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Specifications 1.2 of the Lentus mode

Last modifications are in red. 

About the version 1.2
Introduction of the “long wire” antenna.

About the version 1.1

Modification of possible TX advance and RX delay.
About the version 1.0

Original version.
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· general specifications of JT65 in the document "The JT65 Communications Protocol" (written by Joe Taylor, K1JT in 2005)
· general specifications of RS ID and Call ID in the TAPR document “Technical aspects of RS ID and Call ID and use”  (written by Patrick Lindecker, F6CTE in 2010)
Use conditions of these specifications
These specifications may change in the future. The original version 1.0 is the one used in the version 4.21 of Multipsk.

These specifications are free for use. They are as complete as possible. However, the author does not guarantee neither the completeness of the information necessary to make it work, nor the absence of technical errors in the writing.

Definitions:

The "Master" (or "M") is the Ham who takes the initiative to call CQ and the "Slave" (or "S") is the Ham who answers to the CQ. These definitions have only a meaning in case of a LENTUS beacon (the Ham beaconing being the Master and the Ham responding to the beacon being the Slave). 

For QSO mode, initially, there is neither Master nor Slave (Sender and Addressee Hams have an equal position). However, there is an option in Multipsk, to be in Master mode.
In a practical way, Master and Slave notions are only used for about frequency management: in "Master" mode, the user selects, by clicking on the spectrum, a transmit frequency which will remain locked, but the reception frequency may change. In "Slave" mode, the transmit frequency follows the reception frequency. The Master mode permits to stay on the same frequency for all the QSO and avoids a long drift. In QSO, normally, only one Ham (among both Hams) must be in Master.
The bit which value is “X” means that this bit can take any value (0 or 1).
1) Introduction

This new mode benefits from the fact that it is nowadays quite easy to synchronize a computer with reference clocks, through an automatic WEB communication. The precision must be better than about 100 ms. So if the symbol length is sufficiently large (>2 seconds), the relative precision is quite good.

Consequently, the symbol synchronization is done directly through programmed times, without need to extract synchronization with the signal itself, as it is done in the majority of modes (PSK31 for example).

The goal of this mode is to perform VLF to HF communications at a very low S/N (-34 dB with a noise bandwidth of 3 KHz). It is a two-way mode, which means that messages can be transmitted from A to B and from B to A, in a half duplex. However, it can be used as a beacon and also as a repeater. It is not designed for EME.
The way to use it, is similar to the way to use JT65.

Of course, the rate of exchange is very slow (much slower than JT65), thus the name of this mode (“Lentus” for “Slow” in Latin).

The author, sometimes, uses Multipsk, in the text, as an illustration.. This is done to illustrate or to precise the applied specification by a concrete example.

2) General description
LENTUS means " Slow " (but also indolent, nonchalant, quiet…) in latin.
Baud rate : 0.1465 (4800/32768) or 6.827 seconds by 5 bits symbol
Messages: a message of 293.5 seconds duration (43 symbols) begins at t=4 sec of the UTC minute 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or 55 (it is necessary that the PC may be synchronized on a “Standard” clock). 
Note : in manual transmission, it can also start at 4+6.827=10.827 sec (42 symbols sent) or 10.827+6.827=17.654 sec (41 symbols sent) or 17.654+6.827=24.481 sec (40 symbols sent), to « pardon » the Ham operator for a delay to answer, but with reception probability a bit weaker.

The message is normally composed of 43 symbols (but can be reduced to 40 symbols, see above), each one with a length of 32768 audio samples (or or 6.827 seconds). The 9 first symbols carry a tone allowing the determination of the transmission central frequency. The 31 following "5 bits symbols" carry the message (allowing the Reed-Solomon coding of 75 bits). The last three symbols are transmission central frequency carriers. 


Messages can be either plain text (13 characters, preceded by a bit “CQ de” and a bit “Beacon”) or formatted text according to different possibilities, listed below:

· A standard CQ call composed of a bit “CQ” + a bit “Beacon” + complete call (with 3 characters max in the mantissa, as for example “AZ2/FL5XYZ/MM”) + optionally, a 6 characters Locator (accuracy +/-2.31 km in latitude and +/- 4.63 km in longitude).
Note: without the “CQ”, it is an information transmitted by the Ham answering to the CQ call,

· A “Station description”  type CQ call composed of a bit “CQ” + a bit “Beacon”, a 6 characters call + suffix (as for example “FL5XYZ/MM”), a “6 characters Locator” + Power level + “mW/W” bit + relative gain of HF antenna + directivity of the antenna.
Note: without the “CQ”, it is an information transmitted by the Ham answering to the CQ call,

