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Against the background of low-frequency vibration control for a helicopter fuselage in flight, active control of structural response
(ACSR) has been employed for vibration control design. With the increase in control positions in the fuselage, more actuators and
error sensors are needed to meet the vibration reduction requirements, forming a large-scale multichannel system. This leads to a
rapid increase in the computation amount, causing the control performance of the conventional centralized algorithm main
processor to become poor under overload operation. To this end, a novel distributed active vibration control algorithm based
on the diffusion cooperative strategy was proposed and explored in this research. The diffusion cooperative strategy is widely
used in complex wireless sensor network (WSN) systems to efficiently reduce the computation amount during data
aggregation. This distributed algorithm utilizes the advantages of the diffusion-cooperative strategy to reduce the computation
amount and coupling relationship of the secondary path in a large-scale multichannel system. First, a novel control law was
established by introducing the network topology of the diffusion cooperation strategy into the classical filtered-x least mean
square (FxLMS) algorithm, forming the diffusion FxLMS (DFxLMS) algorithm. Then, a secondary path trade-off quantization
standard based on the complex undirected network connectivity condition was developed. It determined whether a secondary
path was discarded or not and formed the topology of a large-scale multichannel system control network. To examine the
effectiveness and superiority of the proposed DFxLMS algorithm, a comparative simulation with a scale of 1× 10× 10 was
carried out for a simplified helicopter fuselage. Numerical results in realistic scenarios showed the ability of the DFxLMS
algorithms to achieve good control performance when proper values of these parameters are chosen.

1. Introduction

Helicopters are a kind of aircraft that can hover, take off, and
land vertically. They play an irreplaceable roles in dealing
with emergencies and disaster relief. However, severe low-
frequency vibration of the fuselage, which can significantly
reduce the comfort of pilots and passengers, has long been
a difficult point and hot spot in the field of helicopter tech-
nology worldwide. As one of the most effective measures
to reduce mechanical vibrations, active vibration control
technology can overcome the poor effect of traditional pas-
sive measures at low frequencies [1]. In the active vibration
control field, active control of structural response (ACSR)
technology has been used to reduce the vibration of fuselages

such as the W30, UH-60M, EC225/EC725, and Z-11 [2–5],
due to its advantages of better control performance, light-
weight, strong frequency adaptability, etc.

The traditional ACSR system is relatively small because
it only considers the vibration of some specific positions in
the cockpit of the pilot and passenger. However, with the
rapid development of high-speed helicopters, the vibrations
of the dashboard, hub and tail boom have become new chal-
lenges for helicopter safety and airworthiness. For example,
Sikorsky used an ACSR system with a scale of 10 × 6 to solve
the fuselage vibration problem of X2 in high-speed forward
flight [6]. With the increase in the number of actuators
and error sensors, an ACSR system has more than 100 sec-
ondary paths, forming a large-scale multichannel system.
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Assuming the numbers of reference sensors, error sensors,
and actuators are all N , the computation amount of the sim-
plest adaptive algorithm is proportional to N4 [7, 8]. As a
result, the centralized algorithm based on the main proces-
sor has poor control performance in the case of this huge
computation burden [9].

A distributed algorithm based on multiprocessor cooper-
ative operation is an effective way to reduce the computation
amount and the coupling of secondary paths. Gao et al. [10]
proposed a decentralized decoupling optimization control
algorithm, which can effectively reduce the computation
amount, but it was difficult to construct feedback compensa-
tion factors for a large-scale multichannel system. Zhang
et al. [8] investigated a distributed multichannel adaptive
algorithm for exploring the feasibility of error sensor signal
decoupling. However, this algorithm does not weaken the
coupling relationship of the secondary path. Ferrer et al.
[11] presented a distributed algorithm with an incremental
collaborative strategy, but their ring topology network is dif-
ficult to implement in many cases. Thus, the conventional
distributed algorithm is not suitable for large-scale multi-
channel systems.

