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Soil Monitoring
The moisture status of the soil is a critical factor influencing
plant production. Correct irrigation scheduling can control
the soil moisture status, reducing through-drainage and
maintaining optimum levels of soil water for maximum
plant growth.

Open Format Data Compatible
with Flexible Connectivity
(pg. 74-75)

To implement a reliable and accurate irrigation scheduling
regime regular, objective soil moisture readings are
essential. There are different technologies available for
obtaining soil moisture content including ADR, TDR,
capacitance and neutron. The choice of instrumentation
will be determined by the form of information required
by the operator, the soil type, crop, relative cost, and the
reliability and ease of use in the field.
IoT (Internet of Things) technology increases the speed,
consistency, and convenience of data collection and
application management. ICT International's modular
range of SNiPs (Sensor-Node IoT Packages) enable real-time
accurate measurements for continuous soil monitoring.
See pages 70-81 for more information.

ICT
MFR-NODE
pg. 76

SNiPs reduce the cost of getting a fuller picture on the
application, replacing traditional loggers for each sensor or
additional parameter.

MP406 Soil Moisture
Probes pg. 6
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Meteorological Monitoring
All environmental monitoring programmes should identify
the research or management objectives as a base for
sensing requirements. The spatial variability should also
be considered in any environmental monitoring program.
This affects numbers and locations of sensors in regard the
need for representative data.
Key to measuring any physical parameter within the
environment is an understanding of the variables affecting
both the parameter being measured and the sensor
deployed in its measurement. Errors in the measurement
are the sum of inherent sensor error and installation
error. For example, errors in the measurement of ambient
temperature are commonly introduced through the
installing of a sensor to close to a source of thermal
radiation, such as a paved surface or building. Also errors
in soil moisture measurement from airgaps around the
sensor and incorrect installation.

Open Format Data Compatible
with Flexible Connectivity
(pg. 74-75)

MetOne Weather
Station pg. 48

The accuracy of long-term data collection is influenced
by both the sensing technology used and the diligence in
maintenance provided it. Few sensors are set and forget,
in marine environments biofouling can occur within weeks
of installation. ICT International is a technical resource on
best practice for design, installation and maintenance of
environmental sensing systems.
IoT (Internet of Things) technology increases the speed,
consistency, and convenience of data collection and
application management. ICT International's modular range
of SNiPs (Sensor-Node IoT Packages) enable real-time
accurate measurements for continuous climate monitoring.
See pp. 70-81 for more information. SNiPs reduce the cost
of getting a fuller picture on the application, replacing
traditional loggers for each sensor or additional parameter.
44

ICT INTERNATIONAL

ICT
MFR-NODE
pg. 76

Rainfall Monitoring

Agricultural Grade
The PRP-02 is a professional rain gauge sensor with a unique
single spoon tipping bucket that is a reliable, low cost, high
quality rain gauge ideal for small weather stations, rainfall
measurement, irrigation/soil moisture management and
drain water measurement in drip irrigation.

Research & Industry Grade

Figure of Tipping Bucket Rain Gauge Calibration TBRG Field Kit
In Use on an ICT International SRG0

The SRG0 stainless steel rain gauge and RIMCO RIM7499-STD tipping bucket rain gauges are professional
instruments designed and constructed for accuracy and
long-term operation with minimal maintenance under
all climatic conditions.

Meteorological Grade
The RIMCO RIM-7499-BOM rain gauge is manufactured to
stringent requirements including those of the Australian
Bureau of Meteorology, the Environment Agency (UK) and
the Danish DMI.
Rainfall SNiPs

Meteorological Grade RIMCO RIM-7499-BOM Rain Gauge

SNiP-RIMB

SNiP-RIMS

SNiP-SRG

SNiP-PRP

SNiP-PRS

RIM-7499-BOM

RIM-7499-STD

SRG0

PRP-02

PRS-1

203mm (8")

203mm (8")

160mm

10cm x 5cm

Orifice Size

324cm2

324cm2

200cm2

50cm2

Tipping Principle

Bucket

Bucket

POM Spoon

POM Spoon

.2mm/.25mm/.5mm

0.2mm

0.2mm

1mm

+2%
~125mm/hr

±3%
~140mm/hr

+5%
~100mm/hr

Collector: Copper
Jacket: Stainless Steel

Stainless
Steel

Styrosun
Thermoplastic

Styrosun
Thermoplastic

Optional Stand

Optional Stand

Pole

Pole

Core Sensor/Device
Catch Diameter

Resolution
Accuracy
Material
Mounting Accessory
SNiP Node

±2%~200mm/hr,
±3%~380mm/hr

±3%
~380mm/hr

AD-NODE

AD-NODE*

*MFR-NODE for LTE Cat M1/Cat NB1 Communications

Enabling better global research outcomes in soil, plant & environmental monitoring
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Weather Stations
AWS500 Multiparameter Weather Station
ICT’s AWS range of integrated weather sensors feature SDI12 communications, ultra-low power operations, research
grade sensing technology and a industrial grade protective
casing and are designed for long term, maintenance-free
field operations. The AWS500 measures air temperature,
relative humidity, air pressure, wind direction and wind
speed, with high precision, fast response time and
configurable wind speed and direction sampling periods.
The AWS500 is a core sensor of SNiP-AWS5+ (pg. 59), and of
the customised SNiP for ETo Evapotranspiration Calculation
(pg. 54).

