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Abstract 
Data Acquisition and Interface Technology is a compulsory course for the 
major of measurement and control technology and instrument in Southwest 
Petroleum University, and it is a basic course combining theory and practice 
closely. The traditional experiment teaching is limited by various conditions. 
Students can only complete the specific experiment content with limited ex-
periment equipment in limited time and place. It is an effective way to solve 
the above problems by introducing virtual simulation technology to construct 
the remote measure and control experiment platform to carry on the reform 
of the traditional experiment teaching mode. The remote measurement and 
control platform uses virtual technology to form the test function into a soft-
ware module with image-realistic panel controls, to complete the test and 
processing tasks as if doing experiments in the laboratory, to move the expe-
riment teaching into the classroom, to move into the network and life, and to 
realize the perfect fusion of theory and practice. It has been proved that the 
application of the remote measurement and control platform in the experi-
mental teaching of the course of Data Acquisition and Interface Technology 
can improve the teaching effect. Moreover, the cost is low and the efficiency 
is high, so that students cannot be limited by time and space, improve their 
self-learning ability and practical innovation ability, which is of great signi-
ficance in the teaching of the course of measurement and control technolo-
gy. 
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1. Introduction 

The experiment course is based on the theory teaching, and it is the practical 
teaching link that serves the course, it has the effect of finishing the theory 
course. In the traditional teaching mode of measurement and control technology 
class, the theory class is separated from the experiment class, which leads to the 
skills training cannot be timely theoretical guidance, and the theory class is not 
combined with production, life reality, so that students do not master the skills 
in place. The traditional experiment teaching is restricted by various conditions, 
and the students can only use the limited experimental equipment to complete 
the specific experiment content in a limited time and place. Traditional experi-
ment teaching is only an adjunct of validating and consolidating theory teaching, 
so it lacks of design, research, comprehensiveness, creativity and practicability. 
The above problems expose the drawbacks of the experiment in the course of 
measurement and control technology, that is, the current experimental envi-
ronment is difficult to meet the needs of teaching, and urgently needs to be im-
proved. Under the condition that the existing experimental teaching resources 
are insufficient and the equipment is updated slowly, we can solve the above 
problems by establishing the remote measurement and control experiment plat-
form and introducing it into the experiment teaching (Wang & Yao, 2005; 
Zhong, 2005). 

The introduction of the remote measurement and control experiment plat-
form makes the knowledge of many courses in universities (measurement and 
control principle, SCM application technology, signal analysis, etc. (Gu & Zhu, 
2010) organically combined. By using the advantage of the remote measurement 
and control experiment platform, the virtual simulation teaching and project 
teaching are closely combined to achieve a higher level of “teaching, learning 
and doing” integration, which is very conducive to carry out the project-based 
course teaching reform based on the working process (Wang, Huang, & Wang, 
2010). With the rapid development of science and technology and the urgent 
need of the country for high quality talents, the introduction of the remote 
measurement and control platform to assist the experimental teaching of the 
major courses of measurement and control, bringing new changes to the expe-
rimental teaching mode, is the inevitable trend of the future teaching develop-
ment, and the popularization of the remote measurement and control platform 
will exert far-reaching influence on the development of each science teaching 
field (Luo & Zhang, 2016; Ma & Chen, 2016). 

2. Realization of Remote Measurement and Control  
Experiment Platform 

The remote measurement and control experiment platform is based on the vir-
tual simulation technology, using LabVIEW software programming to realize 
the virtual simulation and remote measurement and control demonstration of 
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the data acquisition and interface technology knowledge in the course of mea-
surement and control technology (Kalkman, 1995). Virtual simulation teaching 
refers to the use of physical and computer software to simulate the real situation, 
so that students in the simulation of the situation to explore and study. 

2.1. Development Environment 

LabVIEW programming software based on virtual instrument design has a 
unique advantage in virtual instrument design, especially suitable for the design 
of virtual simulation system. Compared to other development systems, Lab-
VIEW provides intuitive user interface, flexible and efficient program design, 
extensive and in-depth hardware platform, easy to follow up development and 
porting system design (Kirkman & Buksh, 1992). 

