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Executive Summary

H1 Goal/Objectives

Deliverable D3.1 is the first version of a series of deliverables focusing on the Low-Cost Sensing
Nodes (LCSN) and the High-Density Sensor Network (HDSN) architecture. It includes the technical
requirements of the sensing node translated from the pilot requirements, the technical design and
implementation of the node with its technical specifications, and the initial version of the HDSN
architecture. Emphasising efficiency and adaptability, the document navigates through the system's
architecture, sensor selection, power management, data transmission, and packaging. It also presents
the wireless HDSN aspects, including communication technologies, data flow architecture, formats,
and protocols, aligning with the overarching objectives of the project. Through collaborative efforts
and meticulous design iterations, this deliverable sets the stage for realising a robust and scalable
sensing infrastructure poised to improve data acquisition and transmission in areas challenging for
environmental measurement.

H2 Methodology

The methodology employed in this deliverable entails a comprehensive and structured approach
aimed at meticulously addressing the objectives outlined in Task 3.1. This methodological framework
is designed to ensure thoroughness, coherence, and precision in delineating the technical
requirements and specifications of the sensing node and formulating the initial blueprint for the HDSN
architecture. This approach is intricately woven with the overarching project goals and stakeholder
expectations, guiding the exploration of sensor technologies, energy management strategies, and data
transmission protocols.

H3 Outcomes/Conclusions

The results and key takeaways from deliverable D3.1 demonstrate the development of an
intelligent sensing device and the guidelines for setting up dedicated networks. Having understood the
user's needs, we designed the system and started planning how to connect with other devices.
Through lots of testing and interaction with potential users and experts, we've ensured it meets high
standards and fits well with all requirements. These results highlight our commitment to making things
work smoothly and efficiently, preparing for a future where technology solves problems effectively.

Key outcomes/conclusions in bullet points

e 1% version of the LCSN developed based on the Pilot, end user and stakeholder
requirements.
1%t version of the HDSN Architecture defined based on the Pilot, end user and stakeholder
requirements.
Connection of the LCSN to the Streamhandler defined and achieved.

10
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1. Introduction

1.1. Deliverable Description

This document serves as a detailed overview of Task 3.1 and Task 3.2 progress and outcomes, acting
as a central hub for all relevant information regarding the sensing node's development and the HDSN
architecture's initial stages. It has been continuously refined based on thorough analysis and feedback
from technical experts and end-users, ensuring it captures functional and non-functional
requirements, Key Performance Indicators (KPIs), and target values. It explores various environmental
factors in the operational context, refining its insights through ongoing analysis and stakeholder input
to understand the challenges and opportunities. Furthermore, the document outlines the
technological requirements, emphasising the importance of adaptability to future trends and ensuring
that integration objectives are crafted to align with legal frameworks, engage stakeholders effectively,
and adhere to technical protocols. Because this deliverable is public, critical know-how and details of
the LCSNs have not been included. Still, they will be included in the second version of the deliverable
(D3.2 “Low-cost sensing nodes & high-density sensor network - Final” [1]), which will be confidential.

1.2. Purpose of the Deliverable

The purpose of deliverable D3.1 has been accomplished according to the scheduled timeline and
objectives outlined for Task 3.1 & Task 3.2. This deliverable is the product of the efforts in Task 3.1 &
Task 3.2, incorporating input from stakeholders and workshops conducted in the task. It
comprehensively documents the sensing node's development, encompassing functional and non-
functional requirements and selected KPIs and target values. The document results from meticulous
analysis and feedback gathered from pilot scenarios and end-users final requirements, providing
valuable insights crucial for the success of the CIROCCO project. The deliverable thoroughly evaluates
the technological landscape, outlining stringent requirements for availability, reliability, performance,
and scalability to ensure the adaptability of proposed solutions to future needs. Integration objectives
are also meticulously formulated, considering legal frameworks, stakeholder engagement, and
technical protocols to create a cohesive ecosystem conducive to effective decision-making and
stakeholder collaboration. Ultimately, this deliverable serves as a roadmap for navigating the
complexities of the CIROCCO project, offering valuable insights and recommendations derived from
thorough analysis and continuous feedback loops to inform subsequent project phases.

1.3. Intended Audience

Once the European Commission approves, deliverable D3.1 will be accessible to everyone on the
CiROCCO website. It details how we create those affordable sensing nodes, design the HDSN, and
connect everything to the Streamhandler platform. This document is a vital tool for everyone involved
in CiIROCCO. The insights and plans outlined in D3.1 will guide our tech team as they ensure the sensing
nodes work as intended, the sensor network is efficient, and everything connects seamlessly to the
Streamhandler platform.
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1.4.

Deliverable Structure and its Relation with Other Work

Packages/Deliverables

Deliverable D3.1 is a direct outcome of Task 3.1 and Task 3.2 within CiROCCO, incorporating
stakeholder & Pilot requirements from Task 2.1 & Task 2.2 and their corresponding Deliverables [2],
[3]. As detailed in this deliverable, the findings and outcomes of Task 3.1 will serve as crucial input for
all activities in Work Package 3 (WP3) to ensure that the developed technological solutions meet
system features, pilot and stakeholder requirements and achieve target KPIs. Deliverable D3.1 will
provide essential guidance and reference for all subsequent deliverables within WP3 and WP4. This
deliverable is structured into several sections:

Section 1: Introduction - Provides a general overview of the deliverable.

Section 2: System Features, Requirements, & KPIs - Outlines the approach to developing the
sensing nodes and HDSN architecture, considering environmental and legal factors.

Section 3: LCSN - Provides a comprehensive overview of the development process, objectives,
system features, requirements, and KPIs.

Section 4: Wireless HDSN - Briefly describes the requirements obtained from stakeholders.
Section 5: Conclusions - Summarizes the essential findings and conclusions from the
development and analysis presented in the deliverable.




2. System Features, Requirements & KPIs

2.1. Low-cost Sensing Nodes and Wireless High-density Sensor Networks

The following four tables (Table 1, Table 2, Table 3, Table 4) present the consolidated system features, requirements and KPIs with the initial target values
of the LCSNs part of the CIROCCO system. To ensure the system's compatibility with the stringent constraints and KPls, the priority assigned to some of the
system features & requirements requested by the pilot leaders has been modified to low priority. However, the system has been designed to be expandable
to meet those requirements in the future. These system features, requirements and KPls are drawn directly from D2.1 [2] and D2.2 [3].

2.1.1. System Features
Table 1: Consolidated LC & HDSN System Features.

Sensing nodes would be able to
measure solar radiation parameters for
harmonisation with the natural power
production, wind speed and direction
for the dust forecasting and load
estimation, Particulate Matter (PM)
and Ozone (0s) for comparison with the

Pilot 4 includes two Areas of Interest: “Balsa
Blanca” and “Llano de los Juanes”, which
belong to the FLUXNET network®. Each Area
of Interest will act as a central higher-quality
sensing node from which six other LCSNs
will operate to prove the CiIROCCO system;

Configure . . ) All Pilot the six low-cost, stand-alone electronic
1, 2,4, . dust modelling and air quality .. . . . .
1 measuring ) participants, High sensing nodes around each higher-quality
stakeholders assessment, air temperature and . .
parameters EBOS, NOA system will detect the same variables

relative humidity for the solar panels
(efficiency, operation optimum
conditions and maintenance alerting).
Sensing nodes could measure
atmospheric pressure, sand/soil
temperature, PM,.s, PM1o, amount and
distribution of precipitation, and CO,.

monitored in each higher-quality system,
including CO, emissions and parameters
monitored in CiIROCCO (air temperature, soil
temperature, wind speed, humidity,
amount and distribution of precipitation,
solar radiation, ozone, PM,s and PMyp).

L https://fluxnet.org/about/

Co-funded by
the European Union
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Configure the
monitoring
system’s KPls

1,2, 4

System
autonomy

Distance

between
single sensors

Sensing nodes should be able to
communicate to the Cloud Server via
external connectivity (Wi-Fi and others
based on availability) or provide data by
manual download and transmission via
email or FTP protocols so that sensors’
performance can be monitored and
corrected when needed, either
automatically (based on the Artificial
Intelligence (Al) results) or manually
(using the Control application), based
on obtained results and outputs.

Due to the lack of electricity in the pilot
area, sensors must be powered by a
battery. It needs to be a battery lasting
more than two weeks.

Data transfer between sensors for
distances more than 4 km

CEDARE, NOA,
ICCS, INTRA,
uCy, EBOS,

DIMOS, MOL,
ASTRO, CSIC

High

All pilot
participants,
EBOS

High

All pilot
participants,
EBOS, ASTRO

Actors use their tiered account to launch the
Graphical User Interface, which allows them
to monitor systems' KPlIs.

1. An average between 30 kWh/m?
(January) and 200 kWh/m? (July) monthly
direct solar irradiation
2. Possibly more than two weeks of sun
absence in winter.
3. No electricity available in Deliblato sands
(only several locations with infrastructure)
Pilot 4: Solar radiation is higher than 3,200 h
per year in both Areas of Interest.

1. Deliblato sands are 35 km long and 11 km
wide, meaning the average distance
between sensors in a uniform distribution
would be 4-5km. With a lower distance, we
are not covering the whole area.

2. No mobile network coverage in the pilot
area.

3. Limited electricity infrastructure.
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5 2,3,4

3,4

Modular
design

Measurement
frequency

Possibility to add additional sensors
to/inside the box. It would be
beneficial to have a provision for the
future connection of 1-2 sensors for
new parameters (e.g. Nitrogen Oxides
(NO,), Carbon  Monoxide (CO)
concentrations)

EU directives minimum monitoring
frequency foreseen for air quality
parameters is 1 hour.

All pilot
participants,
EBOS

All pilot
participants,
EBOS

High

Medium

1. External stakeholders intend to follow the
general guidelines of the EU directive on air
quality monitoring and possibly cover the
entire range of regulated pollutants (e.g.,
NOx and Sulphur Dioxide (SO,) sensors).
Having these sensors in multiple locations is
unnecessary — if the high-end nodes contain
them, that would be more than enough.
VSUME is interested in extending its
functionality to include active fire detection
capabilities.

Data need to be aggregated hourly.

