* water

Article

Research on Intelligent Grading Evaluation of Water
Conservancy Project Safety Risks Based on Deep Learning

Feifei Tao !, Yanling Pi 1'*, Menghua Deng ?, Yongjun Tang % and Chi Yuan !

check for
updates

Citation: Tao, F; Pi, Y.; Deng, M.;
Tang, Y.; Yuan, C. Research on
Intelligent Grading Evaluation of
Water Conservancy Project Safety
Risks Based on Deep Learning. Water
2023, 15,1607. https://doi.org/
10.3390/w15081607

Academic Editors: Alistair Borthwick

and Vincenzo D’Agostino

Received: 11 March 2023
Revised: 2 April 2023

Accepted: 18 April 2023
Published: 20 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

College of Computer and Information, Hohai University, Nanjing 210098, China
2 Business School, Hohai University, Nanjing 210098, China
*  Correspondence: 211607010123@hhu.edu.cn; Tel.: +86-18166292371

Abstract: With the rise of artificial intelligence and big data technologies, it is increasingly significant
to apply these emerging technologies to scientific decision-making in water conservancy project
construction management in the face of many problems in the process of water conservancy project
construction. Different from using traditional assessment methods for risk classification of water
conservancy construction hazards, this paper integrates a priori attention and constructs a transformer
risk prediction model based on a sliding window, which deeply explores the data value of water
conservancy construction hazards information, further predicts the risk level of water conservancy
construction hazards and realizes efficient and intelligent management of water conservancy project
construction hazard identification management.

Keywords: deep learning; hazard sources; risk evaluation; transformer model; task scenarios; a
priori knowledge

1. Introduction

With the booming development of China’s water conservancy industry, the construc-
tion of water conservancy projects has been accelerated.

The focus of engineering can be a system project with more complex procedures,
extensive scope, many participating units, and interlocking with the construction process [1].
According to the dam failure statistics of the International Commission on Large Dams
(ICOLD) and the Chinese Institution of Dam Engineering (ChinCOLD), a total of 2068 dam
failures were recorded in 57 countries worldwide (excluding China) by the end of 2020,
and a total of 99 dam failures in China from 2000-2021 [2—4]. Ge [5] based on domestic
and international research and the actual application of the project, believes that the
consequences of water conservancy project accident risk broadly include four aspects,
including loss of life, economic loss (direct economic loss such as housing and agriculture
due to inundation and indirect economic loss such as affecting transportation and normal
production of factories and mining enterprises), social impact, and environmental impact
(changes in river morphology and human landscape, major pollution, etc.). Sheng [6]
studied and analyzed the causes of dam failure accidents from multiple dimensions, such
as dam type, project scale, age, and geographical area, concluding that dam type is not the
decisive factor leading to dam failure and that strengthening supervision and ensuring that
all management systems for project operation are put into practice is the key to ensuring
the long-term stability of project construction.

According to the above study, project risk assessment management is the key to project
construction. The development of regulatory measures and emergency response systems
based on the risk level of hazard sources can effectively reduce the consequences of accident
risk in water conservancy projects. The purpose of this paper is to study the evaluation
of safety risk level of water conservancy projects based on deep learning. The traditional
risk evaluation cannot be applied to the practical application of large projects, while the
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transformer model based on the global self-attention mechanism can extract the contextual
semantic features in the sentences, and the risk level prediction is more accurate, but it also
leads to a large amount of network computation as a result. The main contributions of this
research are as follows:

1. The set of task scenarios of water conservancy projects was collated, and the sample
data were organized in chunks by task scenarios to construct a two-by-two linearly
independent task scenario vector.

2. To address the problem of missing features in short texts, this paper constructs a
vector of hazard source information representation based on a priori knowledge as
auxiliary information, and weighted fusion of sample data in terms of task scenarios
through an a priori attention mechanism, which makes the model have a more similar
learning style to that of humans.

3. Inresponse to the defects of the transformer network model with large computation,
integrating project characteristics task scenes and sliding windows, proposed an
improved water engineering safety risk evaluation model based on transformer and
built a task scene judgment gate to restrict the attention mechanism to a sliding
window with task scenario, which reduces the network computation and improves
the model operation efficiency.