To this end, a novel distributed algorithm based on a dif-
fusion cooperative strategy, a widely used method in the data
aggregation algorithm of wireless sensor networks (WSNs)
[12–14], is presented in this paper. This distributed algo-
rithm utilized the advantages of a diffusion-cooperative
strategy network topology to relieve the coupling of second-
ary paths and reduce the computation amount by discarding
some secondary paths. For this purpose, we define a general
control node as consisting of one error sensor and one actu-
ator together with a unique processor with communication
capabilities. In this research, the network topology of the dif-
fusion cooperative strategy was combined with the filtered-x
least mean square (FxLMS) algorithm because it has out-
standing control performance in the active control of sound
and vibration [15, 16], forming a diffusion FxLMS
(DFxLMS). The DFxLMS algorithm only considers the sec-
ondary paths retained after quantization when updating
the weight vector of the adaptive filter. This ensures conver-
gence of the control system and significantly reduces the
computation amount.

In summary, aiming at problems such as insufficient
processor computing power and difficult hardware imple-
mentation when the centralized algorithm is used in a
large-scale helicopter active vibration control system, the
DFxLMS algorithm suitable for a large-scale multichannel
system is proposed in this paper. Through theoretical analy-
sis and simulation research, the contributions of this paper
can be summarized as follows:

(1) The vibration acceleration response signal of each
node decreased by more than 99.23% when compared
with the uncontrolled response. In addition, the total
computation amount was reduced by 22.86% when
compared with the centralized algorithm

(2) The optimal convergence coefficient was slightly
larger than that of the centralized algorithm, which

is conducive to parameter selection and accelerated
algorithm convergence

(3) Except for a few nodes, the stability control perfor-
mance of the DFxLMS algorithm at other nodes
was better than that of the centralized algorithm

This work is organized as follows. Section 2 gives the rel-
evant contents of the novel method in detail. Section 3
carries out numerical simulations with and without the
DFxLMS algorithm. Section 4 summarizes the numerical
simulation results and draws valuable conclusions.

2. A Novel Method for Active Vibration Control

In this section, we describe the process of combining the net-
work topology of the diffusion cooperative strategy with the
FxLMS algorithm to form the DFxLMS algorithm. In partic-
ular, a secondary path trade-off quantization standard and
its implementation process are depicted in detail. Moreover,
the computation amount and stability are discussed to prove
the superiority of the proposed method.

2.1. DFxLMS Algorithm. Assume that a large-scale multi-
channel system control network composed of N nodes is
distributed in the helicopter fuselage. An undirected graph
G = ðV , EÞ is used to represent the topology of this control
network, where V = f1, 2,⋯,Ng is the set of nodes and E =
fðl, kÞjl, k ∈ Vg is the set of edges. If and only if there is a
nondiscarded secondary path between node k and node l
satisfying ðl, kÞ ∈ E, node k and node l are neighboring
nodes. The set of nodes connected to node k (including k
itself) is denoted by Nk. In graph theory, a graph G whose
edges are indicated by arrows is called directed; otherwise,
it is called undirected. In addition, an undirected graph G
is connected if there is a path in G from every node to every
other node; otherwise, it is unconnected [17–19]. The num-
ber of nodes connected to node k is called the degree of node
k, and this is denoted by jNkj. Figure 1 shows that the neigh-
bor node set of node 1 is N1 = f1, 2, k,Ng, thenjN1j = 4.

In Figure 1, node k updates the weight vector of its adap-
tive filter by only using the secondary paths between its
neighbor nodes. Discarding secondary paths can signifi-
cantly reduce the computation amount of its processor and
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Figure 1: The topology network with N nodes.
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is conducive to the selection of the convergence coefficient
[20, 21]. Assume that a large-scale multichannel system
has I reference sensors, J actuators, and J error sensors.
Then, there are I × J primary paths and J × J secondary
paths. It can be divided into J control nodes. The structure
of control node k is shown in Figure 2. The block diagrams
of the centralized algorithm and DFxLMS algorithm are
depicted in Figure 3.

In Figure 3(a), MEFxLMS is short for multiple error
filtered-x LMS. The most obvious difference between
Figure 3(a) and Figure 3(b) is that the centralized algorithm
adopts the main processor to realize active vibration control,
while the DFxLMS algorithm is implemented based on mul-
tiprocessor cooperative control. In addition, the former con-
siders all secondary paths, while the kth processor of the
latter only uses the secondary paths determined by Nk.

