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TRAINING METHOD AND SYSTEM FOR PASSENGER DISTRIBUTION PREDICTION
MODEL, AND PASSENGER GUIDING METHOD AND SYSTEM

FIELD OF THE INVENTION

The present invention belongs to the technical field of urban rail transit operation, and particularly
relates to a training method and system for a distribution prediction model of passengers in a
subway car, and a method and a system for guiding passengers in a subway car based on

environmental monitoring and lighting guidance.

BACKGROUND OF THE INVENTION

With the continuous development of China’s rail transit system, the improvement on the operational
service level of the rail transit system has become an important force to promote the development of
urban rail transit. When taking subway, passengers lack objective perception of the
congestioncondition in different areas of cars, resulting in some overcrowded areas and some empty
areas, which seriously affects the space utilization of subway cars and the passenger experience.
Therefore, it is necessary todetect the degree of passenger gathering in the cars and on the platforms
in real time and guide passengers to flow to places not crowded, so as to improve the utilization of
subway space.

A system and a method for guiding subway passengers include two key technologies: passenger
density information acquisition and guidance information release. Currently, the passenger density
information acquisition is mainly based on an image detection or pressure sensor detection method.
With regard to the image detection method, the passenger density detection ability cannot be
guaranteed in cases of crowd flow, obscuration, etc. With regard to the pressure sensor detection
method, the installation of pressure sensors requires invasive reconstruction of the entire ground of
the subway, for example, the patent application with the publication No. CN110281979A proposeda
method of detecting the density of passengers in a subway car by installing piezoelectric sensors on
the floor of a subway car.

Currently, the passenger guidance system and method mainly use voice prompts or display prompts,
for example, the patent with the Announcement No. CN107244330B proposeda method of guiding
passengers to flow in order by installing isolation fences in subway cars and providing voice prompt
information. However, the voice prompts are difficult to be heard in a noisy travel condition, and

the display prompts are difficult to get the attention of passengers.

SUMMARY OF THE INVENTION

The objective of the present invention is to provide a training method and system for a passenger
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distribution prediction model, and a method and a system for guiding passengers, so as to solve the
problem that the passenger density detection ability cannot be guaranteed in cases of crowd flow
and obscuration, the problem that the detection of passenger density with piezoelectric sensors
requires invasive reconstruction, and the problem that the voice prompts are poorly targeted and the
display prompts are difficult to get the attention of passengers.

In the first aspect, the present invention provides a training method for a distribution prediction
model of passengers in a subway car, including:

establishing a spatial coordinate system of each car, installing collection devices constituted by
temperature and humidity sensors and a CO, concentration sensor in each car, each collection
device serving as a sample collection point, and obtaining installation coordinates of each sample
collection point in the corresponding spatial coordinate system, wherein the spatial coordinate
system is a two-dimensional rectangular coordinate system parallel to the roof or the ground of the
car, or the spatial coordinate system is a two-dimensional rectangular coordinate system coincident
with the roof or the ground;

obtaining a temperature time series, a humidity time series, and a CO, concentration time series at
each sample collection point ofeach car duringa sampling period, and obtaining an average
temperature value and an average humidity value locally of the day, wherein the installation
coordinates of each sample collection point, the temperature time series, the humidity time series,
and the CO, concentration time series corresponding to the sample collection point, and the average
temperature value and the average humidity value constitute an environmental data sample at each
sample collection point of each car during the sampling period;

recordingpassenger positions in each car at an end timeof the sampling period, and obtaining
coordinates of passengers in the corresponding spatial coordinate system, i.e. obtaining a passenger
distribution for each carduring the sampling period;

converting the passenger distribution for each carduring the sampling period into a binary image,
and calculatinga mean value, a variance, a maximum value and a minimum value of pixels in the
binary image;

calculating an amplitude and a gradient direction of each pixel in the binary image, and establishing
a frequency distribution histogram with the gradient direction of all pixels as the abscissa axis and
the pixel value corresponding to each pixel as the ordinate axis; extracting a frequency distribution
feature of the frequency distribution histogram, the frequency distribution feature referring to a
feature vector constituted by pixel values corresponding to each interval among R intervals equally
divided from the abscissa axis of the frequency distribution histogram;

combining the mean value, the maximum value, the minimum value, the variance and frequency

distribution feature of the pixels to form an original feature vector, and clustering the binary images
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with the original feature vectoras an input of a clustering algorithm to obtain image clustering
results;

coding the passenger distribution mode according to the image clustering results to obtain a
passenger distribution code, and each category of image clustering result corresponding to a
passenger distribution mode, and each passenger distribution mode corresponding to a passenger
distribution code; and

establishing a distribution prediction model for each car, and training the distribution prediction
model with training samples to obtain a trained distribution prediction model, the training sample
taking the environmental data sampleat each sample collection point ofeach car during the sampling
period as input and the corresponding passenger distribution code as output.

In the present invention, the passenger distribution is intelligently sensed by means of the
temperature, humidity and CO, concentration distribution changes in cars caused by passenger
density changes, which avoids the problems of crowd flow and obscuration faced by passenger
distribution detection method conducted with images, and avoids the shortcoming in floor intrusive
reconstruction faced by passenger distribution detection method conducted with pressure sensors;
the passenger distribution data in each car is mapped to the spatial coordinate system, and the
passenger distribution is described in pixels,which realizes intelligent classification of passenger
distribution modes by image clustering, and solves the problems of inaccurate description
ofpassenger distribution modes in cars and inaccurate description of typical distribution modesin
cars.

Further, the spatial coordinate system is a two-dimensional rectangular coordinate system with the
horizontal centerline of the roof as the x-axis and the longitudinal centerline of the roof as the y-axis,
or the spatial coordinate system is a two-dimensional rectangular coordinate system with the
horizontal centerline of the ground as the x-axis and the longitudinal centerline of the ground as the
y-axis.

Further, 15 collection devices are installed on the roof of each car, and the 15 collection devices are
arranged in an array.

Further, the specific process of converting the passenger distribution for each carduring the
sampling period into a binary image is as follows:

dividing the car into W equal parts along the x-axis of the spatial coordinate system of each car, and
dividing the car into L equal parts along the y-axis of the spatial coordinate system of each car, to
convert the space of each car into WxL independent units;

settingeach independent unit as a pixel, the number of passengers in each independent unit being a
pixel value of the pixel; and

obtaining pixel values of all pixels, and converting the passenger distribution into the binary image
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composed of WXL pixels.
Preferably, L is 3 and W'is 10.
Further, formulas for calculating the amplitude and the gradient direction of the pixel are

respectively:

G (!
G(l,w):\/Gx(l,w)2+Gy(l,w)2 . 6(1,w)=arctan (W)

GX(Z,w)
Gx(l,w)=I(l+1,w)—1(l—1,w), G,(Lw)=1(l,w+1)-I(l,w-1)

Where, G(I, w) is the amplitude of the pixel, 6(/, w) is the gradient direction of the pixel, G.(/, w) is
the gradient amplitude of the pixel along the x-axis of the spatial coordinate system, G,(/, w) is the
gradient amplitude of the pixel along the y-axis of the spatial coordinate system, /(/+1, w) is the
pixel value of the pixel in row/+1 and column w,/(l-1, w) is the pixel value of the pixel in row /-1
and columnw, /=1, 2, 3... L, w=1, 2, 3..W,andW is a number of equal parts divided from the car
along the x-axis of the spatial coordinate system of each car, and L is a number of equal parts
divided from the car along the y-axis of the spatial coordinate system of each car.

Further, the clustering algorithm is an OPTICS algorithm, the initial neighborhood distance
parameter ¢ of the OPTICS algorithm is 0.2, and the initial neighborhood sample parameter MinPts
is 3.

The OPTICS algorithm is not sensitive to input parameters, which improves the accuracy of
clustering results.

