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1 Introduction
Under the irreversible application trend of new technologies such as interconnection, 
cloud computing, big data, and the Internet of Things, the original technology and 
management mode of power grid companies have been significantly impacted. On-site 
operation and maintenance intelligence and management and control are essential areas 
for applying new information and communication technologies and the construction 
of management and control platforms [1]. It is urgent to research the intelligent system 
of on-site operations to achieve the standardized collection of on-site data, standard-
ized guidance of on-site operations, and multi-dimensional real-time equipment status 
analysis. Data upload, on-site and center-side data, and analysis algorithms are mutually 
shared, improving on-site operations’ efficiency and providing system support for devel-
oping new information technologies on-site and on-site management and control.

However, in the power operation and maintenance service, equipment status data 
such as live detection data are mostly manually entered, which has problems such as 
high operation and maintenance costs and low work efficiency. Therefore, we need to 
establish an integrated system of intelligent field operation and operation and mainte-
nance of substation equipment under the new situation through new information and 
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communication technologies such as the Internet of Things, mobile internet, and cloud 
computing [2]. We have developed a handheld integrated power data acquisition and 
analysis device, an intelligent transportation and inspection box. We build a field oper-
ation platform to realize field operation standardization and data standardization and 
realize the mutual sharing of data and analysis algorithms on the field and center sides 
[3].

The platform’s design can improve on-site data analysis capabilities, provide support 
for on-site operations and advanced data applications, and strengthen remote control 
and real-time technical support capabilities for on-site operation and maintenance.

2  Methods
Although the State Grid’s operation, inspection and maintenance process is highly 
informative, it is supported by Production Management System (PMS) and Opera-
tions Management System (OMS) systems. However, on the field side, equipment status 
information is scattered in different systems. Not only is there a lack of interconnection 
between them and the PMS and OMS on the central side, but there are barriers between 
the systems, which quickly form "information islands."

To alleviate the current situation of information asymmetry between the center side 
and the field side and solve the problems of poor on-site operation and maintenance 
data, non-standard workflow, weak data analysis ability, and disconnection from the 
center side [4], the paper uses the Internet of Things, mobile Internet, and New infor-
mation and communication technologies such as cloud computing have developed 
intelligent transportation and inspection boxes as a bridge for real-time data exchange 
between the center side and the field side.

2.1  Collection strategy

Generally, when the equipment status changes rapidly because of equipment failures, 
etc., it often causes the accelerated equipment status changes. To this end, we need to 
give an allowable range of equipment state value. Assume that the minimum allowable 
change of equipment state parameters is δmin and the maximum allowable change is 
δmax . The primary acquisition strategy of the new adaptive method is as follows:

(1) When the change of the monitoring value before and after the equipment status is 
less than δmin , it means that the collection accuracy has far exceeded the user’s needs. 
At this time, the collection frequency can be reduced, and the collection and storage 
of low-value data can be reduced. (2) When the equipment changes, the monitoring 
value before and after the state is more significant than δmax , it means that the acquisi-
tion accuracy can no longer meet the user needs [5]. At this time, the acquisition fre-
quency can be increased to improve the system’s ability to capture changes in the device 
state. (3) When the device state changes before and after the monitoring value. When 
the amount is between δmin and δmax , it indicates that the acquisition accuracy meets the 
user’s needs. The original acquisition frequency can be maintained at this time.

The above strategy δmin and δmax need to be determined according to the user’s accu-
racy requirements for the monitoring value and combined with historical data statistics. 
For example, the minimum allowable collection interval �Tmin can be used to collect a 
certain amount of raw data at equal intervals, and the status monitoring can be obtained 
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by statistics the average change of the value and then take the integer multiple of the 
average change as the reference value of δmin and δmax . Of course, this should also be 
combined with the user’s accuracy requirements.

