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ABSTRACT

In order to further improve the synchronicity 
of stadium lighting, this paper puts forward a de
sign and analysis model of lighting and control for 
largescale stadium skating competition. In this pa
per, the development and mode analysis of lighting 
system based on microgrid control are introduced. 
Then, in the process of analysis, the research model 
of circuit automatic control for microgrid control is 
designed, and the algorithm is used to assist it. Fi
nally, the simulation system is used to test the syn
chronization of the microgrid controlled lighting 
system. The results show that virtual synchronous 
machine technology can significantly improve the 
coordination and synchronization of lighting sys
tem, and further reduce circuit failures, ensure the 
smooth lighting of stadiums, and have a good deve
lopment prospects.
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1. INTRODUCTION

With the continuous progress of social produc
tion, people’s lives are more and more insepara
ble from the power industry. People’s dependence 
on electricity is also getting stronger and stronger 
[1]. However, the complexity of the stadium light
ing micro grid system makes people pay more atten
tion to the synchronization of power consumption. 
According to the voltage of electricity consump
tion: medium voltage line, between the high and 
low pressure, the general voltage amplitude bet

ween 10 KV to 30 KV [2]. Compared with the high 
voltage line, the distance between the medium vol
tage line and the high voltage line is shorter, main
ly for the large industrial area; low voltage lines, 
which mainly use stadium facilities themselves, ge
nerally do not exceed 500V. Most of them are con
trolled by microgrid [3]. In the microgrid control 
mode, the normal operation of venues and facilities 
is affected because of the numerous and miscellane
ous facilities, and the corresponding circuit and sys
tem mode often appear. Therefore, in recent years, 
with the continuous development of microgrid con
trolled lighting engineering system, people real
ize the importance of lighting engineering system 
based on microgrid control, and the development 
of automatic control system has achieved initial re
sults [4]. But on a large scale, the lighting engineer
ing mode controlled by microgrid is still in the ex
ploratory stage in our country. In many places, there 
are still unreasonable electricity consumption and 
high mode rate. Therefore, the lighting and control 
design analysis system of largescale skating stadi
um has been put forward, which has a positive role 
in reducing the mode rate of power consumption, 
improving the synchronization of power supply and 
enhancing the overall service capacity [5].

2. STATE OF THE ART

Although the development of illuminated mode 
detection system in China started late, after more 
than 10 years of exploration and development, 
the gap between the mode detection and inspec
tion technology of high voltage line system and 
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foreign countries has been narrowed. However, it 
should be recognized that the research on light
ing system mode controlled by microgrid is still 
in a backward state, based on the huge popula
tion base and relatively backward scientific and 
technological level in China [6]. Many individu
al venues and facilities in the process of automatic 
control, which is rely basically on simple meters, 
and it is difficult to find control mode effectively 
[7]. In the overseas automatic control of lighting 
system, the more advanced intelligent mode is com
bined, which can give a certain warning to the ap
pearance of the mode. After the appearance of the 
mode, the source of the mode can be found in the 
first time. It has greatly facilitated the operation of 
venues and facilities [8]. In recent years, the na
tional government has also realized that besides 
the high voltage system, the improvement and con
struction of the medium and low voltage system is 
the fundamental to improve the satisfaction of ven
ues and facilities and to solve the problem of high 
mode rate [9] China’s Beijing, Shanghai, Shen
zhen and other developed areas, advanced compu
ter technology has been used in the management of 
lowvoltage lines, greatly improving the manage
ment efficiency and reducing the occurrence of the 
mode. However, due to the imbalance of regional 
development in China, the lighting engineering sys
tem model based on microgrid control in China is 
not perfect and mature [10]. There are still some 

problems, such as low automation, inadequate re
altime supervision of electricity consumption, in
adequate supervision and investigation of modes. 
Therefore, it is necessary to explore the mode of 
lighting system in sports venues controlled by mi
crogrid [11].

3. METHODOLOGY

3.1. Design Concept and Principle of Lighting 
System for Stadium Skating Competition

In sports venues, the demand for electricity is 
high and widely distributed [12]. Firstly, the object 
of study is microgrid control [13], so from the point 
of view of virtual synchronization, a realtime con
trol and detection system is designed based on Gen
eral Packet Radio Service technology. With the de
velopment of modern communication technology, 
the transmission and analysis of power consump
tion data can be accelerated. After the informa
tion collection is completed, the data in the process 
of power consumption can be detected in real time 
by using the powerful information processing ca
pability of the terminal. The equipment mainly in
cludes plugin box, transformer and power output 
switch lamp. The twisted pair transmits the centra
lized data of the equipment to the field trunk line, 
then the fibre ring network receives the data of the 
communication unit, which is preprocessed and the 

Fig.1. Structure dia
gram of photovoltaic 
monitoring system

Fig.2. Monitoring sys
tem of Lighting Power 
Generation system
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multidimensional conversion. The system is com
posed of three parts, as shown in Fig. 1.

