

Autonomous 

SD card not formatted into 
FAT filesystem 

Retrieve SD card and format it in FAT 
filesystem 

2.3.1 and 
2.3.2 

SD card into slot B Change SD card from slot A to Slot B 2.3.5 

Web interface get 
stucked or ���}�v�[�š���•�Z�}�Á��
any DAVS real time 
data 

Cabled Internal error 
Reboot base station, by disconnect and 
reconnect lead battery 

3.2.3 

�����v�[�š�����}�v�v�����š���š�}���Á������
server 

Cabled 

Base station system not 
connected (red LED turned 
OFF) 

Check lead battery charge state and 
connection 

2.4.2 and 
3.2.3 

Red LED turned ON 
If using a mobile device, disconnect 
�^�u�}���]�o���������š���_ 

3.2.5 

Find WiFi network but 
don´t connect 

Cabled Inserted a wrong password 
Forget Wi-Fi connection and 
reassociate again. Double check 
password 

3.2.4 or 
3.2.5 

�����s�^�����}�v�[�š���Œ�����}�Œ��������
any WAVE file 

Autonomous �t�Œ�}�v�P���^���}�v�(�]�P�X�š�Æ�š�_���(�]�o�� 
Check if configuration values or 
�^���}�v�(�]�P�X�š�Æ�š�_���(�]�o�����(�}�o�o�}�Á���š�Z�������}�Œ�Œ�����š��
format and values 

2.3.1 

DAVS compass 
information is wrong 

Autonomous 
or cabled 

Wrong attachment 
position 

ReAttach DAVS in a vertical position 
3.1.1 or 
3.2.2 

     

Table 7 - Troubleshooting for the most common problems  
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Chapter 4 DAVS Operation: After deployment 

This chapter will focus on the after deployment procedures, for any of the operating modes. It 

contains information on how to retrieve and process data acquired by DAVS. There are also some 

considerations about maintain and store DAVS. 

4.1 Data retrieve 

Retrieve data from DAVS is obviously dependent on deployment method. The following chapters 

describe the procedures for the two modes. 

4.1.1 Autonomous Mode  

When in autonomous mode DAVS should be retrieved from water and dried before opening, to 

prevent water spilling to electronic boards. The opening of DAVS follows what is described in chapters 

2.3.4 and 2.3.5. After picking up the SD card, connect it to any computer and retrieve the files by copying 

them to your computer.  

�������Z�� �š�]�u���� �����s�^�� �]�•�� �‰�o�µ�P�P������ �K�E�U�� �]�š�� �Á�]�o�o�� ���Œ�����š���� ���� �(�}�o�����Œ�� �v���u������ �^�����d���y�y�y�y�_�U�� �Á�Z���Œ���� �š�Z���� �y�y�y�y�� ���Œ���� ����
number from 0000 to 9999. When creating a new folder DAVS check for the last folder name existing in 

root folder of SD card, creating a new folder with the next number. For example, if when booting there 

���Œ���� ���o�Œ�������Ç�� �•�}�u���� �(�}�o�����Œ�•�� �v���u������ �^�����d���ì�ì�ì�ì�_�� �š�}�� �^�����d���ì�ì�ì�ñ�_�U�� �����s�^�� �Áill create a new folder called 

�^�����d���ì�ì�ì�ò�_�����v�����•�š�}�Œ�����t���s�����(�]�o���•���]�v�•�]�������š�Z�]�•���}�v���X���d�Z�����t���s�����(�]�o���•���Z���À�����š�Z�����•���u�����v���u�]�v�P���•���Z���u���U���•�š���Œ�š�]�v�P��
���š���^�����d���ì�ì�ì�ì�X�t���s�_���š�}���^�����d���õ�õ�õ�õ�X�t���s�_�X���/�v��Figure 33 can be seen an example of the content of a SD 

card, with several folders following this naming scheme, and the content of a folder �^�����d���ì�ì�í�î�_ where 

some WAVE files are. 

�/�š�[�•�� ���� �P�}�}����practice to keep the original files untouched, maintaining them without any editing or 

processing. So, duplicate the original files and use the duplicated files for processing. 

