Claims
1. A method for locating a high-speed train in a navigation blind zone based on
meteorological parameters, comprising the following steps:
S1, acquiring tunnel meteorological parameters in tunnels when the train passes to
construct a tunnel meteorological parameter database;
S2, classifying, based on the tunnel meteorological parameter database, tunnel groups
with similar attributes, to obtain typical tunnel samples of each category of tunnel
groups;
S3, constructing a HSV color space template library of a typical sequence by using the
typical tunnel samples, and HSV refers to hue, saturation and value; training a relevance
vector machine with data of the same category of tunnel groups to establish a tunnel
mileage prediction model;
S4, training an HSV template matching model with the HSV color space template
library;
S5, constructing a fusion model of the HSV template matching model and the tunnel
mileage prediction model to obtain a mileage prediction fusion model; and
S6, acquiring tunnel meteorological parameter data during the operation of the train,

and calling the mileage prediction fusion model to predict the position of the train.

2. The method for locating the high-speed train in a navigation blind zone based on
meteorological parameters according to claim 1, wherein in step S1, the specific process
of constructing a tunnel meteorological parameter database comprises: acquiring a
temperature sequence and a humidity sequence that are acquired when the train passes
through a tunnel at one time, longitude and latitude of a region where the tunnel is
located, and predicted values of hourly average temperature, hourly average humidity,
and hourly average solar radiation to constitute a group of tunnel meteorological
parameter samples; wherein the tunnel meteorological parameter samples acquired
during the operation of all trains in the region within one year constitute the tunnel

meteorological parameter database.

3. The method for locating the high-speed train in a navigation blind zone based on
meteorological parameters according to claim 1, wherein the specific implementation
process of step S2 comprises:

a) transforming a latitude and longitude coordinates of a region where the tunnel is
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located into plane coordinates; normalizing the tunnel meteorological parameters,
wherein the processed latitude and longitude coordinates and the tunnel meteorological
parameters form a set of input attributes of rough tunnel category classification;

b) performing output sequencing of tunnel group samples with the input attributes of
rough tunnel category classification as objects by means of an OPTICS algorithm, and
comparing reachability-distances of samples in the sequence after sequencing with a
set neighborhood distance parameter e, wherein the consecutive samples whose
reachability distances are smaller than the set neighborhood distance parameter ¢ in the

sequence constitute a sample cluster; acquiring a cluster center ){é of each sample

cluster and T1 samples {4‘(}1}.:':1_2,---.1' I closest to the cluster center; wherein
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parameters; defining the cluster center ){é and the T1 samples as representative

samples of a current category of tunnel groups, wherein the T1 samples in the
representative samples are typical tunnel samples of the current category of tunnel

groups.

4. The method for locating the high-speed train in a navigation blind zone based on
meteorological parameters according to claim 3, wherein the specific implementation
process of step S2 comprises:

1) performing mirror extension on the temperature time sequence and humidity
sequence when the train passes through the tunnel in the sample cluster to transform
the temperature sequence and humidity sequence in the sample cluster into sequences
whose lengths are equal to respective longest sample lengths;

2) setting a delay time and a window length, and performing phase space reconstruction
on the temperature and humidity sequences with respective longest sample lengths by
means of a Delay-coordinate method to obtain a two-dimensional reconstruction matrix
representing the evolution characteristics of temperature and humidity;

3) inputting the two-dimensional reconstruction matrix into a training autocoder to
obtain a set of depth feature attributes for further classification; and

4) acquiring a cluster center _-Y02 of each sample cluster of secondary clustering and T1
samples closest to the cluster center by means of the set of depth feature attributes as

an input according to the process in step b); defining the cluster center _.Yoz and the T1
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samples as representative samples of secondary clustering of the current category of
tunnel groups, wherein the T1 samples in the representative samples of secondary

clustering are typical tunnel samples of the current category of tunnel groups.

5. The method for locating the high-speed train in a navigation blind zone based on
meteorological parameters according to any one of claims 1-4, wherein in step S3, the
specific implementation process of constructing a HSV color space template library of
a typical sequence by using the typical tunnel samples comprises: using the temperature
and humidity parameter sequences which are in the typical samples and vary with the
tunnel mileage as template sequences of the corresponding category of tunnel groups,
setting a delay time and a window length, performing phase space reconstruction on the
temperature, humidity and temperature difference time sequences by means of the
Delay-coordinate method to obtain three two-dimensional reconstruction matrices
representing the evolution characteristics of temperature and humidity, and combining
the three two-dimensional reconstruction matrices according to an HSV color space to
form a color image, that is, a template image in the HSV color space template library

of the typical sequence is obtained.

