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Abstract:Aiming at the problem of gas pollution in the environment, the traditional 
testing equipments often appear the phenomenon of misstatement and false positives. 
A real-time online monitoring system is designed based on the detecting and control 
of harmful gases. The lower computer system make the STM32F103 microcontroller 
as the core, PC as the monitoring center, combining the technology of multi-sensor 
data fusion, using self-adapting weighting data fusion algorithm and decision level 
data fusion algorithm based on fuzzy set theory. Through the upper machine people 
can not only understand the quality of the indoor environment in time, and the system 
can inhibit the drift and noise of sensors to some extent, improve the measuring 
accuracy of the monitoring system for harmful gas in the environment, improve 
system reliability, reduce system fuzziness, enhance the reliability of system and 
assure the system having good robustness. 

Introduction 
Due to the restriction of economic development level, at present, the development of 
our country environment monitoring technology is not mature. Monitoring equipment 
and technology is relatively backward and the single, low degree of automation, most 
of gas monitor mainly is field sampling and laboratory analysis instrument as the 
main technical means, this method is not only low efficiency, high cost, but also costs 
a lot of manpower and material resources, financial resources, and analysis is slow, 
cannot satisfy the needs of real-time analysis of gas environmental quality [1]. Even 
though the market appears on a lot of portable gas detector at present, but the single 
test species, poor anti-interference ability and the poor precision, which can't satisfy 
to detect the gas concentration accurately and automatically. Therefore, developing 
the harmful gas detection system combining data fusion technology which is 
integrating data acquisition and environmental monitoring has important significance. 

Working Principle of System 
The system consists of two parts, the first part is upper computer data processing and 
display system composed of monitoring software of the computer, the second part is 
based on single chip microcomputer and sensors as the core, and intelligent detection 
and control system composed of other peripheral equipment. PC can monitor the 
concentration of harmful gases as well as the operation condition at any time, which 
can divide environmental quality into some kinds of grades respectively, each as 
excellent, good, bad and worse through the groups of data fusion. When the level of 
harmful gases is poor, PC warns MCU red lights flashing, when the level of harmful 
gases is worse, the system opens the sound and light alarm circuit, reminding people 
of harmful gas concentration is too high.  
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Three sensors of the same type is used in this system to analyze. First of all, the 
STM32 uploads the data of gas concentration to the PC through the RS-485 which are 
detected by the sensors, upload number for five times, after reaching five times, the 
upper computer uses adaptive weighted data fusion to process data. Then the upper 
computer uses decision level data fusion based on fuzzy set theory to grade the gas 
quality according the processed fusion results. Finally, the analysis results will be 
shown by monitoring the interface and make corresponding alarm response according 
to the results. The main program flow chart of the system is shown in figure 1. 

start

system 
initialization

detection of gas 
concentration

upload to the 
upper computer

If upload number 
up to 5 times

adaptive weighted data 
fusion algorithm

decision level data fusion 
algorithm of fuzzy set theory

grade air quality

red light flashing

Y

N

worse

sound and 
light alarm

poor

Fig.1The main program flow chart of system 

The Design of System 
The hardware circuit of the system is based the single chip processor (STM32) and 
gas sensors as the core, the peripheral equipment including alarm circuit, sensor 
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interface circuit, power circuit, the RS-485 interface circuit, etc., which shoulders the 
detection and transmission of the gas concentration and other functions for example 
alarm. The main role of upper computer is data processing and information display 
through the monitoring interface, and according to the results controlling the MCU to 
make corresponding response by the RS-485. The structure diagram of the system is 
shown in figure 2. 

Fig.2 System block diagram 

The Data Fusion 
Adaptive Weighted Data Fusion. On the basis of the hardware, the sensor's raw data, 
using multi-sensors adaptive weighted data fusion algorithm, makes the mean square 
error and measuring precision for information fusion and accurately figures out. Its 
advantage is that it does not require any prior knowledge of measurement data, and 
only on the basis of measurement precision of the measurement data to determine the 
corresponding weighting of different data and calculate the minimum mean square 
error value. It can inhibit the drift and noise of sensors to some extent, improve the 
accuracy of measurement [2]. The model is shown in figure 3. 