Preferably, the distribution prediction model is any one of a support vector machine model, a
relevance vector machine model or a neural network model.

Further, the temperature time series, the humidity time series, and the CO, concentration time series
in the training samples are replaced with a temperature time series feature vector, a humidity time
series feature vector, and a CO, concentration time series feature vector, respectively, wherein the
temperature time series feature vector, the humidity time series feature vector, and the CO,
concentration time series feature vector are obtained as follows:

establishing a temperature time series LSTM (Long Short-Term Memory) neural network model,
and randomly dividing the temperature time series in the training samples into two temperature
training sets,wherein one of the temperature training sets and the passenger distribution code
corresponding to the temperature training set constitute a first training set, and the other temperature
training set is a second training set; training the temperature time series LSTM neural network
model with the first training set to obtain a trained temperature time series LSTM neural network
model; removing a classification layer of the trained temperature time series LSTM neural network

model, and obtaining the temperature time series feature vector with the second training set as input
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and a vector outputted by a fully connected layer as output;

establishing a humidity time series LSTM neural network model, and randomly dividing the
humidity time series in the training sample into two humidity training sets, wherein one humidity
training set and the passenger distribution code corresponding to the humidity training set constitute
a third training set, and the other humidity training set is a fourth training set; training the humidity
time series LSTM neural network model with the third training set to obtain a trained humidity time
series LSTM neural network model; removing a classification layer of the trained humidity time
series LSTM neural network model, and obtaining the humidity time series feature vector with the
fourth training set as input and a vector outputted by a fully connected layer as output; and
establishing a CO, concentration time series LSTM neural network model, and randomly dividing
the CO; concentration time series in the training sample into two CO, concentration training sets,
wherein one CO; concentration training set and the passenger distribution code corresponding to the
CO; concentration training set constitute a fifth training set, and the other CO, concentration
training set is a sixth training set; training the CO, concentration time series LSTM neural network
model with the fifth training set to obtain a trained CO, concentration time series LSTM neural
network model; removing a classification layer of the trained CO, concentration time series LSTM
neural network model, and obtaining the CO, concentration time series feature vector with the sixth
training set as input and a vector outputted by a fully connected layer as output.

The original temperature time series, humidity time series, and CO, concentration time series have
high dimensionality. The corresponding feature vectors are extracted through the LSTM neural
network models, which reduces the dimensionality of the feature vectors and reduces the
complexity of training and testing.

In a second aspect, the present invention further provides a training system for a distribution
prediction model of passengers in a subway car, including a plurality of training subsystems, each
car corresponding to a training subsystem, wherein each training subsystem includes a plurality of
collection devices arranged on the roof of the car and a control device; the collection device
includes temperature and humidity sensors and a CO, concentration sensor;

the control device includes:

a coordinate system establishment unit, configured to establish a spatial coordinate system of each
car, and obtain installation coordinates of each sample collection point in the corresponding spatial
coordinate system, each collection device serving as a sample collection point;

an environmental data obtaining unit, configured to obtain a temperature time series, a humidity
time series, and a CO; concentration time series at each sample collection point of each carduringa
sampling period, and obtain an average temperature value and an average humidity value locally of

the day, wherein the installation coordinates of each sample collection point, the temperature time
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series, the humidity time series, and the CO, concentration time series corresponding to the sample
collection point, and the average temperature value and the average humidity value constitute an
environmental data sample at each sample collection point of each carduring the sampling period;

a passenger distribution obtaining unit, configured to obtain coordinates of passengers in the
corresponding spatial coordinate system according to the recorded passenger positions in each car at
the end timeof the sampling period, i.e. obtain a passenger distribution for each carduring the
sampling period;

an image conversion and feature extraction unit, configured to convert the passenger distribution for
each carduring the sampling period into a binary image, and calculate a mean value, a variance, a
maximum value and a minimum value of pixels in the binary image; calculate an amplitude and a
gradient direction of each pixel in the binary image, and establish a frequency distribution
histogram with the gradient direction of all pixels as the abscissa axis and the pixel value
corresponding to each pixel as the ordinate axis; and extract a frequency distribution feature of the
frequency distribution histogram, the frequency distribution feature referring to a feature vector
constituted by pixel values corresponding to each interval among R intervals equally divided from
the abscissa axis of the frequency distribution histogram;

a clustering classification unit, configured to combine the mean value, the maximum value, the
minimum value, the variance and the frequency distribution feature of the pixels to form an original
feature vector, and cluster the binary images with the original feature vectoras input of a clustering
algorithm to obtain image clustering results;

a coding unit, configured to code the passenger distribution mode according to the image clustering
results to obtain a passenger distribution code, each category of image clustering result
corresponding to a passenger distribution mode, and each passenger distribution mode
corresponding to a passenger distribution code; and

a model training unit, configured to establish a distribution prediction model for each car, and train
the distribution prediction model with a training sample to obtain a trained distribution prediction
model, the training sample taking the environmental data sampleof each sample collection point of
each carduring the sampling period as input and the corresponding passenger distribution code as
output.

In the third aspect, the present invention further provides a method for guiding passengers in a
subway car based on environmental monitoring and lighting guidance, including:

obtaining an environmental data sample at each sample collection point of each carduringeach
sampling period in real time, the environmental data sample being constituted by installation
coordinates of each sample collection point, a temperature time series, a humidity time series, and a

CO, concentration time series corresponding to the sample collection point, and an average
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temperature value and an average humidity value;

inputting the environmental data sample into the distribution prediction model for the
corresponding car which is trained by the training method in the first aspect, to obtain a predicted
passenger distribution code for each car during the corresponding sampling period; and

adjusting the brightness of lighting tubes in the corresponding car according to the predicted
passenger distribution code forthe car during the corresponding sampling period to guide passenger
flow.

The passenger flow is guided by adjusting the brightness of the lighting tubes in the car.For
example, the lighting tubes in areas with high passenger density are dimmed, and the lighting tubes
in areas with low passenger density are brightened, to guide ordered flow of passengers toward
areas with low passenger density (i.e. empty areas), which avoids the noisy environment of the car,
and the lighting guidance method has the advantages of simplicity, directness and has high level of
public acceptance.

Further, the temperature time series, the humidity time series, and the CO, concentration time series
in the environmental data samples are replaced with a temperature time series feature vector, a
humidity time series feature vector, and a CO, concentration time series feature vector, respectively,
whereinthe temperature time series feature vector, the humidity time series feature vector, and the
CO, concentration time series feature vector are obtained as follows:

inputting the temperature time series into the trained temperature time series LSTM neural network
model with the classification layer removed in the first aspect, the vector outputted by the fully
connected layer being the corresponding temperature time series feature vector;

inputting the humidity time series into the trained humidity time series LSTM neural network
model with the classification layer removed in the first aspect, the vector outputted by the fully
connected layer being the corresponding humidity time series feature vector; and

inputting the CO, concentration time series into the trained CO, concentration time series LSTM
neural network model with the classification layer removed in the first aspect, the vector outputted
by the fully connected layer being the corresponding CO, concentration time series feature vector.
Further, the specific process of controlling the brightness of lighting tubes in the corresponding car
according to the predicted passenger distribution code forthe car during the corresponding sampling
period is as follows:

obtaining a current image clustering result according to the predicted passenger distribution code
forthe car during the corresponding sampling period, and determining a clustering center
corresponding to the current image according to the current image clustering result;

defining S binary images closest to the clustering center as typical clustering images of a

corresponding category, and calculating an average pixel value of each pixel position in the §
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typical clustering images, to obtain an average pixel image under the category;

assigning each lighting tubeto a lighting area according to the layout oflighting tubes in the
corresponding car,and calculating an average value of pixel valuesfor pixels in the lighting area
corresponding to each lighting tube;

if the maximum pixel valuein the average pixel image is greater thana pixel threshold,
startinglighting guidance and performing thenext step, otherwise skippinglighting guidance;
extractingpixels in the average pixel image whose average pixel values are greater than the pixel
threshold, the pixels greater than the pixel threshold constituting a set of pixels to be guided;
calculating a lighting guidance coefficient according to the coordinates of the lighting tubes in the
spatial coordinate system, the coordinates of pixels in the set of pixels to be guided in the spatial
coordinate system, and the average value of pixel values for the pixels in the lighting area, wherein

the specific calculation expression is:

ﬁ =4 \/(xg _xll)2 +(yg _ylw)2 +\/(Xg _Xé)z +(yg _y2w)2 + .
n n - [ 5 : - .
...+\/(x0 —xH) +(y0 _yH)

where, £, is the lighting guidance coefficient, 4, is the average value of pixel valuesfor pixels in the

lighting area corresponding to the n™ lighting tube, (x(')7 Vo ) is the coordinates of the n™ lighting
tube in the spatial coordinate system, (xll ) ) is the coordinates of the first pixel in the set of
pixels to be guided in the spatial coordinate system, (xé, v, ) is the coordinates of the second pixel

in the set of pixels to be guided in the spatial coordinate system,(x;,, y;f,) is the coordinates of the

H™ pixel in the set of pixels to be guided in the spatial coordinate system, and H is the number of
pixels in the set of pixels to be guided;

adjusting the brightness of the lighting tubes in the lighting areas corresponding to the
pnvaluesaccording to the order of the S, values, and guidingpassengers to flow toward the lighting
area with a smallerf, value.

Preferably, the pixel threshold is 15.

In a fourth aspect, the present invention further provides a system for guidingpassengersin a subway
car based on environmental monitoring and lighting guidance, including:

a real-time data obtaining unit, configured to obtain an environmental data sample at each sample
collection point of each carduring each sampling period in real time, the environmental data sample
being constituted by installation coordinates of each sample collection point, a temperature time
series, a humidity time series, and a CO, concentration time series corresponding to the sample

collection point, an average temperature value and an average humidity value;
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a prediction unit, configured to input the environmental data sample into the distribution prediction
model for the corresponding car which is trained by the training method of the first aspect, to obtain
a predicted passenger distribution code for each car during the corresponding sampling period; and
an adjustment and guidance unit, configured to adjust the brightness of lighting tubes in the
corresponding car according to the predicted passenger distribution code forthe car during the
corresponding sampling period to guide passenger flow.

Further, the adjustment and guidance unit is specifically configured to:

Obtaina current image clustering result according to the predicted passenger distribution code forthe
car during the corresponding sampling period, and determine a clustering center corresponding to
the current image according to the current image clustering result;

DefineS binary images closest to the clustering center as typical clustering images of a
corresponding category, and calculate an average pixel value ofeach pixel position in the S typical
clustering images, to obtain an average pixel image under the category;

assign each lighting tube to a lighting area according to the layout of lighting tubes in the
corresponding car, and calculate an average value of pixel valuesfor pixels in the lighting area
corresponding to each lighting tube;

if the maximum pixel value in the average pixel image is greater thana pixel threshold, startlighting
guidance and performnext step, otherwise skiplighting guidance;

extractpixels in the average pixel image whose average pixel values are greater than the pixel
threshold, the pixels greater than the pixel threshold constituting a set of pixels to be guided;
calculatea lighting guidance coefficient according to the coordinates of the lighting tubes in the
spatial coordinate system, the coordinates of pixels in the set of pixels to be guided in the spatial
coordinate system, and the average value of pixel values for the pixels in the lighting area, wherein

the specific calculation expression is:

B =4 \/(xg_xll)er(yg—yfv)z +\/(xg—x§)2+(yg_y;)2 .

-“+\/(XS ) (v -w)

where, £, is the lighting guidance coefficient, 4, is the average value of pixel valuesfor pixels in the

lighting area corresponding to the n™ lighting tube, (x(')7 » Vo ) is the coordinates of the n™ lighting
tube in the spatial coordinate system, (xll ) ) is the coordinates of the first pixel in the set of
pixels to be guided in the spatial coordinate system, (xé, v, ) is the coordinates of the second pixel

in the set of pixels to be guided in the spatial coordinate system, (x;l, y;vl) is the coordinates of the

H™ pixel in the set of pixels to be guided in the spatial coordinate system, and H is the number of
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pixels in the set of pixels to be guided;

adjustthe brightness of the lighting tubes in the lighting areas corresponding to the f,values
according to the order of the f, values, and guidepassengers to flow toward the lighting area with a
smallerf, value.

Beneficial effects

Compared with the prior art, the present invention provides training method and system for a
passenger distribution prediction model, and the passenger guiding method and system. In the
present invention, the passenger distribution is intelligently sensed by means of the characteristics
that passenger density changes causes temperature, humidity and CO, concentration distribution to
change in cars, which avoids the problems of crowd flow and obscuration faced by passenger
distribution detection method conducted with images, and avoids the shortcoming in invasive
reconstruction of floor faced by passenger distribution detection method conducted with pressure
sensors; the passenger distribution data in each car is mapped to the spatial coordinate system, and
the passenger distribution is described in pixels, which realizes intelligent classification of
passenger distribution modes by image clustering, and solves the problems of inaccurate description
ofpassenger distribution modes in cars and inaccurate description of typical distribution modesin
cars; the passenger flow is guided by adjusting the brightness of the lighting tubes in the car, for
example, the lighting tubes in areas with high passenger density are dimmed, and the lighting tubes
in areas with low passenger density are brightened, to guide ordered flow of passengers toward
areas with low passenger density (i.e. empty areas), which avoids the noisy environment of the car,
and the lighting guidance method has the advantages of simplicity, directness and has high level of

public acceptance.

Brief Description of the Drawings

In order to more clearly illustrate the technical solutions of the present invention, the drawings used
in the description of the embodiments will be briefly described below. Obviously, the drawings in
the following description are only some embodiments of the present invention, and those of
ordinary skill in the art can also obtain other drawings according to the drawings without any
creative effort.

FIG. 1 is a flowchart of a training method for a distribution prediction model of passengers in a
subway car in an embodiment of the present invention;

FIG. 2 is a flowchart of a passengerguidingmethod for a subway car based on environmental
monitoring and lighting guidance in an embodiment of the present invention;

FIG. 3 is a schematic diagram of the layout oflighting tubes andlighting areas in an embodiment of

the present invention.

10
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DETAILED DESCRIPTION OF THE EMBODIMENTS

A clear and complete description will be made to the technical solutions in the present invention
below with reference to the accompanying drawings in the embodiments of the present invention.
Apparently, the embodiments described are only part of the embodiments of the present invention,
not all of them. All other embodiments obtained by those of ordinary skill in the art based on the
embodiments of the present invention without any creative effort shall fall within the protection
scope of the present invention.

As shown in FIG. 1, a training method for a distribution prediction model of passengers ina subway
car provided by this embodiment includes:

1. Obtaining of training samples

1.1 Establishment of a coordinate system and setting of collection devices

A spatial coordinate system of each car is established, a collection device constituted by
temperature and humidity sensors and a CO, concentration sensor is installed in each car, each
collection device serves as a sample collection point, and installation coordinates of each sample
collection point in the corresponding spatial coordinate system are obtained. The spatial coordinate
system is a two-dimensional rectangular coordinate system parallel to the roof or the ground, or the
spatial coordinate system is a two-dimensional rectangular coordinate system coincident with the
roof or the ground. The spatial coordinate system facilitates the mapping of sample collection points
and passengers (or independent units constituted by passengers) into the spatial coordinate system.
In this embodiment, the spatial coordinate system is a two-dimensional rectangular coordinate
system with the horizontal centerline of the roof as the x-axis and the longitudinal centerline of the
roof as the y-axis, or the spatial coordinate system is a two-dimensional rectangular coordinate
system with the horizontal centerline of the ground as the x-axis and the longitudinal centerline of
the ground as the y-axis.

