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ABSTRACT:
Knowing the state of the setting process of concrete in buildings or the moisture level of old
walls can be crucial in determining further steps in the construction or restoration process. Small
2.4 GHz modules can be either embedded or applied on the surface to determine the moisture
distribution in material. Common modules, that are based on the highly available Bluetooth
Low Energy standard, emit electromagnetic waves, whose signal strength gets dampened by
water molecules. This effect serves as the basis on determining the moisture level in material.
We will show how to apply this method in a meshed sensor network for online monitoring.

1

INTRODUCTION

In this paper we will discuss how to practically use meshed 2.4 GHz sensor networks to
determine the moisture distribution in materials such as sand, concrete or masonry. And that
with a 2.4 GHz module alone meaning that it will function as the data transceiver as well as the
sensor itself. Electromagnetic waves with a selected frequency of 2.4 GHz constantly realign the
water molecule dipoles, which causes energy dissipation. This results in the reduction of the
signal strength and is a measure for the quantity of water in terms of moisture content in the
building material like masonry, sand or concrete.
A network of modules can be applied to the following scenarios. The first application of the
electromagnetic waves emitting modules is the nondestructive estimation of moisture content
for which the nodes are applied to both sides on the surface of a wall (see Figure 1). The
reduced signal strength gives an insight on the moisture distribution inside the wall. This new
method shall make it easy to detect moist areas in the walls of a historic building for instance.
The second application would be to embed the modules inside a building material in order to
monitor the setting process and the overall state of the material for several years, depending on
the service life of the module’s battery and the chosen data acquisition frequency (data rate).
So, the main questions that arise are the following. How can 2.4 GHz transceiver modules serve
as sensors to determine moisture? How does the meshed sensor network need to be set up?
What are the requirements for the gateway of the network regarding also online monitoring
capabilities?

Figure 1. Sensor module setup on a wall (left) and inside a material (right).
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2.1

COMMUNICATION ARCHITECTURE
How can 2.4 GHz transceiver modules serve as sensors to determine moisture?

Any wireless transceiver emits electromagnetic waves as a mean of transmitting information. It
does so with a certain power for example in the range of Milliwatts. Of course, energy gets lost
on the way from transmitter to receiver. One reason is the polarization of the transmitting and
receiving module which has an influence on the distribution of electromagnetic waves in a 3dimensional space. Additionally the signal strength decreases with the distance squared.
Another reason is that the signal gets damped by the media in between transmitter and receiver.
In vacuum this damping would be none and in air close to none. In concrete however damping
is already quite significant just as it is the case for water. Water molecules that are exposed to
electromagnetic microwaves absorb energy and thus weaken the signal of the 2.4 GHz module
in this case. The effect is the same as in microwave oven, but on a much smaller power scale.
Now the interesting part is when water occurs in concrete. Damping in water is much higher
than in dry concrete, so depending on the moisture level in concrete the power of the signal
received will vary accordingly. The strength of the signal will be automatically measured by the
receiver and is called Received Signal Strength Indication (RSSI). The Received Signal
Strength Indication value and the receiving and transmitting module names shall be recorded.
Given the assumption that the distance and material between transmitter and receiver of two
sensor nodes are known it is now possible to find a correlation between the RSSI value and the
moisture content between these two sensors. By not only looking at the RSSI value between
two modules but a whole set of modules, it is possible to derive a moisture distribution from the
object examined. Tomographic analysis, finally of all the values lead to the big picture which is
the distribution of moisture inside a structural element or sand (see paper Adão et all, SMAR
2017).

2.2

How does the meshed sensor network need to be set up?

As mentioned already the 2.4 GHz transceivers work both as a sensor as well as so called nodes
in the meshed sensor network. They can send and receive data and thus make it possible for data
packages to hop from one node to another.

In the sensing phase one node receives signals from its neighboring nodes and records the
corresponding RSSI value which serves as the measurement value (see Figure 2).

Figure 2. Measurement phase (left) and data transmission phase including hopping (right).

