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ABSTRACT

This paper analyzes the application of intelligent 
lighting control system in different sports events 
in sports venues, which is based on the perspective 
of computer technology. Firstly, this paper analyz
es the characteristics of different sports events light
ing system in stadiums, proposes a lighting demand 
analysis algorithm based on grayscale modula
tion model, and designs a control algorithm based 
on neural network for intelligent lighting control 
system. Finally, the paper tests the designed algo
rithm and the results show that the intelligent light
ing control system is effective. The application can 
play an important role in the optimization of light
ing systems in different sports venues, with the va
lue of further promotion in practice.
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1. INTRODUCTION

With the continuous development of intelligent 
building technology, more and more intelligent sys
tems were applied to various buildings. The in
telligent sports system has also been widely used 
in sports venues as a place for sports events and 
sports activities. As an important part of the in
telligent stadium system, the intelligent lighting 
control system has the advantages of intelligent 
control, efficient management, integration, energy 
saving, and environmental protection. Therefore, it 
is widely used in different sports programs in sports 
venues [1]. With the increasing attention and par

ticipation of sports, largescale comprehensive gym
nasiums have emerged nationwide. Unlike the small 
gymnasiums in the past, modern large stadiums are 
more functional, intelligent and userfriendly [2]. 
The modern comprehensive gymnasium not only 
provides basic sports venues, but also conferences, 
cultural events, exhibitions were held, which great
ly improves the comprehensive utilization rate and 
economic utility of the stadium. At the same time, 
it also provides a more comfortable and modern 
sports venue [3]. As an important embodiment of 
the function of the stadium, lighting is an important 
part of the design of the stadium. The lighting of the 
stadium has different design requirements depen
ding on the occasion. Since the main function of the 
stadium is to hold various sports events, the lighting 
of the competition, that is, the lighting of the stadi
um is an important part of the lighting design. The 
requirements for intelligent lighting system con
trol are different for different sports [4]. Therefore, 
the application of intelligent lighting control system 
in different sports events in sports venues are stu
died and analyzed.

2. STATE OF THE ART

Stadium lighting is not only one of the prereq
uisites for the successful holding of sports events, 
but also one of the prerequisites for other func
tions of the stadium. It mainly illuminates the stadi
um, also known as sports lighting; of course, sports 
lighting also includes venue maintenance lighting, 
emergency lighting, auditorium lighting, etc. [5]. 
Some scholars believe that the choice of different 
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lamps, different light sources, and the most appro
priate intelligent lighting control system can make 
the lighting evaluation indicators such as colour 
temperature, glare index, horizontal and vertical il
lumination, illumination uniformity, colour render
ing and other parameters of the stadium meet the re
quired standards [6]. Some scholars believe that the 
application of an intelligent lighting control system 
is the basic requirement of modern comprehensive 
sports stadiums. Due to the diversity of sports ven
ues, venues cannot only host different sports events 
but also perform entertainment activities such as 
evening performances, so lighting needs to meet 
a variety of uses. In most cases, the venue will was 
divided into multiple subsites for simultaneous 
activities [7]. Therefore, according to the different 
needs of the site, the lighting is divided into various 
scene modes, and the control was realized by the 
intelligent lighting control system. In recent years, 
with the continuous development and mutual pro
motion of computer technology, automatic control 
technology, network communication technology, 
and microelectronic technology, the development of 
intelligent lighting control systems is also deepen
ing [8]. According to different environments, users 
can use the intelligent lighting control system to set 
different requirements according to their actual con
ditions, collect environmental information through 
the automatic acquisition system, and form feed
back signals through the system to achieve the best 
lighting control effect [9].