AWS200 Sonic Anemometer
The AWS200 measures wind direction and wind speed,
with high precision, fast response time and configurable
sampling periods. With a measurement range of 0~60m/
sec the AWS200 is a maintenance-free research-grade 2-D
sonic anemometer built to cover a range of agricultural,
forestry, urban and environmental applications. The
AWS200 is a core sensor of SNiP-SA2, SNiP-MC24 and SNiPWS24; details are on page 60.
AWS500 Weather Station Sensor Specifications
Measures

Range

Accuracy

Resolution

Wind Speed*
(Ultrasonic)

0-60 m/sec

±3%

0.1 m/s

Wind Direction*
(Ultrasonic)

0°-360°

±3°

±1°

Temperature °C
(Platinum Resistance)

-40°C to
+60°C

±0.3°C

0.1°C

Relative Humidity %
(Capacitance)

0 to 100%
Rh

±2% Rh

1% Rh

Barometric Pressure
(Silicon
Piezoresistive)

10 to
1300Pa

±1 hPa

0.1 hPa

AWS500
Multiparameter
Weather Station
pg. 46

*AWS200

MFR-NODE also Supports:
ICT
MFR-NODE
pg. 76

Metone AIO2

46

Vaisala
WXT530 Series
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AWS500 Multiparameter
Weather Station pg. 46

AWS500 SNiPs

SNiP-AWS5

SP-110 Solar Radiation
pg. 54-55

SNiP
Measures

AWS500
Parameters
(see pg.46)

AWS500 Weather Parameters
(see pg.46),
Solar Radiation, Rainfall

RIM-7499-STD Rain Gauge
pg. 45

Accuracy

AWS500
(see pg.46)

AWS500 (see pg.46),
SP-110 (see pg.55),
RIM-7499-STD (see pg.45)

AWS500

AWS500, SP-110, RIM-7499-STD

SNiP Node

MFR-NODE

MFR-NODE

Power
& Mounting

SP10 Solar
Panel /
SPLM7 Solar
Panel Mount

SP10 Solar Panel
SPLM7 Solar Panel Mount
905MET1-Tripod (Optional)
191-CROSSARM (Optional)

Optional
Extensions

Rain Gauge
Pyranometer

Quantum Sensor

Core Device/s
ICT
MFR-NODE
pg. 76

SNiP-AWS5+
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Customised Weather Stations
MetOne MSO Weather Station
Built upon the MetOne MSO integrated 5-parameter
sensor, the SNiP-MSO is an easily deployed, high accuracy
system designed for industry-grade applications.
Wind Speed and Wind Direction are measured
using conventional cup and vane techniques.
All other measurements are housed in a multiplate
naturally
aspirated
radiation
shield
to
reduce
solar
radiation
heating
errors.
The temperature sensor is a platinum RTD. Relative
humidity is a based on an accurate solid-state sensor
designed for continuous exposure to adverse climates.
Rainfall and solar radiation sensor can be optionally added.
The SNiP-MSO is supplied with all support and power
and monitoring hardware making it a drop-in solution
for any IoT Network.

Customised Microclimate Monitoring
ICT International can easily customise an IoT weather
station to match your specific application monitoring
requirements. We offer all the individual components
required to build a weather station from the ground up,
with a range that allows you to choose the degree of
accuracy required.

MSO Weather Station Sensor Specifications
Measures
Wind Speed

Wind speed and direction;
UV, PAR, Net Radiation;
Soil moisture;
Soil heat flux;
Temperature (air, water, soil);
Barometric pressure;

□
□
□
□
□
□

Relative Humidity;
Solar radiation;
Precipitation;
VPD;
Delta Temperature;
Evaporation;

Microclimate SNiP-MSO SNiP-SA2 SNiP-MC24
Sensors
SNiP Node
Mounting/
Power
Optional
Extensions
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MSO

AWS200

S-NODE

S-NODE

0-50 m/sec

±2% of
reading

0.1 m/s

Wind Direction

0°~360°

±5°

1.0°

-40 to +60

±0.4°C

0.1°C

Humidity RH%

0 ~ 100%

±4%

1%

Barometric

500 ~
1100hPa

±2 hPa

0.1 hPa

Pressure hPa

The SNiP-MSO's S-NODE supports up to 3 additional
sensors (extensions include 1x Rain Gauge,
Pyranometer, Quantum Sensor)

AWS200 Multiparameter
Weather Station pg. 46

SP-110 Solar
Radiation pg. 54-55

Rain Gauge
PRP-02
pg. 45

ATH-2S Air Temp
& Humidity pg. 52

SNiP-WS24

AWS200
AWS200
ATH-2S ATH-2S (pg.64)
(pg.64) PRP-02 (pg.57)
S-NODE

MFR-NODE

SPLM7 / SP10
PAR, UV, Solar Radiation,
Soil Moisture

ICT INTERNATIONAL

Accuracy Resolution

Temperature °C

Parameters Available to Station
□
□
□
□
□
□

Range

ICT
MFR-NODE
pg. 76
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Fire Load & Fire Hazard Weather Stations
IMS305 Station
Wind Speed & Direction,
Relative Humidity, Noise,
Temperature, Pressure
PM2.5 and PM10
pg. 65

Fire Load and Hazard Monitoring
Accurate weather measurements are critical for the
safe management of prescribed fires and risk mitigation
when undertaking activities with the potential to cause
ignition. ICT International's customised Weather Station
SNiPs provide real-time localised environmental data for
informing fire danger predictions, detection and control
strategies.
See SNiP-WS24 (pg. 48) for parameters required to
calculate Harvest Fire Danger Index.

Available Custom Fire SNiP Parameters:
□ Wind speed and direction, ambient temperature,
relative humidity, PM2.5, PM10 (IMS305 pg. 77);
□ Rainfall (pg. 45);
□ Fuel Moisture (pg. 61); Soil Moisture (pg. 6);
□ NDVI (pg. 49).

ICT
MFR-NODE
pg. 76

CS Fuel Moisture
Sensor
pg. 49

RIM-7499-BOM
Rain Gauge pg. 45

MP406 Soil Moisture
Probe pg. 6

Fuel Moisture Sensor
Fuel moisture sticks measure the effects of sky conditions, temperature, humidity
and precipitation on the flammability of forest fuels. The CS506 fuel moisture sensor
reports the status of small-diameter (10-hour) forest fire fuels as percent moisture
by weight (1%=1 g water/100 g dry fuel). It consists of an epoxy-encapsulated
electronics package that uses time-domain reflectometry (TDR) technology to
measure the moisture content of a 10-hour Fuel Moisture Stick.
The Fuel Moisture Stick uses the same dowel as used by the traditional weighing fuel
moisture racks, no artificial materials such as epoxy sealant are added to the dowel
that would adversely influence its natural characteristics. The CS205 is a hollowedout ponderosa-pine dowel that emulates the temperature of similarly sized twigs on
the forest floor, fuel temperature is measured by inserting the thermistor-based 107
probe inside the CS205 dowel.
Enabling better global research outcomes in soil, plant & environmental monitoring
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Microclimate Systems - Temperature

Research grade Thermistors, Platinum Resistance Thermometers (PRT) and Thermocouples for high accuracy,
low drift long term measurement of air temperature.

