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Abstract - Lighting energy consumption is an essential part of road tunnel construction. In order to
achieve energy conservation, the lighting in the tunnel needs to be controlled optimally. This paper
briefly analyzed the lighting in highway tunnels, designed an improved genetic algorithm (GA)-back
propagation neural network (BPNN) algorithm, and input the brightness outside the tunnel, vehicle
speed, and traffic volume to realize the regulation of lighting brightness in tunnels. A specific tunnel
was analyzed. It was found that compared with BPNN and GA-BPNN algorithms, the output of the
improved GA-BPNN algorithm had a high degree of agreement with the actual brightness, and its
average error was only 0.73 cd/m2, which was 64.9% less than the GA-BPNN algorithm. When the
improved GA-BPNN algorithm was applied to the actual tunnel lighting control, the total energy
consumption from 6:00 to 18:00 was 5.74 KW·h, which was 33.43% of the traditional method. The
experimental results verify the effectiveness of the improved GA-BPNN algorithm in energy
conservation and optimal control. The algorithm can be applied in practice.
Keywords: Highway tunnel, Lighting optimization, Energy conservation, Intelligent control, Neural
network.

1. Introduction
With the continuous development of the economy,
highway tunnels’ construction has also developed
rapidly and become an increasingly important part
of the transportation system [1]. While bringing
convenience to traffic, the energy consumption of
tunnel lighting has also received more and more
widespread attention [2]. In highway tunnels, in
order to ensure traffic safety, lighting fixtures need
to be deployed to maintain brightness, and the
lighting is usually controlled according to different
periods. Failure to adjust the lighting brightness
according to the actual changes often results in a
massive waste of electrical energy.
Therefore, in order to ensure lighting safety while
saving energy [3], it is necessary to optimize the
control of lighting in tunnels. There have been many
studies concerning the optimal control of the lighting.
Kandasamy et al. [4] designed a lighting system for
an office building, design an ANN-IMC controller
combining an artificial neural network (ANN) with
internal model control (IMC), and verified the
reliability of the system through simulation
experiments. Rudrawar et al. [5] studied an
intelligent system that can control the brightness of
street lights based on the flow measured by sensors
to reduce unnecessary power consumption. SánchezSutil et al. [6] designed a new low-cost system that

can adjust the luminous flux according to
pedestrians’ traffic intensity to improve the energy
efficiency of public lighting. Sifakis et al. [7] studied
harbor lighting and conducted experiments on the
Rethymno Port through lamp redistribution and
replacement, daylight harvesting techniques, and
improvements in dimming strategies. They found
that the method could reduce the annual energy
demand for harbor lighting by 56.8%. This paper
designed an intelligent control algorithm for the
optimal control of lighting in tunnels to reduce the
energy consumption of lighting and realize the
energy-saving construction of lighting. This work
provides some theoretical references for the design
of future lighting in tunnels.

2. Analysis of Internal
Highway Tunnels

Lighting

in

2.1 Lamp Configuration
The choice of tunnel lamps will affect lighting
quality; moreover, different types of lamps have
different energy consumption. Therefore, in the
configuration of lamps, the lighting quality needs to
be considered, and the service life, energy
consumption, and other characteristics need to be
compared. At present, the lamps commonly used in
tunnels and their characteristics are shown in Table 1.
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Lamp type
Light-emitting
diode (LED) lamp
Fluorescent lamp
Metal halide lamp
High-pressure
sodium lamp

Rated
power/W
10-150

Table 1. Comparison of commonly used lamps in highway tunnels
Luminous
Service life/h Start-up
Flickering
efficacy/(lm/v)
stability time
25-100
100000
Instant
Not obvious

85-150
35-3500
35-1000

25-67
60-90
90-100

60,000
Instant
8000
4-10 min
12000-24000 4-5 min

It is seen from Table 1 that the poor fog
permeability of traditional fluorescent lamps, metal
halide lamps, etc. makes them difficult to meet the
current demand for tunnel lighting, so they are
seldom used. High-pressure sodium lamps are
widely used at present, and their advantages are
good fog permeability, low price, and high luminous
efficiency, but they have a long start-up time and
high power consumption. Compared with these
lamps, LED lamps have a long service life, high
luminous efficiency, short start time, no strobe, and

Not obvious
Obvious
Obvious

low power consumption [8]; therefore, this paper
applied LED lamps in tunnels for research.

2.2 Lighting Specification Requirements
Currently, the lighting of highway tunnels is
designed according to Guidelines for Design of
Lighting of Highway Tunnels JTGT-D70/2-01-2014.
According to the guidelines, the interior of a one-way
traffic tunnel can be divided into sections, as shown
in Figure 1.

Figure 1: Tunnel interior lighting sections
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: The adaptation point
: Cave entrance
: Brightness outside the cave
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: The brightness of the entrance
section
,
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: The brightness of the
transition section
: The brightness of the middle section
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: The brightness of the exit section
: Length of the entrance section
, and
: The lengths of the transition

,
sections
: The length of the middle section
and
: The lengths of the exit sections
The brightness outside the tunnel was set
according to Table 2.

