IRIDIUM data format for float data (SEASCAN/SOLO/SBE float)

Below is a proposed format for transmitting float data using the IRIDIUM communications system.   Data offloading is attempted every time the float goes to the surface. This might not be successful in arctic areas, but whether successful or not, pending data will be compressed and logged away at this point. Each of this data block is preceded by a pre-amble (A5A5A5A5) followed by the data block. This block typically contains messages for Temperature, Salinity, Drift data, Engineering. Depending on the mission some of these data records might not exist, but engineering is always there and is the last data record in the block. If communication with the satellite fails, the block is marked as unsent and will be transmitted on the next attempt to surface.

The processing of CTD data is identical in nature to the one used for the Orbcomm float. The format uses the bin centered pressure as an implied independent variable which can be available from a log file for each float.  For example, a typical profile would have 2 dbar averages between the surface and 500 dbars and 5 dbars averages to the bottom of the profile (2000 dbars).  The break point(s) and the averaging intervals will be stored in the log file.

CTD data records:

The first two data bytes of each record contain the length of that particular record. The next byte is the record type followed by the record number within the block.  Possible Record types are:

	Type
	Record

	00
	Salinity for up profile

	01
	Temperature for up profile

	02
	Salinity for down profile 

	03
	Temperature for down profile

	04
	Position / Engineering

	05
	RAFOS data

	06
	Oxygen for up profile


	07
	Not currently used


Profile data (types 00-03)

All CTD data temperature and salinity pairs are reported at a resolution of 0.001 and degrees C and ms/cm.   Each data record is designed to be unpacked without knowledge of the other data records. The header in the message contains the pressure and value for the first bin in the record and the body of the message contains first differences of the salinity or temperature.  The data is packed as compactly as possible using an optimal dynamic range of 4, 8, 12, or 16 bits for packets of 32 bin values.  Each message contains a theoretical maximum of 16 such packets, for a maximum of 512 bins. The reconstructed last data value of the record will overlap with the starting data value of the next record.

The ten bytes following the length, record type and record number form a header describing how to unpack the message and what part of the profile is contained in that message.  The header is structured as follow:

Byte 5:  first packet used in the message

Byte 6:  number of packets in the message

Byte 7, 8, 9, 10: descriptor information for packets 1 to 16 (to be parsed as nibbles)

Byte 11, 12: Reference pressure

Byte 13, 14: Reference point (Temp or Sal)

Following bytes are the forward differences encoded on 4, 8, 12 or 16 bits.

For Seabird we collect the temperature, salinity and pressure data as Ta, Sa, Pa (16 bit values):

T = (Ta-5000) in milli-Deg C

S = (Sa-1000) in milli-PSU (Seabird CTD)

P = (Pa-100) in cBars

When Pressure, Temperature and Salinity are logged in the engineering data, they are logged in cBars, milli-Deg C and milli-PSU respectively.

Thus, we have reduced the problem to sending unsigned integers for temperature and salinity.  They are:

Temperature anomaly (Ta)

 Ta = (T + 5) * 1000,

where Ta is an integer, and

Salinity Sa

  Sa = (S+10)*10000 for Seabird CTD

where Sa is an integer.

To summarize again for each record there will be a header (14 bytes), where:

Byte 1, 2 contain:


 Record length in bytes.

Byte 3 contains:


Record Type

0 = Sa for up profile

  

1 = Ta for up profile



2 = Sa for down profile



3 = Ta for down profile

Byte 4 contains:


Record # 0 to 255, record number for this data block

Byte 5 contains:


 packet# = First data packet number (32 bins) in message 

Byte 6 contains:


 Number of packets in message 

Bytes 7-10 contain:


Unpk0-unpk15   = gradient packing factor for blocks 0 to 15 for this message (2 
bits each).  Note: if less than 16 blocks are contained in the message, then the 
packing factors are 0 filled.

Bytes 11-12 contain:


The pressure Pa for the first data point in this message, in centibars, (16 bits).

Bytes 13-14 contain:


The value Ta or Sa for first data point in this message (16 bits)

Subsequent data values are stored as signed forward difference "gradients" the interval in one of 4 forms: 2 bytes, 12 bits, 1 byte or 4 bits (nibble).  The data from each record can be reconstructed by cumulatively summing the gradients and adding the first value.  The reconstructed last value of the current record must match the 1st value of the next record.

At the end of the message is a CRC of two bytes computed starting with the length info. 

The interpretation of the packing factor is:

	Packing Factor
	Size of values
	Bytes used for 32 values

	0
	16 bits
	64

	1
	12 bits
	48

	2
	8 bits
	32

	3
	4 bits
	16


If the last block is not completely filled, only those values for data points where measurements were made will be transmitted.   Irregardless of the direction of the profile, the data will be sent back in ascending pressure bins.

Position and Engineering data (Type 4)

The position data and the pressure, temperature, and conductivity data for the beginning and end of the drift at the park depth will be recorded in each type 4 message.  The position data is sent as 24 bit signed integer values which are latitude or longitude expressed in number of 10-4 deg.  Negative values are for latitudes south of the equator. Longitudes are positive west of the Greenwich meridian. The first set of latitude/longitude pairs will be for the locations where the float surfaces.  The second will be for the locations where it sank prior to drifting at depth.

