[bookmark: _GoBack]Spray Code 09xx Flash Card Documentation				Oct2015

This document describes both the Flash binary format, and the zero-order unpacked ascii data file, with file extension ‘.raw2’.  

The Persistor CF2-based electronics (v09xx) writes tagged packets to the flash card, starting a new file for every dive.  After recovery, the flash data are processed to write one large ascii-output file, where every line begins with the packet ID type, followed by the variables.
Before 2008, flash files required knowing a fixed format to successfully unpack

Binary packets are of the form:
	<SB><PID><num>< …data…><EB>	where
<SB> = start-packet byte = '{'.
<EB> = end-packet byte = '}'.
<PID>= Packet ID byte (see list below).
<num> = number of bytes in <…data…> ( <num> is one byte, thus  <256).
<…data…> = <num> bytes of data.  The data can be of mixed type, including:
	char	= one byte
	short	= two bytes.
	long	= four bytes.
	float	= four bytes.
UNLESS specifically stated otherwise, the above are in BIG-ENDIAN format.

Specific PID data formats (for both binary and the .raw2 ascii formats) are given in the next section.  Here is a summary of available PID's:
[bookmark: flash_table]FLASH PACKET ID’s:
          label      PID      comment
#define   CF_DIVE   0x0f   // Dive-Set and cycle marker
#define   CF_GPS0   0x00   // GPS record: 0=start-mission
#define   CF_GPS1   0x01   // GPS record: 1=start-dive-set
#define   CF_GPS2   0x02   // GPS record: 2=end-dive-set
#define   CF_GPS3   0x03   // GPS record: 3=end-mission
#define   CF_ABORT  0x06   // abort status record
#define   CF_SURF   0x08   // UBLOX GPS data, used for surface drift

#define   CF_PDAT   0x11   // 8s profile data , version 1.
#define   CF_EDAT   0x21   // 8s eng. data, version 1.
#define   PPDAT     0x2a   // mar11, 8s Polyplus battery version (obs.)
#define   CF_SBE    0x30   // SBE 1Hz data: NOT IMPLEMENTED
#define   CF_ADP    0x50   // ADP profile data
#define   CF_ALT    0x51   // ADP altimeter data
#define   CF_ADPS   0x52   // ADP shallow data
#define   CF_ADP_H  0x5f   // ADP header/configuration info
#define   CF_ACM    0xb0   // Benthos ACM (not documented here).
#define   CF_ZOOG   0xb4   // aug15 Zooglider struct param
#define   CF_ACA    0xba   // Ascii annotation string (max 251 char)
#define   CF_CONT   0xcc   // continuation of the last recorded packet
#define   CF_DRIFT  0xd4   // drift packet
#define   CF_ENG    0xe0   // engineering packet
#define   CF_MOTOR  0xe8   // the last pitch/roll information.
#define   CF_HYD    0xf0   // hydraulic information.
#define   CF_PWR    0xf4   // average power for pitch, roll & hydraulics
#define   CF_SBD    0xf8   // SBD info
#define   CF_TEST   0xfe   // test packet
#define   CF_END    0xff   // end-file marker


The flash unpacking program just needs to read in sequential packets and parse accordingly.  Future changes to any packet structure can be given a new PID, and the unpacking program updated accordingly.  NOTE that the engineering packet already transmits its own version number.  The Spray firmware version number (listed in the .CFG configuration file) could also be used to decide the appropriate unpacking algorithm.

Processing Steps:
1. All of the flash binary files are unpacked to one large hex file (program does not need to know anything beyond the basic packet structure);  c program = ‘flash2hex’.
2. Each packet in the hex file is unpacked to ascii values, parsed according to the packet ID; c program ‘flash_hex0901’; output file YYMNNNMM.raw2 (ascii output).  YYM = Year-Month code, NNN=serial number, MM=mission id.
3. The ‘.raw2’ file is ready for further processing steps (i.e. reading from Matlab).


Cycle and Profile Numbering Format:

The Spray mission consists of multiple descent/ascent cycles (CTD profiles taken on ascent), with periodic surfacing to get new GPS locations and transmit data via Iridium.  The minimum time between each surfacing is controlled by a shore parameter.  

Let a Dive-Set be defined as a set of cycles between two sequential surfacings.  Each Dive-Set always has a well-defined start and end GPS fix (intermediate cycle locations within the Dive-Set must be interpolated).

Let the Dive-Set Number be the counter of the number of dive-sets performed.

Let Ncyc be the (descent/ascent) cycle counter within the Dive-Set; the first cycle in a Dive-Set begins with Ncyc =0.  For most missions in deep water, Ncyc =0 always, and the Dive-Set Number is equal to the total dive number.  However, shallow-water work typically has multiple cycles per Dive-Set.

Profile Number is a sequential counter of the total number of CTD profiles collected in the mission.  For example, if the Spray does two cycles per surfacing, then the total mission would have, say, 500 Dive-Sets, and 1000 profiles.  For v0902, the profile number is stored in the CF_DIVE packet.  


