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Abstract: In the train operation department, the most important and dynamic factor is that the
department employees are involved in all areas. Realizing the dynamic control of “key person, key
event, and key period” to fundamentally curb employee inertia violation is a significant issue that
needs to be solved on the railway site. The traditional “probability–severity” two-dimensional risk
assessment model is carried out from the perspective of the system, ignoring the spatiotemporal
risk characteristics of the individual, and a large amount of hazard factor data generated in the
operation process is not applied in the risk assessment process. As a result, safety behavior risk
practice lacks pertinence, accuracy, and individuation. This study proposes a safety behavior risk
assessment model based on the grid management and hazard factor assignment function to improve
the traditional two-dimensional risk matrix. By introducing spatial location variables, the method
accurately locates and classifies the site staff and organizes the disorder and lack of associated risk
data with regard to time and space. With a focus on the hazard factor, the induced intensity is
proposed for the first time and considered as the input of probability calculation to innovate the
traditional “probability–severity” risk matrix. Finally, the methodology is applied to the risk event
assessment of “the assistant watchman doesn’t appear as required” scenario in the Huangyangcheng
station of Shenshuo Railway, and the evaluation results realize the personalized evaluation of the risk
event in different cell grids.

Keywords: train operation department; safety behavior risk; grid management; hazard factors;
two-dimensional risk matrix

1. Introduction

As the main artery of the national economy, the railway sector has the advantages
of being green, low-carbon, energy-saving, offering environmental protection value, and
all-weather operations in the modern comprehensive transportation system. Railway
transportation, as a major engine, links the production, joint operation, and networking
of equipment. Several risk factors affect transportation safety, which can lead to railway
traffic accidents. Considered as the organizer and commander of railway transportation
activities, the train operation department is a real-time monitoring system as well as an
open and dynamic operating system with traffic officers being the core, management being
the center of operations, transportation facilities and equipment being the foundation, and
environment being the condition. Under the influence of internal and external environment,
the safety behavior risks of employees in different time periods and working areas exhibit
significant differences, which include heterogeneity, uncertainty, and coupling. Traditional
risk assessment methods consider these characteristics, but the scope is limited, as it is
too general. As a result, safety behavior risk practice lacks pertinence, accuracy, and
individuation.

Existing safety behavior risk assessment activities ignore the spatiotemporal risk char-
acteristics of the individual research object. The traditional safety behavior risk assessment
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is modeled and analyzed based on the system safety [1–3], which ignores differences in
variation rules of individual safety behavior risk in different time periods and working
areas, and as a result, the risk assessment may not accurately reflect the individual safety
behavior risk status under specific space–time conditions. On the other hand, there has
not been much focus on the importance of hazard factors in the risk assessment process,
e.g., the lack of analysis of risk coupling characteristics of hazard factors and personalized
modeling assignment. In the practice of safety risk management, some scholars ignore
the coupling relationship between hazard factors in the process of solving risk magnitude
based on historical accident statistics [4–7]. Owing to the inadequacy, incompleteness, or
inaccuracy of field data collection, as well as the lack of timely analysis of a large amount
of data, it is difficult for risk assessment results to fully reflect the current risk status of the
system. The main reason is that existing risk assessment technologies could not obtain the
real-time information of these heterogeneous factors, and quantifying the data is a big issue
with regard to risk assessment progress.

To systematically solve the aforementioned problem, this study innovatively proposes
a grid management method including grids, grid elements, and grid events to assess the
safety behavior risk of train operation department employees. Using spatial location vari-
ables, the method accurately locates and classifies onsite workers and organizes disordered
and uncorrelated risk data to make them more effective. Regarding the hazard factor as
the core element, the ANP method is used to calculate the weight of hazard factors, and
based on the personalized hazard factor assignment function, the hazard factor assignment
is solved and considered as the input of probability calculation, which enhances the tradi-
tional “probability–severity” two-dimensional risk assessment matrix model. This study
solves the problem of inaccuracy of risk magnitude analysis with regard to the process of
risk assessment and realizes the personalized and dynamic assessment of risk events of
train operation department employees.

This study is organized as follows: Section 2 presents a literature review about safety
behavior risk assessment technologies from the perspective of the system as a whole and
historical data utilization. Section 3 introduces the grid management method, including the
safety behavior risk characteristics of the train operation department, definition and coding
of the grid, the grid elements, and a grid event. Section 4 introduces the risk assessment
model of safety behavior in a single grid, which includes risk identification, risk analysis,
and risk evaluation. Section 5 describes the practicability of this method by considering
the “the assistant watchman did not appear as required” scenario in Huangyangcheng
station of Shenshuo Railway as an example. Section 6 discusses the results of model
validation. Section 7 summarizes the innovation of this study and provides directions on
future research.

2. Literature Review

Recently, many experts and scholars at home and abroad have done a lot of research
on risk assessment in various fields. In terms of the safety behavior risk of employees,
they mainly evaluate the safety behavior risk by analyzing hidden dangers and accidents.
For instance, Zhan et al. [4] evaluated defects of the organizational safety management
based on the accident and hidden danger data of Chinese railways over the past 4 years.
Baysari et al. [5] systematically analyzed human factors in 40 railway safety accident inves-
tigation reports in Australia based on the framework of the human factors analysis and
classification system (HFACS) and concluded the importance of strengthening resource
management and improving safety atmosphere and organizational process with regard to
the management of railway accidents and hidden dangers in Australia. Ugurlu et al. [6]
investigated 70 passenger ship collisions and contact accidents during 1991–2015 and pro-
posed an innovative human factor analysis and classification system for passenger vessel
accidents (HFACS-PV) approach to analyze human factors in passenger ship accidents in
detail. Xing et al. [7] analyzed 950 cases of escalator injury in the Guangzhou subway to
determine characteristics and risk factors of escalator injury in China. Liu et al. [8] used the
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human factor analysis and classification system for coal mines (HAFCS-CM) to identify the
influencing factors of coal mine workers’ unsafe behaviors from 24 indicators, including ex-
ternal environment and organizational influence, and designed a questionnaire to analyze
the collected survey data and evaluate its credibility and validity. Tan and Moinuddin [9]
studied the possible impact of errors caused by human and organizational factors on risk
assessment in fire safety modeling of high-rise buildings by means of a systematic review.
Al-Sakkaf et al. [10] constructed a risk assessment model for heritage buildings, and 38
Yemeni experts in the field of heritage building management were surveyed to examine the
identified risks in three case study heritage sites in Yemen. The evaluation results revealed
that armed conflicts, climate change, and flooding were three of the most critical risk factors
in Yemeni heritage buildings. Huang et al. [11] believed that the coupling and interaction
between human errors, mechanical failures, adverse environment, and organizational fac-
tors may lead to the change of system state, resulting in the variability of system operation,
so that they used the N-K model to calculate the coupling risk intensity, which provides a
quantitative method to evaluate the variability of the functional module. Huang et al. [12]
used the N-K model to analyze the formation mechanism of the coupling risk of China’s
railway dangerous goods transport system from five aspects: human, machine, material,
environment, and management. Kyriakidis et al. [13] present a novel approach to assess
human performance accounting for the dependencies among the relevant performance
shaping factors, referred to as the uman Performance Railway Operational Index.