LabVIEW is a graphical programming language that uses icons instead of text 
lines to create applications. Data flow programming is used. Data flow direction 
between nodes in a block diagram determines the execution order of a program. 
It uses an icon to represent the function and a line to indicate the data flow. 
LabVIEW’s programming environment consists of three main sections: the front 
panel, the program block diagram, and the icon/wiring board. The front panel is 
the VI user interface, and the input controls and display controls are used to 
create front panels, which are the interactive input and output terminals of VI. 
The Program block diagram is a graphical source code. The front panel object is 
displayed as a writing terminal in the program block diagram. An icon appears 
in the upper-right corner of each VI’s front panel window and program block 
diagram window. A wiring board is a set of terminals that correspond to an in-
put control and a display control in VI, similar to a list of function call parame-
ters in a text programming language. 

2.2. Build Process 

As shown in Figure 1, the remote measurement and control laboratory and its 
teaching management platform framework mainly consist of user login module, 
user management module, remote measurement and control experiment module 
and data recording module. The experimental project includes: Digital signal 
input module, digital signal output module, analog signal input module, analog 
signal output module, etc. 

The operation interface of remote measurement and control platform is 
shown in Figure 2, which consists of 7 columns such as platform introduction, 
experiment content, experiment report, online answering questions, related 
links, relevant downloads, system help, etc. User login is divided into adminis-
trator login and student login two rights, access to the administrator interface, 
there are experimental management, online communication management, an-
nouncement system, related downloads and other content. The administrator 
can add and delete the experiment item, can answer the hot question that the 
student puts forward in the forum, release the experiment time, place, request  
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Figure 1. Block diagram of remote measurement and control laboratory and its teaching 
management platform. 
 

 
Figure 2. Operating interface of remote measurement and control experiment platform. 
 
and so on in the bulletin column, in the related downloading can carry on the 
experiment content, the experiment report downloading. 

2.3. Main Features 

The remote measurement and control experimental platform provides teachers 
and students with an extensible, simple and easy-to-use experimental platform. 
Using this experimental platform, we can easily construct the related experi-
ments in the measurement and control technology courses with rich manifesta-
tions and complete the requirements of data collection experiments. Its main 
features are as follows: 

1) Realistic experimental environment. With the help of remote measurement 
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and control experimental platform, introducing project tasks and objectives, and 
showing project results, students can have an intuitive understanding of the 
project, which can satisfy their online independent learning of data acquisition 
and interface technology-related experiments. 

2) High performance, easy to expand. The virtual instrument developed on 
the basis of computer technology has its own advantages of multiple operating 
platform, high speed operation, large capacity storage and network communica-
tion, and the advantages of virtual instrument in this aspect will become more 
and more obvious with the development of computer technology and perfor-
mance. The “software-defined instrument” feature of virtual instrument enables 
users to achieve the goal of designing products with the lowest cost and the fast-
est time. 

3) Good versatility. By using LabVIEW’s data communication functions, it 
can conveniently communicate with the virtual serial port of SCM to realize the 
analysis and processing of the data collected by the slave computer. The installa-
bility of the software makes the experiment of data acquisition and interface 
technology not only out of the laboratory, into the classroom, but also into the 
space of self-study. 

4) Highly reliable experimental environment. The purpose of the remote 
measurement and control experiment platform is to replace the actual controlled 
object by the virtual simulated controlled object, and to verify the correctness of 
the experiment program. Therefore, an accurate remote measurement and con-
trol experiment platform is needed, otherwise the experiment may fail. The re-
mote measurement and control platform based on virtual simulation technology 
can meet the reliability requirement of the experiment. 

5) User-friendly and easy to operate. Using the GUI provided by LabVIEW 
software, we can design a set of friendly man-machine interface to realize the 
real-time control of the SCM measurement and control system, visualize the 
complex problem, operate simply and conveniently, and make it easier for stu-
dents to understand. 