2. Literature Review

Engineering safety risk evaluation refers to the analysis and acquisition of possible
risk elements in the process of engineering construction with the help of relevant working
principles and methods, and the prediction of the probability of occurrence of risks and
the severity of consequences, on the basis of which effective risk prevention and control
measures are established through quantitative and qualitative analysis [7]. The US De-
partment of Defense actively advocated the implementation of risk management as early
as the 1970s [8,9], outlining how the project risk management process can be modified to
promote an uncertainty management perspective [10]. Bing L and Tiong RLK [11] based on
the characteristics of water conservancy and hydropower projects, conducted an overall
evaluation of safety evaluation factors that could not be analyzed quantitatively, using an
expert survey method and hierarchical analysis [12], and computed the relative weights
among the indicators [13]. They introduced a simple and practical approach to identify,
assess, monitor, and manage risks in an informed and structured manner. Hreinsson [14]
introduced the Monte Carlo simulation method into the risk evaluation system of wa-
ter engineering for hydropower plant engineering expansion projects. While domestic
research scholars continue to introduce advanced concepts from abroad, they carry out
risk evaluation applications on mega-projects such as the Three Gorges Project, making
the whole system of theoretical research and practical application of risk evaluation in
China gradually more advanced. Yang [15] adopted hierarchical analysis and fuzzy theory
in risk evaluation of water conservancy projects [16]. The combination of this method
and the fuzzy theory is used to evaluate the risk of large water conservancy projects by
decomposition analysis, aiming at the many factors affecting the risk of water conservancy
projects. Zhang [17] proposed to use the safety checklist method to inspect the derricks and
bases of offshore drilling and repairing rigs, and on this basis, the accident tree analysis
method was used to identify the types of hidden faults.

Currently, traditional machine learning methods like Bayesian classifiers [18], sup-
port vector machines [19], and deep learning models, such as convolutional neural net-
works [20,21], recurrent neural networks [22,23], and long and short-term memory neural
networks [24], have been widely used in long text classification tasks. Liu proposed a
moderated deep learning model [25], the BERT model was used to generate the dynamic
feature vector of the character set of the accident text, and the Bi-LSTM model was used to
mine the semantic features of the accident report text, deeply analyzed the causes of water
conservancy project construction accidents. In order to detect cracks on the dam surface
and reduce labor costs, Lin [26] used the deep learning YOLOv3 model for prediction,
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which enhanced the detection of small cracks. Liu [27] used the improved YOLOv3-DN
algorithm to identify the dangerous source elements of the construction site, and fed back
in real time on the building information model platform to realize the intelligence of water
conservancy information.

Although the traditional risk evaluation methods can solve the needs of some appli-
cation scenarios to a certain extent, the performance is poor and cannot deal with such
problems efficiently. In the safety risk evaluation of water conservancy construction, the
information on hazard sources collected manually is mostly recorded in the form of text
tables in the risk hazard database. They are described in the form of short text, and there
is semantic ambiguity in the context of sparse features [28]. If deep learning models such
as BERT are directly applied to short text classification, it will cause problems, like poor
classification results and poor model performance.

The transformer model based on a multi-headed self-attentive mechanism [29-31] can
fully extract the sentence context semantics, which can solve the short text type’s defect of
feature sparsity. Since the model is based on global attention, the network computation is
large; therefore, this paper proposes an improved water engineering safety risk evaluation
model based on transformer, which reduces the computational complexity of the network
model by building a task scene judgment gate and restricting the attention mechanism
to the inside of a sliding window with the task scene as the unit. At the same time, the
attention mechanism is used to weigh the hazard source information representation vector
that incorporates a priori knowledge so that the model has a learning mode more similar to
that of the human brain and improves the accuracy of model risk level prediction [32-34].

