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Abstract: Talent is the ultimate goal of applied undergraduate education, and practice teaching is an effective way
of talent cultivation. Aiming at the problem of teaching and learning, and demonstrates the vitality of the teaching
theory, this paper expounds the process how to change teaching idea in constructing practice teaching system, to
improve students' initiative, build a new practice teaching mode, in constructing the system of combining laboratory

construction, specialty construction and teaching staff construction, and other aspects, shows that the importance of

practice teaching system.
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Thinking and Exploration of Case Teaching Mode of
Sensor Technology and Application

CHANG Wenhui, BAI Yanxia
(College of Information Science and Technology,Yanching Institute of Technology,Langfang Hebei, 065201, China)

Abstract:Sensor technology and application is a very important professional basic course for automation, robotics
and Internet of things,. This course introduces different sensor structures and working principles, basic types and appli-
cations, parameters and characteristics, etc., which has a certain guiding role in detection and control. In this paper, re-
lying on the academic competition and the integration of production and teaching,the teaching cases, teaching methods
and evaluation standards of the course are reformed.On the basis of certain teaching effect, it promotes the development
of subject competition and the cultivation of enterprise talents.

Key words:Subject competition; “Sensor technology and application”; Teaching reform ; Case teaching
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Abstract. Coordinate measuring machines are standard three-dimensional precision
measuring equipment in the manufacturing industry. They are widely used in
aerospace, automotive, shipbuilding, equipment manufacturing, and mold
manufacturing. This paper addresses the application problems in the field of
mechanical engineering from the perspective of information science. The process of
three-dimensional information acquisition by a coordinate measuring machine is
described as a hierarchical, closed-loop structure based on multi-sensor fusion. The
introduction of computer vision makes the measurement flexible and intelligent,
which increases the measurement speed and avoids the dispersion of measurement
results caused by manual intervention. Based on the composition of flexible
coordinate measurement system and the support of multi-sensor fusion, this paper
studies the multi-sensor physical integration, model information acquisition and
model coordinate fitting. This paper focuses on the modeling flaws in the reverse
modeling method based on surface reconstruction, and analyzes the reverse
modeling method based on solid reconstruction in the reverse modeling method.
Parameterized editing and modification of the extracted solid features can
accurately define the geometric parameters of the features and the constraint
relationship between the features. In this paper, using the feature recognition and
extraction function in solid reverse modeling method, a reverse modeling method
for incomplete data is proposed, and the modeling process and characteristics of
the method are specifically introduced and verified.

Keywords: Multi-sensor Measurement; Reverse Modeling; CAD
DOI: https://doi.org/

1  INTRODUCTION

The great significance of reverse engineering is that it not only simply restores the original
object, but also carries out a secondary innovation based on the restoration [1]. With the rapid
development of computer, numerical control and measurement technology, reverse engineering
technology has been widely used in many fields [2]. When designing a workpiece model that can
be finalized through experimental testing, the reverse engineering method is usually used, such as
aerospace, automotive, and other fields [3]. First, various performance tests on the model are
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required to establish a product model that meets the requirements. Reverse engineering converts
the product into a 3D CAD model.

At present, there are more and more researches on multi-sensor integration, but the research
on multi-sensor combination focuses on simple probe replacement [4]. There is no good selective
planning and measurement of a variety of measurement equipment, which makes the measured
data quality and efficiency. The integrated research and charging of multiple surface digital
methods has become an innovative idea that attracts much attention. After consulting many
research materials, it is found that the integrated measurement methods are mainly divided into
passive measurement methods and active measurement measurement methods, the integration of
CMM and visual measurement methods, and the integration of passive measurement methods. In
the realization of measurement, there is complementarity between active vision measurement and
passive vision measurement, so it has become the focus of research by many researchers. For
example, Buonamici et al [5] have integrated the occlusion contour restoration shape method with
the line structured light method. Ingrassia et al [6] have combined the stereoscopic vision and the
projection grating method of spatial coding technology into a curved surface measurement system,
which has greatly improved the measurement range and solved the problem of insufficient contour
recognition in laser scanning. In the passive visual measurement method, due to the increasing
requirements for measurement under many conditions, the use of single visual measurement
information has been unable to meet the measurement of complex surfaces. Cho et al [7] have
combined brightness, color, contour, brightness, and other factors to study the synthesis. The
integration of stereo vision and light and dark information measurement methods solves the
problem of difficult points when measuring complex parts in stereo vision. Kirkwood et al [8] have
proposed the method of reconstructing the three-dimensional shape of an object by using the
brightness information of the contour information to reconstruct a highly accurate model. Carfagni
et al [9] first use vision systems or laser scanning to build an initial three-dimensional model to
reduce the path planning time of CMM in reverse engineering, or to study directly locating parts on
CMM for digitization. But this measurement method is very time consuming, especially for the
measurement of complex parts or freeform surfaces. How to improve the automation degree of the
multi-sensor combination measurement system and how to optimize the CMM measurement path
to construct a CAD model that meets the accuracy requirements still need to be studied. Vilmart et
al [10] have studied the geometric reference volume error problem in the measurement process of
the combined system, and through the error compensation of the measurement data, the accuracy
of the aligned data is finally improved. In this case, the accuracy of the measurement geometry
directly affects the level of the final data, reducing the flexibility and reliability of the alignment. In
addition, there are relatively many researches on the alignment algorithms of dense data, and the
precise alignment algorithms between dense data points and sparse data points are relatively
limited.

This paper proposes a novel automatic measuring method for a coordinate measuring machine.
A small industrial camera is fixed on the measuring base of a coordinate measuring machine to
realize automatic measurement under the guidance of computer vision. The process of three-
dimensional information acquisition by a coordinate measuring machine is described as a
hierarchical, closed-loop structure based on multi-sensor fusion. The introduction of computer
vision achieves the flexibility and intelligence of coordinate measurement, improves the
measurement speed of the coordinate measurement machine, and reduces the manual workload.
The most widely used modeling methods based on curve and surface features in traditional reverse
modeling methods are analyzed and summarized. Aiming at the shortcomings of modeling
methods based on curve and surface features, a reverse modeling method based on solid model
recognition and extraction of solid model reconstruction was proposed. A hybrid inverse modeling
method based on surface and solid features was proposed to reconstruct a solid physical model of
a product that cannot be reconstructed using a single inverse modeling method for CAD model
reconstruction.
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2 COORDINATE MEASURING SYSTEM BASED ON MULTI-SENSOR MEASUREMENT

2.1 Multi-sensor Integration

The probe of a CMM can be regarded as a sensor, which is divided into a contact probe and a
non-contact probe. At present, the commonly used three coordinate measuring machines on the
market usually have only one type of probe installed. When measuring, they can only measure in
one way. When this measurement method cannot meet the measurement requirements of the
workpiece or the measurement result is not satisfactory, the original probe must be removed and
another probe must be installed. Such a process makes the measurement efficiency very low, and
requires a lot of manual intervention.

The multi-sensor integrated measurement system consists of high-precision coordinate
measuring machines, contact probes, vision systems, laser non-contact probes and computers and
other electronic equipment. The multi-sensor integration method is used to collect the data of the
workpiece, so as to further position and coordinate the workpiece. The advantages of each sensor
can be used to improve the intelligent detection of the coordinate measuring system and reduce
manual intervention as much as possible. In the system constructed in this paper, we integrate a
vision sensor camera, a line-scan laser triangulation sensor, and a contact sensor provided by
itself. Multi-sensor integrated micro measurement system is shown in Figure 1.
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Figure 1: Multi-sensor integrated micro measurement system
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2.2 Using Machine Vision to Obtain Three-dimensional Information

Traditionally, when a three-dimensional measuring machine is used to detect a workpiece, a
three-dimensional coordinate of a partial point of the measured workpiece is usually obtained
manually using a touch probe, and a machine coordinate system of the workpiece in the three-
dimensional measuring machine is established, and the machine coordinate system of the
workpiece is fitted to the CAD coordinate system, so that the coordinates of the workpiece are
used to guide the high-precision measurement of the measuring machine. In actual work, the work
of fitting the two coordinate systems is very unintelligent, and it needs to be done manually. The
experience of the inspectors and errors in the inspection process will greatly affect the results of
the inspection.

On the other hand, due to the characteristics of contact measurement, the probe needs to be
lifted point by point during measurement. This results in a slow measurement speed and low
efficiency, but its measurement accuracy is the highest compared to other measurement methods.
Therefore, it is necessary to use it to make high-precision measurements, but it is obviously a little
"big material and small use" for just positioning the parts and fitting the coordinates.

