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In recent years, along with microelectromechanical (MEMS) technique and wireless body area network (WBAN), wearable health
monitoring systems have emerged. With sustainability posture detection technique, people pay more and more attention to
mankind posture detection. Human posture detection technique has been widely used in medical, ﬁlm and television, industry,
sports, and other ﬁelds. Motion capture is a technique for measuring the motion of moving objects in three-dimensional space
with great accuracy. It is the most eﬃcient method for producing computer 3D animation and collecting human motion data.
The use of motion capture systems in animation is becoming increasingly common. The problem of a single sensor having a
large error in monitoring human motion and attitude is addressed. The use of multisensor data fusion technology is used to
propose a human motion pattern recognition method based on data fusion of accelerometer and gyroscope. The system must
eﬀectively integrate the information of various sensors in order to achieve the goal of accuracy, timeliness, and reliability
processing, and multisensor information fusion systems for various complex application objects are constantly emerging.

1. Introduction
Few smart products can provide basketball enthusiasts with
visual data to help them ﬁnd fun in daily training, so that
daily basketball training is no longer boring, and can record,
compare, and analyze some statistics on basketball [1].
Human movement gesture recognition has been widely used
in sports competition, rehabilitation medicine, health monitoring, somatotransducery games, and other ﬁelds in recent
years, thanks to the rapid development of key technologies
such as man-machine interactive and wireless body area networks. In the study of movement detection techniques,
acceleration transducers are commonly used. The measurement information is very accurate in the state of uniform
speed change due to the working characteristics of the acceleration transducer. People’s daily activities, on the other
hand, are frequently variable acceleration movements, and
the combination of gravitational and variable acceleration
leads to measurement. The end result is completely incorrect. Dimension measurement, object positioning in the
physical world, orientation determination, and computer
and data processing are all part of the motion capture tech-

nique [2]. By installing a speciﬁc tracker in the key parts of
the moving object, the movement capture system captures
its position and attitude, and after computer processing, it
is saved as data that can be applied in animation production.
In the unconscious state of mankind body, the longterm, continuous, and dynamic information of various
physiological information (such as ECG signal, blood oxygen saturation, respiratory rate, blood pressure, and body
temperature) and motion information (including the speed
and trajectory of mankind movement) of the mankind
body can display, track, and warn the physiological health
status of mankind body in real time, so as to achieve the
purpose of daily monitoring and prevention. In order to
solve the problem of a single movement signal, many
researchers have proposed algorithms such as multitransducer fusion based on Kalman ﬁltering, which fuses the
attitude data of acceleration transducers, gyroscopes, and
magnetoresistive transducers to obtain high-precision mankind attitude angles [3]. The use of information fusion techniques has gotten a lot of attention. The US has developed
dozens of information fusion systems over the years, including some of the most well-known target detection and
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battleﬁeld management systems. The fusion system’s diﬃculty and complexity also demonstrate the feasibility of information fusion. Data fusion collects raw data or signals and
estimates and predicts the presence and detectability of
objects based on data associations and characteristics at the
signal or pixel level [4]. It is a generalization and application
of classical signal detection theory. The data and information
that a fusion system receives can be at a single level of
abstraction or multiple levels of abstraction. Multisource
information fusion has become an important key technical
means for a large number of military and civilian high-tech
systems and is a hot topic in the current research ﬁeld, thanks
to the emergence of a large number of new transducers and
estimates that are more complete and accurate. Multiple
transducers are frequently used to measure the same target
parameters at diﬀerent locations because multitransducer
data fusion makes use of the complementarity of multiple
information to improve the quality of information. Overall,
the use of a single technique for situation estimation is
decreasing, and various movements and technologies can be
layered on top of each other and used in tandem to improve
estimation results [5]. The use of multiple movements in combination has become a research hotspot. Although a multitransducer system has many beneﬁts, it is more expensive
than a single transducer, and physical characteristics such as
device size, weight, and power consumption all increase. To
make a trade-oﬀ in practical applications, both beneﬁts and
drawbacks should be considered [6].
This paper uses the multitransducer data fusion means
to discuss. Information fusion is a new information processing means for the speciﬁc problem of a system composed of
multiple transducers of the same or multiple types [7]. It is
also called multisource correlation, multisource synthesis,
transducer mixing, or multitransducer. Fusion has a broader
term of multitransducer information fusion or information
fusion. Multitransducer information fusion refers to the
multilevel, multifaceted, and multilevel processing of data
from multiple transducers to generate new meaningful
information, which cannot be obtained by any single transducer. A single transducer can no longer meet the needs of
modern combat systems and must use multiple transducers
to locate and detect targets.