2.2  Algorithm design

Assume that tn, fn are the time of the nth acquisition and the obtained device state param-
eter value; �T  is the system acquisition interval, which satisfies �Tmin ≺ �T ≺ �Tmax . 
Among them, the value of �Tmin depends on the maximum acquisition speed of the sys-
tem itself and is also affected by the network load and the network load [6]. Through-
put capacity and user requirements; the value of �Tmax depends on the user’s minimum 
requirements for the system’s collection frequency or monitoring value accuracy. To 
achieve the above collection strategy, how to define the change of the monitoring value 
before and after the device state is the key, the traditional change the definition method 
is

The definition method of Formula (1) will inevitably lead to a result. As long as the 
device changes, the system will change the collection interval, even if the change is 
instantaneous and short-lived as instantaneous impact. This article uses a moving aver-
age method to describe the change in the device’s state to overcome the collection inter-
val for possible disorderly changes. At this time, for the change in the monitored value, 
two situations need to be considered [7]:

(1) The monitored value deviated from the center value instantaneously but immedi-
ately returned to the vicinity of the center value. If there is an accidental instantaneous 
impact, the collection interval at this time does not need to be changed. To eliminate 
this interference factor, the amount of state change of the device can be defined for

In the formula, k is the number of monitoring points considered in the moving aver-
age, which needs to be determined according to the characteristics of the user’s equip-
ment and needs. If the interference is minor, a small value can be used; otherwise, an 
enormous value should be considered. Equation (2) The comparison benchmark is the 
n-1th data collection point. The value of a certain point in the subsequent k collection 
points is not enough to change the system’s collection interval.

(2) The monitoring value has an instantaneous mutation based on the original center 
value, and then it runs stably around the new center value immediately. As a sudden 
increase in load, it is very likely to cause this situation, and the collection interval also 
does not need to be changed. To this end, the amount of state change of the device can 
be defined as

The comparison basis of Formula (3) is the previous point of the two adjacent data 
collection points instead of keeping the n-1th point unchanged. Under this constraint, 
only the difference between the adjacent points of the equipment state monitoring value 
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in continuous over-tolerance, the system’s collection interval may be changed. In actual 
operation, the above two situations must be considered at the same time.

In summary, the steps of the adaptive acquisition algorithm in this article are as fol-
lows: (1) Select the initial values of parameters δmin , δmax , k and �T  (2) Collect data at 
intervals of �T  . (3) During the acquisition process, every step must be Judge whether 
Formula (1) is in [δmin, δmax] , if it is, keep the original frequency and continue to collect; 
if it is out of tolerance, then use Formulas (2) and (3) to perform the out-of-tolerance 
judgment at the same time. (4) Use Formula (2), (3) When performing out-of-tolerance 
judgment, as long as one of the calculation results falls within [δmin, δmax] , the system will 
keep the original frequency and continue to collect; if all are out of the allowable range, 
perform step (5). (5) If you use the formula, the calculation results of (1)–(3) are all less 
than δmin , then reduce the acquisition frequency; if the three are more significant than 
δmax , then increase the acquisition frequency; otherwise, keep the original acquisition 
frequency.

In the above steps, the initial collection interval �T  needs to be selected according to 
the device’s characteristics. Generally speaking, as the device’s use time increases, the 
instability of its operating state will increase accordingly, so the value of �T  is increased 
appropriately. During the entire collection process, �T  will increase or decrease as the 
device status changes. Taking into account the convenience of operation, within the 
interval constraint, an integer multiple of the minimum collection interval �Tmin can be 
used to define the value range of �T  . That is to meet:

3  The design of the intelligent transportation and inspection box
3.1  Intelligent transportation inspection box and integrated operation and maintenance 

management and control platform

Figure 1 is a power system operation and maintenance integrated management and con-
trol platform equipped with an intelligent operation and inspection box proposed in this 
paper. This system combines information system technology, mobile platform technol-
ogy, Internet of Things technology, and big data technology to revolutionize the opera-
tion and inspection of equipment. The intelligent transportation inspection box and the 
power detection equipment are connected through a wireless network and communicate 
through a unified communication protocol on the field side. The transportation inspec-
tion personnel performs any transportation inspection, such as live detection, intelli-
gent inspection or preventive testing, etc. The big data and computing resources on the 
grid company’s central site can also interact with the on-site operation and maintenance 
activities through the operation inspection box. For example, the advanced application 
on the center side can analyze the data uploaded on the field side and perform matching 
and analysis through the case library. If abnormal data or emergency equipment failure is 
found, the field side can be directly notified to intervene in the field side’s operation and 
maintenance activities. When the on-site operation and maintenance personnel encoun-
ter technical difficulties, they can also directly call the power grid company through the 

