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ABSTRACT The importance of information intelligence in today’s society is growing as a result of advances
in science and technology, and as intelligent technology is now a part of almost every aspect of people’s lives,
demand for data collection technology is rising. The active noise management of smart beds has proven to
be a significant difficulty. Smart beds are a type of intelligent function bed that rely on intelligent sensor
technologies to perform real-time monitoring of human health and sleep. The active noise control issue
for smart beds is addressed in this study, which also suggests an enhanced broadband-narrowband hybrid
control method based on the traditional hybrid control technique. In response to the experimental findings,
acoustic feedback cancellation technology increased the stability of the control system, lessened algorithmic
calculation difficulties, and more effectively neutralised feedback sound. The maximum steady-state noise
reduction in the active noise reduction process is 17.7 dB for the improved wide and narrow band hybrid
control algorithm and 13.9 dB for the classical wide and narrow band hybrid control algorithm, according to
comparisons between time domain sound pressure and linear total sound pressure level results. After active
noise reduction, both techniques can successfully eradicate the narrowband sweeping noise component and
have a considerable suppressive effect on the broadband noise component. In comparison to the traditional
broadband-narrowband hybrid control method, the revised algorithm has a better effect on noise reduction
and has a useful use for intelligent applications.

INDEX TERMS Active noise control, wide-and narrow-band hybrid algorithm, intelligent bed, adaptive
filtering.

I. INTRODUCTION to be uncontrollable [3]. High-quality sleep is crucial to one’s

All spheres of life have prospered as a result of the advance-
ment of computer network technology and the social econ-
omy, but the rise of the intelligent industry stands out. The
growth of the Internet has fueled the growth of the intelligent
sector, and some intelligent products have proven popular in
social settings [1]. The growth of smart homes demonstrates
the industry’s robust vitality. The rise of the smart home is
being driven by the advancement of artificial intelligence
on the Internet [2]. The current application of smart beds,
however, is limited to hospitals and nursing homes, and
generally for manual control, the noise generation also seems
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health and quality of life because it accounts for around
one-third of life [4]. Applications for therapy and detection
have emerged quickly among them, considerably enhancing
people’s quality of life. It has long been a significant area of
research in the field of intelligent technology, both domesti-
cally and internationally, for the active noise control of intel-
ligent beds [S]. China’s skills for independent intelligent field
research and development, intelligent design methodologies,
and intelligent bed active noise control (ANC) technology
have all advanced significantly. Active noise management
of intelligent beds is investigated in this paper using lin-
ear and non-linear adaptive algorithms, a single broadband
active noise cancellation (ANC) method, a single narrowband
ANC (NANC) strategy, and a broadband-narrowband hybrid
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ANC algorithm. Single system algorithms typically provide
active cancellation only in the relevant frequency bands, with
little to no control of low frequency noise in the uncorre-
lated frequency bands, and only a modest amount of noise
reduction in the broadband bands, as well as overall noise
reduction. A wideband and narrowband hybrid ANC tech-
nique is recommended for efficient control of low frequency
broadband noise. Therefore, a wideband and narrowband
hybrid ANC method is proposed for the active suppression
of the intelligent bed. The first of three main facets of
the research is the examination of the ANC algorithm, the
unique structural ANC algorithm. According to the spectral
properties of the noise reduction object, the ANC algo-
rithms are then split into three categories: broadband ANC
(BANC) algorithms, NANC algorithms, and hybrid broad-
band and NANC algorithms. The second part is a study
of classical broadband-narrowband hybrid structured ANC
algorithms, and active suppression for both broadband and
narrowband noise. For active noise control in smart beds, the
feedback-based wide and narrowband hybrid ANC algorithm
based on the filtered least mean square (Fitered-X Least mean
square, FXLMS) method is merged with a mixture of the feed-
back structure algorithm and the narrowband trap algorithm.
This study’s improved wide and narrow band hybrid control
algorithm for active noise reduction is tested experimentally,
and its performance is compared to that of the classical wide
and narrow band hybrid control algorithm and the improved
wide and narrow band hybrid control algorithm.