2. Related Work
According to Reference [8], a machine learning algorithm
can accurately identify four types of user actions (running,
walking, cycling, and sitting) using an iPhone and Nike+iPod Sport Kit (naive Bayesian network). This system, however, requires users to insert the Nike+iPod Sport Kit chip
into the sole, which is more limited in practice. Reference
[9] proposes using only the data from the three-axis acceleration transducer to recognize ﬁve behaviors (walking, limping, jogging, going upstairs, and going downstairs) on
Android mobile phones. The use of multiorder Markov
chains to predict where users will arrive next was proposed
in Reference [10], and it was discovered that second-order
Markov chains had the best recognition eﬀect. Reference
[11] proposes a method for identifying activities in the home
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environment, and experiments show that a large number of
small transducers with only simple state transition functions
can identify these activities. A model for activity recognition
using cheap, reliable, and low-power movement transducers
is proposed in Reference [12]. Wearable transducers were
proposed as a detection method for activity recognition in
Reference [13]. These movements, on the other hand, are
all centralized solutions that cannot solve potential detection
errors caused by network delays nor meet real-time requirements. As a result, researchers began to investigate distributed movements. A distributed probabilistic model for
identifying daily activities was proposed in Reference [14],
but the deﬁnition of activities in this way is limited to the
triggering sequence of transducers and requires a large
amount of labeled data. Reference [15] proposed the concept
of activity-based layering and proposed a distributed model
to identify daily activities. However, when deﬁning the activity model, only the sequence of activities was considered,
and the duration was not considered, so a certain accuracy
was lost. Reference [16] proposed an association graphbased mechanism to identify abnormal activities in home
environments, but since this mechanism ignores activity
duration information, it only works well in speciﬁc settings.
Reference [17] proposed an abnormal activity detection
means based on a simple transducer, but this means also
did not consider the eﬀect of duration on the model establishment, and the accuracy decreased to a certain extent.
Reference [18] proposed a detailed classiﬁcation scheme
for the swimming propulsion mode of ﬁsh according to the
diﬀerent body parts used for swimming propulsion. Reference [19] proposed the “two-dimensional wave plate theory”
through the subsurface ﬂow theory and linearized boundary
conditions, which treats ﬁsh as a thin plate and is used to
analyze the hydrodynamic characteristics of bonito ﬁsh. Reference [20] proposed to use multiple transducers to build a
mankind action recognition system, which can recognize
postures such as sitting, lying, and standing and actions such
as climbing stairs and running. Reference [21] proposed a
general information fusion model and introduced the multilayer processing viewpoint of information fusion.
The argumentation means adopted in this paper is the
data fusion means. Since a single data fusion algorithm has
certain limitations, the advantage integration of two or more
data fusion algorithms can eﬀectively reduce the uncertainty
of the system, environmental interference, and the impact of
failure data on state estimation. Estimation is a high-level
key information technique in an information fusion system.
At the same time, multitransducer data fusion can also suppress the inﬂuence of transducer drift and noise to a certain
extent.