6) Perfect Teaching Evaluation System. The establishment of a scientific and 
reasonable way to assess and evaluate the results of experiments, including the 
preparation and preparation of experiments, the process and results of experi-
ments, the report of experiments and the completion of design-type experi-
ments, will help to improve students’ enthusiasm for experiments and achieve 
the expected goal of experimental courses. 

3. Application of Remote Measurement and Control  
Platform in Experimental Teaching of the Course of Data  
Acquisition and Interface Technology 

Applying the remote measurement and control platform based on virtual simu-
lation technology to the experimental teaching of the course of Data Acquisition 
and Interface Technology, a new experimental teaching mode of university was 
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explored with three levels of “teacher management-student virtual experi-
ment-laboratory teaching” and four links “project introduction-making 
plan-implementation plan-results display and evaluation”. Figure 3 is the appli-
cation of the remote measurement and control platform in the experimental 
teaching of Data Acquisition and Interface Technology. 

The following is a brief introduction to the application of the remote mea-
surement and control platform in the experimental teaching of data acquisition 
and interface technology: 

1) Before the experiment 
In the project introduction link, the teacher needs to construct the experi-

mental situation, carefully prepare each experiment, let the students preview in 
advance, basic understanding of the experimental content, the problems that 
may be encountered in the experiment are given in an appropriate form. Ac-
cording to their own specific circumstances, the students can use the remote 
measurement and control platform in the computer to preview the experiment 
before, and clear the experimental task. In the formulation of planning links, 
students use the vivid and intelligent remote measurement and control platform 
to fully grasp the principle of the experiment, understand the use of the instru-
ment, be familiar with the experimental process and some other preparatory 
work before the experiment. For the design experiment, the experiment instruc-
tor first asks the student to design the experiment plan, the experiment proce-
dure and the necessary experimental instrument before doing the experiment. 
The students use the remote measurement and control platform for simulation 
experiments, if the experimental scheme is feasible, then transmit own design 
plan to the teacher and the schoolmate through the network transmission tool to 
carry on the exchange, if they all agree that the plan is feasible, may carry on the 
 

 
Figure 3. Application process of remote measurement and control platform. 
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concrete experiment operation. Using remote measurement and control plat-
form to communicate through network can make students avoid unnecessary 
loss and waste of time which caused by blind operation and greatly improves the 
efficiency of experiment. 

2) In the process of experiment 
In the implementation of the planning process, students will encounter dif-

ferent problems in the course of the experiment, but students can find solutions 
through the remote control platform to at any time on the computer. Different 
students’ understand, accept, hands-on ability are different, the problems en-
countered in the experiment will be different, through the guidance and supervi-
sion of teachers, mutual cooperation between students to solve. Not only can 
reduce the workload of teachers, but also students to cooperate with each other, 
more conducive to training students to solve their own problems. Using com-
puter to collect and process data during the experiment can avoid the error 
caused by human factors and improve teaching efficiency and quality. Because of 
the different personal abilities of the students, some students can finish the ex-
periment operation quickly. These students can use the extra time to know 
whether other methods can be used to do this experiment through circuit simu-
lation. Interested students may try other experimental methods to further study 
the experiment. This not only enriches the students’ professional knowledge, 
broadens their knowledge and horizons, but also improves their curiosity and 
fosters their sense of innovation. 

3) After the experiment 
In the demonstration and evaluation link, students can use the network or the 

local area network to transmit the experiment report to the teacher. On the net, 
the teacher can quickly check the concrete situation of the students’ experiment 
report and feedback the problems in the experiment report to the students in 
time. In this way, the problems that students encounter in the experiment are 
solved in time, which shortens the time of communication between teachers and 
students, improves the teaching efficiency of the experiment, and deepens the 
students’ understanding and consolidation of the experiment. In the past, 
whenever students want to review the experiment done, because the time inter-
val is too long to forget the specific circumstances when the experiment was 
done, can not achieve the effect of review, and the school can not provide stu-
dents with access to the laboratory to review the experiment done at any time 
because of the equipment and time. However, this problem can be solved well by 
remote measurement and control platform. If the students need to review can be 
based on their own time and anywhere through the remote measurement and 
control platform, and simulation experiments can truly reproduce the experi-
mental process and experimental phenomena, can help students recall the details 
of the experiment at that time, and further deepen the students understanding of 
the experiment and understanding. 

