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EXECUTIVE SUMMARY
Deliverable D1.2a describes the INTEL-IRRIS low-cost soil humidity sensor platform. The
deliverable will present the various hardware platforms, the selection of soil humidity sensors
and some preliminary studies on the expected autonomy of the devices. The control software
that will be embedded on the sensor platform is also presented.
Note that the INTEL-IRRIS starter-kit will add to the low-cost soil humidity sensor platform the
IoT gateway part which will be specifically addressed in D2.1a “First report on specifications
& functionalities of the edge-enabled sensor-gateway framework for smart irrigation system”.
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1. INTRODUCTION
The INTEL-IRRIS low-cost sensor generic platforms for connected irrigation systems will
essentially consist of a soil humidity sensor device, possibly coupled with a soil temperature
device. It is part of the INTEL-IRRIS starter-kit that will add the IoT gateway part which will be
addressed in D2.1a “First report on specifications & functionalities of the edge-enabled
sensor-gateway framework for smart irrigation system”.

2. SOIL DEVICE
The soil device will capture soil humidity/temperature parameters for LoRa transmission to
the gateway.
The soil device will need to be easily installed on the field. A typical device could be very
similar to the soil device developed in EU H2020 WAZIUP (left) which follows the general
design for most commercial sensor devices (right), i.e. small case for electronic part +
external antenna connector + physical sensor attached with a cable gland or an aviation
connector.

Figure 1 – WAZIUP device (left), NCD commercial device (right)

2.1. Data processing part (microcontroller) + Radio
UPPA and WAZIUP have high experience and expertise on the ATMega328P microcontroller
(Arduino Pro Mini, WaziDev and WaziSense). Given the relatively low computing
requirements for the soil device, this microcontroller can be an efficient platform for
INTEL-IRRIS. Figure below shows a development line using off-the-shelf Arduino Pro Mini
and a standalone LoRa module (Modtronix inAir9). INTEL-IRRIS could use this development
line for a 100% DIY approach: it will be referred to as 100%-DIY development line.
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Figure 2 – 100%-DIY development line
The resulting IoT device with a physical sensor and 2AA battery pack is shown below.

Figure 3 – IoT device with the 100%-DIY development line
We also developed in previous projects simple PCBs to host the Arduino Pro Mini and a
compact LoRa radio module (RFM95W or NiceRF SX1262 for instance). These PCBs will be
adapted and customized for INTEL-IRRIS as illustrated below. They will be available on
https://github.com/CongducPham/PRIMA-Intel-IrriS/tree/main/PCBs.
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Figure 4 – Arduino ProMini + LoRa RFM95W/NiceRF1262 PCB
With such PCBs, the Arduino Pro Mini could then be easily plugged through headers as
shown in figures below with real PCBs from previous projects. As can be seen, more robust
PCB mini screw terminal can be soldered on the PCB to connect the sensor wires in a more
robust way. The compact radio module can then be soldered directly on the PCB.

Figure 5 – The PCB-DIY development line
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The antenna footprint on the PCB is designed to host a PCB mount SMA connector or a u.FL
connector. The tiny u.FL antenna connector solution is not recommended because those are
very difficult to solder. With a PCB mount SMA connector, an SMA male - SMA female
antenna extension cable can be used to easily connect an external antenna. Otherwise, it is
possible to solder directly one end of the SMA coaxial cable to the PCB, therefore not using a
PCB mount SMA connector and keeping the female SMA connector to easily connect an
external antenna. These 2 options are illustrated below.
This development line will be referred to as PCB-DIY development line.

The resulting IoT device with a physical sensor and 2AA battery pack is shown below, with
the SMA female connector for the external antenna directly going through the plastic casing.

Figure 6 – IoT device with the PCB-DIY development line
Care must be taken for the SMA connector types that need to match the antenna connector.
There are several SMA types as illustrated below. We will assume that the small ¼ wave
monopole antenna commonly found would be in SMA male type. The PCB mount SMA
connector should then be of SMA female type. If an extension cable is used then it should be
of SMA Male <-> SMA female type.
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Figure 7 – SMA connector and matching antenna
If it is needed to have the antenna placed at a much higher level to increase transmission
quality, the solution would then be to connect the antenna through an extension antenna
cable, making sure that:
-

the coaxial cable is of good quality (e.g. RG58 minimum) to limit attenuation,
the antenna cable should not be too long to avoid high attenuation: 2m-3m,
use a ground plane antenna, a dipole or a sleeve dipole instead of the simple ¼ wave
whip (monopole) antenna.