The number of measurements at a time is limited by the memory of the modules and the
maximum size of one data package supported by the protocol of the meshed network. The
important information in this case is the receiving node id number, the sending node id numbers
and the corresponding RSSI value. This information will then be wrapped up into a data
package.
After that The data package needs to be sent from the node which measured all the RSSI value
to the final node, the gateway. This is called the data transmission phase. The big advantage of
the meshed sensor network is even though one node might be out of range of the gateway, it
simply passes the package to another node on the way. So a package hops from one node to the
other until it reaches the gateway (see Figure 2). In case one node turns off for any reason, the
packages will be sent through another node, since the meshed network will resynchronize. This
is already implemented in the protocol and works automatically.

2.3

What are the requirements for the gateway of the network regarding also online
monitoring capabilities?

The gateway has several functions in the overall measurement setup. It serves as the final node
for the meshed sensor network. That means once a node in the network has gathered RSSI
values from its neighbors, they get collected and transmitted to the gateway. There they can be
stored locally in a simple database. But preferably the data should also be sent to a remote
server for storing as well as for online monitoring.
Just as it should be possible to monitor the state of the probe from the office via the server it
should be also possible to do this on site. Which means to connect to the gateway with a Laptop
or mobile device.
This scenario yields to the following requirements and interfaces


Computing unit



Bluetooth Low Energy module



WiFi module



Mobile cellular module in remote areas



Programming interfaces



Memory



Power supply

2.2.7

Computing unit

With the computing unit or platform you want something fast, relatively easy to use and
preferably bringing along as many interfaces as possible on the list. Given the tasks an operating
system is necessary in any case. So a popular choice would be a Raspberry Pi, Beagle Bone
Black, C.H.I.P. Pro or the Intel Edison as a prototype platform. Basically any will work fine, but
when the choice was made only the Intel Edison already had WiFi and Bluetooth on board. It
was also small scale and could be easily integrated into a custom circuit board, which would be
necessary anyways since some modules like the mobile cellular module need to be connected
externally on another board anyways.
2.2.8

Bluetooth Low Energy (BLE)

Since the platforms mentioned above all have BLE builtin it makes sense to use it as a meshed
network on the basis of BLE. Companies like CSR developed ready to use solutions. The main
difference between classical Bluetooth and Bluetooth Low Energy is as the name suggests the
energy consumption. But this also come with the price of lower data rates.
2.2.7

Wifi module

Fortunately WiFi is already on board on any of the platforms (or its derivatives ) presented
above. The module itself is not supposed to connect to a wireless network but will rather
function as a hot spot for mobile devices to connect to. This allows online monitoring on sight,
since the gateway will also serve as web server, providing a website, that displays the current
state of the probe.
2.2.8

Mobile cellular network module

Assuming there is no connection to the internet possible via WiFi or ethernet, another way is to
go through a mobile cellular network. This allows sending data to the server even in remote
areas if there is coverage. It is important to consider the limited upload speed which depends on
the module used and mobile network generation available in the area. Equally the distance to
the next network tower plays a role.
Especially for prototyping it make sense to use ready to go breakout board like the one seen in
Figure 3.
2.2.9

Programming interfaces

This is actually more a question of preference, since most programming languages are available
for the platforms discussed above. Classically embedded programming is done in C/C++ but
nowadays it is no problem to use Python, JavaScript and graphical programming languages like
Node Red.

2.2.10 Memory
In case anything goes wrong it is always good to have a backup. One simple measure is to add
an SD-Card. This is particularly helpful if the mobile cellular network is unstable or not
available at all.
2.2.11 Power Supply
Two aspects have to be considered. The voltage for the different modules on the circuit board
and how to get power to the gateway in the first place.
The power supply you get externally might not have the right voltage for your module and
might have peeks that could damage components on your board. Also the input voltage range of
the modules you use is probably different for each of them, so you have to pick a voltage that
fits them all. The cellular phone module also draws 2A current spikes which needs to be
provided by the power supply without having a too large drop in the voltage. Nowadays it is
easy to find integrated circuits that regulate the voltage and don’t require to much in depth
knowledge on how such a regulator works. So in brief a power regulator needs to be added to
provide the appropriate voltage and also supplies current spikes for the cellular phone module.
The external power supply can be a little tricky for remote areas. In the best case scenario a
power plug near by is available. In other cases a solar power panel in combination with a battery
can be a good option.

Figure 3. Design of the Gateway.
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CONCLUSION

So far we have shown the basic principles on how Bluetooth Low Energy modules can be used
to detect moisture in a material. An Explanation on the meshed sensor network used has been
given and a straight forward selection of modules to set up such a network has been presented.
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