(4)
{

�T ∈ {�Tmin,�Tmin, . . . ,�Tmin}

�T ≤ �Tmax

}
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video conference module of the inspection box to organize temporary video conferences 
and obtain on-site guidance from experts on the power grid company’s central site.

3.2  Operation and maintenance workflow using smart transportation and inspection 

boxes

During the inspection process, it is necessary to ensure the real-time connection 
between the personnel and equipment at the inspection site and the integrated manage-
ment and control platform, big data and experts on the center side. On the one hand, 
the data of the field test can be uploaded in time. On the other hand, the center side’s 
decision can be sent and pushed in real-time to realize resource sharing, complementary 
advantages, and complete daily operation and inspection work in the interaction [8]. The 
schematic diagram of operation and maintenance is shown in Fig. 2.

On the central site of the power grid company, managers use the integrated manage-
ment and control platform on the central side to formulate operation and maintenance 

Fig. 1 The overall architecture of the integrated operation and maintenance management and control 
system

Fig. 2 On-site O&M operations based on the smart O&I box
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tasks, such as which substations need to be patrolled and which operation and mainte-
nance tests need to be carried out.

The intelligent operation and inspection box establish an independent WIFI wireless 
network, thereby establishing an automatic wireless network connection with various 
power detection equipment [9]. According to the operation guidance prompted by the 
intelligent operation and inspection APP, the operation and inspection personnel oper-
ate the corresponding power detection equipment and carry out the operation and 
maintenance test step by step. The experimental data are automatically stored in the 
operation and inspection box. After the test is completed, the operation and mainte-
nance personnel only need to touch the tablet interface to generate a test report and 
realize one-click data upload automatically [10]. The use of intelligent transportation 
inspection boxes can significantly reduce the labor intensity of management personnel 
and operation and maintenance personnel. Operation and maintenance personnel only 
need to follow the APP prompts to perform corresponding operations, and the consist-
ency and reliability of the uploaded data can also be effectively obtained.

4  The software and hardware architecture of the intelligent transportation 
inspection box

4.1  Hardware architecture

Considering performance and energy consumption comprehensively, the intelligent 
transportation inspection box adopts the OMAPTM5432 platform, and the CPU 
adopts the Exynos5250 of the ARMCorTex-A15 framework, primary frequency is 
up to 1.7  GHz. Exynos5250 adopts the 32-nm HKMG process and is equipped with 
Mali-604GPU, which has powerful performance and meets high-end integer and float-
ing-point computing performance. Figure  3 is the hardware circuit of the intelligent 
transport inspection box.

4.2  Software architecture

The device’s software design includes two parts: a data acquisition program and a data 
analysis software program. The data acquisition program is based on the DSP data 
acquisition module. We use the TMS320C2XX standard assembly language to compile. 
The code execution efficiency is high, and it can meet real-time requirements. It mainly 
operates on the hardware to complete the data acquisition and upload function. The data 
analysis software is based on an embedded Linux real-time multitasking operating sys-
tem. An embedded real-time operating system is a multitasking operating system and a 
development platform for embedded application software. Linux is an open Unix system 
version, which belongs to "free software," and programs and their source codes can be 
obtained freely and used freely. The software adopts the cross-platform C++ Graphical 
User Interface (GUI) toolkit QT development analysis tool, which has the characteristics 
of multitasking, multi-user, device independence and sound portability and has a good 
user interface. The embedded Linux operating system on the device is cut according to 
the specific hardware resources, and only the necessary functional modules are retained. 
The kernel is refined, the resources are small, and the functions are perfect. Object-
oriented, modular design and other ideas are used in the program’s programming to 
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support multithreading and multitasking. Figure 4 is an architecture diagram of the soft-
ware system of the transport inspection box.

