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ABSTRACT

BP neural network is a new computer techno-
logy, which has natural advantages in the study of 
lighting environment evaluation model of subway 
station space. With the implementation of energy 
conservation and emission reduction, how to es-
tablish a suitable calculation model for the lighting 
environment of subway station space is also a hot 
research field. Firstly, the development trend of sub-
way and the research status at home and abroad is 
introduced, then the specific application method of 
BP neural network is expounded, the evaluation cri-
teria and evaluation model of space lighting envi-
ronment of subway station is established. BP neural 
network is used to establish the corresponding ma-
thematical model, through the weight calculation, 
the appropriate evaluation system is established, 
and finally the model is used to verify it.

Keywords: BP neural network, subway sta-
tion, lighting environment evaluation, intelligent 
algorithm

1. INTRODUCTION

The development of the subway is a far-reach-
ing theme, Nowadays, the comfort and conveni-
ence of travel is emphasized in the whole world, 
and the interior lighting environment design of met-
ro also plays an important role in the overall com-
fort design and development of metro [1]. At pre-
sent, China’s metro is mostly imported or jointly 

developed from other countries in the interior light-
ing environment design of trains, foreign lighting 
design is mainly used, and the lighting reference va-
lue and evaluation basis conforming to China’s na-
tional visual environment are lacking [2]. At that 
same time, the design only bases on meet physical 
parameters such as illuminance and the like in light-
ing design, lacks subjective feel evaluation on the 
visual environment of the high-speed train’s passen-
gers. In particular to the visual psychology scale of 
“visual brightness”, “ visual illuminance”, “ visual 
concentration point” that sort of things [3]. There 
is a lack of reasonable consideration on the colour 
temperature of the light source of subway indoor 
lighting, only using the evaluation method which 
accords with the colour temperature feeling of fo-
reign passengers. The problems of high physical il-

Fig.1. Lighting environment of a subway station
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lumination and poor actual illumination effect ex-
ist in the structural design, installation mode and 
spatial scale of the lamp, in particular, the problem 
of the space installation scale of the indirect light-
ing device leads to the problems of large brightness 
contrast of the light source, uncomfortable glare and 
so on [4]. Therefore, the research of this paper has 
important practical significance to solve the prob-
lem of interior lighting environment design of sub-
way in China. At the same time, the research on this 
aspect can provide a reference for designers, which 
has a strong practical significance [5].

2. START OF THE ART

BP neural network is an artificial intelligence al-
gorithm, at the beginning of the 20th century, people 
studied the layout and structure of the animal brain, 
found that the brain is made up of a large num-
ber of neurons connected to each other. Complex 
non-linear information can be processed in paral-
lel in such systems, known as neural networks [6]. 
Through the simulation and reference of animal 
neural network, scientists put forward the concept 
of artificial neural network [7]. The essence of arti-
ficial neural network is an algorithm model, like an-
imal brain, artificial neural network is composed of 
a large number of artificial neurons [8]. The struc-
ture and function of these artificial neurons are very 
simple, but they can be connected to each other and 
form a network to achieve very powerful functions 
[9]. Artificial neural network can learn independent-
ly, self –  perfect, and process complex nonlinear in-
formation in parallel. It has a very broad applica-
tion prospect in solving complex problems such as 
thinking, reasoning and consciousness [10]. There-
fore, it is of great significance to use BP neural net-
work algorithm to study the evaluation model of 
lighting environment in subway station space.

3. METHODOLOGY

3.1. Evaluation Criteria for Spatial Lighting 
Environment of Subway Stations

The evaluation of space lighting environment of 
subway station under fluorescent lighting is main-
ly based on the function of lighting. The main pur-
pose of the lighting is to meet the physical charac-
teristics of the light environment required by space 
users to accurately identify the surrounding envi-

ronment and the route to the subway station space. 
And LED has the characteristics of high light effi-
ciency, long life, adjustable light, which is applied 
to the lighting environment created by subway sta-
tion space lighting. Besides meeting the functional 
requirements, its energysaving characteristics are 
more prominent. Therefore, in order to study the 
evaluation system suitable for subway station space 
lighting environment, it is necessary to combine the 
characteristics of lighting function and energy sav-
ing to conduct in-depth study, the theoretical mo-
del of spatial lighting environment evaluation sys-
tem for metro station is constructed. The weight of 
each index in the model is solved by particle swarm 
optimization, and the advantages and disadvantag-
es of lighting environment under two kinds of light 
sources are obtained from the model and field in-
vestigation. A subway station lighting environment 
is shown in Fig. 1.