By using machine vision to obtain three-dimensional information, fast and intelligent
measurement results can be obtained. This is because compared with contact measurement, the
machine vision method can make low-precision and fast measurement of the measurement object.
For parts with high accuracy requirements, in order to speed up the measurement and modeling
time, firstly you use the machine vision system to quickly obtain the geometric features of the
surface. Through the multi-sensor measurement information intelligent fusion and other
technologies, the touch sensor is measured and guided to achieve fast and high-precision
intelligent measurement. Multi-agent-based part process information model is shown in Figure 2.
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Figure 2: Multi-agent based part process information model
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2.3 Coordinate System Alignment Technology

Integrating multiple sensors into an integrated multi-sensor measurement system is the basis
for multi-sensor measurement. Accurate alignment of multi-sensor measurement data is an
important part of subsequent reverse modeling. The unification of coordinate system is an
important step in the planning of complex feature paths. In the measurement of complex parts,
since one measurement device cannot complete the measurement at one time, the data after the
two measurement devices are combined. At this time, the uniformity of the data coordinate
system needs to be considered. The establishment of the coordinate system is directly related to
the accuracy and completeness of the overall data during the process of assembling the data. If
different internal coordinate systems are used to locate different point cloud data during the
measurement, the point cloud data will not be processed and shaped during processing. The
coordinate normalization data processing directly assembles them based on points, which will
cause multiple pieces of measurement data errors. The larger the number of assembles, the
greater the overall model error.

When measuring a complex and large three-dimensional workpiece, the same sensor is usually
required to measure data from different perspectives, and multi-sensor is used to measure
different angles and mixed measurements. The same sensor measurement and multi-sensor
measurement data are located in the coordinate system defined by themselves. In order to
establish a unified and complete measurement data, it is often necessary to align the data
measured by multi-vision or multi-sensors to the same coordinate system.

Alignment technology is a key factor that affects the quality of the final model during reverse
modeling. If different measuring equipments are used to measure the same object, combining the
two parts of the measurement data often requires establishing a common coordinate system to
merge the two data into a complete physical model. The most commonly used method of
establishing the workpiece coordinate system is the 3-2-1 method or using three or more standard
balls to establish a spatial coordinate system before measurement.

After the two-part model is aligned by the common coordinate system, it is not a whole. At this
time, you need to use the "Intersect" tool to combine the two parts into a whole or Boolean
operation to shear or add.

Combining the advantages of two different measurement methods and the reverse
reconstruction model using hybrid modeling technology, it fully demonstrates the advantages of
integrated measurement of two types of equipment in collecting data and the characteristics of
rapid and correct modeling. The quality of the CAD model and the flexibility of operation are
improved through integrated measurement. This has certain reference role in reverse modeling.

2.4 CAD Model Interface

When using a coordinate measuring machine for a measurement task, the first step in the
measurement process is to define the measurement task, that is, to define the detection elements
and obtain the tolerance requirements related to them. When defining the testing elements, the
commonly used method is to manually input the required testing information, such as tolerances,
based on the engineering drawings in the measurement software dialog box. This will not only
cause unnecessary repetitive labor, but also easily lead to errors. Therefore, according to the
design data file of the part, the detection features are automatically extracted from the model, and
the three-dimensional coordinate measuring machine can be automatically recognized, then the
above problems are solved. CAD unified interface model structure is shown in Figure 3.

In order to realize the automation and intelligence of the measuring machine system, the
integration of CAD must be realized first, which needs to build a bridge between them, so that the
coordinate measuring machine can read out the items to be tested and the tolerance requirements.
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2.5 Surface Recognition and Fitting

The main function of this part of work is to determine the geometric shape of the part, so as to
determine the placement method, placement position, and placement direction on the workbench,
and finally establish the mathematical relationship between the part coordinate system and the
model coordinate system. In the current measurement machine, the part coordinate system is
generally established by manually measuring several points, which is inconsistent with the purpose
and task of the intelligent CMM system. If the automatic recognition function of the part pose and
the automatic establishment of the part coordinate system cannot be achieved, the intelligent
detection of the CMM cannot be realized. Therefore, the problem of surface identification and
automatic fitting of the coordinate system is also a key issue for flexible coordinate measurement
systems. In this paper, a new method for fitting CAD coordinates and CMM coordinates using part

feature edges is proposed. The accuracy of fitting the CAD coordinates and CMM coordinates is
shown in Figure 4.
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Figure 4: CAD coordinate and CMM coordinate fitting accuracy

3  HYBRID INVERSE MODELING BASED ON SURFACE AND SOLID FEATURES

Reconstruction of the inverse modeling method based on the characteristics of curves and
surfaces yields a surface model, which can automatically fit complex free-form surfaces with high
accuracy. However, when fitting and extracting a regular surface, it is impossible to extract the
parameters of the characteristic surface (such as the radius value of a cylindrical surface) and the
exact constraint relationship between the surfaces. Furthermore, the reconstructed surface model
cannot be directly used for redesign. The solid surface model needs to be imported into the
forward modeling software and the surface is cut and stitched to construct a solid model, and then
the solid model is edited and modified. However, the process of importing the reconstructed
surface model into the forward modeling software through parameter conversion is cumbersome
and the steps of man-machine operation are complicated, which greatly increases the modeling
time. The inverse modeling method based on solid feature recognition and extraction can identify
and extract solid features from the mesh surface model, and can directly modify the solid features
to realize the redesign based on the reconstructed CAD model. However, the result of this method
for identifying and extracting complex free-form surface features is not ideal. Therefore, the
accuracy of the modeling results is relatively low when the method is used to reconstruct a CAD
model of a product with complex curved surfaces in the geometric features. For example, when
extracting complex free-form surfaces, the error between the extracted surface results and the
mesh surface model is large, as shown in Figure 5.
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Figure 5: Extracting the deviation of complex free-form surfaces

3.1 Hybrid Modeling Method Based on Surface and Solid Features

With the development of modern manufacturing industry, the appearance characteristics of
industrial products and components are no longer composed only of regular curved surfaces such
as planes, quadric surfaces, or only complex free curved surfaces. Therefore, if you want to
perform reverse modeling and reconstruction on product or component models with more and
more diverse appearances, in the current situation where the modeling capabilities of various
types of modeling methods are limited, you need to combine the advantages of different modeling
methods to achieve reconstruction of complex models.

The hybrid inverse modeling method based on surface and solid features proposed in this
paper combines the complex free-form surface fitting function in the inverse modeling method
based on curve and surface features and the regular geometric features in the inverse modeling
method based on solid feature recognition and extraction. Recognition, extraction and redesign
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functions can effectively and quickly reconstruct a solid physical model of a product with complex
and diverse appearance features. This method first preprocesses the original set data and obtains
the mesh surface model, and then performs optimization processing such as denoising,
streamlining, and smoothing on the mesh surface model, so as to be able to fit a complex free-
form surface with high accuracy. Then you apply the inverse modeling method based on solid
feature recognition and extraction to extract meta solid features from the processed mesh surface
model.

When applying computer-aided detection technology to evaluate the accuracy of the
reconstructed model, it is generally compared with the original CAD data of the real object, and it
can quickly know that there is a large error failure area in the reconstructed model. Since the
original CAD data of the impeller case used is not available, the accuracy analysis is based on the
smoothing of the collected original mesh surface model as the reference object, and the
reconstructed solid model is used as the test object for error analysis. The results of the analysis
are shown in Figure 6.
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Figure 6: Precision analysis of solid model

3.2 Model Reconstruction Based on Curve and Surface Features

The traditional reverse modeling technology is to reconstruct a complete, smooth and
continuous surface model based on discrete data points. Therefore, the surface reconstruction
method has become a key method in reverse modeling technology. According to the classification
of the geometric characteristics of the product's appearance structure, the appearance features
can generally be divided into regular feature surfaces and freeform surfaces. For regular
characteristic surfaces, you can use planes, quadrics, and extruded surfaces to perform fitting
reconstruction. For the free-form surface, under the constraint of continuity, the parametric
surface can be reconstructed to be closed, directed, and the surfaces can be connected strictly
according to the topological relationship.