3. METHODOLOGY

3.1. Gray-Scale Modulation Model Algorithm 
Based On Different Projects of Stadiums

For different sports events in sports venues, the 
application requirements of intelligent lighting con
trol systems are also different. The design of the 
lighting control system should was based on the 
characteristics of the different operating items. The 
intelligent lighting control system consists of three 
parts: input, output, and system unit. The input sec
tion converts external control signals into system 
signals, including a control panel, an LCD (Liquid 
Crystal Display) touch screen, a smart sensor, and 
remote control; the output section receives control 
signals on the bus to implement lighting control, in
cluding a dimming controller, a switch controller, 
and an output. The system was powered by system 

power, PC (Personal computer) interface and moni
toring to control computers and other components. 
Most lighting systems use a bus structure and com
municate according to certain protocols. The Dis
tributed mode was usually used, all components 
were connected by bus, and communication bet
ween components was performed in a peertopeer 
manner. At present, intelligent lighting control sys
tems of different manufacturers use their bus pro
tocol products, such as DyNet bus. Outdoor venue 
lighting systems require high brightness. In direct 
sunlight, the audience needs to see the above. Sim
ilarly, it should have strong windproof, protective, 
anticorrosive and lightning protection capabilities. 
The size should was determined according to the 
size of the venue, the size of the space and the capa
city of the audience. Also, the venue is brighter and 
has a larger field of view [10]. Therefore, according 
to the specifications of different sports items, the in
telligent lighting system should be determined ac
cording to the actual situation. The conclusion is 
clear that if the LED display in the intelligent light
ing system was taken as an example, the specific 
settings can was referred to Table 1.

The pixel count NLEF of the intelligent lighting 
control system can be calculated from the width and 
height of the lighting equipment. It is:

wLEF hNN N= × . (1)

Where wN  represents the width of the light
ing equipment in the model and hN  represents the 
height of the lighting equipment in the model. The 
number of pixels of the intelligent lighting control 
system is calculated from the perspective of the dri
ver chip. It can also be expressed as:

Table 1. Determination of the Size of the Frame of 
the Stadium LED Display

Stadium audience 
capacity LED display frame size

1,0000 seats or less 3000 mm (height) × 
10000 mm (length)

2000~3000 seats 5000 mm (height) ×
15000mm(length)

3000~4000 seats 7000(height) ×
20000mm(length)

More than 8,000 seats 8000(height) ×
25000mm(length)
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icEF chLN N N= × . (2)

Where icN  represents the number of driver chips 
used for one channel of data, and chN  represents the 
number of channels included in each driver chip. If 
the latch length is defined as IatchN , obviously:

Iatch ic chNN N= × . (3)

For the data link with a length of IatchN , the time 
required for the transfer is Iatchτ .

1
Iatch Iatch

clk

N
f

τ = × . (4)

In actual engineering use, there will be some idle 
clocks in the gap between each two transfer opera
tions. The shift gap is used for timing adjustment, 
denoted as IatchN∆ , and then the time 0τ  required 
to transfer data once is expressed as:

0
1 ( )Iatch Iatch
clk

N N
f

τ = + ∆ . (5)

0τ  is defined as the reference time of the scan, also 
known as a time slice, which is an important param
eter based on time slice gray modulation. As can be 
seen from the above data, the reference time is in
creasing with the increase of the shift length, when 
the scan clock is constant. If the reference time is 
kept constant, the scan clock needs to increase as 
the shift length increases. The latch signal is a very 
narrow level signal, and the number of scan clocks 
is recorded as NLE, which is part of IatchN∆ . During 
the benchmark time, the bandwidth utilization and 
bandwidth loss rates are:

100%

100%

latch
BL

latch latch

latch
BL

latch latch

N
N N

N
N N

η

η∆

 = × + ∆

 = ×
 + ∆

. (6)

