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 This document present every issue encountered by the Mermaid Apex floats (the 'first 
generation' Mermaid). The first paragraph describes briefly the issues and divides the floats in 
two groups, one gathers floats of first version that cannot be used for tomography, and the other 
gathers floats that are functional. A second paragraph describes the problems encountered in 
more details. A third paragraph describes other minor problems. The fourth paragraph gives 
information about specific problems. Important information are written in red.



I. Float versions

 The actual fleet of Mermaid floats can be divided in two groups. The first group concerns float 
numbers 11, 12, 13, 17 and 18. They were the first floats deployed in the Mediterranean Sea and 
in the Indian Ocean. They have been used as prototype for debugging. The float’s control 
firmware (ver: 1.4 and rev: 011613) and acquisition firmware (ver: 1.1201) contain some errors. It 
is not recommended to use data recorded by these floats for tomography purposes or any other 
subject that require a good clock time stamp for events. Identified problems come from the clock 
synchronization of the floats. Some recorded events contain time errors of plus or minus 1s that 
cannot be reliably corrected.

Identified problems are the following:
a.Sometimes the float does not get a GPS fix when it reaches the surface after an ascent.
b.Clock synchronization error: The NMEA sentences are delayed, which induce a time lag of 

-1s.
c.Clock synchronization error: The GPS receiver lost one leap second, which induce a time lag 

of +1s.

 The second version concern floats 10, 15, 19, 20, 21, 22, 23, 24, 25, 26, 14, 16, 30, 31, 32, 
33 and 35. The float’s control firmware (ver: 1.4 and rev: 091813) and acquisition firmware (ver: 
1.1241) have solved “a” and “b” issues. The error of the leap second remains but corrections were 
possible since “a” and “b” issues are corrected. 

 The floats 31, 30 and 33 are a little different. The floats 31, 30 and 33 (float 33 is float 30 that 
has been redeployed after refurbishing) use a different model of GPS receiver that does not lose 
leap second information. The float 31 still carries the delayed NMEA sentence's error. The 
corrections were made but please remain very careful with the use of float 31 data.

II Issue analysis and correction

Sometimes the float does not  get the first GPS fix when it reaches the surface after an 
ascent.

 The problem of missing GPS fix after ascent affects only the first version of floats. The problem 
come from a lack of buoyancy because the air bladder is not inflated immediately after ascent 
and therefore the antenna is not always clear of water for reception especially under bad weather 
conditions. The second version of software corrects the problem since the air bladder is inflated 
immediately after ascent before the GPS acquisition sequence. An exception is the float 
Mermaid16 that doesn’t get the first GPS after ascent more and more often since the 27 February 
2015.  This problem appears only for floats 11, 12, 13, 17 and 18.

Clock synchronization error: The NMEA sentences are delayed, which induce a time lag of 
-1s.

 This error comes from a delay induced by the float control board (TWR-APEX_Apf9i) during the 
transmission of the NMEA sentences. There's delay of about 1s between the emission of the 
NMEA sentences from the GPS and the reception by the acquisition board (Mermaid board). This 
delay fluctuates according with Microprocessor activity. The Pulse Per Second signal, 



synchronized with the emission of the NMEA sentences, is transmitted directly from the GPS to 
the acquisition board. When the delay is less than 1s, the acquisition board is synchronized with 
PPS signal and the corresponding NMEA sentence. When the delay is higher than 1s, the 
acquisition board is synchronized with PPS signal and the wrong NMEA sentence; the sentence 
emitted 1s earlier. Since the drift is equal to “gps_clock” – “mermaid_clock”, drift measurements 
tell us when there is an error or not. 

There are 4 possible cases of drift measurements:
- If the Mermaid clock and the NMEA sentence are both synchronized with UTC, the error in the 
measured drift is 0s.
- If the Mermaid clock and the NMEA sentence are both late by 1s, the error in the measured drift 
is 0s.
- If the Mermaid clock is synchronized with UTC and the NMEA sentence is late by 1s, the initial 
error in the measured drift is -1s.
- If the Mermaid clock is late by 1s and the NMEA sentence is synchronized with UTC, the initial 
error in the measured drift is +1s.