The model of all neighboring secondary paths of the
node k can be defined as fŜk,jðzÞjj ∈Nkg, and the filtered ref-
erence signal at node k is

r̂k,j nð Þ = ŜTk,jxs nð Þ, ð1Þ

where xsðnÞ = ½xðnÞ, xðn − 1Þ,⋯,xðn − Ls + 1Þ�T and Ls is the
order of the transverse filter.

The filtered reference signal is combined based on the
control topology network

r̂k nð Þ = a1,kr̂Tk,1 nð Þ,⋯,aj,kr̂Tk,j nð Þ,⋯,aJ ,kr̂Tk,J nð Þ
h iT

, ð2Þ

where r̂k,jðnÞ = ½r̂k,jðnÞ, r̂k,jðn − 1Þ,⋯,r̂k,jðn − L + 1Þ�T, L is the
adaptive filter order, and the combining coefficient faj,k ≥ 0g
is determined by the retained secondary paths.

The error signal is defined as

e nð Þ = d nð Þ − R̂T
nð ÞW nð Þ, ð3Þ

where WðnÞ is the estimated value of the optimal solution
Wo ∈ RLJ of the adaptive filter of the control network at time
n, and

R̂ nð Þ = R̂1 nð Þ, R̂2 nð Þ,⋯,R̂J nð ÞÂ Ã
,

e nð Þ = e1 nð Þ, e2 nð Þ,⋯,eJ nð ÞÂ ÃT,
d nð Þ = d1 nð Þ, d2 nð Þ,⋯,dJ nð ÞÂ ÃT,

R̂k nð Þ = r̂Tk,1 nð Þ, r̂Tk,2 nð Þ,⋯,̂rTk,J nð ÞÂ ÃT
:

ð4Þ

The actuator force of node k is

yk nð Þ =wT
k nð Þx nð Þ, ð5Þ

where wkðnÞ = ½WðnÞ�Lðk−1Þ+1:Lk and xðnÞ =
½xðnÞ, xðn − 1Þ,⋯,xðn − L + 1Þ�T. The total actuator force is
yðnÞ = ½y1ðnÞ, y2ðnÞ,⋯,yJðnÞ�T.

With the filtered reference signal, the weight vector of
the global adaptive filter can be updated iteratively. The
weight vector update equation is defined as

W n + 1ð Þ =W nð Þ + μr̂ nð Þe nð Þ, ð6Þ

where r̂ðnÞ = ½r̂1ðnÞ, r̂2ðnÞ,⋯,̂rJðnÞ� and μ is the convergence
coefficient determined by the convergence condition.

2.2. Secondary Path Trade-off Quantization Standard. From
Equation (2), we see that the combination coefficient faj,k
≥ 0g is very important for the DFxLMS algorithm. Its value
is determined by the secondary paths retained after quanti-
zation. In other words, it contains the topology information
of the control network. A diffusion cooperation strategy was
applied to the data aggregation algorithm in the WSN to
solve the problems of data redundancy and wireless commu-
nication congestion caused by the rapid increase in the num-
ber of sensors in the monitored environment [12–14]. In a
WSN, the communication between different nodes depends
on the node distance [22]. Similarly, the relative magnitude
of the output signal amplitude of each secondary path in
the active vibration control system represents the degree of
the coupling relationship. First, a quantization threshold is
set. The secondary path will be discarded when its output
signal amplitude is lower than the quantization threshold.
Then, the nondiscarded secondary path represents the edge
in the topology of the control network. Thus, a secondary
path trade-off quantization standard was designed, which
discarded some secondary paths to reduce the computation
amount and relieved the coupling relationship of the sec-
ondary path in the large-scale multichannel active vibration
control system of the helicopter fuselage.

Algorithm 1 summarizes the implementation process of
the secondary path trade-off quantization standard in the
DFxLMS algorithm. This process is repeated until the com-
bination matrix A just meets the complex undirected net-
work connectivity [23, 24]. At this point, the reduction in
computation is the most obvious. Therefore, this value is
the optimal quantization threshold.