Packet Definitions

CF_DIVE (0x0f)	This packet marks the present Dive-Set Number, Ncyc = Cycle Number, the profile number, plus the UNIX time that the Dive-Set and this specific cycle began.  For the 0901 code, the Dive-Set Number is only incremented after surface communications (GPS and SBD) are attempted (multiple cycles between surface communications will not increment the Dive-Set Number, but will increment the Cycle Number).  This packet should be used to set Nsurf, Ncyc, Npro for all proceeding packets, until the next CF_DIVE packet is encountered.  

<num>    = 14  (14 data bytes)
dat[0-1] = Nsurf = Dive-Set number ( dat[0] = MSB, dat[1] = LSB).
dat[2-3] = Ncyc = Cycle Number (0…n)
dat[4-5] = Npro = profile number.
dat[6-9] = ti0 = Unix time (seconds since 00:00:00 UTC on January 1, 1970)
		at the start of Nsurf.
		(To correct for potential clock drift, Unix time is updated 
		 every time that there is a valid GPS fix)
dat[10-13] = ti_pro = Unix time at the start of cycle Ncyc.

ASCII OUTPUT (.raw2 file):
0f    1  0      1  1248891666  1248891667 Wed Jul 29 18:21:07 2009
pid  i1  i2    i3      uxti0     uxti1    date
pid=packet id = 0x0f
i1 = Nsurf = Dive-Set Number.
i2 = Ncyc (cycle counter for this dive-set, first cycle=0).
i3 = Npro (Total # of profiles for the entire mission, first value=1).
		Npro=Nsurf if there is only one cycle per surfacing.
uxti0 = start-time for the start of Nsurf dive-set.
uxti1 = start-time for the start of cycle Ncyc.
date  = uxti1 unpacked to a date/time stamp.

Example: Dive-Set #34 has two cycles, with the CF_DIVE info of:
0f   34  0     35  1246513965  1246513965 Thu Jul  2 05:52:45 2009
...
0f   34  1     36  1246513965  1246517118 Thu Jul  2 06:45:18 2009
...
0f   35  0     37  1246520139  1246520139 Thu Jul  2 07:35:39 2009

[bookmark: cf_surf]
CF_SURF(0x08)	This is the UBLOX GPS data recorded over the last surfacing, at 1m, 1s resolution, and is used to calculate the surface drift.

<num>    = 36  ( 36 data bytes)
struct ublox_param //======================================================
{ // ublox gps info kept at higher precision for surface drift calculations.
  // (lat[k],lon[k]): k=0=start-surface, k=1=end-surface position.
  short valid[2];  // flag of whether the fix is valid: 1=valid, 0=bad.
  long    lat[2];  // 1 cnt = 1e-7 decimal degrees ~ 1/90 m
  long    lon[2];  // 1 cnt = 1e-7 decimal degrees
  long     ti[2];  // ux sec. [0]=start surface, [1]=end surface
  short    index;  // ignore: last index used for the above arrays.
  // the following three are computed from the above,
  // and sent back via satellite in satellite packet 0x08.
  short       dx;  // x component surface drift (1 cnt = 1m)
  short       dy;  // y component surface drift (1 cnt = 1m)
  short       dt;  // time difference over drift (s)
}; //======================================================================

ASCII OUTPUT (.raw2 file):
08    2  0  2  1 1248894340    32.747044  -117.375222   1 1248894517    32.746337  -117.375165       5   -78  177

pid  i1  i2 i3 v0  uxti0   lat0 lon0  v1 uxti1 lat1 lon1 dx dy dt

pid  = packet id = 0x08
i1   = Nsurf (Dive-Set Number).
i2   = Ncyc (cycle Number for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
v0   = valid flag for first fix (GPS end-fix for Nsurf-1); 1=valid.
uxti0= unix time for first fix.
lat0, lon0 = position for first fix.
v1, uxti1, lat1, lon1 = second fix information.
dx   = x component surface drift [m]
dy   = y component surface drift [m]
dt   = time difference between fixes.

The GPS flash packets are all the same, and are a straight dump of the GPS structure inside Spray.  The packet IDs differentiate when the GPS data were collected.
0901 Change:  The first variable is changed from 'Tmax' = max time allowed to acquire a fix (always set to 15 minutes) to the Dive-Set Number 'Nsurf'.  This allows confirmation that the CF_DIVE packet's 'Nsurf' is correct.