*Pilot 1 — Egypt
*Pilot 2 — Cyprus
*Pilot 3 — Serbia
*Pilot 4 - Spain
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2.1.2. Functional/Non-functional Requirements

Table 2: Consolidated LC & HDSN Functional Requirements.

Include stand-alone electronic sensing nodes in the system. LCSN

) Sensing nodes would be able to communicate with the Cloud Server via external connectivity (e.g., Hich LCSN & Wireless HDSN
Wi-Fi, Long Range (LoRa) Wireless Area Network (LoRaWAN), or satellite comm:s). g

n The LCSNs record air quality parameters (Os, PM3.s, PMyo). LCSN

The LCSNs record meteorological parameters (air temperature, atmospheric pressure, air humidity, Hich LCSN
soil humidity, sand/soil temperature, wind direction, wind speed, and solar radiation). g

H The LCSNs record air quality parameters (CO,, CO, NOy). LCSN

The sensors or the receiving systems have a fault alert function (notifying promptly about Medium LCSN
equipment faults, missing data, unexpected outliers, and other predefined anomalies in the data).

The LCSNs additionally sample the total (bulk) dust amount (all fractions) over weekly intervals for LCSN
their chemistry analysis.

Sensing nodes would be monitored remotely, automatically, or manually via the Control Medium LCSN & Wireless HDSN
application.

n It must be easy and quick to relocate the sensing nodes. LCSN

10 | The system's design allows for seamless integration of 1 or 2 additional sensors in the future. Medium LCSN

11 | The system's design enables non-specialized personnel to replace individual sensors easily. Low LCSN
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Table 3. Consolidated LC & HDSN Non-Functional Requirements.

1,2,3,4 Sensing nodes must respect security and privacy requirements. LCSN

) Sensing nodes should comply with CE certification standards before reaching the High LCSN
market.
The system should be built with robust materials and components, able to withstand
diverse weather conditions (rain, high winds, extreme temperatures), ensuring long-
term outdoor functionality with particular emphasis on mitigating fire hazards (e.g.,
batteries resistant to extreme heat, up to 60 °C).

High

The new system's architecture considers the need for sustainability and the principle
of zero negative environmental impacts.

Training on the installation, use, and maintenance of the equipment, particularly the Hich LCSN
system in general. g

1,2,3,4 The system should achieve energy autonomy for at least two weeks. Medium LCSN

High LCSN
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2.1.3. Key Performance Indicators & Target Values

KPI_P1 03

KPI_P2_03

KPI_P3_01

KPI_P4_01

5 4 KPI_P4_02

Sensor compatibility

Sensor compatibility

Number of deployed
sensing nodes

Number of deployed
sensing nodes

Sensor compatibility

Table 4. Consolidated LC & HDSN KPlIs.

Number of sensing nodes
tested for connectivity and
good performance

Number of sensing nodes
tested for connectivity and
good performance

Number of monitoring
stations successfully
deployed.

Number of monitoring
stations successfully
deployed

Number of sensing nodes
tested for connectivity and
good performance

Number of
sensing
nodes

Number of
sensing
nodes

Number
sensing
nodes

Number
sensing
nodes

Number of
sensing
nodes

Number of nodes
fully functioning
continuously for at
least 30 days

Number of nodes
fully functioning
continuously for at
least 30 days
Proved
performance for at
least 30 days

LCSN&
HDSN

LCSN &
HDSN

Wireless

Wireless

Wireless

Wireless

Wireless

>4




3. Low-cost Sensing Nodes

The CiROCCO project is dedicated to advancing the development and deployment of LCSN tailored
for monitoring remote and hard-to-reach regions that are crucial global habitats. These areas play a
vital role in observational research, given their significance to the climate and human health due to
the impacts of pollutants emitted in vast quantities by non-anthropogenic, natural sources. The
project's focal point is investigating the characteristics and atmospheric pathways of aerosols
produced and transported during dust storms in desert locations. These storms traverse vast distances,
spanning countries and continents, carrying various pollutants and biomolecules. Despite existing
monitoring methods, such as satellite observations, which provide information about the atmospheric
loads, the characterisation of surface conditions in such areas is minimal, given the cost inefficiency of
installing in situ monitoring networks that could provide accurate data.

Recognising this gap, the CIROCCO project proposes an alternative solution. It involves deploying
sensing nodes across four pilot areas—Egypt, Cyprus, Serbia, and Spain. Each location will feature
multiple LCSNs encircling a primary high-end sensing node (Figure 1). These nodes will provide real-
time and accurate measurements, with a calibration mechanism enhancing measurement reliability,
thus enabling comprehensive monitoring and analysis of dust storms and pollutant dispersion.

N&?Acmmulaﬁe

—Uncalibrated
/) Data

p
<

Accumulate
= Reference
/ﬁ‘% point Data
. L Cloud
iy Server

Data
Harmonization

New Data
Coefficients

Figure 1: Data Harmonization process and node arrangement in hard-to-reach areas.

Considering the vision of the CiROCCO project and the formulation of the functional and non-
functional requirements, Table 5 below presents the as-built overview of the LCSN and how each
component has been employed to meet the requirements of the project and the requirements per
pilot.

Co-funded by
the European Union
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Table 5: How the system meets the functional/non-functional requirements

Functional/ Non-
Functional requirement

Include Stand-alone electronic

sensing nodes in the system

Sensing nodes would be able to
communicate with the Cloud
Server via external connectivity
(e.g., Wi-Fi, LoRaWAN, satellite
comms)

The LCSNs record air quality

Priority

High

How the system meets the

requirements

The standalone electronic sensing nodes within

the system have been designed developed, and

are currently undergoing testing.

The system has been designed and thoroughly

tested, employing communication modules,

including

e Wi-Fi (embedded in the ESP32)

e LoRaWAN (interfaced with the ESP32)

e Long Term Evolution (LTE) (interfaced with
the ESP32)

e Satellite Communications (interfaced with
the ESP32)

Utilising the Alphasense Ox-B431 and OPC-R2, it

is possible to measure oxidants (sum of ozone

parameters (O3, PM;s, PMyo)

The LCSNs record
meteorological parameters (air
temperature, atmospheric

pressure, air humidity, soil
humidity, sand/soil
temperature, wind direction,

wind speed, solar radiation)

The LCSNs record additional air

quality parameters (CO,, CO,
NOx)

The LCSNs record
meteorological parameters (air
temperature, atmospheric
pressure, air humidity, soil
humidity, sand/soil
temperature, wind direction,
wind speed, solar radiation)
Sensing nodes would be
controlled or monitored
remotely either automatically,

based on the Al outcomes, or

manually via the Control

application.

High

Medium

High

Medium

and NOz), PMi, PM,s, and PMyo.

The system has an integrated BME688 sensor

that measures air temperature,
atmospheric pressure, and gas resistance.
Additionally, for sand/soil temperature
monitoring, the HWAOQ042 sensor from Hardwario
is integrated, providing sand/soil water content
via a capacitive sensor and sand/soil
temperature readings. Moreover, an Ultrasonic
Anemometer and a solar radiation sensor from
Renke have been installed on the enclosure lid,
providing wind direction, wind speed, and solar
radiation measurements and interfacing with
the sensing node.

Utilising the Alphasense NO,-B43F sensor, the
sensing nodes can measure nitrogen dioxide
(which is then subtracted by the total oxidants
measurement to provide the Ozone (Os)
concentration).

humidity,

As the sensing node records the rest of the
meteorological parameters, precipitation is not
considered mandatory for the project. Solar
radiation and soil/dust humidity are critical for
examining dust molecules and particles.

Managing the LCSNs remotely is achievable by
integrating multiple communication modules
within the system.
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Functional/ Non- Priority How the system meets the
Functional requirement requirements
The achieved plug-and-play mode enables end-
. users to relocate the sensing nodes with ease. A
It must be easy and quick to .
. Medium battery powers the system, and the
relocate the sensing nodes. L . .
communication protocols are internationally
accepted.

The backbone of the system and the serial
protocols developed and interfaced, especially

The system's design allows for the Modbus protocol, allow for the integration

seamless integration of 1 or 2 Medium of more than two sensors via RS485 or up to two

additional sensors in the future. additional sensors directly connected to the
ESP32 module via General Purpose
Input/Output (GPIO).

with CE certification standards LCSNs comply with CE standards.

The new system's architecture

considers the need for

sustainability and the principle High

of zero negative environmental

impacts.

Training on the installation, use,

and maintenance of the

equipment, in particular, and

the system, in general

The design of the power management board
involves solar charging of the Lead-Acid battery
via a buck-boost converter, thereby achieving
the net zero emission target.

Each system will include a PDF document
comprising detailed step-by-step assembly and
installation guidance.

Based on the maximum power consumption
measurements of the system, assuming
measurements are taken every 30 minutes, the
system will achieve an energy autonomy of 10
days. If the system provides data every hour, a
two-week autonomy is attainable.

The system should achieve
energy autonomy for at least High
two weeks
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3.1. System Architecture

The theoretical framework guiding the system architecture design aligns with the CiIROCCO vision
of establishing an end-to-end sensing system. This system comprises a distributed network of cost-
effective sensing nodes coupled with state-of-the-art (SOTA) data fusion, remote sensing, and
assimilation modelling techniques. The theoretical part of the project encompasses the architecture
of the Microcontroller Unit (MCU), sensor peripheral components, sensors, communication methods,
power management, and energy harvesting system (Figure 2).

One significant aspect of the system architecture involves establishing the general structure and
methodology for the engineering team to achieve a comprehensive design efficiently. This design
should seamlessly allow adding or removing any mentioned components, thus adhering to a modular
structure. By following this approach, the system will be able to accommodate alterations tailored to
the specific environment of each use case.

Environmental
Sensor -
Wireless

~

Environmental
Sensor -
Wired

s

ESP32
Microcontroller
Unit (MCU)

< /0

Figure 2: CIROCCO System Architecture Theoretical Design

The MCU, the system's brain, was selected based on several key characteristics, including power
consumption, available firmware libraries, applications, architecture, and communication peripherals.
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After thorough consideration, the ESP32-WROOM-32UE architecture, equipped with an external Wi-
Fi and Bluetooth antenna, was the most suitable MCU for the CiIROCCO system. Regarding power
consumption, the ESP32 can operate at 0.33 W and consumes only 16.5 uW during sleep mode.
Considering the price of the ESP32 (~€3), time to market, and power consumption, this MCU presents
a significant advantage. Furthermore, the system can communicate and transfer data over longer
distances by externally controlling Wi-Fi and Bluetooth signal strength. Another crucial factor in
selecting the ESP32 MCU was the number of available GPIOs, ensuring the project's functional and
non-functional requirements were fulfilled. Additionally, through on-paper calculations, we confirmed
that we could meet KPIs while retaining the flexibility to add two more sensors to the module at any
given time, thus standardising our design around the ESP32.