Reverse modeling to reconstruct a surface model usually requires three stages (some of the
original measurement data is in the form of a triangular mesh surface and does not need to go
through the point cloud stage): the point stage, the polygon stage, and the surface stage. The
processing of the point phase is mainly to align, filter, and sample the scattered point clouds to
obtain an orderly and easy-to-handle point cloud. The processing at the polygon stage is mainly to
reduce noise, hole repair and smoothing on the triangular mesh surface obtained from the point
cloud triangulation to obtain a complete and smooth triangular mesh surface. There are two
processing modes in the surface stage, namely precise surface reconstruction and parametric
surface reconstruction. Accurate surface reconstruction is suitable for models of handicrafts with
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complex free surface feature
product models with regular s

s, and parametric surface reconstruction is suitable for mechanical
urface features. Figure 7 is a flow chart of reverse engineering.
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Figure 7: Reverse engineering flowchart

The surface model reconstructed in the parameter stage is fitted and assembled according to
the geometric characteristics of the surface, which can reflect the original design intent to a certain

extent. In addition, after fitti

ng the surface and the connection between the surfaces, the fitted

surface model can be output to the mainstream forward CAD software through the parameter
conversion function of the software for redesign or innovation based on reverse modeling. The

result of the combined sur

face is not very accurate. Moreover, the process of parameter

conversion and redesign is tedious, and the steps of human-computer operation are complicated.
Error analysis is generally performed after surface reconstruction in forward software. The mold

takes a long time. The relatio

nship between the difference between the surface reconstruction and

the modeling time is shown in Figure 8.
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Figure 8: Relationship between the difference between surface reconstruction and modeling time
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4 CONCLUSION

Realizing the flexible measurement of CMM is the development direction of the new generation
of CMM. It can realize the automation of the measurement process and the intelligentization of
measurement decision. This will bring a new and broad use space to the three-dimensional
coordinate measuring machine. In this paper, the composition of the flexible coordinate measuring
system with multi-sensor integration is the main line, and the components of the flexible
coordinate measuring system with multi-sensor integration are introduced. A vision sensor-based
camera and a line-scan laser triangulation sensor are installed next to the measuring head of the
coordinate measuring machine, and together with the contact probe of the original coordinate
measuring machine, a multi-sensor integrated system is formed. The overall accuracy after
installation on a CMM was verified. This paper studies the most widely used reverse modeling
method based on surface model reconstruction and the reverse modeling method based on solid
model reconstruction. A reconstruction method of solid model based on solid feature recognition
and extraction was proposed. The principle and modeling process of the method are introduced in
detail by reconstructing its complete solid model. The reconstructed solid model was edited and
modified, and it was verified that the reconstructed solid model could be directly used for redesign.
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Abstract. Enterprises can use information management systems and use computers
as an aid to improve their management level. This paper takes the implementation
and application of enterprise equipment management information system as the
background, and combines the special equipment management situation of the
enterprise unit with different user needs to complete the design and
implementation of computer-aided equipment management information system.
First, this article uses J2EE to implement various functions of the system, select a
SQL Server database, and use it to store information. Secondly, in order to be able
to manage the equipment online, this article chooses the B/S mode. Finally, the
design of the system is completed and implemented through related technologies.
Through computer-assisted information management of equipment management,
equipment management level and work efficiency can be improved, equipment
management can be scientific, standardized, and digitized, and ultimately the
modern management level of the enterprise can be improved.

Keywords: Design and Implementation; Computer Aided; Equipment Management;
Information System

1 INTRODUCTION

The traditional manual device management mode is inefficient and cannot meet the
requirements for device management in practice, and its disadvantage is that it will easily cause
confusion in device management. Therefore, the use of computer-aided management equipment
can make up for the shortcomings of traditional manual management equipment, and is an
inevitable trend of enterprise equipment management. To improve the efficiency of equipment
management, to introduce information technology and computer-aided management into
equipment management, and to build a reasonable and efficient management information system
to improve the management level of enterprises, it has become an urgent need [1-2].

Equipment refers to the long-term use of the enterprise in the production. It is a general term
for labor data and material data and can maintain its original physical form and function to the
greatest extent [3]. Reasonable use of equipment technology and economic methods, integrated
equipment management, engineering technology and financial management and other means to
maximize the cost-effectiveness of equipment life cycle, and ultimately maximize the
comprehensive benefits of equipment assets [4]. Sun et al. [5] based on the analysis of the basic
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principles of the three-tier structure, according to the system requirements, given the applicable
application components, and the design and implementation of the structure of the equipment
management information system based on the three-tier model. Adela et al. [6] put forward the
viewpoint of system, pointing out that business process and process innovation have become an
important principle of modern enterprise MIS construction. At the same time, the process
characteristics of enterprise equipment management are analyzed, and the basic functions of a
process-based equipment management information system and its operating platform are
introduced. Mehdi et al. [7] conducted a systematic analysis and innovative research on the
current status of equipment management with a heavy machinery industry company as the
background, proposed specific goals for equipment management information, and designed a
hybrid structure based on B/S and C/S. This solution is not only a set of management software
design, but also an innovation in equipment management. Li et al. [8] the medical equipment
management information system is an indispensable part of hospital management now, and its
reasonable development and application are embedded in the hospital information system to form
a dynamic whole-process management.

Therefore, based on the above analysis, this article takes the implementation and application
of the enterprise equipment management information system as the background, and combines
the special equipment management situation of the enterprise unit with different user needs to
design and implement a computer-aided equipment management information system. First, this
article uses J2EE to implement various functions of the system, select a SQL Server database, and
use it to store information. Secondly, in order to be able to manage the equipment online, this
article chooses the B/S mode. Finally, the company's current business processes were combed to
meet the needs of users. The system's logical design, interface design, functional module design,
and database desigh were completed and implemented through related technologies. Through
computer-assisted information management of equipment management, equipment management
level and work efficiency can be improved, equipment management can be scientific, standardized,
and digitized, and ultimately the modern management level of the enterprise can be improved.

2 RESEARCH ON RELATED TECHNOLOGIES

2.1 Choice of development mode

At present, there are two widely used development models: B/S and C/S [9]. However, the
difference between the two is obvious. The main reason is that the former is responsible for
creating the Web system, while the latter is mainly responsible for the creation of a stand-alone
system. Among them, the structure of B/S mode is shown in Figure 1.
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Figure 1: B/C three-tier architecture

From Figure 1, we can know that the B/S structure is mainly composed of three layers, which
are the presentation, data, and function layers [10].

Compared with the C/S mode, the B/S mode has its own advantages. Specifically, we can
summarize its main advantages as follows.

1) B/S mode is easier and more convenient to operate. Moreover, its scope of application is
wider. A system created in C/S mode can only be applied in a local area network. Nevertheless,
systems built in B/S mode do not have this limitation. When the server and the PC can be
connected to each other, the system can be accessed smoothly. Not only that, you only need to
install a browser in B/S mode. C/S is more complicated, and a client must be installed. In
summary, B/S mode is more convenient and quick to use.

2) Low maintenance cost. In C/S mode, when updating the system, the client must be handled
separately. As a result, the cost of maintaining the system has increased significantly. However, in
the B/S mode, it is only necessary to update the server, which greatly reduces the maintenance
cost of the system.

In summary, this thesis is a device management system created based on the B/S model. The
purpose is to improve the quality of the system and better meet user needs.
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2.2 Selection of development technology
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Cluster omponents
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Figure 2: A four-tier structure diagram for J2EE

JAVA technology has high security, and secondly, it has good portability [11]. Therefore, this
article is implemented through JAVA technology.

This platform is composed of four parts, which are the Web layer, customer layer, business
layer, and EIS layer. In the system, the tasks undertaken by each layer are different. Specifically,
the relationship between the four layers is shown in Figure 2.

3 DESIGN OF COMPUTER AIDED EQUIPMENT MANAGEMENT INFORMATION SYSTEM

3.1 System Architecture Diagram

A good system architecture can ensure the security and stability of the system. The system
uses a three-tier architecture model based on B/S to provide services for users in different
departments within the enterprise. The system uses JAVA language to develop the interactive
interface and business processes. The business processes are published using the Tomcat
application server. The database uses SQL Server to store data and completes access operations
through JDBC. At the same time, the layered architecture can also meet the security requirements
of the system. The three-layer architecture of the system is shown in Figure 3.
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Figure 3: System architecture diagram

Under this system architecture, the device management system can not only meet the internal
network access, but also meet the needs of external mobile office. The system topology is shown
in Figure 4 below.