CF_GPS0 (0x00)	Start of mission.
CF_GPS1 (0x01)	Start of Dive-Set.
CF_GPS2 (0x02)	End of Dive-Set.
CF_GPS3 (0x03)	End of mission.
	packet structure:
<num>    = 62  (62 data bytes)
//=== data structure for GPS ==============================================
struct  gps_param  
{ // template for gps parameters
  short     Nsurf;         // dive# stamp, for flash card id (new 0901)
					(0711, this was tmax=max acq. time=15 min).
  short     valid;      	// 1 if valid, 0 if not
  short     time;       	// #of seconds/10 to acquire fix
  short     lat_sign;   	// = +/- 1 for sign of latitude, >0=north
  short     lat_deg;    	// degrees of latitude  (unsigned)
  float     lat_min;    	// minutes of latitude
  short     lon_sign;   	// =+/- 1 for sign of longitude, <0 = west
  short     lon_deg;    	// degrees of longitude ( unsigned)
  float     lon_min;    	// minutes of longitude
  short     utc_hr;     	// hrs  universal coordinated time
  short     utc_min;    	// minutes
  short     utc_sec;    	// seconds

  short     gps_week;   	// gps week number, 1024=22Aug99
  short     gps_day;    	// day-of-week, 0..6 : 0=Sunday
  short     nsat;       	// #satellites used in fix
  short     smin;       	// min signal strength
  short     savg;       	// avg signal strength
  short     smax;       	// max signal strength
  short     hdop;       	// hdop *100

  float     xlat;       	// present latitude (decimal degrees)
  float     xlon;       	// present longitude(decimal degrees)
  float     olat;       	// last latitude (decimal degrees)
  float     olon;       	// last longitude (decimal degrees)
  short     ovalid;     	// true if last lat, lon was valid
  short     wing;		// which wing was used for gps fix
}; //==================================================================

GPS Line ASCII OUTPUT (.raw2 file):
01    3 1 2009  210.8267    32.74637  -117.37951   2.60  40 12   37   42   47 19:50:27

pid  i1  v yr day   lat lon  Hdop, Tacq, Nsat, Smin, Savg, Smax, UTC

pid  = packet id = 0x00 – 0x03: 1=start-dive-set, 2=end-dive-set, 3=abort-mode.
i1   = Nsurf (Dive-set Number).
v   = valid flag, 1=valid.
yr, day = Year, decimal-day of fix (1.0 = start of 01Jan).
lat, lon = position.
Hdop = HDOP for the fix.
Nsat = #satellites visible (>=actual number used for the fix).
Smin, Savg, Smax = min, avg, max SNR for the satellites.
UTC = time-of-fix, expressed in HH:MM:SS format.


CF_ABORT (0x06)	Abort Status Packet
<num>    = 2  ( 2 data bytes)
dat[0,1] = Pressure counts (nominally =250 at the surface).
		This is used to indicate whether the Spray is at the surface.

Abort Line ASCII OUTPUT (.raw2 file):
06   61  0   61  244
pid  i1  i2  i3  ipress

pid  = packet id = 0x06.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc, should always = 0.
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
ipress= Pressure counts.

Scientific/Engineering Data, Acquired at ~8s interval.
0711 Flash data wrote both scientific and engineering data in a single packet (0x10).  Starting with 0901 code, the scientific and engineering data are stored in different structures (primarily to allow more flexibility for future expansion).  For the old code, the PID was 0x10.  The 0901 code now has two PIDs:

CF_PDAT (0x11)	NEW 0901	8s Profile data ( time, P, T, S, Opt , valid flag)
<num>    = 12  ( 12 data bytes)
struct dat_sensor //=======================================================
{ // list of all data sensors to store to RAM while diving
  ushort secs;      	// # seconds since start of dive
  ushort p;         	// press 16bit a/d counts: ushort = unsigned short
  ushort t;         	// temp 16bit a/d counts
  ushort s;         	// salinity  16bit a/d counts
  short  optic;     	// optical sensor
  short  nsbe;       	// 1=TS is valid, 0=not taken (not in profile mode)
}; //===================================================================
// xxxx.cf0 contains the coeff to convert from counts to sci. units 
// for p, t, s, and optic.

PDAT Line ASCII OUTPUT (.raw2 file):
11    1  0   1  1403  2929 15027 34795    25 1
pid  i1  i2  i3  ti    p     t    s       o  f

pid  = packet id = 0x11.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
ti   = time [s] since start-dive-set (uxti0 in CF_DIVE packet).
p, t, s, o = pressure, temperature, salinity, optical COUNTS.
f    = SBE flag; 1 = TS are valid.

NOTE: negative optical counts are due to a serial processing error, where
	 -1	module a/d response has wrong a/d channel ID.
	 -2	module did not send an a/d packet.
	-46	device busy (module is busy doing something else).
	-63	parsing error (reply is of unexpected form).
	-88	CRC error on the module’s return packet.