 

4.1.2 Cabled mode 

DAVS Base Station retrieves acoustic and system information from DAVS system, storing these 

�]�v�(�}�Œ�u���š�]�}�v�[�•���]�v�š�}���î���•���‰���Œ���š�����(�]�o���•�X���d�Z���������}�µ�•�š�]���������š�����}�(���š�Z�����ó�������}�µ�•�šic channels is stored in a WAVE file 

format, with 120 seconds of duration.  Every 120 seconds period a new file is created, being this time fixed 

in firmware�X���d�}���Œ���š�Œ�]���À�����š�Z���������‹�µ�]�Œ�����������}�µ�•�š�]���������š�����i�µ�•�š���v���À�]�P���š�����]�v���������Œ�}�Á�•���Œ���š�}���^192.168.200.254/data/�_�U��
where a web interface allows to download the acquired data. The WAVE data files are separated into 

Figure 33 - Example of the content of a SD card and  data folder, from a DAVS acquisition  
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�(�}�o�����Œ�•�U���(�}�o�o�}�Á�]�v�P�������‰���š�Z���•�š�Œ�µ���š�µ�Œ�����}�(���^192.168.200.254/data/YEAR/MONTH/DAY/�_�X���:�µ�•�š���v���À�]�P���š�����š�}���š�Z����
folder matching the date of acquired signals and select the files you need to download them to the host 

device. WAVE data files follow a naming scheme containing DAVS ID and acquisition start time as 

�_DATA_TP1_id_XXXhhmmss.wav�_�X���&or example, one file recorded at 10:57:08 of day 13 January 2020 by 

�����À�]������ �/���� �ì�î�í�ñ�U�� �Á�]�o�o�� ������ �‰�o���������� ���š�� �(�}�o�����Œ�� �‰���š�Z�� �^/d���š���l�î�ì�î�ì�l�ì�í�l�í�ï�l�_ with a filename 

� D̂ATA_TP1_0215_012105708.WAV�_�X��Figure 34 shows an example folder, with the recorded files listed 

and a download window asking to open or save the file. In an Android mobile device, the listing page will 

have the same functionality.  

Inside each day folder there a�Œ���� �•�}�u���� �^�����À�]���������š�����š�ì�z�y�y�y�Z�Z�u�u�•�•�X���•�À�_��files, where several 

�]�v�(�}�Œ�u���š�]�}�v�[�•�������}�µ�š�������s�^�����Œ�����•�š�}�Œ�����X���/�v���š�Z���•�����(�]�o���•�U�����o�o���š�Z���������š�������Œ�����•�š�}�Œ�������µ�•�]�v�P�����}�u�u�����•���‰���Œ���š�������À���o�µ���•��
(CSV) format. The file name reflects the creation time of the file �]�v���š�Z�����^hhmmss�_���‰���Œ�š, using Base Station 

internal time. Each file line represents one second of system activity or a change in settings done through 

web interface. There are 20 fields that represent some specific information about DAVS, as seen on Figure 

35. These fields are described in more detail on appendix A.5. 

 

 

  

Figure 34 - Folder structure of data folder, from web interface  (Firefox browser in Windows 10 OS)  

Figure 35 - DeviceDetect file content, opened in a notepad application  
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4.2 Data visualization 

In this chapter we will present some simple examples to visualize and process the acquired data, using 

2 different software, Audacity and Matlab. We will not deepen any explanation about them, since it´s not 

the purpose of this chapter.  

4.2.1 Audacity 

A simple way to view and process the acquired acoustic data is to use the free Audacity audio editing 

�•�}�(�š�Á���Œ���X���/�š�[s available for Windows, Linux or Mac platforms and in our examples the Windows version 

has been used. The functionality should be similar in any other operating systems. 

4.2.1.1 Opening and playing of a WAVE file 
To open a DAVS WAVE file simply start Audacity and select File>>Open �}�Œ���^���š�Œ�o�=�K�_���•�Z�}�Œ�š���µ�š�U���•���o�����š�]�v�P��

the desired file from storage (Figure 36). 

 

�t�Z���v�������t���s�����(�]�o�����]�•���o�}���������U���]�š�[�•���‰�}�•�•�]���o�����š�}���Z�����Œ���]�š�����v�����•�������š�Z�������}�Œ�Œ���•�‰�}�v���]�v�P���v�}�Œ�u���o�]�Ì�������Á���À���(�}�Œ�u��
(range -1 to 1) of each recorded channel. To hear it, just press the play button �}�Œ���µ�•���� �š�Z���� �^space bar�_��
shortcut. All the seven channels will play simultaneo�µ�•�o�Ç�X���/�š�[�•���‰�}�•�•�]���o�����š�}���u�µ�š�����}�Œ���•�}�o�}�����v�Ç�����Z���v�v���o���]�v���š�Z����
channel menu, as well as adjust channel intensity. There are some additional options available in the 

channel options menu. In Figure 37 can be seen the channels position and the location of each menu.  