The topology connectivity of the large-scale multichan-
nel system control network composed of J nodes is visually
expressed in Figure 4. Some nodes have no reachable path

Processor k

{Ŝk, j (z) | j ∈ Nk}

Error sensor

ek (n)

x (n)
Reference sensor

Actuator Node kyk (n)

Figure 2: The structure of control node k.
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Figure 3: Block diagrams of the centralized algorithm and DFxLMS algorithm.

Steps
1) actuator 1 action, response amplitudes ½c11, c12,⋯,c1k,⋯,c1J �
2) actuator 2 action, response amplitudes ½c21, c22,⋯,c2k,⋯,c2J �
3) actuator J action, response amplitudes ½cJ1, cJ2,⋯,cJk,⋯,cJ J �
4) response amplitude matrix C
5) quantization threshold is b(0<b<1)
6) for i=1:length (C)

for j=1:length (C)
if (C(i,j)< b ∗max(C,[],2))

A(i,j)=0;
else

A(i,j) =1;
end

end
end

7) combination matrix A=A+AT+I

Algorithm 1: Steps of secondary path trade-off quantization standard.

4 International Journal of Aerospace Engineering



in Figure 4(a), and all nodes have a path from every node to
every other node in Figure 4(b).

2.3. Discussion of Computation Amount. To quantitatively
illustrate the advantages of the DFxLMS algorithm in reduc-
ing the computation amount when applied to a large-scale
multichannel system, the amounts of computation required
by the DFxLMS algorithm for each step of one control cycle
are shown in Table 1.

Then, the computation amount required by the DFxLMS
algorithm for one cycle is

NDFxLMS = 〠
J

k=1
Nkj jILs + J + 1ð ÞI JL: ð7Þ

The centralized algorithm computation amount for one
cycle is [25]

NMIMO = I J2 L + Lsð Þ + I JL: ð8Þ

Variable jNkj represents the number of secondary paths
retained by node k, and its value ranges from 1 to J . When
all nodes are set to 1, this means that the control network
only retains the paired secondary paths within the nodes,
so the DFxLMS algorithm degenerates into the traditional
distributed algorithm. When all nodes are set to J , the con-
trol network retains all secondary paths, which does not help
reduce the computation amount or relieve the coupling of
the secondary path.

2.4. Discussion of Stability Condition. Equation (6) shows
that the convergence coefficient μ is crucial to updating the

weight vector of the global adaptive filter. A smaller value
can ensure the convergence of the update process, but the
convergence process is slow. Although a larger value can
increase the convergence speed, this may cause divergence
in the update process. Therefore, it is necessary to analyze
the stability of the DFxLMS algorithm to obtain the conver-
gence condition and provide a theoretical foundation for the
value of the convergence coefficient μ.

The global Lyapunov function is

V nð Þ = 〠
K

k=1
Vk nð Þ = 〠

K

k=1

1
2
ek

2 nð Þ: ð9Þ

At node k, the differential form can be expressed as

ΔVk nð Þ =Vk n + 1ð Þ −Vk nð Þ = 1
2

ek
2 n + 1ð Þ − ek

2 nð ÞÂ Ã
=
1
2
ek n + 1ð Þ − ek nð Þ½ � ek n + 1ð Þ + ek nð Þ½ �

= 1
2
Δek nð Þ 2ek nð Þ + Δek nð Þ½ �:

ð10Þ

Theoretically, ΔekðnÞ can be further expressed as

Δek nð Þ = ek n + 1ð Þ − ek nð Þ = ∂ek nð Þ
∂W nð Þ

� �
ΔW nð Þ½ �

= −R̂T
k nð Þ μkek nð Þr̂k nð Þ½ � = −μkek nð ÞR̂T

k nð Þr̂k nð Þ:
ð11Þ

w1 (n) w1 (n)

w2 (n)

(a) Disconnected network (b) Connected network

w2 (n)

wk−1 (n) wk−1 (n)

wJ (n) wJ (n)

wk+1 (n) wk+1 (n)

wk (n) wk (n)

Figure 4: The topology connectivity of the large-scale system control network.

Table 1: Computation amount of the DFxLMS algorithm.

