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Deviation in AUV-based depth and sound speed measurements”

Ryosuke NAGASAWA *! and Masanao SUMIY OSHI*?

Abstract
The Japan Coast Guard AUV Gondou can profile in-situ depth and sound speed using onboard sensors. We

compare the observed data from the onboard sensors and discuss deviations among them. The analysis

covers the depth and sound speed deviations calculated as the difference in measurements between the

CTD and other sensors. The data logs from multiple AUV dives show that both deviations indicate changes

in values related to the behavior of the AUVs. Although we lack sufficient understanding of the sensor

response characteristics to provide a reasonable explanation, it appears that the deviations in measurement

are related to the AUV’s pitch change, depth, or time duration of descending to/ascending from the bottom.

The maximum orders of magnitude of the deviations are ~ 1 m in depth and ~ 10 m/s in sound speed. The

results suggest that interpreting AUV-based oceanographic observations requires a good understanding

of the responses of the vehicle inside, including the sensors themselves, to the behavior of the AUV.
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Fig. 1. The exterior of the AUV Gondou and the schematic diagram of the onboard oceanographic sensors.
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Table 1. Overview of the AUV'’s dives from 2015 to 2017.
The maximum cruising depth, altitude during
the survey line navigation, and the time
duration of the dive are shown.

F 1. 2015 4EH 5 2017 4F £ TIZHENE L 72 AUV il

DR JwORTREE, WARHLAT =B, AL ] 2
RLTW5,
AUV Dives
No. Date(yyyymmdd) Depth Altitude Duration, D® =5m
1 2015.06.15 1700-1900m 50m 345 min (5.8 hrs)
2 2015.06.20 800-1000m  50m 319 min (5.3 hrs)
3 2015.06.21 800-1000 m 70m 316 min (5.3 hrs)
4 2015.07.15 1700-1900m 50m 362 min (6.0 hrs)
5 2015.07.16 1700-1900m 50m 373 min (6.2 hrs)
6 2015.07.28 400-600 m 70 m 367 min (6.1 hrs)
7 2015.11.08 1200-1400m 50m 361 min (6.0 hrs)
8 2016.04.24 700-800 m 100 m 117 min (2.0 hrs)
9 2016.05.01 1300-1800m 100m 312 min (5.2 hrs)
10 2016.05.09 1700-1900m 100m 319 min (5.3 hrs)
11  2016.05.12 1700-1900m 100 m 342 min (5.7 hrs)
12 2016.05.13 1700-1900m 100 m 338 min (5.6 hrs)
13 2016.05.14 1700-1900m 100m 408 min (6.8 hrs)
14 2016.06.18 1700-1900m 100 m 369 min (6.2 hrs)
15 2016.06.19 1700-1900m 100m 367 min (6.1 hrs)
16 2016.06.22 1700-1900m 100m 396 min (6.6 hrs)
17 2016.06.26 1700-1900m 100m 374 min (6.2 hrs)
18 2016.06.27 1700-1900m 100m 372 min (6.2 hrs)
19 2016.06.29 1700-1900m 100 m 420 min (7.0 hrs)
20 2017.05.08 500-700 m 100 m 371 min (6.2 hrs)
21 2017.06.09 1500-1800m 100 m 335 min (5.6 hrs)
22 2017.08.19 1500-1800m 100 m 369 min (6.2 hrs)
23 2017.08.24 1700-1900m 100m 326 min (5.4 hrs)
24 2017.08.28 1700-1900m 100m 364 min (6.1 hrs)
25 2017.09.03 1700-1900m 100m 321 min (5.4 hrs)
26 2017.09.04 1700-1900m 100m 321 min (5.4 hrs)
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Fig. 2. Time series of the depth derived from the depth
sensor and the altitude derived from the DVL.
The 26 dives listed in Table 1 are shown in
different colors.
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Sound speed deviation

Sound speed deviation (CTD-SVS)
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Fig. 3. Time series of the sound speed and the depth
deviations. These deviations are calculated as the
CTD-derived values minus the measurements of
the sound speed sensor and the depth sensor,
respectively. The 26 dives listed in Table 1 are
shown in different colors.
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Fig. 4. Time series of the depth, sound speed, depth deviation, sound speed deviation, vehicle cruising speed, and

pitch angle for the three dives hatched in Table 1.
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42 D™ (ZxFB5Cs, 5D DIRHEL
VEIEFHC X BRI D) &, 6Cs(t) K
DD L ORI % 7R HiAi 25 Fig. 6 ThH 5.
REEL 6Cs DXIE K EE L 6D OFFIEDOVT I
b, TRTOEHICIET 2 &9 RHEOHER AT
TND. 6Cs KU oD & IZ, REDELD Y
AIVTIIRELDHLZBEEFIEL TS L) TH
5. i No. 21X No. 14 D75 7 & EHOEEET
HEYok)ZKREZLTEBY, TNiENo.6
LETH 5.

$ 72, Fig. 6 25, &Mt No. 2 LT No. 14 12D
WTIIFRIZ, 0D DRAEDKE S LBHIREL D
MICIEOMBASH 2 LI ICb R AL, DP@) &
OD(t) DEATHNZ BT, EHALBEA S 12 F)]

Depth deviation vs. Sound speed deviation

— 301

i) Ascent Dive No.2
E | Dive No.6
g Dive No.14
< 10 1

= Descent
2 0

[

o

o -104

(]

&

- 20

c

=

S -30

Depth deviation §D [m]

Fig. 5. Scatter plot showing the relationship between the
sound speed deviation and the depth deviation.
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of descending from the surface toward the
seafloor.
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Pitch vs. Depth deviation

Pitch vs. Sound speed deviation
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Fig. 9. (Top) Scatter plot showing the relationship between the pitch angle and the depth/sound speed deviations.
(Bottom) The trends that can be read from these scatter plots in relation to the individual behaviors of the AUV

in the dive.
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4 Pitch vs. Depth deviation (in “Nose down” phase)
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Fig. 10. Scatter plot showing the relationship between
the pitch angle and the depth deviation (upper
left of Fig. 9), isolated only for pitch angles
between -36° and -2° and depth deviations of 0.2
m or less, and the correlation coefficient
between pitch angle and depth deviation for
each dive. The data correspond to the nose
down behavior of the AUV (“1” in the bottom
image of Fig. 9).
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Fig. 11. An example of time-series changes in the input and outputs of the pressure sensors installed in the CTD and
the depth sensor. (a) Ambient pressure at the depth of the AUV, which is expected to show approximately
linear trends because the AUV is at constant pitch angles when descending or ascending. (b) An example of

the time-series changes in the output value of each sensor. (c) The difference in pressure outputs between the

two values in (b).
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