In order to obtain the mapping relationship between the distribution of passengers in the subway car
and environmental parameters, original environmental data is collected first by the collection device.
15 collection devices are installed on the roof of each car, and the 15 collection devices are
arranged in a 3x5 array. It is assumed that the installation coordinates of the i sample collection
point in the corresponding spatial coordinate system are P;= (x;, y;), i = 1, 2,...0, and o is 15 in this
embodiment.

1.2 Obtaining of training input samples (i.e. original environmental data samples)

A temperature time series, a humidity time series, and a CO,concentration time series at each
sample collection point of each carduring a sampling period are obtained, an average temperature

value and an average humidity value locally of the day are obtained; and the installation coordinates
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of each sample collection point, the temperature time series, the humidity time series, and the
COsconcentration time series corresponding to the sample collection point, and the average
temperature value and the average humidity value constitute an environmental data sample at each
sample collection point of each carduring the sampling period.

The time when screen doors of the subway is opened after the arrival of the subway is defined as a
time start 0 of the sampling period, the time when positions of passengers are basically stable after

completion of passengerboarding (i.e. no crowd flow) is defined as an end 7 of the sampling period,

and the collection device obtains a temperature time series T €I7’lpl :{tempt’,t =1,2,“‘,%} , a

humidity time series RH' ={Rh;,l‘ =1,2," T} and a COsconcentration time series

1y

Czoz = {C;,l‘ =12, ,%} of the /™ sample collection point duringa sampling period, where 7 is a

sampling interval, T is a duration of the sampling period, tempf is a temperature value of the i
sample collection point at time ¢, Rhtl is a humidity value of the i sample collection point at time ¢,

and C; is a CO, concentration value of the i™ sample collection point at time 7. An average

temperature value femp, and an average humidity value R/, locally of the day are obtained, then

the environmental data sample obtained during a sampling period (time 0 to time 7) is
E =[x, y,.temp],Rh,c] temp,, Rh, .

1.3 Obtaining of training output samples (i.e. coding of passenger distribution)

1.31 Obtaining of passenger distribution

In order to avoid the problem of low accuracy of passenger distribution detection due to obscuration
and the like in other existing passenger distribution collection modes, passenger positions in each
car at an end time7 of the sampling period are recorded by artificial statistics, and coordinates of
passengers in the corresponding spatial coordinate system are obtained, i.e. a passenger distribution

for each carduring the sampling period 1is obtained, specifically denoted as

D= {xj, Vi j=12,---,N } , where ; is the /™ passenger, N is thenumber of passengers in the car,

and (X;, ;) is the coordinates of the /™ passenger in the corresponding spatial coordinate system.

1.32 Coding of a passenger distribution mode of each car

In order to quantitatively describe the passenger distribution, the passenger distribution mode is
coded.The specific coding steps are as follows:

a. The passenger distribution for each carduring the sampling period (time 0 to time7) is converted

into a binary image, specifically:

12
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al.Each car is divided into W equal parts along the x-axisof the spatial coordinate system of the car,
and each car is divided into L equal parts along the y-axisof the spatial coordinate system of the car,
to convert the space of each car into WxLindependent units. In this embodiment, L=3 and W=10.
a2.Each independent unit is set as a pixel, and the number of passengers in each independent unit is
a pixel value of the pixel, that is, the number of passengers/ (/, w) in the independent unit of row /
and columnw is thepixel value of thepixel in row/ and columnw, [=1,2,3,---, L ,
w=1,2,3,---, W.

a3.The pixel values of all pixels are obtained, andthe passenger distribution is converted into a
binary image constituted by WxL pixels.

b. A mean value, a variance, a maximum value /,,x and a minimum value /,,i,of pixels in the binary

image are calculated.

I=L,w=W

1
I1(/ (D
LXWIZ (’W)

=1,w=1

The mean value ] of pixels in the binary image is ] =

I=L,w=W _
The variance I, ofpixels in the binary image is I, = \/ > (I(l, w) —])2/(L xW) (2)

[=1,w=1

c. In order to obtain a feature of changein the pixel values of the binary imagein different directions,
an amplitude and a gradient direction of each pixelin the binary image are calculated, and a
frequency distribution histogram is established with the gradient direction of all pixels as the
abscissa axis and the pixel value corresponding to each pixel as the ordinate axis; and a frequency
distribution featureof the frequency distribution histogram is extracted, the frequency distribution
feature referring to a feature vector constituted by pixel values corresponding to each interval
among R intervals equally divided from the abscissa axis of the frequency distribution histogram.

Formulas for calculating the amplitude and the gradient direction ofeach pixelin the binary image

are respectively:

G(1,w) =G, (Lw) +G,(Lw)
Gy (l,W)

G, (l,w)

Gx(l,w)zl(lJrl,w)—](l—l,w) (5)

6(I,w)=arctan (4

Gy(l,w):I(l,w+1)—l(l,w—1) (6)

Where, G(I, w) is the amplitude of the pixel, 6(/, w) is the gradient direction of the pixel, G.(/, w) is
the gradient amplitude of the pixel along the x-axis of the spatial coordinate system, G,(/, w) is the

gradient amplitude of the pixel along the y-axis of the spatial coordinate system, /(/+1, w) is the
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pixel value of the pixel in row /+1 and columnw, and /(/-1, w) is the pixel value of the pixel in row
/-1 and column w.

In this embodiment, R=9, that is, the gradient direction is divided into 9 equal parts within [0,180°],
to construct 9 gradient direction intervals [0, 20°), [20, 40°), [40,60°), [60,80°), [80,100°),
[100,120°), [120,140°), [140,160°), and [160,180°]. At the time start of each sampling period, the
initial frequency value of each interval is 0, that is, the cumulative pixel value of the gradient

direction in this interval is 0, then the initial gradient directionfrequency vector is

k= {O, 0,0,0,0,0, 0,0,0} , where F indicates that the initial frequency values of the 9 intervals

are all 0. The gradient direction frequency vector is set to be f, = { i oy f9}, and if the

gradient direction of the (/xw)™ pixel falls within the " interval, the updated gradient direction

={f1,-°°fr+G(l,W),--°f9} , where [xw=12,---LxW

frequency vector is F,

Ixw
r=1,2,---9. The final gradient direction frequency vector F} , obtained afterall pixels are

traversed is the frequency distribution feature of the binary image.
d. The mean value, the maximum value, the minimum value, the variance and the frequency

distribution featureof the pixels are combined to form an original feature vector

P= |:7 A L F ] , and the binary imagesare clustered with the original feature vector

max > © min »

Pas input of a clustering algorithm to obtainimage clustering results.

The clustering algorithmfor classification is the prior art. In this embodiment, the clustering
algorithm is an OPTICS algorithm for clustering the binary imagesto obtainimage clustering results.
The initial neighborhood distance parameter ¢ of the OPTICS algorithm is set to 0.2, and the initial
neighborhood sample parameter MinPtsis set to 3. The OPTICS algorithm is the prior art, and the
OPTICS algorithm is not sensitive to input parameters, which improves the accuracy of clustering
results.

e.The passenger distribution modeis coded according to the image clustering results to obtain a
passenger distribution code. Each category of image clustering result corresponds to a passenger
distribution mode, and each passenger distribution mode corresponds to a passenger distribution
code.