Figure 36 - Audacity window and open file dialog  
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The waveforms represent the sampled points in time, as can be seen on Figure 38. If press 

� ĈTRL+Mouse Scroll�_�� �]�š�ò�•�� �‰�}�•�•�]���o���� �š�}�� �Ì�}�}�u�� �]�v�� �µ�v�š�]�o�� �•������ �š�Z���� �]�v���]�À�]���µ���o�� �•���u�‰�o���•�X�� �d�Z���•���� ���Œ���� �•�‰���������� �}�(��
1/(sampling rate) seconds. In the example below there are 10547 samples per second (SPS), which 

correspond to approximately 94.813 microseconds between consecutive samples. Note the amplitude of 

each sample which is normalized between -1 and 1. 

 

 

4.2.1.2 Viewing the spectrogram of a channel 
�d�}���À�]�•�µ���o�o�Ç�����v���o�Ç�•�����������Z���v�v���o���]�š�[�•�����}�u�u�}�v���š�}���µ�•���������•�‰�����š�Œ�}�P�Œ���u�U���Á�Z�]���Z���Œ���‰�Œ���•���v�š���š�Z�������u�‰�o�]�š�µ�������}�(��

each signal frequency component, in time domain. To change from a waveform to spectrogram view in 

���µ�������]�š�Ç�U�� �•�]�u�‰�o�Ç�� �•���o�����š�� �^spectrogram�_ �]�v�� �š�Z���� �^channel menu�_��(1 in Figure 39). The amplitude is 

represented by a color, the frequency is plotted in Y axis and the time in X axis. To get a better view, drag 

the border of the channel window to a bigger size (2). There you can see the spectral behaviour of the 

signal, where the strongest signals get colored red and the weaker ones get a light blue or grey color (3). 

The X axis has the relative record time of the file, not the real capture time. For example, a 120 seconds 

record will have a time from 0 to 120 seconds only. The Y axis has the frequency scale in Hertz, which 

Figure 38 - Zoom in sh owing some samples of a channel  

Figure 37 - Basic menus and recorded channels location after open a WAVE file  
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represent values from 0 to half the sampling rate (due to Nyquist Theorem). In Figure 39, the 10547 SPS 

will get a maximum frequency of 5273 Hz. 

 

The spectrogram is generated by a mathematical operation called Fast Fourier Transform (FFT), which 

is outside the scope of this text. A short explanation was given in appendix A.4. The most common FFT 

settings are the window type and size, which can be configured in Audacity by clicking in the channel 

�u���v�µ�����v�����^spectrogram settings�_�X�������•�]�������š�Z���š�����o�P�}�Œ�]�š�Z�u���}�‰�š�]�}�v�•�U���]�š�[�•�����o�•�}��possible to change the colors 

and scale, however we will leave the default options. Adjusting the best colors depends on the signal 

�•�š�Œ���v�P�š�Z�� ���v���� �����v�� ������ ���}�v���� �µ�•�]�v�P�� �^gain�_�� ���v���� �^range�_�� �}�‰�š�]�}�v�•�X�� �&�Œ���‹�µ���v���Ç�� ���v���� �š�]�u���� �Œ���•�}�o�µ�š�]�}�v�� �����v�� ������
���Z���v�P���������Ç�������i�µ�•�š�]�v�P���š�Z�����^algorithm window size�_�X�������o�}�Á���Œ���À���o�µ�����Á�]�o�o���P���š�������Z�]�P�Z���š���u�‰�}�Œ���o���Œ���•�}�o�µ�š�]�}�v���Á�]�š�Z��
a low frequency resolution. A high window value will result in a high frequency resolution but a lower 

temporal resolution. For more information on these settings please refer to Audacity spectrogram 

manual. 