3. Materials and Methods
3.1. Study Area and Data Source

The project in Xinbei District of the Xinmeng River Extension and Dredging Project
involves 36 villages in five towns from north to south, including Menghe Town, Xixiashu
Town, Luoxi Town, Penniu Town, and Chunjiang Town (abandoned area), with a total
length of about 25.29 km: 21.81 km (3.3 km newly opened) in the section north of the canal;
1.4 km in the section of Penniu Junction; and 2.06 km in the newly opened section of the
southern extension. Jiepai of New Meng River Extension Dredging Project: The water
conservancy pivot project is an important part of the extension and dredging project of the
New Meng River, located in the town of Jiepai, Danyang City, Zhenjiang, at the mouth of
the river in the northward extension section of the New Meng River, consisting of a ship
lock, a restraint lock, and a pumping station, with buildings arranged in sequence from
west to east.

The Xinmeng River Extension and Dredging Project is a backbone project with com-
prehensive benefits of flood prevention, drainage, water resources allocation, water ecology
improvement and navigation, which is also listed in the 172 national major water con-
servation and water supply projects and the key project of the construction of Yangtze
River Economic Belt, according to the “Overall Plan for the Comprehensive Management
of Water Environment in Taihu Basin”, “Taihu Basin Flood Control Plan”, and “Taihu Basin
Water Resources Comprehensive Plan” [35,36]. The overall layout is from the right bank
of the Yangtze River in the north. The overall layout starts from the right bank of the
Yangtze River in the north to the Dajie River, and the Jiepai Water Conservancy Hub will
be built at the mouth of the diversion river and dredged along the old Xinmeng River to
the Beijing-Hangzhou Canal, with the main function of improving the water environment
of Taihu Lake and the western part of the lake and raising the flood control and drainage
standards of the basin and the region.

The scale of the project is large, involving a large number of construction workers
and adjacent to residential areas. Therefore, it is important to carry out an intelligent risk
evaluation of the project’s risk sources, explore the potential risk sources, predict the risk
level, reduce the possibility of accidents in the project, and ensure the long-term safety of
the project.
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3.2. Task Scenarios

The water conservancy project is a more complex procedure, the tasks to be completed
in different construction tasks are very different, then the potential sources of hazards in
the construction process will also have a large difference. For example, in the earthwork
open excavation task scenario, close attention must be paid to the operation site because
the surrounding steep slopes and mountains hold the possibility of landslides, runoff, and
other major disasters. While in the earthwork blasting task scenario, the need to supervise
the construction tasks such as transportation of blasting equipment, manual handling
of blasting equipment, and blasting operations, there is the risk of blasting injuries to
construction personnel.

Therefore, this paper proposes to take the construction task scenario as the unit and
chunk the text data for pre-processing and model training. Take the first-level task scenario
“earthwork” in the risk and hazard database of the Xinmeng River Extension and Dredging
Project as an example, as shown in Table 1.

Table 1. Task scenario information.

First-Class Mission Scenes Secondary Mission Scenes

Basic regulations
Open earth excavation
Concealed earth excavation
Earthwork Open stone excavation
Concealed stone excavation
Stonework blasting operation
Construction and safety support
earth-rock filling

T; vector representation of the task scenarios in the project, a linearly unrelated vector
group can be constructed using the linearly related vector group [37]. Therefore, the vectors
of task scenes are transformed as follows so that there is no direct relationship between the
task scene representation vectors, where ¢j, i are non-zero integers.

Ty =[T;,0--¢---0] ¢y
=1 (i=12...n), (2)

According to Formula (1), the task scenario vector set is linearly independent and can

be obtained using;:
10 iF]

3.3. A Priori Attention

In a multi-classification task, we exclude some classes to which the sample cannot
belong and classify the sample on the remaining classes, which is equivalent to giving
this sample certain a priori knowledge [38]. Combining the a priori knowledge with the
deep learning network model allows the model to have a learning style more similar to
that of the human brain, thus improving the risk level prediction accuracy of the network
model. In the actual construction process of hydraulic engineering projects, the collected
samples of hazard sources are limited, too redundant, and too complicated, and there are
sparse features and text semantic ambiguity after data pre-processing. Therefore, an a priori
knowledge-based hazard information source representation vector (hereinafter referred to
as an a priori vector) can be used as auxiliary information. The text vector incorporating an
a priori knowledge makes up for the problem of sparse sample features to a certain extent
and provides some feasibility for improving the risk prediction accuracy.

