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A precise and accurate ocean temperature measure-
ment system is essential for better understanding and
knowledge of the spatial and temporal variability of
thermal stratification of the upper-ocean layers is
fundamental. The National Institute of Ocean Tech-
nology, Chennai has indigenously developed a novel
negative temperature coefficient (NTC) thermistor
based sensor array with RS232 digital output for
drifting buoy (Pradyu) (DB) wherein, it is mainly used
in ocean observation applications. The DB is built
with Indian satellite (INSAT) for real time data tele-
metry.

The NTC sensing element is used in developing the
temperature sensor for the measurement of sea sur-
face layer temperature. The Steinhart-Hart equation
and coefficients are applied on each sampling to zero
down the error components involved in temperature
measurements which corresponds to the nonlinear
functionality of the NTC element. In-house developed
SST sensor and sensor array are calibrated and exten-
sively tested in laboratory conditions. The results of
the SST and sensor array laboratory calibrations and
field validations are briefly presented here with signif-
icant data sets collected in the Bay of Bengal warm
pool regions.

Keywords: Drifting buoy, NTC thermistor sensor, sen-
sor array, Steinhart—Hart coefficients.

THE sea surface temperature (SST) measured with satel-
lite remote sensing radiometers, ships', moored buoys
and drifting buoys® has made a major contribution to cli-
mate research. Remote sensing of SST is limited by the
presence of cloud and rain. The SST products are exten-
sively used in ocean analysis and prediction systems to
study the upper-ocean circulation and thermal structure.
The SST is an important parameter in oceanographic and
atmospheric study and in monitoring of biological habita-
tions. Absolute values of SST are important to understand
the nonlinear relationship between atmospheric convec-
tion and ocean—atmosphere coupling’. The physical para-
meters of ocean temperature and conductivity differ in
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Table 1. SST measurement methods
Method Sensor Depth Resolution Accuracy Advantage Limitations
Ship Bucket** Thermometer Upto250m 0.1°C 0.1°C Dependency on ship voyage
Ship intake®* Glass thermometer 3m 0.1°C 0.1°C Less accurate Sensor maintenance difficult
Moored buoy”®  RTD I m 0.1°C 1°C Longer period Not accurate
data availability
ensured
Drifting buoys®® RTD/thermometers  ~0.16 m 0.1°C 0.1°C/0.5°C Highly sensitive ~ Endurance of 2 to 3 years at present
and Wafer Excellent
thermistors repeatability
and long- term
stability
ARGO Float”*® SBE 41CP S mto 0.001°C 0.0001°C Temperature Temperature measurement up
2000 m profile to 5 m surface is not possible
application
CTD casting® Sontek CTD profiler Upto 100 m 0.01°C 0.05°C Accurate Human intervention is required
MBT? Liquid in metal 300 m 0.1°C 0.1°C Thermal chart Not accurate
thermometers based
XBT'" RTD 500 to 0.1°C 0.1°C Less sensitive to  Linear measurement
1800 m change in
temperature
Satellite IR*?”  Infrared sensors 1 um to 1 km °C due to Wide coverage Uncertainty is huge in
20 pm coverage regional, measurement
seasonal
bias and
atmospheric
effects
Satellite MW" Microwave Near 1 km Wide coverage Precise measurement is not possible
transmitters surface coverage Cloud restricts the overall grid

coverage

the Bay of Bengal (BoB) and the Arabian Sea (AS). BoB
is low saline and forms strong vertical density stratifica-
tion due to large inputs of freshwater through precipita-
tion and river discharge’. However, AS is highly salty
due to the influence of the three major water masses in
the northern side, namely the Arabian Sea High Salinity
Water (ASHSW) which is generally present in the upper
layer of 100 m, Persian Gulf Water mass (PGW) between
200 and 250 m, and Red Sea Water (RSW) between 600
and 900 m (ref. 5). The Lagrangian drifting floats are
widely deployed to measure SST and near-surface ocean
currents®’. The technological advances helped develop
smart in situ sensors for measurement of sea surface and
subsurface layer temperatures up to few 100 m depth.
Over 20,000 drifting buoys have been deployed globally
since 1979, most of them with temperature sensors just
below the water line®. The various SST measurement me-
thods are listed in Table 1. As the first step we present
the underwater sensor architecture, the construction, cali-
bration and its performance evaluation up to 15 m water
depth. For better understanding of the temperature cha-
racteristics of the ocean, temperature is measured in in-
ternational temperature scale established during 1990
(ITS-90) in degrees celsius (°C). It is an instrument cali-
bration standard, which provides for comparison and
compatibility of temperature measurements international-
ly for the ocean temperatures typically in the range from
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—2°C to 35°C (28.4-95.0°F)°. This study focuses on de-
monstrating the effectiveness of a novel high spatial and
temporal resolution temperature sensor array on a drifting
buoy developed at the National Institute of Ocean Tech-
nology (NIOT), Chennai and comparing the error compo-
nents involved in different SST observation systems.