RTD Resistance Temperature Detectors

Thermistors

Platinum resistance temperature detectors (RTD) are
among the more popular sensors used in ambient
monitoring; providing accurate measurements and
stable calibration over a wide temperature range.
The RTD operates on the basis of the resistance
changes of certain metals, usually platinum
or copper, as a function of temperature. The
international standard for platinum RTDs specifies
two resistance tolerances:

Thermistors are another type of resistor that acts
as a temperature-sensing element, generally
made of ceramic or polymer. Thermistors exhibit
a larger resistance change with temperature
than the RTD, thereby providing a higher signalto-noise ratio output and removing the need to
correct for the resistance of cabling or the change in
their resistance due to temperature.

Class A: ±(0.15 + 0.002*t)°C or 100.00 ±0.06 Ω at 0ºC
Class B: ±(0.30 + 0.005*t)°C or 100.00 ±0.12 Ω at 0ºC

For most environmental applications that are
measuring in the -20~+60°C, thermistors provide
good accuracy, fast response and long term stability.

Temperature Sensor

Range

Measurement Uncertainty

Long-term Drift

IoT Node

ST-100 Thermistor

-60 to 80°C

0.1°C (0 to 70°C), 0.2°C (-25 to 0°C),
0.4 (from -50 to -25°C)

< 0.02°C per year

AD-NODE

ST-110 Thermistor

-60 to 80°C

0.1°C (0 to 70°C), 0.15°C (-50 to 0°C)

< 0.02°C per year

AD-NODE

ST-150 PRT

-60 to 80°C

0.3°C (-50 to 70°C), Class A

< 0.05°C per year

AD-NODE

ST-200 Thermistor

-60 to 80°C

0.2°C (0 to 70°C), 0.4°C (-50 to 0°C)

< 0.02°C per year

AD-NODE

ST-300 PRT

-60 to 80°C

0.1°C (-60 to 60°C), 1/10 DIN

< 0.05°C per year

AD-NODE

ST-110 Thermistor
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STR-150-PRT
Platinum Resistance Thermometer

ST-300-PRT
Platinum Resistance Thermometer
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Additional Temperature Profiling & Radiant Heat Sensors

Delta-T Inversion Layer for Spray Drift
ICT International’s dT2T-SDI paired T-type thermocouples
(Copper/Constantan) provides a highly accurate delta
temperature measurement, designed specifically for
inversion layer and spray drift monitoring. The lower
thermocouple is used as the reference temperature
(absolute), the upper thermocouple provides the measured
delta temperature, both values are output in SDI-12 format.

THERM-BG for Radiant Temperature
The THERM-BG Black Globe Temperature Probe
is designed to measure radiant temperature. It
comprises a thermistor centrally positioned inside a
6" (15cm) hollow copper sphere painted matt black.
Black Globe Temperature, in conjunction with humidity
and ambient air temperature measurements, is used in
the calculation of wet bulb globe temperature (WBGT),
a measure of heat stress.

Radiation Shields & Accuracy
Shields and screens are employed to protect the
temperature sensors from daytime heating and night-time
cooling, due to radiation transfer. In general terms, a poorly
designed screen will tend to give higher daytime and nighttime temperatures. It has also been demonstrated that the
use of multi-plane, naturally ventilated radiation shields
for air temperature measurements can result in significant
errors in moderate solar radiation when winds speed is
less than 3~4ms. The TS-100 fan-aspirated radiation shield
works with several temperature and humidity sensors
to provide research-grade measurements with minimal
power consumption.
Enabling better global research outcomes in soil, plant & environmental monitoring
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Microclimate Systems - Temperature & Humidity

ATH-2S Air Temperature & Relative Humidity
Humidity and temperature sensors available today come
in varying degrees of quality – in ease of long-term
maintenance, stability and durability. In response to the
experiences of researchers and customers, the ATH-2S
was developed to have greater instrument accuracy, easier
upkeep and an extended life. The ATH-2S is ideally suited
to in-canopy measurement and for use in calculation of
Vapour Pressure Deficit.

Sensor Stability & Calibration Drift
An understanding of how temperature and humidity
sensors function over time in the installed environment
should be central to any monitoring project. Questions
of long term drift and recalibration are often overlooked
when purchasing a sensor. Drift is inevitable, and is

52
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caused by several factors including vibration,
environmental contamination, or extreme
temperature
fluctuations.
Previously,
reducing inaccurate measurements (caused
by sensor drift) meant undertaking a regular,
time-consuming, preventative maintenance
calibration program.
The unique design of the ATH-2S addresses
these problems at the core - providing a
user replacable sensing chip which can be
installed onsite with no downtime or return to
manufacturer required.
ATH-2S Sensor Specs
Measurement Range
Accuracy
Long-Term Drift

Temperature

Humidity

-40~+60°C

0~100%

±0.15°C

±2%

0.1°C/Year

1% /Year
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Microclimate Systems - Temperature & Humidity

Apogee EE08-SS

Vaisala HMP110

Apogee EE08-SS Air Temperature and Relative
Humidity Probe is an improved version of the
popular EE08 high accuracy air temperature and
relative humidity probe from E+E Elektronik.
The Apogee EE08-SS features an improved rightangle, IP67 rated, stainless-steel M12 connector;
heat-reflective white cabling; and a more durable,
metal-grid dust filter. These features greatly improve the
performance and reduce the maintenance of the probe,
especially when used with a fan-aspirated radiation shield
like the Apogee TS-100.

The Vaisala HMP110 is a trouble-free and costeffective humidity transmitter with high accuracy
and good stability. A rugged polyurethane
filled stainless steel body survives also in rough
conditions. The HMP110R replacement probe
provides for easy maintenance and long term
data accuracy. The HMP110 is suitable for
volume applications and also for greenhouses,
fermentation and stability chambers and
incubators.

