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Abstract. Indoor air pollution is a serious problem that harms people’s health. Indoor environment
monitoring system could make contribution to detecting and improving indoor air quality. However,
besides the high cost, the existing air quality detectors also get tricky problems with real-time
monitoring and autonomous mobile which lead to a low practicability in most cases. Therefore this
paper put forward an intelligent mobile indoor environment monitoring system based on Arduino’s
control using various sensors to detect air quality. The results showed that the data detected by our
system got high positive correlation property with data from standard technical detecting apparatus
and no obvious differences appeared. The system was more advanced and effective which could lead
to great application value.

1. Introduction

Statistics data shows that people spend nearly 90% of their life time indoors. The general public
always mistakenly considers that indoor air quality is better than out door’s. However, study shows
that the level of indoor air pollutant is twice to quintuple higher than the level of outdoor air pollutant
[1]. Indoor air quality (IAQ) has been a new threat to public health.

In recent years, some small hypersensitive low-cost sensors have played a significant role in
environment monitoring. The integrated wireless sensor network mainly uses wireless
communication technology of ZigBee. GSM. Bluetooth to transmit data [2-3]. Researchers
connect it with the indoor air quality monitoring system ’ s client-side on computers and
smartphones. The content of air quality needed to monitor is followed: O3, PM, CO, nitrogen oxides,
SO2, volatile organic compounds (VOC), CO2, methanol (HCHO), indoor temperature and humidity
[4-7]. However most existing sensor network is settled, which is no autonomous mobile and real-time
monitoring. Some researchers try to combine fixed-point monitoring with mobile monitoring but still
failed to achieve a real autonomously mobile monitoring system [8-9]. This paper came up with a
platform based on technology of smart car to make autonomously mobile monitoring system possible.
Most researches on smart car were applied to reduce traffic accidents [10-11], while combining it
with indoor air quality monitoring was rare.

In the rest of this paper, chapter 2 mainly introduced the system’s overall structure and specific
design detail; chapter 3 discussed the experiment designed to evaluate the system’s availability and
detailed test results would be shown in this part. The last chapter was a conclusion of this paper.

2. System design

Taking the fact into consideration, our system choose two chemical factors and two physical
factors influencing indoor air quality to be detected as follows: CO, PM2.5, temperature and humidity.
The system’s overall architecture is shown in Fig.1, which is consisted of control module, smart car
module, gas sensors module, and wireless communication module.
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Fig.1 The system’s overall architecture

2.1 Control module.

The designed control module was bases on the Arduino board. Arduino is a convenient and
flexible, open-source electronics prototyping platform which is easy to use, including hardware and
software. The control module uses Arduino Uno as its core process data of sensors and wireless
communication module and then connects to PC to give users feedback information [12].

2.2 Smart Car module.

Smart car module is consisted mainly by the car chassis, motor, wheels, controllers, environmental
monitoring sensors, buzzer, tracking sensors, wireless communication module, motor driver board
and power supply. Smart car equipped with the system modules required for the various components
as well as tracking. Black trace was fixed on the white floor and infrared sensors were used to receive
and transmit signal [11].

2.3 Environment monitoring sensors module.

Environment monitoring sensors module contains CO-sensor. PM2.5-sensor. temperature and
humidity-sensor and buzzer. In our design, we use MQ-7 which is sensitive to CO to measure the
level of air pollution. It has advantages of long service cycle and low cost, in addition, just a simple
electric circuit could drive it [13]. Compared with other wireless communication technology, ZigBee
is low-power, low-cost, which supports 65,536 network nodes. Based on IEEE802.15.4 standard low
power consumption LAN protocol, ZigBee is a burgeoning short-distance wireless communication
technology which is similar to Bluetooth [14]. XBee module based on ZigBee communication
protocol was chosen as our wireless communication module.

3. Methods and results of test

Experimental design: The experiment was conducted in a resident of home in the northeast China.
Given that the temperature and humidity in different points in a room at the same time change little,
we detect indoor temperature and humidity for 12 hours and choose 20 sets of data for analysis. The
experimenter and car should walk at the same track and the same speed. And we need to record the
concentration of monitoring system and measuring instrument.
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Fig.2 The results recorded for (a) CO, (b) PM2.5, (c) temperature, (d) humidity

Data collection and result: According to experimental methods above, we can record the data as A
by the professional detector on the market. Environment monitoring system designed in the research
records the data as B. The results recorded are shown in Fig.6.By analyzing these results, significant
differences could be estimated.

Two sets of data using correlation analysis and the paired-sample t-test significant analysis were
tested to evaluate reliability of the results and make decision according to value of probability P. We
adopt confidence interval of 95% and significance level of 5% and use SPSS 19 to calculate paired
correlation and value of probability P, as well as t-test mean difference and probability P of paired
samples, which are shown in Table 1.

Table 1The evaluation of results of t-test

The paired-sample  t-test

The paired correlation analysis . !
significance analysis

ID N

Correlation Sig. Mean Sig.
Cco 20 0.540 0.014 -8.500 0.150
PM2.5 20 0.995 0.000 -3.250 0.290
Temperature 20 0.883 0.000 -0.085 0.324
Humidity 20 0.921 0.000 0.485 0.054

In accordance with test results, the four parameters results in two sets are accordant and paired
correlation is apparent and paired-sample t-test is not apparent. The environment monitoring system
has high positive correlation compared with technical detectors on market and there are no apparent
differences between their detecting results [15]. The detecting results of the autonomously mobile air
quality monitoring system we designed has the same tendency with those technical detectors, which
means that the system gets a rational design.

228



4. Discussion and conclusion

The design describes a smart car based on Arduino, which can move autonomously and monitor
the indoor air quality real-time. And it can avoid the abuse that the operating is so complicated in the
system. There are many advantages in system. It is cheaper and low-powered consumption. In
addition, it doesn’t need to arrange wire and can monitor real-time. It also can reflect the
circumstances of air quality that people living in the room. Actual tests show that the wireless sensor
networks air monitoring system which can move autonomously meet the design requirements
basically. The system has the value of development and application. It should be popularized in the
public. Of course, we also should study the accuracy and breadth of air quality monitoring further.
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