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In order to effectively improve the sense of difference brought by the extracorporeal machine to users and minimize the related
derived problems, the implementation based on embedded multisensor has become a major breakthrough in the research of
cochlear implant. To explore the impact of different cultural differences on timbre perception, effectively evaluate the
correlation between cultural differences and music perception teaching based on embedded multisensor normal hearing,
evaluate the discrimination ability of embedded multisensor normal hearing to music timbre, and analyse the correlation
between cultural differences and timbre perception, it provides a basis for the evaluation of music perception of normal
hearing people with embedded multisensor and the design and development of evaluation tool. In this paper, adults with
normal hearing in different cultures matched with music experience are selected to test their recognition ability of different
musical instruments and the number of musical instruments by using music evaluation software, and the recognition accuracy
of the two tests is recorded. The results show that the accuracy of musical instrument recognition in the mother tongue group
is 15% higher than that in the foreign language group, and the average recognition rates of oboe, trumpet, and xylophone in
the foreign language group are lower than those in the mother tongue group, the recognition rate of oboe and trumpet in wind
instruments was low in both groups, and the recognition rate of oboe and trumpet in foreign language group was high.

1. Introduction

The integration of high and new technology has caused
structural changes in the world. With the emergence of net-
work, the theme of industrial technology has shifted from
measurement and control to information management and
integration; the emergence of distributed intelligence makes
the processing of information more flexible and in various
forms [1]. Commercialized science and technology, open
structure, enterprise integration and technology separation
increasingly call for the emergence of a new industrial struc-
ture. Embedded multisensor will play an important role, the
structure of traditional distributed measurement and control
has changed, and embedded network has increasingly
become the core of industrial application. As an indepen-
dent node in the network, embedded multisensor can build
an Internet-based measurement and control system on site

for real-time and dynamic online measurement and control,
which has changed the traditional wiring mode and infor-
mation processing technology, it changes the composition
of the traditional measurement and control system so that
all kinds of field information can be dynamically released
and shared in all kinds of LAN or WAN in real time and
online [2]. At the same time, its remote operation and con-
figuration function under the background of Internet adds
a new landscape to the measurement and control field. It will
develop and mature quickly, so as to effectively drive and
promote the progress of modern measurement technology,
that is, network measurement technology.

Embedded multisensor is a new type of sensor with
Internet function developed on the basis of intelligent sen-
sor. Its goal is to adopt standard network protocol and mod-
ular structure to organically combine sensor and network
technology. After AD conversion and data processing, the
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analogy signal output by the sensitive element is encapsu-
lated into a data frame by the network processing device
according to the program setting and network protocol, plus
the destination address, and transmitted to the network
through the network interface [3]. In turn, the network pro-
cessor can accept the data and commands sent by other
nodes on the network to realize the operation of this node.
In this way, the sensor becomes an independent node in
the measurement and control network. Compared with tra-
ditional sensors, embedded multisensor is more reliable,
cheaper, and more scalable [4]. Different from the tradi-
tional sensor output analogy signal, this sensor can process
the original data internally and exchange data with the out-
side world through the Internet, so as to realize the minia-
turization, networking, and intelligence of the sensor. More
importantly, this embedded multisensor based on TCP/IP
can realize the virtual presence of detection, manufacturing,
and maintenance personnel through Internet network
according to the actual needs, which brings great room for
development to the expansion of the system [5]. It makes
the measurement and control system rely on the enterprise
intranet in data acquisition, information release, and system
integration and makes the measurement and control net-
work and information network unified, which has a wide
range of significance [6].

The implementation of embedded multisensor has
become the key to solve the problems of people’s inferiority
and autism, inconvenient social use, and so on. In order to
minimize these derived problems, embedded multisensory
helps to improve patients’ confidence in artificial auditory
implantation. As a cultural medium that can transcend the
existence of cultural differences, music discusses the impact
of different cultural differences on timbre perception, effec-
tively evaluates the correlation between cultural differences
and music perception teaching based on embedded multi-
sensor normal hearing, and evaluates the discrimination
ability of embedded multisensor normal hearing to music
timbre. This paper selects adults with normal hearing in dif-
ferent cultures with matching music experience, tests their
recognition ability of different musical instruments and the
number of musical instruments with music evaluation soft-
ware, and records the recognition accuracy of the two tests,
in order to explore the impact of cultural differences and
music perception teaching of normal hearing people based
on embedded multisensor.