Applying the remote measurement and control platform to the experimental 
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teaching, the physical platform of the laboratory promotes “virtual” by “real” 
and extracts the virtual experiment from the physical platform ; The online re-
mote measurement and control platform can complement “real” with “virtual 
“and improve the experimental teaching platform with the combination of vir-
tual and reality, . 

4. Application of Remote Measurement and Control  
Platform in Experimental Teaching of Data Acquisition 
and Interface Technology 

Under the remote measurement and control platform, using circuit simulation 
to assist experimental teaching can give full play to students’ initiative and crea-
tivity, fully display the students’ innovative spirit in the experiments, and enable 
students to have more opportunities to apply the knowledge they have learned to 
the experiments under different circumstances, thus promoting students’ overall 
mastery of the relevant knowledge of measurement and control specialty and 
improving their ability to truly solve practical problems. 

Figure 4 is a comparative analysis of the students’ actual operation time and 
experiment completion before and after applying the remote measurement and 
control platform. By using the remote measurement and control platform, stu-
dents can easily master the precautions, experimental principles and use of 
instruments before doing experiments. Experimental teachers no longer 
spend as much energy and time as they did in the past such as giving students 
pre-experiment preparations and emphasizing the precautions. After a vivid and 
realistic preview before the experiment, the students will do well when they 
finish the experiment independently in the lab. After using a remote measure-
ment and control platform for students to enter the practical laboratory experi-
ment and test completion time for recording, compared with traditional labora-
tory experiments found that the preview of using the remote measurement and 
control platform is much better than the preview of the traditional experiment 
class. At the same time, a random sampling survey of the students in Southwest 
Petroleum University showed that more than 60% of the students had great in-
terest in introducing online remote experimental platform to assist learning, and 
were willing to devote their time and energy to this activity. 
 

 
Figure 4. Analysis of Experiment Time and Completion Situation before and after Ap-
plying Remote Measurement and Control Platform. 
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Figure 5 is a questionnaire about the damage of laboratory equipment and 
instruments before and after the application of remote measurement and control 
platform. As can be seen from the data in the table, the damage rate of laborato-
ry equipment and instruments is reduced after the application of remote mea-
surement and control platform, which effectively reduces the investment of la-
boratory equipment funds and has obvious economic advantages. At the same 
time, the remote measurement and control experimental platform can transmit 
data through the Network; the instructor can monitor the experimental process 
through the computer, and can manage dozens or even hundreds of students to 
do the experiment at the same time. On the basis of not adding too much funds, 
the experimental conditions have been improved, the experimental teaching 
methods and experimental means have been perfected, and the training of stu-
dents’ practical ability has been achieved. 

Figure 6 is a comparison between the distribution areas of the test scores of 
the experimental courses before and after the application of the remote mea-
surement and control platform to the students of 2 classes of the measurement 
and control major. Through the investigation, many students have encountered 
the time conflict, the physical factors and other unexpected events in the expe-
riment class, which affect the normal course of the experimental courses. How-
ever, the traditional experimental courses in the fixed time of the laboratory, 
students can only make a choice, can not be balanced. After the introduction of 
remote measurement and control platform, students can master the initiative of 
learning, not limited by time and space, selective in the appropriate time to use 
the computer remote measurement and control platform for autonomous 
learning. 

It can be seen that after the introduction of the remote measurement and con-
trol platform, the students’ mastery of the teaching content of the experiment 
course becomes better, and the test result of the experiment is improved ob-
viously. 