 The error starts when a drift anomaly of about -1s is observed and stops when a drift anomaly 
of about +1s is observed. This error can remain for many dives before it is rectified. We make a 
correction by adding 1 second to the drift measurement. The timestamps for data are then 
recalculated with the correct drift measurements. These corrections are in evidence in the 
“Clk_Cor_Dlay” column of the “mxx_clk_drift.txt” files. This column indicates when a second has 
been added to the measured drift.

 This bug depends on the setting of the verbosity parameter, specifying the quantity of 
information recorded in the log cause the bug. There are 3 levels of verbosity. Level 3 used in 
debug mode leads to a systematic error for the first and second versions of floats. Level 2 used 
for normal operation mode leads to an occasional error for the first version of floats and no error 
for the second version. Level 1, used for normal operation mode with lower consumption, gives 
no error for the first and second version of the floats.

 The first version of the floats requires corrections that cannot be applied for two reasons. The 
first reason is due to the leap second error (explained bellow). The second reason comes from the 
fact that only two GPS fix and one drift measurement, made immediately after the ascent, are 
recorded for each dive.

 The second version floats doesn't need correction because they always run with a 1 or 2 
verbosity level. The only time when the level 3 is used is at the beginning of a mission. In the 
“mxx_clk_drift.txt” files, the second drift measurement is often equal to +1 because the verbosity 
rises from debug mode (level 3) to normal running mode (level 2).

 Float mermaid31 is a special case. For an unknown reason, the bug seems to appear when the 
verbosity of this float is set to 2 or 1. The errors are corrected for this float, this is possible since 
this float has a model of the GPS receiver that does not lose the leap second. Be very careful if 
you are using the mermaid31 data because that case could be more complicated than what is 
explained here.

 The errors of delayed NMEA should be corrected for float 31 until 1st June 2015 but be very 
careful if you're using these data. Corrections are impossible for floats 11, 12, 13, 17, 18.  



Clock synchronization error: The GPS lost one leap second, which induce a time lag of +1s.

 This clock error is due to the Garmin GPS 15x-L with 3.80 software version, which lost a leap 
second when it's turned off during a long time. When a leap second is not taken in account, the 
GPS receiver is 1s ahead of the UTC time. This means that the NMEA sentences are sent 1s ahead 
of the UTC time. This is the opposite effect of the synchronization error caused by the Apex 
control board. Since the drift is equal to “gps_clock” – “mermaid_clock”, drift measurements tell 
us when there is an error or not.

Again there are 4 possible cases of drift measurements:
-If the Mermaid clock and the NMEA sentence are both synchronized with UTC, the error in the 
drift estimate is 0s.
- If the Mermaid clock and the NMEA sentence are both ahead of 1s, the error in the  drift is 0s.
- If the Mermaid clock is synchronized with UTC and the NMEA sentence is ahead of 1s, the initial 
error in the  drift estimate  is +1s.
- If the Mermaid clock is ahead of 1s and the NMEA sentence is synchronized with UTC, the error 
is -1s.

 The error starts when a drift anomaly of +1s is measured and stops when a drift anomaly of 
-1s is measured. The drift anomaly of +1s can only appear during the synchronization that 
immediately follow an ascent because the GPS was turned off for a long time. The error can 
remain for many dives before it is rectified. The correction was made by subtracting 1 second to 
the drift measurement. The timestamps for the data were recalculated with the corrected drift 
measurements. The corrections are in evidence in the “Clk_Cor_Leap” column of the 
“mxx_clk_drift.txt” files. This column indicates when a second is subtracted to the measured 
drift.