In view of the deficiency of system management, grid management has been effectively
applied to urban management, railway infrastructure construction, and project manage-
ment [14–18]. The core function of grid management is to control the managed objects
from a geographical perspective rather than the traditional professional perspective. The
grid management method comprises staff participation, logical virtual grid, and three-
dimensional space attributes of time, space, and event. Using grids, components, events,
and corresponding coding rules, it accurately locates and categorizes on-site workers based
on time and space and sorts the disordered and uncorrelated risk data to improve data
quality. The method provides modeling support for personalized risk assessment and
accurate risk response and helps realize the efficient management of safety behavior risk
events of workers in the transportation system.

In order to improve the accuracy of safety behavior risk assessment, some experts and
scholars have improved the respective methods based on different angles. For instance,
Ghofrani et al. [19] applied big data analysis (BDA) to the field of railway transportation
operation, maintenance, and safety; however, owing to the heterogeneity, inconsistency,
and incompleteness of data collection, a large amount of data could not be collected and
effectively processed, and it was difficult to explore the data in detail. Liu et al. [20] estab-
lished a fault tree logic diagram based on high-speed railway accidents and presented a
method that included in-depth fault tree and quantitative analyses to comprehensively
investigate high-speed railway accidents. In the quantitative analysis, owing to the incom-
pleteness of prior information and the complexity of the decision-making environment,
every basic event in the fault tree was uncertain. Huang et al. [21] proposed a method that
included fault tree and fuzzy D-S evidential reasoning to analyze accidents in the railway
transport system of dangerous goods, so as to solve problems of uncertainty modeling
and information fusion with regard to the analysis of accidents caused by transporting
hazardous goods. Huang et al. [22] proposed a simple, dynamic, systematic, and quantita-
tive extended safety failure event network (SFEN) method to analyze the reliability and
safety with regard to accidents caused by the typical railway dangerous goods transport
system in the past. The extended SFEN method was dedicated to transform the traditional
accident occurrence process into a visual accident analysis network platform. Cirovic
and Pamucar [23] proposed a priority decision support model for railway level crossing
safety improvement based on the modeling method of the adaptive neuro fuzzy inference
system (ANFIS). The ANFIS model was a training data set based on fuzzy multicriteria
decision-making and fuzzy clustering. Klockner and Toft [24] proposed a complex social
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technology network-security and failure event network. This method provided a basis to
effectively analyze the complexity of the relationship between system factors with regard to
railway accidents in Australia. Zhu et al. [25] used the structural equation model to analyze
coal mine accidents and unsafe behaviors of employees. Based on the literature review,
they selected four elements related to coal mine safety, safety management, environmental
safety, and organizational politics to build a structural equation model and formulated a
questionnaire. Likert scale and the principal component analysis were used to evaluate the
attitude of respondents and analyze the causal relationship between the safety behavior
and attitude of coal mine workers. Hsieh et al. [26] studied human error factors in adverse
medical events in emergency departments in Taiwan based on the literature review and
conducted a fuzzy evaluation of the importance of each factor. Qiao et al. [27] used the data
of 35,424 cases of unsafe behavior extracted from Yima Coal Industry in Henan Province,
China, during 2013–2015. With the help of data mining technology, ten hazard factors, e.g.,
age, experience, education level, unqualified training quantity, abnormal attendance, unsafe
behavior quantity, dangerous place, time, workplace, month, and unsafe behavior risk level,
were determined. Chai and Zhou [28] developed an integrated risk assessment method for
the train control system by combining a fishbone diagram and a fuzzy analytic hierarchy
process (FAHP) with a cloud model. In this model, a revised risk matrix based on FAHP
was introduced to calculate the consequence and likelihood weights for each risk factor,
and then the risk index was obtained by making a product of consequence and likelihood
weights, which reflected relative influence degree on operational risk. Fejdys et al. [29]
dealt with the development of a calculation algorithm to assess the risk of actions taken on
the site of a traffic incident, which was implemented into the training version of a virtual
reality simulation. It included a number of factors and elements that formed a scenario of
simulations that affected the degree of its difficulty and the assessment of the performance
of each exercise.

3. Grid Management Method
3.1. Safety Behavior Risk Characteristics of the Train Operation Department
3.1.1. Heterogeneity

The safety behavior risk of the train operation department has heterogeneity, which is
manifested in the variation of the safety behavior risk of employees of the same position at
different time periods and spatial positions. It is the comprehensive influence of multiple
hazard factors, which are different in different operation periods and different operation
locations. The hazard factor is a function of space and time, and its relationship is shown in
Formula (1), where xi represents the ith (i = 1, 2, . . . , n) hazard factor, and gi represents the
functional relationship between xi and time and space.

xi = gi(time, location) (1)

Considering the heterogeneity of the safety behavior risks of the train operation
department, grid management can subdivide employees of various positions with different
operating scope and business boundaries according to the area units of polygon regions
with different sizes and discrete distribution, and understand, grasp, and control employees
of various positions from the perspective of spatial location, so that the railway managers
can in a shorter time and a smaller space garner a more comprehensive grasp of the staff at
what time, where, and what kind of risk events may occur.

3.1.2. Uncertainty

‘Uncertainty’ means the absence or partial absence of relevant information, knowl-
edge, or awareness of an event and its consequences or likelihood of occurring [30]. The
uncertainty of the safety behavior risk of the train operation system reflected in whether
a safety behavior risk event occurs in a specific spatial location is difficult to accurately
evaluate. This is because the safety behavior risk of employees is affected by multiple
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hazard factors which are changing from time to time, resulting in the risk always being in
the process of dynamic change.

