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Abstract: This paper presents a framework and a test bed for monitoring indoor working conditions
and outdoor environment. In particular, we focus on developing: i) a test bed small Wireless Sensor

Network (WSN) for monitoring indoor and outdoor environment parameters using low cost Arduino
controllers, transceivers and sensors, and ii) real-time platform for analysis and mining of the sensor
data. Together the two integral parts will offer not only monitoring, but also mining of the data and

detection of any environmental anomalies.

Keywords: Big Data, Sensor, WSN, Mining

1. Introduction

The environment changes quickly, and these changes influence the citizens’ health,
perceived quality of life and work efficiency. Environmental changes also influence the
economy directly e.g. tourism and agriculture. Thus, a great part of the research community

is still searching for the right kind and amount of data and analysis tools necessary to address
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serious problems that occur unexpectedly and develop rapidly. Furrthermore, the devices
with sensing capabilities are becoming ubiquitous, e.g. low-power sensor networks or mobile
and wearable devices equipped with sensors. On the other hand, data mining, machine
learning are now able to deal with large-scale data sets that contain millions of high-
dimensional data points.

The proper monitoring of the outdoor environment and alerting when certain
anomalies arise, addresses the major environmental health treat [1]-[5]. However, outdoor
environment monitoring, will not only influence the public health, but also, the quality of life
and the working efficiency of the citizens.

On the other hand, monitoring the indoor working conditions can improve health,
work performance and school performance, reduce health care costs and be a source of
substantial economic benefit [6]-[11].

The collected data, both outdoor and indoor, can be collected in data storage and used
together with the real-time stream of data for visualizing, anomaly detection and building a
model for prediction of employee productivity, etc. In order to process all the sensor
information, aggregate it and disseminate it back to the users in relevant way a central Real-
Data Processing System will be required, as in [12]. This system will queue and map
heterogeneous data and will serve as a service real-time layer for different Distributed
Remote Procedure Calls (DRPC). Besides offering different open web services, the platform
can offer semantically annotated linked data.

The test bed Wireless Sensor Network (WSN) will statically monitor the environment
parameters, as well as it will address mobile monitoring of the condition in the outdoor
environment. The collected data will be stored on the Real-Data Processing System, from
which we will do indoor and outdoor layered visualization on the building plan and/or GIS
systems, respectively. Using the stored data and the real-time data the system will infer
anomalies, as well as, using a measure of the employee productivity it will learn which are
the conditions that increase the employees’ productivity.

Thus, in this work we propose a simple, open and cheap framework that offers data
services, both raw and processed. This data allows modelling and exploration of the relations
between variables in environment and detection of alarming trends. The platform also will
provide feedback to businesses and citizens about influence of their actions on the
environment.

The paper is organized as follows. In Section 2 we give the overview of the proposed

sensing framework and the possible sensors that could be used for monitoring indoor
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working conditions and outdoor environment. Section 3 gives overview of the Real-Data

Processing System and Section 4 concludes this paper.

2. Architecture for Indoor and Outdoor Monitoring

The diagram in Figure 1 shows the possible architecture for indoor and outdoor
monitoring. The architecture is consisted of several Arduino static nodes that will monitor
the indoor conditions. In the diagram, the architecture will measure several parameters, such
as Pressure (P), Temperature (T), Humidity (H), Dust and data from other possible sensors.
The sensor nodes will continuously read the status of all attached sensors and pass the sensor
data through the radio network back to the gateway. These sensors will have the option to
sleep most of the time in order to save battery. However, in the system there might exist
repeater-sensor nodes (not shown in Figure 1) which must stay awake in order to pass
messages from their child sensor nodes. A repeater-node can optionally include direct-
attached sensors and report their sensor data to the gateway.