 The first version of the floats requires corrections that cannot be applied for two reasons. The 
first reason is the problem of the delayed NMEA sentence (explained above). The second reason 
comes from the fact that only two GPS fix and one drift measurement, made immediately after 
the ascent, are recorded for each dive.

 The second version floats needed corrections. The corrections were possible because the 
maximum number of recorded GPS fix have beenincreased to 5 and each of them contains drift 
measurement information. Furthermore, these floats didn't carry the problem created by the 
delayed NMEA sentence. This new feature make possible to check the evolution of the clock drift 
and to automatically correct it if needed.

 Floats 31, 30 and 33 are special case because the uses a different GPS model. They are not 
affected by the leap second problem because they contain a GPS 15-L Ver. 4.40 instead of the 
GPS 15x-L Ver. 3.80, which is the source of the problem.

 For the next floats to be deployed, the 3.90 software version of the GPS 15x-L should resolve 
the problem. According to the Garmin web site, the change from 3.8 to 3.9 version allow a 
« Better handling for leap second data storage especially over long periods of non-use ».

 The errors of leap second are corrected for floats 10, 14, 16, 19, 20, 21, 22, 23, 24, 25, 26, 32 
and 35 until 1st June 2015. Floats 30, 31 and 33 doesn’t have problem of leap second. 
Corrections are impossible for floats 11, 12, 13, 17, 18. 



III Lower impact problems

Sometimes the GPS receiver gets a false position.

 The coordinates computed by the GPS can be false. The problem only appears for the first GPS 
fix after the ascent. The error can be more or less important. When the speed of the drift between 
the first and second position is at least twice the speed of the drift between the second and third 
positions, then the measured position is considered to be false. There's no way to correct this 
and the only solution is to exclude the false point from the interpolation. The error cannot be 
corrected.

 Most of the GPS coordinates obtained by the floats are good. Only few of them are wrong. 
When a wrong point is detected and if two other points are known, the wrong point is not used to 
interpolate the position. The identified false points are listed here with the related events when 
they are:

Mermaid 14:
The GPS fix 2014-07-23 at 22:05 is wrong and have been discarded for position interpolation.

Mermaid 19:
The GPS fix 2015-04-25 at 08:33 is wrong but cannot be discarded for position interpolation 
because only two GPS fix exist. The interpolated descent and ascent coordinates are false. The 
recorded earthquake from Nepal, magnitude 7.8, 2015-04-25 is misplaced. The recorded 
earthquake from Mexico, magnitude 5.5, 2015-04-28 is misplaced. Coordinates can be 
recalculated, not using the interpolation to compensate drifting, by taking the GPS point in the 
« m19_pos.txt » file.

Mermaid 21:
The GPS fix 2014-08-12 at 10:24 is wrong and have been discarded for position interpolation.

Mermaid 22:
The GPS fix 2015-01-16 at 08:28 is wrong but cannot be discarded for position interpolation 
because only two GPS fix exist. The interpolated descent and ascent positions are false. The 
recorded earthquake from Argentina, magnitude 5.6, 2014-01-17 is misplaced. Coordinates can 
be recalculated, not using the interpolation to compensate drifting, by taking the GPS point in the 
« m22_pos.txt » file.

Mermaid 24:
The GPS fix 2014-11-11 at 19:45 is wrong but cannot be discarded for position interpolation 
because only two GPS fix exist. The interpolated descent and ascent coordinates are false but no 
seismic event has been recorded.

Mermaid 25:
The GPS fix 2014-06-04 at 05:15 is wrong and have been discarded for position interpolation.

Mermaid 26:



The GPS fix 2014-08-24 at 03:40 is wrong but cannot be discarded for position interpolation 
because only two GPS fix exist. The interpolated descent and ascent positions are false. The 
recorded earthquake from Peru, magnitude 6.8, 2014-08-24 is misplaced. Coordinates can be 
recalculated, not using the interpolation to compensate drifting, by taking the GPS point in the 
« m26_pos.txt » file.
The GPS fix 2014-09-16 at 06:25 is wrong and have been discarded for position interpolation.