3. Gesture Recognition and Implementation
3.1. General Overview of the System. Pose segmentation is
important because it is the ﬁrst step in the pose recognition
process. This paper focuses on the recognition of threedimensional dynamic gestures using a movement transducer
[22]. The goal is to create a gesture recognition algorithm
based on the data collected by the movement transducer in
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Figure 1: Flowchart of the gesture recognition system.

order to achieve quick and accurate gesture recognition. The
deﬁnition of gesture varies due to the diversity and ambiguity of gesture, the passage of time and space, and the inﬂuence of various cultural backgrounds. Through literature
research, it has been discovered that the use of inertial
transducers to identify the basic movement of the mankind
body has made signiﬁcant progress; there are also many
researches on dynamic posture based on inertial transducers
when the mankind body is stationary; however, there is
almost no research, the main reason being that the complexity of the basic movement of the mankind body causes significant interference to the dynamic posture signal, aﬀecting the
signal characteristics [23]. This topic is aimed at designing a
set of three-dimensional dynamic gesture recognition systems from a macro perspective. The movement transducer
collects information about the user’s gesture movement at
the input terminal. Following entry into the system, a series
of calculations are carried out before the ﬁnal gesture recognition result is displayed. Computer vision-based movements
are used in the majority of current gesture recognition
research, but they have an insurmountable problem [24].
Skin tones show clustering in the color space, allowing them
to be distinguished from other colors, according to extensive
experimental data. Skin color as a hand feature requires little
calculation, has a quick processing speed, and is unaﬀected
by factors like pose shape, size, and direction.
In modern society, with the advancement of science and
technique and the improvement of people’s material living
standards, people hope that natural and intimate gesture
interaction can be integrated into more technological products, bringing people a more comfortable operation and
experience. Gesture recognition is to recognize the meaning
expressed according to the user’s gesture. It uses the mankind hand directly as the input device of the computer.
The communication between the mankind and the computer will no longer require an intermediate medium. The
user can simply deﬁne an appropriate gesture to the surrounding machines controlled. A complete pose needs to
be divided into 3 stages, namely, preparation, action, and
end, so it is necessary to identify the start and end points
of the pose, which is also called pose cut in this paper. Existing research uses acceleration as an action feature for train-

ing and recognition and has achieved a good recognition
rate in the recognition of speciﬁc actions. However, there
are shortcomings in the recognition of slow or rotationrelated movements. Skin-color-based pose segmentation
also has some shortcomings; that is, it is diﬃcult to adapt
to complex backgrounds and changing lighting environments [25]. The eﬀect of skin-color segmentation is poor,
if not completely invalid, when skin-like areas appear in
the background or the color of the light source is oﬀset.
The deﬁned dynamic posture should be simple, practical,
and obvious and should ﬁt people’s daily habits. Investigation of the gesture recognition system’s most serious issues
states that it is the core of the entire system to obtain accurate gesture data from the movement transducer module
under the constraints of the environment, hardware conﬁguration, capital, and other conditions. In general, interactive
target recognition can be broken down into operations like
switching and adjusting the size. On the one hand, realtime performance should be taken into account, and on
the other hand, accuracy should be taken into account when
judging the user’s posture. To calculate the attitude angle of
the transducer module, the data from the geomagnetic transducer and the acceleration transducer are combined in this
paper. As a feature of the action [26], combine it with the
acceleration data. It is necessary to create a library of prebuilt
feature templates, which are then used to match each image
position. There are many changes in nature, so we should try
to extract the most important part, whether the posture is
diﬀerent or the same person. The data preprocessing, gesture
modeling, and gesture recognition movements are all part of
the gesture recognition system’s system ﬂow, as shown in
Figure 1.
3.2. Analysis of Multitransducer Data Fusion Problems
3.2.1. Deﬁnition of Data Fusion. In this thesis, I use the multisensing movement. Let us talk about this method now.
Along with computer and transducer techniques, multitransducer information fusion technique has gotten a lot of
attention in recent years. The multitransducer information
fusion technique is a hot topic in scientiﬁc research right
now, and its goal is to ﬁgure out how to get more accurate

4

Wireless Communications and Mobile Computing

Sensor 1

Sensor 2

Associate

Data-level
fusion

Feature
extraction

Identification

Converged
identification
results

…
Sensor N

Figure 2: Data-level fusion.