Place the device management information system server in the DMZ zone. The translation of
NAT addresses is completed on the firewall, so that the system can guarantee internal access while
also satisfying employees' access outside the unit. The firewall restricts the ports. Except for
service ports, all other ports are closed, reducing the risk of network attacks and ensuring the
security of network systems.
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Figure 4: System complement diagram

The main work of system function design is to establish the system module structure. In order
to ensure the accuracy of the system data and the uniqueness of the source, it is necessary to
establish a unified portal for basic data to realize data sharing, which can provide basic guarantees
for system data processing, thereby improving the overall system availability. The detailed
functions of the seven functional modules of the system are shown in Table 1 below.

Table 1. System main modules

Module name

Features

Common management
module

Display the equipment list under the personal name to ordinary users; meet
the daily equipment purchase application and equipment maintenance

application.

Purchasing
Management Module

Provides the functions of adding, deleting, or modifying and viewing
purchase requisitions to summarize and match purchase requirements.

Contract Management
Module

Enter contract-related content and manage contract execution progress.

Asset Management

Add, delete, modify, and check assets, and manage the daily circulation of
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Module assets, including borrowing, receiving, transferring, and equipment status.
Archive management Add, delete, modify and check archive records, and manage borrowing and
module return of archives.
Query Management Generate reports in a fixed format to meet daily needs, and provide custom
Module conditions to generate reports.
System Management Add, modify, and delete system users and device categories; back up system
Module data.

(1) System login

As a security gateway to the application system, system login is indispensable. This layer of
protection can ensure the normal users of the system and determine the use rights of logged-in
users. System login is mainly used for identification, to ensure system security and to grant user
permissions.

(2) Data interface design

System operation needs to input the original data of the equipment. If you rely on manual re-
entry, the workload is too large to ensure the accuracy of the data. The new system provides a
data import function to meet the import of external data.

(3) Data sharing design

The entered data flows in the system, and the data owner can perform operations such as
adding, deleting, and modifying. Data users can reference these data as a source of processed
data.

3.3 Database Design

Database storage is independent of its programs. Database systems organize data information
in a certain data model for storage. Data flow diagram describes the transformation process of
data flow from input to output from the perspective of data transmission and processing.

In the top-level data flow diagram, users need to submit applications and query information
through the system. The administrator edits and maintains the basic data information of each post,
and summarizes and prints the data that needs to be reviewed for leadership approval. Leaders
complete the approval by offline means. The system administrator mainly implements the
maintenance and backup of system and user data. The processing functions in the top-level data
flow diagram of the system are further decomposed to obtain the first-level data flow diagram of
the equipment management information system. The first layer of data flow diagram decomposes
the system into six sub-functions: purchase management, contract management, asset
management, file management, query management and system management.

4  SYSTEM TESTING

4.1 Function testing

As shown in Figure 5, the function display of each function of the system. User authentication
is the first pass to protect system security. First, the user logs in to their account. Through the
system's main interface to complete the authentication of user permissions, so that users get the
corresponding operating functions and enter different user interfaces. The establishment of the
common management module is to meet the user's easy operation, and combines the functions of
equipment purchase application, equipment maintenance application, and asset query list under
the user's personal name into one functional module. The list lists the device list by default, which
meets the user's real-time query to understand the personal device ownership. You can also
choose to view the book materials in your personal name through the asset category drop-down
list. The contract manager manages all contracts, and the manual contract list is difficult to meet
the retrieval needs. The contract management interface implements contract entry management
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and execution progress management. Enter the contract for purchasing assets according to the
system requirements, and monitor the progress of contract execution. The asset management
module is the main part of the management system. This module mainly implements equipment
information management, equipment circulation management, equipment maintenance
management, and equipment inventory.
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Figure 5: Function display of each function of the system

4.2 Performance testing

When the system is online with 200 users at the same time, the information query operation of
device is performed to monitor the CPU, memory and other resources of the system. The
performance test uses the HP Load Runner performance test tool to test and analyze the resource
occupation of the system's 200 online users who complete information query operations of device.

The CPU and memory utilization of test results when 200 users are online are shown in Figure
6. Tests show that due to the Gigabit internal network environment, system access has little
pressure on network bandwidth, and bandwidth utilization does not exceed 35%. The test scenario
is that the query action mainly reads the disk, and the disk utilization is lower than 76.12%. When
the system has 200 users, the CPU utilization is up to 28.3%, and the memory utilization is
relatively stable. The test results performed well and met the requirements of the system design.
The system function test is performed based on the test cases. The obtained results are consistent
with the expected results. The performance indicators such as resource consumption pass the test
within a reasonable range.
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Figure 6: 200 User online test resource occupation

By setting different load amounts, the average response time, CPU utilization, and request
success rate of queries under different conditions are recorded separately. It can be seen from the
test results that increasing the think time (that is, considering the actual request time) can
increase the success rate of requests, reduce the CPU utilization, and reduce the average response
time. Nevertheless, at the same time it will increase the actual response time, so the impact of the
setting and value of the thinking time on the performance test indicators is worth studying. The
request success rate and CPU utilization trend under different load conditions are shown in Figure
7 and Figure 8.

It can be known from Figure 7 and Figure 8 that if the actual request time is considered, the
success rate of the system request can be greatly improved. On this basis, we can continue to
consider the impact of different think times on system performance. In addition, the actual request
time is not only related to the number of concurrent users and throughput, but also to the number
of iterations.

The purpose of system performance optimization is to improve the request success rate of
user transactions. Considering only the average response time of the system, the load on the
system is large, the success rate is low, and the CPU utilization is high. Although a larger load
stress test can be performed on the system through simulation at this time, the user access
characteristics that need to be considered when the system is actually running are ignored.
Starting from the user's access characteristics, using the actual request time and user request
success rate as the performance indicators of the optimized system can more accurately locate the
optimization goal of the system, and reduce the cost of the optimized system to a certain extent.
At the same time, in the process of analyzing user access characteristics, comprehensive
consideration needs to be given to the system's average response time, think time, request
success rate, and resource utilization to ensure the system is more stable and reliable.
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5 CONCLUSIONS

In order to improve the efficiency of equipment management in enterprises and institutions,
the comprehensive utilization rate, strengthen the standardization, information of equipment
management, and meet the needs of production and scientific research, this paper establishes a
computer-aided equipment information management system to realize the automation of
equipment management and provide a practical tool for enterprise equipment management. On
the basis of fully understanding the needs of the unit, a set of equipment information management
system based on JAVA technology B/S architecture was designed, which simplified a series of daily
tasks such as equipment procurement, contract management, equipment management, and file
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management, and improved work efficiency has brought obvious convenience to the unit's asset
management. The development and application of equipment management information systems
can greatly reduce the daily manual workload. Processing and processing of equipment data
through information makes equipment asset management easier, and asset information data is
more accurate and transparent. At the same time, it also ensures the correctness and uniqueness
of the data, facilitates the data mining and processing of different departments, and provides
important equipment data support for the production and decision-making of enterprises and
institutions.
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Abstract. Introducing the voice control technology into the human-computer
interaction of the mobile terminal can inject new vitality into the terminal device,
simplify the operation difficulty, provide a brand-new experience for the user, and
have a great market prospect. This paper discusses the sampling of speech signal
and the method of frame windowing. Based on this, the method of extracting the
characteristic coefficient of speech signal and its key parameters are discussed,
including the concepts of short-term energy, power, zero-crossing mean in time
domain and LPCC and MFCC parameters in the frequency domain. The DTW and
HMM algorithms of speech recognition are studied. After describing their respective
characteristics and solving methods, they are selected. Meanwhile, an embedded
system software architecture was built. In order to verify the feasibility of the
control system, the voice program was verified, including endpoint detection and
DTW algorithm program. The verification results show that the voice control
method of this paper is accurate and efficient for the control of human-computer
interaction intelligent system.

Keywords: voice control; human-computer interaction; DTW; intelligent terminal.
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1 INTRODUCTION

With the rapid development of information technology in the era, the wave of intelligence has
swept the world. People's work, study and life have become more and more closely linked with
intelligent products, and the requirements for smart terminal equipment are getting higher and
higher, especially handheld terminal [1,2]. Since the size of the handheld portable terminal device
is small, the available control devices (such as a keyboard) are not as much as ordinary PCs, so it
is particularly important to design the control mode of the terminal [3]. A well-designed terminal
control system should have the characteristics of simple operation, easy to get started, and
complete and rich command functions [4]. This creates a contradiction with the compact interface
of the terminal device. In order to solve this contradiction, it is necessary to get rid of the
constraints of physical control, and transfer to a more high-end control mode, voice recognition
control is one of the most advantageous solutions [5,6].