[bookmark: cf_edat]
CF_EDAT (0x21)	NEW 0901	8s engineering  data (immediately follows CF_PDAT, therefore the same time in the CF_PDAT should be used).
<num>    = 22  ( 22 data bytes)
struct eng_sensor //=======================================================
{ // list of all eng sensors to store to RAM at 8s interval
  short  comp;      	// compass, degrees*10
  short  pitch;     	// pitch, degrees*10
  short  roll;       	// roll, degrees*10
  short  ad_pitch;   	// pitch potentiometer counts
  short  ad_roll;    	// roll potentiometer counts
  short  ad_bat_14;  	// 14V battery pack Volts counts
  short  ad_current; 	// Hydraulic pump current counts
  short  ad_oil;     	// Hydraulic oil sensor
  short  ad_bat_07;  	// 7V battery pack
  short  ad_alt;     	// altimeter
  short  eng_err;          // available for error flags
}; //====================================================================

ad_bat_14, ad_bat_07, ad_current all need coefficients in xxxx.cf0 file
to convert from counts to eng. units.

eng_err assignments.
	B0-b3 = lowest nibble = status of 2nd compass try (if needed)
	B4-b7 = 2nd nibble = status of the first compass try:
		0 = no error
		1 = error parsing data string.
		2 = no reply from compass
i.e. 	eng_err=0x22 = failed both times, with no reply.
	eng_err=0x10 = failed first time with bad parsing, OK the 2nd time.

	B8-b11	= unassigned.
	B12-b15= unassigned.


EDAT Line ASCII OUTPUT (.raw2 file):
21    1  0   1  2813   89  -16 1977 2003 2187   48  149 1922    0 0000
pid  i1  i2  i3  he    pi   ro adp  adr  adv14 adi  ado adv7  ada eng_err

pid  = packet id = 0x21.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
he   = compass heading [deg*10].
pi   = pitch [deg*10].
ro   = roll  [deg*10].
adp  = pitch potentiometer counts.
adr  = roll  potentiometer counts.
adv14= ad_bat_14 [Volts*100].
adi  = ad_current = Pump motor current [amps*100].
ado  = ad_oil = hydraulic oil pressure sensor [counts].
adv7 = ad_bat_07 [Volts*100].
ada  = ad_alt = altimeter counts.
eng_err = error flags (see above, presently catches compass errors).

NOTE: negative adp, adr, adv14, adi, ado, adv7, ada
are due to serial processing errors, where
	 -1	module a/d response has wrong a/d channel ID.
	 -2	module did not send an a/d packet.
	-46	device busy (module is busy doing something else).
	-63	parsing error (reply is of unexpected form).
	-88	CRC error on the module’s return packet.
[bookmark: cf_adp]
CF_ADP (0x50)	ADP Profile Packet
<num>    = 66  ( 66 data bytes) if number of cells(bins) = 5.
	<num> = 6 + 12*Ncell if Ncell does not equal 5.
	v0 = 6 = index to the first velocity data (velocity = 2bytes ea)
	a0 = v0 + 6*Ncell + 3*Ncell = points to amplitude for beam 1, cell 1.
	n0 = a0 - 4 = points to the noise estimate for beam 1 (1 byte).
dat[0-1]	pressure counts
dat[2-3]	compass counts (1 cnt=0.1 deg)
dat[4]		pitch counts ( 1 cnt = 0.4 deg)
dat[5]		roll  counts ( 1 cnt = 0.4 deg)
	velocity is stored in LITTLE-ENDIAN format (dat[k,k+1]=lsb,msb)
let k = v0 = offset to Vel for cell 1, beam 1, 1 cnt = 0.1 mm/s.
	dat[  k, k+1] = vel[beam 1, cel1 1]	LITTLE-ENDIAN
	dat[k+2, k+3] = vel[beam 1, cel1 2]…etc., up to cell=Ncell.
let k = v0 + 2*Ncell = offset to Vel for cell 1, beam 2
	dat[  k, k+1] = vel[beam 2, cel1 1]
	dat[k+2, k+3] = vel[beam 2, cel1 2]…
let k = v0 + 4*Ncell = offset to Vel for cell 1, beam 3
	dat[  k, k+1] = vel[beam 3, cel1 1]
	dat[k+2, k+3] = vel[beam 3, cel1 2]…
	noise
dat[n0,n0+1,n0+2] = Noise [cnts] for beams 1, 2, 3 (1 cnt=0.43 dB).
	amplitude
let k = a0 = offset to amplitude for cell 1, beam 1
	dat[  k] = amp[beam 1, cel1 1] (1 byte only: 1 cnt = 0.43 dB).
	dat[k+1] = amp[beam 1, cel1 2]…
let k = a0 + Ncell = offset to amplitude for cell 1, beam 2
	dat[  k] = amp[beam 2, cel1 1] 
	dat[k+1] = amp[beam 2, cel1 2]…
let k = a0 + 2*Ncell = offset to amplitude for cell 1, beam 3
	dat[  k] = amp[beam 3, cel1 1] 
	dat[k+1] = amp[beam 3, cel1 2]…

CF_ADP Line ASCII OUTPUT (.raw2 file):
50    1  0   1  2632  2843   39   -4 43  44  42 117  99  88  79  69 ...
pid  i1  i2  i3   pr he pi ro n[i] amp[i,j], vel[i,j].
	where [i]=beam (1,2,3), j=range cell [1..Ncell].
	written as:  for i=1:3, for j=1:Ncell, print(val[i,j]); end; end;

pid  = packet id = 0x50.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
pr   = pressure counts.
he   = compass counts [deg*10].
pi   = pitch (1 cnt = 0.4 deg).
ro   = roll  (1 cnt = 0.4 deg).
no[i] = noise level for beam i (i=1..3, 1 cnt = 0.43 dB).
amp[i,j]=return amplitude for beam i, cell j.  Output order is:
	amp[1,1], amp[1,2], amp[1,3], amp[1,4], amp[1,5], (beam 1 first)
	amp[2,1],...(followed by all cells for beam 2, then beam 3).
vel[i,j]=velocity [mm/s] along-beam i, cell j.
		vel[] ordering is same as amp[].  
Beam 1 (all cells), then beam 2, then beam 3.