Another aspect of the System Architecture concerns the communication methodology required for
the system. The system's communication mediums were decided after thoroughly understanding the
use cases in the four countries (Cyprus, Spain, Serbia, and Egypt), considering factors such as coverage
area, available cellular or Wi-Fi networks, and climate conditions in each region. As a result, the system
has been designed to incorporate external Cellular and LoRa communication modules while supporting
Wi-Fi and Bluetooth embedded in the ESP32 MCU. In addition to these modules, the system will
interface with the satellite communication module, ASTRONODE S+ from Astrocast, to support regions
without cellular or Wi-Fi coverage.

The consortium members have also provided a list of sensors for interfacing them in the LCSNs. The
sensors provide the required parameters such as PM (PMy, PM3s, PM1o), O3, NO,, temperature, relative
humidity, atmospheric pressure, gas resistance, wind speed, wind direction and solar radiation. The
engineering team reviewed the datasheets for each sensor involved in the project to form the
appropriate integration properties, such as serial protocol and peripheral components to support
power supply and communication methods. As the system already supports protocols such as Inter-
Integrated Circuit (I>C), Serial Peripheral Interface (SPI) and Universal Asynchronous Receiver-
Transmitter (UART) via the ESP32, most sensors are interfaced directly on the MCU. However, some
of the sensors require additional interface modules such as the UART to RS485 to integrate the wind
direction, wind speed and solar radiation sensors, and the Analog to Digital Converter (ADC) for the
analog sensors of O3 and NO..

The Power Management Module is divided into two parts. The first part is the power supply for the
System Intelligence board, which contains all the communication and sensor modules. Considering the
power consumption of each integrated module within the system, the design of the power
management module is initiated. Moreover, the second part is dedicated to the energy harvesting
system.

Finally, the energy harvesting system adheres to the project requirements mentioned in Table 2.1.2
(functional/non-functional requirements), which states that “the system should achieve an energy
autonomy of at least two weeks” and also “The architecture of the new system takes into account the
need for sustainability and the principle of zero negative environmental impacts”. Considering the
scope of each use case, all the LCSNs will be exposed to sunlight almost weekly. Hence, the ideal
scenario to support an autonomous system is integrating the power management module with a solar
panel that will charge a 12 V Lead Acid Battery in 3 hours per charging cycle.
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3.2. Environmental Sensors Selection & Specifications

As mentioned in section 3.1 of the system architecture, the sensors measure a wide range of
environmental parameters, including temperature, humidity, atmospheric pressure, wind speed, wind
direction, solar radiation, and atmospheric pollutants, such as PM metrics (PM1, PM2.5, and PMyo) and
Os.

3.2.1. Particulate matter sensor

Categorising each sensor in importance, the Alphasense OPC-R2% (Annex 3) could be described as
one of the two most crucial sensors in the CiIROCCO project. PM pollutants (PMio and its fine fraction
PMs) are the ones causing the most severe health outcomes from inhalation exposure, while they
also severely impact the climate and the ecosystems by modulating the global radiative budget, the
biogeochemical cycles of water nutrients and the microphysical properties of clouds. PM,s, due to
their smaller diameters that allow them to reach the deeper parts of the respiratory and circulatory
system, is the pollutant most closely related to premature mortality. However, coarser particles —
those with diameters more than 2.5um found in dust and are better represented by the PMjq fraction
— can also induce health effects, including allergic reactions and respiratory disorders. Moreover,
during severe dust storms, dust particles can also penetrate the PM, s range, found chiefly in diameters
of 1-2.5 um. Miniaturised PM sensors, while capable of detecting submicrometer particles, face
inherent limitations in monitoring coarse particles, which tend to be deposited on the internal surfaces
of the sensor before detection. The recently developed Alphasense OPC sensors are the only low-cost
solutions available in the market that can consistently and reliably measure coarse particles (larger
than 2.5 um and more significant than 1 um) during dust storms.

The OPC-R2 sensor was selected here. It can detect particles ranging from 0.30 to 12.4 um, with a
maximum particle count rate of 10,000 particles per second, based on laser light scattering by particles
in 16-size channels. Additionally, it features an embedded fan sampling mechanism drawing particles
at a flow rate of 0.24 Ipm, improving particle collection and reducing deposition losses. The particle
stream is guided to the laser beam in a direct path, avoiding abrupt turns, which can lead to larger
particles deviating from the air stream.

Following the manufacturer's guidelines, the OPC-R2 Sensor will be interfaced with the sensing
node via SPI serial protocol. The sensor initiates the sampling fan and retrieves a reading every 10
seconds. These readings are categorised into three sizes: PM3, PM3s, and PMyo. The retrieved readings
are then sent to the cloud and stored in a time-series database for further processing.

3.2.2. Ox-B431 and NO2-B43F

The next set of sensors in the CIROCCO project are the Ox-B431% and NO»-B43F* (Annex 1 & 2).
Starting with the Ox-B431, this sensor combines Ozone and Nitrogen Dioxide measurements in ppb

2 https://www.alphasense.com/-/media/project/oneweb/oneweb/alphasense/blog/pdfs/opc-
r2.pdf?la=en&revision=5f2915c4-cb4f-4a93-b0ca-
f21cd69fb53e&hash=B45A63F2AD0589F2BF5FESE4A78F70DF

3
https://ametekcdn.azureedge.net/mediafiles/project/oneweb/oneweb/alphasense/products/datasheets/alph
asense_ox-b431_datasheet_en_3.pdf?revision:776999ed-3bdf-4a62-b324-df9668f24d43

4
https://ametekcdn.azureedge.net/mediafiles/project/oneweb/oneweb/alphasense/products/datasheets/alph
asense_no2-b43f_datasheet_en_3.pdf?revision:d508b1b6-68fe-4a43-b758-8c4d8c17084a
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(Parts-per-Billion). After receiving the data, the separation of the two oxidising gases, Ozone and
Nitrogen Dioxide, will be processed within the firmware. The NO2-B43F is introduced to the sensor
network to enable such data processing, providing solely the Nitrogen Dioxide measurements. Hence,
by subtracting the NO,-B43F measurement from the Ox-B431, the Ozone value will be determined.

Using intelligent data analysis techniques and considering manufacturer suggestions regarding
sensor housing and cooling, the firmware and 3D housing were designed to operate sensors reliably.
For example, ensuring that sensors operate within the appropriate temperature range of 25°C to 31°C
requires the development of an algorithm in the firmware to take measurements only when the
sensors are within this range, achieving very low-temperature dependence, as shown in Figure 3,
hence higher accuracy. Moreover, to assist the sensors in adhering to the temperature range, a cooling
mechanism will be employed to control the internal temperature around the two sensors.

e Tu T X
RR=[a]
i
3 e 7
= 1 2k
B 00 I/
: w /A
§ m y
~
i T - H— - T T -
=30 =i =10 i 10 20 30 40 50
Temperature (°C)

Figure 3: Temperature dependence of gaseous pollutant sensors

Regarding housing, the sensors will be placed within an internal enclosure with open ends. A fanin
the lid will draw ambient air (particles and gases) into the enclosure. In contrast, the air stream will
exit via a larger opening at the base of the enclosure, ensuring sampling by the sensors placed inside
the enclosure without directly exposing them to adverse environmental conditions.

The sensors' connection to the System intelligence board will be implemented via a 12-bit, 4-
channel, delta-sigma ADC with Voltage reference. The ADC is connected via 12C serial protocol to the
ESP32. The ADC receives the measurements in mV; hence, the translation of the values will be
determined via the intelligent data analysis mechanism developed on the firmware before sending the
data to the time series database.

3.2.3. Gas Sensor BMEG688

The BOSCH BME688° (Annex 4) suits perfectly with the CIROCCO project as it adheres to critical
requirements such as compact design, low power consumption and reliable meteorological sensing.

5> https://www.bosch-sensortec.com/media/boschsensortec/downloads/product_flyer/bst-bme688-fl000.pdf
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The environmental parameters provided by the BME688 are Relative Humidity, Temperature,
Barometric pressure, and Gas sensing. The gas sensor detects Volatile Organic Compounds (VOCs),
Volatile Sulfur Compounds (VSCs) and other gases, such as CO and hydrogen, all in the Parts per billion
(ppb) range. The sensor measures temperatures ranging from -40°C to 85°C, humidity levels from 0-
100% and atmospheric pressure from 300 to 1100 hPa.

The BME688 supports two serial protocols for interfacing with the MCU. The most suitable for the
project is 12C, as it spares a GPIO pin from the MCU, which can then be utilised to interface with
another sensor or module.

3.2.4. Hardwario Soil Sensor HWA042

For use cases in which information about soil water content is needed, the Hardwario HWAQ042
(Annex 7) soil sensor has been chosen. It can measure soil humidity (0-100%) using capacitive sensing
technology and soil temperature using the TMP112 sensor.

The 1-Wire protocol is utilised to interface with the specific sensor. The firmware is developed so
that a wakeup signal initiates the sensor, which is then pinged to provide measurements.

3.2.5. Renke Solar Radiation Sensor and Ultrasonic Anemometer

The solar radiation sensor® (Annex 6) (pyranometer) measures solar energy across a 180° field of
view. In environmental monitoring systems, the relationship between solar radiation and atmospheric
pollutants is frequently correlative, especially in the case of species impacted by photochemistry like
O3 and NO,. Wind speed and direction are essential for pollutant emission, concentration levels and
transport. Renke sensors (pyranometer and ultrasonicanemometer (Annex 5)) were used in both cases
and support the RS485 serial protocol. The Modbus RTU has been incorporated into the firmware to
facilitate seamless interfacing of both sensors and enhance the systems’ versatility and integration
capabilities for future integration of other sensors supporting the Modbus protocol. As a serial
protocol, Modbus identifies each sensor via its ID and then uses the measurement provided by each
sensor.

