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Abstract: The protocol and compatible interconnection for data communication devices using audio 
frequency acoustic transmission in a subsea environment.  
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1 Introduction 
 
The objective of this standard is to provide a simple acoustic protocol that satisfies requirements of 
interoperability and interchangeability for acoustic data communication devices.  This is achieved by a 
simple and well-defined standard named SWiGacoustic. SWiGacoustic is derived from NATO ANEP-87 
Edition A Version 1 (referred to in this document as ANEP-87, and formerly known as STANAG 4748 
and previously JANUS). References are made to ANEP-87 when appropriate.  
 
The SWiGacoustic document is a part of the standard developed by the SWIG Working Group which 
deliver interconnection and data communications in a subsea environment using different technologies: 
radio, acoustic, optical and power-transfer. Interoperability between communications technologies is 
achieved using gateway devices.  
 
The motivations and decisions that led to this standard are captured in a document called “Decision 
making process for the SWiGacoustic standard”. 
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2 Scope 
 
Subsea acoustic wireless communications are used to transmit data (e.g. control and monitoring 
messages) over relatively long distances subsea. This type of network requires little or no infrastructure 
apart from the communicating devices. 
 
The SWiGacoustic document, as part of the SWiG standard, presents a framework for communications 
and control among underwater devices. SWiGacoustic is interoperable and allows communication 
among heterogeneous, compliant devices from different manufacturers to create an integrated system. 
 
SWiGacoustic targets subsea process operations and supports monitoring and control applications. For 
example: 
 Process control 
 Equipment and process monitoring 
 Diagnostics and maintenance 
 
Analysis of typical subsea applications shows that the required data rate and range of operation varies 
considerably. The data rate, directionality and carrier frequency result in very different ranges of 
operation. This version of SWiGacoustic defines one operating mode with applications in a broad 
spectrum of applications. Future revisions may add further operation modes.  The standard defines how 
these modes will be identified. 
 
The scope of this standard is to specify the minimum performance requirements of a transmitter and a 
receiver known as the physical layer in a communication link. This is done to secure a minimum 
performance in terms of data rate and range for SWiGacoustic compliant communications links. 
SWiGacoustic is not concerned with the topology, geometry or material choices made by manufacturers 
to achieve SWiGacoustic compliance, and improved performance for particular applications (such as 
low power consumption, increased transmitted power or receiver sensitivity or acoustically noisy 
environments). 
 
The scope of this document is limited to the behaviour of the acoustic transmitter, that is, the physical 
layer. The SWiG standard document shows where this component fits in context and provides 
information about the other required elements for a fully compliant SWIG device. 
 
This version of the standard reflects decisions made by industry stakeholders to balance capabilities 
with compromises in the following ways: 
 Bandwidth vs. range: as bandwidth and range are inversely correlated, a range was selected 

where the available bandwidth is still enough to be of interest to the discussed applications 
 Frequency capability: only one band has been defined now to allow for the maximum 

interoperability 
 Transducer sizes: a frequency was selected where the transducer size is still small enough to be 

installed in smaller vehicles where size and weight can pose a problem quickly 
 
The rationale is explained in more detail in the SWiGacoustic Standard Decision-Making Process 
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3 Definitions, Acronyms and Abbreviations 
 
For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary: Glossary of Terms and Definitions should be consulted for terms not defined here. 
 
3.1 Definitions 
 
Bandwidth - is the difference between the upper and lower frequencies in a continuous band of 
frequencies 
 
Data rate - the rate of data transfer, bit rate or throughput, measured in bits per second (bps). 
 
Gateway - function or device that provides an interface between two networks, to enable information to 
be transferred between the networks. 
 
Interchangeability - features enabling a SWiGacoustic compliant device to be replaced by an equivalent 
SWiGacoustic compliant device, without requiring any additional hardware or software change at either 
end of the acoustic link. 
 