Figure 8 – Elevating the antenna on a mast
In the last development line, we plan to use the WAZIUP’s WaziSense board that has been
developed in the WAZIHUB project. One added-value of WaziSense consists in the
possibility to use it as a batteryless sensor node where it can be deployed in the middle of
nowhere and harvest energy from the environment, for example via a small embedded solar
panel. It utilizes a Super Capacitor circuit which can retain energy for multiple transmissions.
The most recent experiment, we could transmit over 200 LoRa messages with a LoRa
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datarate of SF12BW125 on a single full charge of the Super Caps. This development line will
be referred to as WaziSense-DIY development line.

Figure 9 – The WaziSense board
Depending on local adaptation needs & constraints a number of development lines
will be implemented in Algeria and Morocco by local partners.
WAZIUP and UPPA will provide the WaziSense-DIY development line for a number of
starter-kits while local partners could provide other development lines. Feedbacks from
various development lines will help identify deployment and usage issues.

2.2. Sensor part
2 physical soil humidity sensors can be attached to the
electronic board. Very low-cost soil humidity sensors
such as the one illustrated below are too fragile and get
corroded very fast.
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IRD is working with the capacitive soil humidity sensor Gravity SEN0193 (left) illustrated
below. In order to better determine if the water contained in the soil can be used by the
plant, it is necessary with such capacitive sensors to know the soil bulk density. Tests
are undergoing to assess whether the usage of a capacitive sensor with the knowledge of the
soil bulk density could provide a good accuracy. Tests are also conducted to determine
whether the Gravity SEN0308 (right) which is better protected (water-proof) can replace the
Gravity SEN0193.

Figure 10 – SEN0193 (left) and SEN0308 (right)
IRD is also working with the Watermark sensor (right figure below) which is a tensiometer,
i.e. able to determine the water tension. Water tension measures the capillary force retaining
the water in the soil porosity, thus it is a better measure to estimate the amount of water
available for the plant. Tensiometers are more expensive than capacitive sensors but they
have the advantage of directly estimating when the plant water stress will probably
start. IRD is conducting extensive tests with the Watermark sensor to define calibration
procedures and estimate the accuracy of the results in various soil types.

Figure 11 – Water tension illustrated and Watermark tensiometer (right)
The Watermark can be connected to a microcontroller. There is a recommended procedure
(https://www.irrometer.com/200ss.html) for reading from the sensor from Irrometer, the
manufacturer
of
the
Watermark.
There
are
also
many
tutorial
videos
(https://www.irrometer.com/videos.html#ag) to properly install the sensor.
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2.3. Cost vs efficiency
Several version of the soil device can then be defined:
●
●
●

low-cost version of the soil device may then consist of 1 capacitive sensor with the
knowledge of the soil bulk density
medium-cost version of the soil device may then consist of 1 water tension sensor
removing the need for the soil bulk density knowledge
high-end version of the soil device may then consist of 2 water tension sensors,
buried at different depths in order to additionally measure how water is “moving” in
the soil.

It is also interesting to compare our proposed solution with other “high-end” soil humidity
sensor devices: SM150T, TEROS-12, SMT50, SMT100, MAS-1, EC-5,...

Figure 12 - SM150T, TEROS-12, SMT50, SMT100, MAS-1, EC-5,...
This document may be interesting to read
(https://www.metergroup.com/environment/articles/which-soil-sensor-is-perfect-for-you/).
There is also a study (https://www.scirp.org/journal/paperinformation.aspx?paperid=76103)
comparing some of the previously mentioned sensors.
For
the
Watermark
tensiometer
sensor,
this
document
(https://www.challenge-agriculture.fr/wp-content/uploads/2017/07/Cahier_de_savoir_faire_05
_17.pdf) from the manufacturer clearly explains how to position the sensors depending on
various soil and irrigation type scenarios.
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2.4. Integration, assembling and casing
Easy integration and assembling into appropriate enclosure (i.e. box) is an important process
for the low-cost sensor platform.
The enclosure is a crucial issue and in order to reduce the cost off-the-shelves enclosures
will be used. A transparent casing may be helpful to simply check whether the device is
working or not and visualize some display directly through the casing in case a small OLED
screen is attached to the device. It may be also interesting with the transparent casing to
have a luminosity sensor in order to take different actions for night periods, without the need
of an actual Real Time Clock (RTC). However this is not a priority. Figure 14 illustrates some
enclosures from https://www.polycase.com/.