If the a priori vector is simply spliced and fused with the text vector, it cannot reflect
the importance of a word to the text data of different task scenarios, and the importance
of each word that constitutes the text to the text can directly affect the final model effect.
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Therefore, this paper uses a priori attention, introduces the attention mechanism on the
basis of a priori knowledge, calculates the importance weight coefficients of a priori vectors
for text data of different task scenes, and realizes the optimal use of information carried by
a priori knowledge.

The expertise in the field of water conservancy engineering has some guidance for
the model based on the “Guidelines for Identification of Hazardous Sources and Risk
Evaluation of Water Conservancy and Hydropower Projects (for Trial Implementation)”
and “Classification Standards for Enterprise Employee Casualty Accidents” formulated by
the Ministry of Water Resources, etc., and combined with the risk and hazard database of
the New Meng River Extension Dredging Project can be inscribed for each hazard source
record with two information representations of the category of hazard sources and the
category of accidents that may result. The specific division is shown in Table 2.

Table 2. Classification of hazard source information representation.

Hazardous Source Category Types of Accidents That May Result
Equipment, facilities, tools, accessories defects Object strikes
Management Factor Deficiency Vehicle Injuries
Harsh climate and environment Mechanical damage
Behavioral hazards Lifting Injuries
Construction operations do not meet the El .
cr . ectrocution
specifications
Toxic and harmful gases Falling from a height
Toxic chemical spill Collapse
Behavioral hazards Explosion, fire
Poor working site environment Poisoning, asphyxiation
Fire Safety Other Injuries

The two a priori knowledge elements, the category of hazards and the category of
accidents that may result, are obtained from the hazard source description text by expert
experience judgment in the field of the water resources industry. According to the hazard
source information representation in Table 1, the information representation of two risk
factors is divided: 0 means that the hazard description text does not contain this kind of
elements, 1 means that the hazard description text contains this kind of elements, can be
constructed based on an a priori vector P(d).

The structure of the a priori attention model is shown in Figure 1; a priori attention is
the introduction of an attention mechanism based on a priori knowledge, and the results
obtained from the calculation of the attention mechanism are passed through the SoftMax
function, which represents the importance of the a priori knowledge representation vector
for each task scenario, as shown in Equation (4), where w is the importance coefficient.
The obtained importance coefficients are weighted and fused with the text blocks in terms
of task scenes to achieve more optimal utilization of the information carried by the prior
knowledge.

: Q-K'
w = SelfAttention(Q, K, V) = softmax -V, 4)
Vi

3.4. Improved the Water Engineering Safety Risk Evaluation Model Based on Transformer

In recent years, the transformer network model proposed by Google in 2017 [26] has
been widely used in the field of natural language processing. The transformer model essen-
tially follows the classical encoder-decoder structure of sequence information modeling,
which is a model composed of a multi-head attention mechanism and a feedforward neural
network. The transformer encoder consists of a self-attention layer and a feedforward
network layer, which perform residual connection and layer normalization operations,
respectively. A multi-head attention mechanism is introduced in the self-attention layer
to obtain contextual semantic information and process all words in parallel. It can both
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achieve parallel computing and capture global semantic information. The model structure
is shown in Figure 2.

Text vector in task scenario
( Blended prior knowledge )

/ Self-Attention

SoftMax Linear

A

Task scene unit text
Embedding

Priori Knowledge Embedding

Figure 1. Structure of the a priori attention model.

feedforward neural layer normalization
network layer ?
residual feedforward neural network
connection

self-attention layer layer normalization

?

multi-head attention mechanism

residual
connection

Figure 2. Transformer encoder structure diagram.

The traditional transformer structure avoids repetition and convolution in neural
networks by global self-attention but also because global attention computation can lead to
a large network computation. Therefore, this paper proposes a self-attention mechanism
within the task scene, which is implemented by the task scene judgment gate to limit the
global attention to the task scene window and reduce the network computation of the
self-attention mechanism. The model structure is shown in Figure 3.
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Figure 3. Transformer model diagram based on task scene sliding window.