CF_ADPS (0x52)	ADP Shallow-Mode Packet.
	same as CF_ADP, but data collected at the surface at the end of the dive, thus allowing
	near-surface properties (mainly back-scatter) to be estimated.

[bookmark: cf_alt]
CF_ALT (0x51)	ADP Altimeter-Mode Packet: Raw data used to estimate distance-to-bottom.  This raw data is only recorded if requested via shore command.
dat[5-08] = off = LITTLE-ENDIAN float of offset [m] to first datum.
dat[9-12] = dx  = LITTLE-ENDIAN float of spacing per datum [m].
dat[24] = amplitude of first cell ( 1 cnt = 0.43 dB).
dat[25] = amp(cell 2), etc.

If the number of cells exceeds 200, then the data is continued using…
CF_CONT (0xcc)	Continuation packet
The data should be appended to the last packet (as of 0901, only potentially used with CF_ALT).

CF_ADP_H (0x5f)	NEW 0901	ADP configuration information that may change via shore command.  This repeats info sent back via satellite, so the .sat file does not have to be consulted during post-processing.
<num>    = 9  
dat[0]  = BD Blanking Distance [0.1 m/count]
dat[1]  = ALPHA Attenuation Coeff ( ALPHA/100 = [dB/m] )
dat[2]  = Ncyc = cycle number for this dive (help differentiate profiles).
dat[3]  = Ncell = #cells
dat[4]  = Cellsize [m]
dat[5]  = Pulse_Len [m]
dat[6]  = A_SNR = Minimum SNR to use for calcs (-1=255 = not used ).
dat[7-8]= PSurf = surface pressure counts at the start of the dive.

CF_ADP_H Line ASCII OUTPUT (.raw2 file):
5f    1  0     1 40   22     0     5     4    8     -1   246
pid  i1  i2   i3 BD  ALPHA  ic   Ncell  Cell Pulse SNR  Psurf
	where [i]=beam (1,2,3), j=range cell [1..Ncell].
	written as:  for i=1:3, for j=1:Ncell, print(val[i,j]); end; end;

pid  = packet id = 0x5f.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
BD   = Blanking Distance [0.1m/count].
ALPHA= Attenuation Coeff (ALPHA/100 = db/m ).
ic   = cycle number (should be a repeat of Ncyc).
Ncell= # range cells (typ. 5).
Cell = Cell size [m] (typ. 4).
Pulse= Pulse length [m] (typ. 8).
SNR  = A_SNR = minimum SNR used for calces (-1=255 = NOT USED).
Psurf= Surface pressure counts at the start of the dive.
[bookmark: cf_drift]
CF_DRIFT (0xd4)	NEW 0901	Bottom-drift statistics.  This is a repeat of what is sent back via satellite, so the .sat file does not have to be consulted during post-processing.
<num>    = 12  ( 12 data bytes)
struct drift_param //======================================================
{  // 0711 data from drifting at the bottom
  short tm;           // drift time [minutes]
  short nsamp;        // # of Pressure samples taken
  short p0;           // start-drift pressure [dBar]
  short pavg;         // average pressure [dBar]
  short pe;           // end-drift pressure [dBar]
  short pmp_tm;       // amount pumped during the drift phase [sec]
}; //======================================================================
CF_DRIFT Line ASCII OUTPUT (.raw2 file):
d4    1  0    1 ...
pid  i1  i2   i3 tm nsamp p0 pavg pend pmp_tm
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
rest of definitions as given above.


CF_MOTOR (0xe8)	NEW 0901 	pitch, roll motor statistics.
Pitch/roll statistics are written to flash after each pitch/roll operation on descent/ascent.  This will allow for better post-mission diagnostics of pitch and roll performance.