3.1.3. Coupling

‘Coupling’ originates from physics and refers to the phenomenon of joint interaction
between two or more systems or forms of motion that affect each other through various
interactions [31,32]. In the field of risk management, ‘risk coupling’ refers to the degree
to which the occurrence and influence of an individual or a type of risk in a system
depends on other risks and the degree to which the occurrence and influence of other
risks are affected [33–37]. Considering the coupling of the safety behavior risks of the
train operation system, grid management will accurately analyze the internal mechanism
of different hazard factors in the same spatial location by introducing spatial location
variables, quantitatively study the coupling mechanism of hazard factors, and more truly
reflect the inherent attributes of risks.

According to the aforementioned risk characteristics, the proposed grid management
of the train operation department is a logical virtual grid with personnel participation; it
has three dimensional attributes: time, space, and event. Events of employees in any unit
grid at any time can be accurately displayed in the “grid–element–time” three-dimensional
coordinate system, and it can organize the disordered and uncorrelated risk data so that
railway managers can have a more comprehensive perception and grasp of when, where,
and what risk may occur to employees in a short time and in a small space, providing
modeling support for personalized risk assessment. Figure 1 shows the three-dimensional
spatial relationship among grid, element, and event. The work activities of employees can
be reflected in the coordinate system of three-dimensional space, and the factor Aij is the
jth element in grid Gi, corresponding to events that occur at different moments: Tk

ij, Tk+1
ij ,

and Tk+2
ij .
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3.2. Grid Definition and Coding of the Train Operation Department
3.2.1. Grid Definition and Division Method

The railway traffic work is organized and implemented in the station, and the working
scope of the staff is centered on the mileage coordinates of the station center and bounded
by the mileage coordinates of the signal machines in and out of the station. Therefore, the
grid of the train operation department refers to the discretization of the plane space of
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various types of work areas covered by the mileage range of station access signal, i.e., it
is divided into a number of discrete and unequal “small areas” according to certain rules.
The “small areas” can be regarded as a collection of working activities of several employees
of a certain post; each “small area” is denoted as a grid cell Gk, k = 1, 2, . . . , K, where K is
the total number of train operation department grid units.

Based on the angle of business scope and spatial position, the grid division of the
train operation department should represent the operation scope of all kinds of employees
based on the area of two-dimensional space, so as to realize the correlation between job
operation and spatial position. Figure 2 shows the grid division diagram of ×× station in
Shenshuo Railway, and Table 1 lists the corresponding attribute data; the station attendant
and towerman work in the operation room, but they still belong to two different grids
owing to different business boundaries.
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3.2.2. Grid Coding Rule

Grid coding is related to geospatial dimension information, and grid data should
include spatial and attribute data. Each cell grid should have a unique identifier. The
transportation system grid coding should include “line code + position code + sequence
code”, where the line code is 4 bits, and the location code is expressed as the mileage of the
station center in kilometers and is set to 4 digits according to the length of the line. The
sequence code represents the sequence number of a grid in the station, which can be set as
2 digits. The sequence number starts from the direction of small mileage to the direction of
large mileage in the station; thus, the grid code is set to 10 digits (Figure 3).

3.3. Definition and Coding of Grid Elements

Individual employee and equipment of the train operation department grid are collec-
tively referred to as grid elements. This study focuses on “individual employee” as a special
element, which is a special “equipment” attached to the grid to carry out various produc-
tion activities; thus, we establish the correlation between the grid and its elements. In this
study, the grid elements of the train operation department are divided into 13 categories
(Table 2). Element encoding includes employee dimension information and geographic
spatial dimension information. The employee dimension coding information is used to
determine the type of work of the employee, and the geographic spatial dimension coding
information is used to determine the location of the employee, which can be expressed
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by the corresponding grid coding. The combination of these elements can help achieve
the unique identification of the employee; therefore, the code is designed as “grid code +
employee type code + sequence code”. The job type code of an employee is set to 4 bits,
and the sequence code represents the serial number of an employee in a certain grid, which
is 2 bits; therefore, the overall code of grid elements is 16 bits (Figure 4).

Table 1. Grid attribute data of the train operation department.

Sequence
Number Grid Post Area Coverage Area (m2)

1 G1 Station attendant

North–south direction: k81 + 169
m–k81 + 175 m.

East–west direction: 16–22 m from
the center line of Track 4.

36

2 G2 Towerman

North–south direction: k81 + 169
m–k81 + 175 m

East–west direction: 16–22 m from
the center line of Track 4.

36

3 G3
Train tail
operator

North–south direction: k81 + 087
m–k81 + 257 m

East–west direction: center line of
track 3—center line of Track 4 (20 m).

3400

. . . . . . . . . . . . . . .

k Gk Passenger clerk Passenger platform (175 m × 12 m) 2100

k + 1 Gk + 1 Assistant
watchman

North–south direction: k80 + 632
m–k81 + 705 m

East–west direction: center line of
Track 4 to the outside of the safety

line (25 m)

26,825
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Table 2. Classification of grid elements in the train operation department.

Categories Responsibilities

Duty officer
Comprehensively understand and master the key points of station safety production, supervise and
guide the on-site operation, coordinate and deal with various emergencies, and strengthen the patrol

inspection during key periods.

Station attendant According to the plan and dispatch order, organize and deal with the receiving and dispatching work of
stations and yards.

Assistant watchman Assist attendant to receive and dispatch trains.

Towerman
According to the station watchman’s order and shunting operation plan, deal with the operation of

blocking, arranging access, opening and closing signal, monitoring receiving and dispatching function,
and shunting.

Yardmaster Organize and direct the dispatching team to complete marshalling, pick-up, and delivery operations
according to the dispatching operation plan.
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Table 2. Cont.

Categories Responsibilities

Link member Responsible for the breakdown of train and push watch in the shunting operation; confirms the vehicle
connection status.

Dispatcher According to daily shift plan and dispatch order, prepare and issue phase plan, and organize
implementation.

Train statistician Organize and check the existing trains, compile the train marshalling order list, and handle the
formalities with the head of operation or locomotive conductor.

Passenger duty officer Organize, guide, and inspect the team to complete various passenger transport services.

Passenger clerk

Responsible for the safety service of passengers entering and leaving the station and waiting for the train;
responsible for checking, recovering, supplementing, and receiving the tickets of passengers entering
and leaving the station; counting the number of passengers getting on and off the train; checking and

blocking dangerous goods.

Ticket seller Responsible for the sale of railway tickets: booking, expediting, processing refund, and updating change
in procedures.

Cargo duty officer Organize and lead the completion of cargo transportation, loading and unloading, delivery, and other
operations according to the freight work plan.