Theclustering results showthat the same category of imagesare the same category of image samples,
the passenger distribution mode corresponding to the same category of image samples is the same
type of distribution mode, and each type of passenger distribution mode corresponds to a passenger
distribution code. For example, theimage clustering results showthat the images are divided into 5
categories, then 5 passenger distribution codes[1, 0, 0, O,O]T, [0,1, O, O,O]T, [0, O,I,O,O]T, [0, O,

0,1,0]%and [0, 0, 0, 0,1]" can be obtained according tobinary codes.The passenger distribution codes
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are sorted in descending order according to the number of image samples in the category it belongs
to, the first passenger distribution code is [1, 0, 0, 0, 0]”, the second passenger distribution code is
[0, 1, 0, O, O]T, the third passenger distribution code is [0, 0, 1, O, O]T, the fourth passenger
distribution code is [0, 0, 0, 1, 0]”, and the fifth type of passenger distribution code is [0, 0, 0, 0, 1]".
1.4 Processing ofthe original environmental data samples

The temperature time series, the humidity time series, and the CO, concentration time series in the
original environmental data samples have high dimensionality. In order to reduce the
dimensionality of input training samples and reduce the complexity of subsequent model training
and testing, a LSTM neural network model is established to extract feature vectors. The specific
process is:

A temperature time series LSTM neural network model is established, and the temperature time
series LSTM neural network model is trained with a first training set to obtain a trained temperature
time series LSTM neural network model; a classification layer of the trained temperature time
series LSTM neural network model is removed, and a temperature time series feature vector is
obtained with a second training set as input and a vector outputted by a fully connected layer as
output;the temperature time series during a sampling period in step 1.21 is randomly divided into
two temperature training sets, one of the temperature training sets and the passenger distribution
code corresponding to the temperature training set (step e) constitute the first training set, and the

other temperature training set is the second training set. For example, the temperature time series
T emp’ = {tempt’ Jg=1,2,-- ,%} during a sampling period is divided into two temperature training

sets according to a proportion of 5:3,the time series has a length of--, and the feature dimension is

T
o
the number oof the sample collection points. The humidity time series and the CO, concentration
time series are processed in similar ways as that of the temperature time series.

A humidity time series LSTM neural network model is established, and the humidity time series
LSTM neural network model is trained with a third training set to obtain a trained humidity time
series LSTM neural network model; a classification layer of the trained humidity time series LSTM
neural network model is removed, and a humidity time series feature vector is obtained with a
fourth training set as input and a vector outputted by a fully connected layer as output; the humidity
time series during a sampling period in step 1.21 is randomly divided into two humidity training
sets, one of the humidity training sets and the passenger distribution code corresponding to the
humidity training setconstitute the third training set, and the other humidity training set is the fourth
training set.

A CO;, concentration time series LSTM neural network model is established, and the

CO,concentration time series LSTM neural network model is trained with a fifth training set to
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obtain a trained CO, concentration time series LSTM neural network model; a classification layer
of the trained CO; concentration time series LSTM neural network model is removed, and a CO,
concentration time series feature vector is obtained with a sixth training set as input and a vector
outputted by a fully connected layer as output; the CO, concentration time series during a sampling
period in step 1.21 is randomly divided into two CO, concentration training sets, one of the
COsconcentration training sets and the passenger distribution code corresponding to the CO;
concentration training setconstitute the fifth training set, and the other CO, concentration training
set is the sixth training set.

The temperature time series, the humidity time series, and the CO, concentration time series in the
training input samples are replaced with the temperature time series feature vector, the humidity
time series feature vector, and the CO, concentration time series feature vectorrespectively, to
obtain new environmental data samples £ ' in the training input samples.

The establishment of the LSTM neural network model is the prior art. In this embodiment, the
number of neurons in a hidden layer of the LSTM neural network model is 100, and the number of
training iterations is 2000.

2. Establishment of a distribution prediction model for each car, and training ofthe distribution
prediction model(i.e. obtaining ofa mapping relationship between environmental data and passenger
distribution)

A distribution prediction model for each car is established, and the distribution prediction model is
trained with training samples to obtain a trained distribution prediction model, the training
sampletaking the new environmental data sampleE ' at each sample collection point ofthe car during
a sampling period in step 1 as input and the corresponding passenger distribution code as output.
The distribution prediction model may be any of a support vector machine model, a relevance
vector machine modelor a neural network model, and the establishment of the distribution
prediction model is the prior art.

A training system for a distribution prediction model of passengers in a subway car provided by this
embodiment includesa plurality of training subsystems, each car corresponds to a training
subsystem, and each training subsystem includes a plurality of collection devices arranged on the
roof of the car and a control device; and the collection device includes temperature and humidity
sensors and a CO; concentration sensor. The setting of the collection device is recorded in step 1.1.
The control device may be shared by the entire train, or each car corresponds to a control
device.Corresponding to the training method for a distribution prediction model of passengers in a
subway car, the control device includes:

a coordinate system establishment unit,configured to establish a spatial coordinate system of each

car, and obtaininstallation coordinates of each sample collection point in the corresponding spatial
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coordinate system, each collection device serving as a sample collection point;

anenvironmental data obtaining unit, configured to obtaina temperature time series, a humidity time
series, and a CO,concentration time series of each sample collection point of each carduring a
sampling period, and obtain an average temperature value and an average humidity value locally of
the day, wherein the installation coordinates of each sample collection point, the temperature time
series, the humidity time series, and the CO, concentration time series corresponding to the sample
collection point, and the average temperature value and average humidity value constitute an
environmental data sample of each sample collection point of each carduring the sampling period;

a passenger distribution obtaining unit, configured toobtaincoordinates of passengers in the
corresponding spatial coordinate system according to the recorded passenger positions in each car at
an end timeof the sampling period, i.e. obtain a passenger distribution for each carduring the
sampling period;

an image conversion and feature extraction unit, configured to convert the passenger distribution for
each carduring the sampling period into a binary image, and calculatea mean value, a variance, a
maximum value and a minimum value of pixels in the binary image according to formulas (1) and
(2); calculate an amplitude and a gradient direction of each pixel in the binary image according to
formulas (3) to (6), and establish a frequency distribution histogram with the gradient direction of
all pixels as the abscissa axis and the pixel value corresponding to each pixel as the ordinate axis;
and extract a frequency distribution feature of the frequency distribution histogram, the frequency
distribution feature referring to a feature vector constituted by pixel values corresponding to each
interval among R intervals equally divided from the abscissa axis of the frequency distribution
histogram,;

aclustering classificationunit, configured to combine the mean value, the maximum value, the
minimum value, the variance and the frequency distribution feature of the pixels to form an original
feature vector, and cluster the binary images with the original feature vectoras input of a clustering
algorithm to obtain image clustering results;

a codingunit,configured tocode the passenger distribution mode according to the image clustering
results to obtain a passenger distribution code, each type of image clustering result corresponding to
a passenger distribution mode, and each passenger distribution mode corresponding to a passenger
distribution code; and

a model training unit,configured to establish a distribution prediction model for each car, andtrain
the distribution prediction model with training samples to obtain a trained distribution prediction
model, the training sample taking the environmental data sampleat each sample collection point of
each carduring the sampling period as input and the corresponding passenger distribution code as

output.
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As shown in FIG. 2, a method for guiding passengers in a subway car based on environmental
monitoring and lighting guidance provided by this embodiment includes:

3.1 obtaining of prediction samples

3.11 During the prediction, the collection devicesetin step 1.1obtainan environmental data sample
of each sample collection point of each carduring each sampling period in real time. The
environmental data sample is constituted by installation coordinates of each sample collection point,
a temperature time series, a humidity time series, and a CO, concentration time series
corresponding to the sample collection point, and an average temperature value and an average
humidity value.