Table 2 shows the ratio of luminance loss in re
ference time. The first behaviour is the clearance of 
movement, which ranges from 1 to 5. The first col
umn of the form is a shift length, with a length rang
ing from 32 to 256. The other part of the form is the 
luminance loss in reference time. The first column 
is the shifting length. The range is from 32 to 256. 
The other parts are the luminance loss during the re
ference time. It can be seen that when the transfer 
length is constant, the brightness loss in the refe
rence time increases with the increase of the transfer 
gap; when the transfer gap is constant, the bright
ness loss decreases as the transfer length increas
es. In actual engineering applications, the transfer 
gap is generally set to be adjustable, in order to ob
tain better bandwidth utilization, if there is no spe
cial explanation about the calculation of the transfer 
gap mentioned later, taking 3IatchN = , if the trans
fer length is 256, the bandwidth loss rate is 1.16 % 
within the reference time. If the gradation level of 
the lighting equipment is n bit, the single primary 
colour image data is represented as D [(n1): 0], and 
each bit of data is represented as D [n1], D [n2] … 
D [1], D [0]. During the reference time, the relation
ship between the stored serial data sequence D[x]
and the data bits can be expressed as:

1

0
[ ] [ ],(0 )

LEDN

i
i

D x D x x n
−

=

= ≤ <


. (7)

Table 2. Proportion of Brightness Loss Within the Reference Time

latchN∆
latchN

1 2 3 4 5

32 3.03 5.88 8.57 11.11 13.51

64 1.54 3.03 4.48 5.88 5.88

96 1.03 2.04 3.03 4.00 7.25

128 0.78 1.54 2.29 3.03 4.95

192 0.52 1.03 1.54 2.04 3.76

256 0.39 0.77 1.16 1.54 1.91
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From Equation 7, when x = 0, D[0] ={D0[0], 
D1[0],..., DNLED–1

[0]} it indicates serial data that is 
sequentially transferred in a time slice.

3.2. Design of Intelligent Lighting Control 
System for Different Sports Events in Stadiums 
Based on BP Neural Network Algorithm

The lighting control requirements of the stadi
ums are characterized by large venues, large num
ber of circuits, a large number of lamps, scattered 
distribution of lighting distribution boxes, and usu
ally need to achieve centralized control and locking. 
The comprehensive sports arena is not only used for 
formal sports competitions, but also for training, 
gatherings, exhibitions and other activities. Differ
ent areas and occasions have different requirements 
for lighting, and different lighting control schemes 
should be adopted according to different functions 
and occasions. It plays a key role in the overall en
vironment, so in order to create a variety of light
ing effects, changing the different spaces, the dim
ming and scene preset function need to be set. With 
the improvement of the intellectualization and in
tegration of the stadium, it is necessary to integrate 
the stadium with other systems because of the hig
her and higher requirements for the linkage control 
and remote control of the lighting system. The over
all design of the sports lighting system introduces 
a rotating light into the existing sports lighting sys
tem, and adds an input unit, a control panel, a wire
less RF remote control, an output unit, and a lumi
naire rotary drive. The input unit and the output unit 
together form a luminaire rotation control system, 
which may also be referred to as a luminaire ro
tation controller. The unit is connected to the bus 
system via a standard communication interface. 
The introduced lamps and units can set the address 
code through software to establish the correspond
ing control relationship and realize the control func
tion of the rotating lamps. The wireless remote con
trol panel is mounted on the wall according to the 
site conditions, the wireless RF remote control is 
detachable and handheld, and the rotary drive of 
the lamp is mounted in the rotating light.

BP network is a multilayer forward network 
trained by error back propagation algorithm. This 
network consists of two processes: forward pro
pagation of information and back propagation of er
ror. The basic learning algorithm of BP neural net
work is called gradient steepest descent method. It 

is defined as adjusting the weight to minimize the 
total network error; that is, using gradient search 
technology to minimize the error mean square va
lue of the actual output value of the network and 
the desired output value. The process of network 
learning can be seen as a process of correcting the 
weight coefficient while spreading. In the BP neural 
network structure, the threelayer network structure 
is composed of the input layer, the hidden layer and 
the output layer. There is no direct connection bet
ween the hidden layer (middle layer) and the out
side world, but the neuron state of the hidden layer 
can influence and change the input and output. The 
idea of the algorithm is to continuously correct the 
network weight ( ,ij liTω ) and the enthalpy value (θ), 
so that the error can continue to decline along the 
direction of the negative gradient, and finally the 
satisfactory result can be obtained. The learning for
mula of BP neural network is as follows: where ijω  
is the network weight between the input node and 
the hidden layer node, liT  is the network weight bet
ween the hidden node and the output node, 1t  is the 
expected value of the input node, and 1t  is the input 
node and the output node is lO . jx  is entered at the 
input node, the output of the intermediate node:

( )i ij j iy f xω θ= −∑ . (8)

Output node:

l ij l
i

O f T θ = −  ∑ . (9)

The connection weight is ijω  and the node do
main value is lθ . For the output layer, the expec
ted output of the output node is 1t , and then the er
ror formula is:

( )( )1 1 1 1 11t o o oδ = − − . (10)

Error control:

1

p
kk

E e
=

= <∈∑ . (11)

( ) ( )
1 1

1

n
k k

k
l

e t o
=

 = − ∑ . (12)

Weight correction:

( ) ( ) 11li li iT k T k yηδ+ = + . (13)
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K is the number of iterations. For the devalua
tion correction:

( ) ( ) 11l i ik k yθ θ ηδ+ = + . (14)

4. RESULT ANALYSIS AND DISCUSSION

Based on the previous algorithm analysis, the 
application requirements of the illumination grada
tion display of the intelligent lighting control sys
tem in different sports events in the stadium are first 
analyzed. When the minimum pulse width is selec
ted to be 40 ns and the refresh rate is 600 Hz, the 
relationship among the gray level, the shift length, 
and the scan clocks is as shown in Fig. 1, in which 
the scan clock is varied between 1 and 30 MHz. The 
storage length varies between 16 and 512, taking the 
LED intelligent lighting system as an example.

As can be seen from Fig. 1, its gray value va
ries between 14 and 15 bits, of which 14 bits are 
the most, 15 bits are less, are distributed in a few 
bands. The upper right picture shows the amplifica
tion of the lowspeed clock area. It can be seen that 
when the transfer length is less than 200, the fluctu
ation of the gray level distribution fluctuates great
ly. In the area above 200, the gray level changes re
latively smoothly.

Fig.2 is a state in which the gradation level exhi
bits disordered fluctuations in the lowspeed clock 
region where the transfer length is small. During 
the whole modulation period, the time slice match
ing algorithm realizes that the LED lighting con
trol system illuminates according to a certain rule, 
so that the LED lighting fixture does not appear 
bright or off for a long time, thereby achieving the 
purpose of reducing the flickering of the display 
screen. According to the characteristics of LED 
lamp gray modulation, not only the evaluation stra

tegy based on flash frequency factor is proposed, 
but also the qualitative evaluation of screen flick
er is carried out. This method evaluates different 
time slice combinations and belongs to the catego
ry of gray modulation algorithms. The human eye 
produces a flickering effect on the rapidly chang
ing light signal. Since the LED lighting fixture is 
intermittent, when the LED lighting fixture chan
ges frequency is not fast enough, the human eye can 
perceive a noticeable flickering feeling. When the 
frequency of change is high, due to the visual in
ertia of the human eye, the observer will no longer 
feel flicker, the frequency that would normally not 
cause flicker, that is, the picture that the human 
eye can feel stable, is called the critical flicker fre
quency. The critical flicker frequency of the human 
eye is related to many factors: the brightness of the 
flickering picture: the higher the brightness, the hig
her the critical flicker frequency, the amplitude of 
the flicker: the larger the amplitude, the more obvi
ous the flicker is perceived by the human eye. When 
the amplitude is less than the brightness that can be 
resolved by the human eye, the observer will not 
feel the flicker. Observation time, shortterm ob
servation is not obvious to the flicker, and it is easi
er to feel the flicker when observed for a long time.