Fig.3 Model of adaptive weighted data fusion 
Each sensor in the system all have their corresponding weights iW , and iW  depends 

on detection error value of the sensor. If the error value of the test result is small, iW
is big, on the contrary iW  is small. With minimum variance as a prerequisite, each 
testing data according to the principle of adaptive calculate the corresponding values, 
make the results more close to the real value through data fusion [3]. 

The algorithm of computing process is as follows. 
i) Calculate the average of the continuous acquisition data of each sensor iX . 
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ii) Calculate the variance of each sensor 2
iσ .

iii) To find the optimal weighted factor iW . 

iv) To calculate the fusion estimate value X̂ .
The optimal value and weights of the fused should have the following features. 
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Respectively using arithmetic average algorithm and adaptive weighted data fusion 
algorithm for data processing, and then respectively comparing with the real value. 
The system is carbon monoxide as example. The results are shown in the table 1. 

Table10 Fusion value comparison 
real value (ppm) arithmetic average value adaptive weighted value 

0.50 0.45 0.47
1.00 1.06 1.03
2.00 2.05 2.02
5.00 5.07 5.02
10.00 10.04 10.01

Through contrast the data in the table above, the results of using adaptive weighted 
data fusion are closer to their true value, and the fusion value of using the arithmetic 
average algorithm compare with the real value, the deflection is bigger. So the 
adaptive weighted data fusion algorithm can make full use of the sensor of the 
original data to achieve the optimum fusion value, which can improve the accuracy of 
the gas detection. 

The Decision Level Data Fusion Based on the Theory of Fuzzy. The results 
though adaptive weighted data fusion algorithm, combined the weight vector A of the 
decision level data fusion algorithm based on the theory of fuzzy sets. It is concluded 
that the quality of the environment. In this system, the determination of index weight 
of four sets of data(temperature, humidity, carbon monoxide, sulphur dioxide), mainly 
refer to the environment quality index questionnaires of the relevant experts, 
combined with 1-9 scaling method [4], using the eigenvector method is the biggest 
characteristic of matrix P eigenvectors corresponding to the root, the eigenvector 
being after normalization and consistency to get the weight of each factor [5]. 
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Using random consistency index CR to measure the consistency of judge matrix. 
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In the type, maxλ is the biggest characteristic root of matrix P and n is order of P. RI 
is random parameter values, through a large number of random calculated, being 
associated with the matrix order. Used to think that as long as the CR is less than 0.10, 
the judgment matrix P has the satisfactory consistency, otherwise have to readjust the 
P element value[6]. By the calculation: 

CR=
)14(89.0

4118.4
−
− =0.044<0.10 

So the judgment matrix consistency is good, A can be used as index weight. 

Control GUI 
Visual Basic is a set of development system based on Windows environment, which 
has the characteristics of simple, easy and efficient quickly occupied the dominant 
position of the market. It becomes many developers the preferred development tools 
[7]. Therefore, the system uses Visual Basic 6.0 to develop the monitoring interface of 
the upper computer which main receives the data of sensor collecting. Then the results 
will be processed for display with the data fusion algorithm [8]. 

Conclusions 
This system applies the technology of the sensor, microcontroller technology, data 
fusion technology and communication technology, implements real-time online 
detection of the concentration of harmful gas, and the collected data will be 
transferred the upper computer through the RS-485 and provide certain reference for 
the people. It is of great significance for gas detection in the environment, people can 
be the real-time understanding of harmful gases and system operation condition 
according to the testing results, avoid excess gas produced harm to human body. The 
system can greatly improved the accuracy of gas detection, make environment of 
people's life more realistic and credible and reduce the phenomenon of misstatement 
and false positives. 
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