Mermaid 31:
The GPS fix 2014-06-15 at 10:03 is bad and have been discarded for position interpolation.

When synchronization follows another one, an error of drift measurement can appear.

 This error is not significant because only the drift measurement is affected; the clock is still 
well synchronized. Moreover, the bug appears only when a synchronization have been made just 
ahead. It is very unlikely that it appears when the float just arrived at surface. Then the error 
doesn’t affect the event timestamps and no correction is needed. The particularity of this bug is 
that the measured drift is always -999969µs. This error can be mistaken with the error of the 
delay caused by the Apex control board or with the leap second error.

 The bug comes from the way the clock of Mermaid is measured. The registers of the Real Time 
Clock of the micro-controller are read one after the other, it begin by microsecond, then second 
etc. If UTC is equal to 1s, a good measure of the RTC is 999969µs and then 0s (RTC = 0s 
999969µs). The result is a drift of -31µs. A false measure of the RTC is 999969µs (RTC = 0s 
999969µs) and then 1s (RTC = 1s 000000µs). Since the drift is equal to “gps_clock” – 
“mermaid_clock”, the result is a drift of -999969µs instead of -31µs. 

The identified errors are listed here:

mermaid14/m14_clk_drift.txt:      GPS         2014-02-27T00:43:11.000000Z        -0.999969
mermaid14/m14_clk_drift.txt:      GPS         2014-09-17T08:44:01.000000Z        -0.999969 
mermaid20/m20_clk_drift.txt:      GPS         2014-07-31T20:32:41.000000Z        -0.999969
mermaid26/m26_clk_drift.txt:      GPS         2014-07-21T17:00:31.000000Z        -0.999969
mermaid30/m30_clk_drift.txt:      GPS         2014-03-18T01:01:21.000000Z        -0.999969

The float cannot reach the surface.

 This can happen when the surface water density is low (eg after heavy rainfall) and the volume 
of oil displaced by the piston is insufficient to reduce lower the float density. The problem 
appends only for the float mermaid10, which was deployed north of Galapagos Islands. The north 
of Galapagos Island is an area with a low water density (low salinity and high temperature). 
During February and March 2015, the period of highest precipitations in Galapagos, mermaid10 
failed to surface 13 times. The problem can be observed in file “m10_pos.txt” when the ascent 
and descent positions are set to “None”. This happened for ascent phases between dives 3-4, 
5-6, 59-65, 72-79 and 85-88. 
The second generation Mermaid has a much larger piston volume and monitors its depth during 
ascent and descent to avoid failure to surface or diving too deep when the water density is 
abnormal.

The signal polarity can be inverted. 



It has been observed that the signals polarities are inverted for some floats. This may be 
because the float has a slight movement up or down in the pressure field, which results in an 
induced pressure variation opposite to that of the P wave, or because the hydrophone wiring is 
inverted on these floats. Suzan van der Lee and Anne Deschamps, who discovered the first cause, 
are investigating its importance. A polarity inversion has been corrected in the data for floats 30 
and 33 deployed in Mediterranean Sea since we suspect the wiring in that case. For floats 
deployed in the Indian Ocean, the inversion of signals has not been checked. Polarity reversals 
remain a problem under investigation, though.

IV Float specific problems

 The float number 33 had a problem with its piston during the dive 28. This is a hardware 
problem only detected once for mermaid33. The oil piston of the float was unable to move during 
few hours. The GPS fix at the ascent was then impossible. This problem never showed up again.

 The float number 25 had a deficient pressure sensor. This is a hardware problem that affects 
this float only. The pressure sensor of the float was not returning a correct value of depth. The 
float was lost few days after the evidence of this problem.

 The float number 35 had a deficient serial communication connection after recovery. When 
mermaid35 was recovered, the serial communication was not functioning. Communication was 
only possible for the user to the float but not for the float to the user. This does not affect the 
usability of the data.