3.12 The temperature time series in the environmental data samples of step 3.11 is inputted into the
trained temperature time series LSTM neural network model with the classification layer removed
in step 1.4, the vector outputted by the fully connected layer being a corresponding temperature
time series feature vector;

The humidity time series in the environmental data samples of step 3.11 is inputted into the trained
humidity time series LSTM neural network model with the classification layer removed in step 1.4,
the vector outputted by the fully connected layer being a corresponding humidity time series feature
vector;

The CO, concentration time series in the environmental data samples of step 3.11 is inputted into
the trained CO, concentration time series LSTM neural network model with the classification layer
removed in step 1.4, the vector outputted by the fully connected layer beinga corresponding CO;
concentration time series feature vector.

3.13 The temperature time series, the humidity time series, and the CO; concentration time series in
the environmental data samples obtained in real time are replaced with the temperature time series
feature vector, the humidity time series feature vector, and the CO, concentration time series feature
vector respectively, to obtain new environmental data samples obtained in real time.

3.2 Obtaining of prediction results

The new environmental data samples obtained in real time are inputted into the distribution
prediction model for the corresponding car which is trained by thetraining method for the
distribution prediction model of passengers in the subway car, to obtaina predicted passenger
distribution code for each car during the corresponding sampling period.

3.3 Lighting guidance

Taking the end time of the sampling period as a time start, the brightness of lighting tubes in the
corresponding car is adjusted according to the predicted passenger distribution code forthe car
during the corresponding sampling period to guide passenger flow. The specific process is:

3.31 A current image clustering result (i.e. a category of current passenger distribution) is obtained
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according to the predicted passenger distribution code forthe car during the corresponding sampling
period, and a clustering center corresponding to the current image is determined according to the
current image clustering result. The image clustering result includes the clustering center and
samples around the clustering center.

3.32 Sbinary images closest to the clustering center are definedas typical clustering images of a
corresponding category, and an average pixel value ofeachpixel position in the S typical clustering
images is calculated, to obtain an average pixel image under the category.

In this embodiment, S=10, and anaverage pixel value of the pixel position (/, w) inthe 10 typical

_ 1 10
clustering images is / (l, w) = —Zl(l, W)k , where I(l, W)k is the pixel value of the ™ typical
k=1

clustering image at the position (/, w).An average pixel value ofeach pixel position in the 10 typical
clustering images is calculated, that is, an average pixel value of the pixels at the same position (or
corresponding position) in the 10 typical clustering images is solved, and the number of average
pixel values corresponds to the number of pixels on the typical clustering image.

3.33 According to the layout of lighting tubes of each car, each lighting tube is assigned to a
lighting areain accordance with the principle of proximity. As shown in FIG. 3,dual-line parallel
layout and lighting with 8strip LED lamp panels are the typical lighting mode of the subway train.
The brightness of 8 strip LED tubes is controlled to change the brightness distribution of the
passenger compartment, so as to guide passenger flow.

An average value of pixel valuesfor pixels in the lighting area corresponding to each lighting tube is
calculated. The line connecting the points,located about the same distance from the centers of the
lighting tubes respectively in two adjacent lighting areas, constitutes a dividing line of the two

adjacent lighting areas.
3.34 If the maximum pixel value I max 1D the average pixel image is greater than a pixel threshold o,

lighting guidance is started andnext step 3.35 is performed (i.e. as long as the average value for a
pixel position is greater than the pixel threshold 9, the lighting guidance is started), otherwise, no
lighting guidance is required.In this embodiment, 6=15, and the average value for the pixel position
which is greater than ¢ indicates a crowded state.

3.35 Pixels in the average pixel image whose average pixel values are greater than the pixel

threshold J are extracted, and the pixels whose average pixel values are greater than the pixel

threshold constitute a set of pixels to be guided TA :{T(ll,wl),f(lz,wz),---,T(ZH,WH )} ,
where (11, Wl) is an average pixel value of the first pixel in the pixels to be guided, / (lz,wz) is

an average pixel value of the second pixel in the pixels to be guided, I (Z H,WH) is an average
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pixel value of the H™ pixel in the pixels to be guided, H is the number of pixels in the set of pixels
to be guided, (ll, Wl) indicates that the first pixel in the pixels to be guided is a pixel corresponding

to the independent unit with the row of /; and the column of wy, i.e. pixel coordinates of the pixel,
and other pixels can be analogized using the above method.

3.36 A lighting guidance coefficient is calculated according to the coordinates of the lighting tubes
in the spatial coordinate system, the coordinates ofpixels in the set of pixels to be guided in the
spatial coordinate system, and the average value of pixel values for the pixels in the lighting area.

The specific calculation expression is:

B,=A, \/(xg_xll)2+(y3—yfv)2+\/(xg—x§)2+(yg_y;)2+... -

°-°+\/(XS ) ()

Where, S, is the lighting guidance coefficient,4, is the average value of pixel valuesfor pixels in the

lighting area corresponding to the n™ lighting tube, (xg Vo ) is the coordinates of the n™ lighting
tube in the spatial coordinate system,(xll 0 ) is the coordinates of the first pixel in the set of pixels
to be guided in the spatial coordinate system, (xé, V, ) is the coordinates of the second pixel in the

set of pixels to be guided in the spatial coordinate system, and (x;,, y;f,) is the coordinates of the

H™ pixel in the set of pixels to be guided in the spatial coordinate system.

3.37 The brightness of the lighting tubes in the lighting areas corresponding to thef,valuesare
adjusted according to the order of thef, values, and the passengers are guided to flow toward the
lighting area with a smaller f,value.

For example, thep, valuesare sorted from large to small, the lighting tubes in the lighting area
corresponding to the maximumy, value are adjusted to the darkest,the lighting tubes in the lighting
area corresponding to the minimump, value are adjusted to the brightest, and the lighting tubes in
the lighting area with smaller S, value are adjusted to be brighter than the lighting tubes in the
lighting area with larger £, value. The passenger flow is guided by changing the brightness
distribution in the car.This guidance method has the advantages of simplicity, directness, and has
high level of public acceptance.

This embodiment further provides a system for guiding passengers in a subway car based on
environmental monitoring and lighting guidance, including:

a real-time data obtaining unit, configured to obtain an environmental data sample at each sample
collection point of each carduring each sampling period in real time; the environmental data sample

being constituted by installation coordinates of each sample collection point, a temperature time
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series, a humidity time series, and a CO, concentration time series corresponding to the sample
collection point, and an average temperature value and an average humidity value;

a prediction unit,configured to input the environmental data samples into the distribution prediction
model for the corresponding car which is trained by the training method for the distribution
prediction model of passengers in the subway car, to obtain a predicted passenger distribution code
for each car during the corresponding sampling period; and

an adjustment and guidance unit, configured to adjust the brightness of lighting tubes in the
corresponding caraccording to the predicted passenger distribution code forthe car during the
corresponding sampling period to guide passenger flow.

Disclosed above are only the specific embodiments of the present invention, but the protection
scope of the present invention is not limited thereto. Any person skilled in the art can easily
conceive of changes or modifications within the technical scope disclosed in the present invention,

and these changes and modifications shall fall within the protection scope of the present invention.
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Claims