As discussed above, the source of danger in the construction process of hydraulic
engineering is discussed in the specific task scenario; therefore, the safety risk rating of
hydraulic engineering should depend on the task scenario. In the process of model training,
the training weight matrix should also depend on the task scenario to which it belongs;
the risk prediction of the hazard source in task scenario A only focuses on the risk of the
hazard source in task scenario A itself and has little correlation with the risk source in other
task scenarios. Therefore, the training matrix wq, wy, wy of the improved transformer
model proposed in this paper should design to meet the conditions mentioned above so
that the danger source only pays attention to the training matrix in the sliding window
of its task scene, as shown in Formulas (5)—(7). Among them, wq, wy, wy are the weight
matrix in the sliding window of the task scene, which is trained by numerous project data,
and T; is the task scene vector.

n

Wq=wq XT1 +wWga X Ta4 - +Wgn xTn =) 1 wgi x Ty 5)
n
Wk:Wk1XT1+Wk2XT2+~~~+WanTnIZWkiXTi, (6)
i=1
n
WV:wV1xT1+wV2xT2—|—---+wvnxTn:ZwvixTi, (7)
i=1

The task scene judgment gate structure is shown in Figure 4. The task scene vector
Tj, to which this text vector belongs, is embedded in the input of the internal model of the
sliding window, which is to perform the self-attention calculation within the task scene.
Therefore, the input of the model is shown in Equation (8), where X is the text vector to be
input to the model, and Tj is the task scene vector to which it belongs.

Input =T; - X, 8)
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Figure 4. Structure diagram of task scenario judgment gate.

Task j

According to the linear irrelevance of the task scenario vector representation group
in Section 3.2 of this paper, it is possible to prevent other task scenarios from influencing
the risk prediction results of this text ([T; - Tj] = 0, i # j). There is a task scene judgment
gate in the internal model, and it enters into this sliding window for model training and
prediction when the conditions are met. Because of this, each text vector can only enter into
the sliding window of the task scene it belongs to and cannot be influenced by other task
scenes.

It is because the task scene vectors are embedded in the input and training matrices of
the model that the final model output vectors are expanded by |T;| times. In order not to af-
fect the final risk level prediction, the model output is scaled as shown in Equations (9)-(11),
where Q;, Kj, V; are the query matrix, key matrix, and value matrix of the model before
scaling, respectively, and Tj is the sliding window, Task; the task scene vector to which it
belongs.

Q= ﬁ ©)
j
Kj
j
Vi

Vi = T (11)
j

Taking the query matrix Q; as an example, the text is entered within the sliding
window model shown in Figure 2, and the derivation formula is found below, and from
the final result, it is clear that Q; only correlates with the training matrix within the sliding
window of its task scene wg; correlated with self-attentiveness within the task scene is

achieved.
wgInput  (Wqr XT1+Wgp X Ta+++wgnxTn ) Tj-X

A =T i
_ qu~T1'Ti X qu‘Ti~Ti'X qu'Tn'Ti'X
= +.oott =+ = 12
| g i (12
o qu~Ti~Ti~X o .
= 7] = wgi - X
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The core code of the improved water engineering safety risk evaluation model based
on transformer is as follows (Algorithm 1).

Algorithm 1: Intelligent hierarchical evaluation model of water conservancy project safety risk
based on transformer algorithm

Input Text vector based on task scene X;
Priori knowledge vector X;
Task scene vector T

Output The risk prediction level corresponding to the text vector Y
1 Function Linearity-Agnostic(T):
2 for i=0;1i< Tlength; i++)
3 Temp = new Array(T.length).fill(0)
4 templi] =1
5 T[i] = concat(T[i] temp)
6 Return T
7 End function
8 Function a priori-Attention(Xy, X3)
9 Q=W X{,K=WK.x;,v=wWV.X;
T
10 R =Scale(Q - KT) = %
11 Z = SoftMax(R)-V
12 Return Z + X,
13 End function
14 Function Slide_Window_i(X, T):
15 if Ti]- Tt =0
16 Q' =Wgi X, K =W - X, Vi = Wy; - X
17 QlZ%IKIZ%/VIZ%
18 R =Scale(Q; - K;T) = Q KT
1 1 \/@
19 Y = SoftMax(R) -V
20 Else continue
21 Return Y
22 End function
23 T = Linearity-Agnostic(T)
24 X = a priori-Attention(X1, X3)
25 Y = Slide_Window_i(X, T)
4. Results