2. Related Technologies Based on
Embedded Multisensor

2.1. Characteristics and Architecture of Embedded
Multisensor. The essence of embedded multisensor is to real-
ize informatization, networking, and intelligence on the
basis of traditional sensors. Its core is to make the sensor
itself realize TCP/IP network communication protocol and
take the sensor as a network node to communicate directly
with the computer network [7]. To be exact, embedded mul-
tisensor is no longer a sensor in a simple sense. It has cov-
ered the functions previously belonging to instruments and
microcomputers.

The touchy unit is composed of a touchy component
and a conditioning circuit. The sensitive issue converts the
measured signal into an electrical signal, and the condition-
ing circuit completes the signal preprocessing aspects such
as analogy filtering and amplification [8]. Intelligent pro-
cessing unit is the core of intelligent sensor, which mainly
completes signal data acquisition, processing, and data out-
put scheduling. Based on the characteristics of high reliabil-
ity, low power consumption, low cost, and micro volume of
intelligent sensor, embedded microprocessor system is the
best choice. TCP/IP communication protocol interface unit
converts the sensor signal into a data stream that can comply
with the protocol format transmitted over ethernet to realize
seamless access between sensor information and network
[9]. This unit is additionally the core of community sensor,
in phrases of precept and structure, regular sensors solely
account for a phase of embedded multisensor. The core part
is the embedded good unit to entire signal processing, infor-
mation exchange and control, and the TCP/IP neighbor-
hood interface to complete statistics transmission.
Embedded multisensor is mainly composed of three parts:
sensitive unit, intelligent processing unit, and TCP/IP com-
munication protocol interface. Its architecture is shown in
Figure 1.

The working mechanism of the whole sensor is as fol-
lows: the sensor converts the measured physical quantity
into electrical signal, converts it into digital signal through
AD, and transmits the result to the network after data pro-
cessing by microprocessor; the data exchange with the net-
work is completed by the network interface module based
on TCP/IP protocol [10]. The internal memory of the
embedded multisensor stores the physical characteristics of
the sensor, such as offset, sensitivity, and calibration param-
eters; microprocessor realizes data processing, compensa-
tion, and output calibration; TCP/IP protocol realizes the
direct network connection of sensors. Compared with tradi-
tional sensors, embedded multisensor based on TCP/IP is
more reliable, cheaper, and more scalable. It can directly
process and process the original data internally and
exchange data with the outside world through the Internet
[11]. Therefore, it has miniaturization, networking, and
intelligence; the networked interface of sensors realizes the
interconnection of Internet for information publishing and
resource sharing.

Embedded multisensor has the following characteristics.
First, it has the characteristics of high reliability and low
cost. Second, it can judge and make decisions according to
the input signal and has the functions of self-detection,
self-calibration, and self-protection [12]. Third, different
application systems do not need to use different sensors.
On the basis of a single sensor, the function of the sensor
can be changed through software design to meet the differ-
ent needs of customers. Fourth, the most popular TCP/IP
network communication protocol is used as the carrier to
transmit sensor data and exchange information with the
outside world through the Internet. Fifth, the control net-
work composed of embedded multisensor communicates
directly with the computer network. Technicians use the
browser to manage the working state of embedded
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multisensor through the network and implement remote
measurement and control [13]. Sixth, it realizes the transfer
from traditional data collection and transmission to net-
worked information management and integration.