Il. RELATED WORKS

Since they were initially developed, ANC techniques have
gained prominence as a significant method for reducing low
frequency noise in the present. In order to decouple the two
structures by using the same adaptive feedback structure
reference signal, Wu L. et al. developed a portable ANC
pillow that combines a fixed feedback structure with an
adaptive feedback structure. The combination of adaptive and
fixed feedback systems could improve noise reduction perfor-
mance, according to experimental results [6]. An algorithm
was put forth by Ahmed S. et al. to enhance the FXLMS
algorithm’s performance when the quadratic path has satu-
rated nonlinearities. The weights of the controller are changed
using the suggested manner by minimising a cost function
with two terms. After saturation has occurred, it is avoided
that the (controller) weights will fluctuate unnecessarily as a
result of significant changes in the controller output. Exper-
imental evidence [7] is used to support the method’s supe-
riority over other ways in various situations. Huynh M. C.
and Chang C. Y. developed a potent non-linear adaptive
feedback neural controller that eliminates narrowband noise
in both linear and non-linear ANC systems. The method’s
quick convergence rate, high stability, and efficiency were
confirmed by experimental data [8]. An active fault toler-
ant control (FTC) strategy for temperature control in the
combustion zone of cement kilns was proposed by
Veerasamy G et al. An Adaptive Kalman Filter (AKF) is
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included into the current Model Predictive Control (MPC)
framework to accomplish FTC [9]. Using an active and
flexible docking technique, Chu W and Huang X have created
a big gear structure active and flexible docking system based
on distributed force sensors. The approach addresses the
issue of the conventional active flexible docking systems’
limited load-bearing capability and is practicable [10]. For
the purpose to effectively manage wideband active noise,
Long G et al. present the design of a subband ANC sys-
tem. The delay-free subband method’s parameter design
incorporates genetic algorithm optimisation, and a straight-
forward near-black-box ANC algorithm optimisation model
is created. The use of automatic genetic algorithm optimisa-
tion for multi-channel low-frequency broadband active noise
reduction systems utilising a delay-free subband algorithm
configuration was experimentally verified and shown to be
useful [11].

The effectiveness of broadband-narrowband hybrid control
algorithms has drawn a lot of interest in the field of active
noise reduction. numerous academics have concentrated on
the research of broadband-narrowband hybrid control algo-
rithms and have produced numerous impressive research
findings. A broadly adjusted graphene liquid crystal photode-
tector was proposed by Sadeghi H et al. A single layer of
graphene on top of a silicon grating makes up the photode-
tector [12]. The performance of the system was enhanced
by simulating autonomous driving decisions under various
complex scenarios, according to Guo Z et al.’s construction.
The road driving model was created in accordance with the
actual needs, and the general architecture of the system and
its functional modules were established. The test findings
demonstrate that the intelligent decision-making system has
some capabilities for decision control and that performance
has been significantly enhanced [13]. By using a variable
control method in the model predictive control MPC to con-
trol the maximum deviation parameter under all non-linear
situations, Ali S U et al. offer a distributed MPC-based con-
trol technique for multivariate optimisation. Depending on
their capabilities, individual controllers will manage the other
parameters. The control algorithm’s good dynamic response
and constraint inclusion were empirically confirmed [14].

In summary, there are still deficiencies in ANC research
today, lack of control effects, relatively limited noise reduc-
tion bandwidths as well as total noise reduction. Therefore,
based on the research aspects of active noise control, new
solutions for noise control algorithms for intelligent beds
are explored. This study focuses on the effectiveness of
an enhanced broad and narrow band hybrid active noise
control algorithm for smart beds, which in turn offers a
scientific foundation for the development of active control
systems.