5 https://www.renkeer.com/product/solar-radiation-sensor/




ci{i’a.\"’cco

3.3. Power Management & Energy Harvesting Module

The power management module is categorised into two sections: the power supply part of the
peripheral modules and that of the system intelligence module, and the second is dedicated to energy
harvesting and the battery charging system.

As mentioned earlier, the power consumption was determined by retrieving the electrical
information of each peripheral and sensor module. Hence, the end-to-end power management of the
complete system was calculated. Initially, the power supply part can provide 12 V and 5 V according
to the characteristics of each module.

Moreover, the energy harvesting part of the power management system (Figure 4) provides the
backbone of the power source of the complete system, aiming to charge a Lead acid battery that
supplies the rest of the system and achieves power autonomy, supporting the KPIs of the CiIROCCO
project. Table 6 presents the calculations to determine the independence and charging time needed
to charge the lead acid battery. Employing a 12 V 9 Ah battery, the autonomy time achieved without
a charging cycle is approximately ten days; however, at an almost entirely uncharged state, the battery
will require approximately 270 minutes of sunlight exposure to the solar panel of the system, using a
30 W Solar Panel.

Table 6: LC Power Management Calculations.

Battery Values

Voltage 12 \Y
Current per Hour 9 Ah
Energy 108 Wh

System Power Consumption per Day

Relying on Battery 10 Wh

Time on Battery without Charge 10 Days

Solar Panel Information

Maximum Power Output 30 W

Voltage 22.2 Vv

Charging information

Battery Voltage 12 Vv
Battery Capacity 9 Ah
Battery Energy Capacity 108 Wh
Efficiency 0.8

Total Energy Needed from Solar Panel 135 Wh
Solar Panel Power 30 W

Sunlight minutes are needed for a full charge ~270 Minutes
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Figure 4: The power management board.

3.4. System Intelligence Module

The system's central intelligence module integrates and interfaces all modules and components.
Section 3.1 highlighted the ESP32 as the optimal MCU for the project due to its embedded
communication modules (Wi-Fi and Bluetooth), 36 GPIO pins, and support for various serial protocols.
As a result, the project's design centres around the ESP32, with the system divided into subsections.

The first subsection, the ESP32 circuit, encompasses the DC converter from the power management
module to the ESP32 MCU's power circuit. Additionally, it features the UART port responsible for
firmware uploads to the ESP32 MCU, which serves as the system's main programmer.

Transitioning to the second subsection, we explore the Communications aspect of the system.
Initially, the LoRa module is developed based on instructions provided by Wurth Elektronik, featuring
an external antenna for communication with other nodes. An SMA connector is selected to
accommodate antennas with higher signal gain, extending communication range. Furthermore, the
system employs the LTE Internet of Things (loT) CLICK modem from Mikro-E, equipped with an
integrated SARA-R410M LTE Cat M1/NB1 multi-mode module. This module facilitates remote
management and communication, enabling data transmission to the Cloud server. Finally, the
ASTRONODE S+ satellite communication module is directly connected to the ESP32 via UART, providing
direct control over the module’s other features.

Moving to the third subsection, we address the integration of RS485 and ADC sensors. For RS485,
a UART to RS485 module is utilised to translate data received from solar radiation and ultrasonic
anemometer sensors. Modbus RTU methodology is followed for the RS485 part, especially in firmware
development, to simplify the integration of additional sensors supporting Modbus RTU mode. ADC
integrates Ox-B431 and NO,-B43F sensors, converting their signals from analogue to 12C serial
communication. This approach with an ADC converter enhances the system's modularity, allowing for
the substitution of sensors with alternative analogue sensors.

10
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The final subsection of the system intelligence board (Figure 5) covers additional peripheral
modules, such as SD Card integration for data storage in various scenarios, ensuring data availability
even in the absence of communication. Another aspect of this subsection involves cooling two analog
sensors, which require operation within the range of 25 to 32°C for accurate readings. To achieve this,
a thermostat controls the cooling system's operation, comprising a Peltier module, a heat sink, and a
fan to remove hot air from the heat sink.

Figure 5: The System intelligence Board installed in the enclosure

3.5. Wireless Data Transmission Module

As highlighted in the architecture section (3.1), the system Intelligence module’s 2™ section is
exclusively dedicated to communications and connectivity options. The system already embeds LoRa,
Bluetooth (BLE 4.2), and Wi-Fi modules, which will facilitate local and internal communication among
the swarm of LCSNs. The Wi-Fi module serves a dual purpose, offering connectivity and communication
with the Cloud server. Additionally, we will employ the Mikro-e LTE loT click module and the
ASTRONODE S+ for communication with the cloud server.

3.6. System Packaging

The 3D design of the sensing node prioritises simplicity and efficient dust circulation to ensure
accurate particle monitoring, mimicking the controlled environment of an environmental chamber.
Inside, there's a fixed enclosure housing four Printed Circuit Boards (PCBs) for power management,
the digital MCU, two individual sensor boards, and a 12 V 9 Ah Lead Acid Battery. To seal the enclosure
and prevent dust ingress, a custom-fitted internal lid safeguards electronic components. Externally,
the enclosure lid supports the Ultrasonic Anemometer and Solar radiation sensors, whilst a port at the
bottom allows the wired connection to the soil temperature and water content sensor. Finally, the
wall/pole mounting bracket (Figure 6), directly fitted onto the main enclosure, ensures robust
installation. The system weighs approximately 6 kg, with dimensions detailed in Table 7.
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Table 7: The dimensions of the Enclosure.

Internal Enclosure

Solar Panel 35 64.5 2.5

Figure 6: 3D design and the Sensing Node First installation in Greece in collaboration with NOA.

3.7. Human Machine Interface — Firmware Over The Air

The Human-to-Machine Interface (HMI) is pivotal for the remote management of each LCSN, given
that all pilot locations will be inaccessible for revisiting post-installation. Through the firmware
developed for the LCSNs, engineers can securely alter system parameters via the Firmware Over-The-
Air (FOTA) connection with the system. This feature facilitates parameter adjustments and significantly
impacts measurements, enabling remote calibration of sensors concerning the high-end system. This
remote calibration ensures accurate and reliable data collection, enhancing the overall effectiveness
of the sensing network.
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4. Wireless High-density Sensor Network

This section details communication technologies that can transfer sensors' data to the Cloud server.
It describes the trade-offs for each technology considering the requirements of the CiROCCO project.
Although various communication technologies have been developed for loT applications, including
Bluetooth, SigFox’, and Zigbee?, in this section, we only compared the technologies that meet our
specific requirements for coverage range, data rates, and power consumption and that can be
implemented with our LCSNs. These communication technologies allow us to find a solution for all the
scenarios considering CiROCCO pilots.

4.1. Communication technologies
4.1.1. 1 TE

LTE is a cellular communication standard originally developed for high-speed data transmission in
mobile phones; however, Narrow Band Internet of Things (NB-lIoT) is the evolution of the standard,
making LTE more suitable for 10T applications. NB-loT is optimised for low-power, long-range loT
applications. It operates on existing cellular networks and provides good coverage, making it suitable
for the sensor nodes and LoRa gateways in CiROCCO.

LTE technology allows us to connect the sensor node to the Internet directly. LTE is a low-cost and
reliable solution because there are no intermediate nodes for transferring the data to the data
platform. Therefore, we prioritise using LTE technology for locations with LTE coverage over other
communication solutions.

4.1.2. Wi-Fi

Wi-Fiis a widely used wireless networking technology that connects devices to the Internet. It offers
a high sample rate and low latency. However, its coverage is limited to less than 100m. If there is Wi-
FiWi-Fi coverage in the sensor node's location, it can optionally be used Wi-Fi instead of LTE to lower
data transfer costs.

4.1.3. LoRa/LoRaWAN

Long Range Wide Area Network (LoRaWAN) is a low-power technology that connects devices over
long distances. It utilises a spread spectrum modulation technique called Chirp Spread Spectrum (CSS)
to achieve long-range communication while consuming low power. The data rates in LoRaWAN are
defined by spreading factors (SF), which determine the duration of each transmitted symbol and the
resulting data rate. Higher SFs provide a more extended range but lower data rates. Typical data rates
in LoRaWAN range from around 0.3 kbps to 50 kbps.

Since the LoRa protocol is defined for unlicensed Industrial, Scientific, and Medical (ISM) bands,
such as 868 MHz (Europe), no landing rights are needed to deploy it in different European countries.
LoRaWAN is also suitable for battery-operated loT devices due to its low power consumption. Typically,
LoRaWAN end devices consume meagre power during sleep mode (microamps to low milliamps) and
higher power during transmission and reception (tens to hundreds of milliamps). However, the

7 https://www.sigfox.com/
8 https://www.ti.com/technologies/wired-wireless-connectivity/zigbee/overview.html
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transmission and reception periods are relatively short compared to the sleep periods, resulting in low
average power consumption.

LoRaWAN's long-range capabilities allow communication over several kilometres in remote areas
and up to a few hundred meters in urban environments. The communication range depends on
antenna configuration, interference, and terrain.

On the other hand, LoRa network deployment requires gateway devices connected to the Internet
or relaying data from different devices. The gateway device is typically connected to the Internet
through LTE, Wi-Fi, or Ethernet. Therefore, even though the LoRa technology allows us to extend our
coverage to areas without LTE coverage, we still need one device connected to the Internet to transfer
the data of the devices connected through the LoRaWAN protocol.

4.1.4. Astrocast technology

Astrocast Technology uses satellites to collect data from loT devices. This offers global coverage in
the most remote places with no LTE coverage. Astrocast has deployed a constellation of Low Earth
Orbit (LEO) satellites. LEO satellites need to rotate around the Earth to maintain their orbit. As a
satellite orbits the Earth, it scans the surface, and when a ground terminal detects the satellite signal,
it wakes up and transmits its data to the satellite. Once the satellite collects the information from
various loT devices, it transmits it back to Earth when it passes over a ground station. Compared to
conventional satellite communication systems, using LEO satellites helps reduce the data service cost
as smaller satellites can be used with this system. However, the cost of using satellite technology is
still much higher compared to terrestrial networks.