2.2. Hardware Architecture Based on Embedded Sound
Sensor Node. Embedded microprocessor is the heart of the
whole sensor node. It is responsible for processing and
transmitting the collected data. Therefore, the choice of
embedded microprocessor must be cautious. Several prob-
lems should be paid attention to in the selection of embed-
ded microprocessor: (1) performance, the microprocessor
must have sufficient performance to meet various software
and hardware requirements in the project; (2) tool support,
which can support software creation, debugging, code inte-
gration, etc.; (3) operating system support, the microproces-
sor must be able to support at least one embedded operating
system; (4) application support: according to the require-
ments of the system, it must be able to support specific
applications and add some hardware according to the sys-
tem requirements; (5) cost, according to the easily damaged
characteristics of sensor nodes, we require that the price of
microprocessors must be low enough; (6) power consump-
tion, according to the low-power characteristics of sensor
networks, the selected microprocessor is required to be low
power and can manage the power of other modules.

Wireless transmission is the core of the whole sensor
node and the core of wireless sensor network. The choice
of wireless transceiver directly affects the transmission rate
and performance of the whole sensor network. Based on
the above characteristics of wireless sensor networks, we

use the CC1000 module of Chicon company in this project
[14]. Wireless transceiver CC1000 is a monolithic trans-
ceiver designed for low-voltage wireless communication
applications. It no longer solely has the traits of low working
voltage, low power consumption, small volume, no want of
any off-chip filter circuit, and can without delay interface
with exterior antenna, which is very suitable for integration,
but also has the characteristics of programmable output
strength and transceiver frequency. It adopts FSK modula-
tion mode, the maximum baud rate is 76.8 kbps, and the
external interface is similar to SPI, which can directly inter-
face with microcontroller. It is very suitable for low energy
consumption and small volume applications. The sound
acquisition module is the key part of the whole design, what
we want to achieve is high-precision and low-noise sound
acquisition [15]. The sound sensor we pick out wm62a for
acquisition, digital processing of sound sign is the key part,
which has a giant and direct effect on speech recognition.
Use an external chip to digitize the sound instead of using
a microprocessor, chose Philips uda1380 chip. It is a
single-chip stereo audio codec module, only 1.1mm thick.
The chip supports the application mode that different chip
parts are disconnected in nonoperating states such as play-
back or recording. It has the function of filtering noise and
adopts low-power design, which can save power and prolong
battery life. This feature can save half the power under full
load operation. The power management part is responsible
for the power supply of other modules. Its main function
is to stabilize the input voltage.

The basic element of wireless sensor networks is sensor
nodes. Sensor nodes must have the functions of data acqui-
sition, information processing, wireless communication, and
power management at the same time. For different applica-
tion environments, the composition of nodes may be differ-
ent, but the composition of other nodes is basically the same
except for different sensors. A node is normally composed of
sensor, microprocessor, memory, digital to analog converter,
Wi-Fi transceiver, and strength supply. In this system, we
integrate the microprocessor and memory into one to form
a processing module and the sound sensor and digital to
analog converter into one to form a sound acquisition mod-
ule. The structure of the sound sensor node of the system is
shown in Figure 2.

2.3. Implementation Process of Sound Sensor. The intelligent
processing unit that completes signal processing and data
exchange is mainly realized by the later generation of intelli-
gent sensors of traditional sensors. For the network interface
to complete data transmission, it is the core to realize the
network sensor. Through the use of microprocessor, the sen-
sor itself realizes the intelligence of data acquisition and pro-
cessing and the TCP/IP networking of data transmission.
Because the sensor can realize TCP/IP network communica-
tion protocol, it is the core of the whole system. The working
flow of the auditory sensor is shown in Figure 3. Firstly, con-
vert the sinusoidal waveform voltage accumulated via the left
and proper microphones into top value, and begin the timer
to measure the frequency of the sinusoidal wave. If the fre-
quency value is smaller than the critical value, the peaks
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Figure 1: Architecture of embedded multisensor.
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and peaks of the two sine waves are compared [16]. If the
peak value of the left channel is greater than that of the right
channel and the difference between the two is greater than
an experimental empirical value, turn your head to the left;
on the contrary, turn your head to the right. The empirical
value here is determined by experiment, which is equivalent
to determining the sensitivity of auditory sensor [17].