estimation and reasoning by combining data from multiple
sources rather than relying on a single one. The diversity
and complexity of modern warfare are increasing as a result
of the rapid development of the digital information society,
particularly the development of computer, microelectronic,
communication, and sensing techniques, and a single transducer can no longer guarantee that it can provide accurate
and valid information [27]. Data fusion, also known as multisource correlation, multisource synthesis, transducer mixing, and other terms, is a new method of information
processing for the problem of systems with multiple or multiple types of transducers. Data/information fusion with
multiple transducers is referred to as data/information
fusion. Data-level fusion is shown in Figure 2.
Multitransducer data fusion utilizes the complementarity of multiple information to improve the quality of information, so multiple transducers are often used to measure
the same target parameters at diﬀerent locations. Situation
estimation is a high-level key technique in the information
fusion system, and it is self-evident that the ability of realtime situation estimation to assist decision-making is of
great signiﬁcance to adapt to modern warfare. The complexity and diversiﬁcation of information fusion and its applications make the content of data fusion to be studied very rich,
and the basic theories covered are also very extensive. Situation estimation is the second-level fusion in the information
fusion system, and it is one of the more active research technologies in this ﬁeld. The emergence of multitransducer
information fusion technique stems from the need for automatic fusion processing of multisource information in modern warfare. A human is one of the most complex and highly
adaptive data fusion systems. Human eyes, ears, nose, tongue, and limbs are the transducers of sight, hearing, smell,
taste, and touch. Information fusion processing models with
four and ﬁve levels of processing can dynamically monitor
the fusion processing process, optimize resource and transducer management, and feedback fusion result information
in real time, ensuring that the fusion processing process is
adaptive and achieves the best fusion eﬀect. The diversity
of information representation, the enormous amount of
data, the complexity of information relationships, and the
real-time nature of information processing in a multitransducer system far outnumber the human brain’s comprehensive information processing capability. Because it extracts
and processes the obtained information at a high level of

abstraction; involves more parameters, factors, combat
styles, and viewpoints; and is closer to the mankind thinking
process, the situation estimation process is more complicated than the ﬁrst-level fusion process. The brain will comprehensively process the information and make judgments
about the surrounding environment when people obtain
information about the surrounding environment through
these transducers with various functions.
In recent years, the overall application of a single technique for situation estimation has gradually decreased, and
various movements and technologies can be overlapped
and used complementary to each other to obtain better estimation results. Information fusion was proposed in the early
1970s, and military applications were the origin of the technique. At present, there is no information fusion algorithm
that can calculate all transducer fusion information [28]. In
general, which algorithm to choose should be decided
according to the speciﬁc application. Due to the wide range
of application ﬁelds of data fusion theory, there are many
kinds of models. The Data Fusion Group of the Joint Steering Committee of the US Department of Defense Laboratory
gives a general model for the application of data fusion in the
military ﬁeld. The model started with three levels and later
developed into four levels. Situation estimation technique
is one of the most active research ﬁelds in information
fusion. Since the mid-to-late 1970s to the present, many
countries have carried out research on situation estimation
in terms of theoretical systems and system implementation
movements. Great progress has been made. Situation estimation is an important part of the command automation
auxiliary decision-making system. It is based on military
knowledge and military experience. It organically links the
observed distribution of combat forces with activities and
the surrounding environment of the battleﬁeld, enemy combat intentions, and enemy mobility, determines the cause of
the incident, and obtains an estimate of the enemy’s force
structure and use characteristics. Finally, a comprehensive
situation map of the battleﬁeld is formed. In fact, the cognitive process of mankind beings and other animals in nature
to objective things is the fusion process of multisource information. In military systems, data fusion is mainly used in
early warning systems, command and control of weapon
systems, intelligence support systems, military force assessment and command systems, and space-ground integrated
information fusion systems.
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3.2.2. Methods of Data Fusion. Since situation estimation is a
high-level relationship extraction and processing of the
obtained data ﬂow, it is closer to the mankind thinking process and involves many factors and parameters, so it is more
complicated than ﬁrst-level fusion processing. The object of
situation estimation in the real environment is the combat
entity that is constantly moving and changing with the passage
of time in the combat area. In fact, psychic estimation is
enough to perceive and extract the psychic elements from such
a moving object, in the process of knowing, understanding,
and predicting. Although the existing methods provide a
promising technical way for the practical application of situation estimation, the existing research results show that a single
information fusion method is also diﬃcult to work for the
high-level fusion problem of situation estimation.
The following is a brief introduction to the commonly
used fusion algorithms. The weighted fusion algorithm combines the redundant information from each transducer to
the measurement data of the environmental characteristic
parameters into an optimal estimate according to a certain
weighting rule. In the situation estimation system, the detection of temporal relationship and spatial relationship is an
important aspect of event detection. The information fusion
system can be divided into three levels based on the data
abstraction level: data-level fusion, feature-level fusion, and
decision-level fusion. Various tracking algorithms are usually formed by combining data association algorithms with
state estimation algorithms. Fuzzy logic is a mathematical
tool for dealing with uncertainty in human cognition that
can handle ambiguous semantic data. In a static environment, Bayesian inference is a rational mechanism for multitransducer information fusion. Continuous information
fusion and relearning are carried out, a method for describing the information in neural networks as a probability distribution. When there is certain modeling and application of
multitransducer information fusion, the means uses the system structure and uncertainty inference mechanism as a
Bayesian estimation for each transducer of the neural network in the transducer, which provides good preevidence.
When Bayesian estimation is used in an indirect way for
fusion, diﬀerent reasoning movements can be adapted for
diﬀerent situational frameworks depending on the knowledge representation and the representation of time, space,
and causal constraints in subtasks (ideological potential).
Traditional cluster analysis is a ﬁxed classiﬁcation, but
because the boundaries between the states of each event
object are not always clear, it is more appropriate to conduct
the target cluster analysis using fuzzy mathematics.