Fig. 3 reflects the subjective evaluation of the 
display effect of the display screens of different 

Fig.1. Determination of the size of the frame of the stadium 
LED display

Fig.3. Little driver chip parameters
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Fig.2. Proportion of brightness loss within  
the reference time
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types of lighting control systems under different 
conditions. The observation results show that when 
the outdoor display brightness is greater than 4000 
cd/m2, it is better to use a refresh rate above 400 
Hz; when the brightness is less than 4000 cd/m2, it 
is better to use a refresh rate above 240 Hz. The de
gree of flicker is not enough to measure by the re
fresh rate, because in the case of the same refresh 
rate. The gray scale modulation algorithm is diffe
rent, and the results are different. Therefore, for dif
ferent sports in the stadium, the design of the dis
play in the intelligent lighting system of each sports 
venue should be designed and applied according 
to the characteristics of the sports itself.

In order to design the most energysaving lu
minaire installation scheme under the premise of 
meeting the illuminance standard value, the simula
tion experiment can be carried out through BP neu

ral network. Generally, in different environments, 
the installation position and power of the luminaire 
have certain influence on the lighting effect. The 
model can be established by BP neural network, and 
the illuminance standard and the luminaire pow
er are defined as the input quantity, and the instal
lation position of the luminaire is defined as the 
output quantity, and they are trained. The experi
ment selects a classroom in the teaching building as 
the experimental object, and normalizes the input 
data of the BP algorithm to determine the input and 
output parameters of the network. The selection and 
determination of the parameters are selected accor
ding to the actual situation. The distribution and me
asured data of the lamps in the classroom are shown 
in Table 3.

The data used in the test indicates that the input 
is the illumination brightness and the lamp pow
er. The output is the minimum horizontal and verti
cal spacing (in cm) of the fixtures installed in a gi
ven classroom. The default size of the schoolroom 
is 12m × 9m, for classrooms of different sizes; they 
can be tested by modifying the data. The fluorescent 
lamp is used as the test luminaire in the experiment. 
Since the 16W LED tube selected in this design is 
the same as the 40 W fluorescent lamp, the simu
lation result of the 40 W luminaire under test was 
used as the basis for the installation position of the 
luminaire in the design. The total error of the train
ing obtained by running multiple times was shown 
in Figs. 4 (a), (b), and (c), and the error of the al
gorithm is graphically displayed, and is displayed 
every ten iterations.

Then the test results are obtained, it can was cal
culated through the test results that, to meet the il
lumination requirements, if a 40 W luminaire was 
used, in the 12m×9m classroom, 5 luminaires can 
be installed in the Xaxis range, 6 luminaires can 
was installed in the Yaxis range, and 30 luminaires 
need to was installed in the entire classroom.

Fig.4. The BP neural network algorithm

Table 3. Classroom Lighting Monitoring Data

Input quantity Output

Standard of 
illumination 

(lx)

Luminaire 
power (W)

X axis 
coordinates 

(cm)

Y axis 
coordinates 

(cm)

150

39 169 214

52 131 177

18 99 149

14 89 79

200

33 188 159

35 98 189

22 68 141

51 79 71

300

61 120 117

44 111 139

37 89 201

24 56 91
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5. CONCLUSION

With the development of the stadium intelligent, 
the function of the clever lighting control system 
will be perfect. The wise lighting control system not 
only satisfies the complex lighting control require
ments of the stadium but also chiefly reduces the 
maintenance management workload and improves 
the management level, which is unmatched by tra
ditional lighting methods. Therefore, the intelligent 
lighting control system will become an indispensa
ble part of the intelligent stadium system and has 
a very wide application prospect. A smart lighting 
control system suitable for modern stadiums was in
troduced. In the overall design of the system, accor
ding to the grayscale modulation model, the gray
scale modulation is divided into central grayscale 
modulation and extended grayscale modulation, 
the optimal scanning clock selection method was gi
ven. The design algorithm of an intelligent lighting 
control system based on neural network is designed, 
with the conceived algorithm tested. The test results 
show that the design of this paper can play a perfect 
role in optimizing the lighting system of different 
sports events in the stadium.
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