Interoperability for SWiGacoustic devices – features enabling any SWiGacoustic compliant devices to 
communicate acoustically through seawater 
 
Interoperability (general) – features enabling any SWiG compliant devices to communicate with other 
SWiG compliant devices operating on the same physical layer -> SWiG Standard 
 
Receiver - target device, or destination device, that receives and processes data transferred and 
originated by a transmitter. 
 
 
 
3.2 Definition of Terms / acronyms   
 

Term Definition 
ADB Application Data Block 
Bw Bandwidth 
BFSK Binary Frequency Shift Keying 
Bps Bits per second 
BS EN British Standard European Norm 
CA Collision Avoidance 
CCITT Comité Consultatif International Téléphonique et Télégraphique 
Cd Chip duration 
CDMA Code-Division Multiple Access 
CRC Cyclic Redundancy Check 
CW Continuous waveform 
dB Decibels 
ENISA European Union Agency for Network and Information Security 
ESD Electrostatic discharge 
Fc Centre Frequency 
FCC Federal Communications Commission (USA) 
FH Frequency-Hopped 
FSw Frequency Slot width 
Hz Hertz 
IEEE Institute of Electrical and Electronics Engineers 
IMCA International Marine Contractors Association 
JANUS Development name for NATO’s “Digital Underwater Signalling Standard for 

Network Node Discovery & Interoperability” now known as STANAG 4748 and 
published as ANEP-87 Edition A Version 1 

m Metres 
OSI Open Systems Interconnection 
SCADA Supervisory Control and Data Acquisition 
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STANAG NATO STANdardization AGreement 
SWiG Subsea Wireless Group 
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4 Requirements and technical specifications 
 
4.1 General 
 
Subsea wireless communication links often require some or all of low power consumption, low latency 
and secure connectivity.  There is a wide variety of Subsea wireless applications. Key system 
performance parameters include data rate, carrier frequency and modulation technique. 
 
SWiGacoustic is focused on interoperability, defining a unique band that provides a good balance 
between range and capabilities.  
 

Band Spectrum Data rate (up to) Typical 
Range 

Network 
Topology 

Typical Applications 

A 17.95kHz – 24.45kHz 110 bps 0 - 4000m point-to-point SCADA, Control, Data 
Transfer 

  
The SWiGacoustic standard is essentially an adoption of ANEP-87 (formerly known as STANAG 4748 
and previously JANUS) with appropriate modifications as it is being applied to subsea industries. 
Instruments which are SWiGacoustic compliant may also comply with ANEP-87, and thus invite 
manufactures to reuse transmitter and receiver designs.   
 
The commonalities with ANEP-87  may allow device manufacturers to implement a common base. The 
main differences between SWiGacoustic and ANEP-87 standards are: frequency spectrum, data rate, 
range, packet specification and bit allocation. 
 
4.2 Physical layer coding scheme1 
 
The SWiGacoustic physical layer has the following characteristics: 
  
1. The physical layer coding scheme is FH BFSK.   
2. Binary data bits are mapped into one of a pair of time-windowed CW tones of unspecified phase, 

selected from 13 evenly-spaced tone pair choices spanning the frequency band. For band A the 
frequency band allocation is defined within the bandwidth of 17950-24710 Hz. 

3. Cd = 0.003846s, Wake-up tone duration (if present) and Frequency Slot width (FSw = 260 Hz) 
are calculated directly from the upper and lower band values as described in ANEP-87i.  

4. Robustness to temporal and frequency fading is provided by convolutional encoding with a 2:1 
redundancy, followed by interleaving. Data corruption is detected by an 8-bit CRC. 

5. The coding operation sequence required to generate a Baseline SWiG Packet, without appended 
Data Cargo, is shown in Figure 1.  It begins with the user data. The specification of each of the 
functional blocks in Figure 1 is described in the following sub-sections. 

 
  
  

 
1 (ANEP-87 Section 2.1: Physical layer coding scheme) 
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Figure 1:  Block diagram of the SWiGacoustic Baseline Packet encoding process 
 

4.3 Baseline SWiGacoustic Packet Specification2 
 
The baseline SWiGacoustic Packet consists of 64 bits of information as described in Table 1. 
 