IIl. ANC METHOD FOR SB BASED ON WIDE AND
NARROW BAND HYBRID CONTROL ALGORITHM
According to the amount of energy dispersion in the fre-
quency band and frequency band, noise in the actual world is
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separated into three categories: broadband noise, narrowband
noise, and mixed broadband-narrowband noise. According to
the frequency range of the noise reduction object, ANC algo-
rithms are classified as BANC algorithms, NANC algorithms,
and combined broadband-NANC algorithms [15]. Realising
the active control of adaptive following noise is therefore
crucial for achieving the necessary control effect on the sur-
rounding sound field.

A. THE ANC APPROACH TO FACING SB

Noise control technology includes two methods: passive con-
trol and active control [16]. Passive control technology has
a good control effect on high frequency noise, but a poor
control effect on low frequency noise. Active noise control
technology, on the other hand, uses the principle of acoustic
interference cancellation to generate sound waves that have
the same frequency and amplitude as the noise source, but in
phase opposition, and superimpose them on the noise source
to achieve the goal of acoustic noise reduction. The physical
basis of active noise control is to achieve noise energy can-
cellation through the principle of acoustic wave cancellation
interference, as shown in Figure 1.

Noise sound wave I MNW

\/\/\/\/\/\ Noise after interference
Antiphase acoustic wave

FIGURE 1. Schematic diagram of acoustic wave cancellation interference.

Figure 1 shows acoustic wave interference. When two
series of sound waves propagate simultaneously in the same
medium, the vibration at any point will cause the superpo-
sition of the two vibrations, hence it is called acoustic wave
interference. When two series of sound waves propagate to
the same position, the occurrence of the same vibration will
result in phase interference, but if there is an inverse vibration,
there will be destructive interference. The transmission of
sound waves causes a particle to generate kinetic energy
and potential energy, and the sum of the two is the acoustic
energy received by the particle in the acoustic disturbance.
The kinetic energy and potential energy of the particle are
given by equation (1).

1
AE = 2mov __()O(JV())V

v 0 ngcg

In equation (1), p represents the sound pressure, c, rep-
resents the speed of sound wave propagation, V, represents
the volume, p, represents the density and p, represents the
pressure. The sound energy (SE) possessed by the mass is
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shown in equation (2).
»

o P @

1
AE = AEg + AEp = 3

Equation (3) illustrates that the SE density in a sound field
is the SE per unit volume of medium.
AE 1 p?
g=— = P+ =) 3)
Vo 2 D5C5
And for planar sound waves, the average SE contained is
shown in equation (4).

— / AEdt = ‘2’ ) @)
0 0
The SE density of this planar acoustic wave is shown in
equation (95).
E P’
E=—=— 5
Vo  2p3c2 )
Two columns of plane waves satisfying the interference
conditions have sound pressures p; and p; at specific loca-
tions in the sound field as shown in equation (6).

{ Pi = P1g cos(of — ¢1)

(6)
Py = Py cos(wt — ¢2)

In equation (6), p14 and py, are the sound pressure ampli-
tude of the acoustic wave, w is the angular frequency of the
acoustic wave, ¢ and ¢, are the phases of the two columns
of acoustic waves, and the phases do not change with time.
Equation (7) displays the average SE density of the two sound
wave columns.

2
T = Pla
= 2,0,C2
<38 (M
_— 2a
& = 5
210000

Equation (8) illustrates how the superposition of sound
waves can be used to get the average SE density of the
synthetic sound field..

P

P
F=E+E+ 2 cosg ®)
PoCy

In equation (8), ¢ is the phase difference between the
two columns of sound waves, which affects the average SE
density at each position in the superimposed sound field, and
is calculated as shown in equation (9).

F=f4+m+A )

In equation (9) when Py, = Py, ¢ = £nm,n =1,
3,57 ....,A = P"’PZ“ , the average SE density of the

superimposed sound field is € = 0, which can achieve the
phase extinction interference of acoustic waves. The control
algorithm is the core issue in active noise control research,
as it fundamentally determines the performance of the entire
control system. In active noise control systems, the selection
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of filters is a very important step. Among them, digital filters
are divided into Finite Impulse Response (FIR) and Infinite
Impulse Response (IIR) filters. FIR filters do not have the
feedback part of the previous output signal and are obtained
by weighted summation of the current output signal. The
structure of an FIR filter based on the LMS algorithm is
shown in Figure 2.