Speech recognition technology is very rich in theoretical construction and practical application.
Developed by AT&T Bell Labs, the Audrey speech discrimination system is the world's first

Computer-Aided Design & Applications, V(n), YYYY, bbb-ccc
© YYYY CAD Solutions, LLC, http://www.cad-journal.net



http://www.cad-journal.net/
http://orcid.org/%5bORCID%5d
http://orcid.org/%5bORCID%5d
http://orcid.org/%5bORCID%5d
http://orcid.org/%5bORCID%5d

computer-based speech recognition system [7]. This system can judge 10 English numbers based
on voice, which has become the cornerstone of speech recognition technology research [8]. With
the continuous maturity of computer science and technology, and also the advancement of speech
recognition technology, scholars have scientifically dealt with various model problems caused by
people's speech by constructing and applying linear prediction profiling techniques and dynamic
regularization ideas [9,10]. Both have brought new ideas to the development of speech recognition.
Some scholars have solved the problem of the establishment of the speech template library by
using the academic theory of signal information estimation and decoding [11,12]. In view of the
problem that the length of the sound emitted by the template matching in speech recognition is
not uniform, the relevant scholars have constructed a dynamic time warping (DTW) technical
framework to solve the problem [13,14]. In addition to the dynamic time warping algorithm,
vector quantization (VQ) technology and hidden Markov model (HMM) were also proposed during
this period, which brought a richer operation scheme to speech recognition. Some researchers
have combined artificial neural network technology (ANN) with hidden Markov algorithm model,
and applied to the development of long sentence continuous word discrimination system [15,16].
Some scholars have proposed a normalized scoring mechanism that solves the problem of non-
uniform speech duration [17,18]. This scoring mechanism greatly reduces the influence of speech
duration on recognition scores. Some scholars have introduced linear predictive coding into speech
recognition, which reduces the impact of speech frequency response changes on recognition [19].
Some studies have found that deep learning is applied to speech recognition, which is more than
20% better than the traditional GMM-HMM speech recognition system [20]. Some studies have
shown that acoustic models based on convolutional neural networks can achieve better
performance than DNNs, achieving relatively 3%-5% performance improvement in large
vocabulary continuous speech recognition tasks [21]. By using a very deep CNN structure, better
recognition results can be obtained on some speech recognition tasks. In order to better model the
dynamic correlation of speech timing, many researchers currently use the recursive structure
based on long and short memory cells to model acoustic models and succeed in some large
databases [22]. However, the LSTM training is time-consuming and unstable. In order to make the
feedforward neural network have the advantage of LSTM in temporal dynamic correlation, the
delay neural network is a feedforward neural network that can be used for long-order dynamic
correlation modeling. Re-applied to speech recognition, it has achieved good modeling effects in
long-term context speech recognition tasks. However, the more mature deep learning-based
acoustic modeling technology still relies on the traditional GMM-HMM for training, which leads to
the training of the whole model into multiple stages. In order to solve this problem, how to carry
out end-to-end speech recognition control has become a hot spot of research.

This paper implements a human-computer interaction intelligent terminal system with voice
control. The instruction is a basic instruction, which is an identification of isolated words in the
category of phonetics. Therefore, the choice to use the DTW algorithm allows for a better
compromise between effectiveness and reduced system resource consumption. Therefore, the
language programs in this paper are designed around the DTW algorithm. By researching the
software at the bottom of the system, according to the needs of speech recognition, the overall
software architecture of the system is established, and the device driver part is studied. Finally,
the simulation of the written speech program is carried out, and the important parameter settings
and methods of the program are discussed. The endpoint detection algorithm is optimized.

The rest of this article is organized as follows. Section 2 discusses the design of the voice control
module, followed by the construction of the system software platform in Section 3 and the key
driver design of the voice control intelligent terminal. Section 4 carries out simulation verification
of the voice control human-computer interaction intelligent system. Section 5 summarizes the full
paper and gives the future research directions.
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2 DESIGN OF VOICE CONTROL MODULE

2.1 Speech recognition system architecture

The system for identifying sound mainly consists of the following components: a preprocessing
module, a characteristic parameter extraction module, and an identification module, as shown in
Figure 1.

The task of the endpoint detection module is to divide the starting point and the ending point for
the speech segment to be identified; the task of the characteristic parameter extraction module is
to convert the sampled speech into the frequency domain or the frequency domain or the
scrambling domain, and save the result vector. First, the endpoint detection module detects the
start and end points of the speech segment and completes the framing, and then the characteristic
parameter extraction unit performs the calculation of the specified algorithm frame by frame, and
then saves the result as the characteristic vector. For the isolated word authentication system, due
to the scarcity of embedded system hardware resources, it is necessary to strictly control the
operation and storage load of the system, which requires vector quantization of the feature vector.
Of course, for a large-scale resource-rich form, the impact of these restrictions is negligible, and
the result of the feature parameter extraction module is usually directly used as a speech
recognition template. Then, the recognition algorithm unit performs a pairing calculation on the
vector of the speech segment to be recognized and the vector of the template library, and sets the
speech segment template with the largest degree of matching as the discrimination result output.
Figure 2 shows the embedded system modules and architecture.

Front-end processing Speech Recognition
For
identification

Endpoint detectior Feature parameter ——————————— |
extraction
Transfer (

Voice input ' ‘ ' —‘

Framing and
windowing

Follow-up
control

Save as a voice

template /

Figure 1: Speech recognition system block diagram
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Figure 2: Embedded System Modules and Architecture

2.2 Voice signal front-end processing

1) Signal pre-strengthening

The speech signal will have a large loss in the high-frequency part, so it is necessary to make up
for this part of the lost information by a means, so that the pre-emphasis processing comes into
being. After the pre-emphasis process, the loss of the high-frequency part is recovered, and the
signal quality of the entire spectrum is consistent, and can be processed in the same way. In
addition, after pre-emphasis, the speech signal to be processed is only related to the utterance
part, which is more in line with the conditions of frequency domain analysis and sound generation
coefficient analysis.

Pre-emphasis can be achieved by processing the speech signal with the transfer function shown
below:

G(z)=1-az™ (1)
The interval of a is [0.4, 1.0]. After processing the signal, the signal must be restored. The effect
of the pre-emphasis function is removed.
2) Frame division and window function processing
The next step after the speech signal has been reinforced is to perform a "cut" process, using a
window function to process the signal into speech micro-elements. Each of the micro-elements
thus obtained is called a speech frame. Adjacent two micro-elements can be connected or
overlapped. We generally use the latter because it can make the micro-elements too smooth. In
order to make the interface between the frame and the frame good and the connection is stable,
we generally adopt the overlapping framing method. The common area between the two frames is
called frame shift, and the ratio of the frame shift to the length of the micro-element is [0, 0.5].
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Each 240 sampling points is set to one micro-frame, and 80 sampling points are set to the frame
shift length, the ratio of which is 1:3. The method of dividing the frame is to integrate the speech
signal V(n) with the framed window w(n) to obtain a "window processing" language signal function:

V,(n) =V (n)*w(n) (2)

Among the speech recognition processing, the most widely used window functions are rectangular
window function, Hamming window function and Hanning window function. The expressions are:

W(n):{l 0<n<K-1 3
0 other
W(r) = {0.54-0.46 cos(2zn/(K-1) 0<n<K-1 @
0 other
w(n) = {O.S[l—cos(Z;zn/ K)] 0<n<K-1 5)
0 other

K denotes the number of frames contained in each window, and the selection of w(n) is critical for
the subsequent processing of the feature parameter extraction of the speech signal. Aiming at
different application analysis environments and adopting a reasonable window model, the
extracted feature parameters can be well matched with the actual language function waveform
characteristics.

Comparing the above three kinds of window functions can be obtained: when the rectangular
signal is used to frame the speech signal, the result will be the midpoint of the true frequency of
the signal and the shape of the rectangular window spectrum. Spreading out, there is a
phenomenon similar to "leakage", which is unfavorable for signal analysis. In addition, the low-
pass waveform of the Hamming window is relatively flat, and the short-term nature of the signal
can be described relatively completely, except that the resolution is not as high as the rectangular
window function. Based on the above, the Hamming window can be used as the framing window.
3) Endpoint detection

The calculation steps of the time-based micro-energy zero-crossing mean two-threshold endpoint
detection method are shown in Figure 3.
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Figure 3: Flow chart of short-time energy short-time zero-crossing rate double threshold algorithm

The so-called two-threshold endpoint detection method refers to the idea of using "double check”,
that is, time micro-element energy detection, time micro-element zero-crossing mean detection.
The first step is to use the time micro-element energy to make the initial judgment, and the
second step is to use the time micro-zero mean value to make the second recognition.