Processing each short segment of sound signal is actually
a transformation or operation on each short segment. The
general formula is

Qn =
∑+∞

m⟶−∞ sgn x mð Þ½ � − sgn x m − 1ð Þ½ �j j
w n −mð Þ : ð1Þ

In the case of discrete-time signal, when two adjacent
samples have different algebraic symbols, it is called zero
crossing, which represents the number of times that the sig-
nal waveform passes through the horizontal axis in a frame

of sound. It can be calculated by the number of times that
two adjacent samples change symbols:

Zn =
∑ sgn x mð Þ½ � − sgn x m − 1ð Þ½ �j j

w n −mð Þ : ð2Þ

Let SwðnÞ be a windowed sound signal, whose nonzero
interval is n ∈ ½0,N − 1�, and the autocorrelation function
of SwðnÞ is called the short-time autocorrelation function
of the sound signal. Expressed by RwðlÞ, see

Rw lð Þ = ∑+∞
n=−∞Sw nð ÞSw n + 1ð Þ

∑N−l−1
n=0 Sw nð ÞSw n + lð Þ

: ð3Þ

It is easy to prove that RwðlÞ is an even function, that is
RwðlÞ = Rwð−lÞ, and RwðlÞ are always 0 outside the l = ð−N
+ 1Þ ∼ ðN − 1Þ interval.

Sw exp jwð Þð Þ = 〠
N−1

n=0
Sw nð Þ exp −jwnð Þ: ð4Þ

For the actual sound signal, although dðnÞ is not equal to
zero, its value is very small. These minima will appear at the
position of integer multiple cycles. For this purpose, the
short-time average amplitude difference function can be
defined:

Fn kð Þ = 〠
N−1−k

m=0
xn mð Þ − xn m + kð Þj j: ð5Þ

The difference between the actual sound sample value
and the sound prediction value obtained by linear prediction
is called linear prediction sound residual.

εn mð Þ = Sn mð Þ − 〠
p

i=1
aiSn m − ið Þ: ð6Þ

By detecting the short-time average amplitude difference
function analysis, the maximum peak value is detected in an
appropriate range. Moreover, because the spectrum of the
error signal obtained by inverse filtering of the original sig-
nal is close to flat and the formant effect has been removed,
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the more accurate pitch period can be extracted by calculat-
ing the residual signal.

3. Materials and Methods

3.1. Clinical Data. Inclusion criteria are as follows: (1) older
than 16 years old; (2) all frequencies of binaural pure tone
hearing threshold (250, 500, and 1000 air conduction thresh-
olds) were 20 dB HL; and (3) none of them had received pro-
fessional music training. 80 cases of adult mother tongue
group and foreign language group with matching music
experience were selected. Among the 80 cases of mother ton-
gue group, 36 were males and 44 were females, aged from 18
to 60, with an average age of (31:7 ± 9:6). In the foreign lan-
guage group, there were 38 males and 42 females, aged from
18 to 35 years, with an average age of (23:5 ± 4:4).

3.2. Test Materials and Methods. Munich music question-
naire was used to evaluate the music listening experience
of normal hearing subjects based on embedded multisensor.
The instrument recognition test and instrument number dis-
crimination test in music test software are used to compre-
hensively evaluate the timbre perception ability of people
with normal hearing based on embedded multisensor.

3.3. Statistical Analysis. SPSS 22.0 software was used for data
statistical analysis. The t-test and Mann–Whitney U method
were used to analyse whether the music experience of
mother tongue group and foreign language group matched;
one-sample Kolmogorov–Smirnov test is used to analyse
the music test results of the two groups. If the distribution
is normal, t-test is used to analyse the difference of music
test results between the two groups. If it is nonnormal distri-
bution, the Mann–Whitney U method is used to compare
the music test results between the two groups.

4. Result Analysis

4.1. Comparative Analysis of Music Experience. From the
analysis of Mumu questionnaire results, there is no signifi-
cant difference in music experience between the two groups.
Therefore, the music experience of the two groups of sub-
jects in this study is matched. The specific results are shown
in Figure 4.

