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Abstract: As a strong oxidizer, ozone has much damage to a variety of things. So when using ozone to execute 
purification, we need to monitor and control its concentration strictly. The monitoring and control of the ozone 
concentration can greatly reduce the damage caused by ozone concentration. Thus, multi - sensor information 
fusion technique is applied, and then fuses the gathered multi-sensor data information. It realizes real time 
monitoring, forecasting and controlling, which can improve the accuracy of ozone concentration collection, and 
the careless error is eliminated effectively and the system error is reduced efficiently. Copyright © 2014 IFSA 
Publishing, S. L. 
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1. Introduction 
 

In recent years, with the rapid development of 
aquaculture, the application of ozone water 
purification system not only has no secondary 
pollution but also increases the oxygen level in the 
water areas; ozone played a good role in preventing of 
greenhouse plant diseases and insect pests, which can 
protect crops from harm and pollution; ozone can also 
be used in the preservation of fruits and vegetables, to 
extend their shelf life. However, widespread of ozone 
has also brought side effects. First of all, ozone can 
irritate the human mucous membrane of the 
respiratory tract. When the ozone concentration is too 
high, it can cause rapid pulse, fatigue, headache, 
emphysema, and even death when serious; at the same 
time, ozone is a strong oxidant, which can corrode a 
variety of goods. The higher the concentration, the 
greater damage it makes. Therefore, ozone 
concentration should be controlled within a certain 

range, when using ozone for disinfection, it is 
necessary to monitor and control its concentration 
strictly. For such reasons, we proposed a multi-sensor 
data fusion method for monitoring the concentration 
of ozone. 

 
 

2. Related Works 
 
With the constant promotion of ozone disinfection, 

the sensor that used for measure the ozone 
concentration has been published, however, when the 
environment temperature changes, the measurement 
results are of great uncertainty, and even cannot reflect 
the change of ozone concentration, which greatly 
limits the use of semiconductor ozone sensor. In order 
to overcome the defect of present ozone sensor, we 
will use the sensor with independent R & D and 
patented level, which has the advantages of small 
volume, low cost, stable operation, good consistency, 
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so that the data collecting work is not affected by the 
environmental temperature and humidity, and the new 
ozone sensor can improve the insufficient problems of 
stability for the measurement results.  

Sensors are normally subjected to external noise, 
internal malfunctioning, and mechanical failures. To 
ensure that a system receives a realistic view of its 
environment, it is necessary to combine the readings 
of two or more sensors. This process is beneficial to 
decision making, as the decision is made under time 
constraints and is based on a large amount of sensor 
information. 

 
 

 
 

Fig. 1. The ozone sensor experiment prototype. 
 
 

3. Multi-sensor Information Fusion 
 
3.1. The Definition of Multi-sensor 

Information Fusion 
 
Data fusion [1-3] is to analyze and synthesize the 

information automatically from multiple sensors 
under a certain criterion, to make a decision and 
complete the information processing for estimating 
tasks. The key technology of data fusion is data 
conversion, data fusion, database and calculation [4], 
the fusion calculation is the core technology of 
multi-sensor data fusion system. In the data fusion, 
due to the sensor location, sensor itself quality 
differences and actual environment in some 
uncontrollable random factors, it is difficult to avoid 
error, the truth of the measured data of each sensor 
cannot fully reflect the things; therefore, eliminating 
error first, then data fusion, which is a kind of 
effective method to determine the authenticity of the 
data from each sensor, so as to find out the relationship 
between the data of different sensors, and decide to 
fusion which sensor data. A general method of data 
fusion is based on the theory of statistical data [5], 
according to the data collected by each sensor, to 
determine the confidence distance matrix for each 
sensor, and then use the threshold to measure the 
degree of correlation between sensors; however, the 
threshold to judge whether mutual support between 
the sensors are fuzzy. First of all, error data 

processing, and then data fusion based on the 
recursive estimation algorithm of mean. The 
characteristic of the optimize algorithm is a small 
amount of computation, fast measuring speed, high 
data reliability, and greatly improves the reliability of 
the measurements of ozone concentration. 