At the beginning of the detection process, four reference values are defined, which are the high
and low thresholds of the energy of the time micro-element, and the high and low thresholds of
the zero-crossing mean of the time micro-element. In this way, all speech detection processes are
subdivided into four steps: a mute part, a transition part, a valid part, and a part. If the energy in
the mute section, the zero-crossing mean, has crossed the low threshold, then the decision signal
belongs to the transition. In the transition part, because the absolute value of the reference value
is low, it is not yet possible to accurately answer whether it belongs to the effective sound part.
Only when one of the above two reference values breaks through the high threshold value can the
determination signal enter the effective sound part. If the reference value becomes a low threshold
then we consider the signal to be at the end.

2.3  Speech recognition module algorithm

1) The basic idea of the DTW algorithm

Dynamic time warping is a standard template matching comparison algorithm. This algorithm
transplants the dynamic programming theory in operations research into sound recognition, and at
the same time overcomes the problem of different sizes when comparing arrays of different speech
function characteristic coefficients. Small vocabulary is widely used in the field of recognition and
has achieved good results. The sound resolution program designed by the DTW method based on
dynamic time planning not only has excellent performance, but also saves a lot of system
resources and has good real-time performance. It is the preferred method for small vocabulary
systems.

According to the dynamic programming algorithm, the unknown vector is uniformly extended or
shortened to be equal to the length of the reference template of the template library. In such a
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program, the time coordinates of the speech to be recognized are irregularly warped or curved so
that the characteristic vector of the speech matches the reference vector.
2) Solution of dynamic time warping algorithm

Assume:
iQ)=j0=L911)=2d(a,b) (6)
sumi, j):{ 0 (i))eregion 7)
big (i, J) ¢ region

In the formula, we generally set the range of the region to two parallel vertices with (1,1), (i, j)
and a parallelogram with a slope of 0.5 and 2.
Analogy for a small pair of distances:

Sum(i-1, j)+d(a 4, b;)-w, (1)
sum(i, j) = min{ Sum(i -1, j—-1)+d(a;,b;)-w,(2) r,(i=2,3,...,J,(i, j) £ region) (8)
Sum(i, j —1) +d(a;,b;)-w,(3)
The weights are set to:
W () =w, (3) =1 w (2)=2 (9)

The number of strokes of the adjustment function varies with the vector length of the template
and the speech to be tested. It can be verified that if we define the weight function reasonably, the
following formula will hold:

D> w, =1+J =Const (10)
This way you can launch the pairing weights as:
L=Sum(l,J)/(1+J) (11)

According to the laws of phonetics, we lock the range of the paired search route in a parallelogram
with two opposite vertices at (1,1), (i, j), and the slopes of the two adjacent sides are 0.5 and 2,
as shown in Figure 4.

1.3

1) K=1/2

X

X1 X2 1

Figure 4: Schematic diagram of the DTW optimization algorithm

It can be seen from Figure 4 that the pairing distance represented by the pairing points outside the
restricted area is not required to be obtained, and in addition, it is not necessary to record the
pairing path and the accumulated path array of all the frames. The reason for this is that during
the calculation, we actually only used 3 possible matching points on the forward path. Grasping
this point can greatly reduce the amount of DTW calculations and the necessary storage capacity
of the system.

The accumulated route array can be expressed as:
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D(x,y)=d(x,y)+min[D(x-1,y),D(x-1,y-1),D(x-1,y-2)] (12)

3 SYSTEM SOFTWARE PLATFORM CONSTRUCTION AND KEY CONTROL DESIGN OF VOICE
CONTROL INTELLIGENT TERMINAL

3.1 Construction of the software platform

The system implementation mainly includes the following four levels: application, operating system,
driver, and hardware device. The first step of the Linux system startup is the system homing of
the central processor S3C2440 and the self-test of the structure. The second step is to perform the
initial homing of the hardware devices related to the development board. The key point is to load
the driver to the hardware.

In the operation of setting the kernel file, it is necessary to support the liquid crystal display, the
support of the yaffs file format, the support of the UDA1341TS audio chip, the serial port and the
support of the flash memory. After the setting is completed, we save the result of the setting as a
file, and only need to load this setting file every time you want to call it.

The graphical user interface is also an important part of this article. In addition to the advantage of
providing users with a friendly operator panel, the embedded QT system used in this article also
has a development platform similar to VC: QT designer. This kind of tool brings great convenience
to development. It can directly use the signal + slot mechanism that will be discussed later, and it
is convenient to link functions and functions, functions and events.

The most distinctive feature of QT/Embedded is the programming of the signal + slot function.
This mechanism connects the program event directly to the ideal response program, eliminating
the difficulty of many program calls.

In this paper, QT is introduced in the speech recognition system. In the process of system startup,
input of voice commands, output recognition results and control of the terminal, we have to
present the results of the program to the user through the LCD.

When the voice program is written, we save it to the corresponding folder of the compiled QT.
Finally, we compile this voice program in the QT directory. After successfully compiling, we use the
command qvfb to realize the operation of the graphical user interface, then adjust some
parameters, and finally run the voice program, you can see the visual voice program.

3.2 LCD driver design

The intelligent voice terminal uses the LCD as a display device, and the LCD can obtain strong
support of the LINUX graphical user interface software, making the system design more user-
friendly. The LCD driver directly serves the embedded QT. QT renders multiple pictures by calling
various trace plotting functions in the driver.

The Linux operating system assigns a supported port to the graphical interface device. This port is
the frame buffer device. This port virtualizes the buffer domain of the imaging device, ignoring the
difference in hardware level of different types of imaging devices, and more advanced applications.
The layer is capable of reading or writing data unobstructed in the imaging mode of operation to
the imaging device buffer domain. Application programmers no longer have to study the specific
orientation or save mode of the buffer domain of the underlying hardware layer imaging device,
because these tasks have been done by the frame buffer startup program. From the perspective of
the frame buffer component, by writing the color digitization value in the range of the image buffer
domain to match the display, the corresponding color will appear on the LCD display. The
organization structure of the frame buffer component driver is shown in Figure 5.
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Figure 5: Organization of the frame buffer component driver

3.3 Audio chip UDA1341 driver design

The sound device startup program must operate the voice chip hardware in order to divert audio.
After implementation, an audio mode port is connected to the application layer. Ports of the audio
device face to the application layer, digital audio processing DSP and mixing device Mixer. The
former function is to manage the transmission of the sound data stream, that is, the sound file in
the digital format of the power amplifier, record the sound and save it as a digital format. The
latter function is mainly for the sound release, that is, by mixing various sound frequencies.
Controlling the sound quality is manifested by changing the loudness, frequency, etc. of the sound.
The files describing these 2 ports are saved in the Linux device folder dev, the files dsp and mixer.
The function of the audio driver we are designing mainly accomplishes the following tasks: the
device returns to the default state, turns on the device, loads digital sound processing and mixing
device drivers, and uninstalls the driver.

We create a UDA1341TS driver in the oss folder under the souud directory of the kernel file,
mini2440_udal341.C, then edit the code, and finally load the driver into these 2 files by modifying
the settings reference files Makefile and Kconfig. When compiling the kernel, it will compile the
written driver into the system. Once the audio device is turned on, the application can use the
UDA1341 chip. When the program wants to change the sound size, the MADPLAY program will call
the mixer in the driver to control the volume by modifying the function value.

4  VOICE-CONTROLLED HUMAN-COMPUTER INTERACTION INTELLIGENT SYSTEM SIMULATION
VERIFICATION

4.1 Pre-processing verification

Simulation based on matlab programming are shown in Figure 6. The part of the two vertical lines
is the effective voice part.
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Figure 6: "Play" voice command endpoint detection simulation diagram

It can be seen from Figure 6 that the effective speech part can be intercepted from a speech signal
by the endpoint detection algorithm program, but the range of interception is still large, the
precision is not high, and the latter optimization is needed. It need type endpoint detection
algorithm for further processing.