4.2.1.3 Frequency analysis of a file 
You can analyse in detail the frequency of a specific zone of the spectrogram. This is also done by a 

�&���•�š���&�}�µ�Œ�]���Œ���d�Œ���v�•�(�}�Œ�u�X���:�µ�•�š���•���o�����š���•�}�u�����•�‰�����š�Œ�}�P�Œ���u�����Œ�������Á�]�š�Z���š�Z�����u�}�µ�•���U���š�Z���v���P�}���š�}���^Analyse�_ menu 

���v�����P̂lot Spectrum�_��which will open a spectrum analyser window, with several option to configure. For 

more information about these options, please refer to Audacity plot spectrum manual. In the example of 

Figure 40 we select a zone between approximately 45.8 and 45.9 seconds, which will give us the spectrum 

from the selected time. 

Figure 39 - Change from wavefo rm view to spectrogram view  

Figure 40 - Frequency analysis plot from a selected region of the spectrogram  

http://manual.audacityteam.org/man/spectrogram_settings.html
http://manual.audacityteam.org/man/spectrogram_settings.html
http://manual.audacityteam.org/man/plot_spectrum.html
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Choosing the right parameters (size and window type) will help us to see where the most relevant 

frequencies are. In Figure 41 there are three big peaks marked in the frequency graph and the 

correspondent zone in the spectrogram. It can easily be seen that higher peaks in the frequency graph 

have a brighter red color in the spectrogram.  

 

4.2.1.4 Applying a filter to the signal  
�/�š�[�•�����o�•�}���‰�}�•�•�]���o�����š�}�����‰�‰�o�Ç���•�}�u�������(�(�����š�•���š�}���š�Z�����•�]�P�v���o�X���&�}�Œ�����Æ���u�‰�o���U��if we know that our signal of interest 

is �����š�Á�����v���í�����v�����ï���l�,�Ì�U���]�š�[�•���‰�}�•�•�]���o�����š�}���(�]�o�š���Œ�����o�o���š�Z�����µ�v�Á���v�š�������(�Œ���‹�µ���v���]���•���}�(���š�Z�����•�]�P�v���o���µ�•�]�v�P���š�Z�����^filter 
curve effect�_�X���:�µ�•�š���•���o�����š���š�Z�������Œ�������Á�Z���Œ�����Á�����Á���v�š���š�Z�������(�(�����š���š�}�����������‰�‰�o�]�����U���P�}���š�}���^Effect�_ menu and select 

� �̂&�]�o�š���Œ�����µ�Œ�À���_. Then you can design the filter behaviour, where unwanted frequencies can be attenuated, 

and desired frequencies can be amplified. In the graph windows you can add multiple points and set 

different zones with different gains. The 0 dB line is where the signal remains the original, the positive 

values means amplification and negative attenuation. In Figure 42 we design a band pass filter, where we 

remove all the frequencies below 1 kHz and above 3 kHz. For the unwanted ones we define a -30 dB 

attenuation. For the usable 1-3 kHz we define a small gain of 2 dB. After we apply it to the signal, we can 

see that almost all the signal outside our pass band is removed. The exception for the high intensity low 

frequency signals, which were strong enough to, even after reducing it 30 dB, maintain in the signal. 

Figure 41 - Frequency plot correspondence in spectrogram  
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Figure 42 - Example of filtering the signal to remove unwanted frequencies  
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4.2.2  Matlab 

Matlab is a commercial software, commonly used in the academic community. It has good tools for 

data processing and visualization and some toolboxes for specific applications like signal processing, audio 

�‰�Œ�}�����•�•�]�v�P�� �}�Œ�� �•�š���š�]�•�š�]���•�X�� �/�š�[�•�� ���À���]�o�����o���� �(�}�Œ�� �t�]�v���}�Á�•�U�� �>�]�v�µ�Æ�� �}�Œ�� �D������ �‰�o���š�(�}�Œ�u�•�� ���v���� �]�v�� �}�µ�Œ�� ���Æ���u�‰�o���•�� �š�Z����
Windows version has been used. The functionality should be similar in any other operating systems. In 

our examples we will use two functions (spectrogram and bandpass�•���š�Z���š�����Œ���������‰���Œ�š���}�(���^Signal Processing 
Toolbox�_���•�}���u���l�����•�µ�Œ�����Ç�}�µ���Z���À�����]�š���]�v�•�š���o�o�����X���d�Z�������}�u�‰�o���š�������}�������]�•���}�v��appendix A.3. 