Freight operator Handle the operation of cargo transport, storage, unloading, supervision, and delivery.

Train tailor operator Responsible for the installation and removal of the tailing device and the receiving and delivery of the
returning equipment and fill in the operation ledger.
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3.4. Definition and Encoding of Grid Events

The safety behavior information generated by elements in a cell grid at a certain
moment is called the event of grid elements. Events of grid elements comprise events with
positive or negative impact, and events with negative impacts are known as risk events (this
study focuses on risk events). The coded event should comprise two parts: event dimension
information and element dimension information. The event dimension information can
determine the category of the event, and the element dimension information should adopt
the coding of the corresponding element of the event. Combined with the coding principle,
the coding design is “element code + event category code + event code”. The event category
code can be set as 2 bits, the event code can be set as 2 bits, and the event code is 20 bits in
total, as shown in Figure 5.
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In this study, risk events of the train operation department cell grid are divided into
12 typical categories; each category includes several sub-risk events (Table 3), and the
standardization of hazard factors of the train operation department is the identification of
hazard sources of these risk events.

Table 3. Classification of grid events in the train operation department.

Categories Subevents

Dispatch command management work is not
in place

The marshalling train runs in violation of plan, does not prepare, and conveys
operational and stage plans; inaccurate control of current train, etc.

Failure to meet the train as required Incorrect operation of equipment buttons, unqualified train delivery, irregular
presence of field personnel, etc.

Shunting standards are not implemented
Change the operation plan without authorization, and prepare the wrong route for
the shunting operation; the shunting operation personnel do not call and answer

according to the provisions, etc.

Anti-slip measures are not in place Failure to take anti-slip measures according to the provisions, anti-slip equipment
management is not in place, etc.

Organization of abnormal railway running is
not in place

Failure to implement the standard for “Abnormal Train Transfer” when equipment
is faulty, failure to implement relevant provisions during construction, blind train

release due to bad weather, etc.

Equipment management is not in place Transportation equipment is out of control and out of repair, the tailing device is
out of control and out of repair, etc.

Safety management dereliction of duty
Lack of rules and regulations management, dereliction of duty in cadre safety

management, training and education management is not in place, labor discipline
violations on duty, etc.

Failed to implement railway crossing and
off-road management measures

The blocking management of railway station is not in place, the protective net is
not repaired in time, the crossing guard system is violated, etc.

Personal safety card control measures are not
in place

Inadequate occupational health management, illegal access to railway or improper
protection, inadequate control of critical operations, etc.

Implementation of fire prevention and
explosion prevention management system is

not in place
Lack of fire safety management, no regular inspection of fire facilities, etc.

Defects in road traffic safety management Failure to establish traffic safety management system, illegal driving, etc.

Construction safety operation management is
not in place

Approval of construction plans beyond the authority, construction organization
work is not in place, blind opening without confirming the opening conditions, etc.

4. Risk Assessment Model
4.1. Model Architecture

Risk assessment includes three sub-processes: risk identification, risk analysis, and
risk assessment [38]. Combined with the grid management, this study establishes the safety
behavior risk assessment model of the train operation department, and the corresponding
model architecture is shown in Figure 6.

Step 1: Establishment of the environment. The evaluated cell grid, elements, and
possible risk events are determined, and relevant data are collected to lay a foundation to
assess risk events of the elements in the grid.

Step 2: Risk event hazard factors classification and standardized assignment. Hazard
factors of risk events in the evaluated cell grid are classified, and standardized identification
is carried out for specific risk events. The risk event hazard factors in each grid are
individually assigned using the assignment function to obtain the induced intensity value
of the hazard factors.
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Step 3: “Probability–severity” two-dimensional risk analysis. Under the condition
of the known spatial and temporal distributions of each hazard factor in the cell grid, the
induced intensity of the hazard factors of the risk event of an element in the cell grid is
considered as the input variable, and the occurrence probability of the risk event is solved
by combining the ANP method; the risk magnitude is calculated using the two-dimensional
risk matrix.

Step 4: Risk assessment. The risk event magnitude of the grid element is compared with
the established risk criteria to determine whether the risk magnitude is acceptable or tolerable.

4.2. Identification of Hazard Factors

Train operation department is an open dynamic system that is widely distributed based
on time and space. Some scholars have studied the hazard factor classification from the
perspective of system [5,13,39,40]. Combined with the research of hazard factors in related
fields and the “Classification and Code of Hazardous and Harmful Factors in Production
Process” (GB/T 13861-2009), this study divides the hazard factors of grid elements’ risk event
into four aspects: human, environment, equipment, and management. The identification
of hazard factors for the safety behavior risk event of employees in the train operation
department contains two points: The first point is to identify corresponding risk events.
All risks are related to events, and events are carriers of risks. Therefore, in this study,
the identification of hazard factors should be performed for the aforementioned 12 types
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of risk events. The other point is to analyze the specific space–time state. Risk possesses
dynamic characteristics, and under the influence of internal and external environments,
hazard factors in different time periods and different operation locations exhibit variations.
The identification of hazard factors should be targeted at a specific space–time state.

According to the aforementioned principles, this study considers the sub-risk event
“construction organization work was not in place” in the Huangyangcheng station of
Shenshuo Railway as an example; the identification of hazard factors is listed in Table 4.

Table 4. Hazard factor division of “Construction organization work was not in place”.

Main Categories Hazard Factors

Human factors
Obsessive–compulsive symptom

Sensitive of interpersonal relationship
Somatization

Environment factors
Foggy conditions

Poor public safety environment

Management factors

Lack of safety management system
Safety checks were not in place

Performance evaluation was not standardized
Employment mechanism was not perfect

4.3. Risk Analysis of Single Grid

‘Risk matrix’ is defined by the International Organization for Standardization as a tool
to display and sort risks by defining the range of consequences and possibilities, in which
the parameter “possibilities” refers to the chance of something happening (the common
frequency is used as its measurement) and the parameter “consequences” refers to the
result of an event that affects the target [30]. Although the “probability–severity” two-
dimensional risk matrix has been widely used in the railway field owing to its simple and
practical advantages, it does not consider other attributes of risk, and the oversimplification
of the matrix has been criticized by several experts [41,42]. On the one hand, the model
will improve the existing probability assignment method of risk event. By applying a
personalized assignment function to the induced intensity of hazard factors and combining
with the ANP method to solve the weight of hazard factors, the probability calculation
function of safety behavior risk events of grid elements can be established to accurately
reflect the probability of risk events. On the other hand, the model will improve the
severity assignment method of risk events. The occurrence of risk events may cause various
consequences, e.g., casualties, property losses, and equipment damage, but this study only
considers casualties. In the traditional two-dimensional risk matrix, from the perspective
of the system, the severity of different risk events can be divided into multiple levels, but
when a single determined risk event occurs, the severity of its consequence is unique.
Therefore, in the process of risk analysis, this study considers a unique assignment to the
consequence of a single risk event. Based on the analysis of model construction ideas, the
model is expressed in Formula (2):