In addition, based on Matlab, the concept of time micro-zero mean value and time micro-element

energy value is simulated, and the time micro-element energy value and time-micro-zero mean
value are obtained. The results are shown in Figure 7(a) and 7(b).
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1

ZCR

[ [

1 2 3 4 5 6 7 8 9 10

x10°
(b) "Play" voice command time micro-element zero-cross mean

Figure 7: Time micro-element energy and micro-zero zero mean simulation
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As can be seen from the above figure, in the effective speech segment, both the energy and the
ZCR value peak, are respectively in the appropriate numerical interval, which indicates that the
result detected by the endpoint is satisfactory.

Before performing endpoint detection, the speech signal should be used to do the framing
operation of the add window function. The window function should be selected appropriately. The
selected window length is too wide. When the calculation processing speed is increased, the
recognition accuracy will decrease. Correspondingly, assuming that the window length is too
narrow, although the accuracy of the system can be improved, the calculation time load of the
system is increased.

In view of the above situation, this topic uses the variable window function time micro-element
endpoint detection method to apply a wider window function to the mute part. The narrower
window function is applied to the transition part. The function is applied in the active segment.

The time micro-energy value has important significance for endpoint detection. It has many
functions. Specifically: 1. The soft and turbid sounds contained in the speech signal have different
bio-energy, and the unvoiced energy can be small and turbid. The sound energy is high, according
to which it can identify the attribution of the speech segment; 2. On the basis of 1, the time micro-
element energy can also help identify the valid speech segment and the silent segment in the
algorithm; 3. In the Chinese character recognition, the time micro-element energy can distinguish
between the initial and the final, and can effectively "cut" for long sentences. The following
describes how to write the program:

(1) We declare the parameter int status, this variable can take 3 values, each value represents the
stage of the speech segment, as follows: when status=0, indicating that the speech segment is in
the silent position; when status=1, indicating the speech segment is in the transition part; when
status=2, it indicates that the voice signal enters the valid part; when status=3, it indicates that
the voice signal is in the end stage.

(2) When using the conventional endpoint detection method, the program should pre-process and
set the state variable to zero. When the time micro-element energy exceeds the low threshold, the
state variable is set to one. At this time, the voice becomes the transition zone, and then the wide
window span is changed to a narrow span.

(3) When the time micro-element energy crosses the high threshold, the state variable is reset to
2, and the voice signal is declared to enter the effective area. At this time, the span of the window
function is changed to an ordinary size.

(4) The time micro-element energy is gradually decreased. When it is less than the low threshold
again, the window function span is changed again, and the process is completed when the speech
signal is terminated.

In order to prevent the result of the error, the program also adds two variables, the narrowest
speech width and the widest silent length. The improved Matlab simulation results of the speech
signal endpoint detection calculated by the variable window function width method are shown in
Figure 8.

0.5
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x10°
Figure 8: Variable window function width endpoint detection Matlab simulation
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The effective part of the speech segment is limited between the two vertical lines. Comparing this
figure with the common endpoint detection algorithm, the reliability and accuracy of this method
are higher, and the division interval is more reduced, thus saving a lot of system storage resources,
eliminating a lot of redundant solution process, provide a good voice material for subsequent
processing.

4.2 DTW program verification

We set up five control command samples, which are: "Play", "Pause", "Previous", "Next", "Stop".
Based on these instructions, we performed ten sample recognitions of the Play command. The
pairing path as shown in Table 1 was calculated by the Matlab simulation software.

1 2 3 4 5 6 7 8 9 10

Play 3.32 3.21 3.01 3.03 2.97 2.88 | 2.66 3.56 3.41 3.01

Pause 8.99 8.56 | 8.99 7.98 9.32 9.86 | 9.66 8.55 9.20 8.97

Previous | 8.45 8.11 8.51 8.36 8.63 9.63 | 9.32 9.24 9.44 9.11

Next 8.55 8.21 8.71 9.26 9.61 8.01 | 7.99 | 10.22 |9.32 9.10

Stop 7.31 8.23 | 8.10 8.01 8.20 9.33 | 9.01 8.75 8.49 8.90
Table 1: Using matlab to simulate the normal DTW method pairing difference

After the above, this paper uses the DTW optimization algorithm to perform the sampling
identification of ten “forward” instructions, and again uses the Matlab simulation software to obtain
the pairing path results as shown in Table 2.

1 2 3 4 5 6 7 8 9 10
Play 1.21 | 2.02 |1.99 1.55 3.42 1.62 2.81 2.52 1.37 1.44
Pause 8.21 |9.13 |8.01 8.72 8.51 9.01 9.22 9.45 8.23 9.31
Previous | 9.23 | 8.66 | 8.32 9.56 9.14 9.00 8.01 9.04 8.55 7.99
Next 8.53 | 8.32 |9.88 7.99 7.98 9.71 8.02 8.47 8.65 8.75
Stop 9.59 | 7.81 [9.13 8.73 8.73 8.49 9.85 8.26 8.99 8.37
Table 2: Using Matlab simulation improved DTW method pairing difference

According to the above results, this paper averages the pairing difference of each group of
instructions, and uses a certain range of this average value as the effective recognition range.
When the error of the input command and the template is within this range, the system
determines the input voice. The instruction corresponding to the template performs subsequent
operations. Otherwise, the judgment is negative, and the sample is returned.

5 CONCLUSION

As an important way of human-computer interaction, voice control has the characteristics of
interaction and convenience compared with other interaction methods, making human-computer
interaction more natural and easy, liberating users' hands and improving the automation of the
system, which will become the most natural way of human-computer interaction. In this paper, the
method of speech recognition is studied in detail, and the front-end processing of signals,
important parameters such as time-domain frequency domain and dynamic time warping
algorithm are analyzed. On the basis of the above, a speech recognition program was written to
recognize the speech and achieved good results. In order to apply the algorithm to practice, the
embedded system platform was built and the visual GUI design was completed. The voice program
was transplanted to QT, and the "play", "pause", "previous" and "last", The "stop" 5 basic control
commands are implemented. However, the implementation of this article is carried out in a quiet
and ideal environment. However, the actual application environment is very different, and the
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noise interference is very serious. How to "filter" effective speech information from it, we need to
study anti-noise algorithms, such as speech enhancement algorithm spectral subtraction, Wiener
filtering and compensation techniques. These also require more in-depth research.
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(1. College of Information Science and Technology, Yanching Institute of Technology, Langfang 065201, China; 2. College of
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Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: One of the most important reasons that affect the information retrieval result is the phenomenon of
semantic match of user query and the document while syntactic mismatch. Capturing synonym relationships to
extend the query term and combining the retrieval result of the simple Bayesian network retrieval model, a
compound Bayesian network retrieval model is proposed. The internet topology of the compound model, the
retrieval process and the corresponding retrieval algorithms are given. Experimental results show that the
model can realize the semantic retrieval, and further optimize the retrieval performance.

Key words: User query; query term; related document; Bayesian network; combine; synonym; information retrieval
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0.1 0.721 0.890 0.963
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Smart home monitoring system based on laser sensing information

ZHANG Weijuan CHANG Wenhui LIU Jichao
School of Information Science and Technology Yanching Institute of Technology Langfang Hebei 065201 China

Abstract: In order to solve the problems of communication blind area and large flow in smart home monitoring
this paper designs a smart home monitoring system based on laser sensing information. STM32F103 is selected as the
core processor of the system The laser sensor and other sensors in the sensor equipment unit composed of sensor monito—
ring nodes and routers sense the smart home and environmental information. The laser sensor uses the harmonic detec—
tion technology to detect the gas concentration in the environment. After the information perception the sensor network
and the collaborative information processing module of the collaborative information processing unit are used to process
the sensing information The sensing information is sent to the network layer the network layer uses Bluetooth wire—
less communication network and other technologies to transmit the sensing results to the application layer and the ap—
plication layer displays the monitoring results to the monitoring display interface. When there is an abnormal situation in
the smart home the real-time alarm is given through the voice alarm module. The experimental results show that the
peak signal—to—noise ratio of the system is more than 30 dB and the transmission rate is more than 270 kb/s The data
volume of kbit can effectively monitor the smart home system. The system can effectively monitor the smart home tem—
perature humidity gas concentration and other indicators without communication blind area.