 
 

3.2. Multi-sensor Advantages 
 
Fused data from multiple sensors provide several 

advantages over data from a single sensor. First, if 
several identical sensors are used, combining the 
observations will result in an improved estimate of the 
target position and velocity. A statistical advantage is 
gained by adding the N independent observations, 
assuming the data are combined in an optimal manner. 
This same result could also be obtained by combining 
N observations from an individual sensor. A second 
advantage involves using the relative placement or 
motion of multiple sensors to improve the observation 
process. Similarly, the use of two sensors, one moving 
in a known way with respect to another, can be used to 
measure instantaneously an object’s position and 
velocity with respect to the observing sensors [6]. 
 
 
3.3. Data Fusion Process Model 

 
The process of Multi-sensor information fusion 

involves integration of sensors, data preprocessing, 
estimation, and a further higher level of processing 
and decision making. It demands a definite 
arrangement of sensors and sensor-data acquisition 
systems and signal-processing aspects, which are, in 
turn, dictated by the fusion architectures. In this 
Ozone Monitoring, the type of architecture is shown 
as follows. 

 
 

 
 

Fig. 2. The flow chart of the model. 
 
 

Level 1 processing (Object Refinement) is aimed 
at combining sensor data to obtain the most reliable 
and accurate estimate of an entity’s position, velocity, 
attributes, and identity; 

Level 2 processing (Situation Refinement) 
dynamically attempts to develop a description of 
current relationships among entities and events in the 
context of their environment; 

Level 3 processing (Process Refinement) is a 
meta-process that monitors the overall data fusion 
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process to assess and improve real-time system 
performance. 

The implementation of data fusion systems 
integrates and interleaves these functions into an 
overall processing flow. The data fusion process 
model is augmented by a hierarchical taxonomy that 
identifies categories of techniques and algorithms for 
performing the identified functions. 

 
 

4. System Architecture 
 
We used the ozone sensor which is self-developed 

to make the mediation of data, as the method of the 
multi-sensor density based on data-fusion collecting 
sensor data, and then sent the data to data center by 3G 
communication. The central control center and 
farming companies can get the real-time data of 
energy using through internet browner. On the other 
hand, the famers can change the using rules and 
method of the ozone monitoring system of fusion 
network by central control center. 

This wireless sensor network system will use the 
wireless Mesh sensor network to collect monitoring 
data of ozone concentration. Each sensor node 
program with 2-4 ozone probe, and the frequency 
transceiver will use 2.4 GHz as the communication 
frequency which is certificated by FCC, treatment of 
end of visual data analysis interface compatible with 
Web and can provide a XML format remote data 
service, the antenna interface can connect the external 
outside antenna. Each sensor node in the system can 
be classified publication of the monitoring data, the 
default warning level. The stability of the sensor node 
state can be monitored through private wireless 
network, to ensure the reliability and effectiveness of 
data. Users and wireless private network service also 
can accord to the special needs, adjust ozone 
monitoring scheme and the use of emergency standby 
scheme. The framework is shown in Fig. 3. 

 
 

 
 

Fig. 3. The framework structure. 
 
 

5. Data Fusion Algorithm 
 
Multiple sensor and single sensor compared to the 

greatest advantage are that the accuracy, and can 
obtain environmental characteristics in a relatively 
short period of time. Data fusion method is more, such 
as the most common is the least-square method, 
Dempster, Shafer evidence reasoning, Kalman filter, 
and Bayesian methods etc. 

This system use the Lomnaofski norm to eliminate 
the gross error, and then fuse the data by used the 
recursive estimation algorithm based on average. 

 
 

5.1. Lomnaofski Nom [7] 
 

Under a certain measurement number n, the data 
which measured independent and equal precision 
could be established as x , x2…x , if has any doubt 
on data  x , it can be differentiated as following steps: 

First, removed the suspect data  x , and then 
calculate the arithmetic mean of measured data   
without x :  

 
 = ∑ , , (1) 

 
Calculated standard deviation s′  without the 

residual x : 
 

 = ∑ , − 2⁄          , (2) 

 

According to the selected significant level of α  
and measure times n, to find out the measure times n, 
to find out the check coefficient ( ) ( ), , ,K n K n sα δ α ′=  in 

the distribution table. 
If ( ),x x K n sk α′ ′− > , then   can be judged to be an 

abnormal data, and it should be removed, but if
( ),x x K n sk α′ ′− < , then x is not an abnormal data, 

and it should be maintained. 
 
