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tionship between the industry and social needs and the target concept system,
the curriculum module and the key elements of graduation requirements. On
the basis of discussing how to build the supporting conditions and conti-
nuous improvement mechanism of innovation and entrepreneurship and
practical education, this paper puts forward how to build the “innovative”
talent training system which is composed of four parts: the target concept
system, the training implementation system, the training support system and
the continuous improvement system.
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1. Introduction

In June 2017, the “measurement and control technology and instrument” major
of automation college of Harbin University of Engineering passed the entrance

examination of engineering education professional certification experts. Com-
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bined with the development of engineering education certification, it has be-
come an important topic to explore how to build a scientific and reasonable in-
novative talent training system and continuous improvement. The major of
“measurement and control technology and instrument” is a national specialty, a
key specialty of the Ministry of industry and information technology, the first
major of automation college to be selected into the “excellent engineer education
and training plan” of the Ministry of education, and the first major to apply for
engineering education professional certification. For many years, the major has
attached great importance to the cultivation of students’ innovation ability. In
the past three years, the students of the major have participated in 433 scientific
and technological innovation activities and won 410 scientific and technological
awards.

Measurement and control technology and instrument specialty are mainly for
the fields of instruments, detection technology, measurement and control tech-
nology, and play a very important role in the development of national economy.
The design of talent training system directly determines the achievement of tal-
ent training objectives, is the overall design of talent training objectives, training
programs, training modes and training processes, and is the decisive factor to
ensure the quality of talent training. Taking the measurement and control tech-
nology and instrument specialty of Harbin University of engineering as an ex-
ample, this paper aims at the characteristics of measurement and control tech-
nology and instrument specialty under the background of engineering education
certification, as well as the current social demand for high-quality measurement
and control talents, to carry out the research of innovative talents training pro-
gram, and explore how to cultivate high-quality innovative measurement and

control technology outstanding engineers and high-end technical talents.

2. Current Problems

Through the discussion and research in many brother colleges and universities,
and through the summary, there are the following problems in China’s innova-
tive talent training system:

1) Many domestic scholars have conducted a series of researches on the “in-
novative” talent training system, but most of them are limited to literature re-
search and theoretical research, and fail to focus on the feedback and continuous
improvement of the implementation process (Qi, 2016: p. 14).

2) Due to the differences in system, humanities and social environment be-
tween domestic and foreign universities, the construction of talent training sys-
tem in domestic universities cannot be simply copied (Liu et al., 2014: p. 40). In
addition, colleges and universities have their own characteristics in specialty set-
ting, training objectives and so on. If we do not consider this problem, it will in-
evitably be out of line with the actual situation.

3) “Innovative” personnel training mode has not been fundamentally estab-
lished. (Li et al., 2013: p. 138) Although innovation has gradually become an

important indicator of talent training objectives, various policies, systems and
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measures are constantly introduced, most of which are only partial amendments
and supplements on the basis of the traditional training mode, and have not
played a significant role in the “innovative” talent training.

4) The establishment of the “innovative” talent training system has not been
effectively combined with the current assessment and certification work, the
goal oriented mechanism is insufficient, and there is not a complete set of syste-
matic links such as the training objectives, curriculum system, training platform,
and comprehensive evaluation for the “innovative” talent training effectively
closed-loop operation. (Chen, 2018: p. 12) (Wang & Sun 2017: p. 168)

5) The supporting system of innovative personnel training is insufficient,
and the management system, incentive measures, teaching staff and innova-
tion platform need to be further strengthened. (Wu, 2016: p. 149) (Xie, 2011: pp.
217-221) The current performance appraisal management mechanism leads to

the fact that teachers pay more attention to scientific research than teaching.

3. Research Approaches and Methods

The research of “innovative” talent training system is based on years of practice.
The implementation plan and method are as follows:

1) Investigate the demand and current situation of “innovative” talents, query
relevant literature and cases at home and abroad, and put forward the training
specifications, quality requirements and evaluation standards of “innovative”
talents from the perspective of employers such as enterprises and companies
(Wang, 2017: pp. 69-70).

2) Change the education concept, optimize the training objectives, carry out
the connotation analysis and research of “innovative” personnel training, con-
firm the goal orientation of “student center” and “ability training” (Yin, 2015:
pp. 75-77), and realize the determination of the training objectives in combina-
tion with the professional positioning, social needs and professional characteris-
tics of the school.