1. A training method for a distribution prediction model of passengers in a subway car, comprising:
establishing a spatial coordinate system of each car, installing a collection device constituted by
temperature and humidity sensors and a CO, concentration sensor in each car, each collection
device serving as a sample collection point, and obtaining installation coordinates of each sample
collection point in the corresponding spatial coordinate system;

obtaining a temperature time series, a humidity time series, and a CO, concentration time series at
each sample collection point of each carduring a sampling period, and obtaining an average
temperature value and an average humidity value locally of the day, wherein the installation
coordinates of each sample collection point, the temperature time series, the humidity time series,
and the CO, concentration time series corresponding to the sample collection point, and the average
temperature value and the average humidity value constitute an environmental data sample at each
sample collection point of each carduring the sampling period;

recording passenger positions in each car at an end timeof the sampling period, and obtaining
coordinates of passengers in the corresponding spatial coordinate system, i.e. obtaining a passenger
distribution for each carduring the sampling period;

converting the passenger distribution for each carduring the sampling period into a binary image,
and calculating a mean value, a variance, a maximum value and a minimum value of pixels in the
binary image;

calculating an amplitude and a gradient direction of each pixel in the binary image, and establishing
a frequency distribution histogram with the gradient direction of all pixels as the abscissa axis and
the pixel value corresponding to each pixel as the ordinate axis; extracting a frequency distribution
feature of the frequency distribution histogram, the frequency distribution feature referring to a
feature vector constituted by pixel values corresponding to each interval among R intervals equally
divided from the abscissa axis of the frequency distribution histogram;

combining the mean value, the maximum value, the minimum value, the variance and the frequency
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distribution feature of the pixels to form an original feature vector, and clustering the binary images
with the original feature vectoras input of a clustering algorithm to obtain image clustering results;
coding the passenger distribution mode according to the image clustering results to obtain a
passenger distribution code, each category of image clustering result corresponding to a passenger
distribution mode, and each passenger distribution mode corresponding to a passenger distribution
code; and

establishing a distribution prediction model for each car, and training the distribution prediction
model with training samples to obtain a trained distribution prediction model, the training sample
taking the environmental data sampleat each sample collection point of each carduring the sampling
period as input and the corresponding passenger distribution code as output.

2. The training method for the distribution prediction model of passengers in the subway car
according to claim 1, wherein the spatial coordinate system is a two-dimensional rectangular
coordinate system with a horizontal centerline of the roof of the car as the x-axis and a longitudinal
centerline of the roof as the y-axis, or the spatial coordinate system is a two-dimensional rectangular
coordinate system with a horizontal centerline of the ground of the car as the x-axis and a
longitudinal centerline of the ground as the y-axis.

3. The training method for the distribution prediction model of passengers in the subway car
according to claim 1, wherein 15 collection devices are installed on the roof of each car, and the 15
collection devices are arranged in a array.

4. The training method for the distribution prediction model of passengers in the subway car
according to claim 1, wherein the specific process of converting the passenger distribution for each
carduring the sampling period into a binary image is as follows:

dividing each car into W equal parts along the x-axis of the spatial coordinate system of the car, and
dividing each car into L equal parts along the y-axis of the spatial coordinate system of the car, to
convert the space of each car into WL independent units;

setting each independent unit as a pixel, the number of passengers in each independent unit being a
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pixel value of the pixel; and

obtaining pixel values of all pixels, and converting the passenger distribution into the binary image
composed of WXL pixels.

5. The training method for the distribution prediction model of passengers in the subway car
according to claim 1, wherein formulas for calculating the amplitude and the gradient direction of

the pixel are respectively:

G(1,w)= \/GX(I,W)Z +G, (l,w)2 ’ Q(I,W) = arctan%

G (Lw)=1(I+Lw)-1(I-1w), G (L,w)=I(l,w+1)-I(l,w-1)

where, G(/, w) is the amplitude of the pixel, O(/, w) is the gradient direction of the pixel, G,(/, w) is
the gradient amplitude of the pixel along the x-axis of the spatial coordinate system, G,(/, w) is the
gradient amplitude of the pixel along the y-axis of the spatial coordinate system, /(/+1, w) is the
pixel value of the pixel in row /+1 and columnw, I(l-1, w) is the pixel value of the pixel in row /-1
and columnw, /=1, 2, 3... L, w=1, 2, 3...W, W is a number of equal parts divided from the car along
the x-axis of the spatial coordinate system of each car, and L is a number of equal parts divided
from the car along the y-axis of the spatial coordinate system of each car.

6. The training method for the distribution prediction model of passengers in the subway car
according to claim 1, wherein the clustering algorithm is an OPTICS algorithm, the initial
neighborhood distance parameter ¢ of the OPTICS algorithm is 0.2, and the initial neighborhood
sample parameter MinPts is 3.

7. The training method for the distribution prediction model of passengers in the subway car
according to any one of claims 1-6, wherein the temperature time series, the humidity time series,
and the CO, concentration time series in the training samples are replaced with a temperature time
series feature vector, a humidity time series feature vector, and a CO, concentration time series
feature vector, respectively, wherein the temperature time series feature vector, the humidity time

series feature vector, and the CO, concentration time series feature vector are obtained as follows:
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establishing a temperature time series LSTM neural network model, and randomly dividing the
temperature time series in the training samples into two temperature training sets, wherein one of
the temperature training sets and the passenger distribution code corresponding to the temperature
training set constitute a first training set, and the other temperature training set is a second training
set; training the temperature time series LSTM neural network model with the first training set to
obtain a trained temperature time series LSTM neural network model; removing a classification
layer of the trained temperature time series LSTM neural network model, and obtaining the
temperature time series feature vector with the second training set as input and a vector outputted
by a fully connected layer as output;

establishing a humidity time series LSTM neural network model, and randomly dividing the
humidity time series in the training samples into two humidity training sets, wherein one of the
humidity training sets and the passenger distribution code corresponding to the humidity training set
constitute a third training set, and the other humidity training set is a fourth training set; training the
humidity time series LSTM neural network model with the third training set to obtain a trained
humidity time series LSTM neural network model; removing a classification layer of the trained
humidity time series LSTM neural network model, and obtaining the humidity time series feature
vector with the fourth training set as input and a vector outputted by a fully connected layer as
output; and

establishing a CO, concentration time series LSTM neural network model, and randomly dividing
the CO, concentration time series in the training samples into two CO, concentration training sets,
wherein one of the CO, concentration training sets and the passenger distribution code
corresponding to the CO, concentration training set constitute a fifth training set, and the other CO,
concentration training set is a sixth training set; training the CO, concentration time series LSTM
neural network model with the fifth training set to obtain a trained CO, concentration time series
LSTM neural network model; removing a classification layer of the trained CO, concentration time

series LSTM neural network model, and obtaining the CO, concentration time series feature vector
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with the sixth training set as input and a vector outputted by a fully connected layer as output.

8. A training system for a distribution prediction model of passengers in a subway car, comprising a
plurality of training subsystems, each car corresponding to a training subsystem, wherein each
training subsystem comprises a plurality of collection devices arranged on the roof of the car and a
control device; the collection device comprises temperature and humidity sensors and a CO;
concentration sensor;

the control device comprises:

a coordinate system establishment unit, configured to establish a spatial coordinate system of each
car, and obtain installation coordinates of each sample collection point in the corresponding spatial
coordinate system, each collection device serving as a sample collection point;

an environmental data obtaining unit, configured to obtain a temperature time series, a humidity
time series, and a CO, concentration time series at each sample collection point of each carduring a
sampling period, and obtain an average temperature value and an average humidity value locally of
the day, wherein the installation coordinates of each sample collection point, the temperature time
series, the humidity time series, and the CO, concentration time series corresponding to the sample
collection point, and the average temperature value and the average humidity value constitute an
environmental data sample at each sample collection point of each carduring the sampling period;

a passenger distribution obtaining unit, configured to obtain coordinates of passengers in the
corresponding spatial coordinate system according to a recorded passenger positions in each car at
the end timeof the sampling period, i.e. obtain a passenger distribution for each carduring the
sampling period;

an image conversion and feature extraction unit, configured to convert the passenger distribution for
each carduring the sampling period into a binary image, and calculate a mean value, a variance, a
maximum value and a minimum value of pixels in the binary image; calculate an amplitude and a
gradient direction of each pixel in the binary image, and establish a frequency distribution

histogram with the gradient direction of all pixels as the abscissa axis and the pixel value
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corresponding to each pixel as the ordinate axis; and extract a frequency distribution feature of the
frequency distribution histogram, the frequency distribution feature referring to a feature vector
constituted by pixel values corresponding to each interval among R intervals equally divided from
the abscissa axis of the frequency distribution histogram,;

a clustering classification unit, configured to combine the mean value, the maximum value,
theminimum value, the variance and the frequency distribution feature of the pixels to form an
original feature vector, and cluster the binary images with the original feature vectoras input of a
clustering algorithm to obtain image clustering results;

a coding unit, configured to code the passenger distribution mode according to the image clustering
results to obtain a passenger distribution code, each category of image clustering result
corresponding to a passenger distribution mode, and each passenger distribution mode
corresponding to a passenger distribution code; and

a model training unit, configured to establish a distribution prediction model for each car, and train
the distribution prediction model with training samples to obtain a trained distribution prediction
model, the training sample taking the environmental data sampleof each sample collection point of
the car during the sampling period as input and the corresponding passenger distribution code as
output.