Bits  Descriptor 0/1 bit set Comments 
1-4 Ver. # 0001 Unsigned 4-bit integer, Version 1 

5 Schedule Flag 
0=off 
1=on 

If ‘On’, the first 7 bits in the Application Data Block 
(ADB) are to be interpreted as a reservation time, as 

specified in Annex A. 

6  Source   
0=No 
1=Yes 

If “Yes” the source ID is included in the ADB  

7 Target 
0=No 
1=Yes 

 If “Yes” the target ID is included in the ADB 

8-56 
Application 
Data Block 

Determined 
by user 

For scheduled transmissions (bit 5 =1) the first 7 bits 
are dedicated to defining the reserve time in 
seconds from the lookup table in Annex A. 

If source is set, the next 8 bits will be reserved for 
the source ID.  

If target is set, the next 8 bits will be reserved for the 
target ID. 

57-64 
8-bit Cyclic 

Redundancy 
Check (CRC) 

 
8-bit CRC run on the previous 56 bits; 

polynomial p(x) = x8 + x2 + x1 + 1, init=0 

 
Table 1:  Baseline SWiGacoustic Packet Specification 

 
 

2 ANEP-87 Section 2.1.1: Baseline JANUS Packet specification 
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4.4 The Cyclic Redundancy Check specification3 
 
Packet integrity is ensured by a CCITT 8-bit CRC which uses the polynomial p(x) = x8 + x2 + x1 + 1, 
initialized to 0.  The 8 bits of the CRC are appended to the 56 bits of the Baseline SWiGacoustic Packet 
as indicated in Table 1. An incorrect CRC code will allow the compliant device to detect a faulty packet, 
so that it can react appropriately. 
 
4.5 The convolutional encoding specification4 
 
1. A ½ rate convolutional encoder is applied to the 64 bits of information with constraint length 9, 

resulting in 128 symbols of output.  The generator sequences used for the encoder are: 
 

g1(x) = x8 + x7 + x5 + x3 + x2 + x1 + 1 
g2(x) = x8 + x4 + x3 + x2 + 1 

 
2. Prior to encoding, 8 zeros are prepended to the data to flush the encoder, discarded at the 

receiver. The total number of symbols output by the encoder then becomes 2x(64+8) = 144.  The 
convolution encoder follows the IS-95 CDMA standard (TIA/EIA/IS-95, 1993).  
 

3. Note that if the first two bytes of a test message is, in binary 
{0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0}, 

 
then the corresponding first two bytes out of the encoder are: 

{0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0}, 
 
4.6 The Interleaving specification 
 
An interleaving process is applied to the 144 symbol message after the convolutional coding. This 
process separates each consecutive symbol by a constant depth value, k selected as a function of the 
message size L, such that k is the smallest prime number that satisfies the condition k2>L and k is not 
a factor of L. In other words, L/k is not an integer number. 
 
For a SWiGacoustic baseline packet with a length of 144 symbols the above condition will yield a depth 
value of 13. For an original bit sequence defined by the bits: 
 

b1 b2 b3 … b144, 
 
the interleaved sequence will look like: 
 

b1 b14 b27 b40 b53 b66 b79 b92 b105 b118 b131 b144 b2 b15 b28…. 
 
For messages with Data Cargo payload, the interleaver depth k is determined in the same way, as a 
function of the number of symbols to transmit. 
 
The baseline packet and the cargo are interleaved separately as the baseline packet needs to be 
decoded to know how many bytes are in the cargo. 
 