RG
T = f (P, S)

P = f (Y1, Y2, . . . , Ym, . . . , YM), j = 1, 2, . . . , M

S = constant

, (2)

where RG
T is the risk magnitude of an element’s risk event in grid G within time interval T;

P is the probability of the occurrence of a risk event; S is the severity of consequence of a
risk event; Ym denotes state indicators related to the intensity of hazard factors induced by
safety behavior risk event of the train operation department, and m indicates the number
of status indicator.
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4.3.1. Risk Assessment Criteria

(1) Probability rating criteria. According to the European standards, BS EN50126-
1:1999 and BS EN50126-2:2007, the risk probability rating standard details are categorized
and listed in Table 5.

Table 5. Safety behavior risk probability rating standard of the train operation department.

Language
Description Frequency Range Average Range Qualitative Estimate

(Number/Year) Probability Range Grade

Remote 1 in 35 years to 1 in
175 years 1 in 100 years 0.01 [0, 10−4) 1

Rare 1 in 7 years to 1 in
35 years 1 in 20 years 0.05 [10−4, 10−3) 2

Infrequent 1 in 1.75 years to 1
in 7 years 1 in 4 years 0.25 [10−3, 10−2) 3

Occasional 1 in 3 months to 1
in 1.75 years 1 in 9 months 1.25 [10−2, 10−1) 4

Regular 1 in 20 days to 1 in
3 months 1 in 2 months 6.25 [10−1, 1] 5

(2) Severity of consequence rating criteria. According to the European Standard BS
EN50126-2:2007, the classification of risk consequence classification standard is shown in
Table 6, and the “casualty estimate” indicates the number of possible casualties.

Table 6. Safety behavior risk consequence rating standard of the train operation department.

Language
Description Qualitative Description Casualty

Estimate
Qualitative Estimate

(Number/Year)

Minor Minor injury 0.005 1
Marginal Multiple minor injuries 0.025 2
Moderate Single serious injury 0.125 3

Severe Multiple serious injuries or
single fatal injury 0.625 4

Catastrophic 2–5 fatal injuries 3.125 5

(3) Risk acceptance criteria. The safety behavior risk acceptance criteria of the train
operation department are formulated by referring to the “as low as reasonably practicable”
(ALARP) criteria [43] (Table 7). This study adopts the “multiplication” relation to represent
the “combination” relation between probability and severity; the minimum value is 1 and the
maximum value is 25, and the product is divided into four grades according to experts’ advice.

Table 7. Risk acceptance criteria of the train operation department.

Risk Scores Risk Category Description

[1,6] Negligible Risk is acceptable with/without the agreement of
the railway authority

[7,12] Tolerable Acceptable with adequate control and with the
agreement of the railway authority

[13,18] Undesirable
Shall only be accepted when risk

reduction is impracticable and with the agreement of
the railway authority

[19,25] Intolerable Risk must be reduced in exceptional circumstances

4.3.2. Weight of the Hazard Factor

ANP, an extension of AHP, is aimed at the situation with dependence and feedback on
the structure of decision-making problems. It obtains combination weight by establishing



Processes 2022, 10, 913 13 of 24

a super matrix so as to deal with the interdependence between elements, including the
mutual influence between elements at the same level and whether there is dominance
between elements at the lower and upper levels [44–48]. In the train operation department,
as several hazard factors of risk events belong to different grids, interaction and feedback
take place among these hazard factors, and they exhibit strong internal and external
dependence. In this study, ANP is used to solve the relative weight of the hazard factors
and is considered as the input of the probability of safety behavior risk events. The specific
steps are as follows:

Step 1: Constructing ANP hierarchy. The network structure of ANP consists of two
parts, the control layer and the network layer, as shown in Figure 7. In the control layer,
there are control criteria, B1, B2, . . . , Bn, which are the criteria of relative objectives, such as
risk, benefit, opportunity, and cost. These criteria are independent of each other and are
only governed by the target element. The network layer is composed of a hazard subset C
that is controlled by the control layer, and its internal structure is the network structure
which influences each other. This study considers the single safety behavior risk of the
transportation system, and this criterion is the target of risk analysis. Therefore, the ANP
hierarchy includes the network layer which comprises hazard factors governed by a single
risk criterion and can be divided into multiple categories whose internal structure is the
network structure which affects each other.
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Step 2: Calculating the unweighted hypermatrix. Assume that the network layer of
ANP includes a hazard subset C1, C2, . . . , Cn, among which there are hazard factors ei1, ei2,
. . . , ein, and i = 1, 2, 3, . . . , N. Under the single risk criterion, considering the hazard factor
ejl (l = 1, 2, 3, . . . , nj) in Cj as the secondary criterion, the elements in hazard factor subset
Ci are compared according to their influence on ejl ; i.e., a judgment matrix is constructed
under the single risk criterion, and matrix Wij is obtained as expressed in Formula (3).

Wij =


wj1

i1 , wj2
i1 , . . . , w

jnj
i1

wj1
i2 , wj2

i2 , . . . , w
jnj
i2

. . . . . .

wj1
ini

, wj2
ini

, . . . , w
jnj
ini

 (3)
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If the elements in Cj are unaffected by the elements in Ci, then Wij = 0. Repeat the
above steps for i = 1, 2, 3, . . . , N; j = 1, 2, 3, . . . , N to obtain the super matrix under a single
risk criterion, as expressed in Formula (4):

W = (Wij). (4)

Step 3: Establishing the weighted super matrix W. Wij considers the ordering of hazard
factors within the hazard factor subset to this criterion and does not consider the influence
of other hazard subsets. Therefore, each column of the super matrix is not normalized. To
accurately reflect the order, the effect of hazard subsets must be considered. Considering
the whole hazard subset as an element, the relative importance of a certain hazard subset is
compared under a single risk criterion, and the normalized weight vector (a1j, a2j, . . . , aNj)

T

of the hazard subset under the sub-criterion is obtained, where aij represents the influence
weight of the ith hazard subset on the jth hazard subset, “0” implies no influence, and
N
∑

i=1
aij = 1; the weighted super matrix is expressed in Formula (5).