4. Intelligent Transducer Module Based on
Basketball Posture
4.1. Data Characteristic Analysis Means
4.1.1. Gyroscope Data Analysis. The gyroscope is one of the
core measurement components of the inertial navigation
system. Considering the engineering application, it is
required to shorten the process of reaching the thermal equilibrium state after the gyroscope is started as much as possi-
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ble, so that the system can quickly enter the predetermined
working state [29]. As an important inertial transducer, a
gyroscope is the basic core device of the inertial navigation
system (INS). From the liquid ﬂoating gyroscope in the
1950s to the dynamic tuning gyroscope and electrostatic
gyroscope in the 1970s to the ﬁber optic gyroscope and ring
laser gyroscope developed in the 1980s, the gyroscope has
gone through roughly the following processes, to a micromachined gyroscope made using MEMS technology. The
MEMS gyroscope, which ﬁrst appeared in the second half
of the 1980s, is characterized by its low cost, small size, long
working life, wide dynamic range, ease of digitization, high
intelligence, and strong antioverload capability. It is ideal
for situations where there is a lot of movement and a lot of
g. Microelectromechanical integration is simple to integrate
and install into a variety of complex control systems. A constant zero oﬀset and a noise signal make up the gyroscope
static signal. The probability density distribution diagram
shows that the noise is normally distributed, which is consistent with white noise signal characteristics. The static data
diagram of the gyroscope is shown in Figure 3, and the probability density distribution diagram of the gyroscope is
shown in Figure 4.
The gyroscope test and modeling are both done on a single gyroscope and are done at room temperature. The N
-point position means using a turntable are used to mark
some gyroscope parameters. A satellite attitude measurement system consists of gyroscopes and optical transducers
(such as infrared horizons, solar transducers, and star transducers) that can obtain continuous high-precision attitude
and angular velocity information from satellites. This is a
very important and broad application. Traditional gyroscopes used in space and military applications have rotating
moving parts that are large, heavy, and consume a lot of
power. The wear of high-speed rotating parts reduces their
service life signiﬁcantly, and it takes time to warm up the
speed to the working speed. Traditional macroscopic gyroscopes are limited in their development due to stability and
other issues. The standard deviation of the error tends to
be stable as the value of a decreases, and its value gradually
increases. When the amplitude is small, there is a minimum
value of a = 0:7, which then increases, and the mean value of
the error when the amplitude is large decreases with the
decrease of slang, as shown in Figure 5.
The theory that studies the movement characteristics of
gyroscopes is a branch of the dynamics of rigid bodies moving around a ﬁxed point. In-depth study of the characteristics of the gyroscope should take its inertia as the basis.
The gyroscope obtains the declination information through
the angular velocity of the sensitive carrier relative to the
inertial frame. With the bearing on the gyroscope frame
shaft and the rotor of the gyroscope motor, the earliest application of the bearing is the rolling bearing. The static signal
of the gyroscope obtained by the analysis of the original signal diagram contains constant components and noise components. From the statistical results, the statistical mean of
the signal after Kalman ﬁltering does not change much,
and the mean square error is greatly reduced, but the eﬀect
is not as good as the ﬁrst-order low-pass ﬁltering of the
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optimal coeﬃcient. The data after Kalman ﬁltering is shown
in Figure 6, and the Kalman probability distribution is
shown in Figure 7.
Small and cheap requirements have promoted the development of microgyroscopes, which are widely used in tactical weapons, microaircraft, stable platforms, robots, military
and civilian ﬁelds such as automobiles, surgical instruments,
toys, computer mice, cameras, etc.
4.1.2. Acceleration Data Analysis. The movement speed is very
important to the processing eﬃciency of the manufacturing
system, and the change of the movement speed is due to the
small acceleration of the system. The acceleration of the control system is not only related to the electromagnetic torque
of the control system but also related to the rotational inertia
and load torque of the controlled system. Silicon transducers,
which combine the piezoresistive eﬀect of silicon with integrated circuit technology, have high sensitivity, quick dynamic
response, high precision, good stability, easy miniaturization,
and mass production and are currently in widespread use.
The three-dimensional acceleration design model is based on