<num>    = 16  ( 16 data bytes)
struct motor_stat //=======================================================
{ // stats of the last motor operation
  short cs;        	// chip-select ( 0x05= pitch, 0x09= roll )
  short result;    	// final result of the operation (see below).
  short pot_start; 	// potentiometer counts at start of operation.
  short pot_stop;  	// potentiometer counts at the end.
  short amp;       	// average amps: 1 cnt = 0.001 amps
  short volt;      	// average volts: 1 cnt = 0.01 V
  short ti;        	// time [0.1s] that it ran
  short limit;     	// limit sw status (1=open, 0=closed)
}; //===================================================================
	result values:
// status of the run_motor function
#define MOTOR_OK      1  // ran normally, stopped due to pot value
#define MOTOR_DT      2  // ran on time alone: small increment
#define MOTOR_BAD_POT 3  // pot out-of-range, ran on time alone
#define MOTOR_NO_MOVE 4  // pot out-of-range, did NOT run
#define MOTOR_NONE    5  // requested change was too small to try to move
#define MOTOR_SLOW    6  // 2s change in pot was too small…aborted op.
#define MOTOR_MAX     7  // exceeded the max pot value
#define MOTOR_MIN     8  // exceeded the min pot value
#define MOTOR_TMO     9  // timed-out (slow motor overall)
#define MOTOR_AMPS   10  // motor amps exceeded max allowed
#define MOTOR_LIMIT  11  // limit switch is CLOSED:  at the limit!!!
#define MOTOR_STOP   12  // stopped from external command
#define MOTOR_CLEAR  13  // last op cleared: no other update yet


CF_MOTOR Line ASCII OUTPUT (.raw2 file):
e8    1  0   1  9  1 1895 1994   24 1549   50 03
pid  i1 i2  i3 cs st  p1   p2   amp volt   ti limit
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
cs = 9 for pitch, 5 for roll.
st = status (see above).
p1 = start pot counts
p2 = end pot counts.
amp = average amps: 1 cnt = 0.001 amps.
volt = average volts: 1 cnt = 0.01 V.
ti = time that motor ran [0.1s].
limit = final limit switch setting (bit0=min, bit1=max: 1=open, 0=closed).
[bookmark: cf_eng]
CF_ENG (0xe0)	This is the engineering data packet that is also sent back via satellite.  The inclusion of this packet removes the need to refer to the .sat file to retrieve some of this information.  NOTE that 'ver' is used as the engineering packet version (same as sent back via satellite), and should be used to choose the correct unpacking assignment.  The only change from 0711 is that 0901 sends back 'ncyc' (the cycle number) in the variable that used to be the mission id ('miss_id' is static during the mission, and is documented in the configuration file).

<num>    = 56  ( 56 data bytes)
struct eng_param //========================================================
{ // parameters for engineering data. 
  char  ver;		// first char = packet version
			// =0xe6 for 0711 =0xe7 for 0901 code
  short nbytes;     // #bytes in this structure
  short zmax;		// max depth of dive [dBar]
  char  alt_db;	// ADP altimeter max dB observed: 1 cnt = 0.43 dB
  char  alt;		// altimeter counts at turning depth: 1 cnt = 1 m
  short bat;		// Avg. 14V battery V in bottom turn: 1 cnt=0.01V
  short current;	// Avg. pump amps in bottom turn: 1 cnt = 0.01amps
  short psurf;	// Avg. surface press counts at the start of the dive
  short pitch;	// pitch, degrees, of dive
  short head;		// heading steered [degrees]
  short drx;		// dead-reckoning in the x direction [m]
  short dry;		// dead-reckoning in the y direction [m]
  short ydeg;		// way-point degrees latitude
  short dy;		// way-point fractional latitude  x 1000
  short xdeg;		// way-point degrees longitude
  short dx;		// way-point fractionsal longitude x 1000
  char  n_badamp;   // #times had too high of current
  char  navg;		// #points averaged for profile 
  char  ti_pmp1;	// pump time(1cnt=10s) going down deep, to neutral buoy.
  char  ti_pmp2;    // remaining pump time(1cnt=10s) on ascent,surface
			// total pump time = ti_pmp1 + ti_pmp2;
  short vac;        // internal vacuum: 1 cnt =0.01 in-Hg
  short idive;      // present dive number
  short ncyc;       // 0901 present cycle #: WAS old mission id
  char max_amp_ti;	// time@max_amp (1cnt=10s) since start of pump@bottom turn
  char  max_amp;    // max amps @ bottom turn (1cnt = 0.02amps)
  char  r_err;      // accumulated roll error (1cnt=0.1 deg)
  char  t_SBD;      // time trying to get SBD message through, 1cnt=1s.

  char  ntries;       // #connect tries from the LAST surfacing
  char  nsent;	  // #packets sent from the LAST surfacing
  
  char  sbdi_stat;    // SBDI= out-bound xmit status: wing in upper nibble
  char  sbd_shore_stat;  // status of parsing a shore-command
  
  short exc_stat; 	// exception status word
  char surf_tm1; 	// time(1cnt=10s)@dive-start to leave surface to 2m.
  char surf_tm2; 	// time(1cnt=10s)@dive-end before gps-start.
			// surf_tm1,2 used to extrapolate surface drift positions.
  short z_at_alt;	// Spray depth[m] at altimeter reading
  char vent_tm;  	// time(1cnt=0.1s) that air vent ran.
  char vent_lld;	// bit0=1=air detected@start-vent; bit1=1=air@end of vent.

  char  end;		// end character for packet =';'
}; //======================================================================