EE08-SS Temp
Range

HMP110

Temperature

HMP110 Humidity

-40~+60°C

0~100% Rh

-40~+60°C

0~100%

±0.2°C

±2% (0~90%) ±3% (90~100%)

±0.2°C

±1.5% (0~90%) ±2.5% (90~100%)

0.1°C/Year

1%/Year

0.1°C/Year

1%/Year

Accuracy
Long-Term Drift

EE08-SS Humidity

Humidity/Temp SNiPs

SNiP-ATH2

SNiP-EE08

SNiP-HMP

Humidity & Temperature

Humidity & Temperature

Humidity & Temperature

Core Sensor

ATH-2S

EE08-SS

HMP110

SNiP Node

S-NODE

MFR-NODE

MFR-NODE

SNiP Measures

Sensing Extensions

Solar Radiation, PAR, Soil Moisture

Mounting Options:

Power Options:

Sensor
Without
Shield

Passive
Radiation Shield

Fan-Aspirated
Radiation Shield

Mains
to DC

Enabling better global research outcomes in soil, plant & environmental monitoring
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20Ah Battery

SP10
Solar Panel
(With SPLM7)
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Light & Radiation System

Solar Radiation

UV Monitoring

Total solar radiation, direct beam and diffuse, incident
on a horizontal surface is defined as global shortwave
radiation, or shortwave irradiance, and is expressed
in Watts per square meter. Typical applications of
pyranometers include incoming shortwave radiation
measurement in agricultural, ecological, and hydrological
weather networks and solar panel arrays. Solar radiation
is often used in evapotranspiration models.

Ultraviolet (UV) radiation constitutes a portion
of the electromagnetic spectrum from 100
to 400 nm, and classified by wavelength into
three regions : UV-A (315 to 400 nm), UV-B
(280 to 315 nm) and UV-C (100 to 280 nm).
The erythema action spectrum provides
an internationally accepted representation
of the erythema-inducing effectiveness of
wavelengths in the UV part of the spectrum,
forming the basis of the UV index used for
public health information. Typical applications
of UV sensors include the providing of real time
public health information, total UV radiation
measurement in outdoor environments or in
laboratory use with artificial light sources (e.g.,
germicidal lamps).

Apogee silicon-cell models and thermopile pyranometers
are both ISO 9060:2018 Class C rated. Silicon-cell
solar radiation sensor models are excellent for
applications that do not require the higher accuracy and
cost of a thermopile pyranometer. They are less expensive
and have a faster response time, but have higher errors
under cloudy conditions. The Apogee thermopile
pyranometers features a black body thermopile
detector that provides a much broader and more
uniform spectral response for better performance in all
atmospheric conditions that compares favourably to Class
A thermopile pyranometers at a fraction of the cost.

Net Radiation
Net radiation is the main source of energy for the physical
and chemical processes that occur in the surfaceatmosphere interface, including photosynthesis and
evapotranspiration. The Apogee SN-500 net radiometer
is a four-component instrument, with individual upwardand downward-looking pyranometers and pyrgeometers
and on-board calculation of net shortwave, net longwave
and total net radiation.
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Illuminance
Illuminance is a measurement of radiant
energy on a surface, weighted by the human
eye response, which is sensitive to radiation
from about 380 to 780 nm but is most sensitive
in the middle of this range near 555 nm.
Sensors that measure illuminance are referred
to by many names, including light sensors,
photometric radiometers, photopic sensors,
and lux sensors. Illuminance is quantified in
units of lux or footcandles. Typical applications
of illuminance sensors include determination
of optimum light levels in indoor environments,
public areas and sporting facilities.
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Radiation
SNiPs

SNiP-NRA

SNiP-SR5

SNiP
Measures

Net
Radiation

Solar
Radiation

Core Sensor

SN-500

SP-510

SP-110

UOM

W mˉ²

W mˉ²

-200~+200
W mˉ²**
0~+2000
W mˉ²^

SNiP Node

S-NODE

Mounting /
Power

SPLM7,
AM-500 /
SP10

Measurement
Range

SNiP-SR1

SNiP-LUX

SNiP-UV

SNiP-UVI

UVA
and UVB

UV Index

SE-202

SU-200

SKU-440

W mˉ²

Lux

W mˉ²
or umol
mˉ² sˉ¹

UV Index

385
~2105nm

360
~1120nm

0
~5000
lux †

250
~400nm

0
~20UVI

AD-NODE*

AD-NODE*

AD-NODE*

AD-NODE*

MFR-NODE

Solar
Illuminance
Radiation

AL-120

SPLM7,
AL-120 /
SP10

** Net Longwave Irradiance
^ Net Shortwave Irradiance
* MFR-NODE for LTE Cat M1/Cat NB1 Communications
† Option for 0-150,000 lux upon request
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Hydrological Monitoring
The ability to forecast flooding, plan for droughts and
support aquatic ecosystems, requires quantifying the
hydrological cycle and accurately measuring surfacewater
and groundwater reserves. The provision of safe drinking
water is dependant upon our understanding of, and efforts
to protect, our water resources from sources of pollution.

Open Format Data Compatible
with Flexible Connectivity
(pg. 74-75)

Hydrological modelling is increasingly shifting to a datadriven approach, capturing a greater number of hydrological
variables at higher temporal resolution, thus reducing both
the time required in model development and the accuracy
of data outputs.
IoT (Internet of Things) technology increases the speed,
consistency, and convenience of data collection and
application management.
ICT International's modular range of SNiPs (Sensor-Node
IoT Packages) enable real-time accurate measurements
for continuous hydrological monitoring. See pp. 70-81 for
more information. SNiPs reduce the cost of getting a fuller
picture on the application, replacing traditional loggers for
each sensor or additional parameter.