4.2.1  Data acquisition module program

The data collection program’s primary function is the setting and judging of the starting 
conditions, data collection, and data upload. The sampling frequency and starting con-
ditions of the device can be defined, and the recording time can be set. There are three 
start recording conditions: continuous timing recording, circular recording, and condi-
tional recording. Timing continuous recording refers to the setting device to start sam-
pling at a particular time and perform the continuous recording of the data for a certain 
period; circular recording first sets the length of the circular recording data as required 
and then performs continuous circular recording of the data, data recording. When the 

Fig. 3 The hardware circuit of the smart shipping inspection box

Fig. 4 The software architecture of the smart shipping inspection box
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set length is reached, the latest data will automatically overwrite the old data, to ensure 
that the recorded data are the latest; the conditional recording is to set the device to start 
the wave recording under certain conditions automatically. Start by conditions can be 
divided into the following ways:

(a) Sudden change start, including voltage change and current change start; (b) Positive 
sequence start, including overvoltage, low voltage, and overcurrent start during regular 
operation; (c) The negative sequence starts using three-phase voltage, three-phase volt-
age, three-phase. The phase current’s sampling value is calculated to obtain the negative 
sequence voltage and the negative sequence current, including the negative sequence 
overvoltage and the negative sequence overcurrent start; (d) The zero-sequence start, 
the zero-sequence voltage, and the zero-sequence current are obtained by direct sam-
pling. Starting conditions include zero-sequence voltage and zero-sequence sudden 
current changes and steady-state over-start; (e) DC start, other forms of physical quan-
tities are transformed into DC voltage by the sensor, starting conditions include over 
and under start; (f ) Frequency Start, including high frequency, low frequency and fre-
quency change rate start. The data acquisition process is divided into three stages: about 
ten cycles of data are collected before the fault, about 5 s of data is collected after the 
fault starts, and finally 3–5 s of data under normal conditions. The sampling frequency is 
adjustable, and the three stages use different sampling frequencies.

4.2.2  Data analysis program

The data analysis software mainly completes the device’s function setting and the com-
prehensive analysis of the data. The program adopts an object-oriented modular design, 
and each functional module is independent of the other. The system functions include 
the following points: (a) Parameter settings. Mainly set the recording mode, analog 
parameter, and switch parameter of the device. (b) File management. Provide query and 
copy functions of recorded data files. (c) Regarding the device. Introduce the device’s 
performance characteristics and some simple operation methods equivalent to the sim-
ple instructions for the device. (d) Date and time. The current date and time are dis-
played and refreshed every second.

The data analysis function includes the following points: (a) Waveform display. Dis-
play the waveform of the collected analog quantity, analyze and edit the waveform, 
and zoom in and out of the amplitude and time axis. The waveform is displayed by 
channel, and up to 6 channel signal waveforms can be displayed at a time. (b) Har-
monic analysis. Provides full-cycle Fourier and fast Fourier algorithms extract the 
fundamental wave and each harmonic component and obtain a list of the funda-
mental part, imaginary part, compelling value, phase angle and proportion, and 
displays each in the form of a histogram. The percentage of sub-harmonics. (c) DC 
transient quantity. Extract the attenuated DC component of the signal, display the 
attenuated DC component’s waveform, and calculate the initial value and the attenu-
ation time constant. (d) Symmetrical component. The change of positive, negative, 
zero-sequence voltage and current before and after the fault is displayed in a vec-
tor diagram. (e) Calculation function. It can perform calculations such as addition, 
subtraction, multiplication, and division, divided into instantaneous value and vector 
value calculation. The instantaneous value calculation can calculate the instantaneous 
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quantity and output the waveform; the vector value calculation can calculate the 
fundamental wave and each harmonic according to the natural part, imaginary part, 
amplitude, and phase angle. (f ) Power quality. Provides basic parameters of power 
quality such as voltage, current, active power, reactive power, frequency, etc., and can 
analyze power quality indicators such as harmonics, three-phase voltage unbalance, 
and voltage flicker power system. (g) Power spectrum analysis. The Fourier transform 
of random signals does not exist. The frequency-domain analysis of random signals is 
no longer a simple spectrum but a power spectrum. The software provides the power 
spectrum analysis function, which can analyze the signal power conversion with fre-
quency in the unit frequency band of the analog signal. (h) Random signal. Providing 
special tools for random signal analysis, separate the transient quantities in the signal, 
and extract the characteristic components as the basis for fault calculation and sig-
nal analysis. (i) Extended functions. Providing a standard program interface for the 
expansion of software functions.