4.2. Analysis of Musical Instrument Number Discrimination
Results. The correct rate of identifying the number of musi-
cal instruments in the foreign language group ð80:50 ±
16:32Þ% was slightly higher than that in the mother tongue
group ð73:25 ± 21:17Þ%, and the difference was not statisti-
cally significant (P > 0:05). See Figure 5 for the correct rate
of distinguishing the number of musical instruments of the
two groups. When playing 3~4 musical instruments at the
same time, the discrimination accuracy of the two groups
is similar, but when one musical instrument is played alone
or two or five musical instruments are played at the same
time, the discrimination accuracy of the mother tongue
group is slightly worse than that of the foreign language
group.

4.3. Objective Test Results of Music Elements. The results of
F3 tone discrimination threshold and melody discrimination
test in the mother tongue group were lower than those in the
foreign language group (P < 0:05). There was no significant
difference in C4 tone discrimination threshold, rhythm dis-
crimination, and rotation discrimination between the two
groups (P > 0:05). Comparison of music software test results
is shown in Figure 6.

4.4. Subjective Test Results of Music Understanding. Figure 7
shows the results of music emotion test. The results of items
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21, 5, 13, and 32 in the mother tongue group are lower than
those in the foreign language group, and the difference is sta-
tistically significant (P < 0:05).

Figure 8 shows the disharmony test results. The results
of items 32 and 34 in the experimental group are lower than
those in the control group, and the difference is statistically
significant (P < 0:05).

5. Discussion

Different regions have different historical and cultural back-
grounds. Music, as the essence of culture, is influenced by it;
different regions have different forms of music, resulting in a

strong national character of music. In the previous research
of this research group, there are significant differences in
music tone and melody discrimination between foreign nor-
mal subjects and Chinese normal subjects, while the results
of rhythm discrimination, music emotion perception, and
discord perception are basically the same, suggesting that
cultural differences do have a certain impact on music per-
ception, especially in melody perception. Based on the previ-
ous research, this study explores the differences in the
perception of music timbre among normal hearing people
based on embedded multisensor [12]. Timbre is one of the
basic elements of music; it is an auditory perceptual attribute
that enables the listener to distinguish two similar sounds
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when the tone, rhythm, loudness, and duration are the same.
It is a sound characteristic formed by the same pitch fre-
quency but different numbers of overtones. Timbre percep-
tion ability is to evaluate the ability of listeners to
distinguish different musical instruments or speakers
according to different timbre when the tone, duration, and
loudness are consistent [13]. Therefore, timbre perception
plays a very important role in listeners’ understanding and
appreciation of music. The listener’s perception of timbre
is mainly reflected by the ability to distinguish different
musical instruments. Due to the differences in the cultural
characteristics of the development of musical instruments
and the differences in the production materials, materials,
and attributes of musical instruments, different types of
musical instruments have been formed in China and the
West [18]. In this study, instrument recognition test and

instrument number discrimination test in music evaluation
software were used to evaluate the timbre perception ability
of Chinese and foreign subjects, respectively, and to explore
the correlation between cultural differences and timbre
perception.

The results of this study show that the timbre recogni-
tion ability of the mother tongue group is significantly better
than that of the foreign language group. It is speculated that
the reason is that the difference of cultural background leads
to the fact that the normal listening mother tongue group in
this test is not familiar with western musical instruments,
and even the mother tongue group has less contact with
some musical instruments such as oboe, resulting in the
reduction of the accuracy of timbre recognition and evalua-
tion of the mother tongue group. In addition, through the
confusion matrix of different musical instruments, it can
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be seen that for piano, violin, xylophone, tenor, and soprano,
the recognition rate of the two groups of subjects is or basi-
cally close to 100%, indicating that these five timbres are
familiar to Chinese and foreign subjects, so the recognition
rate is high [19]. For the oboe and trumpet, the subjects in
both groups were confused, and the confusion rate of the
mother tongue group was high, because the timbre recogni-
tion was mainly realized through the physical and acoustic
characteristics of sound [20]. The oboe, as the representative
of woodwind instrument, and the trumpet, the representa-
tive of brass instrument, belong to the family of woodwind
instruments, and their appearance and sound production
principle are similar; in addition, the mother tongue group
is less familiar with these two traditional western instru-
ments, so it is easy to be confused compared with other fam-
ilies such as string instruments or keyboard
instruments [21].