W = (Wij) = aijWij. (5)

Step 4: Calculating the limit hypermatrix W∞. The limit relative ordering vector

W∞ = lim
k→∞

(1/N)
N
∑

k=1
Wk for each hypermatrix is calculated. If the limit converges and is

unique, the value of the corresponding row of the original matrix is the weight of each
index. The weight value wi of each index can be obtained by this formula.

4.3.3. Probability of Risk Event

This study proposes the concept of risk-induced intensity for the first time and applied
it to risk probability calculation. The induced intensity refers to the intensity of hazard
factors that induce grid risk events in a specific spatiotemporal state. The function is
expressed in Formula (6):

YG
T = yj(a1, a2, · · · , am, · · · , aM) (6)

where YG
T implies that in time interval T, the induced intensity of hazard factor j of a certain

risk event in the cell grid G is assigned. yj implies mapping between variables am and YG
T .

The construction of yj should conform to the actual situation of the transportation system,
objectively reflect the intensity of the hazard factor j, and be easy to calculate without
manual intervention. am implies that within time interval T, a certain state index is related
to the hazard factors of the grid element, e.g., professional level, educational level, and
temperature. m represents the number of status indicators.

Based on the personalized assignment of the induced intensity of the hazard factor,
combined with the weight of the hazard factor obtained using the ANP method, this study
proposes an innovative assignment function of the probability of safety behavior risk events.
The function is expressed in Equation (7),

P =
n

∑
i=1

YG−i
T wi, i = 1, 2, . . . , n, (7)

where wi is the weight coefficient, which satisfies Equation (8):

0 ≤ wi ≤ 1,
n

∑
i=1

wi = 1. (8)
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4.3.4. Risk Level Calculation

Based on the classification of risk probability and severity based on the semi-quantitative
analysis method, this study adopts the “multiplication” relation to represent the “combina-
tion” relation between probability and severity (Equation (9)):

RG
T = F ∗ C (9)

where RG
T denotes the risk event magnitude in cell grid G within time interval T, F denotes

the probability magnitude of risk events, and C denotes the severity of consequence
magnitude of risk events.

4.4. Risk Evaluation of Single Grid

Risk evaluation is the third subprocess of risk assessment, which compares the result of
risk analysis with preset risk criteria to determine whether risk is acceptable or tolerable [30].
This stage determines whether a certain risk needs to be dealt with, the priority of dealing
with the risk, and which approach to take. The risk-coping methods include risk avoidance,
risk retention, risk mitigation, and risk sharing.

5. Case Study

The Huangyangcheng station is located in Shenmu City, Shaanxi Province (Figure 8).
It is a second-class freight station of Shenshuo Railway. There are ten tracks in the station
that handle the arrival, departure, and passage of trains and the decomposition of freight
trains. The assistant watchman implements the working system of five shifts and four
operations (the working cycle is 20 days, 12 days on duty and 8 days off duty), and each
group of shifts has one assistant on duty at the north and south ends of the station; the
assistant watchman is responsible for operations with regard to receipt and dispatch of
trains, loading and removing iron shoes, and other jobs. The operation area of the station
assistant watchman spans the whole station, which has a wider operation scope than other
positions and is affected by various hazard factors. If the assistant attendant does not follow
the standard operation, the train operation status cannot be monitored, which may lead to
derailment and personal injury. In this study, the risk event of “the assistant watchman did
not appear as required” that might happen in operation team A during the night inspection
of the station master from 4:00 to 6:00 on 29 December 2018, was considered as an example.
The grid code of this risk event was “00010044010003010201” (hereinafter referred to as
“grid GH”).
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5.1. Data Preparation
5.1.1. Data Source

This study collected the safety production data of the Huangyangcheng station of
Shenshuo Railway from January 2016 to December 2019, including safety management
related data, such as three violations, education and training, equipment inspection and
maintenance data, weather forecast information, etc. Due to space limitations, some data of
hazard factors are listed in Table 8.

Table 8. Hazard factor data of the Huangyangcheng station in Shenshuo Railway (part).

Time Qualitative Description

12 January 2016 At 4:05, a yardmaster failed to inspect vehicles in the station as required.

28 March 2017 At 9:30, an assistant watchman did not attend the operational learning
program organized by the station.

23 December 2017 18 safety problems were found during the annual safety audit.
8 December 2018 The lowest temperature at night reached –20 ◦C.

5 April 2019 At 8:25, an assistant watchman did not take over as required.
7 June 2019 At 15:20, a signalman failed to watch the train after it entered the line.
7 July 2019 At 3:30, a signalman was on duty in a bad state of mind.
28 July 2019 At 7:15, a yellow warning for lightning was issued.

15 November 2019 At 16:00, based on on-duty personnel inspection, it was found that one to
two lines between the water well cover were not covered.

5.1.2. Experts Selection

Owing to the uncertainty of the safety behavior risk of the train operation department,
it was difficult to collect the data of a few hazard factors; therefore, it was necessary to
combine the experience of field experts to assign values. This study selected five experts of
Shenshuo Railway to support the experts’ assignment involved in the calculation process.
The basic details about the experts are listed in Table 9.

Table 9. Basic information of experts.

Experts Age Educational
Background

Professional
Title

Years of
Working

Expert 1 45 Junior College Engineer 22 years
Expert 2 50 Junior College Senior Engineer 28 years
Expert 3 30 Graduate Student Engineer 5 years
Expert 4 42 Undergraduate Engineer 21 years

Expert 5 35 Undergraduate Assistant
Engineer 13 years

5.2. Hazard Factor Identification of “the Assistant Watchman Did Not Appear as Required” Scenario

The personalized identification of hazard factors in grid GH were categorized (Table 10).

Table 10. Hazard factors of “the assistant watchman did not appear as required” scenario.

Main Categories Hazards

Human factors
Obsessive–compulsive symptom A1

Somatization, A2
Business assessment is not up to standard, A3

Environment factors
Cold weather A4

Lighting, ventilation, heat preservation, and other post conditions
were poor, A5

Equipment factors Equipment failure, A6

Management factors Operating standards and procedures were not standardized, A7
Safety checks were not in place, A8
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5.3. Risk Analysis of “the Assistant Watchman Did Not Appear as Required” Scenario
5.3.1. Probability Calculation

(1) Induced intensity calculation. Hazard factor data were collected through the field
survey, and relevant hazard factor data were included in grid GH . The uncollected data
was obtained through expert advice, and the hazard factor assignment function was used
to solve the induced intensity of the hazard factor (Table 11).