44 LMS algorlthm

FIGURE 2. FIR filter structure based on Ims algorithm.

In Figure 2, the LMS method is utilised to minimise the
mean square difference between the output signal and the
desired signal in order to dynamically modify the filter weight
coefficients. Equation (10), which calculates the filter weight
coefficients, is displayed.

wn + 1) = w(n) — 2ue(n)x(n) (10)

In equation (10), w(n) is the weight coefficient, e(n) is
the error signal of the system, and p is the convergence
coefficient. To ensure the stability of the updating process of
the weight coefficients, the range of convergence coefficients
w of the LMS algorithm is defined as shown in equation (11).

1
tr [R]

<u< (11)
In equation (11), #r [R] is the trace of the reference signal

autocorrelation matrix R, which is equal to the total power of

the input signal, and is defined as shown in equation (12).

1

O<u< (12)

L-1

;) (x(n — D)2

Because of its short computational cost, the LMS algorithm
is frequently employed in adaptive filtering methods. And it
was then enhanced to the FXLMS algorithm for use in the
active noise field.

B. CHARACTERISATION OF THE STRUCTURAL DIVISION
BASED ON THE ANC SYSTEM

Three sections make to the ANC system’s framework. First,
based on whether the reference signal is directly acquired or
not, feed-forward and feedback ANC systems are differenti-
ated. Second, the ANC system is divided into single-channel
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and multi-channel versions depending on how many sec-
ondary sources and error microphones are present. Based on
the spectral properties of the target noise reduction object,
ANC systems are further divided into broadband, narrow-
band, and wide and NANC systems. In this scenario, the
BANC system typically creates a reference noise signal using
areference microphone, resulting in an effective noise reduc-
tion of the target noise with noise energy distribution over
a broad frequency range. On the other hand, the NANC
system is built using non-acoustic sensors. Figure 3 depicts
the BANC system and the NANC system.

|

[} .
i Noise | = e e m e )
] i \ Reference Error ]
i-source ! & microphone microphone£>—:
_____ I Y ]
; Secondary !
3 y(n) noise ?
. e g
; —>| ANC controller |<Q :
!

|
! Noise uPrlmar}ipj)lgca_ __________________
E source 1 i Error microphone ( 2'
Non acoustwlSynchromzétlon Secondary :
sensors signal Coe i
N e
generator | | " | LANC commoller = |

(b) Narrowband ANC system

FIGURE 3. Structure diagram of BANC system and NANC system.

In the broadband ANC system shown in Figure 3, in order
to achieve the ideal active noise reduction effect for a target
noise with noise energy distributed over a wide frequency
band, the control system needs to obtain a reference signal
that can fully characterize the target noise. The use of a ref-
erence microphone can solve this problem. Broadband ANC
systems typically use reference microphones as the basis for
constructing reference noise signals to achieve effective noise
reduction over a wider frequency band [17]. Narrowband
ANC systems generate periodic narrowband noise from the
movement of mechanical components, which can be sup-
ported by non-acoustic sensors to provide more accurate
narrowband signals. Even when the microphone is close to
the secondary sound source, serious acoustic feedback may
occur, but by introducing non-microphones, there is no acous-
tic feedback problem. It can also effectively track the target
noise continuously and has good narrowband order com-
ponent noise reduction characteristics [18]. Therefore, the
broadband and narrowband combined algorithm is superior
to both broadband and narrowband algorithms. The hybrid
wideband and narrowband ANC system is shown in Figure 4.