  

 
3 ANEP-87 Section 2.1.2: The Cyclic Redundancy Check specification 
4 ANEP-87 Section 2.1.3: The convolutional encoding specification 
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4.7 Optional precursor ‘wake-up’ tones5 
 
The SWiGacoustic packet may optionally be preceded by three ‘wake-up’ tones, each of four times that 
of a single chip duration (defined in section 4.10 below), without pause between the tones, at 
frequencies:  

Fc -Bw/2, Fc, Fc +Bw/2  
 

in that order. These are intended for use where a modem needs to ‘wake-up’ from a low power ‘sleep’ 
mode. The tones are not expected to be used when the intended receiver is already ‘awake’. If used, 
the tones should finish 0.4 s before the main preamble to allow reverberant energy in band to fade and 
for the intended modem to ‘wake up’. All SWiGacoustic transmitters should have the capability of 
sending ‘wake-up’ tones. Its use is left at the discretion of the user unless the packet includes time 
reservation, in which case the packet should be sent with ‘wake-up’ tones to make sure that ‘sleeping’ 
devices are aware of the channel reservation. 
 
4.8 Frequency hopping sequence specification6 
 
The frequency hopping pseudo-random sequence for SWiGacoustic is derived from Galois Field 
Arithmetic as described in ANEP-87.The resulting tone transmitted is determined by the FH sequence 
number and whether the symbol is a ‘0’ or ‘1’, as shown in Table 2. 
 

Tone lower edge 
frequency [Hz] 

Symbol to be  
encoded 

FH sequence 
number 

24450 1 
12 

24190 0 

23930 1 
11 

23670 0 

23410 1 
10 

23150 0 

22890 1 
9 

22630 0 

22370 1 
8 

22110 0 

21850 1 
7 

21590 0 

21330 1 
6 

21070 0 

20810 1 
5 

20550 0 

20290 1 
4 

20030 0 

19770 1 
3 

19510 0 

19250 1 
2 

18990 0 

18730 1 
1 

18470 0 

18210 1 
0 

17950 0 
 

Table 2:  Lower tone frequency edges for all possible FH sequence and symbol values for the initial frequency band 
 

 
5 ANEP-87  Section 2.1.5: Optional precursor ‘wake-up’ tones 
6 ANEP-87  Section 2.1.6: The Frequency Hopping sequence specification 



  

13 | SWIGacoustic Standard  
 
 

4.9 The Initial 32-chip Detection and Synchronisation preamble specification7 
 
1. The SWiGacoustic packet starts with a fixed sequence of 32 symbols, with no temporal gap either 

between the chips or between the preamble and the main (modulated) part of the SWiGacoustic 
packet.  The tones are simply the first 32 FH sequence with symbol value set to the following 
pseudo-random 31-bit m-sequence (with a final ‘1’ appended): 

{0,1,0,1,0,0,0,1,0,0,1,1,1,0,0,0,0,0,1,1,0,0,1,0,1,1,0,1,1,1,1,1} 
 
2. Once the fixed preamble phase of the waveform is complete, the sequence generator continues 

immediately into the message section and the data symbols are then taken from the encoded 
message to be transmitted. 

 
4.10 The optional Data Cargo payload8 
 
1. The Baseline SWiGacoustic Packet may be followed, without a break, by additional data, encoded 

according to the user-specified application into a continuation of the FH sequence using the same 
tones specified in Table 2.  Such ‘cargo’ is to be encoded using a contiguous continuation of the 
frequency-hopped sequence following directly after the final chip of the Baseline SWiGacoustic 
Packet.  Unless the published user application specifies otherwise, the same convolutional 
encoder and interleaver are to be used as for the Baseline SWiGacoustic Packet. The Baseline 
packet and the cargo are always separately encoded and interleaved. 
 

2. A sufficient but not excessive time to transmit any such ‘cargo’ must have been reserved in the 
preceding Baseline SWiGacoustic Packet by setting bit 5 to ‘1’, and specifying the reserved time 
in the first 7 bits of the ADB (see Table 1). 
 

3. The structure of a SWiGacoustic packet is shown in Figure 2, showing the fixed 32-chip preamble, 
immediately followed by the 144 encoded and interleaved symbols arising from the 64-bits of 
input information and an optional ‘Cargo’. 
 