4.1. Experimental Preparation

In this chapter, the risk and hazard database of the New Meng River Extension
Dredging Project is selected as the experimental object, and the data of 7500 hazard source
records in the construction risk database of the second and third bidding sections of the
New Meng River Extension Dredging Project located in Jintan District are selected for the
experiments in this chapter. Among them, the risk classification of hazard sources belonged
to four different risk categories. The number of samples, category labels, and examples of
each category are shown in Table 3.

The overall experimental idea is to divide the original hazard source text corpus into
training and test sets in the ratio of 7:3 after pre-processing. To verify the effectiveness of the
risk prediction model proposed in this chapter, the same dataset is used, and the classical
machine learning method and the deep learning method are selected as the baseline for
comparison experiments.

1.  Inthe a priori knowledge validity experiments, the same dataset and prediction model
are used, and the only difference is whether or not a priori knowledge is introduced
and a priori knowledge is used as auxiliary information to compensate for the feature
defects in the short text for comparison experiments to verify the validity of a priori
knowledge.
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2. In the model prediction correctness experiments, multiple network models (SVM,
CNN, GAT, RCNN, transformer) are selected for the risk level prediction correctness
comparison experiments on the project dataset. The SVM model parameters are as
follows: the penalty parameter ¢ was set as the default value 1, the kernel function was
selected as the Gaussian radial basis function, and the function parameter g was set
as 0.25; other parameters of the neural network model are as follows: embedding-dim
is 256, max-length is 100, batch-size is 16, and the learning rate is 1 x 1073,

3. Inthe model efficiency experiments, the transformer model and the improved model
are selected for comparative analysis in terms of running time to verify the efficiency
of the improved model.

Table 3. Risk level classification and examples.

Risk Level Quantity Example Sentences of Experimental Corpus
Level I 1830 Structure support material does not meet the requirements
The mud discharge line needs to pass through the bridge hole
Level II 1877 and pile group, did not check the mud discharge pipe

fixed measures
When connecting and dismantling the mud pipe in windy and
rough waters, the operator did not fasten the safety rope
The setting of steel escalators does not meet the
safety requirements

Level III 2748

Level IV 1045

Using accuracy as an evaluation indicator, it can reflect the proportion of samples
for which the prediction model can accurately identify the risk level of the hazard source
so that the model prediction accuracy can be determined, and the accuracy indicator is
calculated as shown in Equation (13).

TP + TN
TP + TN + FP + EN

Accuracy = (13)

The number of samples belonging to this risk level that is predicted to be in this level
is recorded as TP, the number of samples not belonging to this risk level that is predicted to
be in this level is recorded as FP, the number of samples belonging to this risk level that is
predicted to be in other levels is recorded as FN, and the number of samples not belonging
to this risk level that is predicted to be in other levels is recorded as TIN.

4.2. A Priori Attentional Validity Experiment

In this paper, we construct a vector of hazard source information representation based
on a priori knowledge as auxiliary information and introduce a self-attentive mechanism to
weigh the fused text vector to compensate for the sparse sample features. This subsection
verifies the effectiveness of fusing a priori knowledge to construct a network for risk
prediction through two sets of experiments.

Both groups of experiments use the transformer model based on risk level prediction.
The first group of experiments uses the classical transformer model for risk level prediction,
the second group of experiments uses the transformer model with simple spliced a priori
knowledge vectors for risk level prediction, and the third group of experiments uses the
transformer model with the weighted fusion of a priori knowledge vectors by attention
mechanism for risk level prediction and compares the accuracy of the prediction of the
three groups of experiments.

From the experimental results in Figure 5, we can obtain that the accuracy value of risk
level prediction of the traditional transformer model is 0.548, the accuracy value of risk level
prediction of the transformer model with simple splicing of a priori knowledge vectors
is 0.617, and the accuracy value of risk level prediction of transformer model with the
weighted fusion of a priori knowledge vectors by attention mechanism is 0.736. Through
the comparative analysis of the first and second groups of experiments, the use of a priori
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knowledge vectors as model auxiliary information is effective in improving the accuracy
of risk level prediction; through the comparative analysis of the second and third groups
of experiments, the use of attention mechanism weighted fusion of a priori knowledge is
effective in improving the accuracy of risk level prediction.