· A “Meteorological”  type CQ call composed of a bit “CQ” + a bit “Beacon”, a 6 characters call (as for example “FL5XYZ”), a “6 characters Locator” + Temperature + Wind force + Type of weather + Humidity.
Note: without the “CQ”, it is information transmitted by the Ham answering to the CQ call,

· A CQ call with precise geographical position composed of a bit “CQ” + a bit “Beacon”, a 6 characters call + a geographical position (latitude + longitude) in ° ‘ and 2 figures decimal (as for example “48-49.83N 002-22.02E”). The accuracy is equal to 9 m in latitude and in longitude (about 60000 times more precise than a Locator position).
Note: without the “CQ”, it is an information transmitted by the Ham answering to the CQ call,

· An answer to a CQ with Locator 4 characters composed of a 6 characters Call 1 ( as for example “FL5XYZ”) + 6 characters Call 2 (as for example “FL5XYZ”) + Locator 4 characters  (accuracy +/-55 km in latitude and +/- 111 km in longitude), in answer of Call 1 to a CQ done by Call 2,

· An answer to a CQ with S/N ratio and drift composed of a 6 characters Call1 (as for example “FL5XYZ”) + 6 characters Call 2 + Suffix (as for example “FL5XYZ/MM”) + S/N ratio (12 to -37 dB) + drift (-4 to 4 by step of  0.1 Hz/mn), in answer of Call 1 to a CQ done by Call 2,

· An answer to finish a QSO composed of a 6 characters Call 1 (as for example “FL5XYZ”) + 6 characters Call 2 + Suffix (as for example “FL5XYZ/MM”) + “73 GB SK”.

Moments of decoding :
Reception start: the reception normally begins at t=4 sec and lasts 40 or 43 symbols (see below). In case of failure of the operator, the reception can also begin at t=24.481 sec and lasts 37 or 40 symbols (it’s a degraded working).

Decoding start: the main decoding takes place after reception of 40 symbols (i.e. 273 seconds), which normally leaves about 25 seconds to answer. However, there is still a margin of 20 seconds (to reach 25+20=45 sec), the message being, in that case, truncated but being able to be decoded. 

In case of failure of the main decoding, other decoding attempts are done after 41 symbols (280 seconds), 42 symbols (287 seconds) and 43 symbols (294 seconds). In this last case, it remains 6 seconds to answer. However, there is still a margin of 20 seconds (to reach 6+20=26 sec), the message being, in that case, truncated but being able to be decoded. 

Mode of transmission: Lentus can be used to do QSO (two_way communication) or as a beacon. In that last case, no answer is required:

· a beacon transmission  could be done at minutes 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or 55.

· for a QSO, by mutual agreement , the Ham calling CQ will transmit at minutes 0, 10, 20, 30, 40, 50 and the Ham answering to the CQ call will transmit at minutes 5, 15, 25, 35, 45, 55.

Repeater: Lentus can also be used, for very specific use, as a repeater. As a repeater, it simply transmits  what it is received so as to forward the message to other stations or to broadcast a message (with several repeaters).
Speed : 75 bits (or 13 characters maximum in plain text) by 5  minutes period (with only one message by period) or 0,43 wpm
Modulation : MFSK 32 tones (for 5 bits) with a shift between tones of 0.7325 Hz (5 x baud rate).
The synchronization tone transmitted during the 9 first symbols corresponds to the central frequency of the transmission bandwidth. It permits to determine this frequency (with a precision of about +/- 0.1 Hz) and the drift speed (up to 3 Hz/mn). The 32 possible 10th symbol (first data) frequencies will be estimated from these two pieces of information. The synchronization frequency search bandwidth tolerance is variable from +/- 20 Hz to +/-80 Hz, counted from the frequency clicked, by the user, on the waterfall.
Receive mode: USB. Each transmitting or receive period of 300 sec must start at t=4 sec of the UTC minute 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or 55 with a maximum tolerance of +/-0.1 sec of the PC clock. A margin of 20 seconds is given as indicated in “Messages” above. 

It is possible to introduce an advance (from 0 to 990 msec by 10 msec steps) to compensate from a possible transmission delay (due to a big distance to the zone to target or a delay due to a Wifi link or due to a SdR TX buffer, for example). Symmetrically, in reception, it is possible to introduce a delay (from 0 to 990 msec by 10 msec steps) to start decoding, for the same reasons as for the advance in transmissions (transmission delay, Wifi link, SdR RX buffer…).