Figure 7 is the investigation results of the students’ preview, review and ex-
tended learning using the remote measurement and control platform. The re-
mote measurement and control platform adopts the experimental mode of com-
bining virtual simulation software and physical verification, and simulates the 
real situation by using simple physical object and computer software, so that 

 

 
Figure 5. The damage of laboratory equipment and instruments before and after the ap-
plication of remote measurement and control platform. 
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Figure 6. Comparison between the distribution areas of the test scores of the experimen-
tal courses before and after the application. 
 

 
Figure 7. Students’ utilization of remote measurement and control platform. 
 
students can explore and learn in the simulated situation. This kind of vivid 
teaching method enables the student to enter the corresponding situation in the 
short time, can grasp the operation skill quicker. Students complete self-study 
experiment theory, instrument operation method and experiment content before 
class, accomplish experiment independently, cultivate the ability of indepen-
dently acquiring knowledge and applying existing knowledge to open up, devel-
op and create new knowledge. In addition to the normal course arrangement, 
students can also study and review according to their own situation and interest 
in other appropriate time, and truly realize the autonomy of learning. 

It can be seen that the introduction of the remote measurement and control 
platform enables students to gain the autonomy of learning, greatly improve 
their interest in learning and stimulate their learning desire and potential, to 
create a helpful space to the cultivation of innovative consciousness and perso-
nality development. 

5. Summary and Prospect 

The introduction of the remote measurement and control platform into the ex-
perimental teaching of the course of Data Acquisition and Interface Technology 
brings new changes to the experimental teaching, which is embodied in the fol-
lowing aspects: 

1) Improve the effect of experimental teaching. The method of introducing 
remote measurement and control platform into the experimental teaching of 
Data Acquisition and Interface Technology is vivid and close to the real scene, 
which is helpful to raise students’ interest, make students enter the correspond-
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ing situation in a short time, and make the real experience operate in reality. 
While significantly improving teaching conditions and improving teaching ef-
fect, students can use their own computers to conduct simulation preview, dee-
pen the grasp of experimental operation and theoretical knowledge, not only 
improve the efficiency of doing real experiments, but also benefit the teaching 
and practice of experimental courses of measurement and control technology. 

2) Effectively reduce the investment of experimental equipment funds. The 
remote measurement and control platform has little hardware input and no 
equipment maintenance, so the economic advantage is obvious. It can not only 
make up for the lack of experimental equipment and components, but also 
eliminate the raw material consumption and equipment damage factors, can 
help better carry out teaching activities. 

3) Break the time and space limit and provide students with unlimited prac-
tical opportunities. The remote measurement and control platform has good 
practicability in experiment teaching and some experiments which are not suita-
ble for laboratory operation. By using the remote measurement and control 
platform to carry out experiments, students can go beyond the limits of time and 
space and make modifications and debugs independently, especially for compli-
cated experiments and comprehensive experiments that are difficult to complete 
in traditional teaching. 

4) Improve students’ innovative ability and promote students’ independent 
learning. Remote measurement and control platform can use the advantages of 
computer software to create a flexible and diverse work scene, not only to culti-
vate the ability of students’ self-study, and fully tap the creative potential of stu-
dents, improve their interest in doing experiments, and is of great help to train 
students’ personality development and innovative ability. 

The introduction of remote measurement and control platform in experi-
mental teaching of Data Acquisition and Interface Technology can not only 
solve the drawbacks existing in traditional teaching, but also improve teaching 
efficiency and quality, at the same time reduce teachers’ work burden and im-
prove students’ interest in learning measurement and control technology 
courses, broaden students’ knowledge horizons and train students’ innovative 
ability. The virtual simulation function of remote measurement and control 
platform can vividly show and simulate some experiments and phenomena that 
can not be realized under the existing experimental environment, so as to benefit 
the students’ learning. The remote measurement and control platform based on 
virtual simulation technology has the characteristics of interactivity, openness 
and innovation, which will lead the current world science and technology de-
velopment trend into undergraduate course teaching, so that students can reach 
the newest science and technology field and apply their knowledge. 
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