  Thus, for type 4 messages:

Message Header

Byte 1,2
Message length 2 bytes

Byte 3

Type of message

Byte 4

Message number

Bytes 5-7
Latitude where float surfaced (Deg x10e4)

Bytes 8-10
Longitude where float surfaced (Deg x10e4)

Bytes 11-12
Float Day

Bytes 13-14
GPS time of day when position was acquired in increment of 2 Sec

Byte 15-16
Loop count to acquire GPS (x256)

Byte 17-18
Float day after GPS was acquired

Byte 19-20
Float time after GPS was acquired (mn)

Byte 21
Float seconds after GPS was acquired (sec)

Byte 22           Nb of tries to get to the surface

Bytes 23-25
Latitude where float sank (Deg x10e4)

Bytes 26-28
Longitude where float sank (Deg x10e4)

Bytes 29-30
Float Day
Bytes 31-32
GPS time of day when position was acquired in increment of 2 Sec

Byte 33-34
Loop count to acquire GPS (x256)

Two pressure, temperature, and conductivity triplets, one before rising back to the surface at the end of the drift at the park depth and the other at the beginning of the drift at the park depth, are contained in the next 12 bytes.  Thus,

Bytes 35-36
pressure (centibars) at start of drift

Bytes 37-38
temperature (millidegrees) at start of drift

Bytes 39-40
salinity (.001 PSU) at start of drift

Bytes 41-42
oxygen (Hz) at start of drift

Bytes 43-44
pressure (centibars) at end of drift

Bytes 45-46
temperature (millidegrees) at end of drift

Bytes 47-48
salinity (.001 PSU) at end of drift

Bytes 49-50
oxygen (Hz) at end of drift

Next comes the engineering information from the SBE CTD which are generated at the end of an up profile. The packet contains 12 bytes of information that should be parsed as follows:

Bytes 51-56
Last bin info

Bytes 57-58
Second bin pressure

Bytes 59-60
Number of bins

Bytes 61-62 
New offset value

This information is obtained from the CTD for the last profile taken before the engineering message is formatted.  

Additional engineering data is obtained sequentially during each dive. On a down profile, the pumping information will be stored for the two steps executed to reach target depth, followed by an engineering packet corresponding to the beginning of the drift phase and the total pumping time in and out needed to accomplish the down trip. A down profile would then append the following to the engineering data:


Step 1 to target Pressure


2 bytes


Step 2 to target Pressure


2 bytes

On an up profile, an engineering packet will be stored when the instrument has reached the surface and inflated the air bladder.  The information for the upward trip is the last information appended to the engineering message. An up profile would append the following to the engineering data:


Engineering packet 1 (start of profile up)
10 bytes


Total pumping times out/in


4 bytes


Engineering packet 2 (at surface)

10 bytes


Total pumping times out/in


4 bytes

Then the message is padded with 00 and another 2 bytes are added at the end of the message with the message CRC, for a total length of 96 bytes (3x32).

Structure of the engineering packet:

Auxillary Battery voltage in dV 


1 byte

CPU Battery voltage in dV
 


1 byte

Internal pressure reading in % of one Atm

1 byte

System flag byte




1 byte

Profile status byte




1 byte

00 Byte





1 byte


Day counter, and instrument time in minutes

4 bytes

Structure of the SYSFLG byte:
( System flags )

Bit 0 set if acoustic receiver is dead

Bit 1 set if P-T module is dead

Bit 2 set if internal pressure is less than 75%

Bit 3 set if too deep

Bit 4 set if CPU battery is low

Bit 5 set if AUX battery is low

Bit 6 set if CTD data has been stored in instrument

Bit 7 set if Orbcomm fault is encountered

Structure of the PRFSTS  byte:
( profile status )

Bit 0 set if CTD is on, cleared otherwise

Bit 1 set if pump is at the limit out

Bit 2 set if pump is at the limit in

Bit 3 set if bladder is inflated

Bit 4 set if time out on Press request is encountered

Bit 5 set if pressure is not changing

Bit 6,7 00=at surface,01=going down,10=at depth,11=going up

Rafos data (type 5)

The Rafos data follow the acquisition sequence specified when the instrument was initialization.  The type of information can be a sea-water parameter acquisition, acoustic signal arrival times or any other information collected by the instrument. 

A seawater parameter acquisition will return 

Pressure in cBars 

no offset
2 bytes 

Temperature in mDeg C
no offset
2 bytes

Salinity  (.001 PSU) 



2 bytes

Oxygen (Hz) 




2 bytes


Deviation from target pressure (in tics, positive for pumping out)



2 bytes

One tic represents 200mS of pumping time

An acoustic reception will return:


Corr0, delay0  (4bits+12bits)

2 bytes 


Corr1, delay1  (4bits+12bits)

2 bytes


The delays will be in sampling intervals which is receiver dependent

The first 4 bytes are length, type and message nb, the last 2 is the CRC and the length is rounded to the next multiple of 32 bytes.

Surface Message  (type4)

When the float is in beacon mode at the end of its mission, the structure of the engineering message which is sent hourly is the information for one position and one engineering packet.  That is:

Byte 1,2
Message length

Byte 3

Message Type

Byte 4

Message number

Bytes 5-7
Latitude where float surfaced (Deg x10e4)

Bytes 8-10
Longitude where float surfaced (Deg x10e4)

Bytes 11-12
Float Day

Bytes 12-14
GPS time of week when position was acquired in Sec

Byte 15
Loop count to acquire GPS

Bytes 16-25
Engineering packet

Bytes 26-30     00 padding

Bytes 31-32     CRC
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