Effectiveness of priori knowledge

o
)

°
~

o
o
Q
n
B
%

Accuracy
o o o o
N w = w

o
e

Transformer priori knowledge-Transformer priori attention-Transfromer

Figure 5. Comparison of a priori knowledge validity.

4.3. Experiment on the Correctness of Model Prediction

In this paper, we propose the sliding window transformer risk prediction model based
on fused a priori attention. To verify the effectiveness of this model in water conservancy
construction risk prediction, classical deep learning network models (SVM, CNN, GAT,
RCNN, transformer) are selected for comparison experiments, and the accuracy results
obtained are shown in Figure 6.

Comparison of Prediction Accuracy

o
o

0.736

©
N

0.587 0.579
0.547 0572 0.548

SVM CNN GAT

RCNN Transformer Improved
Model

Accuracy
© o o o o
N w = wv [+

o©
a

o

Figure 6. Comparison of prediction model effects.

1.  SVM: this method uses TF-IDF to construct a hazard feature vector for hazard source
text and input it into the SVM model for training to realize hazard source prediction;

2. CNN: this method uses CNN to extract the text feature information of hazard sources
and then uses softmax as the classifier;

3. RCNN: this method is a new model constructed by combining CNN and recurrent
neural network (RNN), which can combine the advantages of the two neural networks
and improve the performance of the model;
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4. GAT: the heterogeneous text graph is constructed by using the hazard information

representation vector based on prior knowledge as input. This method uses the
attention mechanism on the basis of graph convolutional network modeling, which
can achieve good results.

5. Transformer: The model is a neural network model based on a self-attention mech-
anism, which is widely used in the field of natural language processing, such as
machine translation, language understanding, and generation.

From the analysis of the experimental results in Figure 6, it can be seen that the risk
level prediction accuracy of other deep learning network models is not much different, and
they are all less than 0.6. The risk level prediction accuracy of the improved model is 0.736,
which is about 25% higher than the traditional transformer model. The evaluation index
data of the improved model are shown in Table 4.

Table 4. Improved model evaluation index based on transformer.

Prediction Level

Grade I Grade II GradeIII  Grade IV Precision Recall F1 Accuracy
Grade I 1424 361 35 10 0.759 0.778 0.768 0.778
True Grade II 275 1309 254 39 0.619 0.697 0.656 0.697
level Grade III 146 362 2033 207 0.814 0.740 0.775 0.740
Grade IV 32 82 177 754 0.747 0.722 0.714 0.722

4.4. Model Efficiency Experiments

In this paper, we propose a transformer model based on a sliding window according
to the actual project situation, which restricts the attention calculation to the inside of the
sliding window in terms of task scenarios and reduces the amount of network computation
of the attention mechanism. In order to verify the efficiency of the improved model, the
running time of the traditional transformer model and the improved model proposed
in this paper are compared and analyzed on the same project dataset, and the obtained
experimental results are shown in Figure 7.

Comparison of Model Efficiency

700
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w ...
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300
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100

Transformer Improved Model

Figure 7. Model efficiency comparison chart.

From the analysis of the experimental results in Figure 7, it can be seen that the running
time of the traditional transformer model is 596 s, and the running time of the improved
model is 435 s. Compared with the traditional transformer model, the running time of the
model is reduced by about 27%, which proves that the improved model can reduce the
amount of network computation, improve the running speed of the model, and verify the
efficiency of the model.
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5. Discussion

The improved water engineering safety risk evaluation model based on transformer
proposed in this paper integrates project feature task scenario and sliding windows, builds
task scene judgment gates, and restricts the attention mechanism to a sliding window
with task scene as the unit. Analysis from the theoretical point of view: the traditional
transformer model calculates the global attention, and the algorithm time complexity is
O(n?), where n is the sum of the text lengths of all task scenarios. The improved transformer
model proposed in this paper calculates the a priori attention within the task scenario,
and the algorithm time complexity is O(m?), where m is the maximum text length of the
task scenario (m < n). Therefore, when the sample data volume is large, there will be
m < n, so the time complexity of the improved transformer model is much smaller than
that of the traditional transformer model. Analysis from the perspective of example data:
from Figure 7, it can be seen that the improved transformer network model reduces the
running time by 27% compared with the traditional transformer model, which improves
the running speed of the model.