Steps Computing formula Computation

1 r̂k nð Þ = a1,kr̂Tk,1 nð Þ,⋯,aj,kr̂Tk,j nð Þ,⋯,aJ ,kr̂Tk,J nð Þ
h iT

〠J

k=1 Nkj jILs

2
r̂ nð Þ = r̂1 nð Þ, r̂2 nð Þ,⋯,̂rJ nð ÞÂ Ã

I J2L
W n + 1ð Þ =W nð Þ + μr̂ nð Þe nð Þ

3 yk nð Þ = wT
k nð Þx nð Þ I JL
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Substituting Equation (11) into Equation (10), we can
obtain

ΔVk nð Þ = 1
2

−μkek nð ÞR̂T
k nð Þr̂k nð Þ

h i
Á 2ek nð Þ − μkek nð ÞR̂T

k nð Þr̂k nð Þ
h i

= −
1
2
μkek

2 nð ÞR̂T
k nð Þr̂k nð Þ 2 − μkR̂

T
k nð Þr̂k nð Þ

h i
:

ð12Þ

From Eq. (9), the global Lyapunov function VðnÞ =∑K
k=1Vk

ðnÞ =∑K
k=11/2ek2ðnÞ ≥ 0, if and only if ekðnÞ = 0, then VðnÞ

= 0. According to the Lyapunov theorem, when ΔVkðnÞ ≤
0, the control system is stable and generally requires ΔVkð
nÞ < 0; then,

2 − μkR̂
T
k nð Þr̂k nð Þ > 0: ð13Þ

The value range of the convergence coefficient of node k
can be obtained from the above formula

0 < μk <
2

R̂T
k nð Þr̂k nð Þ

: ð14Þ

It should be noted that the influence of the combination
coefficient faj,kg on algorithm stability is reflected in r̂kðnÞ.
When the convergence coefficients of each node all meet
the value range, the weight vector of the adaptive filter based
on the DFxLMS algorithm converges to the optimal solution
Wo. In the numerical simulations, a certain optimization
method is used to constantly adjust the convergence coeffi-
cient to make the DFxLMS algorithm converge at the fastest
speed.

3. Numerical Simulations

To verify the effectiveness and superiority of the DFxLMS
algorithm for a large-scale multichannel system, a simplified
helicopter fuselage model was used to conduct vibration
suppression simulation with a system scale of 1 × 10 × 10.
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3.1. Simulation Model. The numerical simulation model and
1 × 10 × 10 large-scale multichannel system are shown in
Figure 5. This model weight is 6:1 × 103 kg and is composed
of an airframe, tail boom, wings, tail oblique boom, outer
wings, and hub. Nodes 1-10 are the feedback signal posi-
tions, which are distributed in the instrument panel, pilot’s
seats, passenger’s seats, and tail boom [26, 27]. Node 11 is
the disturbance signal position of the main rotor. As men-
tioned above, this 1 × 10 × 10 large-scale multichannel sys-
tem can be divided into 10 control nodes.

3.2. Secondary Path Modeling. The secondary path in the
ACSR system has an important influence on the control per-
formance, so the modeling accuracy of the secondary path
can directly affect the stability and effectiveness of the con-
trol algorithm to a great extent [28, 29]. In time-domain
control algorithms, the transverse filter is often used to esti-
mate the secondary path [30]. There are two methods to
model the secondary paths: offline and online [31, 32]. Since

the characteristics of the secondary path in the active vibra-
tion control process of helicopter fuselages generally remain
steady state, an offline modeling method can be adopted to
simplify the control algorithm.

The transverse filter order Ls is 64, the initial value is set
to 0, the sampling frequency of the adaptive modeling algo-
rithm is 1000Hz, and the modeling time is 20 s. To obtain a
perfect secondary path for numerical simulation, the model-
ing error must be restrained to be within 10% of the desired
signal. Figure 6 shows the modeling process of the secondary
path S6,1ðzÞ. The blue dotted line indicates the 10% value of
the desired signal, and the red solid line is the modeling
error. As shown in Figure 6, the secondary path S6,1ðzÞ
modeling meets the requirements. For the large-scale multi-
channel system in this paper’s simulation model, the total
number of secondary paths is 10 × 10 = 100.

3.3. Simulation Results and Discussion. The DFxLMS algo-
rithm simulation was carried out on a computer simulation
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platform. The control performance of each node can be
obtained from Equation (15), and the global control perfor-
mance can be obtained from Equation (16).