Buoy Mount
pg. 59

ICT THERM-SS Temperature
pg. 14
Water Quality Sensors - Salinity/
TDS/Conductivity pg. 58
Thermistor String pg. 59
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ICT MFR-NODE
pg. 76

ATH-2S
Ambient Air
Temperature
& Humidity
pg. 52

Monitoring Water Quality in Aquaculture Systems
Project background

Monitoring and Network solution

Over catch, the recruitment of unwanted oysters and
other invertebrates (including barnacles, mussels
and cunjevoi) onto farmed oysters, is a major burden
to oyster production through reduction in oyster
growth and costs associated with over catch removal.

In August 2020, Hunter Local Land Services
established a sensor network in Wallis Lake as part
of the Climate Ready Aquaculture project funded
by the Australian Government’s National Landcare
Program. Supported by the MFR-NODE with LTE Cat
M1/Cat NB1/EGPRS communications and local SDCard logging, sensors installed included:

Farmers most commonly use drying to reduce over
catch which involves removing oysters from the water
for several days and this aims to kill the over catch
but allow larger farmed oysters to survive. Drying can
pose risks to oyster health and over exposure in high
temperatures can lead to oyster mortality or high
stress and reduced growth.
Local oyster farmers have identified that optimising
oyster drying regimes to reduce oyster stress will
have significant benefits to oyster production by
reducing oyster mortality, increasing growth and
reducing labour costs.

• THERM-SS for water temperature;
• THERM-EP with a Passive Radiation Shield for
air temperature;
• AWQ-C4E for salinity and temperature;
• ATMOS-41 for microclimate monitoring
Sites were fix mounted upon existing farm
infrastructure, a single moored installation was
supported by the ICT Data Buoy.
Cloud based data storage and visualisation through
the ICT Dataview Web platform now allows farmers
to view conditions at the lease scale in real-time.
Research by the University of Newcastle and DPI
Fisheries aimed at understanding the link between
environmental conditions and oyster health will assist
oyster farmers to assess conditions in real-time and
make accurate, site-specific decisions that reduce
over catch while maintaining oyster health. Data from
the sensor network will continue to be made freely
available to oyster farmers and other stakeholders
interested in estuary conditions.

Enabling better global research outcomes in soil, plant & environmental monitoring
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Water Quality Monitoring

Dissolved Oxygen
Dissolved oxygen (DO) refers to the level of free, noncompound oxygen present in water, and is a critical
factor in the capacity of an aquatic ecosystem to support
living organisms. Optical technology has quickly become
a preferred method for measurement of DO, due to
accuracy advantages over electrochemical sensors when
it comes to fouling and long-term drift.

Conductivity (Salinity)
Electrical conductivity can be used to determine
concentration of solutions, detect contaminants and
determine the purity of water. There are two types of
conductivity measurement: contacting and inductive.
The choice of which to use depends on the amount of
conductivity, the corrosiveness of the liquid, and the
quantity of suspended solids. The inductive method
is generally better when the conductivity is high, the
liquid is corrosive, or suspended solids are present.
Conductivity, along with temperature, also allow for the
calculation of salinity.

pH and Redox Potential
The pH value describes the activity of hydrogen ions in
aqueous solutions typically on a scale of 0 to 14, from
which liquids are characterized as being acidic, alkaline
or neutral. In environmental sampling and monitoring,
high or low pH values can be indicative of pollution. The
potentiometric method for measuring pH is used by
most major sensors manufacturers.
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CATM1-based water quality monitoring Data Buoy located at
mid-north coast, NSW Australia.

Turbidity
Turbidity is the measurement of water clarity.
Suspended sediments, such as particles silt,
clay and sand frequently enter the water from
disturbed soils and can contain pollutants such
as phosphorus, pesticides, or heavy metals which
adversely affect the aquatic ecosystem. Turbidity
sensors measure in either Nephelometric
Turbidity Units (NTU) or Formazin Nephelometric
Units (FNU). Due to the different light sources
used in each of these measurements results are
not directly comparable.
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Data Buoys

ICT
MFR-NODE
pg. 76

Thermistor String

Thermistor
Temperature
String pg. 59

Thermistor String - The ICT International TMC-SDI precisiontemperature-measuring chain is a highly versatile device to
monitor waters and soil profiles in either a linear or starshaped array.
Temperature is measured by up to 48 high-precision,
factory calibrated temperature sensors along a maximum
cable length of 500 m; with a 10 bar pressure rating the
TMC-SDI can measure to a water depth of 100m.

Water SNiPs

Buoy Mount
pg. 59

SNiP-DOT

SNiP-pHR

SNiP-NTU

SNiP-SAL

SNiP-SAL2

Dissolved
O2 / Temp

pH/Redox/Temp

Turbidity/Temp

Salinity, TDS
Conductivity,
Temperature

Salinity,
Conductivity,
Temperature

AWQ-DO

AWQ-pH

AWQ-NTU

AWQ-C4E

CTZN

UOM

mg/L or ppm
or %, °C

pH, mV,
°C

NTU,
°C

g/kg, ppm,
mS/cm, °C

g/kg, mS/cm,
°C

Range

0-20mg/L,
or ppm,
or 0~200%,
0°C~50°C

0~14pH,
-1000~ +1000mV,
0°C~50°C

0~4000 NTU
in 5 ranges,
0°C~50°C

5~60 g/kg
0~133,000 ppm
0~200mS/cm^
0~50 °C

5~60 g/kg
0~100mS/cm
0~40 °C

S-NODE

S-NODE

S-NODE

S-NODE

S-NODE

SNiP Measures
Core Sensor

SNiP Node
SNiP Supports
Power / Mounting

Up to 3 Water Quality Sensors
SP10 Solar Panel / SPLM7 Solar Panel Mount, Optional Buoy Mounting

ICT Data Buoy
•
•
•
•
•

Up to four sensor ports;
Optional mounting pole for atmospheric measurements;
3x 10W to 20W solar panels mounts;
Multiple mooring points, lifting points and service vessel tie-up points;
Large IP 67 hatch for monitoring electronics and support battery systems.