9. A method for guiding passengers in a subway car based on environmental monitoring and
lighting guidance, comprising:

obtaining an environmental data sample at each sample collection point of each carduring each
sampling period in real time, the environmental data sample being constituted by installation
coordinates of each sample collection point, a temperature time series, a humidity time series, and a
CO, concentration time series corresponding to the sample collection point, and an average
temperature value and an average humidity value;

inputting the environmental data samples into the distribution prediction model for the

corresponding car which is trained by the training method according to any one of claims 1-7, to
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obtain a predicted passenger distribution code for each car during the corresponding sampling
period; and

adjusting the brightness of lighting tubes in the corresponding car according to the predicted
passenger distribution code forthe car during the corresponding sampling period to guide passenger
flow.

10. The training method for distribution prediction model of passengers in a subway car according
to claim 9, wherein the temperature time series, the humidity time series, and the CO, concentration
time series in the environmental data samples are replaced with a temperature time series feature
vector, a humidity time series feature vector, and a CO, concentration time series feature vector,
respectively, wherein the temperature time series feature vector, the humidity time series feature
vector, and the CO, concentration time series feature vector are obtained as follows:

inputting the temperature time series into the trained temperature time series LSTM neural network
model with the classification layer removed according to claim 7, the vector outputted by the fully
connected layer being the corresponding temperature time series feature vector;

inputting the humidity time series into the trained humidity time series LSTM neural network
model with the classification layer removed according to claim 7, the vector outputted by the fully
connected layer being the corresponding humidity time series feature vector; and

inputting the CO, concentration time series into the trained CO, concentration time series LSTM
neural network model with the classification layer removed according to claim 7, the vector
outputted by the fully connected layer being the corresponding CO, concentration time series
feature vector.

11. The method for guiding passengers in the subway car according to claims 9 or 10, wherein the
specific process of controlling the brightness of lighting tubes in the corresponding car according to
the predicted passenger distribution code forthe car during the corresponding sampling period is as
follows:

obtaining a current image clustering result according to the predicted passenger distribution code
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corresponding to the current image according to the current image clustering result;

defining S binary images closest to the clustering center as typical clustering images of a
corresponding category, and calculating an average pixel value ofeach pixel position in the S typical
clustering images, to obtain an average pixel image under the category;

assigning each lighting tube to a lighting area according to the layout of lighting tubes in the
corresponding car, and calculating an average value of pixel valuesfor pixels in the lighting area
corresponding to each lighting tube;

if the maximum pixel value in the average pixel image is greater thana pixel threshold, starting
lighting guidance and performing next step, otherwise skipping lighting guidance;

extracting pixels in the average pixel image whose average pixel values are greater than the pixel
threshold, the pixels greater than the pixel threshold constituting a set of pixels to be guided;
calculating a lighting guidance coefficient according to the coordinates of the lighting tubes in the
spatial coordinate system, the coordinates of pixels in the set of pixels to be guided in the spatial
coordinate system, and the average value of pixel values for the pixels in the lighting area, wherein

the specific calculation expression is:

B =A \/(xg _xll)2 +(yg _ylw)z +\/(Xg _Xé)z +(yg —y;’)z 4.
n n - [ 5 : - .
...+\/(x0 —xH) +(y0 _J’H)

where, £, s the lighting guidance coefficient, 4, is the average value of pixel valuesfor pixels in the

lighting area corresponding to the n™ lighting tube, (xg Vo ) is the coordinates of the n™ lighting
tube in the spatial coordinate system, (xll, b2 ) is the coordinates of the first pixel in the set of
pixels to be guided in the spatial coordinate system, (xé, V, ) is the coordinates of the second pixel

in the set of pixels to be guided in the spatial coordinate system, (xi,, y;vl) is the coordinates of the

H™ pixel in the set of pixels to be guided in the spatial coordinate system, and H is the number of
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pixels in the set of pixels to be guided;

adjusting the brightness of the lighting tubes in the lighting areas corresponding to the f,values
according to the order of the S, values, and guiding passengers to flow toward the lighting area with
a smaller 3, value.

12. A system for guiding passengers in a subway car based on environmental monitoring and
lighting guidance, comprising:

a real-time data obtaining unit, configured to obtain an environmental data sample at each sample
collection point of each carduring each sampling period in real time, the environmental data sample
being constituted by installation coordinates of each sample collection point, a temperature time
series, a humidity time series, and a CO; concentration time series corresponding to the sample
collection point, and an average temperature value and an average humidity value;

a prediction unit, configured to input the environmental data samples into the distribution prediction
model for the corresponding car which is trained by the training method according to any one of
claims 1-7, to obtain a predicted passenger distribution code for each car during the corresponding
sampling period; and

an adjustment and guidance unit, configured to adjust the brightness of lighting tubes in the
corresponding car according to the predicted passenger distribution code forthe car during the
corresponding sampling period to guide passenger flow.

13. The system for guiding passengers in the subway car according to claim 12, wherein the
adjustment and guidance unit is specifically configured to:

obtain a current image clustering result according to the predicted passenger distribution code forthe
car during the corresponding sampling period, and determine a clustering center corresponding to
the current image according to the current image clustering result;

define S binary images closest to the clustering center as typical clustering images of a
corresponding category, and calculate an average pixel value ofeach pixel position in the S typical

clustering images, to obtain an average pixel image under the category;
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assign each lighting tube to a lighting area according to the layout of lighting tubes in the
corresponding car, and calculate an average value of pixel valuesfor pixels in the lighting area
corresponding to each lighting tube;

if the maximum pixel value in the average pixel image is greater thana pixel threshold, start lighting
guidance and perform next step, otherwise skip lighting guidance;

extract pixels in the average pixel image whose average pixel values are greater than the pixel
threshold, the pixels greater than the pixel threshold constituting a set of pixels to be guided;
calculate a lighting guidance coefficient according to the coordinates of the lighting tubes in the
spatial coordinate system, the coordinates of pixels in the set of pixels to be guided in the spatial
coordinate system, and the average value of pixel values for the pixels in the lighting area, wherein

the specific calculation expression is:

ﬁ =4 \/(xg _xll)2 +(yg _ylw)z +\/(Xg _Xé)z +(yg —y;’)z 4+
n n - [ 5 : - .
...+\/(x0 —xH) +(y0 _J’H)

where, £, is the lighting guidance coefficient, 4, is the average value of pixel valuesfor pixels in the

lighting area corresponding to the n™ lighting tube, (xg Vo ) is the coordinates of the n™ lighting
tube in the spatial coordinate system, (xll, b2 ) is the coordinates of the first pixel in the set of
pixels to be guided in the spatial coordinate system, (xé, V, ) is the coordinates of the second pixel

in the set of pixels to be guided in the spatial coordinate system, (xi,, yf,) is the coordinates of the

H™ pixel in the set of pixels to be guided in the spatial coordinate system, and H is the number of
pixels in the set of pixels to be guided;

adjust the brightness of the lighting tubes in the lighting areas corresponding to the f,values
according to the order of the £, values, and guide passengers to flow toward the lighting area with a

smaller S, value.
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