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Design of the wireless measurement system for air change rates

based on indoor particles attenuation

Abstract : Air change rate (ACH) is an important parameter to evaluate the indoor air quality
affecting human health. Due to many limitations from the traditional method for ACHs based on
CO; decay and it cannot quickly measure ACHs, it is necessary to improve the existing air exchange
rate test method. In this paper, the common PM> s in the atmosphere was used as the tracer and a
mathematical model for calculating the ACHs based on the indoor particles removal method was
established. Combined with the error analysis method, a numerical algorithm for solving the ACHs

was designed.

Based on the above models and algorithms, a wireless measurement device for measuring
ACHs had been developed by the embedded technology. The device was divided into data collection
terminal, operation processing terminal and user terminal. On the hardware of the data collection
terminal, it was designed based on portable application standards, supporting independent lithium
battery power supply and USB power supply, and the power supply mode can be automatically
switched. On the software, the RT-Thread operating system was used for task scheduling with high
real-time performance. On the computing processing end, a computing processing terminal was built
based on the Raspberry Pi, with front-end interface display, background TCP server and air exchange
rate calculation functions. Multi-threading technology was used to separate the front and back data
display and processing business logic, which improved the operating efficiency of the software. On
the user side, based on Java technology, an APP that can obtain data from the Raspberry Pi was
developed to realize the data interaction among the data collection device, the computing processing
terminal and the user side.

Two ordinary rooms were selected to conduct the ACH test experiments. The air volume of
room 1 was about 22.5 m?, and the air volume of room 2 was about 18.8 m3. Based on stable
experimental results, the air exchange rate of room 1 was calculated to be about 0.36h™!, and the air

exchange rate of room 2 was about 0.16h™!. In order to verify the accuracy of the ACHs obtained by



the indoor particles removal method, the ACHs for these two rooms was tested using the CO»
attenuation method recommended by the national standard. The results showed that the ACH for
room lwas about 0.38h! and the ACH for room 2 was about 0.17h"!. Compared with these two
methods, the relative error for room 1 was about 10.5% and the relative error for room 2 was about
5.9%. However, the cost time for the particles removal method was only a half compared with the
CO; decay method, which indicated that the particles removal method could not only obtain high-
precision ACH results, but also had a great time cost advantage. In brief, the new method built in this
paper can realize the rapid measurement of indoor air exchange rates.

Keywords : Air change rate;PM> s;Mathematical model;Embedded design;Data interaction;Error

analysis
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