The time to switch the transceiver is supposed to be very short (definitely less than to 100 ms).
Characters set (46) : ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789 <SPACE> / + - . ? ! @ % $
Shape of pulse : rectangular
Bandwidth: 23 Hz
Synchronization: using the very accurate time from an Internet Time Service as the NSIT, through a SNTP or NTP protocol (but not through the RFC-868 Time Protocol) so to have an accuracy widely better than 50 ms. The use of the “AboutTime” freeware is widely encouraged as the PC time error is determined by the soft, simply by setting time twice, the second time (and the followings) will give the PC time error.

Coding code: Reed Solomon (31, 15) or 31 symbols of 5 bits for 15 symbols of 5 information bits (so a yield of 0.48). The irreducible polynomial P(x) is equal to X^5+X^2+1. 
The generator polynomial G(x) is equal to a product of (X+alpha^i) with i minimum=1.
Convolution code: no
Interleaving : no interleaving nor Gray coding is used.
Scrambling : each of the 31 Reed-Solomon symbols (which value is between V=0 and V=31), which order is defined by O=0 for the first transmitted symbol until O=30 for the last transmitted symbol, is  associated with a XOR f(O). In other words, for each symbol, it is done the operation V = V XOR f(O). This is done to avoid that a carrier produces a suite of same symbols (suite which could be interpretable by the Reed Solomon coding as a correct code). At reception, the V initial is found again by doing Vinitial = Vreceived XOR f(O).
The f(O) function is random :
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Pmean/Ppeak: 1
Drift tolerance : 2 Hz/mn (note that the performance in S/N ratio term is degrading with drift)
Lowest S/N : -34 dB (without any drift, for more than 90 % of the frames), however some frames are decoded from -36.5 dB. At -37 dB and below, no frames are decoded.
3) Detailed description
Use of the 75 data bits

About the transmission mode “Beacon or QSO”: when the “Beacon” mode is engaged, the “Beacon” bit switches to 1. Conversely, in “QSO” mode the “Beacon” bit switches to 0.
This “Beacon” bit is considered  in all the messages, except for the message “Answer to a CQ”, where it is useless.

About the data bits: the 75 data bits are numbered 0 to 74, 0 being the MSB and 74 the LSB. so the bit 74 is worth 2^0 and the bit 0 is worth: 2^74. The number of values expressed by 75 bits is, of course, equal to 2^75. 

About the bit 0: this bit determines the type of message:

· bit 0=0: non-formatted text (plain text),

· bit 0=1: formatted text.
Description of a non-formatted text

It is proposed to send a message with 13 characters maximum, with the following set of 46 ASCII characters:  A..Z 0..9 <SPACE> / + - . ? ! @ % $
The characters exchanged are a small set of ASCII characters, considered as a minimum set to permit exchange in all ASCII languages (English, French, German...), but not those using only ANSI characters (as Russian) or those using ideograms (as Japanese).

Note: in many languages (as French) some ANSI characters (as “é”, “à”…) are used, but comprehension is not really reduced by replacing “é” by “E” or “à” by “A”.
The message itself is preceded by a bit “CQ” (bit 1) + a bit “Beacon” (bit 2, to indicate the transmission mode: “QSO” or “Beacon”).

If the bit 1=1, it will be added, on reception, in front of the received message: “CQ de “. 
Operators are encouraged to use Q code and Ham abbreviations and to use punctuations to limit the number of characters, for example:

* "?" question (a confirmation is required),

* "!" a strong demand is done by the Ham with who you are in QSO (an action is required),

* "+" and “-“ for "to increase” or "to decrease”,

* "@" for Internet or email

* "+" at the end for "I wait for an answer"

Description of the different formatted messages according to the bits 0 to 6
· 1110XXX (on 71 bits): a standard CQ call composed of a bit “CQ” + a bit “Beacon” + complete call (with 3 characters max in the mantissa, as for example “AZ2/FL5XYZ/MM”) + optionally, a 6 characters Locator (accuracy +/-2.31 km in latitude and +/- 4.63 km in longitude).
Note: without the “CQ”, it is an information transmitted by the Ham answering to the CQ call,

It is taken into account the World Radio Conference 2003 revised Article 19 (Call Sign Formulation) of the ITU Radio Regulations (with "C" for letters and figures, "L" for capital letters (A to Z) and "F" for figures (0 to 9)), but limited to 3 characters in the mantissa: 

· Call signs are in the shape  "Foreign prefix/Prefix+Mantissa/Suffix" as for example "AZ2/WB4SDA/MM" or "AZ2/WB423A/AM" Only Prefix and Mantissa are compulsory.