the string vibration accelerometer model from 1950. The mass
is supported by three pairs of metal wires that are arranged
vertically in space, and the acceleration is determined by the
string’s tensile stress or the modulation of the transverse resonance frequency. The electromechanical time constant of the
system can be used to determine the speed change capability
of the control system once the load has been determined.
The smaller the constant, the higher the system’s allowable
acceleration. The piezoresistive eﬀect of silicon was ﬁrst studied in detail in the 1950s by C.S. Smith, who determined that
silicon has good elastic deformation properties and a signiﬁcant piezoresistive eﬀect. Since then, acceleration transducers
have been used. The ﬁber optic acceleration transducer probe
must have good directivity as a vector sensing probe. The current change speed of the servo device is represented by the
electrical time constant of the control system, and the change
of the current directly reﬂects the change of the electromagnetic torque, so the electrical time constant of the system
aﬀects the acceleration change speed.
The early accelerometers were semiconductor strain
gauge pressure transducers and later developed into the
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use of diﬀused silicon movements to fabricate resistive strips
on silicon wafers, called solid-state pressure transducers or
diﬀused accelerometers. The transducer with a modular
structure has good directivity and low crosstalk, which is
the design means of most three-component acceleration
transducers at present, but the structure design has a great
inﬂuence on the ﬁnal demodulation means and demodulation accuracy. In the design of the movement control system,
a large acceleration margin can generally be guaranteed. If
this point can be fully utilized, the average movement speed
of the system can be signiﬁcantly improved. Since the 1970s,
the use of integrated circuit techniques to manufacture
accelerometers has achieved rapid development, and a silicon cup-type diﬀusion pressure transducer with an integrated peripheral clamped resistance and a silicon
diaphragm has been made. In order to ensure that the grating can accurately respond to the vibration of the mass block
and facilitate the adjustment of the center wavelength of the
grating, the transducer adopts bolt and beam structure
adjustment.
4.2. Several Common Attitude Calculation Movements
4.2.1. Attitude Calculation Based on Complementary
Filtering. Pose estimation has a wide range of applications
such as aerial, underwater, robotics, navigation systems,
games, industry, and augmented reality systems. Along with
micromachine inertial technique, the use of micromachined
gyroscopes, accelerometers, and magnetometers (MARGs)
to construct miniature and low-cost heading and attitude
systems has become one of the research hotspots in recent
years. At this time, the most widely used attitude measurement technique is a strapdown inertial navigation systembased attitude calculation technique. We know that the
gyroscope’s dynamic response characteristics are better, but
when the attitude is calculated, the cumulative error will
increase as the integration time increases. When it comes
to measuring attitude, the magnetometer and accelerometer
have no cumulative error, but their dynamic response is
much worse. Inertial measurement unit (IMU) devices, such