Figure 4 shows a wideband and narrowband hybrid
ANC system, which has a complex structure compared to
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FIGURE 4. Structure diagram of a wide and narrow band hybrid ANC
system.

wideband and narrowband algorithm systems. The reference
noise signal is constructed using acoustic and non-acoustic
microphones, and the offset signal is obtained by summing
the output signals of the broadband and narrowband ANC
sections. The computational complexity is greater than the
sum of the broadband and narrowband algorithms, and tar-
geted processing is performed on the narrowband and broad-
band components of the mixed broadband and narrowband
noise. For noise with mixed characteristics of wide and
narrow bands, using a narrow band mixed ANC system com-
posed of a broadband ANC subsystem and a narrow band
ANC subsystem is the effective method for handling such
noise using active noise control algorithms.

C. IMPROVED WIDE AND NARROW BAND HYBRID
CONTROL ALGORITHM BASED ON CLASSICAL WIDE AND
NARROW BAND HYBRID CONTROL ALGORITHM

The pre-feedback hybrid ANC algorithm and the wide- and
narrow-band hybrid ANC algorithm are the two basic algo-
rithms that make up the wide- and narrow-band hybrid ANC
system’s hybrid structure. With the goal to provide a more
acceptable error signal with two ANC system control filters,
a third adaptive filter is added to the traditional pre-feedback
hybrid ANC system. As a result, the upgraded system also has
faster convergence and greater noise reduction [19]. On this
basis, a sinusoidal noise suppressor (SNC) is introduced to
coordinate the simultaneous operation of broadband ANC
subsystems and narrowband ANC subsystems. The structure
of the classic wide narrow band hybrid ANC algorithm is
shown in Figure 5.

The classic wideband and narrowband mixed ANC
algorithm shown in Figure 5 has a good active suppression
effect on common wideband and narrowband mixed noise.
The algorithm consists of three parts: wideband ANC sys-
tem (BANC), narrowband ANC system (NANC), and signal
separation system (SNC). This study improves the classic
wide and narrow band hybrid ANC system by introducing
acoustic feedback cancellation technology to neutralize the
collected feedback sound. In order to decrease the degree of
algorithm computation, the trapped delay LMS algorithm is
implemented in place of the FXLMS method that is utilised
in the NANC system. The traditional FXLMS algorithm of
the wideband ANC system is then replaced by a normalised
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FxLMS algorithm to improve the stability of the control
system under impulsive interference. Figure 6 depicts the
architecture of the enhanced wideband-narrowband hybrid
ANC algorithm.

The improved wide and narrow band hybrid ANC
algorithm shown in Figure 6 solves the problem of acoustic
feedback cancellation caused by the introduction of a refer-
ence microphone. In practical scenarios, the elimination of
acoustic feedback can affect the noise reduction performance,
making it difficult to fully utilise its power [20]. The num-
ber of adaptive notch controllers in the NANC subsystem
in the figure increases exponentially with the number of
narrowband components to be denoised, but this makes the
computation more complex. Therefore, the FXLMS algorithm
is replaced by the Notch Delay LMS algorithm to reduce the
computational complexity of the algorithm. The wide and
narrow band signal after adding acoustic feedback cancella-
tion is separated, and the calculation formula for the feedback
acoustic signal is shown in equation (13).

xm(n) = xg(n) — yr(n) (13)

In equation (13), yr(n) is the feedback sound signal in
the mixing algorithm, xg(n) is the signal collected by the
reference microphone, and x,,(n) is the reference signal after
the mid-feed feedback sound. And the broadband noise xg(n)
separated by the improved SNC subsystem is defined as
shown in equation (14).

q A
xp(n) = () = D [aﬁi(n)xai(n) + bsi(n)xw(n)} (14)
i=1
q
is the discrete Fourier

A
In equation (14), a/;l-(n), bsi(n)]

coefficient of the cosine and sine é?)}nponents, and q is the
number of narrowband components to be controlled. The
secondary path coefficients and the reference signal no longer
need to be convolutioned, which reduces the operational
complexity of the algorithm and allows for the insertion of
the trap-delay LMS algorithm. The equation for calculating
the adaptive filter weight coefficients in the trap-delay LMS
algorithm is shown in equation (15).

dyi(n + 1) = dyi(n) + pne(nxgi(n — d)