 
 

Figure 2:  The structure of a SWiGacoustic packet 
 
4.11 The SWiGacoustic initial acoustic frequency band9 
 
The initial SWiGacoustic frequency band has the following specifications:  

 
Fc=21330 [Hz] 
Bw=6760 [Hz] 

 
  

 
7 ANEP-87  Section 2.1.8: The initial 32-chip Detection and Synchronization preamble specification 
8 ANEP-87 Section 2.1.10: The optional Data Cargo payload 
9 ANEP-87 Section 2.1.11: The JANUS initial acoustic frequency band 
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The resulting Frequency Slot width and Chip duration are then: 
 

FSw = 260 [Hz] 
Cd = 0.003846 s 

 
4.12 Media Access Control 
 
SWiGacoustic does not implement Media Access Control (MAC), this is defined by the implementation 
of the application or higher layers. 
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5 Network 
 
Network (OSI Layer 3) functionality is not defined in this document, as a way to reduce overhead given 
the limited bandwidth. Nevertheless, a simple addressing scheme allows point-to-point communication 
in an environment with multiple nodes and opens the possibility of simple networking applications if 
required by the user. 
 
Additional networking possibilities are described in the SWiG Standard and related documents. 
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6 Authentication and encryption 
 
Given the low available bandwidth, the SWiGacoustic document does not implement authentication and 
encryption or prescribe any particular methods. Users should assume all communications using 
SWiGacoustic are therefore publicly available and implement proper security measures at the 
application level according to the criticality of the application and sensitivity of the data. 
 
The SWIG Standard document contains general recommendations about best practices for security. 
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7 Standard Conformance10 
 
All other normative standards should be followed accordingly to local regulations. An overview of 
applicable standards and normative references has been included in Annex B. 
 
7.1 Diver safety 
 
Consult current information from IMCA, IOGP, DNV, NORSOK or other authoritative entities. 
 
Diver safety risk should be evaluated based on proximity to acoustic equipment, using an appropriate 
risk assessment. 
 
7.2 Environmental impact 
 
It is the responsibility of the end user to assess the environmental impact of a SWiGacoustic device on 
a case-by-case basis and make use of local regulations that may be in force.   
 
Vendors should disclose all relevant parameters to facilitate an adequate environmental impact 
assessment, while recommending end-users to check the appropriate regulations. 
 
 
 
 
 

 
10 ANEP-87 
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8 Annex A:  Reservation interval table 
 
The following columns give the decimal bit value and associated reservation period in seconds that may 
be requested by setting the first 7 bits of the ADB (when bit 5 of the Baseline SWiGacoustic Packet is 
to ‘1’. 
 

0 0.00332110 32 0.07012096 64 1.48051838 96 31.25933450 
1 0.00365321 33 0.07713306 65 1.62857022 97 34.38526795 
2 0.00401853 34 0.08484637 66 1.79142724 98 37.82379475 
3 0.00442038 35 0.09333100 67 1.97056996 99 41.60617422 
4 0.00486242 36 0.10266410 68 2.16762696 100 45.76679164 
5 0.00534866 37 0.11293051 69 2.38438965 101 50.34347081 
6 0.00588353 38 0.12422357 70 2.62282862 102 55.37781789 
7 0.00647188 39 0.13664592 71 2.88511148 103 60.00000000 
8 0.00711907 40 0.15031051 72 3.17362263 104 67.00715964 
9 0.00783098 41 0.16534157 73 3.49098489 105 73.70787561 