Enabling better global research outcomes in soil, plant & environmental monitoring
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Water Level Monitoring

ICT
NODE pg. 76-77

ICT
LVL-NODE
pg. 79

Submersible Pressure Transducers
Submersible pressure transducers (SPT) are submerged
at a fixed depth below the water surface and measure
equivalent hydrostatic pressure of the water head
above the sensor diaphragm for the calculation of the
total liquid depth. Vented pressure sensors, which use
a vented cable to connect the base of the pressure
transducer to atmospheric pressure, compensate for
barometric pressure changes at the surface.
Variances in accuracy of measurement depend on the
model of pressure sensor used, the accuracy of some
sensors is reduced by temperature variation, nonlinearity and hysteresis, as well as long-term drift. The
potential for sensor fouling should be a consideration
before installation of SPT.
SPTs can be used in a wide range of applications,
including for both surface and groundwater as well as
tanks.

Water Level/
Temperature
pg. 60

Ultra-Sonic Sensors
Ultrasonic water level instruments use sound
waves in frequency range ~20-200 kHz to
determine fluid level. A transducer directs
bursts sound waves down onto the surface of
the water which then reflects an echo of these
waves back to the transducer. The transducer
performs calculations to convert the distance
of wave travel into a measure of height, and
therefore distance to water surface.
The accuracy of Ultrasonic sensors can be
affected by condensation on the transducer
and very high concentrations of fine sediment
in suspension, which can scatter and absorb
the sonic pulse.
Ultrasonic sensors can be use in some surface
water applications and for tank monitoring.
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Water Level
SNiPs

SNiP-NPT

SNiP-TPT

SNiP-SPT

SNiP Measures

Water
Level

Water
Level

Water Level /
Temperature

Core Sensor/
Device

Keller
Nanolevel

TRAFAG

Stevens SmartPT

m

m

m, °C

0 to 5m

0 to 4m

UOM

Range

Accuracy
SNiP Node
Mounting / Power

0 to
1m

Custom Options: Custom Options:
0 to 1,
0 to 10, 20, 40,
10, 20m
or 100m

±0.25% of
full scale

± 0.5% of
full scale

AD-NODE

± 0.1% of
full scale
S-NODE
SPLM7 / SP10

ICT INTERNATIONAL
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Runoff Monitoring and Sampling

Rain Gauge
PRP-02
pg. 45

Automated
Sampling
for Analysis

Runoff Monitoring

Flow & Water Quality Monitoring

The ICT International RBC flume range is designed for
the measurement of the flow rate in small, usually
earthen, irrigation canals or furrows, and are ideal for
use in Watershed and Edge-of-Field Runoff monitoring
projects. Stainless steel construction, highly portable
and extremely accurate, ICT International's RBC flumes
are supplied with a free-flow discharge precision of ±5%.
The inset stilling well, houses a submersible pressure
transducer and sample extracted inlet.
Runoff Flume SNiP

SNiP-FFM

Measures

Water Level Discharge

Core Sensor

Acculevel

UOM

mH20 m3/sec

Range

0~100mbar Flume Dependant

Accuracy

±2.5FS

±5%

SNiP Node

MFR-NODE

Extensions

Rainfall, Water Quality

RBC Flumes
Flume
Code

Min Flow
L/sec

Max Flow
L/sec

Flow
Accuracy

Approximate Size
(mm)

RBC-50

0.0367

1.432

±5%

250x 110x 85

RBC-100

0.4255

8.155

±5%

500x 220x 170

RBC-200

1.057

49.08

±5%

1000x 440x 340

*All Flumes are Stainless Steel
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Open Channel Flow
SVR-100 is a non-contact, surface water
velocity radar sensor designed for measuring
flow in open channels and rivers where reliable
velocity data is required continuously, during
floods or periods of high concentrations of
suspended sediments.
SVR100 Specifications
Measurement Range

0.08~15m/s
(0.26~49ft./s)

Resolution

0.1 mm/s, (0.0001 ft)

Accuracy

±2% of measured value

Compatible Nodes

MFR-NODE, S-NODE
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Runoff / Irrigation System Flow & Pressure
Tipping Bucket Flow Gauges
TB0.5L and TB1L are used for measuring water flow
coming out of a pipe or a drain. Both are made of
plastics and coated steel, robust and easy to clean
they are perfectly suitable for flow measurements
in water carrying sediments or iron hydroxide
deposition.

Polycarbonate Tipping Counters

Tipping Bucket Runoff Flow Gauges
SNiP
Codes

Tipping
Volume

Flow
Litres/Min

Material

Approximate
Size

TCP2

0.1L

2L

PC

23x 22x 19/12cm

TB05L

0.5L

25L

PVC

39x 39x 23.5cm

TB1L

1.0L

25L

PVC

39x 39x 23.5cm

Polycarbonate tipping counters with a tipping
tray volume of 0.1L are particularly suitable for
determining small flow rates and can be used up
to a maximum discharge of 5L/min. Polycarbonate
tipping counters are food safe, and can therefore
also be deployed in drinking water. A 1% sample
of the volume can be filled into the 250 ml PE
collecting flask per tipping.

*All Runoff SNiPs incorporate an AD-NODE
PC = Polycarbonate, PVC = Polyvinyl Chloride

Irrigation System Flow & Pressure
Flow and line pressure monitoring for:
• Flow rate
• Totalised flow metering
• Line break alarming
• Pump and filter maintenance

Pressure Sensor
Specifications

ICT
MFR-NODE
pg. 76

SFM1x Sap
Flow Meter pg. 22

Model OsisSense XM

Pressure Setting Range

0-100 PSI

Accuracy

±0.3%

Connection Type

1/4" - 18 NPT (male)

Compatible Nodes

MFR-NODE, AD-NODE

Flow Meter
Specifications
Pipe Size

HC-075 HC-100 HC-150 HC-200
20mm

25mm

40mm

50mm

0.83

1.16

3.33

7.5

Max. Flow (l/min)

60

110

250

400

Dial Reading - 1 pulse

/1L

/10L

/10L

/10L

Minimum Flow

(l/min)

Compatible Nodes

MFR-NODE, AD-NODE
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MP406 Soil
Moisture
Probes
pg. 6-7

Irrigation System
Pipe Water
Flow

Irrigation System
Pipe Water
Pressure

Irrigation System
& Irrigation Uptake Monitoring
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Understanding IoT Sensing Networks
IoT (Internet of Things) provides near real-time
data from sensors deployed to monitor the physical
environment. Sensing requirements and the
applications are broad. Examples can range from a
geotechnical engineer monitoring soil drainage on
a landfill site to a forester looking at rates of carbon
sequestration in a native plantation.
Real time data collection provides information
for real time asset management, offsets labourintensive data collection, and provides surety of
data collection for research applications.