A A (15)
bni(n + 1) = byi(n) + ppe(m)xpi(n — d)

In equation (15), x4i(n — d) and xp;(n — d) are the cosine
component reference signal and the sine component refer-
ence signal after delaying d samples, respectively. In the
normalised FXLMS algorithm, the convergence coefficients
are adjusted to adaptively changing time-varying values with
the filter weight coefficients shown in equation (16).

b

We(n) xp(n) + w(n) (16)

w(l +n) =

In equation (16), ,uNb is the base convergence coefficient and
4 is a very small positive real number. This study suggests a
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FIGURE 5. Structure diagram of classic wide narrow band hybrid ANC algorithm.
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FIGURE 6. Structure diagram of classic wide narrow band hybrid ANC algorithm.

plan to enhance the broadband-narrowband hybrid algorithm
in order to further enhance the performance of the ANC
algorithm.

IV. ANALYSIS OF SBANC VERIFICATION BASED ON WIDE
AND NARROW BAND HYBRID CONTROL ALGORITHM

End-to-end speaker-based characterization has strong
promise as deep learning emerges as a major technique
in the field of intelligent speech and is widely utilised in
speaker recognition [ 19]. Convolutional neural networks can-
not directly simulate speaker information between multiple
channels while collecting training data from separate chan-
nels. Active noise reduction experiments on the Smart Bed
(SB) are conducted in this study to evaluate and analyse the
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effectiveness of the suggested broad and narrow band hybrid
control algorithm for SBANC. This study also proposes an
improved ANC hybrid algorithm based on the conventional
ANC hybrid algorithm. Figure 7 compares the results for
the noise reduction impact between the traditional trapped
FxLMS method and the trapped delay LMS algorithm in the
scenarios of people going to bed at night and waking up in
the morning.

Figure 7 shows the active noise reduction experiments
with simulated noise in the morning and evening, using
the conventional trapped FXLMS algorithm and the trapped
delay LMS algorithm. The time-domain sound pressure
amplitude curves for both noise reductions are shown in
Figures 7(a) and 7(b), respectively. Figure 7(b) also compares
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FIGURE 7. The denoising effect of traditional notch FXLMS algorithm and
notch delay LMS algorithm in the morning and evening.

the time-domain total sound pressure level curves for both
noise reductions. It is evident that the two algorithms pro-
duced similar noise reduction outcomes. Figure 8 displays the
results of comparing the steady-state spectra of the two noise
reduction techniques.

The steady-state spectra of the two noise reduction out-
comes are shown in Figure 8, and they are practically identical
in terms of their steady-state noise reduction results. The
noise reduction result is the same for second-order noise from
75dB before noise reduction to 13.7dB and 13.6dB, respec-
tively, for the trap-delay LMS algorithm and the traditional
trap FXLMS algorithm in the early stage. For fourth-order
noise, the noise reduction was almost identical from 75dB
before noise reduction to 11.6dB and 11.5dB, respectively.
Thus, the trap-delay LMS algorithm’s and the traditional trap-
FxLMS algorithm’s noise-reduction effects in narrowband
are essentially equivalent. For the time-frequency analysis,
the noise data from 1-4s during the noise reduction process
was chosen, and the results are displayed in Table 1.

Table 1 shows that the performance of the trap-delay LMS
algorithm and the traditional trap-FxXLMS algorithm in terms
of noise reduction is very similar. The statistics clearly show
that the trap-delay LMS algorithm’s noise reduction effect
is marginally superior to that of the traditional trap-FXLMS
technique, nonetheless. This is because the trap-delay LMS
algorithm’s computational handling of the secondary filtered
reference signal has been eliminated, greatly reducing the
algorithm’s operational complexity. The active management
of narrowband noise is much improved by this. Additionally,
a comparison of the anti-pulse performance of the traditional
FxLMS method is employed for testing the effectiveness of
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FIGURE 8. Frequency domain results of noise reduction using traditional
notch FXLMS algorithm and notch delay LMS algorithm.
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FIGURE 9. Noise reduction performance curve of smart bed under FxLMS
algorithm (x = 0.05).

the suggested improved algorithm for high SPL impulse noise
suppression. Figure 9 displays the results of the comparison.