3) Investigate the students of this major, investigate the training objectives,
innovation ability training, teaching mode, teaching means, condition construc-
tion, etc., and study an acceptable and expected training mode from the perspec-
tive of students, so that students can design their own development direction
according to their own interests, hobbies and wishes (Shen et al., 2018: p. 143).

4) To investigate the implementers of “innovative” talent training, i.e. teachers
and instructors, and listen to teachers’ suggestions on the curriculum system,
practical teaching system, quality assurance system, safeguard mechanism and
incentive policy of “innovative” talent training.

5) Carry out investigation, study and Research on brother colleges and uni-
versities, and fully absorb the educational concept and successful experience of
“innovative” talent training in brother colleges and universities.

6) Summarize and analyze the effect of innovation education implemented in
our university, especially in automation college for many years.

7) Based on the existing basis and research feedback, learning and reference,
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the implementation system of “innovative” talent training is studied theoretical-
ly, and the contents of curriculum system, teaching mode, teaching means, prac-
tical teaching, teaching assessment and evaluation, teaching management mode
and quality monitoring system are studied comprehensively by using system
theory and methodology.

8) Carry out the research on the supporting system of “innovative” personnel
training, comprehensively study the construction of the second classroom, sup-
porting conditions, teaching staff and innovation platform, and put forward and
improve the planning, mechanism, safeguard measures and incentive policies of
“innovative” personnel training.

9) Hold a special seminar on “innovative” talent training system for mea-
surement and control technology and instrument specialty, and adjust and im-
plement important mechanisms and policies related to system construction.

10) Carry out project research in combination with the actual work, pilot the
phased research results of the project, summarize and analyze the pilot results,

and further improve the research results on this basis.

4. The Construction of “Innovative” Personnel Training
System

According to the concept of the above research approaches and methods, com-
bined with the actual situation of measurement and control major and the back-
ground of engineering education major certification, the “innovative” talent
training system is established, which is composed of four parts: the goal concept
system, the training implementation system, the training support system and the

continuous improvement system.

4.1. Target Concept System

The training objectives of this major meet the needs of social and economic de-
velopment, conform to the positioning of high-level research university of the
University, and the history and tradition of training senior engineering and
technical personnel for the national defense fields such as ship, aerospace, avia-
tion, weapons, etc. for many years, with the inertial navigation and measurement
and control technology as the professional characteristics.

This major is committed to cultivating professional technical knowledge
with engineering science foundation, general sensing, detection and control,
instrument design and application, theoretical analysis and engineering prac-
tice experience of inertial navigation and measurement and control technolo-
gy, ability to analyze, research and solve complex engineering problems, ability
to organize management, cooperation and exchange, and independent learn-
ing, innovative consciousness and society. Sense of responsibility, professional
ethics and humanistic quality, high-quality talents who can engage in scientific
research, technological development, quality control and production manage-
ment in measurement control and instruments and related fields.

This major is oriented to the industry of inertial navigation and measurement
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and control technology, serving the fields of national defense, industry and
information, training applied talents of measurement and control technology
and instruments, and focusing on training specialized talents of inertial navi-
gation and measurement and control technology. This is in line with the school’s
orientation of “serving national industrialization, informatization, national de-
fense and marine modernization”.

This major is developed from “hydrographic survey” major and “gyro naviga-
tion equipment” major of Harbin military engineering college. Through courses
with various technical backgrounds of light, machine, electricity, automatic con-
trol technology, computer technology and information technology, in addition
to training high-level engineering talents in the field of inertial navigation, it also
takes into account the training of general measurement and control technology
talents. Measurement and control technology and instruments, involving all
sectors of the national economy, are widely used majors with a large talent de-
mand market. With the development of knowledge economy represented by
electronic technology and information technology, the demand for measure-
ment and control technology and instrument discipline professionals will further
increase. In the new domestic and international environment, the Chinese gov-
ernment has put forward the “made in China 2025” plan in recent years, which
focuses on improving the innovation ability and development quality of the
manufacturing industry. The innovation and development of measurement
and control technology and instrument technology will undoubtedly become
an important driving force for the future intelligent manufacturing industry.
In addition, at present, Heilongjiang province puts forward the development
strategy of accelerating the revitalization of the old industrial base. In order to
help the transformation and upgrading of Heilongjiang industry, it is neces-
sary to do a good job in personnel training for this major, and to do a good job
in talent reserve for the economic and technological revitalization of Heilong-

jiang.
4.2. Training Implementation System

The “innovative” talent training implementation system of this major is main-
ly composed of implementation and construction system and guarantee sys-
tem. The implementation and construction system includes teaching mode
and curriculum construction, curriculum system and teaching material con-
struction, teaching means and assessment, practical teaching system and expe-
rimental training base construction. The guarantee system mainly includes
teaching management mode and quality assurance system.