CF_ENG Line ASCII OUTPUT (.raw2 file):
e0    1  0    1 109   0  99 1417   46  246 17 289  -556   188  32.759 -117.400  0  1   16   24  1326   0  50     -7    8   1   1 1   1   0     34   39    0   4  1 4000 

pid  i1 i2 i3 i4 i5 i6 i7 i8...i35
pid  = 0xe0.
i1   = Nsurf (Dive-Set Number).
i2   = Ncyc  (cycle counter for this Dive-Set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
i4   = zmax [dbar].
i5   = alt_db.
i6   = alt [m]  (99=not taken, 80=no bottom seen).
i7   = bat = 14V battery pack [V*100].
i8   = current = avg current during deep pump [amps*10].
i9   = psurf = surface pressure counts.
i10   = pitch = desired pitch angle [deg].
i11  = head  = desired heading to steer [deg, T].
i12  = drx [m] = dead-reckoning x distance traveled.
i13  = dry [m] = dead-reckoning y distance traveled.
i14  = Waypoint Latitude [decimal degrees].
i15  = Waypoint Longitude [decimal degrees].
i16  = n_badamp = #times too high of current.
i17  = Navg  = #points averaged per one datum for SBD message.
i18  = ti_pmp1 = pump time (1 cnt=10s) to neutral buoyancy.
i19  = ti_pmp2 = remaining time pumped after ti_pmp1 (1 cnt=10s).
i20  = Vacuum 1 cnt = 0.01 in-Hg.
i21  = max_amp_ti = time of max amps since start pump at bottom (1cnt=10s).
i22  = max_amp = max amps at the bottom turn (1cnt = 0.02amps).
i23  = r_err = accumulated roll error (1cnt = 0.1 deg).
i24  = t_SBD = time (s) trying to get SBD messages through.
i25  = ntries = #connect tries from LAST surfacing.
i26  = nsent = #messages sent during the last surfacing.
i27  = wing (0=stbd, 1=port).
i28  = sbdi_stat = outbound SBD transmit status.
i29  = sbd_shore_stat = status of parsing shore commands.
i30  = surf_tm1 = time to leave the surface (1cnt=10s).
i31  = surf_tm2 = time at end-of-dive before GPS-start (1cnt=10s).
i32  = z_at_alt = depth of Spray [dbar] at time of altimeter reading.
i33  = vent_tm = time that air vent ran (1cnt=0.1s).
i34  = vent_lld = liquid-level-detect status.
[bookmark: cf_hyd]i35  = exc_stat = exception status word.
CF_HYD (0xf0)	NEW 0901 	Hydraulic statistics.  This allows better diagnostics of the hydraulics module.  It is written to flash at the start of ascent, at the start of the surface code (before doing additional pumping), and then after doing the additional surface pumping (all oil should now be pumped outside).

<num>    = 24  ( 24 data bytes)
//=== hydraulic pump data structure ======================================
struct hyd_param {
  short status;  	// Pump status (see below).
  short ti;      	// time [s] that has run in the present cycle
  short total;   	// = total time pumped [s]: accumulates 
  short amp;     	// last measured amps [cnts]: 1 cnt = 0.01 amps
  short volt;    	// last measured volts [cnts]: 1 cnt = 0.01 V
  short oil;     	// last measured oil sensor value
  short max_amp; 	// max amps: 1 cnt = 0.01 amps
  short ti_max;  	// ti of max amp (1cnt = 0.1s).
  short  watt;   	// avg watts[0.01 watt/cnt]
  short vac;     	// vacuum reading
  short bad_amp; 	// flag=TRUE if we've exceed the expected amperage 
  short nbad;    	// counter of #bad amps 
}; //===================================================================

// status of the pump
#define PUMP_WAIT     0  // pump is running...not done yet
#define PUMP_OK       1  // ran normally, stopped due to time
#define PUMP_OIL_END  2  // pump stopped, due to oil sensor
#define PUMP_AMPS     3  // pump stopped, due to high current
#define PUMP_STOP     4  // pump stopped, due to master request
#define PUMP_TMAX     5  // pump at tmax...can't run any more
#define PUMP_OFF      6  // pump is off, just handling an a/d request

CF_HYD Line ASCII OUTPUT (.raw2 file):
f0    1  0    1 2  66  402   35 1434 2044   75 415   624 1304 0   0
pid  i1 i2   i3 i4  i5  i6    i7  i8   i9  i10 i11   i12  i13 i14 i15
pid  = f0.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
i4   = status
i5   = ti = time[s] that pump just ran.
i6   = total = total pump time.
i7   = amp = last measured amps (1cnt = 0.01 amps).
i8   = volt = last measured volts (1 cnt=0.01 V).
i9   = oil = last measured oil sensor value (cnts).
i10   = max_amp = max ovserved amps (1 cnt = 0.01 amps).
i11  = ti_max = time of max amps (1cnt = 0.1s).
i12  = watt = avg watts (1cnt = 0.01 watts).
i13  = vac = vacuum reading (1cnt = 0.01in-Hg).
i14  = bad_amp = FLAG=TRUE if exceeded the expected amperage
i15  = nbad = counter of #bad amps.