As shown in Fig. 1, the top layer is the central 
layer, the brain of the entire system, which is re
sponsible for regulating the entire system. The su
pervision of the whole lighting system is mainly 
applied in the central layer. The lowest layer is the 
equipment layer, which is mainly for data acquisi
tion. For example, the current temperature of the 
line and the amount of power generated need re
altime measurement of the equipment layer. Ac
cording to the relevant data analysis of the most 
intermediate station control layer, it is mainly 
a data transmission centre, similar to the construc
tion of the Broker. The information collected at 
the device layer can be fed back to the central lay
er through simple processing, or the commands 
placed at the central level can be transferred to the 
device Layer. Among them, the central layer and 
the station control layer use optical fibre lines. Be
cause of a large amount of information transmis
sion, Personal Computer intelligent instructions 
can be applied to the central layer, the central layer 
as the core of data processing. Through the appli
cation of the system, human and material resources 
will be greatly saved, and the relevant personnel 
only need to control the central level of data mana
gement. In the research process of the system, the 
design of the system contains three important steps. 
The first is the information collection phase. Since 
the design of the system is aimed at controlling and 
checking the power consumption of venues and 
facilities, the management requirements of ven
ues and facilities should be collected and analyzed 
in the process of information collection. In additi
on, it is a functional analysis of products, which in
volves research and analysis of classic venues and 
facilities. The third stage is the integration stage, 
which mainly integrates the collected informa
tion and reflects the implementation of the feed
back mechanism. The preliminary process design 
is as shown in Fig.2.

In the process of running the system, the corre
sponding principles must be met: First, the princi
ple of realtime, facilities on the monitoring of elec
tricity consumption, the transmission of electricity 
in a state of change at all times, which requires the 
establishment of a regulatory system should con
tain a large number of data analysis plates. Second
ly, the principle of accuracy is different from the 
complexity of other multifunctional systems. From 

the point of view of venues and facilities, venues 
and facilities are sure to want to control the more 
accurate the detection of the better, can quickly take 
the right measures for control. Thirdly, the principle 
of rapidity is that the feedback mechanism of the 
system should start to operate as soon as the con
trol is detected. Because the system is cyclic, regu
lation is a continuous process, if there is no timely 
data transmission, it is likely to lead to a link can’t 
be carried out.

3.2. Design of Synchronization System for 
Lighting Engineering Based on Micro-grid 
Control

In sports venues, the system needs to collect ba
sic data, and it needs to measure the effective value 
of data. Using the system, the direct ratio between U 
and I is adopted in the measurement of voltage and 
current in the line, where U represents the realtime 
RMS of voltage, I is the RMS of current, i is the in
stantaneous value of current, u is the instantaneous 
value of voltage. The stability of U and I is veri
fied by substitution of corresponding formulas. Af
ter the valid voltage and current values are obtained, 
the data should be converted into corresponding 
digital signals for data processing. It can be seen 
that in order to maintain the accuracy and accura
cy of data conversion, it is necessary to synchronize 
the acquisition information to prevent the mutu
al change of current and voltage from affecting the 
accuracy of detection. According to the sampling 
theorem, the higher the sampling frequency is, the 
more complete the analogue signal can be restored. 
However, in practical design, the sampling frequen
cy will be affected by capture time, A / D conver
sion accuracy, Central Processing Unit speed, the 
sampling frequency can’t be too high. The rational
ization frequency should be worked out according 
to the actual needs of the line, rather than the pur
suit of sampling frequency. The following formu
la is for the calculation of charge amount for large 
stadium power supply technology, as shown in the 
following formula:

(1)

Dijkstra algorithm is used to calculate the quan
tity of charge with negative weight. For solving the 
problem of negative weight in the model, the defi
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nition of safety factor shows that it is advantageous 
to the safety factor .

(2)

Since all antisliding forces are positive, if one 
sliding force is negative, it is equivalent to making 
the denominator smaller, so the safety factor will in
crease. So for module overlap, it is beneficial to deal 
with it. Define the size relationship as follows:

(3)

If the formula holds, then  can be 

deduced as the shortest path by the method of coun
terproof, and the problem can be transformed 
into a mathematical expression as follows:

(4)

It is very difficult to satisfy the power supply, 
because if there is an edge, its safety factor is rela
tively small, but its position is far from the shortest 
path, the shortest path will not pass.