3.2. Subway Station Spatial Lighting 
Environment Evaluation Model

The evaluation index of space lighting environ-
ment of subway station mainly includes two kinds 
of indexes: functional index and energy-saving in-
dex, among which the functional index is divided 
into two categories: light environment and space 
environment. The light environment factors in-
clude illuminance level, illuminance uniformity, 
luminance distribution, glare index, colour tem-
perature, colour rendering index, illumination in-
duction, recognition, etc. Lighting energy saving 
includes lighting power density (LPD) value, ener-
gy saving lamps and lanterns, new energy utiliza-
tion. The evaluation index system for evaluating 
the spatial lighting environment of the subway sta-
tion is obtained after three rounds of expert consul-
tation by using the Delphi method, in which a total 
of 16 indicators are included: illuminance level, il-
luminance uniformity, luminance level, luminance 
distribution, glare, colour temperature, colour ren-
dering, illumination induction, recognition, stereo-
scopic impression, environmental coordination, il-
lumination artistry, control strategy, control mode, 
LPD, energy-saving lamps and lanterns, The ana-
lytic hierarchy process is used to decompose a com-
plex decision-making problem into several interre-
lated levels. The hierarchical structure diagram of 
spatial lighting environment evaluation of metro 
station is shown in Fig. 2.
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3.3. BP Neural Network Model

The interconnections between artificial neurons 
form is a directed graph, and the structural diagram 
of artificial neurons is shown in Fig. 3.

The corresponding real number for each con-
nection is referred to as the connection weight; 
the set of weights may be considered as long-
term memory. There are two main types of con-
nection weights, excitation and suppression, posi-
tive connection weights for excitation and negative 
connection weights for suppression. The connec-
tion of weights is the feature description of artifi-
cial neural network. At time t, the corresponding 
value of the artificial neuron is called the state of 
the artificial neuron, also called the excitation va-
lue of the artificial neuron, if a certain artificial neu-
ron is represented by uj, then its state is represent-
ed by x, and X(t) represents a set of neuronal states 
of a certain amount. State set can be expressed by 
continuous function or discrete function. It can be 
bounded function or unbounded function. This set 
may have solution in some real field or finite solu-
tion. In practical applications, generally take two 
values, with 0 and 1, or –  1 and 1 to represent two 
states, there are some cases need to take the va-
lue in the continuous real number. Information is 

passed through each neuron to obtain an output sig-
nal, which is passed through the connection weights 
to the other connected neurons. The output signal 
value depends on the state of the neuron. This in-
teraction is a function of the output transforma-
tion from function fj to the neuron uj.

The calculation formula of nerve source is pre-
sented in equation 1.

( ) ( ( ))j j jZ t f x t= , (1)

where Zj(t) represents the output signal of the neu-
ron uj, and f represents a component function.

By grouping artificial neurons in this layer, and 
taking each neuron group as a whole, the batch con-
trol of artificial neurons is realized, and the network 
operation speed is accelerated. For example, the use 
of lateral inhibition mechanism to make some arti-
ficial neurons in a state of no output, and can have 
the largest output in the layer of artificial neurons 
selected.

An interconnected network can connect any two 
artificial neurons. Belonging to this kind of net-
work is Hopfield network and Boltzmann machine. 
In networks without feedback, the signal processing 
function stops as the signal passes through the artifi-
cial neuron. Starting from the initial state, the signal 
will change several times, and finally achieve dyna-
mic balance, the structure and characteristics of the 
network is different, and finally the reached state is 
not the same.

The reasonable determination of the weight is 
the premise of correct evaluation. After determin-
ing the comprehensive evaluation index of spatial 
lighting visual environment of subway station, the 
weight of each index becomes an important part of 
the evaluation system research, and its accuracy is 
more related to the correctness and scientific cha-
racter of the final evaluation results. Based on this, Fig.3. BP neuron structure diagram

Fig.2. Hierarchical structure of subway station space visual environmental assessment
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we intend to use analytic hierarchy process to build 
hierarchical structure, establish the initial judgment 
matrix, use particle swarm optimization to solve 
the index weight, establish the urban subway sta-
tion spatial lighting environment evaluation system 
model. The calculation flow is shown in Fig. 4.

Analytic hierarchy process is an effective me-
thod to determine the weight vector, when calcu-
lating weights by analytic hierarchy process. The 
function ,( )f x y  represents the importance scale 
for the ratio of x to y in general. If ( ), 1f x y > , x is 
more important than y, otherwise y is more impor-
tant than x. Table 1 shows the scale values of grade 
division for comparison of evaluation indicators.