As can be observed from Figure 9, the SB has a good noise
reduction control effect on the noise created by contacting the
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TABLE 1. Noise reduction time-frequency results of notch FxLMS algorithm and notch delay LMS algorithm.

Before active noise reduction

Notch FXLMS algorithm

Notch Delay LMS Algorithm

Linear sound Linear sound Linear sound

Frequency Frequency Frequency pressure level pressure level pressure level
1 89Hz 72Hz 73Hz 43dB 47dB 40dB
2 116Hz 107Hz 109Hz 57dB 61dB 56dB
3 149Hz 135Hz 137Hz 65dB 72dB 63dB
4 178Hz 167Hz 168Hz 88dB 93dB 87dB
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FIGURE 10. Noise reduction performance curve of smart bed under
FXLMS algorithm (i = 0.003).

bed surface with the human body when the algorithm uses
a higher convergence factor. However, as the time increases
to 5.7s, the noise reduction effect of SB becomes worse,
the control system generates divergence, the control process
fails and the linear total sound pressure level of SB increases
significantly. Therefore, a medium convergence factor was
again selected for the experiment. The experimental results
are shown in Figure 10.

As demonstrated in Figure 10, SB can guarantee that the
noise produced by the human body in contact with the bed
has a certain noise reduction effect, although the effect is
not significant. This is done by using a medium convergence
factor in the FXLMS algorithm. As the time increases to 5.7s,
there is still a noise reduction effect and the control system
no longer produces dispersion. However, it can be seen from
Figure 10(b) that the control effect for high sound pressure
impulse noise is poor under this algorithm. The test was then
chosen to have a low equal convergence coefficient, and the
results are displayed in Figure 11.
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FIGURE 11. Noise reduction performance curve of smart bed under
FXLMS algorithm (1 = 0.001).

As seen in Figure 11, while using low equal convergence
coefficients in the FXLMS algorithm, the noise produced
by SB in human contact with the bed has a considerable
noise reduction effect. And as time increases, there is still
a noise reduction effect, and the control system does not
disperse while it has a good control effect on the high sound
pressure impulse noise of SB. However, there is a lack of
control effect on the noise of the internal structure of the
SB. It is obvious that the three possible convergence coef-
ficients for the FxXLMS algorithm’s noise reduction effect
each have flaws. Therefore for the control of SB active
noise, the FXLMS algorithm with a fixed convergence factor
has obvious limitations. The broadband and NANC sub-
systems are thoroughly analysed in this paper, which also
suggests an enhanced broadband-narrowband hybrid ANC
algorithm. Figure 12 provides a detailed comparison of the
traditional wide-band hybrid ANC algorithm (CHANC) and
the enhanced wide-band hybrid ANC algorithm (IHANC)
suggested in this study.
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algorithm for noise reduction in morning wide and narrow band mixed
noise.

Time domain sound pressure and linear total sound
pressure level comparison findings are shown in
Figures 12(a) and (b), respectively, before and after active
noise reduction. As can be seen from the figures, the IHANC
algorithm converges faster than the CHANC algorithm in
the active noise reduction process. The two algorithms are
almost identical in terms of steady-state noise reduction, both
achieving an approximate noise reduction of 12.8dB. The
noise data from 7-10s of the noise reduction process in the
figure was selected for spectral analysis, and the resulting
steady-state spectrum in the frequency domain is shown
in Figure 13.

The CHANC algorithm lowers the peak sound pressure
level at 80Hz from 73.8dB to 32.9dB, a 40.9dB reduction,
as seen in Figure 13. The peak sound pressure level at 160Hz
is reduced from 67.9dB to 29.3dB, a reduction of 38.6dB,
which has a significant noise reduction effect on broadband
random noise. The IHANC algorithm reduces the peak noise
pressure level at 80Hz from 73.8dB to 31.5dB, a reduction
of 42.3dB, while the peak noise pressure level at 160Hz is
reduced from 67.9dB to 29.5dB, a reduction of 38.4dB. The
results are shown in Figure 14.