10 0.00861408 42 0.18187572 74 3.84008338 106 81.07866317 
11 0.00947549 43 0.20006329 75 4.22409172 107 89.18652948 
12 0.01042303 44 0.22006962 76 4.64650089 108 98.10518243 
13 0.01146534 45 0.24207659 77 5.11115098 109 107.91570068 
14 0.01261187 46 0.26628424 78 5.62226608 110 118.70727074 
15 0.01387306 47 0.29291267 79 6.18449268 111 130.57799782 
16 0.01526036 48 0.32220394 80 6.80294195 112 143.63579760 
17 0.01678640 49 0.35442433 81 7.48323615 113 157.99937736 
18 0.01846504 50 0.38986676 82 8.23155976 114 173.79931510 
19 0.02031155 51 0.42885344 83 9.05471574 115 191.17924661 
20 0.02234270 52 0.47173878 84 10.00000000 116 210.29717127 
21 0.02457697 53 0.51891266 85 10.95620604 117 231.32688839 
22 0.02703467 54 0.57080393 86 12.05182665 118 254.45957723 
23 0.02973813 55 0.62788432 87 13.25700931 119 279.90553496 
24 0.03271195 56 0.69067275 88 14.58271024 120 307.89608845 
25 0.03598314 57 0.75974002 89 16.04098127 121 338.68569730 
26 0.03958146 58 0.83571403 90 17.64507940 122 372.55426703 
27 0.04353960 59 0.91928543 91 19.40958734 123 409.80969373 
28 0.04789356 60 1.00000000 92 21.35054607 124 450.79066310 
29 0.05268292 61 1.11233537 93 23.48560068 125 495.86972941 
30 0.05795121 62 1.22356891 94 25.83416074 126 545.45670235 
31 0.06374633 63 1.34592580 95 28.41757682 127 600.00000000 

 
The reservation interval table can also be expressed as: 
 

𝑇௥௦௩(𝑖) =

⎩
⎪
⎨

⎪
⎧

0.0033211,                                                𝑖 = 0
1,                                                                 𝑖 = 60
10,                                                               𝑖 = 84
60,                                                             𝑖 = 103
600,                                                           𝑖 = 127
𝑇௥௦௩(𝑖 − 1) × 1.1,          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 (𝑖 < 127)
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9 Annex B: References 
 
The following documents are referenced for the application of this document. For dated references, only 
the edition cited applies. For undated references, the latest edition of the referenced document (including 
any amendments or corrigenda) applies. 
 
In addition to these documents, other references in the SWiG document and standard may apply. 
 
9.1 Communication protocols 
 
 Data Communications and Networking, by Behrouz A. Forouzan[1] 
 ITU (CCITT) V.27ter [7]  
 NATO Standard ANEP-87 Digital Underwater Signalling Standard for Network Node Discovery 

and Interoperability (formerly JANUS Standard) (NATO STANAG 4748) 
 ITU publications are available from the International Telecommunication Union, Place des 

Nations, 1211 Geneva 20, Switzerland (http://www.itu.int/) 
 Comité Consultatif International Téléphonique et Télégraphique (CCITT) 8-bit Cyclic Redundancy 

Check (CRC) 
 Media Access Control (MAC) as ANEP-87, that is Carrier Sensing Multiple Access (CSMA) as 

described in Smith (1997) with Collision Avoidance (CA) via Binary Exponential Backoff (BEB) 
with Global Awareness (GA) that consists of an in-band energy detector  

 OSI media layers (OSI layers 1-3) are implemented using a widely used standard or combination 
of standards (such as Ethernet, CAN, RS-232, RS-422, RS-485 for wired links or an IEEE 802 
family or similar wireless link) 

 SWiG Acoustic Decision Making Process 
 
9.2 General 
 
 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at 

http://shop.ieee.org/ 
 
9.3 Security 
 
 ISO/IEC CD 30141:20160910 'Information technology – Internet of Things Reference Architecture 

(IoT RA) 
 ENISA 'Baseline Security Recommendations for IoT 
 
9.4 EMC Standards 
 
 CISPR 16-2-1 Radio disturbances and conducted disturbances 
 CISPR 22 Transfer of general radiated emissions 
 CISPR 16-2-3 Radiated disturbance measurements 
 BS EN 61000-4-6:2014 Immunity to conducted disturbances 
 BS EN 61000-4-3:2006 Radiated electromagnetic field immunity test 
 BS EN 61000-4-2:2009 Electrostatic discharge immunity test 
 BS EN 61000-4-8:2010 Power frequency magnetic field immunity test 
 BS EN 61000-4-5:2006 Test and measurement techniques surge immunity test 
 BS EN 61000-4-4:2012 Electrical fast transient/burst immunity test 
 FCC – CFR47:2011 Part 15 
 Conducted Emissions (Main Power); BS EN 55032:2012 / Table A.8 Class A; CISPR 16-2-1; 0.15 

to 0.5MHz; 79dB(μV) Quasi-Peak; 66dB(μV) Average; 0.5 to 30MHz; 73dB(μV) Quasi-Peak; 
60dB(μV) Average 