VRk nð Þ = 10 lg
∑e2k nð Þ
∑d2k nð Þ

( )
, ð15Þ

GVR nð Þ = 1
J
〠
J

k=1
VRk nð Þ: ð16Þ

3.3.1. Selection of the Convergence Coefficient. Equation (6)
shows that the value of the convergence coefficient μ is cru-
cial to the weight vector updating process of the global adap-
tive filter. In this section, a traversal method is adopted to
determine its optimal value.

When all the rotor blades are identical in size and
weight, the resulting vibration is dominated by harmonic
multiples (p = 1, 2, 3,⋯) of the number of blades (N) multi-
plied by the main rotor speed (Ω). Helicopter fuselage vibra-
tion is primarily characterized by harmonic excitations from
the main rotor at the first multiple, often referred to as NΩ
[33–35]. To simulate the vibration state of the reference heli-
copter forward flying at 250 km/h, a harmonic disturbance
force with a base frequency (NΩ) of 17Hz and amplitude
of 4000N was applied to node 11. The reference signal xðn
Þ was taken to be the same as the disturbance force [36,
37]. The expected signal dðnÞ was the acceleration response
of each control node without active control. The adaptive fil-
ter order L is 64, the initial value is set to 0, the sampling fre-
quency is 1000Hz, and the simulation duration is 100 s.

Active control was applied after external disturbance excita-
tion for 10 s. The quantization threshold of the secondary
path was 88%, which was the upper limit to ensure the con-
nectivity of the control network. The global control perfor-
mance of Equation (16) is adopted as the evaluation index.
Figure 7 shows the control topology network at this
moment.

The convergence coefficient μ was first taken as a small
value satisfying Equation (14), and then the convergence
trend of the global control performance curve in the simula-
tion was observed. A large step was adopted to gradually
increase the convergence coefficient when the curve con-
verged slowly and there was no stable state. In contrast, a
small step was adopted. The iterative convergence coefficient
to make the global control performance curve close to the
fastest convergence speed was the optimal convergence coef-
ficient. The simulation results of the global control perfor-
mance curve of the optimal value and its slightly larger
value with the DFxLMS algorithm and centralized algorithm
are depicted in Figure 8. The MIMO in the legend represents
the centralized algorithm.

In Figure 8, it is revealed that the DFxLMS algorithm
achieved the same global control performance as the central-
ized algorithm with the stable vibration reduction amount
reaching more than 62.8 dB. The divergence trend appears
in the global control performance curves of the two algo-
rithms when the convergence coefficient was slightly greater
than the optimal value, and the divergence speed of the
DFxLMS algorithm was obviously faster than that of the
centralized algorithm. By comparing these four curves, the
convergence value of the DFxLMS algorithm at the optimal
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Figure 10: Control performances of the different quantization thresholds.
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value (μ = 5:358e − 4) is seen to be slightly larger than that of
the centralized algorithm (μ = 4:902e − 4). This was proba-
bly because the DFxLMS algorithm discarded some second-
ary paths with weak coupling relationships.

3.3.2. Quantization Threshold Setting. The influence of the
combination coefficient faj,kg on the stability of the algo-
rithm is reflected in r̂kðnÞ, which is an important part of
Equation (14). Therefore, the optimal convergence coeffi-
cients corresponding to different quantization thresholds
are usually different. To verify the feasibility and effective-
ness of the secondary path quantization standard proposed

in this paper, different quantization thresholds were set for
comparative simulation. This needs to consider all second-
ary paths the same as the centralized algorithm when the
quantization threshold is set to 0, resulting in difficulty in
reducing the computation amount and relieving the second-
ary path coupling.

The traversal method process for finding the optimal
quantization threshold is as follows. First, the initial quanti-
zation threshold is set at 100%, but the control network is
disconnected at this time. Then, the quantization threshold
is slowly reduced in steps of 1%. When the control network
is just connected, this percentage value is the upper limit of
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the quantization threshold. Through this process, it can be
obtained that the upper limit of the quantization threshold
in this research was 88%. In addition, further reducing the
quantization threshold means that more secondary paths
need to be considered, which is unhelpful for reducing the
computation amount and relieving the secondary path
coupling.