The Arduino sensor nodes will communicate with the Arduino Gateway using the
NRF24L01+ transceiver from Nordic Semiconductors which communicates with the
Arduino board via the SPI interface. The Arduino Gateway on the other hand will act as a
glue between the controller and the radio network. It will translate radio messages to a
protocol which can be understood by a controller. There are several possible
implementations for the gateway:

e SerialGateway - The gateway connects directly to the controller using one of the
available USB ports.

e EthernetGateway - The gateway connects to the Ethernet network that the controller
also uses offering more placement flexibility than the SerialGateway.

e MQTTGateway - This gateway also connects to the Ethernet network and exposes
an MQTT broker which can be used for controllers offering MQTT support like
OpenHAB [13].

AS a good candidate for the controller we will develop our own simple DIY cloud-
enabled gateway controller running on the Raspberry Pi.

Besides the serial communication between the controller and the Arduino gateway the
controller will collect FTP Data sent by the GPRS module of the mobile Arduino sensor
nodes. The mobile Arduino sensor nodes, besides the GPRS module will be equipped with
additional sensors for P, T, H, Shinyei PPD42NS Particle sensor, GPS sensor, and some

other possible sensors. All the sensor nodes will be boxed in special cases using 3D printer.
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The controller will collect all the indoor and outdoor sensor data through the serial
and ftp communication, respectively and will feed the data into the real-data processing

system.

2.1. Other Relevant Sensor Data and Sensing the Employees’ Productivity
Beside the abovementioned sensors, the system can be upgraded with additional

sensors that can fed more data into the real data processing system, such as:

e Open/closed doors or the state of a wall switch.

e Distance sensor - it can measure the sitting habits of an employee.

e  Gas sensor - for detecting alcohol, methane, fire, etc.

e Infrared sensors - that can control the air-conditioning system in the office.

e Light sensor - can be used in the automated control of the drapers.

e Movement sensor - to detect if the office is overcrowded and what are the dynamics in
the office.

e Relay Actuator - to turn on/off the devices.

e RFID sensors — to detect the workers in the office.

e Infrared sensor.

o Noise meter — to measure the noise conditions in the office.

e UV sensor — to measure the UV factor in the environment.

Real-Data Processing
System

Figure 5 Architecture for Indoor and Outdoor Monitoring

In order to measure the employee productivity we propose four distinct way that will

be used as an output feature of the machine learning techniques, such as:
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e Using user input — with the help of a button input (productive/non-productive day)

e Measure productivity by gathering the production data, i.e. how many pieces or
products were produced in one day in some factory

e Sensor on chairs — using this sensing data we will obtain information how much and
what are the sitting habits of the employee.

e Use the data from some corporate task platform (such as google task, or some

proprietary).

3. Real Data Processing System

The real-data processing system will be fed by the controller and it provides an
architectural model that scales and which has both the advantages of long-term batch
processing and the freshness of a real-time system, with data updated in seconds’ time.

The data will be are fed into the system (1), for example through a queue from where
the system (such as Storm) can pull them. A system, such as Trident, will save them into
Hadoop (HDFS) and processes them in real-time for creating an in-memory state. In Hadoop
all the historical data will be available, and in any time a batch process can be started that
will aggregate the data and generate a big file from it. After that, we can use some API tools
or SQL command line tools (such as Splout) to index the file and deploy it to a Splout SQL
cluster (4), which will be able to serve all the statistics pretty fast. Then, a second stream
(DRPC), such as Trident, can be used to serve timeline queries, and this stream will query
both the batch layer (through Splout SQL) and the real-time layer (through the first stream’s
memory state), and mix the results into a single timeline response. In this way, we will
prepare both the historical and the real data for the stakeholders in order to visualize it,

receive alerts, and do some possible real-time optimizations.

4. Conclusions

The proposed platform, based on data collected from various sources and processed
by online services, should help decision makers in finding balance, optimal trade-offs in real-
time. Moreover, using this simple and cheap platform, the stakeholders not only that can
obtain various information about the indoor and the outdoor conditions, they can create a
model for the employee productivity depending on the conditions and certain anomalies in
environment that affect the production. Finally, the employers can affect some of the indoor

conditions in order to boost the employee productivity using the obtained models.
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