· Formation of the Prefix: LF/LLF/LFF/FLF or LF/LCF/FLF (same signification)

· Formation of the standard Mantissa: L/CL/CCL (CCCL is not taken into account as not used)
· Formation of the Foreign Prefix: L/LL/LF/FL/LLF/LFF/FLF or L/LC/FL/LCF/FLF

· Formation of the Suffix:  it can be “M” for mobile, “P” for portable operation,  “MM” for maritime mobile, “AM” or “A” (aeronautical mobile),   “A” and “AM” are considered as having the same meaning


· 111110X (on 69 bits): a “Station description”  type  CQ call  composed of a bit “CQ” + a bit “Beacon” + 6 characters call + suffix (as for example “FL5XYZ/MM”), a “6 characters Locator” + Power level + a “mW/W” bit + relative gain of HF antenna + directivity of the antenna.
Note: without the “CQ”, it is an information transmitted by the Ham answering to the CQ call,

Power level in Watts or milliWatts level, depending on a “mW/W” bit:

 N | Watts or milliWatts
  0 | 0.5
  1 | 1
  2 | 2
  3 | 5
  4 | 10
  5 | 20
  6 | 50
  7 | 100
  8 | 200
  9 | 500
Relative gain of HF antenna with respect to isotropic antenna (same power in all directions):

  N | Gain

  0 | Vertical (omni directional)
  1 | Shortened antenna (omni directional with low gain in general)
  2 | Magnetic antenna (small and directional)
  3 | Broadband antenna
  4 | Dipole (gain around 2 dBi with a foreward and backward radiation (perpendicular to the wire)),
  5 | Bidirectional antennas as colinear or group of parallel antennas (with a foreward and backward radiation), gain close to 5 or 6 dBi
  6 | 4 dBi (for example Quad loop)
  7 | 7 dBi (for example 2 elements Yagi)
  8 | 10 dBi (for example 2 elements Quad or 3 elements Yagi)
  9 | 13 dBi (for example 4 to 7 elements Yagi or 3 elements Quad)
  10 | 16 dBi (for example 5 elements Quad)
  11 | 19 dBi (for example multi elements Yagi or Quad)
  12 | 22 dBi
  13 | 25 dBi
  14 | 28 dBi
  15 | 31 dBi
  16 | 34 dBi
  17 | 37 dBi
  18 | 40 dBi
  19 | Long wire antenna (bidirectional or omni directional (the most probable) depending on the frequency and the antenna length).

43 dBi
The gains from 4 to 19 dBi are relative to monodirectional HF antennas as Yagi or Quad antenna with a backward radiated power being very reduced.
The gains from 22 to 43 dBi are relative to parabolic antennas.
  N | Directivity
  0 | Omni directional
  1 | North East
  2 | East
  3 | South East
  4 | South
  5 | South West
  6 | West
  7 | North West
  8 | North

· 11110XX  (on 70 bits): A “Meteorological”  type CQ call composed of a bit “CQ” + a bit “Beacon”, a 6 characters call (as for example “FL5XYZ”), a “6 characters Locator” + Temperature + Wind force + Type of weather + Humidity. 
Note: without the “CQ”, it is information transmitted by the Ham answering to the CQ call.

Temperature: from -52 °C to 60 °C by step of 1 °C (so 113 steps)

Wind force: 
  0 | Calm
  1 | Gentle breeze
  2 | Fresh breeze
  3 | High wind
  4 | Storm 
  5 | Hurricane

Type of weather:
  0 | Unknown
  1 | Sunny
  2 | Cloudy
  3 | Rainy
  4 | Stormy 
  5 | Foggy
  6 | Snowy
  7 | Frosty
  8 | Icy
  9 | Lightning
 10| Hail
  
Humidity:
  0 | Very dry
  1 | Dry
  2 | Normal
  3 | Wet
  4 | Very wet 


· 110XXXX  (on 72 bits): a CQ call with precise geographical position composed of a bit “CQ” + a bit “Beacon”, a 6 characters call + a geographical position (latitude + longitude) in ° ‘ and 2 figures decimal (as for example “48-49.83N 002-22.02E”). The accuracy is equal to 9 m in latitude and in longitude (about 60000 times more precise than a Locator position).
Note: without the “CQ”, it is an information transmitted by the Ham answering to the CQ call,