Musical instrument recognition is a general evaluation
method of timbre perception ability. As early as 2002, Grel-
ler and others evaluated the subjects’ timbre perception abil-
ity through the recognition of eight musical instruments.
The results showed that the correct rate of musical instru-
ment recognition in the normal hearing group was 91%. In
2009, Kang et al. reported that the musical instrument recog-
nition rate of normal hearing subjects in the United States
reached 94.2% [22]. Domestic related research was carried
out relatively late, mainly focusing on the series of studies
of this research group. In 2012, Wang and others conducted
a timbre recognition test on Chinese adult patients with
cochlear implant and those with normal hearing, which
showed that the recognition rate of 12 normal hearing peo-
ple’s musical instruments was 88.3%, and the correct recog-
nition rate of the number of musical instruments was 73.5%,
which was consistent with the results of this study. In the
study of Brookmeyer et al., the discrimination accuracy of
the number of musical instruments of 67 German hearing
normal people was 77.3%, and the discrimination accuracy
gradually decreased with the increase of the number of
musical instruments [23, 24]. It can be seen that the instru-
ment number identification test is more difficult than the
instrument identification test. The timbre perception results
of foreign subjects in this study are slightly better than those
reported in foreign studies. The possible reason is that five
western instruments and tenors and sopranos that are easy
to identify are selected in the instrument recognition in this
study, which makes the test items less difficult than those in
foreign studies; the combination and matching difficulty of
the five musical instruments selected in the identification
of the number of musical instruments is also less than that
of foreign studies [25].

In the instrument number discrimination test, the results
show that although the discrimination rate of the foreign
language group is slightly higher than that of the mother
tongue group, there is no statistical difference, indicating
that the correlation between instrument number discrimina-
tion and cultural differences is not significant. The results of
this study show that when playing 3~4 musical instruments
at the same time, the discrimination accuracy of the two
groups of subjects is similar, but when one musical instru-

ment is played alone or 2 and 5 musical instruments are
played at the same time, the discrimination accuracy of the
mother tongue group is slightly worse than that of the for-
eign language group [26, 27]; and the discrimination rate
of the two groups of subjects playing 1~3 musical instru-
ments at the same time is higher than that of playing 4~5
musical instruments at the same time, so it can be concluded
that the more musical instruments are played at the same
time, the more significant the discrimination difficulty is,
which is consistent with the results of foreign studies. How-
ever, because the musical instrument number discrimination
ability is based on the musical instrument recognition abil-
ity, it is still difficult for people with normal hearing and
there are obvious individual differences. Therefore, in the
future test of timbre perception ability of cochlear implant
recipients, our research group will add the musical instru-
ment number discrimination test as appropriate to adjust
the appropriate test difficulty and time.

The perception of timbre is affected by the listener’s
music background, cultural background, and other factors.
Different listeners’ cognition, familiarity, professional or
amateur music training experience, and cultural and educa-
tional background will have an impact on timbre recogni-
tion. For those with normal hearing based on embedded
multisensor, the perception of timbre is more complex. In
addition to the limitations of technology itself, the music
background and national cultural background of those with
normal hearing based on embedded multisensor also affect
their timbre perception ability and then affect their percep-
tion and appreciation ability of music.

6. Conclusion

Different cultural differences have a significant impact on
timbre perception. It is suggested that in the future, when
designing and developing music perception assessment
tools, we should combine the characteristics of music culture
and select assessment materials suitable for the population
on the selection of musical instruments and related differ-
ences, so as to truly meet the actual situation of the popula-
tion. Therefore, this experiment intends to compare and
study the music listening behaviour and music perception
ability of people with normal hearing based on embedded
multisensor and analyse the correlation between cultural dif-
ferences and music perception, in order to provide a theoret-
ical basis for the design and development of music
evaluation tools for people with normal hearing based on
embedded multisensor.
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