10%

Table 2. Brightness outside the cave (cd/m2)
0

South
North
South
North
Dark
Bright
Dark
Bright
cave
cave
cave
cave
environment environment environment environment
entrance entrance entrance entrance

4000
4500
5000

5500
6000
6500

3000
3500
4000
4500
5000

3500
4000
5000
5500
6000

2000
2500
3000
3500
4000

3000
3500
4000
4500
5000

1500
2000
2500
3000
3500
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The brightness of the entrance section is
calculated by:
,

(1)

,

(2)

where is the brightness reduction coefficient, and
its value is shown in Table 3.

Table 3. The value of the brightness reduction coefficient of the entrance section
≥ 1200
≤ 350
Designed hourly traffic volume
Designed speed

120
100
80
60

The brightness of the transition section is
calculated by:
,
(3)
,
(4)

0.070
0.045
0.035
0.022
.

The brightness of the middle section is shown in
Table 4.

10.0
6.0
4.5
The brightness of the exit section is calculated by:
,

(6)

.

(7)

Optimization

(5)

Table 4. The brightness of the middle section
120
100 80
60
20-40

Designed speed

3. Lighting
Algorithm

0.050
0.035
0.025
0.015

Control

It is found from the guidelines that the lighting
brightness inside the tunnel is related to the
brightness outside the cave, the speed of vehicles,
and the traffic volume; therefore, the following data
need to be collected for the design of the lighting
optimization control algorithm.
(1) Brightness outside the cave: Brightness
detectors are arranged in the approach section to
determine the brightness outside the cave.
(2) Vehicle speed and traffic volume: Vehicle
inspection equipment is arranged in the approach
section to determine the vehicle speed and traffic
volume.
(3) Interior brightness of the tunnel: Illumination
detectors are arranged in different sections to
determine the interior illumination of the tunnel.
The above data are used as the input signal of the
algorithm, the dimming brightness of different
sections is the output signal of the algorithm, and the
signal is transmitted to the dimming controller to
realize the optimal control of the lighting. As the
relationship between the lighting brightness inside
the tunnel and the brightness outside the cave and

6.5
4.5
3.0

3.5
2.5
1.5

2.0
1.5
1.0

1.0
1.0
1.0

other parameters is complex, and neural network
algorithms are good for nonlinear mapping, the
lighting optimization control algorithm was designed
based on a neural network algorithm.
A back-propagation neural network (BPNN)
algorithm is one of the most widely used neural
network algorithms [9] and has good applications in
data prediction [10], image processing [11], etc. A
simple BPNN algorithm is shown in Table 5.
Table 5. Variables of the BPNN algorithm and the
corresponding definitions
Variables
Formula
Input layer
Hidden layer input
Hidden layer output
Input layer and hidden
layer weights
Hidden layer threshold
Hidden layer and output
layer weights
Output layer threshold
Output layer input
Output layer output
Expected output
According to Table 5, the input of the hidden
layer is written as:
, and
the output is:

; the input of the
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output

layer

is
written
as:
, and the output is:
. The final error is written as:
.

The BPNN algorithm updates the weights by
reversely training the error to narrow it. The
updating
formulas
of
are:
,
, where
and
are
learning rates. The updating formulas of
are:
,
.
In the BPNN algorithm, the network’s
performance is mainly related to the weight and
threshold. We optimized the BPNN algorithm using a
genetic algorithm (GA) [12] to get an improved GABPNN lighting optimization control algorithm. The
parameters of the BPNN algorithm were encoded
using binary coding. The error of the BPNN
algorithm was taken as the fitness function. The
selection operator was determined using the
roulette wheel method [13]. The crossover and
variation operators were improved using an
adaptive approach, and the corresponding equations
are:
,

(8)
,

(9)

where is the number of evolutionary generations,
and are the initial values of the operators, and
and are the weights.
The flow of the improved GA-BPNN lighting
optimization control algorithm is as follows. The
brightness outside the cave, vehicle speed, and traffic
volume were used as inputs to determine the
structure of the BPNN algorithm, and then the
parameters of the BPNN algorithm were optimized
by the improved GA. The optimal parameters
obtained were input into the BPNN algorithm to
train the model, and the trained algorithm fed the
dimming brightness back to the dimming controller,
thus realizing the optimal control of LED lighting
inside the tunnel.

4. Results and Analysis
Take a highway tunnel as an example, it currently
used the traditional timing control method, i.e., the
lighting brightness was constant in every time
period. The set value of the brightness was the
maximum value of historical data. The hourly
brightness outside the tunnel and the vehicle speed
and traffic volume in this tunnel were collected, and
some data are shown in Table 6.