This major has strong support ability of scientific research strength, and the
average scientific research funds of teachers are the first in the University, rank-
ing in the forefront of domestic disciplines. Therefore, in combination with the
vertical and horizontal scientific research tasks undertaken by the teachers of
this major, we should focus on “scientific research for teaching” and “scientific
research back feeding teaching”. We should apply the contents of scientific re-
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search achievements for many years to the course construction, write the con-
tents of scientific research achievements into the teaching materials, incorporate
the contents of scientific research experiments into the experimental contents,
and build the experimental training base in scientific research cooperation units.
A number of monographs and teaching materials related to scientific research
have been published, and a number of joint training bases for research institutes
of Aerospace Science and technology group, aerospace science and technology
group and China Shipbuilding Heavy Industry Group have been established to
carry out experimental training activities. In terms of teaching methods, in addi-
tion to the traditional teaching methods, it is required to arrange special class
hours for key courses, and add interactive and discussion teaching between
teachers and students, students and students. In addition, in the form of curri-
culum assessment, exercises, major assignments (Experiments) and cumulative
examination are carried out. Fully reflect “student-centered”, through “students’
actual knowledge acquisition” to ensure the quality of teaching.

The measurement and control technology and instrument major is under the
discipline of Instrument Science and technology, with the professional back-
ground of inertial technology as the core. Inertial technology belongs to the cat-
egory of control science and engineering at the same time. Therefore, this major
has the characteristics of both Instrument Science and control science. The
course system of this major is composed of professional basis, professional core,
professional courses and professional elective courses related to control and in-
strument, so that students can master the professional knowledge from device to
system, from measurement and control to instrument. At the same time,
through the training of practical teaching, the combination of theory and prac-
tice is realized.

The curriculum system is the implementation link of talent training. The
commonly adopted approach is divided into theoretical curriculum system and
practical curriculum system. In order to highlight the cultivation of students’
innovation ability, the importance of practical curriculum system is self-evident.
Therefore, in the course system design, if the two parts of the system can be or-
ganically combined to achieve a smooth transition between theory and practice,
it is an effective way.

Table 1 shows the corresponding relationship between the course module
and the key elements “complex engineering problems” solution ability and
“non-technical factors” ability training of graduation requirements. Due to the
emphasis on theoretical courses in the past, students generally lack the practical
ability, and the practical content of general courses generally takes the form of in
class experiments. However, there are some disadvantages in the training of
practical ability only through in class experiments, such as insufficient class
hours, repeated experimental contents of similar courses, unable to systematize
experimental contents, decentralized forms and so on.

In order to cultivate students’ innovative practice ability, on the basis of

merging and improving the in class experiments, the professional curriculum
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Table 1. The corresponding relationship between curriculum modules and key elements of graduation requirements.

Number Cl::)l;ljl:m Ability training of solving complex engineering problems  Ability cultivation considering non-technical factors

. Be e.lble FO a.pply multi-disciplinary kno?vledge and its Have the ability to learn and adapt to the development of
. Foundation basic pnnc1pl.es, sel'ect ar.ld use appropriate modern tools, inertial navigation and measurement and control
class and systematically identify, research, express, analyze technology.
and solve complex engineering problems.
The social responsibility consciousness of the feasibility
analysis and social impact of complex engineering
. . solutions, the consciousness of environmental protection
Professional ~ Be able to research, design, develop, evaluate and R .