· 10XXXXX (on 73 bits): an answer to a CQ with Locator 4 characters composed of a 6 characters Call 1 (as for example “FL5XYZ”) + 6 characters Call 2 (as for example “FL5XYZ”) + Locator 4 characters  (accuracy +/-55 km in latitude and +/- 111 km in longitude), in answer of Call 1 to a CQ done by Call 2,

· 10XXXXX (on 73 bits , next): an answer to a CQ with S/N ratio and drift composed of a 6 characters Call 1 (as for example “FL5XYZ”) + 6 characters Call 2 + Suffix (as for example “FL5XYZ/MM”) + S/N ratio (12 to -37 dB) + drift (-4 to 4 by step of 0.1 Hz/mn), in answer of Call 1 to a CQ done by Call 2 

· 10XXXXX (on 73 bits, next): an answer to finish a QSO composed of a 6 characters Call 1 (as for example “FL5XYZ”) + 6 characters Call 2 + Suffix (as for example “FL5XYZ/MM”) + “73 GB SK”.

Note: free parts of these ranges and ranges not used are reserved by the author of this mode (F6CTE), for future possible extended use.

Drift, frequency and RS ID management:

Drift and maximum HF frequency

There is a risk of slow drift. This one is supposed inferior or equal to 1 Hz/minute. Consequently, for common transceivers, it is encouraged:

· to make work the transceiver (in reception) at least one half an hour, for temperature stabilization before beginning Lentus,
· to use frequencies inferior to 14.35 MHz, to limit drift (this one being proportional to the frequency). 
The transceiver HF frequency is, thus, supposed to be quite stable.
The sound card is not supposed to be of bad quality, introducing a drift at AF level.
For QSO mode (see below for Beacon mode), there is neither Master nor Slave (Sender and Addressee Hams have a symmetrical position), so each one follows the transmission frequency of the other.

Use of the RS ID

The RS ID (Reed-Solomon Identifier) is used first, in reception, to locate in time and frequency the Lentus transmission, but mainly to warn SWL or Hams to a next Lentus transmission.

If required, the RS ID (1.5 seconds) is automatically transmitted start at t=0 sec of the UTC minute 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or 55 (so 4 seconds before the Lentus transmission). 

However, RS ID in RX and TX stay optional.

Beacon:

The bit “Beacon” permits to identify if the mode has been started in Beacon mode or in QSO mode, 

As a minimum, it must be possible to use a beacon, transmitting at different periods:
- at all 5 minutes (0, 5…55) : the selected message is repeated at all 5 minutes (without any possible Lentus reception),
- at the Master minutes (0, 10…50): the selected message is repeated at each Master minute (with reception of a possible answer at each Slave minute).
- at the Slave minutes (5, 15…55) : the selected message is repeated at each Slave minute (with reception of a possible answer at each Master minute).
Relatively to frequencies management, a Lentus beacon is considered as the Master (who imposes his TX frequency) and the Ham who answers as the Slave, this to avoid a slow drift of the beacon through the waterfall.

Master and Slave frequencies

The Master initial transmission frequency (f0) is determined by the user (beacon) when he/she clicks on the waterfall. Afterwards, after his/her turn, the Master reception frequency follows the Slave transmission frequency. At the next turn, the Master transmission frequency will come back to his/her initial transmission frequency (f0). This to avoid a long drift across the waterfall.

The Slave initial reception frequency (f0) is determined by the user when he/she clicks on the waterfall. The program locks on the Master transmission frequency, then the Slave reception frequency follows the master transmission frequency. At the next turn, the Slave transmission frequency will be equal to the last Master transmission frequency.

Repeater:

The principle is to repeat a received message so as to forward it towards other stations or to broadcast a message (with several repeaters). It is to be considered as useful only for very specific cases. 

A message possibly received at minute 0, 10, 20, 30, 40 or 50 will be repeated 5 minutes after (so at minute 5, 15, 25, 35, 45 or 55) or, reversely, a message possibly received at minute 5, 15, 25, 35, 45 or 55 will be repeated 5 minutes after (so at minute 10, 20, 30, 40 or 50 or 0)  . 
Utilization examples:

· this function could permit a QRP (weak power) beacon station to transmit his LENTUS frames through a close powerful (QRO) station which will repeat the QRP frames: QRP --->QRO ---> DX station,
· to broadcast a message (without need of an answer), with several repeaters,
· this function could be also be used for QSO, in case of very big attenuation (underground communications, for example).
In that case, the repeater could, advantageously, use two different frequencies (one for each direction).