Furthermore, as the satellites are not continuously present above the sensor networks, there is a
time delay from when the data is generated at the node to when the data platform receives it. In
addition, the amount of data that can be transferred daily is limited, as each satellite remains above
the terminal’s field of view for a short period. To reduce the system latency and increase the data
capacity, Astrocast continuously adds new satellites to its constellation.

In the context of CiROCCO, the Astrocast system's data capacity could limit its application to
sampling rates higher than one sample/hour. Also, as of March 2024, the network's average latency
was about 6 hours. The high latency could be acceptable for monitoring applications where no
immediate action is required based on the collected data.

Compared to legacy satellite systems, Astrocast technology requires much less power to transmit
the message to the satellite due to its proprietary protocol and architecture. The devices use less than
100 mA during transmission and reception while in the satellite’s field of view and less than a few
microamps in sleep mode.

4.1.5. Comparing different communication technologies

Figure 8 compares different communication technologies.

Table 8. Comparison of different communication technologies.

LTE and Wi-Fi Low cost Limited to the areas with LTE or Wi-Fi coverage
Relatively low power
Low latency
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High data capacity

Low power Requires at least one node to be connected to

Relatively low cost the Internet using other technologies
Low latency

Satellite loT Global coverage High data cost
Relatively low power High latency
Limited data capacity
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4.2. LoRa device range calculations

To define the possible locations of the sensor nodes and the gateways when LoRa technology is
used, we need to estimate the LoRa module's coverage range. Figure 7 shows the model used to
estimate the coverage range.
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s

Figure 7: The model for estimating the coverage range in the presence of reflections

According to the Friis equation® for transmission in free space, the signal path loss increases
proportionally to d2. For our application, the sensor nodes are close to the ground, and the signal
reflections from the ground and other objects could significantly reduce the operation range. The two-
ray ground reflection model is applied for a more practical coverage estimation. Based on that theory,
the path loss increases proportional to d* and can be reduced by increasing the height of the
transmitter and the receiver antenna. The Wurth Electronic free online tool was used to obtain a more
accurate estimation of the coverage area.

Considering these results, as described in pilot implementations, we will try to fix the LCSNs as much
as possible and put the gateways on top of high communication towers to increase the coverage area
of the LoRa networks.

4.3. Data Flow Architecture

As shown in Figure 8, the LCSN first saves the message on the internal SD card. Then, the system
checks for the available network connectivity, and there are two possible data flows. If Internet
coverage is available, the data is sent directly to a Message Queuing Telemetry Transport (MQTT)
broker, which publishes it to the CiIROCCO Core Platform. Otherwise, the data is sent via Astrocast
Satellite to their respective cloud storage. Finally, a service (Representational State Transfer (REST)
Application Programming Interface (APIl)) retrieves the data from the Astrocast Cloud and posts it to
the CiROCCO Core Platform.

% https://www.pasternack.com/t-calculator-
friis.aspx#:~:text=Friis%20Equation%20is%20used%20to,are%20typically%20comprised%200f%20many.
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Figure 8: Data Flowchart.

4.4,

The chosen data format for the communication is JSON (JavaScript Object Notation), a lightweight
and human-readable format. Many modern APls and services use JSON as the primary data format to
integrate sensor data with other services straightforwardly. Additionally, JSON is a very flexible,
efficient format for sensor data.

A good practice is to have a predefined structure to ensure that the data is being transmitted or
stored. This is the JSON Schema. JSON Schemes are commonly used for data validation, API contracts,
documentation, etc. Figure 9 shows the JSON Schema that serves as a contract for validating the
structure and content of the sensor system payload.

"$schema":
"type": "object",
"properties”: {
"bme680temp": {
"type": "number",

"description": "Temperature measured by BME680 sensor (in Celsius)"

}s
"bme680hum": {

"type": "number",
"description"”: "Humidity measured by BME680 sensor (in percentage)"

},


http://json-schema.org/draft-04/schema

cir@ cco

per

per

per

}s

"bme680press": {
"type": "number",
"description”: "Pressure measured by BME680@ sensor (in hectopascals)"
¥
"bme680gas": {
"type": "number",
"description": "Gas resistance measured by BME68@ sensor"
}s
"03 No2": {
"type": "number",
"description”: "Concentration of 03 and NO2 gases (in parts per

"description”: "Concentration of NO2 gas (in parts per billion)"
}s
"Wind speed m/s": {
"type": "number",
"description”: "Wind speed (in meters per second)"
}s
"Wind_Direction Deg": {
"type": "number",
"description”: "Wind direction (in degrees)"
¥
"Solar Radiation W/m”2": {
"type": "number",
"description”: "Solar radiation intensity (in watts per square meter)"

"number",
"description”: "Particulate Matter (PM1) concentration (in micrograms
cubic meter)"

"number",
"description”: "Particulate Matter (PM2.5) concentration (in micrograms
cubic meter)"

"number",

"description”: "Particulate Matter (PM1@) concentration (in micrograms
cubic meter)"
}s
"time": {

"type": "integer",

"description": "Timestamp of the data point (in Unix time)"
}s
"address": {

"type": "string",

"description": "Address of sensor"

}

"required": [

"bme680temp",
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"bme680hum" ,
"bme680press”,
"bme680gas"”,
"03_No2",

"No2",

"Wind_ speed m/s",
"Wind_Direction Deg",
"Solar_Radiation W/m~2",
"PM1",

"PM2_5",

"PM10",

"Time",

"address"

Figure 9: Sample JSON format.

4.5.

When working with 10T devices, the typical communication method is a sensor sending information
to a broker for further processing, storage, or dissemination to other services. For the project’s needs,
two communication protocols have been chosen. One standard protocol used for this is MQTT, and
the other standard protocol is the REST API

Both protocols have been selected based on how they can connect to the Streamhandler platform.
The Streamhandler platform is a high-performance distributed streaming platform for handling real-
time data based on Apache Kafka®®. The connection in the MQTT case can be achieved with the help
of the Kafka Connect component. The Kafka connect includes a series of ready-to-use, off-the-shelf
Kafka connectors for moving data between the Kafka broker and other applications. For the REST API
case, the data can be delivered to the Streamhandler platform with the help of the Kafka REST proxy
component. It provides a RESTful interface to the cluster.

10 https://kafka.apache.org/
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5. Conclusions

Deliverable D3.1 represents a major milestone in the CiROCCO project journey, marking significant
progress in developing our innovative sensing nodes and establishing a robust HDSN architecture. Our
main objective was to create LCSNs using readily available components. These nodes serve as the eyes
and ears of our system, gathering data from the environment around them.

But it's not just about building the nodes. We have also integrated them into a more extensive
network. This network allows the nodes to communicate with each other and other devices, forming
a seamless web of data exchange. This connectivity is crucial for real-time monitoring and decision-
making in complex environments.

One of the key challenges we faced was ensuring compatibility and interoperability within the
network. We wanted our nodes to be able to work with different types of sensors and communicate
using standard protocols. This required careful design and engineering, but we are confident we
achieved this goal. Our nodes can now easily exchange data with each other and with other devices,
regardless of their make or model.

In addition to local communication, we also looked into long-range transmission options. This
includes integrating our network with edge devices for local data storage and processing and satellite
networks for global connectivity. This multi-tiered approach ensures that data can be collected,
processed, and transmitted efficiently, even in remote or hard-to-reach locations.

Looking ahead, our focus will be on further optimising and refining our sensing nodes and network
architecture. This will involve testing and validation in real-world environments and ongoing
stakeholder collaboration to gather feedback and address issues.

Ultimately, Deliverable D3.1 sets the stage for the next phase of the CiIROCCO project, paving the
way for developing innovative solutions that will improve data acquisition and transmission in a wide
range of applications. We're getting closer to creating a brighter, more connected world with each step
forward.
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Annexes

Annex 1 - ALPHASENSE Ox-B431

cIphasense

Technical Specfications Yersion 11

OX-B431/0X-B431+ Oxidising Gas Sensor — Ozone + Nitrogen Dioxide

The OX-B431 sensor is a PPB sensor that is designed for enviranmental air quality applications with besi-in-closs boseline
stability. This praduct is available in our standard format (0X-B431) and with our patented Integrated Smart Technaology
(O¥-B431+) that has an I1ST board with o memary chip and termperature sensor integrated in the sensor. The + sensors store
specific calibration, specification, and identification data on every sensor allewing plug and play eperation. The an-beard
termperature sensor improves the accuracy and simplicity of temperature compensation algorithms.

OX-B431 Oxidising Gas Sensor — Ozone + Nitrogen Dioxide — 4-Electrode
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D3.1 LOW-COST SENSING NODES & HIGH-DENSITY SENSOR NETWORK - INITIAL

lphasense
Technicol Spedfications Yersion 11 p AMETEK"
Sensor Data - O,
Specification O, Sensing
Performance Sansitivity nf/ppm at lppm O, =225 fo -7ED
Rasponsa time 34 (5] from zerc fo 1ppm O, < BO
Zoro current nidl in zero oirat 20°C =A0 to +80
Moisa +2 standord derviations {ppb eguivalant] ]
Range ppm O, Emit of performonce worronty 0
Linearity ppm arror at full scole, linear ot zero and 20ppm O, <z 05
Ovargas Emi maximium ppm for stable response fo gos pulse EQ
“Tested with Alphasense I58 low nolse circult
Lifetinse Zoro drift ppb equivolent chonges'yeor in lob air 0o 20
Sensitivity drift % chongeSyearin lab oir, monthly test < =20 fp 40
Oparating life maniths until 50% originol signal (24=month worronted] = 24
Envirenmental Sensitivity @ -20°C % (outpat @ - 20" output () 20°C) @ 2ppm O 70 1o 90
Sansitivity & 40°C % (outpat @ 40°Cloutput § 20°C) @@ 2ppm O, 95 to 125
Zora @ =20MC nA 0O to 28
Zero (@ 40°C A 580 10D
Cross Sensitivity HS5 sansitivity % maasured gas § Sppm HS < =80
] sansitivity % measured gas § Sppm o] £
Cl sansitivity % maasured gas § Sppm a, < W00
50, sansitivity % maasured gas § Sppm 50, o =3
Co sansitivity % measured gas § Sppm s ] =3
CH, sansitivity % measured gas § WOppm CH, < o1
HH, sansitiviby % measured gos § 20ppm MH, <o
H, sansitivity % maasured gas § WOppm H, < o1
oo, sansitivity % maasured gos § 5% wvoluma oo, <o
Haolothone sensitiviby % measured gas § WOppm Holothana < o1
l., 5?"‘““"""‘ Temparoture range e =30 fo 40
Pressure range kPa B0 bo 120
Husmadity ranga % rh confirmious 5 to A5
Storoga period months @ 3 to 20°C {stored in seded pof) B
Lood rasistar 1 [AFE circuit ks recommended) 3340100
‘Waight g <13

Te 4 (D376 S56700  E: sensoriciphaienseRoraiel com W wew. olphodends. aom

For furhar inlormafion. on fhe parformancs of Bis senacr, on other senscn in tha rongs or oy

sthar wibject, plecss canfoc Alphassme Lid or v cor webafs of “sews dlphom ras.com®
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D3.1 LOW-COST SENSING NODES & HIGH-DENSITY SENSOR NETWORK - INITIAL

lphasense

Technicol Spedfications Yersion 11

Sensor Data - HII‘.'.‘.’I2

Tha OX-B431 datects bath azone and nitrogen dicxdde (O, « NO) The NG2-B43F measures only nitrogen dioxide, filtering cut ozona. Using
thase sansors fogathar allows you fo calculate the O, concentration by subfracting the corracted MO 2-B43F concentrotion from the
correcied OX-B431 concentrafion.