(2) Weight calculation. Super decisions was used to develop the ANP hierarchy
(Figure 9), and the value of the limit matrix, namely, the weight value of the hazard factor,
was obtained using the method described in Section 4.3.2; the weight value (limiting) was
listed in Table 12.
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(3) Probability calculation. According to Formula (7), the probability of “the assistant
watchman did not appear as required” scenario was 0.0066. According to the probability
rating standard, the probability grade was 3, and the language description was “Infrequent”.

5.3.2. Severity Calculation

According to the safety behavior risk event consequence grade evaluation standard of
the train operation department, experts on the spot thought the risk event of “the assistant
watchman did not appear as required” scenario in grid GH rarely could cause casualties.
Therefore, the severity level of “the assistant watchman did not appear as required” scenario
in grid GH was determined as “Marginal”, and the semantic scale was assigned with the
value of 2.
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Table 11. Hazard factor data set of “the assistant watchman did not appear as required” scenario.

Hazards Functions Data Induced
Intensity Comments

Obsessive symptom, A1

YG
T =


0.01, 3.9 ≤ n ≤ 5
0.008, 3.3 ≤ n ≤ 3.8
0.006, 2 ≤ n ≤ 2.9
0.004, 1.62 ≤ n < 2
0, n < 1.62

YG
T : At time interval T, the risk-induced intensity

of the hazard factor in grid G.
n : Obsessive-compulsive factor score.

(SCL-90) test
n = 2.5 0.006 SCL-90: Symptom Check List-90,

represents a list of 90 symptoms

Somatization, A2

YG
T =


0.02, 3.9 ≤ n ≤ 5
0.01, 3.3 ≤ n ≤ 3.8
0.006, 2 ≤ n ≤ 2.9
0.003, 1.37 ≤ n < 2
0, n < 1.37

YG
T : At time interval, the risk-induced intensity

of the hazard factor in grid G.
n : Obsessive− compulsive factor score.

(SCL-90) test n = 1.6 0.003 SCL-90: Symptom Check List-90,
represents a list of 90 symptoms

Business assessment was not up
to standard, A3

YG
T =

{ 100−a
10000 , 80 < a< 90

0, a ≥ 90
YG

T : At time interval, the risk-induced intensity
of the hazard factor in grid G.
n : Business examination scores of the post staff in grid G.

Monthly safety production
knowledge test score 85 0.0015

Due to the importance of railway
safety, the Shenshuo Railway

stipulates that the examination score
of 80 is qualified

Cold weather, A4

YG
T =



0.01, the lowest temperature dropped below
−20

◦
C in 24 h.

0.006, the lowest temperature dropped below
−10

◦
C in 24 h.

0.002, the lowest temperature dropped below
0
◦
C in 24 h.

YG
T : At time interval T, the risk induced intensity

of the hazard factor in grid G.

The lowest temperature of the
day was −24 ◦C 0.01

According to the expert advice and
the influence of low temperature on

human body function, selecting
different induced intensity values
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Table 11. Cont.

Hazards Functions Data Induced
Intensity Comments

Lighting, ventilation, heat
preservation, and other post

conditions were poor, A5

YG
T =

{
0.003, job conditions are not available.
0, others.

YG
T : At time interval T, the risk-induced intensity

of the hazard factor in grid G.

Poor lighting conditions in the
station at night 0.003 Assigning values according to field

operation conditions

Equipment failure, A6

YG
T =


d

1000D , d ≤ D
2

d
100D , D

2 < d < D
0.01, d ≥ D

YG
T : At time interval T, the risk-induced intensity

of the hazard factor in grid G.
d : Equipment failure time(day).
D: Equipment failure threshold (day).

The battery capacity was
insufficient, which affected the

intercom call reliability
0.004

Assigning values according to
equipment inspection and

maintenance statistics

Operating standards and
procedures were not

standardized, A7

YG
T =


0.003, Operating standards and procedures
are not standardized.

0, others.
YG

T : At time interval T, the risk induced intensity
of the hazard factor in grid G.

No mobile phone
management system 0.003 Assigning values according to daily

check statistics

Safety checks were not in
place, A8

YG
T =


t1−t2

10000D , t1 − t2 ≤ D
2

t1−t2
1000D , D

2 < t1 − t2 ≤ D
0.02, t1 − t2 > D

YG
T : At time interval T, the risk-induced intensity

of the hazard factor in grid G.
t1 − t2 : Difference between the specified inspection
times and the actual inspection times.
D : Threshold between the specified inspection
times and the actual inspection times(day).

During the working week,
checking was done twice 0.02

Assigning values according to the
inspection statistics of the superior

safety inspectors
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Table 12. Weight value of hazard factor in grid GH .

Hazards Normalized by Cluster Limiting

Obsessive–compulsive symptom, A1 0.37 0.19
Somatization, A2 0.22 0.12

Business assessment was not up to standard, A3 0.41 0.21
Cold weather, A4 0.61 0.10

Lighting, ventilation, heat preservation, and
other post conditions were poor, A5

0.39 0.06

Equipment failure, A6 0.20 0.06
Operating standards and procedures were not

standardized, A7
0.33 0.11

Safety checks were not in place, A8 0.47 0.15

5.3.3. Risk Magnitude Calculation

According to Equation (9), “the assistant watchman did not appear as required” event
risk size was 6, and the risk level was “Negligible”. At the same time, the magnitude of
the risk event of other grid elements involved in the posting of assistant duty attendant of
the Huangyangcheng station in the latest operation cycle (five shifts and four operations;
working cycle is 20 days, 12 days on duty and 8 days off duty) was solved; the results are
listed in Table 13. In this study, a total of ten assistant attendants are involved in the risk event
of “the assistant watchman did not appear as required”. The risk magnitude is determined by
the probability and severity of consequences, among which, the magnitude of consequences
is determined. According to the probability calculation formula, the weight of the hazard
factor has been solved. Therefore, the magnitude of the risk event of the other nine assistants
on duty can be calculated only by obtaining the induced intensity value. Due to the different
safety conditions of each assistant watchman, the assignment of induced intensity is different.
Due to space limitation, this study does not provide specific assignment process of other nine
grid elements, please refer to the assignment process in Table 11.

Table 13. Risk magnitude of “the assistant watchman did not appear as required” scenario.