as three-axis gyroscopes and three-axis accelerometers, are
used to determine attitude. However, because of system
noise and drift errors in the IMU transducer, which will
accumulate over time, precise attitude control is diﬃcult.
Many well-established estimation movements have emerged
from extensive research in the ﬁeld of pose estimation, ranging from complex Kalman ﬁlters to simple complementary
ﬁlters. The complementary ﬁlter algorithm can achieve a
better estimation of the attitude, and the estimation accuracy
is also better, as shown in the gyro oﬀset error in Figure 8.
The attitude can be obtained by integrating the threeaxis gyroscope. The gyroscope has good dynamic response
characteristics and high accuracy in the short term, but
when it is used for attitude calculation, it will generate accumulated errors and eventually lead to attitude divergence.
High-precision SINS systems are expensive and not suitable
for many low-cost needs. We can use complementary ﬁlters
to correct the data of the gyroscope, accelerometer, and
magnetometer with each other, so that the measurement
data is more accurate and the performance of the system is
more stable. Adding PI-adjusted adaptive complementary
ﬁltering, the ﬁltered signal is smoother, while the traditional
complementary ﬁltering does not ﬁlter high-frequency noise
completely, as shown in Figure 9.
In general, the computational complexity of traditional
pose or angle estimation ﬁlters is high. To this end, the
research of satisfactory, accurate, and low computational
complexity algorithms is the original intention of this paper.
The accelerometer can be used for inclination measurement,
but it is sensitive to gravity acceleration and movement
acceleration at the same time, and the above attitude measurement system will produce a large measurement error
when the carrier does a long-term maneuvering movement.
4.2.2. Extended Kalman Filter Attitude Solution Based on
Gauss-Newton Iterative Method. The attitude calculation
problem is to solve the direction cosine matrix of the current
moment according to the measurement information at a certain moment. Due to the zero drift of the gyroscope, the
gyroscope can be used to predict the state, and then, the
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accelerometer and the magnetometer can be used to update
the predicted state to eliminate the accumulated error caused
by the zero drift of the gyroscope. Kalman ﬁltering is a ﬁltering algorithm proposed by Kalman in 1960 to estimate the
desired signal from the observations related to the extracted
signal. The idea of the Kalman ﬁlter is to use statistical estimation to obtain the optimal estimation of the system state
in the presence of random noise in the system under test
and the measurement system. A set of diﬀerent noise and
drift-free attitude parameters can be obtained through the
use of the accelerometer and magnetometer. The Kalman ﬁlter can properly balance the attitude parameters output by
the gyro transducer with errors, by making full use of several
diﬀerent noise measurements and then estimating the attitude of the integrated navigation system to improve the
accuracy of the navigation system, as shown in Figure 10.
Since the basic equation of Kalman ﬁltering is a recursive
form in the time domain, its calculation process is a continuous “prediction-correction” process that does not necessitate storing a large amount of data when solving and can
be calculated whenever new data is observed. This ﬁltering
method is ideal for real-time processing and computer
implementation. The Kalman ﬁltering estimation of the state
vector (unknown parameters) is unbiased and has a low variance. This method of estimation focuses on analyzing
experimental data to estimate the system.
Let the state equation and observation equation of the
estimated system be expressed by equations (1) and (2).
Equation of state:
xk = Axk−1 + Buk−1 + wk−1 :