2 category implement complex engineering systems innovatively. and sustainable development, the ability of
communication and communication, the ability of
engineering management and economic decision-making,
the ability of independent learning and lifelong learning.
The ability to analyze the feasibility of solutions to
complex engineering problems and the social
responsibility consciousness of social impact, the

. . To cultivate students’ ability of complex engineering consciousness of environmental protection and sustainable
3 engmeefrmg system design and development, modern tool development, the professional quality of engineers, the
practice application, engineering practice and innovation. ability of organization and management, the ability of
teamwork and cooperation, the ability of communication
and exchange, the ability of project management, and the
ability of lifelong learning.
To cultivate the students’ ability of literature research
. . and expe.rlmen.ta.l analysis, en.g.meermg consc1ou.sness, Ability of organization and management, team
4 Dissertation cooperation spirit and the ability of comprehensive

application of the knowledge learned to solve practical
problems.

cooperation and communication.

modules of this major adopt “four stage” ladder training, namely “professional
theory course”, “innovative cognition and practice”, “curriculum design” and
“graduation design”. The specific contents are as follows: the professional theory
course mainly refers to the professional core course with gyro, accelerometer in-
ertial devices and strapdown inertial navigation system as the content, which al-
so belongs to the characteristic course of this major. “Innovation Cognition and
practice” aims to enhance students’ innovation consciousness, cultivate students’
innovation ability, establish team spirit and improve students’ innovation level.
Students will gradually master the composition principle of software and hard-
ware, design method, debugging method and the complete development process
of an innovative work through personal practice and under the guidance of
teachers in class time, so as to make students familiar with the procedures and
methods of scientific research and technological innovation as soon as possible,
aiming to improve students’ comprehensive knowledge of interdisciplinary sub-
jects such as electronics, electricity, detection, control, machinery, etc. The abili-
ty of cognition and application lays a foundation for participating in scientific
research and various scientific and technological innovation activities in the fu-

ture. Through the training of this course, the students are mainly trained in the
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ability of preliminary circuit design and embedded software development.
“Course design” is to design a small system with professional characteristics on
the basis of learning professional basic knowledge and innovative cognition and
practice, such as completing data acquisition and processing of gyroscope and
accelerometer, outputting navigation information data, or designing the receiv-
ing circuit of GPS data, completing the analysis and calculation of navigation
data. In the “graduation design” stage, combined with the professional training
objectives, with the technical application in a certain direction in the field of this
major as the topic, comprehensive application of the knowledge learned, design
and analysis from the system simulation to the realization of the system software
and hardware, make full use of modern tools and software, based on the profes-
sional core curriculum theory, carry out literature research and experimental
analysis, and carry out team cooperation. According to the simulation data and

experimental data, the effective conclusions are drawn.

4.3. Training Support System

The “innovative” talent training support system of this major is mainly com-
posed of support construction system and support guarantee system. The
support construction system includes the second classroom construction,
support condition construction, Faculty Construction and innovation platform
construction. The support guarantee system mainly includes planning, mechan-
ism, guarantee, incentive and policy.

With students as the center, make full use of information construction to
realize orderly communication and exchange of information, strengthen the
construction of publicity media platform, through the website media such as en-
gineering network, Youth League Committee Qihang network, home page of
automation college, new media such as wechat platform, Sina Weibo, Tencent
Weibo, myouth, renren.com, youth campus, Heilongjiang workers’ daily, annual
report of automation college, etc. Paper media enables students to master the
information related to the training support system in time. Up to now, the we-
chat platform of the college has paid close attention to 8504, with a total of more
than 250,000 views. It has built a new position of brand promotion, interactive
communication and information service of the college and department, and
gradually realized the transformation of campus culture construction from
substantiation to network coverage.

In terms of innovation and entrepreneurship, we carried out activities such as
sailing, science and technology carnival, science and technology innovation sa-
lon, science and technology innovation forum, and supported activities of
science and technology communities, including more than 60 core members of
“Chuangyi science and technology society”, more than 2000 members in total,
more than 400 awards, more than 40 scientific papers and more than 500
achievements of innovation projects. The measures for awarding the guidance
teachers of innovation and entrepreneurship competition for college students of

automation college and the training plan for the technological innovation ad-
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vantage project for college students of automation college were promulgated.

In terms of practical education, the college’s volunteer service team is led by
the new heading volunteer service team with 18 years of military industry inhe-
ritance, with the class and League branch as the unit, and has branches such as
“V love service team” and “dawn volunteer service team”. In 2018, the college
has more than 350 formal volunteers, more than 4000 service objects, 75,000
hours of volunteer service and more than 50 large-scale volunteer service activi-
ties. Actively participate in the “Book drifting” activity sponsored by the school
Youth Association, and the number of books collected has reached more than
1000, accounting for more than half of the total collection of all departments
participating in the activity.

In the aspect of supporting the construction of guarantee system, the
long-term mechanism to guarantee the cultivation of “innovative” talents is
formed through the establishment of annual assessment system, and stable poli-
cies and incentives are given to teachers to guide students’ innovation, profes-
sors, especially famous academic leaders to teach undergraduates, and grassroots
academic organizations to guide undergraduates’ scientific and technological

innovation teams.