6. The method for locating the high-speed train in a navigation blind zone based on
meteorological parameters according to any one of claims 1-5, wherein in step S4, the
specific implementation process of training an HSV template matching model
comprises:

1) collecting current sample points in the temperature, humidity and temperature
difference time sequences and N sample points in front of the current sample points;
2) setting a delay time and a window length, performing phase space reconstruction by
means of the Delay-coordinate method to obtain three two-dimensional reconstruction
matrices representing the evolution characteristics of temperature and humidity, and
combining the three matrices according to the HSV color space to form a feature image
of a current position ;

3) performing convolution operation on the feature image of the current position and
the template image in the HSV color space template library of the typical sequence to
obtain a plurality of one-dimensional sequences;

4) sorting elements in all the one-dimensional sequences in descending order to

determine T2 largest elements as candidate elements, wherein the positions
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corresponding to the candidate elements before sorting are candidate positions;
acquiring mileage values corresponding to the candidate positions; and
5) averaging all the mileage values corresponding to all the candidate positions to obtain

a current output sequence of the HSV template matching model.

7. The method for locating the high-speed train in a navigation blind zone based on
meteorological parameters according to any one of claims 1-6, wherein in step S4, the
specific implementation process of training a relevance vector machine to establish a

tunnel mileage prediction model comprises:

1) defining input samples I =(I'. H.1,, hy. 1), wherein T =(t,t,--+,1,,,,)is a temperature
time sequence of current sample point and previous M sample points in the tunnel,
H=(h,h,---,h,,,) is a humidity sequence of current sample point and previous N

sample points in the tunnel, and #o, ho and ro are respectively predicted values of hourly
average temperature, hourly average humidity and hourly average solar radiation
acquired from a meteorological station; defining an output sample to be a mileage value
O corresponding to the current position, wherein input and output combinations
Y= {f , 0} constitute modeling samples; selecting M modeling samples for each tunnel
group of the same category;

2) randomly dividing the M modeling samples into a training set, a verification set and
a test set;

3) performing binary coding on the feature of each dimension in the input samples /;
when the coded value corresponding to the feature of a certain dimension is 1, selecting
the feature as an input variable of the RVM model; when the coded value of the feature
of a certain dimension is 0, discarding the feature of this dimension, and RVM refers to
relevance vector machine;

4) determining new input features based on the coded values of the current features,
updating the training set, the verification set and the test set, training the RVM model
with data of the updated training set, and inputting data of the updated verification set
into the trained RVM model to obtain a model output sequence Op.k =1.2---M,;
wherein M1=0.3M; and

5) repeating step 3) and step 4) to determine optimal input features and RVM model
M,

that minimizes an optimization objective function. /=2 (O —0O;)* , wherein the
k=1
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RVM model is the tunnel mileage prediction model; wherein O; is a real output value

in the verification set.

8. The method for locating the high-speed train in a navigation blind zone based on
meteorological parameters according to claim 7, wherein the fusion model of the HSV
template matching model and the tunnel mileage prediction model is
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data of the test set is input into the tunnel mileage prediction model; Of, is areal output

result in the test set; and O;; is an output sequence obtained after the test set is input

into the HSV template matching model.

9. The method for locating the high-speed train in a navigation blind zone based on
meteorological parameters according to any one of claims 1-8, wherein in step S6, the
specific implementation process of predicting the position of the train comprises:
calculating input vectors of the RVM model of the current sample points, and
substituting the input vectors of the RVM model into a target model to obtain an output
value of the tunnel mileage prediction model; acquiring input values of HSV template
matching model of the current sample points, and substituting the input values of HSV
template matching model into the HSV template matching model to obtain an output
value of the HSV template matching model; substituting the output value of the mileage
prediction model and the output value of the HSV template matching model into the
mileage prediction fusion model to obtain a final train position prediction result;
wherein the target model refers to a model trained under a secondary clustering target
sample cluster; the secondary clustering target sample cluster refers to a sample cluster
corresponding to minimum value between the current sample point and the secondary
clustering representative samples subordinate to all primary clustering target sample
clusters; the primary clustering target sample clusters refers to sample clusters
corresponding to minimum value between the current sample point and all clustering
representative samples; the clustering representative samples refers to samples in the
sample cluster, and the sample cluster refers to a sample cluster composed of

consecutive samples in a sequence obtained by performing output sequencing of tunnel
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group samples with the input attributes of rough tunnel category classification as
objects and by means of an OPTICS algorithm, reachability-distance of the sample in

the consecutive samples is smaller than the neighborhood distance parameter e.

10. A system for locating a high-speed train in a navigation blind zone based on
meteorological parameters, comprising sensors mounted on the train for acquiring
meteorological parameters in a tunnel; the sensors communicate with computer
equipment; and the computer equipment is programmed or configured to execute the

steps of the method according to any one of claims 1-9.
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