ð1Þ

Observation equation:
Z k = Hxk + vk−1 ,

ð2Þ

where x is the state vector, A is the state transition matrix, B
is the control matrix, u is the system input vector, Z is the
measurement vector, and H is the system observation matrix

and is the process noise vector with zero mean and variance;
the variance is zero; and the sum is uncorrelated.
The time update equation of the Kalman ﬁlter can be
expressed as
x̂k = Âxk−1 + Buk−1 ,
̂ k = Ap̂k−1 AT + Q:
P

ð3Þ

The state update equation of the Kalman ﬁlter can be
expressed as

−1
K k = Pk H T HPk H T + R ,

ð4Þ

x̂k = x̂k + K k ðzk − Ĥxk Þ,

ð5Þ

Pk = ð1 − K k H ÞPk :

ð6Þ

The current state variables are projected forward in time
as a priori estimates to the measurement update equations,
which correct the prior estimates to obtain a posteriori state
estimates. When the time update equation and measurement
update are ﬁnished, the measurement update equation calculates the Kalman ﬁlter gain, then the measurement output,
and then, the state posterior estimation is generated according to equation (5); ﬁnally, the posterior covariance of the
state is estimated according to equation (5). Following the
equation, the entire process is repeated, with the posterior
estimate from the previous calculation serving as the prior
estimate for the subsequent calculation. One of the Kalman
ﬁlter’s most appealing features is its recursive inference.
The gyro transducer is a sensitive carrier angular movement element, because the gyro has errors in its manufacture; therefore, the expression of the actual output of the
gyro is
ωb′ = ωb + ε,

ð7Þ

which is the ideal output of the gyro transducer and is the
measurement error of the gyro element. The gyro
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measurement error generally includes installation error,
scale factor error, and random error (i.e., gyro drift). Usually, the gyro drift model is taken as
ε = ε b + ε r + wg ,

ð8Þ

which is a random constant, is a ﬁrst-order Markov process,
is white noise, and is its variance. The mathematical model is
8
>
< ε_ b = 0,
>
: ε_ r = −

1
ε + wr ,
Tr r

ð9Þ

which is the correlation time, is the driving white noise, and
is its variance.
The traditional Kalman ﬁlter is ineﬀective for fractionalorder systems, and many projects include fractional-order
cases. The fractional-order algorithm and Kalman ﬁlter are
used to better apply the Kalman ﬁlter to the fractionalorder system. A new ﬁltering algorithm, the fractional Kalman ﬁltering algorithm, is created by combining algorithms.
The inﬂuence of nongravity acceleration on attitude estimation is avoided by switching the extended Kalman attitude
estimation algorithm to integrate the information of the
micromachined gyroscope and the accelerometer, and a relatively accurate attitude angle and two-axis gyro bias are
obtained.

5. Conclusions
Motion capture is a technique for precisely measuring the
movement of moving objects in three-dimensional space,
and it is the most eﬃcient way to produce computer 3D animation and collect data on human movement. People have
higher and higher expectations for the accuracy of mankind
posture detection because it is widely used in many ﬁelds
such as entertainment, medical treatment, and sports. In this
paper, a mankind physiological parameter acquisition system based on the body transducer network is designed after
extensive research and analysis of the characteristics of the
body transducer network, with the goal of meeting some
urgent needs of the elderly in physiological monitoring.

The micromechanical transducer includes a gyroscope,
acceleration, and geomagnetic transducer, which compensates for gyroscope measurement errors and allows for more
accurate capture of the human body’s movement posture
than a single angular velocity transducer. The mankind body
posture detection system designed in this subject can detect
mankind body posture after experiments and debugging.
However, due to the broad range of knowledge and numerous technical diﬃculties involved in this subject, there are
still many issues that need to be addressed, as well as some
ﬂaws. In future work, it must be improved and perfected.
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