 Conducted Emissions (Telecoms/Network Port); BS EN 55032:2012 / Table A.10; Class A; 
CISPR 22 0.15 to 0.5MHz; 97-87dB(μV) Quasi-Peak; 84-74dB(μV) Average; 0.5 to 30MHz; 
87dB(μV) Quasi-Peak; 74dB(μV) A 

 Radiated Emissions (Enclosure); BS EN 55032:2012 / Table A.2+A.3 Class A; CISPR 16-2-3; 30 
to 230MHz; 40dB(μV/m) Quasi-Peak; 230MHz to 1GHz; 47dB(μV/m) Quasi-Peak;1 to 3GHz; 
76dB(μV/m) Quasi-Peak; 56dB(μV/m) Average; 3 to 5GHz; 80dB(μV/m) Quasi-Peak;60dB(μV/m) 
Average 
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 Conducted Immunity (Signal Ports); BS EN 55024:2010 / Table 2; BS EN 61000-4-6:2014; 
Performance Criteria A; Test frequency range: 0.15 to 80MHz; Injected Signal: 3V with AM (80%) 
@1KHz 

 Conducted Immunity (Power Ports); BS EN 55024:2010 / Table 3; BS EN 61000-4-6:2014; 
Performance Criteria A;Test frequency range: 0.15 to 80MHz; Injected Signal: 3V with AM (80%) 
@1KHz 

 Radiated Immunity (Enclosure); BS EN 55024:2010 / Table 1; BS EN 61000-4-3:2006; 
Performance Criteria A; Test frequency range: 80MHz to 1GHz; Injected Signal: 10V/m with AM 
(80%) @1KHz 

 ESD (Enclosure); BS EN 55024:2010 / Table 1; BS EN 61000-4-2:2009; Performance Criteria B; 
±4KV Contact; ±8KV Air 

 Magnetic Fields (Enclosure); BS EN 55024:2010 / Table 1; BS EN 61000-4-8:2010; Performance 
Criteria A; 50, 60Hz @ 1A/m 

 Surges (Signal Ports); BS EN 55024:2010 / Table 2; BS EN 61000-4-5:2006; Performance 
Criteria C; 10/700 Tr/Th μs; Line to Earth: ±1KV (Open circuit test voltage) 

 Surges (Input / Output DC Power); BS EN 55024:2010 / Table 3; BS EN 61000-4-5:2006; 
Performance Criteria B; 1.2/50 (8/20) Tr/Th μs; Line to Earth: ±0.5KV (Open circuit test voltage) 

 Fast Transients (Signal Ports); BS EN 55024:2010 / Table 2; BS EN 61000-4-4:2012; 
Performance Criteria B; ±0.5KV; 5/50 Tr/Th ns @ 5KHz repetition frequency 

 Radiated Emissions (FCC); CFR47:2011[17] / 15.109 Class A; 30 to 88MHz; 39.5dB(μV/m) 
Quasi-Peak; 88 to 216MH; 43.5dB(μV/m) Quasi-Peak; 216 to 960MHz; 76dB(μV/m) Quasi-Peak; 
>960MHz; 49.5dB(μV/m) Quasi-Peak; 49.5dB(μV/m) Average 

 
9.5 Diver Safety 
 
 IMCA standard 295 
 IMCA standard 293 
 NATO Undersea Research Centre Human Diver and Marine Mammal Risk Mitigation Rules and 

Procedures; NURC-SP-2006-008  
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10 Annex C: Application Data Block format 
 
Starting at the first bit of the Application Data Block (ADB), some of the ADB may be allocated to 
protocol-specific data, depending on the preceding flag bits 5-7. Any such data must be included in the 
order specified below. If one or more of the optional data fields are not required, they are replaced by 
the next included field or payload, no bits are reserved for unused data. 
 