Both techniques clearly reduce noise, as shown in
Figure 14, as the active noise reduction effect pro-
gressively stabilises. The IHANC algorithm’s maximum
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steady-state noise reduction is 17.7 dB, while the
CHANC algorithm’s maximum steady-state noise reduction
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is 13.9 dB. The IHANC algorithm has a better steady-state
noise reduction effect than the CHANC algorithm. Both algo-
rithms have obvious suppression effects on the wide-band
noise component, and afte active noise reduction, both can
effectively eliminate the narrowband swept noise component.
This shows that the IHANC algorithm has a better noise
reduction effect than the CHANC algorithm.

V. CONCLUSION

SBANC technology has advanced significantly as a result of
the ongoing advancement of intelligent technology and intel-
ligent design methodologies. This study investigates whether
ANC can be applied to and improved for the wide and nar-
row band hybrid noise present in SB, suggests an improved
wide and narrow band hybrid control algorithm based on
the active noise control algorithm, and tests the algorithm’s
efficacy using experiments. According to the experimental
findings, the traditional trap FXLMS method and the trap
delay LMS strategy both had equivalent noise reduction
effects for second-order noise, which was reduced from 75 dB
before noise reduction to 13.7 dB and 13.6 dB, respectively.
The noise reduction for fourth-order noise was nearly equal,
going from 75 dB before noise reduction to 11.6 dB and
11.5 dB, respectively. The noise reduction impact of SB
degrades, the control system causes divergence, the control
procedure fails, and the linear total sound pressure level of
SB dramatically rises when the FXLMS algorithm uses a
larger convergence factor. When using medium convergence
coefficients, the FXLMS algorithm reduces some noise, but
the effect is minimal, and the control system no longer pro-
duces divergence. Low convergence coefficients significantly
reduce noise when using the fxLMS algorithm. And as time
passes, there is still a noise reduction effect. The SB’s high
sound pressure impulse noise is well controlled by the con-
trol system without divergence, however the SB’s internal
structure noise is not well controlled. This demonstrates that
the FxXLMS method fails to effectively reduce noise for each
of the three convergence factors. The FXLMS approach with
fixed convergence coefficients, then, has apparent limits for
the management of SB active noise. This paper offers a thor-
ough examination of the ANC subsystems for both broadband
and narrowband, and it suggests an enhanced hybrid ANC
algorithm for both. A thorough comparison is made between
the enhanced wide-band hybrid ANC algorithm (IHANC)
suggested in this study and the traditional wide-band hybrid
ANC algorithm (CHANC) in terms of noise reduction per-
formance. The IHANC method converges more quickly than
the CHANC algorithm during active noise reduction. Overall,
the two achieve roughly a 12.8dB noise reduction in steady-
state operation, making them nearly similar. The THANC
algorithm reduces noise by 42.3 dB at 80 Hz and 38.4 dB
at 160 Hz, but the CHANC approach only achieves 40.9 dB
at 80 Hz and 38.6 dB at 160 Hz. In terms of noise reduc-
tion and convergence, the IHANC algorithm outperforms the
CHANC approach. The IHANC algorithm has a maximum
steady-state noise reduction of 17.7 dB, whereas the CHANC
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algorithm has a maximum steady-state noise reduction of
13.9 dB once the active noise reduction impact has gradu-
ally stabilised. After active noise reduction, both techniques
can successfully eradicate the narrowband sweeping noise
component and have a considerable suppressive effect on
the broadband noise component. It is clear that the IHANC
algorithm reduces noise more effectively than the CHANC
method does. The theoretical underpinnings of this research
are solid and scientific, but there hasn’t been any exper-
imental investigation of its practical applicability in real
life, therefore the approach needs more testing in actual
applications.
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