Bafore subtrocting to determine azone concentrafion, enswre thot the signols from the two senisors hove been corrected for electrondc zero
offset, sensor zere offsef and temparature dependence, and sensitivity (nAs/ppm) colibrotion and femperature dependenca.

Specification NO, Sensing

Performanee Sensitivity to NG, ni/ppm at Zppm NG, =280 to =TS0
Rasponsa fime £30 (s) from zero fo 2ppm HO, < Bl
Zgrg current n in zaro airat 20°C =80 to +80
Hoise” £2 stondaord deviations (ppb equivalant] L]
Range ppm NO, limit of parformance warmanty 0
Linaserity ppm arror ot full scale, limeor of zero and 20ppm B0, <:08
Ovargas lmit maximum ppm for shoble response fo gos pulse 50
“Tested with Alphasense IS8 low nolse circwit

Lifetinme Zoro drift ppb equivalent change./yeor in lob air Dio 20
Sonsitivity drift % chongayaar in lab oir, manthdy test < =30 o =40
‘Oparating life maniths until 50% criginal sigreal (24-month worronted] = 24

Enviranmental Sengitivity & -20°C % (putpat @ -20°Coutput i 20°C) @ 2ppm NO, 70 1o 890
Sensitivity G 40°C % (outpat @ S0°Cloutput @ 207C) @ 2ppm NO, S5 to TH
Zoro i =20°C nA Do 28
Zoro @ 40°C A &80 B0

Cross Sensitivity HE sonsitivity % maasured gas § Sppm HS « =40
HO sansiivity % measured gas § Sppm NO <5
€1, sonsitivity % maasured gas § Sppm a, < ¥d
S0, sansiivity % maasured gas § Sppm 50, <=3
oo sonsitivity & measured gas § Sppm o L |
CH, sansiivity % measured gas & WOppm CH, <01
MH, sonsitivity % measured gas § 20ppm MNH, <01
H, sansiivity % maasured gas & WOppm H, <01
oo, sonsitivity % maasured gos § 5% valuma o, <01
Halothana  sensitiviby % measured gas & WOppm Haolotharm <01

I'..I, !PQM Temparoture ranga b =30tz 40
Prassura range kPa B0 o 120
Humidity range % rh confiruous 1t 85
Waight g

Toodd (D76 56700 E: sansarislphasansaDamabel com W www.alahiisras corm  For furhaer informaion on tha parformancs of fhin sanaor, on other 1n s in he rangs or ony

ottwr ubject, pleces confoc! Aiphaossme Lid or visli cur wetafe of "“wweolphomnes.com”
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D3.1 LOW-COST SENSING NODES & HIGH-DENSITY SENSOR NETWORK - INITIAL

lphasense

Techrical Spedfications Wersion 11 AMETEK"
IST Board Data
interface Communicotion Bus Compatibla with tha 400 l:l-lzl'tpmnlm:nl
Max. Bus Speed Up o 1 MHz
Input Logic Lavels High (Rocessiva) < 2.3V | Low (Dominont) < 0.2V
Absolute Mox Input Signal 36V
Electrical Supply Voltoge Ronge LTV to lEY
Supply curnant = Stond =By < B pf
Supply current = Operafing < D15 mdd (bemperature reading ondy]
< 215 mA (lemparoture reading + mamaory reoding fwriting)
Power Suppdy Conditioning Buslt=in 100 nF decoupsing copacitor
ESD Protaction 4 k¥ (human bedy model) = Enhanced ESD # Latch-Up protection
Bus Pins Input Capocitance 15 pF miax.
Perd o —_— =40 *C to +88 *C
Temparoture Sensor Accunacy enE R ]
Mamary Data Refertion * 200 yuars
Marmary Writa Cyelas e
Data & Commiuniedion Mamory IC & 2C Addross M2AZBN-FCU | Device Address: R - 0wf0 £ W - DmAl
Temperatura IC & 12C Address MAXNAFEROTZS+T | Dawice Address: B - OxSd £ W = QxS
Product Data Start Addnass L0900
Calibrotion Data Start Addness DxO800
Usar Dota Area w0000 - Ox18FF {3,072 Bytas)
CRC Palymomial D 01 DaC1 1087
Digitol Signofune Akgorithm EHA-ZES
Factary-populated data 15,000+ locations
Product Data ECalibration Sensar Specification Customer Specific
Data Format Yersion Calibrotion Data Units Orvar-gas imit Custom Paromaters
Custamar (DEM) 1D Zera (clean dry air) Output Caoncantration Range Re-Caolibration Dus Daote
Product ID Calibrotion Span Tamperatura Ronge Low Opsarotional Limits:
Type of Sensar / Targat Gos Calibration Cutpu Tamperatura Ronge High Lo | High | STEL | TWwia
Sensor Sarial Numbar Eansitiiity Hurnidity Ronge Low Maxt Burmnp Tast Duwa Date
End of Storoge Period Date Calibrotion Data Humidity Fange High Usar Data Area
Sensor Roplocament Dot Calibrotion Data Chackswm Pressure Rangs Low
Product Data Checksum Calibrotion Data Signature Pressure Range High
Alphasensa Digital Signafura Epacification Checksum
Custamaer Digital Sgnoture
ROTE: Al peracn ore i of am with 47 chm lkcod rmaiticr, unlem. oied. Aa of s iSw cur conerol, S inlormoticn proviced o given
whiout gl L= undar thair own corditiom, = sners thal $he wenscn ors nulichis for ther own reguirsmanie
A the nd of the praduct’s ifs, do nat disposs of oy nenmor, or inth weante, but contact th or th distributor for dispasal
irmirucSone. NOTE: ol seracm one Seded b unlanm citerwes tioled Az of i conirad, pr i gevan witho tlegal
repponsbiity Curicmen thoulkd e under fheir own condSione, o sneure thet fhe ensom are wwiabls for sheir own reqguiemenic.
Iri thas inbwraet of connued proSUC! IMErovsTHRT, =S ey T right i chorge: dedign fsonune ond withouf prics The doio confained in thi i for by
Alphossme Lid ooospta no kobdey for any coresgusntiol las, injury o domags resoiing rom He v of Hic or the arcined within AL LTO] Dioc. Rel 26-S411/ T34

Teadd (OOTE SSE700  E: sensoriaphasenseiBomehk cam W waw olghoserss conr

For turther informcsion on e performoncs of Fie seracr, on ot s o in fhas rongs o ary
oitwr wubjact, plecss conford Alphassme Lid orvie cur wetais of “wwsolphomsres.com”
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Annex 2 - ALPHASENSE NO,-B43F

cIphasense

wchrnicol Specificotions Version 11 AMETEK

NO2-B43F/NO2-B43F+ Nitrogen Dioxide Sensor

The HO2-B43F sensor is o PPB sensor thot is designed for environmenial air quolity opplicafions with best-in=closs bazeline

stability. This product is ovoilable inour sfondard formaof (WO2-B4 3F ) and with our patented Integrated Smart Technology
{NCO2-B43F+) that has an 15T board with a memary chip and temperature sensor integrated in the sensor. The + sensors store specific
calibration, specification, and idenfification data on every sensor ollowing plug ond play operofion. The on-board termperature
sensor improves the accuracy and simplicity of temperature compensation algorithms.

NO2-B43F Nitrogen Dioxide Sensor — 4-Electrode
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Technicol Specificotions Yersion 11

D3.1 LOW-COST SENSING NODES & HIGH-DENSITY SENSOR NETWORK - INITIAL

cIphasense

Sensor Data

Performance

Key Specifications

LLinaarity
Owvargos limit

n&/ppm ot Zppm HO,
150 (5] from zaro fo Zppm Nﬂ:
nd& in zero airot 20°%

+2 standard deviations (ppb equivalant)

ppm WOy, lmit of parformonce warrandy

ppb arror at full scale, Enear of zero and 20ppm
RO maximum ppm for stobls response o gos pulse

“Tested with Alphasense 1SB low nalse clrewlt

Zaro drift
Sonsitvity drift
Oparoting lifa

Sonsitivity 0 -20°C

Sansithity (@ 40°C % (output (0 S0°C/autput @ 20°C) @ 2ppm NO,
Zoro @@ -20°C nA

Zoro @ 40°C nA

(=% filbar copacity (ppm hrs) @@ 0.5ppm o,

L] sensifiwty % maasurad gas @ Sppm HE&

HO senslivity %= maasured gas @ Sppm NO

=R senslivity %= maasured gas @ Sppm c1,

50, senslivity %= maasured gas @ Sppm B0,

o sensifiwty % maasurad gas [ Sppm il

H, sensifiwty % maasurad gas § 100ppm H,

CH, senslivity % maasurad gas @ 100ppm CH,

HH, senslivity % maasured gas i 30ppm HH,

oo, senslivity % maasured gas @ 5% voluma oy
Halofhama sensifivity % maasurad gas { 100ppm Halothana
Temperatura ranga b