84

Table 6. Some data about the brightness outside the
tunnel, vehicle speed, and traffic volume
Time
Brightness Vehicle
Traffic
period
outside the speed
volume
tunnel
(cd/m2 )
6:00-7:00
303
90
120
7:00-8:00
522
100
250
8:00-9:00
946
95
450
9:00-10:00
1952
105
600
10:00-11:00
3020
110
800
11:00-12:00
3128
105
900
12:00-13:00
3250
105
1000
13:00-14:00
3380
100
950
14:00-15:00
3450
105
1000
15:00-16:00
2654
100
1100
16:00-17:00
1005
100
1020
17:00-18:00
560
110
800
18:00-19:00
350
100
680
Firstly, the performance of the improved GABPNN algorithm was analyzed. In the BPNN, the
number of input layer nodes was 3, the number of
output layer nodes was 1, the number of hidden
layer nodes was set as 250, the evolutionary algebra
was set as 35, and the population size was set as 10.
The initial value of crossover probability was set as
0.9, and the weight was set as 0.25. The initial value
of mutation probability was set as 0.5, and the
weight was set as 0.25 in GA.
The BPNN, GA-BPNN, and improved GA-BPNN
algorithms were used for control by taking the
optimal control of the luminance in the entrance
section as an example. Twenty samples were
randomly selected, and the output results and actual
brightness are shown in Figure 2.

Figure 2: Comparison between the output results of
different algorithms and the actual brightness
It was seen from Figure 2 that the output results
of the BPNN algorithm had obvious errors with the
actual brightness; errors between the output results
of the GA-BPNN algorithm and the actual brightness
were smaller, but the error still existed; the results
obtained from the improved GA-BPNN algorithm had
a high degree of agreement with the actual
brightness. The error of the three algorithms was
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further calculated, and the results are shown in
Figure 3.

Figure 3: Comparison of errors between different
algorithms
It was noticed in Figure 3 that the error between
the output result of the BPNN algorithm and the
actual brightness was the largest, 6.56 cd/m2, the
minimum error was 2.46 cd/m2, and the average
error was 4.36 cd/m2; the maximum error of the GABPNN algorithm was 2.76 cd/m2, much smaller than
the BPNN algorithm, the average error was 2.08
cd/m2, which was 51.94% less than the BPNN
algorithm; the maximum and minimum errors of the
improved GA-BPNN algorithm were 1.21 cd/m2 and
0.3 cd/m2, respectively, and the average error was
0.73 cd/m2, which was 64.9% less than that of the
GA-BPNN algorithm, proving the reliability of the
improved GA-BPNN algorithm for lighting
optimization control.
The improved GA-BPNN algorithm was applied in
the tunnel, and its energy consumption was
compared with that of the traditional timing control
method, and the results are shown in Table 7.
Table 7. Comparison of energy consumption for
lighting in the tunnel (KW·h)
Time period Energy
The improved
consumption of the GA-BPNN
traditional timing
algorithm
control method
6:00-7:00
1.24
0.12
7:00-8:00
1.25
0.15
8:00-9:00
1.45
0.45
9:00-10:00 1.46
0.65
10:00-11:00 1.47
0.75
11:00-12:00 1.48
0.82
12:00-13:00 1.47
0.95
13:00-14:00 1.47
0.15
14:00-15:00 1.47
0.85
15:00-16:00 1.47
0.45
16:00-17:00 1.47
0.22
17:00-18:00 1.47
0.18
Total
17.17
5.74

It was noticed in Table 7 that in all the time
periods studied, the energy consumption of the
improved GA-BPNN algorithm was less than that of
the traditional timing control method. In the
traditional timing control method, the energy
consumption of all the time periods was above 1
KW·h, the highest energy consumption appeared at
11:00-12:00, reaching 1.48 KW·h, and the total
energy consumption from 6:00-18:00 was 17.17
KW·h. The energy consumption of the improved GABPNN algorithm in all the time periods was below 1
KW·h, the highest energy consumption was 0.95
KW·h at 12:00-13:00, the lowest energy
consumption was 0.12 KW·h at 6:00-7:00, and the
total energy consumption was 5.74 KW·h at 6:0018:00, which was only 33.43%, indicating that the
optimal control of LED lighting using the improved
GA-BPNN algorithm could effectively save lighting
energy and achieve the purpose of energy
conservation.

5. Conclusions
This paper focused on the optimal control method of
LED lighting for highway tunnels. Through analyzing
lighting in tunnels, this paper proposed to control
lighting with intelligent algorithms and designed an
improved GA-BPNN algorithm to collect tunnel data
to achieve optimal control of the lighting. It was
found through experiments that compared with
BPNN and GA-BPNN algorithms, the improved GABPNN algorithm had better performance in optimal
lighting control, and the error between the output
result and the actual brightness was smaller.
Through analyzing practical applications, it was
found that the lighting energy consumption in the
tunnel was significantly reduced under the control of
the improved GA-BPNN algorithm, which verified the
reliability of the method and the feasibility of its
further promotion and application in practice.
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