This section only gives the simulation results when the
quantization threshold values were 88%, 60%, and the iden-

tity matrix, respectively. Then, the corresponding optimal
convergence coefficient also adopts the traversal method. It
is worth mentioning that the identity matrix is called the
no cooperation of the DFxLMS algorithm, which was also
named the decentralized algorithm. The topological struc-
ture of the control network with a quantization threshold
of 88% is shown in Figure 7, and the other two combination
matrices of the control network are depicted in Figure 9. The
global control performance curves are depicted in Figure 10.
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Comparing the results of the three quantization thresh-
olds, the thin solid line with a representative quantization
threshold of 88% had the best control performance, and
the stable global control performance was close to -62.8 dB.
The dotted line control performance with the quantization
threshold of 60% was the second best, and the global control
performance was close to -23.1 dB. The thick solid line rep-
resenting the identity matrix had the worst control perfor-
mance, and the minimum global control performance was
only -6.7 dB, and it was unstable.

Therefore, when the connectivity of the complex control
network was satisfied, further reducing the quantization
threshold degraded the control performance, by approxi-
mately 39.7 dB. This was because retaining too many sec-
ondary paths makes it difficult for the convergence
coefficient to take the optimal value. The control perfor-
mance of the no cooperation scenario was divergent on
account of simply ignoring the coupling relationship of all
secondary paths.

3.3.3. Based Frequency Control. According to the simulation
results presented in the above two sections, the control per-
formance was the best when the convergence coefficient was
μ = 5:358e − 4 and the quantization threshold of the second-
ary path was 88%. To examine the effectiveness and superi-
ority of the proposed DFxLMS algorithm, comparative
simulations were performed with and without active vibra-
tion control. The simulation durations were 30 s. The exter-
nal disturbance condition and other simulation parameters
were the same as those used in the previous sections.
Figure 11 shows the measured acceleration response signal
in the time domain at each node with and without active
vibration control.

It can be seen in Figure 11 that the vibration acceleration
response signals were reduced by over 99.23% by using
active control with the DFxLMS algorithm. At this time,
the computation amount required for one control cycle of
the centralized algorithm obtained from Equation (8) was
13440, while the DFxLMS algorithm computation was
10368 by substituting ∑10

k=1jNkj = 52 into Equation (7).
Therefore, the DFxLMS algorithm can obtain the additional
effect of a computation amount reduction of 22.86%.

Figure 8 shows that the global control effect of the diffu-
sion algorithm was basically consistent with that of the cen-
tralized algorithm. To fully compare which of the two
algorithms was superior, Figure 12 shows the comparison
diagram of the control performances of the two algorithms
at each node.

The convergence rates of curves VR4 and VR5 were quite
different, while those of the other nodes were almost the
same as the centralized algorithm before -20 dB. Except for
VR4, VR5, and VR10, the stable control performances of
the DFxLMS algorithm were all better than those of the cen-
tralized algorithm.

4. Conclusions

In this paper, a novel distributed active control algorithm
based on the diffusion cooperative strategy for reducing the

huge computation amount and relieving the complex cou-
pling of secondary paths in a large-scale multichannel sys-
tem of helicopter fuselage was presented. The following
conclusions describe the results of the previous sections.

(1) The DFxLMS algorithm reduced the computation
amount by discarding some of the secondary paths
while ensuring that the convergence of the ACSR
system through nondiscarded secondary paths meets
the complex undirected network connectivity

(2) The optimal convergence coefficient of the DFxLMS
algorithm was slightly larger than that of the central-
ized algorithm

(3) The DFxLMS algorithm had the best control perfor-
mance and the lowest computation amount when
the quantization threshold just meets the control
network connectivity

(4) In the frequency control simulation, the DFxLMS
algorithm achieved outstanding control perfor-
mance. The vibration acceleration response signals
of all control nodes were reduced by over 99.23%
when compared with the uncontrolled responses.
Moreover, the computation amount was reduced
by 22.86% when compared with the centralized algo-
rithm. This verified the effectiveness and superiority
of the proposed DFxLMS algorithm
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