In the current application, the judgment matrix 
given by the scale of 1–9 is difficult to achieve con-
sistency, so that the judgment matrix is inconsist-
ent with the actual judgment thinking, the calcula-
tion distortion of the relative weight is caused. This 
is also the current multi-decision-making problems 
need to be solved and challenges. Through the study 
of the initial judgment matrix, in order to check the 
consistency of the initial judgment matrix, get a rea-
sonable weight vector, we need to build a proper 
consistency correction model, and use intelligent 
algorithm to optimize the solution, quickly get the 
judgment matrix and the corresponding weight vec-
tor can pass the consistency check. The obtained 
judgment matrix is fed back to the experts to eval-
uate whether the modified matrix is within an ac-
ceptable range in practice and whether a group of 
weight vectors obtained by solving the nonline-
ar model can be used as the weight of each evalu-
ation index required to solve the practical problem. 
If the expert opinion is positive, the modified judg-
ment matrix is acceptable; On the other hand, the 
parameters need to be reset and solved, again to ver-
ify, until recognized by the experts.

The calculation formula of the objective func-
tion is shown in equation 2.

2 2
1 2

1 1
min [ ( ) ( ) ]

n n

ij ij ij
i j

Y x a xλ λ ω
= =

= − + −∑∑ , (2)

where λ  is the weight value, a is the weight ma-
trix and y is the target function value. The smaller y 
in the objective function is, the better it is. It shows 
that the adjusted amplitude is relatively small and 
the modified matrix quality is higher when the con-
sistency condition is satisfied. Wherein 1λ  and 2λ  
are weight factors, and the assignment is mainly 
determined according to the specific requirements 
in practice, on the one hand, the compliance degree 
of the expert judgment matrix, on the other hand, 

Table 1. Classification Scale for Comparison of Evaluation Indicators

Scale value Relative comparison Scale value Relative comparison

1 A is as important as B 1 A is as important as B

3 A is more important than B tip 1/3 A is a little less important than B

5 A is more important than B 1/5 A is not B important

7 A is much more important than B 1/7 A is much less important than B

9 A is more important than B 1/9 A is far from B

Fig.4. Index weight calculation process
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the requirement degree of meeting the consistency 
index. The main goal of the solution of the model 
is to meet the consistency index, so the degree of 
meeting the consistency index requirements is hig-
her than the degree of following the expert judg-
ment matrix. In the process of original expert judg-
ment matrix correction for each element adjustment 
of a constraint index, the smaller θ  is the better. Aij 
is the element of initial judgment matrix, xij and wi 
are the elements of judgment matrix with good con-
sistency and corresponding index weights.

After a lot of research, BP neural network al-
gorithm and particle swarm optimization are com-
bined to solve the least squares consistency cor-
rection model of analytic hierarchy process, so, as 
to obtain the judgment matrix with good consist-
ency. Revise the index weight from both subjective 
and objective aspects to improve the accuracy of 
the index weight. The basic principle is that there 
are M particles in D –  dimensional space, the mo-
tion space of particles is the solution space, the ob-
jective function value to be optimized is the fitness 
of particles, the position vector of particles repre-
sents the variables in the solution space of optimi-

zation problems, and the motion process of parti-
cles is the search process of solutions.

The formula for calculating the particle posi-
tion is shown in equation 3:

1 2( , ,..., )i i i iDx x x x= . (3)

The calculation formula of particle velocity is 
shown in equation 4.

1 2( , ,..., )i i i iDv v v v= . (4)

The formula for calculating the optimal posi-
tion is shown in equation 5.

0 0 0 0
1= min{ ( ),..., ( ),..., ( )}i MG f P f P f P , (5)

where G is the optimal position of matrix.

3.4. The Construction of Subway Station Space 
Lighting Environment Evaluation System

The judgment matrix and the sorting weight 
vector obtained by the particle swarm optimiza-

Table 2. Visual Environmental Assessment System of Subway Station Space

Standard layer B Index layer C Evaluation index D Index weight

Functional index B1

Optical environment Cl

Illuminance level D1 0.0901

Illumination uniformity D2 0.0729

Luminance level D3 0.1015

Luminance distribution D4 0.1184

Glare D5 0.0620

Colour temperature D6 0.0881

Chromaticity D7 0.0219

This visual induction D8 0.0743

Identifiability D9 0.1024

Space environment C2

Stereoscopic D10 0.0199

Environmental coordination D11 0.0139

Photoperiod D12 0.0124

Energy saving index B2

Lighting control C3
Screwing strategy D13 0.0454

Screwing method D14 0.0503

Lighting energy saving C4
Lighting power density D15 0.0755

Energy saving luminaire D16 0.0511
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tion algorithm are fed back to the experts of the ini-
tial judgment matrix, and the experts believe it is 
acceptable. Therefore, the modified judgment ma-
trix is taken as the final judgment matrix, and the 
weight vector obtained by solving the model is ta-
ken as the weight of each evaluation index, thus the 
comprehensive evaluation model of lighting envi-
ronment in subway station space is constructed. As 
shown in Table 2.