Key words: laser; perception; information; intelligence; home furnishing; monitoring system
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Research on sensitivity enhancement of FBGs
array based on vernier—effect

WANG Ju ZHAO Yan LIU Ji-chao
( Yanching Institute of Technology Langfang 065201 China)

Abstract: In order to improve the temperature and strain sensitivity of fiber Bragg grating ( FBG) we propose a FBGs
array fiber sensor based on Vernier-effect. The proposed sensor is composed of Lyot interferometer ( LI) and FBGs ar—
ray. LI is the reference interferometer of Vernier-effect and FBGs array with the same reflectivity and wavelength in—
terval is the sensing part of Vernier-effect. The Vernier-effect is caused by the small difference between the equal
wavelength interval of the FBGs array and the FSR of the LI LI consists of two polarizers and a section of panda polar—
ization maintaining fiber ( PMF) . The simulation results show that there is a Vernier-effect between LI and FBGs ar—
ray. The temperature and strain response of the sensor with different FSR of the LI were studied. When the FSR of LI
is 1.76 nm the temperature sensitivity and strain sensitivity of the proposed sensor are 241.60 pm/°C and -3.
42pm/°C respectively. The most outstanding advantage of the hybrid cascade structure is that it can easily change the
temperature sensitivity and strain sensitivity of the proposed FBG sensor by changing the FSR of the LI or the wave—
length interval of the FBGs array. This sensor provides a new way to improve the sensing ability of FBG.

Keywords: fiber optics; fiber sensor; fiber Bragg grating; vernier-effect
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Research on active disturbance rejection passivity-based
control strategy of two-level UPQC

LIU Jinchang', WANG Jiuhe', CHANG Wenhui*, CHEN Dongxue'

(1. School of Automation, Beijing Information Science and Technology University, Beijing 100192, China;
2. School of Information Science and Technology, Yanching Institute of Technology, Sanhe, Hebei 065201, China)

Abstract: In order to improve the compensation ability, anti-interference ability and steady-state performance of grid voltage and
load current of unified power quality conditioner, a new double closed-loop control strategy of unified power quality conditioner
active disturbance rejection passivity-based control is proposed, that is, active disturbance rejection control and passivity-based
control are adopted for voltage loop and current loop respectively. The new control strategy can quickly restore and stabilize the DC
side voltage when dealing with the changes of grid voltage and load current. Furthermore, the active disturbance rejection controller
generates more accurate expected current, which makes the tracking ability of compensation voltage on the grid side stronger. The
simulation results of the MATLAB/Simulink experimental platform show that, compared with the PI passive control strategy, the
active disturbance rejection passivity-based control strategy can obtain better load voltage and grid current of unified power quality

conditioner in the case of grid voltage sag, swell, harmonic and nonlinear load.

Keywords: passivity-based control; unified power quality conditioner; active disturbance rejection control; double closed-

loop control
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Dynamic path planning of robot based on distance suppression vector

SUN Jiaming'* ,LIU Weipeng'”*, GONG Xiangrui'>,SHAN Shengqi'"
(1. State Key Lab of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, Tianjin 300131, China;
2. School of Electrical Engineering,Hebei University of Technology , Tianjin 300131, China)

Abstract: In the light of the problems of the planned path being too long and moving to obstacles with similar distance, the
evaluation function will fail when using the traditional dynamic window approach (DWA) for local path planning of mobile robot.
First, the concept of distance suppression vector is proposed and a new evaluation factor is defined. Then,the improved gray wolf
algorithm with the traditional A* algorithm is combined with the global information. The turning point in the improved global path is
retained as the intermediate guiding point of local path planning algorithm. Finally, a new evaluation function is obtained to realize
the fusion of the two improved algorithms. The simulation result and the experimental result show that compared with the traditional
DWA algorithm, the improved DWA algorithm that introduces global information and distance suppression vector can not only
achieve the global optimization of the path, but also effectively avoid the dynamic obstacles that appear during the robot’s travel ,so

as to meet the requirements of safe operation of the robot.

Keywords : mobile robot ; dynamic window approach ; distance suppression vector;evaluation function ;fusion algorithm
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Path Planning for Super Redundant Robots Based on
Dynamic Tangent Adjustment

ZHAO Peng',LI Kun'" ,CHENG Jie®
(1. College of Information Science and Technology, Yanching Institute of Technology,
Langfang Hebei 065201, China;
2. College of Information Science and Technology, Beijing University of Chemical
Technology, Beijing 100029, China)

ABSTRACT : Super redundant robots have a large number of degrees of freedom, and the diversity of tasks and large
action space make their path planning difficult and time—consuming. Therefore, a path planning method for a hyper—
redundant robot considering obstacle avoidance was proposed. Based on the information entropy, the grid map of the
working environment of hyper—redundant robot was established, so that the location of obstacles in the environment
can be obtained. The target grid was determined, whereupon the initial path was generated. Moreover, A * algorithm
was used to optimize the sequence of path nodes, and the dynamic point cut adjustment algorithm was used to smooth
the nodes. According to the cost function, the global path was planned. Finally, the artificial potential field method
was introduced, and the relative velocity relationship among robot, target and obstacle was taken as the index of path
optimization to optimize the robot path in real time and plan the local path. The experimental results show that this
method needs less robot path planning time and shorter path.

KEYWORDS: Hyper-redundant robot; Path planning method ; Establishment of green—-map; A * algorithm; Arti-
ficial potential field
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Smart home monitoring system based on laser sensing information

ZHANG Weijuan CHANG Wenhui LIU Jichao
School of Information Science and Technology Yanching Institute of Technology Langfang Hebei 065201 China

Abstract: In order to solve the problems of communication blind area and large flow in smart home monitoring
this paper designs a smart home monitoring system based on laser sensing information. STM32F103 is selected as the
core processor of the system The laser sensor and other sensors in the sensor equipment unit composed of sensor monito—
ring nodes and routers sense the smart home and environmental information. The laser sensor uses the harmonic detec—
tion technology to detect the gas concentration in the environment. After the information perception the sensor network
and the collaborative information processing module of the collaborative information processing unit are used to process
the sensing information The sensing information is sent to the network layer the network layer uses Bluetooth wire—
less communication network and other technologies to transmit the sensing results to the application layer and the ap—
plication layer displays the monitoring results to the monitoring display interface. When there is an abnormal situation in
the smart home the real-time alarm is given through the voice alarm module. The experimental results show that the
peak signal—to—noise ratio of the system is more than 30 dB and the transmission rate is more than 270 kb/s The data
volume of kbit can effectively monitor the smart home system. The system can effectively monitor the smart home tem—
perature humidity gas concentration and other indicators without communication blind area.

Key words: laser; perception; information; intelligence; home furnishing; monitoring system
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Automatic Sorting System and Application

LIU Ji-chao
(Yanching Institute of Technology, Langfang Hebei 065201)

Abstract:Since the 21st century, China's economy has developed rapidly. The key factor to the survival of the logistic enterprise is whether they

can optimize their logistic process. Automatic sorting is the core part of optimizing logistic process. This paper studies the development trend and
p g p g p p g log p pap P

equipment selection of automatic sorting system, and summarizes its development prospect.

Key words:Logistics; automatic sorting; automation; parameters
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Application of the Internet of Things in the Intelligent Agriculture

BAI Yan—xia
065201
College of Information Science and Technology Yanching Institute of Technology Langfang 065201 China

o
Abstract: The Internet of Things technology is a comprehensive product of sensor technology, Internet technology, communication
technology and so on. The Internet of things technology is introduced into greenhouse to realize remote monitoring and management, change

the traditional agricultural management and operation mode, reduce costs and improve agricultural production efficiency.

Key words: the Internet of Things technology sensor technology internet technology communication technology the intelligent agriculture
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Finite—-Time Prescribed Performance Control for Flexible Joint Manipulator with Input Saturation

WANG Huan, DONG Yuchun, BAI Yanxia, GUO Yapeng
(School of Intelligent Engineering, Yanjing Institute of Technology, Langfang, Hebei 065201, China)

Abstract: Aiming at the flexible joint manipulator system with input saturation, model uncertainty and external disturbance, an
active disturbance rejection preset finite time tracking control method is proposed. This method limits the tracking error of the
manipulator system to a predetermined boundary by introducing a performance function, and approximates the input saturation
function by a first—order dynamic system. The unknown function of uncertainty is estimated by the extended state observer, and
the virtual control signal is obtained by the tracking differentiator to avoid differential explosion. The controller design ensures
that the tracking error of the manipulator system converges within a specified limited time, and all signals of the closed—loop
system are uniformly bounded. The ADRC strategy is adopted to make the controller have strong anti-interference. The
rationality of the control method is verified by MATLAB software simulation.

Key words: flexible manipulator, finite time control, input saturation, prescribed performance
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