4.4. Continuous Improvement System

The content of continuous improvement system includes continuous improve-
ment of training objectives, graduation requirements, curriculum design, teach-
ing content, curriculum outline and teaching process.

Talent training objective is the starting point and end point of talent training.
The continuous improvement of training objective needs to be based on the
orientation of school and professional talent training objective, combined with
the development trend of new technology and new technology in the current
industry, considering the change of talent demand in the industry, new require-
ments of comprehensive engineering education professional certification, and
referring to the feedback of enterprise and expert research and discussion. With
reference to the feedback of employers, graduates, students in school and teach-
ers, a scientific and effective talent training goal will be formed.

The training objective of this major is to change from a compound engineer-
ing and scientific talents in the field of measurement and control to an interna-
tional innovative and managerial talents with the scientific basis, professional
technical knowledge, inertial navigation characteristics, the ability to solve com-
plex engineering problems in the field of inertial navigation and measurement
and control technology, and professional ethics and humanistic quality. Due to
the continuous improvement of the training objectives, combined with the re-
quirements of the latest standards of engineering education certification, the
graduation requirements of the corresponding major increase the ability of
solving complex engineering problems on the basis of the original requirements,
and emphasize the non-technical factors such as engineering and society, envi-

ronment and sustainable development. Combined with the characteristics of the
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major, the design and points of inertial navigation and measurement and control
technology are particularly highlighted. Analysis and research ability.

As shown in Figure 1, the core of the continuous improvement system is to
establish a set of training objective rationality evaluation mechanism, training
objective achievement evaluation mechanism, graduation requirement evalua-
tion mechanism, graduate quality tracking feedback mechanism, teaching condi-
tions, management service quality evaluation mechanism, and teaching envi-
ronment quality evaluation mechanism. Through the training objective rational-
ity evaluation, training objective achievement evaluation, graduation It requires
achievement evaluation, graduates, employers comprehensive evaluation, stu-
dents, teachers comprehensive evaluation, curriculum objectives achievement
evaluation, forming closed-loop feedback, and continuously improving training
objectives, graduation requirements, curriculum system, faculty and support

conditions.

5. Summary

Under the background of engineering education professional certification, to
build an innovative talent training system of “measurement and control special-
ty”, we need to adhere to the four in one goal concept system, training imple-
mentation system, training support system and continuous improvement sys-
tem, and carry out the following work in accordance with the idea of “stu-
dent-centered, results oriented”:

1) Combining with the professional certification of engineering education and
the training needs of “innovative” talents, determine the training objectives of
“innovative” talents in measurement and control technology and instrument
specialty. In this project, the innovation characteristics and innovation ability of
students majoring in measurement and control technology and instruments are
systematically studied, and the training objectives of this major are determined
by comprehensive schools, professional positioning, professional characteristics,

social evaluation and graduate feedback.
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Figure 1. Construction block diagram of continuous improvement system.
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2) Based on the background of engineering education professional certifica-
tion, the training concept of “innovative” talents in measurement and control
technology and instrument specialty is condensed. The concepts of “stu-
dent-centered”, “training of ability to solve complex engineering problems” and
“measuring the level of students with ability to solve complex engineering prob-
lems” in the certification work of engineering education are highly consistent
with the training concept of innovative talents. The purpose of this project is to
systematically analyze the relationship between innovative talents and engineer-
ing education talents training through research. The combination of the two
forms a new training concept.

3) Design the training plan of “innovative” talents in measurement and con-
trol technology and instrument specialty, so that the “innovative” talents train-
ing can be implemented in the teaching process. Design a specific “innovative”
talent training program for measurement and control technology and instru-
ment specialty based on the certification standard of engineering education spe-
cialty, which involves the whole process from teaching plan, teaching link, cur-
riculum system to teaching process, assessment and evaluation, and requires the
feasibility and rationality of operation. This subject aims to establish specific im-
plementation measures for “innovative” talent training through research.

4) To build a supporting system for “innovative” talents in measurement and
control technology and instrument specialty, we should first work out a set of
reasonable and feasible management system, safeguard measures and incentive
measures, and then establish a “innovative” teaching staff. Carry out school en-
terprise cooperation and international cooperation, and improve the construc-

tion of innovation platform.
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