Figure 13 - some enclosures from https://www.polycase.com/
Connecting the physical sensor can be done through a cable gland or an aviation connector.
This latter solution would provide a higher level of flexibility and maintenance.
Then, the whole sensor platform would need to have an external power switch and possibly
several pushbuttons for various purposes, such as triggering display on a small embedded
OLED screen.
It is important that the assembling of these switches/buttons remains as simple as possible
because this step may represent the large part of the assembly time if additional steps such
as soldering is necessary.
We propose that switches or push buttons are purchased already wired, such as in the
following products.

https://www.superbrightleds.com/moreinfo/rocker-pushbutton-remote-switches/mini-onoff-tog
gle-switch-wired/1356/3109/
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https://www.pricepulse.app/push-button-switch-waterproof-on-off-light-wired-s_us_1899977

To further ease the assembly process, connecting the switches/buttons to the microcontroller
PCB board could be realized through a small PCB with screw terminals, acting as a compact
and low-cost barrier terminal block, in order to avoid any soldering in the assembly process.
A simple alternative method could be to use as small as possible electric domino bars.

or even using the PCB 2.54mm mini screw terminal itself to link 2 wires together in the same
slot. The pins that are usually soldered on a PCB could simply be cut to avoid any electrical
short-circuit.
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3. AUTONOMY OF IOT PLATFORMS
3.1. 100%-DIY and PCB-DIY platforms
Both development lines are powered with either 2AA batteries or 1 single 3.6V LiOn battery.
In previous projects where similar platforms have already been deployed, we can expect
between 2 and 4 years of autonomy depending on the time interval between measures. For
instance, for a time interval of 60 mins, at least 2 years of autonomy can be achieved.
The number of connected sensors can have a little impact on the autonomy, as well as the
number of measures for a single transmission (in case several measures are averaged to
limit noise in measurements).
For INTEL-IRRIS, with simple capacitive soil humidity sensors (Gravity SEN0193 or
SEN0308), realizing 5 measures on 2 connected physical sensors will not have a great
impact on the soil device autonomy.

3.2. WaziSense-DIY platform
The WaziSense board is designed to run in battery-less mode with on-board supercaps
charged continuously by a small solar panel. As the solar panel size is a limiting parameter,
we expect to have between 30mA and 80mA maximum charging capacity.

(a)

(c)

(b)

(d)
Figure 16 - (a) 2x30mA=60mA (left) 30mA (right) solar panel
(b) WaziSense with solar panel
(c) WaziSense in an adapted enclosure
(d) enclosure with the solar panel mounted on the outside
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As part of the whole testing process, a base voltage of 5v was set with 30mA, 50mA, and
80mA to simulate three different small-sized solar panels. This was to better understand how
the WaziSense will respond to different charging currents and the time taken to reach the
desired 3.3v of the regulator. Figures below are charts that show the relationship between
input voltage, the supercapacitors voltage, and regulator output voltage with respect to time
and charging currents.

(a)

(b)
Figure 17 - (a) 5V charge time, (b) 3.3V charge time
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4. SOFTWARE PART
The control software that will run on the soil sensor platform can manage two connected
physical soil humidity sensors.
The general cycle of the software is to periodically wake-up from deep sleep mode to read
measures from each of the soil humidity sensors. Then, the soil humidity values will be
transmitted to the IoT gateway, where all the advanced data processing will be realized.

Figure 18 - Generic IoT platform and activity cycle

Figure 19 - Output from the soil device when connected to a computer
Here, the message received on the IoT gateway is “\!SH1/315.00/SH2/0.00” because
in this test, only one soil humidity sensor was connected. The code is available on the
INTEL-IRRIS github repository.
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RELATED RESOURCES/DOCUMENTS
[1] INTEL-IRRIS GitHub
https://github.com/CongducPham/PRIMA-Intel-IrriS
[2] INTEL-IRRIS Tutorial on building & assembling the soil sensor device
https://github.com/CongducPham/PRIMA-Intel-IrriS/blob/main/Tutorials/Intel-Irris-IOTplatform.pdf
[3] INTEL-IRRIS List of parts to build the soil sensor device
https://github.com/CongducPham/PRIMA-Intel-IrriS/blob/main/Tutorials/Intel-IrriS-lowcost-sensor-hardware-parts.pdf
[4] INTEL-IRRIS PCBs for the soil device
https://github.com/CongducPham/PRIMA-Intel-IrriS/tree/main/PCBs
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ACRONYMS LIST
Acronym

Explanation

DIY

Do-it-Yourself

PCB

Printed Circuit Board

SMA

SubMiniature version A
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