The IoT technology used for data delivery will vary
between site and sensing requirements; there is no
one technology which will best suit every application.
ICT International’s focus is always on the sensing,
our approach to IoT is agnostic; providing a suite of
IoT Nodes which will support the most appropriate
sensors for the application while also providing the
best form of connectivity for the installation site
and monitoring network.

Satellite

Environmental
Monitoring
Research

MetOne Weather Station
pg. 48

Pyranometer
Solar Radiation
pg. 54

LTE-M
Cat-M1/
Cat NB1

Forestry
Management

Horticulture

Agriculture
SFM1x (LoRaWAN)
Sap Flow Meter
pg. 22

Mining, Landfill
& Geotechnical

70

ICT Gateway
LoRaWAN
pg. 80-81

DBV60 Band
Dendrometer
Tree Swelling
pg. 28

Open Format Data
Compatible With

Green Building
Management

Water Catchment,
Level & Flow

ICT
NODE
pg. 74-79

MP406 Soil Moisture Probe
pg. 6-7

ICT INTERNATIONAL

Flexible Connectivity pg. 74-77
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Planning Node & Gateway Locations For A LoRaWAN Network
LoRaWan Test Kit - USB Radio with LoRa® P2P
ICT International’s LoRa Survey Kit is the ideal tool for
determining LoRaWAN network range, infrastructure
requirements and identifying site constraints, prior to
gateway installation. The LoRa Survey Test Kit contains paired
LoRa transceiver and receiver USB dongles, antennas and a
power bank; it works out-of-the-box for Windows 10, Linux,
and MacOS (with drivers available for Windows 8). The builtin AT command allows the user to configure the radios.

Key Features:
□
□
□
□

Enabling better global research outcomes in soil, plant & environmental monitoring

LoRaWAN™ low-power long-range client
LoRa® Peer-to-Peer (P2P) connectivity
AT command set
The built-in AT command allows to
user to configure the radios.
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Sensor-Node IoT Packages (SNiPs)
ICT International’s integrated Sensor Node IoT
Packages (SNiP) provide off-the-shelf pre-configured
monitoring solutions. The range of Base SNiPs
provided within this catalogue includes sensor(s),
node, power and mounting accessories.

The SNiP can be expanded to incorporate multiples
of the base sensor or customised to include other
compatible sensors and accessories. Contact ICT
International to discuss the best SNiP and IoT
system for your application.

Base SNiP: SNiP-MP4 pg. 6-7
1x MFR-NODE pg. 76
1x MP406 Sensor

With Power
& Frequency
Calibrations pg.
74-75
1x Solar Panel
+ Rechargable Li-ion Battery
1x Solar Panel/Node Mounting Frame

SNiP Extensions
2x MP406 Sensor
pg. 4-7

1x Rain Gauge Sensor
pg. 45

Notes
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Example SNiP Setups for Fruit Crop Applications
Sensor-Node Integrated Package (SNiP) for Citrus Irrigation Monitoring

SFM1x (LoRaWAN)
Sap Flow Meter
pg. 22

ATH-2S
Air Temp
Humidity pg. 52

ICT
MFR-NODE
pg. 76

DBS60 Band
Dendrometer pg. 28

Sap Flow Meter on Citrus Tree pg. 22

MP406 Soil Moisture
Probes pg. 6-7

Sensor-Node Integrated Package (SNiP) for Banana Irrigation Monitoring

A custom SNiP
setup with sensors
that cover the SoilPlant-Atmosphere
Continuum to
monitor and manage
irrigation and fertiliser
in response to the
conditions placed on
theBanana crop.
SFM1x (LoRaWAN)
Sap Flow Meter
pg. 22

Sap Flow Meter on Young Banana Corm

ATH-2S
Air Temp
Humidity
pg. 52

ICT
MFR-NODE
pg. 76

MP406 Soil Moisture
Probes pg. 6-7
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Understanding IoT Nodes
IoT Nodes for researchers, agriculturalists, horticulturalists,
foresters, geotechnical engineers, miners, utilities and asset
managers.
ICT International’s implementation of IoT is guided by over 30
years’ experience in environmental sensing. ICT International
IoT Nodes are designed specifically to measure key soil, plant
and environmental parameters, and encapsulate all the
important features in a sensing communication:

Specific Sensor Inputs
ICT International IoT Nodes support the output signals used in
environmental sensing: SDI-12, and high-resolution analogue
and digital. For highly specialised monitoring, such as Sap
Flow, we engineer custom built and scientifically validated
stand-alone products.

Flexible Connectivity
ICT International’s push towards an agnostic connectivity
platform is a recognition that the most appropriate form of
connectivity will vary between monitoring sites and networks.
The IoT platform provides exchangeable LPWAN solutions
with options for satellite coming soon.

Open Format Data
ICT International's LoRaWAN and LTE-M Cat-M1/Cat NB1
Nodes provide data which is open-format and free from
proprietary formatting or decoding. This provides the end
user full control of data from the point of sensing, and allows
flexibility in the collection, storage and viewing of data.

Adaptable Power System
Not all environmental sensors are designed for low power IoT
applications. ICT International’s IoT Nodes provide flexible
power options, including options for external 12 - 24VDC
supply, rechargable 6.5Ah or 13Ah Lithium-Ion batteries or a
non-rechargable Lithium battery pack.

Environmentally Sealed

IP65

RATED
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ICT International’s IoT Nodes are IP65 rated and have
been demonstrated to operate in extreme environmental
conditions, from hot Australian deserts to tropical Indonesian
rainforests to the Arctic Tundra.