The Global Ocean Observation System has defined a
program to deploy and maintain 1250 drifting buoys'
over international water boundaries. NIOT developed
drifting buoys with Negative Temperature Coefficient
(NTC) thermistors'""'%. Internationally drifting buoy pro-
ducers use different types of temperature sensors to
measure SST. Market available drifting buoys are com-
pared in Table 2.

This communication describes the design details of a
thermistor sensor array for SST measurements in drifting
buoys. Initial set of results from the deployment of the
drifting buoy with indigenized thermistor array from 21
March to 26 April 2017 in the Arabian Sea are also pre-
sented here.

The drifting buoy is made of a flanged two-part spheri-
cal float of 0.4 m diameter made of epoxy resins. The
bottom half of the float houses a battery-pack, an embed-
ded system, a power control switch, power control cir-
cuits and a satellite modem. The drifting buoy is
instrumented with an SST sensor on the bottom half of
the hull at 0.16 m below water level and a GPS. The

CURRENT SCIENCE, VOL. 115, NO. 2,25 JULY 2018
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Table 2.

Comparison of Pradyu with available drifting buoys in the market

Specifications Drifting Buoy (Pradyu)''

Marlin-Yug®' Metocean™

NTC thermistor element, model
YSI 46000 series

Basic sensor

Operating temperature range —10 to 70°C

SST calibrated range 25 to 35°C

Accuracy +0.05°C (25 to 35°C)
Time constant 2.5 sec

Sensitivity Higher

24 bit ADC is used for digitization
Excitation current is measured in

situ for each measurements
+0.05°C (0 to 70°C)

Advanced electronics

Best Interchangeability of
sensor

Digital thermometer, model- Wafer thermistor,

DS18B20 type model-WM 103

-5 t0 35.88°C -2 to 45°C

-5 t0 35.88°C -2 to 45°C

1+0.1°C (=10 to 85°C) +0.2°C at 25°C (-0 to 70°C)
120 sec 10 sec

Nominal Higher

12 bit ADC is used for digitization Not available

+0.5°C (10 to 70°C) +0.4°C @35°C

0.5 m
f Tm r
i 2m
Sm
10m
12m
1I5Sm
ém
1
Figure 1. Drifting buoy with subsurface temperature scheme com-

plete view (NTC thermistor temperature capsules at 0.5 m, 1 m, 2 m,
5 m, 10 m and 15 m and depth sensor capsule at 15 m).

bottom half of the sphere is coated with antifouling paint.
The upper half of the float is coated with ultraviolet pro-
tective coating. A plastic impregnated stainless steel wire
of length 12 m and diameter 3.2 x 10~ m is connected to
an eye bolt at the bottom centre of the float. The bottom
centre of the float is strengthened internally. The bottom
end of the tether is attached to a disc type frame on a
windowed cylindrical holy sock drogue. The drogue has
PVC ribs to keep it circular.
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Figure 2. a, TSI probe drawing (dimensions in mm); b, image of
NTC thermistor (SST sensor).

The thermistor array has six underwater temperature
sensors encapsulated with thermally conductive epoxy re-
sin. The temperature sensors are deployed at 0.16 m
(TS1), 0.5m (TS2), 1 m (TS3), 2 m (TS4), 5m (TSS),
10 m (TS6) and 15 m (TS7) and also one depth sensor
deployed at 15 m (Figure 1). A high precision and fast
responding NTC thermistor element (YSI 46000 series)"’
is employed as a temperature sensor at these depths. A
reference resistor method is adopted to make the mea-
surement independent of offset error. In this method, a
current source excites a NTC thermistor sensor (YSI
46000). The voltage across the NTC thermistor which va-
ries in proportion to the temperature is accurately meas-
ured. ITS-90 temperature measurement standards are
followed for sensor array design and temperature mea-
surements. The NTC thermistor at 0.16 m depth is sealed
in the bore hole of a stainless steel rod with thermally
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conductive potting compound ER2074 (ref. 14). The
thermistor mounting, thermally isolated from the inside
of the float, is designed to react quickly to changes in
SST. Thermal isolation prevents solar heating of the top
of the surface float from influencing the SST measure-
ments'®. The drawing and image of the SST probe are
shown in Figure 2 a and b respectively. It is thermally
isolated internally with foam and mounted in the hull.
The pictorial view of the SST sensor mounted in the buoy
at 0.16 m depth is shown in Figure 3. A low power pro-
cessor interfaced with a data acquisition board digitizes
the amplified voltage signals with 24-bit resolution. The
module at 15 m depth has a pressure sensor to measure
the depth. A low power processor interfaced with the data
acquisition board digitizes the amplified voltage signals
with 24-bit resolution. The photograph of the thermistor
sensor array is shown in Figure 4. The data acquisition is
made of a low power, reconfigurable, programmable sys-
tem on chip PSOC manufactured by Cypress semiconduc-
tor, USA'®. The nonlinearity of the thermistor sensors is
corrected with Stein—Hart and Hart model and calibration
coefficients'”.