Pressura range kPa

Huwmidity rangs % i continuscus

Storoge paricd raritha (5 3 fo 20°C (stoned in sealed pof)

Lood resistar @ [1SB circuit is recommandad)

Waight ]

ppb aquivalent changayear in ok air
% changesyear in lab air, manthiy test

=200 to <550
= BO
=B0 fo + B0
15

=105

Ot 20
=20 fe -40

rmanths until 50% eriginal sigral (24-month warranted) =24

% output (0 <20°C/output @ 20°C) @ Zppm 4O,

&0 to B0
95 o TS
OtoZs

=10ta 50

= OO

o 5
= 100
=3
=3
= 00
=0
=0
=0

=30 o 40
50tz 120
15 8o 85

33 to 10D
=13
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echncol Specificofions Version 1.1

clphasense

Figure 1 Sensitivity Temperature Dependence
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D3.1 LOW-COST SENSING NODES & HIGH-DENSITY SENSOR NETWORK —

INITIAL

ctIphasense

In thea interes of conis it right
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Fechnicol Specifications Yersion 1 AMETEK"
IST Board Data
Interface Commaunscation Bus Compatible with the 400 kHz 'C protocal
Mox Bus Speed Up B 1 MHz
Input Logic Lawals High (Recessive) « 23V | Low [Doménond) < 0.2V
Absolute Mo Input Signal sV
Electrical Supply Vofioge Range AR
Eupply curmant = Stand-By o B pd
Supply currant - Oparoting < 0.5 ma (femparatura reading only)
< 215 md (temperohera reading + memary recding/wriling)
Power Supply Conditicning Built-Im ¥30 nF decowpling capacitar
ESD Protection 4 W (humion bedy modal) - Enhanced ESD / Latch-=Up pratection
Bus Pins inpuf Copacitance 15 pF max
Parfarman«e Oparotienal Temparature =40 °C to «85 °C
Tesmparatura Sensor Accuracy EhElRE )
Muornary Data Ratortion = 200 years
Mamaory Write Cycles » 4,000,000
Data & Communicalion Masnory IC & 20 Address MZNZBE-FCU | Dovice Address: B - Oxdd 7 W = OxAl
Temparatura IC & 2C Address MAXIBFSRITZST | Dewice Addrass: B - 0290 / W - D=l
Product Dafo Start Address L0500
Calibrafion Data Start Addrass L0800
Usar Data Area Cw0D00 = QuIBFF {3,072 Bytos)
CRC Pokynoméal O 00 D1 1DEF
Degital Sigrofura Algorithen EHA-Z5E
Faclory-populated data 15,000+ locations
Product Data Calibraficn Sensor Specification Customer Specific
Duatas Farmiat Varsion Calibration Daoto Units Ovor-gas kmit Custam Poramators
Custornar (DEM] 1D Zaro (clean dry air) Swutput Concentration Ranga Ra-Calibration Dua Dote
Product I Calibration Span Tempaeroture Ronge Low Oiparational Liméts:
Typa of Sensor/ Targat Gas Calibration Output Tamparoture Ronge High Low | High | STEL | Tws
Sanzar Sarial Bumbar Sansitivity Humidiy Ronga Low Neaf Bump Test Due Dot
Erd of Storage Perkod Dote Calibraticn Date Humidiy Ranga High Usar Data Area
Sansor Raplocemant Date Callbration Data Checksum Prassura Rangs Low
Product Daba Checksum Calibration Dato Signature Prassure Range High
Alphosensa Digital Sigrature Specification Chacksum
Custamar Digital Signature
A the and of the produc e, do ol dspom of oy secironic s, ar in e ok fic waorts, Euf confact the ineiramant ol for dispomal
indrucione. ROTE: ol ssracr ore feaied of omb ani whommd. dic o f s cznirsd, the informafion provided (s given sithaout legal

oot priar
o fha

dat in thic document in for anby.
i Fhin (ILALF OT) Dec. KO3 -Bi L TLERA

T +44 (007 556700 E l

o W wvweol phdsandasom

o fhin nenar, an othar mnme in e r-v-u-uq

e nusfecl, phn&::-udm_-mrb-u._ﬂm
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Annex 3 - ALPHASENSE OPC-R2

clphasense

. AMETEK'
OPC-R2 Particle Monitor
6.0 Il
T Ramovabla
m' T — 3x 12.Tmm Exhaus] Aperiung i 2 off M3 Mourling Irsans — axhoust extension
i
W
|y
o
oy -
i | ¢ T
t =250= - p
- - .
— Exhawst Extension Mounting Holes Only *-EI
i
iy
Raports PAM, PR, PM,, (PM, . os on option), plus histagrams
5P comnection for communication and firmsone upgrodes
5P interfoce not included, order code 000-05F-00)
PL software supplied
Famowable fan axit adoptar
Small size and low power consumption
Configurable fo specific opplications
Pins auts and comms protocol shared with CPC-En
Improved datection of sub 0.8um particls
Improsved EME profection
Megsurement Parficle ranga* pm spherical equivalent size (based on Rl of 1.E) 030 1o 124
Size cofegorisafion Mumber of soffwore bins ]
Sampling interval Histogram period (seconds) 2ta 30
Tatal flow rafe Lmin (hypécal) 024
Max porticle count rote Portcle s second 10,000
Max coincidence probakbil ity Looncantration af W* partickess/L oz
“Besiied or 5L dulechion elficancy of 0 350
Power Meosurament mode mé [hypical) 1na
Standyby mode s [hypical) =g
‘Voltoge ronge ¥DeC 4810632
Switch-on transient i for ims = 5000
Key spacifications Digital interface (Mo data storage) 5P Moda 1
Lozer classification &z anclosed housing Class
Temperature range = <10 to 40
Humidity ranga % rh [cortiruos) 0 to 95 [non-condansing)
‘Warranty Months 12
‘Waight g <20
T add 3 W For furthar inlormotion on fha pericrmancs of thic ssmorn, on ot snecnin B rongs or ony o

s bjecs, plaons comioct Alphasns Lid or vt our wsbuits of *sweolphassnascom’”
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lphasense

Techinical spedfications ¥ersion 10 AMETEK"

Figure 1 Particle size distribution for 0.75 and 3 um P5SL spheres using the OPC-R2 and the Alphosense software

Ea-
(=]

I e

Figure 1 shows the OPC-R2 particle size distribution
for the test carosol.
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T ———
T
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Figure 2 Comparisen of PM2.5 menitoring with TS1 OPS 3330 and DustTrak instruments

PFMLE sl

I Figura 2 shows o comparison of PM2.5 monioring
I by on OPCR serias sensor and TSI OPS 2330 and
I DiustTrak instruments. &ll are sef ot & averaging
1

— Tl O 3330

= ORI 1AL

= QAL 1ML

and are sampling the amblant oir of o work shop,
the raw 3330 doto hos been used fo coloulate o
P figure.

ORC-R2 parformanca ot small particle sizes is
improved over the OPC-R1. PMI S and PAI0
parformance are wary simiar.

— Damtrsh G §533

Figure 3 Comparisen of PM10 menitoring with TSI OPS 3330 and DusiTrak instrurments

AL ugf md
m
- e D D20 531
L T e e Figure 3 shows a compariscn of PAM10 monécring by
L4+ meRs A on OPCR saries sansor and TS OPS 3330 ond
30 — OPC-E TSI DousfTrak inssr nifs.
L }
All are sat af &s averoging and are sampling tha
L]
I 1 amibéant airof o workshop, the raw 3330 dota has
P
- N R baen used to coloulote o PM Sigure.
04
[
F ! 500 5T/ AR f AT AT
Al tha snd of fha product’s life, o not daposs of oy nth wanhe, bt confact th or t disfribulor For dispasal
NOTL: #a of Lne ore cuhide mrmm-mmuwmmwlmﬂn Cuntomen thould et under i osn condidions, io snaurs fhat e uné
mufichis for ther own requirements.
I fha inberees prodiuct = ey the right o chongs dedgn fecfurm ond withou® prics The dois thi i for iy
Alphassras L acrapts no kokiny for om ioamm, injury or g remling from Hhe ums of this arh AL L) Doc. el OPC-H3/5E9TT
T: i (DTG S5E00  E: shnsoraibolshomene com W e olpbe o, £m Tar furthar informarion on ihe perisrmance o his semor, oo sther sanssn in i renge or ary sthar

msbjecs, pleone conioct Alphoenes Lid. or vl cur sehidie of “swwolphcssras.com®™

33



cirl/a.\"cco

Annex 4 - BME688 — Gas Sensor

Bosch Sensortec @ BOSCH

BMEGS8S
4-in-1 environmental sensor unit with Al

GENERAL DESCRIPTION TECHNICAL SPECIFICATIONS

o e e st et Al ilgnce (4
and integrated high-linearity and high-accuracy pressure, 8-Pin LGA with metal

humidity and temperature senzors. BMEGSS is housed in a Package dimensions 20 % 3.0% 083 mm?

robust yet compact 3.0 x 3.0 x 0.9 mm? package and iz

especially developed for mobile and connected applications, Operating range Tmrma L L

Humidity 0...100%

where size and low power consumption are crucial
Temperature: -40___85°C

requirements. The gas sensor detects Volatile Organic

Compounds (VOCs), Volatile Sulfur Compeounds (W5Cs) and Supply voltage Voo 1.2 .36V

other gases such az carbon monoxide and hydrogen in the part Supply voltage Yoo  1.71.. 3.6V

per billion (ppb) range. FC (up to 3.4 MHz) and SPI1(3 and 4
: wire, up to 10 MHz)

Additionally to all features of the EMEGS0, the EMEG8S has a 21 pAatl Hzfor KT

gas scanner function. In standard configuration, the presence of 31 pAat1 He for T

V5Cs is detected as indicator for e g. bacteria growth. The gas

scanner can be customized with respect to sensitivity, selectivity, 3.7 uAat1 He for hip/T