4.3  Centre‑side integrated operation and maintenance platform

The center-side integrated operation and maintenance platform makes full use of the 
power grid company’s center side’s data advantages to conducting unified management 
and guidance of on-site operation and maintenance activities. It collects the operation 
and maintenance test data uploaded from the scene by the operation inspection box 
through the network and stores it in the database. Simultaneously, according to the on-
site operation situation, decision-making support is made and sent to the on-site side 
through the network to guide the operation and maintenance personnel [11]. The cen-
tral-side system is set with a standardized advanced application framework.

4.4  Communication protocol with power test equipment

There are many types of power test equipment. The communication protocol between 
the intelligent transportation inspection box and them must have a certain degree 
of normalization, openness, and forward-looking. The design of the communication 
protocol is based on the Message Queuing Telemetry Transmission (MQTT) proto-
col. In terms of specific data encoding, the communication protocol contains the test 
equipment’s information and contains the information of the test experiment, which 
are, respectively, calibrated with tags. The existing mainstream power test equipment 
generally has a communication interface, but it does not necessarily comply with the 
intelligent transport inspection box’s communication protocol. To solve this prob-
lem, the test equipment must be modified. The specific plan is to install an intelligent 
wireless communication module based on the original equipment’s communication 
interface. The intelligent wireless communication module is used as middleware 
to translate the original communication mode into a communication protocol that 
meets the requirements. Of course, the intelligent transformation of existing equip-
ment is not accomplished overnight and needs to be completed gradually. The trans-
formation of multiple pieces of equipment such as infrared imaging and UHF partial 
discharge detectors produced by NARI has been completed.
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5  Results and discussion
The use of intelligent operation and inspection boxes can significantly improve opera-
tion and maintenance work efficiency, the reliability, and standardization of data. This 
article takes the daily work of substation live operation and maintenance as an example. 
Briefly, it introduces the working examples of the intelligent operation inspection box 
and the integrated operation and maintenance management system.

In the integrated operation and maintenance system, users mainly have two roles 
according to labor division. One is the power grid company’s project manager, who 
comprehensively manages the substation inspection project, assigns and issues tasks 
for on-site operation and maintenance personnel, checks the data collected on-site, and 
supervises operation completion and maintenance tasks. The second is the on-site oper-
ation and maintenance team. Under the project manager’s supervision, they use APP 
to perform task download and data upload operations on the live detection test, realize 
data interaction between the scene and the client and display and feedback the client’s 
live detection information in real-time. Their operational inspection workflow is shown 
in Fig. 5.

5.1  Working example of project manager

The project manager’s working place is on the central site of the power grid company. He 
can log in to the integrated operation and maintenance management software website 
through the Web, establish operation inspection tasks, and view the operation inspec-
tion results. The left half of Fig. 5 is the workflow for the project manager to establish 
an operational inspection task. First, he enters the account password and logs in to the 
integrated operation and maintenance platform, then enter the operation and inspection 
item information under the web interface, establish a specific operation and inspection 
item, give the item’s importance, and assign the operation and inspection personnel to 
the item.

When the inspection project is released, the system will push a message to the inspec-
tion team. After receiving the task, the transportation inspection team will take the test 
equipment and transportation inspection box to the transportation inspection site [12]. 
At this time, the project manager monitors each operation and maintenance team’s work 
at any time through the integrated operation and maintenance system.