A DB (P25) is interfaced with the thermistor string
which profiles temperature (TS 1-TS 6) at 0.5 m, 1 m,

/

Figure 3. SST sensor in drifting buoy.

NTC Thermistor Sensor Capsule

Depth Sensor Capsule

Figure 4. Temperature sensor array.
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2m, 5 m, 10 m and 15 m mixed layer water depth. Profile
depth is ensured by a pressure sensor at the bottom most
section of the string.
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Figure 5. Electrical design architecture of the temperature sensor.
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Figure 9. The vertical profiles of temperature measured by drifting

buoy and Argo.

The thermistor has a nonlinear resistance change-over
temperature. Although the thermistor is nonlinear, it can
be tamed for a limited temperature range. This allows the
design of an inexpensive temperature sensing device. The
SST sensor is calibrated for 25-35°C temperature range
at National Accreditation Board for Laboratories accre-
dited calibration facility and accuracy verified with 5
point calibration (Figure 5). The master reference has an
expanded uncertainty of £0.02°C (resistance temperature
detectors) and +£0.004% (digital multimeter) on resistance
measurements. These reference calibration systems are
traceable to the National Institute of Standards and Tech-
nology. The temperature sensors response at various tem-
peratures from 25.17°C to 36.18°C is shown in Figure 6.
The temperature resistance response of the sensor is

CURRENT SCIENCE, VOL. 115, NO. 2, 25 JULY 2018
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Vertical section temperature.

approximated in the range of 25-30°C with a third order
polynomial curve fitting method.

A GPS receiver module with 65 channels at L1 fre-
quency of 1575.42 MHz coarse acquisition code provides
positional information and time synchronization. The
GPS has circular error probability of 2.5 m radius. The
GPS receiver is normally in ‘off” state and is switched on
for 60 sec and position is captured in the next 60 sec. The
power to the GPS is switched off after position and time
acquisition. The GPS module is interfaced to the controller
module through RS232 TTL interface in National Marine
Electronic Association, 4800 bits per second protocol.

The temperature sensor array measures the water column
temperature at every minute. The measurement is aver-
aged at 15 min interval. The measured data is stored in an
onboard memory. The system measures position data from
the GPS. The system transmits averaged temperature data
and position through satellite telemetry after encoding.

The ocean research vessel, Sagar Manjusha deployed
the indigenized drifting buoy with NTC thermistor sensor
array at position 8.5°N and 70.0°E on 21 March 2017. The
drifting buoy collected the SST profile data for about a
month, i.e. 21 March to 26 April in 2017 in the Arabian
Sea.

The daily mean of SST from AVHRR data over the re-
gion from 21 March to 26 April 2017 were analysed and
results were compared'® (Figure 7).

Vertical profiles of temperature from the Argo
float'" ' on 27 March, 6 and 16 April 2017 (Figure 8)
were compared with the drifting buoy data. The Argo
float was away from drifting buoy on 27 March, 6 and 16
April 2017 by 204 km, 203 km and 168 km respectively.

The SST profile measured by the drifting buoy in the
Arabian Sea from 21 March to 11 April 2017 is shown in
Figure 7. A warming of the ocean from 29.85°C to
31.12°C is observed in the SST (SST1). The warming of
the ocean active layer is also distinct in this period. The
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diurnal amplitude of the SST extended beyond the mea-
suring range in April.

The daily mean of SST measured by the drifting buoy
and AVHRR is shown in Figure 7. The AVHRR SST
measurements also show the warming of the ocean by
about 1.66°C. The SST in AVHRR corresponds to the top
10 um or so, whereas the SST (TS1) in the measurement
is at 0.16 m depth. The difference between the above
measurements could be partly due to difference in sens-
ing depth, regional and seasonal bias and atmospheric
effects'®*>%.

The drifting buoy measured temperature (7) depth
profiles up to 15 m depth. The vertical profiles of tem-
perature measured by the drifting buoy and Argo were
compared (Figure 9). The Argo temperature measure-
ments also show the warming of the Ocean by about
0.598°C. The drifting measurements are higher by about
0.5°C. These discrepancies are due to spatial and tempor-
al differences.

In this study we have presented the effectiveness of an
indigenized drifting buoy and sensor array for real time
monitoring of the ocean active layer. The design details
of the temperature sensor array and calibration methods
of the drifting buoy are reported here. The developed
drifting buoy was tested in the Arabian Sea from 27
March 2017 to 18 April 2017. The warming of the ocean
by about 1.27°C was observed in the drifting buoy data.
The results were compared with AVHRR and Argo data.
The Argo temperature profile and AVHRR SST measure-
ments also showed the warming of the Ocean by about
0.598°C and 1.66°C respectively. The high resolution in
situ SST measurements by drifting buoys were used for
comparing and validating satellite based SST data. The
temperature sensor array has wide application with data
buoys.

More sensors are required to monitor the ocean active
layer with high SST resolution of 10 km globally and
1 km regionally as recommended by DBCP.
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