 

4.2.2.1 Opening and playing of a WAVE file 
The usage of Matlab software gives us some good processing tools. Here we will show a simple 

example for plotting the waveforms and hearing a WAVE data file. We will not explain the Matlab options 

in detail, since there are so many and they are not needed for the explanation of these simple examples. 

Please refer to Matlab manual. 

�d�}���}�‰���v�������(�]�o���U�������(�]�v�����š�Z�����‰���š�Z���]�v���š�Z�������}�u�‰�µ�š���Œ���š�}���š�Z�����t���s�����(�]�o�������v�����µ�•�����š�Z�����^audioread�_��function to 

separate the file in a matrix of size m samples and n channels (variable y) and sampling rate (Fs).  

% Wave File location  
path_file = 'D: \ example \ of \ path_to_data_file \ DATA0024.WAV' ;  
% Getting Sampling Frequency Fs and Y datapoints from WAVE file  
[ y,  Fs]  = audioread ( path_file );   

Then, to isolate each channel, just assign each column of the matrix y to a variable, representing the 

source of the data (acc49_x, acc49_y, acc49_z, hyx, acc50_x, acc50_y, acc50_z). Note that these values 

are normalized (between -�í�����v�����í�•�U�����v�������}�v�[�š�����]�Œ�����š�o�Ç�����}�Œ�Œ���•�‰�}�v�����š�}�����v�Ç physical quantity. 

% Separate each channel from *.wav to a variable with source name  
acc49_x  = y(:, 1);       
acc49_y  = y(:, 2);       
acc49_z  = y(:, 3);       
hyd      = y(:, 4);   
acc50_x  = y(:, 5);       
acc50_y  = y(:, 6);       
acc50_z  = y(:, 7);   
 

 We have all the 7 channels separated, so we just need to create an array of time which will be 

common for each channel. To do so, just create an array starting at 0 till the size of the WAV file, 

representing the time of each sample data point (t). The simple way to do this, is to get the size in samples 

(Nt�•���}�(�����v�Ç���À���Œ�]�����o�����µ�•�]�v�P���^length�_��function and divide it by sample rate (Fs). 

% Create a time array [0, Ts, 2Ts, 3Ts,... (Nt - 1)Ts]  
Nt = length ( hyd );           %NOTE: Could be obtained from another variable  
t = ( 0: Nt - 1)/ Fs;  

Now we have all the information needed to represent a waveform, the X axis time and Y axis 

�����š���‰�}�]�v�š�•�X���/�v���š�Z�������Æ���u�‰�o���������}�À���U���Á�������Œ�����š���������(�]�P�µ�Œ�������v�����µ�•�����š�Z�����^plot�_ function to show the waveform 

of accelerometer #49 (Figure 43). 

% Create a simple waveform from a single channel  
figure ( 'Name' ,  '  Acc#49 X axis Normalized Waveform ' )  
plot ( t ,  acc 49_x )  
grid on  
axis tight  
title('Acc#49 X')  
xlabel ( 'time(s)' )  
ylabel ( 'normalized amplitude' )   

http://www.mathworks.com/products/matlab.html
http://www.mathworks.com/help/signal/ref/spectrogram.html
http://www.mathworks.com/help/signal/ref/bandpass.html
http://www.mathworks.com/products/signal.html
http://www.mathworks.com/products/signal.html
http://www.mathworks.com/help/matlab/ref/audioread.html
http://www.mathworks.com/help/matlab/ref/length.html
http://www.mathworks.com/help/matlab/ref/plot.html
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It´s also possible to overlap waveforms in the same figure. The following code create a graph (Figure 

44) with the data from accelerometer #49 overlapped. 

% Create waveforms from accelerometer tri - channel data  
figure ( 'Name' ,  'Accelerometer #49 Normalized Waveforms' )  
plot ( t ,  acc49_x ,  'r' ,  t ,  acc49_y ,  'g -- ' ,  t ,  acc49_z ,  'b:'  )  
grid  on 
axis  tight  
legend  
title ( 'Acc#49 Waveforms' )  
xlabel ( 'time(s)' )  
ylabel ( 'normalized amplitude' )  
 

  

Figure 44 - Graph of the three #49 accelerometer axis data overlapped  

Figure 43 - Simple waveform graph of a single channel  












































