(5)

Second, the hardware and software requirements 
of the Personal Computer terminal should also be 
taken into account. The application of new tech
nology requires a certain degree of detection per
formance. Because the system has the correspond
ing graphics, video and other integration and output 
functions, its configuration as is shown in Table 1.

In Table 1, it can be seen that the operation of 
a good system improves the configuration of the 
computer to a certain extent, which not only has 
a certain technical advantage in the graphics proces
sor, but also in the coordination of network patency. 
In the aspect of regulating system, higher configu
ration requirements are put forward to the computer, 
which not only considering the accuracy of data pro
cessing, but also considering the surrounding envi
ronment. Finally, based on the addition of General 
Packet Radio Service module technology, a benign 
system cycle requires timely information exchange 
between facilities and systems. The first is the con
trol and monitoring of the whole line. Before the In
ternet has been put into practice, many electric faci
lities can only receive rated power. Once the control 
occurs, it is impossible to adjust the voltage quickly 
and autonomously, resulting in further expansion of 
the control. Secondly, due to the lack of a corre
sponding rapid adjustment range, so many times 
there will be an embarrassing situation of pow
er failure. Under such circumstances, it is urgent 
to deal with the intellectualization of power gene
ration and supply. Based on the above design ide
as, for the power generation system, the following 

Fig.3. Optimization of communication structure of monito
ring system for stadium lighting

Table 1. Computer Aided Lighting System Design Hardware

Project Hardware constitution The main influencing factors of the 
system energy

Graphics workstation Professional graphics cards Memory, hard disk

Collaborative design system Data transmission line Network status

VR system Excellent integrated display Data acquisition

Microcomputer A central processor Graphics accelerator card
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is the main idea, as shown in Fig. 3, In this mode, 
it is found that the line appears to be controlled, the 
order is issued through the venues and facilities, the 
General Packet Radio Service touchboard is used 
to reach the service terminal on the spot, the sim
ple information processing is interrupted, the line is 
fed back to the multifunction meter, and the mul
tifunction meter influences the transmission of the 
transformer to complete the control of the pow
er generation system. This transmission mecha
nism is bidirectional, so in the process of venue fa
cilities to manage the power generation system, the 
data will be updated in real time, greatly reducing 
the possibility of control. The detailed drawing is 
shown in Fig.3.

With the continuous development of intelligent 
detection, its data processing ability in the circuit 
system is no longer the same. After the process of 
the whole system is clear, it is necessary to perfect 
the control data model with the corresponding aux
iliary technology, so that the venues and facilities 
can participate in the actual control improvement. 
In the previous article, the establishment of the 
feedback system of the whole line is improved, and 
then through the development of wireless techno
logy and Internet technology, venues and facilities 

can be managed by themselves using the Internet. 
This model is mainly related to the establishment of 
facilities and the central level between the relevant 
links. The original line system monitoring is trans
mitted to the Internet in real time, and then the Inter
net is used to directly provide feedback to the moni
toring. Each facility has an independent account that 
can be monitored remotely. The facility then has the 
right to supervise onsite and instation monitoring. 
It can use its own needs to change the mode of pow
er consumption at any time and enable intelligent 
selfregulating circuit control.

4. RESULT ANALYSIS AND DISCUSSION

After the completion of the research and design, 
in order to verify the feasibility of the theoretical 
design, the corresponding experimental tests are 
carried out on the system. In the exploration of spe
cific applications, a real lighting micro net system is 
selected for performance testing. In the control and 
detection system of the original venue lighting mi
crogrid system, because most of them are manual 
investigation, the work efficiency is low, and each 
time the control and inspection can’t be complete
ly improved, and the actual effect is quite different. 

Table 2. Steady-state Experimental Data of Lighting System Control for Stadiums

Reference value /V Actual output value /V Steady difference /V Steady-state error/%

200 241 3 1.45 %

300 423 5 4.33 %

400 124 4 6.75 %

500 566 9 7.2 %

600 133 14 4.87 %

700 556 15 7.57 %

Fig.4. Comparing experimental results versus graphs
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After using this system, the system first collects the 
data of the whole venue lighting microgrid system. 
According to the realtime power consumption sta
tus provided by each venue facility, the correspond
ing stadium lighting balance adjustment is made, 
the voltage and current and the adjustable amplitude 
are normalized, and the possible control according 
to the abnormal processing of the circuit. With the 
introduction of this system, the company’s control, 
investigation and testing system has been on the 
road of automation and information in a relatively 
short period of time.