Grid Codes Numerical Value Risk Levels

00010044010003020201 6 Negligible
00010044010003030201 8 Tolerable
00010044010003040201 6 Negligible
00010044010003050201 6 Negligible
00010044010003060201 8 Tolerable
00010044010003070201 6 Negligible
00010044010003080201 8 Tolerable
00010044010003090201 4 Negligible
00010044010003100201 6 Negligible

In the same operation cycle, there were obvious individual differences in the risk
magnitude of different elements of the same cell grid for the risk event of “the assistant
watchman did not appear as required” scenario, which reflected the advantages of the
personalized risk assessment in cell grid.

6. Discussion
6.1. Traditional Two-Dimensional Risk Assessment Results

The traditional “probability–severity” two-dimensional risk matrix is usually used to
solve the magnitude of risk events on the whole by using the statistical data of the hidden
dangers of unsafe behaviors of all employees. The combination of probability and severity
adopts the multiplication algorithm. During 2016–2018, 14 risk incidents of “the assistant
watchman did not appear as required” occurred in Huangyangcheng station (Table 14).
Combined with the suggestions of field experts, the traditional “probability–severity”
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two-dimensional risk matrix was used to assign the probability magnitude as “Regular”,
corresponding to the semantic scale of 5, and the severity magnitude as “Marginal”, cor-
responding to the semantic scale of 2. The principle of multiplication was adopted, and
the risk magnitude of “the assistant watchman did not appear as required” scenario was
10, which belonged to “Tolerable”. Managers need to take reasonable control measures to
ensure that risks are under control.

Table 14. Three violations data of “the assistant watchman did not appear as required” scenario.

Date Time Three Violations Description Inspection Situation

5 January 2016 5:30 Sleeping on duty Yellow notice
20 March 2016 23:30 Trains were not received in time White notice

11 June 2016 17:00 The busy board was not filled
in timely White notice

3 August 2016 14:00 Failed to use intercom to answer
call in time White notice

26 November 2016 11:50 Not standing in the correct
position to meet the train Yellow notice

17 January 2017 13:00 The busy board was not filled Yellow notice
9 May 2017 4:30 Doze off on duty White notice

19 September 2017 15:45 Not standing in the correct
position to meet the train Yellow notice

22 November 2017 7:20 Trains were not received in time White notice

27 February 2018 10:00 Walkie-talkies were not carried
in field operation Yellow notice

9 June 2018 2:30 Sleeping on duty Yellow notice

21 August 2018 10:15 Failed to use intercom to answer
call in time White notice

5 October 2018 13:30 Doze off on duty White notice
17 November 2018 22:00 No pick-up train Yellow notice

We could find that the traditional risk matrix had some shortcomings: first, it was
easily affected by the quality, quantity, and integrity of information used to directly solve
the risk parameters using historical accident statistics, which makes it difficult to obtain
accurate evaluation effect by quantitative analysis technology. Second, the systematic risk
analysis result could not truly reflect the safety behavior risk level of each employee in this
type of work owing to individual differences and the influence of temporal and spatial
characteristics. In addition, while considering countermeasures, the station was required
to take unified rectification measures for the ten assistant duty attendants until the risk
level could not be reduced, which increased the cost of risk response and caused a waste of
resources to some extent.

To address the above deficiencies, the grid method was used to classify and locate the
“key person, key event, and key period” of the train transportation site, and the modeling
analysis was conducted for the individual employees. At the same time, a large amount of
hazard factor data that directly induced risk events was integrated into the risk assessment
process, which overcame the impact on the accuracy of the risk assessment caused by the
traditional accident and hidden trouble data missing or less data collection.

6.2. Improved Two-Dimensional Risk Matrix Assessment Results Analysis

Different from the traditional two-dimensional risk matrix, the improved two-dimensional
risk assessment based on the grid was more personalized and accurate and could accurately
reflect the risk magnitude of different grid elements (Table 13); e.g., according to the short
board theory of modern management, only key control measures were required for grids
00010044010003030201, 00010044010003060201, and 00010044010003080201, while the tradi-
tional “probability–severity” two-dimensional matrix carried out risk assessment for ten el-
ements of grid GH. Owing to the limitation of historical data, the assessment results lack
accuracy and personalization, and the assessment results were one level higher than the risk
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level of the two-dimensional risk assessment model, resulting in a substantial increase in the
cost of risk response. The two-dimensional risk assessment model based on the grid exhibits
more advantages.

7. Conclusions

Considering the deficiency of traditional two-dimensional risk matrix, which takes
the system as a whole and uses accident potential data to calculate the risk magnitude, this
study proposes a safety behavior risk assessment model based on the grid management and
hazard factor assignment function to improve the traditional two-dimensional risk matrix.
First, the grid management method is introduced, introducing the definition and coding of
the grid, grid elements and grid events. Second, the traditional two-dimensional risk matrix
is improved by innovating the risk parameter assignment method and solving the hazard
factor weight by ANP. Finally, the methodology is applied to the risk event assessment of
“the assistant watchman did not appear as required” scenario in the Huangyangcheng sta-
tion of Shenshuo Railway. The evaluation results show that the risk magnitude of different
grid elements has a personalized difference, and only key control measures were required
for grids 00010044010003030201, 00010044010003060201, and 00010044010003080201, while
the traditional “probability–severity” two-dimensional matrix carried out risk assessment
for ten elements of grid GH .

The following conclusions were made in this study. The single-grid safety behavior
risk assessment model can consider the dynamic coupling change characteristics of the
risk event hazard factors of single elements in each grid under different spatiotemporal
frames. By introducing spatial location variables, the grid management method accurately
locates and classifies the site staff and organizes the disorder and lack of associated risk
data with regard to time and space. With a focus on the hazard factor, the induced intensity
is proposed for the first time and considered as the input of probability calculation to
innovate the traditional “probability–severity” risk matrix.

Although this study improves the traditional two-dimensional risk matrix of employee
safety behavior, the following studies should be paid more attention in future: First, based
on the key role of hazard factors in the risk assessment process, a hazard factor data platform
will be developed to realize the automatic collection, analysis, and processing of hazard
factors, so as to provide powerful data to support the risk assessment of train operation
department safety behavior. Second, the characteristics of heterogeneity, uncertainty, and
coupling indicate that hazard factors exhibit dynamic changes with time and space. It is
necessary to further strengthen the in-depth study on the coupling feedback relationship of
hazard factors so as to enhance the staff safety behavior risk dissemination law control.
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