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Motivation 
It is a trend to design a real-time pollutant monitoring system within a 
wireless sensor  network (WSN) in the aircraft environment since the fly-
by-wireless technology becomes more and more important for modern 
aircraft design. However, the accuracy of pollutant concentration detection 
using WSN may be impacted by the environmental interference such as 
dust and communication factors.  

The energy consumption of the network is another issue that should be 
considered.  

To prolong the lifetime of WSN, an event-triggered mechanism is normally 
used to save the energy by handling the packet loss and path loss. 
However, the latest sampling information cannot be received due to some 
reasons, which will affect the effectiveness of the detection system. 
Therefore, the measurement of freshness of sampling information is 
considered in this study. 
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Main idea 
 The timeliness of the detection information can be guaranteed 

by calculating the age of information (AoI) of the sampled 
information to measure the freshness of the information.  

 An event-triggered Kalman consensus filter algorithm based on 
information freshness constraints of AoI is designed to reduce 
the network energy consumption. 

3 

Front In
form

 Technol E
lectro

n Eng



Method 
1. We adopt the output correction structure for each integrated 
sensor node; the corresponding scheme is shown in Fig. 1. It 
can be seen that the measurement result of the primary sensor 
is zpi, and the measurement result of the secondary sensor is zsi. 
The difference between two measurements, zi, is fused with the 
estimated values of the neighbor nodes by KCF. The optimal 
state estimate of the sensor error is obtained. Finally, the error 
estimate is used to correct the measurement value of the 
primary sensor to obtain an optimal estimate of the 
concentration, zoi. 
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Method (Cont’d) 

Fig. 1  Schematic of the output correction structure for an 
integrated sensor node (Wang et al., 2017) 
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Method (Cont’d) 
2. To measure the freshness of the sampled information, the concept 
of AoI was introduced and the AoI of the sampled information was 
calculated under the M/M/1 queue model. 
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Fig. 2  Packet transfer model with energy harvesting in a cluster 

Energy buffer

Harvested energy

Buffer zone

Source

Destination

Cluster 
head i

l

System 
monitoring

Node 
1

Node 
2

Node 
n

μi

{ui, Ui}
{ui, Ui}

iλ
1

iλ
2

n
iλ

Front In
form

 Technol E
lectro

n Eng



Method (Cont’d) 
3. We introduce the event-triggered mechanism designed using 
the freshness constraint of sampled information into the KCF 
algorithm to reduce the network transmission of expired 
information and reduce the network energy consumption.  

The event-triggered function of the proposed freshness 
constraints of AoI based ET-KCF algorithm (FCET-KCF) is given 
as follows:  
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Method (Cont’d) 
The main idea about information freshness detection in the 
FCET-KCF algorithm is 
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The latest estimate is 
transmitted when ξi,k=1; 
otherwise, for consensus 
calculation the previous estimate 
will be used to reduce the 
network energy consumption. 
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Fig. 5  Simulation configuration of the 
distributed monitoring sensor network 
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Major results 
As shown in Fig. 6, when packet loss and path loss exist, KCF will 
diverge, while the ET-KCF algorithm proposed in Wang et al. (2019) 
and the FCET-KCF algorithm in this paper can still converge stably. 
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Fig. 6  Comparison of the average estimation error for 
different filters under packet loss and path loss 
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Major results (Cont’d) 
According to Fig. 7, the average consensus error of FCET-KCF is 
nearly the same as that of ET-KCF and KCF. In the case of packet 
loss and path loss, the average consensus error of the system is 
much lower than that of the local Kalman filter. 
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Fig. 7  Comparison of the average consensus error 
for different filters under packet loss and path loss 
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Major results (Cont’d) 
Fig. 8 compares the energy consumption between FCET-KCF 
and ET-KCF. FCET-KCF consumes node energy after about 350 
sampling steps, while ET-KCF consumes energy after about 100 
steps. The simulation results demonstrate that FCET-KCF can 
reduce the bandwidth pressure and save system energy while 
ensuring the stability of the estimation algorithm. 
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Fig. 8  Comparison of residual energy for the two filter algorithms 
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Conclusions 

In the WSN based aircraft cabin environment monitoring 
system, observed packet loss, communication packet loss, and 
path loss are considered comprehensively.  

We calculate and minimize the average AoI of the sampled 
information to select a suitable threshold. 

We propose a novel event-triggered Kalman consensus filter 
algorithm based on freshness constraints of AoI in a pollutant 
concentration monitoring system of aircraft cabins to enhance 
the real-time performance of the estimation system and reduce 
the system energy consumption. 
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