Fig. 5 The flow of inspection work
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5.2  Working example of the transportation inspection team

After receiving the operation and maintenance task, the transportation inspection team 
brings the testing equipment, smart transportation inspection box, and tablet computer 
to the corresponding workplace. After the operation and maintenance team has placed 
the excellent transportation inspection equipment and the intelligent transportation 
inspection box, they can turn on the tablet and run the transportation inspection APP. 
The transportation inspection APP and the intelligent transportation inspection box 
are networked through the WIFI network for data communication. The transportation 
inspection APP calls the intelligent transportation inspection box to download trans-
portation inspection tasks from the center side through the mobile network and display 
them on the tablet.

According to the task requirements, the transportation inspection team uses the test 
equipment to carry out the inspection task. The APP will also guide the operation and 
inspection personnel according to the progress of the task.

Taking infrared detection as an example, the operation and maintenance team can 
use the APP to operate the infrared imager to take infrared photographs of the electri-
cal equipment under inspection. The infrared imager is automatically connected to the 
transportation inspection box, and the photographs taken are automatically stored in 
the intelligent transportation inspection box’s file system. When the infrared inspection 
work is over, the transportation inspector can use the APP to browse the test data, select 
the appropriate infrared image, and enter it into the system as the test data. Figure  6 
shows the system data E-R.

Fig. 6 System data E-R
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According to the APP prompts, the inspection personnel can inspect and test items 
step by step. Suppose they encounter any problems in the process. In that case, they 
can call the integrated management and control platform on the power grid center side 
through the intelligent inspection box at any time. The management personnel on the 
center side receive the call request, select the corresponding expert according to the 
problem’s characteristics, and use the remote video conference method to provide real-
time guidance for the operation and maintenance personnel to help them solve the prob-
lem [13]. In this way, experts do not need to go to the site in person, saving their time, 
and limited experts can serve more operation and maintenance teams.

When all the operation and inspection test tasks are completed, the intelligent opera-
tion and inspection box will automatically generate a test report and display it on the 
man–machine interface of the APP. The operation and maintenance team checks the 
test report’s data, and if it is confirmed that it is correct, tap the "submit task" button to 
upload the test report to the database on the center side with one click.

5.3  Advantages of using smart transport inspection box

Judging from the working example, using the intelligent operation inspection box for the 
power system’s operation and maintenance has the following advantages. (1) Simplify the 
work of operation and maintenance project managers. The project manager only needs to 
manage and issue operation and maintenance projects and tasks through the Web platform. 
When necessary, organize experts to provide technical guidance for on-site operation and 
maintenance through telephone conferences. (2) Reduce the work intensity of operation and 
maintenance personnel and improve labor efficiency. In on-site operation and maintenance, 
all equipment is connected to the intelligent operation and inspection box. Unified manage-
ment, unified data upload, operation, and maintenance personnel do not need to record test 
data manually. (3) Reduce the requirements for the quality of operation and maintenance per-
sonnel. The intelligent transportation and inspection APP guides the operation of the trans-
portation and inspection personnel throughout the process. When encountering technical 
difficulties, the video conference function of the intelligent transportation and inspection box 
can be used at any time to call the experts on the power grid center side for real-time guid-
ance. (4) Data storage and management are more standardized. All data are collected uni-
formly through intelligent transportation and inspection boxes and are stored and uploaded 
centrally. The consistency, reliability, and uniformity of the data are well guaranteed.

6  Conclusion
This paper presents the design and implementation of an intelligent power system 
inspection box based on computer wireless network integration technology. The equip-
ment design scheme makes full use of the embedded system’s simple hardware structure, 
high efficiency, and strong pertinence. The software has the characteristics of real-time, 
multitasking, and small hardware resources. It combines the traditional data acquisition 
system and data analysis system into one. The data analysis software adopts an object-
oriented design method, the software design is reasonable, the function is perfect, and 
it is convenient to use. It can adapt to the new needs of modern power systems develop-
ment and have achieved pleasing operating results.
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