[bookmark: cf_pwr]
CF_PWR (0xf4)	NEW 0901	Power statistics for pitch, roll, and hydraulics.  This is recorded at the end of the dive, after the Spray has pumped all of the oil to the external bladders, and contains the accumulative energy consumption for the three modules.

<num>    = 25
struct pwr_param //========================================================
{ // stores the avg watt & time a module ran per dive
  short watt[4]; // hyd, pitch, roll.  4th element is not used. 1 cnt=0.01W
  short   ti[4]; // accum. time that each ran over the last dive cycle.
  short      v7; // present  7V battery level. 1 cnt = 0.01V
  short     v14; // present 14V battery level. 1 cnt = 0.01V
  char  serr[5]; // spi comms error for msp430 modules: gpio,hyd,pitch,roll
}; //======================================================================
serr[0..4] = counters for #errors with spi comms to the
		Respective msp430 modules: gpio/wdog, hydraulics, pitch, roll.
serr[5] = 	bit flags for other specific spi problems:
	b0 = TCM2 compass parsing error (unexpected response string).
	b1 = TCM2 compass NO RESPONSE.
	b2 = not assigned.
	b3 = SPI comms used an unknown CS assignment.
	b4 = update_wdog attempt failed.
	b5 = Reset the gpio/wdog to try to regain control.
	b6 = gpio/wdog module is NOT responding after (b4, b5) attempts.
	b7 = not assigned.

CF_PWR Line ASCII OUTPUT (.raw2 file):
f4    1  0  1 639     47     40      0  393   62   79    0   772 1514   0   0   0   0   0 
pid  i1 i2 i3 watt[0..3], ti[0..3], v7, v14, serr[0..4].

pid  = f4.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
watt[0..3] = avg watts [1cnt=0.01W] for [hyd pump, pitch, roll, not-used].
ti[0..3] = accumulative time [s] for [“ “].
v7 = 7V battery level [V*100].
v14= 14V battery level [V*100].
[bookmark: cf_sbd]serr[0..4] = spi comms error for [gpio, hyd, pitch, roll] modules.
CF_SBD (0xf8) 	NEW 0901 Packet with SBD transmission information.

<num>    = 14
struct sbd_param //========================================================
{ // stores the SBD statistics
  short nsent;		// = #packets sent in this surface session
  short ntries;		// = #tries to connect
  short t_SBD;      	// = time spent actually trying to transmit
  long  t_start;    	// = unix start time
  long  t_end;      	// = unix end time
}; //=====================================================================

CF_SBD Line ASCII OUTPUT (.raw2 file):
f8    1  0   1  2   3  32  108 1246391712 1246391820
pid  i1 i2  i3 i4  i5  i6   i7    i8          i9   
pid  = f8.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).
i4   = nsent = #of messages sent.
i5   = ntries = #tries to connect.
i6   = t_SBD [s] = #s spent actually trying to transmit.
i7   = t_total [s] = total transmit time ( t_end – t_start).
i8   = t_start = unix start time.
i9   = t_end = unix end time.

CF_TEST (0xfe) 	Test packet, where number of bytes and contents can be variable.  This is not used in a mission, but is written to a 'Txxx' file during pre-deployment checkout.


CF_END (0xff) 	End-of-file marker.  This should be the last packet for a normally-closed file, and thus its absence can be used to detect a flash card problem.

<num>    = 3  
dat[0-2] = "END"

CF_END Line ASCII OUTPUT (.raw2 file):
ff    1  0   1 END
     i1 i2  i3
pid  = ff.
i1   = Nsurf (Dive-set Number).
i2   = Ncyc  (cycle counter for this dive-set).
	NEW v0902: Npro has been added.
i3   = Npro (Total # of profiles for the entire mission, first value=1).




ADDED OCT2015
CF_ZOOG   0xb4	ZooGlider structure (defined in setup.h code).  As of Oct2015, this structure is under development.  The unpacking algorithm should be verified by the number of packets in the structure.
struct zoog_param // Oct2015 format ==========================
{ // Zooglider, ZooCam params
  short zcam_stat;         // status of zoocam
  short n_img;             // image #
  short n_err;             // # of errors
  short avg;               // avg intensity of last image
  long  uxti;              // unix time w/n_img
}; //=========================================================
<num>    = 12 

CF_ZOOG Line ASCII OUTPUT (.raw2 file):
b4    0    0        347      0    180   1440615530 Wed Aug 26 18:58:50 2015     pid  i1   i2         i3     i4     i5           i6      
pid  = b4.
i1   = zstart = start-up status of the ZooCam.
i2   = zstop  = stop-status of the ZooCam.
i3   = n_img  = image number from the ZooCam.
i4   = n_err  = number of frame-grab errors by the ZooCam.
i5   = avg = average intensity in the middle of the image (+/- 100 pixels).
i6   = unix time-stamp for this image.