As shown in Fig. 4, this is the realtime opera
tion of the line after the completion of the infor
mation collection. In the past, the line statistics 
can only be distinguished by normal and abnor
mal. In this line statistics, both the overall opera
tion of the line, as well as the realtime voltage, cur
rent maximum and minimum fluctuation range, the 
traditional line detection is difficult to achieve com
prehensive coverage. In the analysis of the system, 
the possible risks are estimated, which indicates 
that there is a strong early warning capability. When 
the control occurs, even the fastest remedy will af
fect the normal operation of the whole line, but the 
early warning mechanism will reduce the possi
bility of runaway, while ensuring the continuous 
and stable operation of the whole line. In addition, 
based on its huge database function, every realtime 

data can be saved in time. The investigation of his
torical control can greatly reduce the likelihood that 
the same control will occur again and greatly reduce 
the difficulty of work. Traditional workers often 
need a few days to check and control. After the ap
plication of the lighting engineering system control 
system controlled by microgrid, the accuracy and 
efficiency of the control checkup have been greatly 
improved. The result data of the power system using 
the algorithm are shown in Table 2.

The Table 2 shows the power supply technology 
using the new algorithm. The data show that the ef
ficiency of power transmission has been significant
ly improved and the efficiency of oil resources ex
ploitation has also been significantly improved after 
the application of the new algorithm.

In order to prove the specific performance of the 
system, through the application of the lighting en
gineering system controlled by microgrid in large 
stadium, the feasibility of the system is explored 
in detail. A comparative study of traditional lighting 
engineering system control and exploration system 
based on microgrid control is organized. A total of 
2000 venues and facilities controlled by microgrid 
in a large stadium are selected as the experimental 
subjects and divided into control group and experi
mental group according to the situation. 1000 peo
ple in the experimental group adopted the control 
and management mode of lighting engineering sys

Fig.5. Synchronization test of lighting system controlled by microgrid circuit system

Table 3. List of Common Emotion Research Directions

Project Total survey Number of 
failures Other factors interference Failure rate

Experience group 1000 2 0 0.2 %

Control group 1000 20 0 2 %



Light & Engineering Vol. 26, No. 4

189

tem proposed by this time, and 1000 venues and fa
cilities in the control group adopted the traditional 
control and management mode. In order to study the 
stability and practicability of the system, it is decid
ed to take the control in the process of power con
sumption of venues and facilities as the object of 
study. In order to improve the accuracy of the exper
imental data, the investigation time is set at the peak 
of electricity consumption. The control occurrence 
rate of the experimental group and the control group 
is compared between 7:00 and 9:00 in 10 days. The 
findings are shown in Table 3.

Through the detailed analysis of Table 2, it can 
be seen that the control rate of the experimental 
group is 0.2 % and that of the control group is 2 % 
after adding the computer supervision mode and 
excluding other interference factors. By compa
rison, the control rate of the venues and facilities 
in the process of power consumption is significant
ly reduced, which also shows that the system has 
a strong function of adapting to the environment 
and can play a good role in different environments. 
The whole research shows that the control of light
ing engineering system based on micro grid has 
strong feasibility, Fig. 5.

The system can find out the control of the cir
cuit more easily and quickly, and make the ear
ly warning and the corresponding investigation at 
the first time when the control occurs. The applica
tion of this system makes the whole regulation only 
need 3–5 cycles of coordination work, the num
ber of cycles is greatly reduced, thus improving the 
work efficiency and speeding up the repair time of 
the line. In addition, the speed of each coordina
tion work is also increased, saving money and re
ducing rework. However, this survey did not in
volve the application in a special environment, so 
there is a certain flaw in the comprehensive inves
tigation. In future tests and research, emphasis will 
be placed on the application of the system in special 
environments.

5. CONCLUSION

With the development and application of infor
mation technology in gymnasium lighting system 
in China, the lighting engineering system controlled 
by microgrid has a great prospect in largescale 
skating competition. Therefore, the application of 
virtual synchronization technology in microgrid 
control of stadium lighting micro grid system is 

put forward. The proposed system model is condu
cive to the realization of the optimization of light
ing power lines, the safety of lighting power is im
proved, and the ability to check the synchronous 
control of lighting is increased. Considerable re
sults have been achieved in the actual stadium light
ing system test. In order to further verify the feasi
bility of the system, the effect of the application of 
the control system in lighting engineering system is 
explored. In order to further verify the performance 
of the system, the synchronous control processing 
of large stadium circuit is studied. By comparing 
the synchronization control rate of the traditional 
mode, it is found that the synchronization control 
rate of the largescale stadium is only 0.2 % after 
adopting the control system, but in the traditional 
mode, the synchronization control rate of the line 
is 2 %. By comparing, it is found that the lighting 
and control system of the largescale stadium skat
ing competition has very strong function. However, 
this test has some flaws in the comprehensive inves
tigation. In future tests and research, emphasis will 
be placed on the application of the system in special 
environments.
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