Enabling better global research outcomes in soil, plant & environmental monitoring

MFR S AD EF LVL

LoRaWAN Nodes
Radios

LoRa, LoRaWAN, FSK
Multi-Constellation GNSS
LTE Cat M1/Cat NB1/EGPRS

LoRaWAN
Frequency
Bands

AS923 (Asia)
AU915 (Australia)
US915 (United States)
EU863-870 (Europe)
CN470-510 (China)
IN865-867 (India)

Sensor Inputs

SDI-12
1x 24-Bit Analogue
4x 24-bit Analogue
4x Dry Contact Digital Inputs
RTD/Thermistor (2x Precision 24-Bit)
4-20mA
Frequency 0-100kHz
RF Noise Detection
0-10m or 0-5m Ultrasonic Level Sensor

Interfaces
Features

Power

USB Serial Console
LoRaWAN Downlink Config
Periodic Reporting
Threshold-Based Alarm
SD Card (Data Storage)
SNiP (Sensor Node IoT Pack)
3-Axis Accelerometer
Non-Rechargable Lithium
Rechargable Lithium
External DC Solar Input
External DC Supply

Enclosure

IP65 Polycarbonate
Custom

Hardware Ready

|

Product Variants

ICT INTERNATIONAL
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ICT International IoT Nodes

MFR

MFR-NODE: Multifunction Research Node
The MFR-NODE has been designed to provide
flexible communication, sensor and power
options.
The MFR-NODE supports SDI-12, four
32-bit
dry-contact
counting
digital
inputs and four single-ended (two differential)
0 - 3V analogue inputs, with selectable 12V, 5V
or 3V excitation and a 0-100khz frequency input.
With an onboard SD-Card, the MFR-NODE provides
stand-alone data logging capabilities and full data
redundancy in the event of temporary loss of communications
or dropped packets – ideal for research applications. Data is
stored in csv format for ease of use.
The MFR-NODE supports sensors with higher power
requirements; a solar panel can charge either the internal
lithium-ion battery or both the node and sensor can be powered
by an external DC power system (e.g. battery or mains source).

Key Features:
□ LoRaWAN™ low-power long-range
connectivity;
□ LTE Cat M1/Cat NB1/EGPRS;
□ SD Card for data storage in csv format;
□ SDI-12;
□ 4 x 32-bit dry-contact counting digital
inputs;
□ 24-bit ADC for 2x differential / 4x
single ended sensor, selectable 3V, 5V
or 12V excitation;
□ 0-100khz frequency input;
□ Solar rechargable 6.5Ah or 13Ah
Lithium-ion or external DC power;
□ MQTT and MQTT(S);
□ Microsoft Azure IoT Hub support.

LTE Cat M1/Cat NB1/EGPRS provides the option for remote
installation in areas outside the range of LoRaWAN networks.
Fully encrypted data communications, with JSON or csv files
transmitted over MQTT(S) to a user-defined broker with
dedicated MQTT support Microsoft Azure Iot Hub.
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S-NODE: For Environmental Monitoring (SDI-12)

S

The S-NODE has been designed to support the
broad suite of SDI-12 based environmental
sensors and includes four on-board sensor
inputs and the capacity to support additional
sensors which are bussed externally.

With a power system based upon either a
6.5Ah or 13Ah rechargable lithium-ion battery
or external DC power source, the S-NODE can
support those sensors with higher power requirements.
LoRaWAN provides capability for full remote configuration
through downlinks, including enabling/disabling confirmed
messaging and changing the report interval.

□ LoRaWAN™ low-power long-range
connectivity;
□ LTE Cat M1/Cat NB1/EGPRS;
□ Supporting physical connection of four
SDI-12 sensors;
□ Additional sensors externally bussed;
□ Solar rechargable 6.5Ah or 13Ah
Lithium-ion or external DC power;
□ Optional Multi-constellation GNSS;
□ MQTT and MQTT(S);
□ Microsoft Azure IoT Hub support.

LTE Cat M1/Cat NB1/EGPRS provides the option for remote
installation in areas outside the range of LoRaWAN networks.
Fully encrypted data communications, with JSON or csv files
transmitted over MQTT(S) to a user-defined broker with
dedicated MQTT support Microsoft Azure Iot Hub.

Enabling better global research outcomes in soil, plant & environmental monitoring
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LoRaWAN Nodes

AD

AD-NODE: For High Resolution Analogue & Digital Sensors
The AD-NODE is designed for those requiring
precision in their analogue and digital
measurements.

With a 24-bit ADC, the AD-NODE supports two
thermistors/RTDs, a 0–1.5V and a 4–20mA
input. Each of the four dry-contact digital inputs
is capable of simultaneously sampling at 1 kHz,
with periodic reporting. Settings on the device
can be altered remotely via LoRaWAN™ or locally via USB.
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□ LoRaWAN™ low-power long-range
connectivity;
□ 2x 24-bit RTD;
□ 1x 24-bit Voltage input (0-1.5V);
□ 1x 24-bit 4 – 20mA;
□ 4x 32-bit dry-contact counting digital
inputs, 2 x digital outputs;
□ AA Lithium Energizer batteries;
□ Fully reconfigurable via LoRaWAN™
downlinks.
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LVL

LVL-NODE: Ultrasonic Water Level Monitoring
A low-maintenance ultrasonic level sensor with
LoRaWAN is a drop-in solution for monitoring all
types of fluid levels.

Automatic threshold-based alarms for low or
high-level conditions are reported in seconds,
reducing response time. Backed by long-range
low-power LoRa radio, each sensor has a
designed battery life of up to 15 years with daily
reporting. The ultrasonic sensor is designed to be mounted
above the target fluid to be monitored and automatically
filters out echoes from minor obstructions (different filtering
available on request).
A ruggedised version with IP66-rated connectors and corrosionresistant sensors is available. Integrating incoming data into
existing systems is as easy as connecting to a LoRaWAN server
and receiving data within seconds of it being sent.

Enabling better global research outcomes in soil, plant & environmental monitoring

□ LoRaWAN low-power long-range
connectivity, & Multi-Constellation GNSS;
□ Up to 10 metres ±1 cm precision, 5
metres with ±1mm precision;
□ Up to 15 years battery life with multiple
reports per day;
□ Fully reconfigurable via USB or
LoRaWAN downlink;
□ Level alarm mode with periodic sampling.
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