For scheduled transmissions (bit 5 =1) the first 8 bits are dedicated to defining the nature of the schedule 
(reserved or repeat interval) with time defined in seconds from a lookup table. If bit 5 is not set, these 
bits may be used for source/target ID or payload depending on other bits, as below. 
 
For transmissions including source ID (bit 6 =1) the next 8 bits are dedicated to defining the source 
device ID (in the range 0 to 255). If bit 6 is not set, these bits may be used for target ID or payload 
depending on other bits, as below. 
 
For transmissions including target ID (bit 7 =1) the next 8 bits are dedicated to defining the target device 
ID (in the range 0 to 255). If bit 7 is not set, these bits may be used for payload. 
 
Some combinations are illustrated below 
 
 
Payload of more than 40 bits, to a specific target: bits 5 and 7 set; ADB includes the schedule using the 
values from Annex A, depending on the required time to transmit the rest of the payload and the target 
ID 

 
 

 ADB  
Header (Version, Schedule, 
Source, Target) 

Schedule (72 = 3.17362263s) Target (Example: ID = 8) Payload (23-56) 
34 bits 

CRC 
(57-64) 

1 2 3 4 5 6 7 
0 0 0 1 1 0 1 

 

8 9 10 11 12 13 14 
1 0 0 1 0 0 0 

 

15 16 17 18 19 20 21 22 
0 0 0 0 1 0 0 0 

 

010101010….  

 
 
Message to a specific target, indicating the source ID: bits 6, 7 set; ADB includes the source and target 
ID 

 
 

 ADB  
Header (Version, Schedule, 
Source, Target) 

Source (Example: ID = 1) Target (Example: ID = 8) Payload (24-56) 
up to 33 bits 

CRC (57-
64) 

1 2 3 4 5 6 7 
0 0 0 1 0 1 1 

 

8 9 10 11 12 13 14 15 
0 0 0 0 0 0 0 1 

 

16 17 18 19 20 21 22 23 
0 0 0 0 1 0 0 0 

 

010101010….  

 
 
Payload more than 48 bits, broadcast: bit 5 set, ADB includes the schedule using the values from Annex 
A 

 
 

 ADB  
Header (Version, Schedule, 
Source, Target) 

Schedule (101 = 50.34347081s) Payload (15-
56) up to 42 
bits 

CRC (57-64) 

1 2 3 4 5 6 7 
0 0 0 1 1 0 0 

 

8 9 10 11 12 13 14 
1 1 0 0 1 0 1 

 

010101010….  

 
 
Payload more than 32 bits, source and target are specified. bits 5, 6 and 7 are set; ADB includes the 
schedule using values from Annex A, source and target ID. 

 

Schedule (7 bit) Target ID (8 bit) 
 

Payload (first 34 bit) 
 

Schedule (8 bit) Source ID (8 bit) Target ID (8 bit) 
 

Payload (up to 33 bit) 
 

Schedule (7 bit) Payload (48 bit) 
 

Schedule (7 bit) Source ID (8 bit) Target ID (8 bit) 
 

Payload (32 bit) 
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  ADB  
Header (Version, 
Schedule, 
Source, Target) 

Schedule (79 = 
6.18449268s) 

Source (Example: ID = 4) Target (Example: ID = 7) Payload (31-
56) first  
26 bits 

CRC 
(57-64) 

1 2 3 4 5 6 7 
0 0 0 1 1 1 1 

 

8 9 10 11 12 13 14 
1 0 0 1 1 1 1 

 

15 16 17 18 19 20 21 22 
0 0 0 0 0 4 0 0 

 

23 24 25 26 27 28 29 30 
0 0 0 0 0 1 1 1 

 

010101010….  

 
 
 

 
 