90 pA at ULP mode for phyT/air quality

data rate and power consumption as well. The BME Al-Studic fverage typical . )
tool enables customers to train the BMEGSE gas scanner on current consumption 0.8 mA at LP mode for p/h/T/air quality
their specific application, like in home appliances, loT products. 3.9 mAin standard gas scan mode
or Smart Home. (gas scan mode & scan rate can be
optimized on applications with EME Al
studic)
USE CASE EXAMPLES Frr zmmEm
* Indocr and cutdoor air quality measurement Sensor-to-sensor +- 15% +/- 15 1AQ
» Bad breath or spoiled food detection based on the deviation {1AQ)
measurement of volatile sulfur compounds., which are an mdﬂd scan speed  10.8 5/ scan :
indiczator of hacteria growth Electric charge for 0.18 mAh (5 scanz ~ 1 min)
standard scan

» Detection of unusual gases and smells, which might
indicate for instance a leakage or fire

Major sensor outputs  Index for Air Quality (1AQ), bVOC- &
CO2-equivalents (ppm), Gas scan

» Diaper state detection. e.g. for baby care result (%) & Intensity level
» Eary detection of bad smells Humidity sensor
» Wildfire detection Response time 8 s (10-63%)
Accuracy tolerance  + 3 % relative humidity
Hysteresis < 1.5 % relative humidity
SENSOR FEATURES Pressure sensor
The gas sensor in the BME88 has a broad sensitivity and reacts RAMS Noise 0.12 Pa [equiv. to 1.7 cm)
to most velatile compounds as well as many other gases Sensitivity Error +0.25 0%
polluting indoor air. The intensity of the signal typically scales Temperature +1.3 Pa/K (equiv. to +10.3 cm at 1°C
with the chemical reactivity of the gases. In contrast to sensors coefficient offset temperature change)
selective for one specific component, the BMEGSE is capable of e

measuring the sum of VOCs/contaminants in the surrounding air.
This enables the EMEG28 to detect e.g. outgassing from paint,
fumiture and/or garbage, high YOC levels due to cocking, food
consumption, exhaled breath and/or sweating.

sensor
Absolute accuracy +/-0.5 °C (D - 65°C)
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Bosch Sensortec | BMESSS

Pin configuration

i"'"" o = - —
:__\\_g.__i L 5 3 i
P 1
T e 2 ' :
| e i =) i L= il
""" TR VER BOTTOH VES
p— g e v P 1ok witn] .
i i ; :
:_Eh_'f_l :__BE_: i Moo
I:.—J Nant s '.._-_' ;
&
]

Pin Hame Description

1 GND Ground

2 CSB Chip select

3 f=ln]l Serial data input

4 SCK Serial clock input

5 SDO Serial data output

& Vooio Digital interface supply
7 GND Ground

B Voo Analog supply

The humidity sensor features a quick responze time supporting
performance requirements for emerging applications such as
smart home applications and high accuracy over a wide
temperature range. The pressure sensor is an absolute
baremetric pressure sensor featuring exceptionally high
accuracy and resolution at very low noise. The integrated
temperature senser has been optimized for very low noize and
high resolution. It is used for temperature compensation of the
gas, pressure and humidity sensors, and can also be used for
estimating ambient temperature.

The EMEGSS supports a full suite of operating modes which
provides huge flexibility in optimizing the device for power
consumption, resolution and filter pedformance.

Itz small dimensions and its low power consumption allow the
implementation in battery driven devices. The emerging
applications in portable devices require a high relative accuracy
and a low Total Cost of Ownership (TCO) at the same time.

SENSOR OPERATION

The BMEGSS sensor is intended to be used together with Bosch
Software Environmental Cluster (BSEC) solution and BMEfxy
sensor APl to unlock its full potential. The BSEC software
features intelligent algorithms which enable use cases such as
indoor-air-quality monitoring and application-specific gas
scanning. Moreover, the software algorithms handle humidity
compensation, baseline as well as long-term drift correction of
the gas sensor signal. The BSEC software is available as a
closed source binary for many pC platforms.

Different power modes for the gas sensor and corresponding

data rates are supported by the software solution:

* Gas Scan mode (scan) is designed for interactive
applications where selectivity to target gases is needed in
addition to indoor air quality menitoring. The standard scan
mode has an update rate of 10.8 5 and can be optimized for
specific usecases using BME Al Studio.

*  Ultra low power (ULP) mode is designed for battery-
powered and/or frequency-coupled devices over extended
periods of time. This mode features an update rate of 300
seconds and an average current consumption of <0.1 mA&

+  Quick Ultra-low power (g-ULFP) has a 3 = data rate for
Temperature, pressure and humidity wifo significanty
increasing the power consumption compared to ULP.

*  Low power (LP) mode that is designed for interactive
applications where the air quality is tracked and observed at
a higher update rate of 3 seconds with a current
consumption of <1 mA

+ Continugus (CONT) mode provides an update rate of 1 Hz
and is intended to be used short-term for use cases that
incorporate very fast events or stimulus.

PRODUCT SYSTEM COMPONENTS

The following BMEGES tocls enable best pedformance in an

extensive range of gas sensing applications:

+  Hardware (Development kit) & Documentation (datasheet,
HSMI,...) for the BMEGES is linked on
httpes./fwww bosch-sensortec comyproducts/snvircnmental-
sensors/gas-sensorsbme6ss/

*  Software: BME Al Studio (Win & Mac), BSEC software (pC)
and drivers are available for download on
htps:/fwww bosch-sensortec. comy/products/envirenmental-
sensors/gas-sensorsbmeb88-softwars/

Headguartars
Bosch Semsorec GmbH

Gorhard-Kindler-Srasse 8
il - many
Telephons +45 7121 3538 500
Fax +43 7121 383% 209

weaw b sch-sarsortec. com

Data & Specification ars preliminary and subject to change withowt motics | | Bosch Sensortac GmbH reserves all
rights of dsposal such as copying and passing on to thind
partias. BOSCH and the symbols are registered frmdemarks of Robert Bosch GmbH, Gemany.

rights in the: ewent of industrial property rights. We reseree all

Doe.-Numbar: BST-BMEGBS-FLI0G-02 | Mersion_1.2_0720237
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Annex 5 - RENKE Ultrasonic Anemometer

About - Ultrasonic Anemometer

Ulfrazonic wind speed and direclion sensors are currently widely used in power safety monitoring, bridges and tunnels,

marine ships, urban environmental menitoring, road safety, and other fields.

Parameters

Power supply: 10-30V DC

Range:

Wind speed:0 ~ 40m/s, Wind direction:0~360°
Accuracy:

Wind speed: £0.5+2%FS(60%RH_25°C), Wind direction:
+3°(60%RH,25°C)

Resolution:

Wind speed: 0.01 m/s, Wind direction: 1°
Working envirenment; -40 ~ 280°C, 0~ 95%RH
Wind resistance: 75 m/s

Reszponsze time: 15

Protection level: IPG5

Qutput zignal: 4~20maA, 0~5V, 0~10V, R5435
Starting wind speed: 0.5m/s

Description

RS-CFSFX-*-3 ulirasonic anemometer is a measuring instrument
that uses ulirasonic waves to propagate in the air to measure
wind speed and direction. s internal use low-power chips.

power consumption is only 0.12W._ It iz especially suitable for
solar or battery-powered envirenments with relatively high power
consumption. Thanks to new technology and new technology,
the structure is more compact and compact. Optional
temperature and air pressure modules are also provided. The
shell is made of high-strength AES matenal, which is convenient
for users to use in different environments. We provide a free

cloud platform for custemers o view data.

al08.4mm——
,—BBEmm

Upper cover
————Hollow casing

—Interval support

210.4mm

Base support

-M5 bolt
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Annex 6 - RENKE Solar Radiation Pyranometer

4

About - Solar Radiation Sensor

RS-RA-=AL solar radiation sensor adopis photoelectric principle and can be used to measure the
total radiation value under sunlight. The radiation sensor uses high-precisien photosensitive
elements, wide spectrum absorption, high absorption in the full spectrum range, and good stability.
A dust cover with a light transmittance of up to 95% is installed outside the sensing element, and
the dust coveris specially treated to reduce dust Adsorption can effectively prevent envirenmental
factors from interfering with internal components, and can more accurately measure solar

radiation.

Two types of solar radiation sensor

solarradiation ...

Solar radiation sensor video

Datasheets

Power supply: 7V~30V DC
Working environment: -25°C~60°C, 0%~ 100%RH

Specfral range: sunshine

Measuring range: 0~1300VW/ni
Resolution: 1W/m

Response time: =205

Mon-linear: < *3%

Annual stability: =£3%

Wire length: 60cm can be customized
Qutput signal: rs483/0-5v/0-10w/4-20ma

Solar radiation meter features

1. Using high-precision photesensitive elemenis, high
absarption in the full spectrum range

2. Comes with level meter and adjustment handwheel,
convenient on-site adjustment

3. High transparent dust cover, good sensitivity, special
surface treatment to prevent dust adsorption

4. Wide voltage power supply DC 7~30V

Use - Solar Radiation Meter

_al

Solar radiation meter installation

1. Use screws to pass through the mounting heles on the sensor to fix
the sensor on the mounting position 2. Make sure the equipment is
parallel to the greund (adjustable thumb screw and check the state of
the horizontal bubble to determine whether it is parallel) 3. After the
installation is complete, remove the protective cover

p

[t

Solar radiation met:

1. The dust cover needs to be kept clean
with a soft cloth 2. There should be no
encounters heavy rain, snow, ice. and oths
recommended fo cover if. N
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Soil Sensor measures soil humidity and temperature. Data is transferred by a 1-Wire bus, so it is possible to use multiple sensors on a single cable. Humidity is measured using
a capacitive method. Measuring is done by two copper strips inside the inner layers of the PCB. This way, the contacts are not exposed to direct humidity and do not oxidize.

The entire sensor is sealed and therefore protected from adverse weather conditions and will last for years in the country. The senseor is compatible with any 1-Wire bus, and you
can use HARDWARIO or Arduino platforms for a seamless connection.

Features

Relative value in the range from 0 to 16383

Soil humidity sensor 0-100%

= Capacitive sensing technology

Fully digital design

Fully sealed device

* 1-Wire bus communication

Possibility to cannect multiple sensors in parallel

s Capacitance-to-digital converter ZS5C3123

Digital temperature sensor TMP112

Cable length: 2 m

Operating voltage range: 2.8 V10 5.5V

Operating temperature range: -40 to +85 °C

Protection marking IP 68

Related

« Documentation

s SDK Documentation




