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GBDT Based Railway Accident Type Prediction and Cause Analysis
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Abstract The application of data mining technology in railway accident type prediction and cause analysis is of
great significance to establish railway accident early warning mechanism. This paper proposes a gradient boosting
decision tree (GBDT) based algorithm for railway accident type prediction and cause analysis. In order to solve the
problem of data missing in railway accident record dataset, we propose a new data complement algorithm based on
the attribute distribution probability, which can keep the distribution of original data as much as possible, thus re-
ducing the impact of data missing on predicting railway accident type. To reduce the impact of unbalanced categor-
ies of data in railway accident dataset, an ensemble GBDT model is proposed to predict the types of accidents ef-
fectively and robustly. On these bases, according to the importance of features in GBDT prediction model, we com-
plete the cause analysis of railway accidents. Experimental results on an open database show that our proposed
method can predict the types and causes of railway accidents effectively.
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Fig.1  The framework of GBDT-based railroad accident type prediction and cause analysis
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Table 1  Description of original data
Record Accident type Attribute
Number 5434 11 144
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Table 2 Description of accident types

Type Description

1 Derailment
Head on collision
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Side collision
Raking collision

Broken train collision
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Table 3  Examples of the dataset

Name Description Number Type
RAILROAD Railroad code 5434  Object
CARS Num. of cars carrying hazmat 5434  Int64
TYPSPD Train speed type 5086 Object
TRNDIR Train direction 5161 Float64
TONS Gross tonnage, excluding power units 5434  Int64
TYPEQ Type of consist 5081 Object
EQATT Equipment attended 5074  Object
CDTRHR  Num. of hours conductors on duty 3 628  Int64
ENGHR Num. of hours engineers on duty 4201 Int64
TRKNAME Track identification 5434  Object

F 4 TAEEEARRE
Table 4  Description of preprocessed data
Record Accident type Attribute dimension
Number 5434 11 119
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Table 5  Distribution of the attribute TRNDIR values
before and after three completion methods
Algorithm a; =1 a; =2 a; =3 a; =4
Before completion 0.22 0.20 0.31 0.27
Interpolation 0.21 0.19 0.30 0.30
Mode 0.21 0.19 0.34 0.26
Our algorithm 0.22 0.20 0.31 0.27
1.8
L WA 105
’ o fHfEE
1.4 PN G oS
1.2
=
0 1.0
= 0.88
0.8
0.6
0.4 034 0.25 0.27
02 3013 0.03% 1
TRNDIR ENGHR CDTRHR
JE

K2 =Rhb )i ik d Rt

Fig.2 Comparison of three methods results

4.4 (HBIERSLIGERK T

NI 3T Bagging IR GBDT LAY
IR R &R IR, A AN S 80T 4% GB-
DT FIRCRBEAT T X B, DA E HE47 8k i i 2k 7Y
TRIAT 55 B i S5k B

#T Bagging M5 GBDT #i8Y 7 Z L1
ZHA] o NS, 45 Bagging HEZE S50 A1 GB-
DT 244, GBDT 2% X A4 $5 Boosting HEZE S5 Al
YRR 28 b Bagging HEZE S A3 5 K IEMR
UHL, RVEERCH GBDT ¥, PRI RRFER,
Boosting HEHE S 40 HE i KIEAREL, BIF# 1)
K, DA DK, M 2 8 BT
P TIR .

B, A M 2254 B — GBDT &5
AT AR, SRt )E, GBDT KIIEARIRECA 100,
oK 0.2, RN B RKIREN 6. i GB-
DT 78RS b B 0 e ffs 2% 9 84.1 %.

BRI GBDT A 4)5, WK GBDT
] Bagging MEZL S HHAT AL, % REITEEM 4
HPERE, DLAEAIE N GBDT $&E MR RER, (Es
36, e GBDT A4k, 437 A 5. 10, 154 20-
25,30 > GBDT AT, M 5 KR E
0.9, PATE DR A I T 25 5. f o i SR RS AR )|
SRS AR PPN bR v, S5 R Wi 3 R, $E ok 1

I RN EATERK, A8 — GBDT BEAT T, W]
LA H, 24 GBDT NS0 hnet, #5270 10 o 1 o 5
LT, KU Bagging AT SR BN 7 5K
A2 24 GBDT AN 15 1 25 I, R 0 A
K, 53] 85 % ~ 85.2 %, L — GBDT il
HERf R 2 L AN E A, (BAEF 15 4 GBDT
Zi ¥ )2 A 25 4~ GBDT YIZRIT ] 1 1/2. 45
G R RBOR LB, S & TN BRE A 15 4
GBDT #HATHE L. it — 0 RAEZE, 49 5k %
FEREE N 0.6,0.7, 0.8, 0.9, 1.0 #H75L5%, GBDT
MR 1 B D 15, DLTTOIN 25 B0 e 220 9 PN
HE. WA RN 6 s, ATLUEH, MRHEERN
0.9 IF, A5 T A1 26 0t 1.

85.4 800
859 85.2
700
85.0 84.9 50 84.9
' 600
84.8
. 84.6 50 -2
X 84.6 500 <
= =
B 844 84.3 400 &
5 &
@ 842 g4 300 =
84.0
200
3.8
83.6 100
3. 0
834 5 10 15 2 25 30
GBDT M

Bl 3 A GBDT EEAHUR 73 Fifk %
Fig.3  Accuracy of classifiers with different
number of GBDT

R 6 AFRFERTHER GBDT 70 HKEr =
Table 6  Accuracy of classifiers with
different sampling rates
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Table 7 Performance comparison of classifiers
Classifier Accuracy Precision Recall F1
DT 0.728 0.73 0.73 0.73
RF 0.773 0.74 0.77 0.75
ET 0.734 0.70 0.73 0.71
GBDT 0.841 0.84 0.84 0.84
Ensemble GBDT 0.852 0.85 0.85 0.85
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Fig.5  Prediction results of classifier with
different features
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Table 8 Features of top 15 in importance

No. Name Description

1 Latitude Latitude in decimal degrees

2 Longitude Longitude in decimal degrees

3 CNTYCD FIPS county code

4 HIGHSPD Maximum speed

5 TRKNAME Track identification

6 RRCARI1 Car initials (fist involved)

7 TEMP Temperature in degrees fahrenheit
8 MILEPOST Milepost

9 STATION Nearest city and town

10 TRNSPD Speed of train in miles per hour
11 RRCAR2 Car initials (causing)

12 SUBDIV Railroad subdivision

13 ENGHR Num. of hours engineers on duty
14 CDTRHR Num. of hours conductors on duty
15 TONS Gross tonnage

s o B
— filf 4%
Wt KRR
EEINES s i
HiE
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Fig.6  Proportion of different factors in causes of two
types of railroad accidents
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