4. RESULT ANALYSIS AND DISCUSSION

The model-based inspection and evaluation me-
thod is a method based on the design process, main-
ly through lighting simulation design software. Its 
advantages are easy operation, fast and reliable ac-
quisition of index data similar to the actual project. 
Foreign mature professional software: AGI32, DI-
ALux, LightStar, Lummenmicro, Autolux, Inspire, 
etc. DIAlux is mainly used for inspection, mainly 
because the software support Chinese, easy to op-
erate, easy to master, and pay attention to the accu-
racy of the calculation, lighting error is only 3 % ~ 
7 %. There are many manufacturers supporting op-
tional lighting libraries, which can support the cal-
culation of light environment and three-bit light dis-
tribution simulation diagram in different scenes, can 
output including illuminance, brightness value con-
tour, data analysis report and lamps and lanterns of 
light distribution, unified glare index, lighting scene 
power density and other data. The model-based in-

spection and evaluation method is mainly realized: 
detecting the power consumption of large-space 
lighting scheme and the implement ability of light-
ing effect, then a metro model of a standard island 
platform layer based on foundation structure in Chi-
na is studied.

The learning of sample pattern P by neural net-
work is to minimize E. In the secondary test of the 
index, the evaluation data (experts’ evaluation) ob-
tained by the Delphi method is taken as a training 
set to form a matrix of P, The E value is taken as 
a matrix of T formed by training samples, the num-
ber of input layers is M of parameters, the number 
of output nodes is 1, and the number of hidden lay-
ers is L = 2m + 1. And set the learning accuracy e = 
0.0001, training times n = 1800, weight adjustment 
parameter α = 0.5, offset adjustment parameter β
= 0.8.

The training results of the primary parameters 
are shown in Fig. 5, and the values of the results are 
shown in Table 3.

The training results of the secondary parameters 
are shown in Fig. 6, and the values of the results are 
shown in Table 4.

The use of BP neural network method is main-
ly to test the relationship between the relatively 
complex two to four parameters, Fig. 5 shows that 
due to the number of firstorder parameters input is 
small, the number of training steps is very small. 
On that other hand, the high value of the primary 
parameter e can be used as a reference only in the 

Table 3. Level BP Parameters Training Results and Delphi E Value Comparison Table

Parameter Design process Electricity consumption measurement Lighting effect

The training results 0. 8998 0.7385 0. 7973

Expected output 0. 9000 0.7400 0.8000

Fig.5. First class parameter training diagram Fig.6. Second class parameter training diagram
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case where it is determined as an index. The capaci-
ty grade of the secondary parameter is more in line 
with the standard of BP neural network method. By 
processing a large number of data, the BP training 
result E value is compared with the expected output 
E value of Delphi method, that is, the correctness of 
the previous index screening is verified by using ob-
jective data.

The results from the above table show that the e 
value trained by BP neural network method is basi-
cally consistent with the e value calculated by Del-
phi method. The relative error range of secondary 
parameters is 0.11 % ~ 0.78 %, and all of them are 
within the allowable error range. Therefore, it can 
be comprehensively determined that the previously 
determined index set is feasible and accurate. The 
index parameters of secondary confirmation were 
consistent with those of Delphi method. The num-
ber and quality of learning samples affect the learn-
ing performance of neural network model to a great 
extent. The samples selected in our research are 
slightly less, but the results are still more accu-
rate after calculation. Therefore, if we increase the 
number of learning samples on this basis, we will 
achieve more accurate and good results.

5. CONCLUSION

With the development of computer technology, 
it has been widely applied to some problems in real 
life environment. Therefore, aiming at the prob-
lem of comprehensive evaluation of lighting en-
vironment in metro station space, this paper uses 
the theoretical knowledge of light environment, en-
vironmental psychology and fuzzy mathematics 
to construct the theoretical model of comprehensive 
evaluation of lighting environment in metro sta-
tion space. The model is applied to the comprehen-

sive evaluation of the lighting environment of the 
subway station space of Shenzhen metro line 2 illu-
minated by LED light sources and Shenzhen met-
ro line 3 illuminated by fluorescent lamps. Accord-
ing to the questionnaire of each index on the spot 
and the model, the optimal lighting environment is 
obtained, the rationality of the selected index in the 
model and the validity of the index weight are ver-
ified by combining the subjective investigation re-
sult and the model theoretical data. Thus, the eva-
luation model has universal applicability, provides 
model reference for the future evaluation of subway 
station space lighting environment, and provides 
theoretical basis for subway station space lighting 
design. Indoor lighting environment is a multi-fac-
tor comprehensive lighting environment, and the 
field of indoor environment lighting, which is dom-
inated by artistic lighting, needs further study.
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