 

5.2. The Recursive Estimation Algorithm 
based On Average 

 

When the system measurement number is limited, 
the measurement results can be improved by the 
arithmetic mean, however, it is not the best 
representation of measurement results. The estimation 
algorithm is based on more reliable measurements of 
initial value [8], but many monitoring systems cannot 
get the exact data in real-time. The recursive 
estimation fusion algorithm based on mean, which is 
combined arithmetic mean with the batch estimates, it 
can obtain reliable real-time measurement initial value, 
eliminate the uncertainty in the measurement, improve 
the accuracy and reliability of measurement results, 
and get more reliable real-time measurement results. 
The method has the advantages of small calculation, 
computer programming easy, and suit for the slow 
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variable detection system, which match with the 
characteristics of the ozone concentration monitoring, 
so we adopt the fusion algorithm based on recursive 
estimation of the mean. 

The concrete method is introduced as follows. 
First, we will use eight ozone sensor, the eight ozone 
sensors are placed in the specified location to obtain 
consistency measurement data, and then divided the 
sensors into two groups based a certain principles, 
using the theory of batch estimation to estimate the 
measurement data of the two groups, and then we will 
get the ozone concentration data fusion value which is 
close to the true value. So the data fusion value is the 
accurate measurements of ozone concentration, and 
this is the way to eliminate the uncertainty in the 
process of measurement. 

The consistency measure data of first group: C1m, 

m ≤ 4; the consistency measure data of second group: 
C2n, n ≤ 4, the arithmetic average of the two data  
sets were: 

 
 C = 1

 (3) 

 
 C2= 1n ∑ C2n=1 , (4) 

 
The standard error corresponding of the two data 

sets were: 
 

 = 1− 1 − , (5) 

 
 = 1− 1 − ,   (6) 

 
Considering the measurement results of 1, 2 

group,  1 ,    two measurement data of the same 
group, before that, there is no relevant statistical data 
of ozone concentration measurement, the variance of 
the previously measured results is  

According to estimation theory in batches, the 
variance of the fusion ozone concentration value is: 

 
 = [ + ] = = +  ,                             (7) 

 
where H= [1 1]  is the coefficient matrix of 
measurement equation, R is the covariance matrix of 
the measurement. 

 
 = 0 0        (8) 

 

By batch estimation theory and σ = ∞ condition, 
deduced ozone concentration data fusion value  is: 

 
 = , (9) 

 
Bring the front expressions  Substituted into the 

above equation: 
 

 = [1 1] ,                = + + +                    

(10) 

 
Among them,  is the data fusion final value that 

based on the multi-sensor of measuring ozone 
concentration. 

 
 

6. Results 
 
The algorithm functional and the description of 

curve are achieved by using MATLAB [9] software. 
Fusion is the required ozone concentration data are 
collected in a slow ozone release process. First, 
sending the data to the serial port, and then using the 
algorithm for data fusion, we will get the fusion value 
in the end. Fig. 4 is the results of the comparison 
between the fusion values and mean values. 

 
 

 
 

Fig. 4. The simulation results. 
 
 
As the figure shows, the curve of the mean values 

has some fluctuations, while the curve of the fused 
data is more smooth and steady. So we can obtain 
more reliable measurement results by the algorithm, 
the algorithm which combined arithmetic mean with 
the batch estimates. This algorithm can improve the 
accuracy and reliability of the data, thus, we achieved 
the expected effect. 

 
 

7. Conclusion 
 

In this paper, we introduced the mean recursive 
fusion algorithm in the zone concentration monitoring 
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system. When the condition of the system hardware is 
steady, the above method can make the monitor 
accuracy of system improved greatly, especially when 
some sensor fails to work properly, or greatly 
influenced by the environment, the system will data 
fusion by using the information which provided by 
other stability sensor, to obtain the accurate ozone 
concentration of the test environment, which provided 
the accurate criterion for the environment control 
system and improved the reliability of the system. 
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