In this paper, three experiments are conducted in the a priori attention validity experi-
ment. In the comparison experiments of the first and second groups, using whether or not
to introduce a priori knowledge as a control variable, it is argued that it is obtained that a
priori knowledge can indeed compensate for the deficiency of insufficient characteristics
of sample data and can improve the accuracy of model risk level prediction; in the exper-
iments of the second and third groups, using the way of a priori knowledge fusion as a
control variable, it is argued that it is obtained that introducing a self-attentive mechanism
to weight fused a priori knowledge is more effective than simply splicing the accuracy of
model prediction is higher. The effectiveness of a priori attention on the data of this project
is argued by comparing the two groups of experiments.

6. Conclusions

This paper proposes an improved water engineering safety risk evaluation model
based on transformer, which builds a task scene judgment gate and restricts the attention
mechanism to a sliding window with the task scenario as the unit, so this model reduces
the computation of the network to a greater extent compared with the traditional model.
At the same time, this paper introduces the attention mechanism on the basis of a priori
knowledge, calculates the importance weight coefficients through the attention mechanism,
and weighted fusion of a priori vectors and text vectors, which makes the model have
a learning mode more similar to the human brain, compensates for the deficiency of
insufficient sample features and improves the accuracy of model risk level prediction.
Experiments were conducted on the data of the Xinmeng River Extension and Dredging
Project, which proved the effectiveness of a priori attention for improving the accuracy
of the model and also demonstrated that the sliding window in terms of task scenarios
reduced the computational effort of the network model, and the research in this paper was
successfully applied on real data.

Author Contributions: Conceptualization, Y.P,; investigation, M.D. and E.T.; resources, Y.P. and ET,;
data curation, Y.T. and C.Y.; methodology, F.T. and Y.P,; writing—original draft, ET.; writing—review
and editing, Y.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China, grant
number. 42001250; Jiangsu Water Conservancy Science and Technology Foundation, grant number.
2020014.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Water 2023, 15, 1607 14 of 15

References

1. Jiang, D.; Xin, Y,; Yang, F. Construction of safety production risk management system for hydraulic engineering. Northeast. Water
Conserv. Hydropower 2022, 40, 56-57.

2. ICOLD. Lessons from Dam Incidents; Complete Edition; International Commission on Large Dams (ICOLD): Paris, France, 1974.

3. ICOLD. Deterioration of Dams and Reservoirs; International Commission on Large Dams (ICOLD): Paris, France, 1983.

4. ICOLD. Dam Failures Statistical Analysis; Bulletin99; International Commission on Large Dams (ICOLD): Paris, France, 1995.

5. Ge, W, Jiao, Y.T; Li, Z.K,; Zhang, Z.; Guo, X. Current status and development trend of research on the consequences of dam
failure risk. Adv. Water Sci. 2020, 31, 143-151.

6.  Sheng, J.; Li, H,; Sheng, T. Statistical analysis of reservoir dam failures and their loss of life in China. ]. Water Resour. Water Transp.
Eng. 2022, 1-17. Available online: https:/ /kns.cnki.net/kems/detail /32.1613.TV.20221006.1325.002.html (accessed on 10 March
2023).

7.  Pan, H,;Liang, Z.; Li, Y,; Xue, Q. Safety evaluation model and application of transmission and substation project based on entropy
power material element. Pract. Underst. Math. 2018, 48, 13-20.

8.  Williams, R.E; Abeyta, R.D. Management of Risk and Uncertainty in Systems Acquisition: Proceedings of the 1983 Defense Risk and
Uncertainty Workshop Held at Fort Belvoir, Virginia on 13-15 July 1983; Defense Systems Management Coll Fort Belvoir Va: Fort
Belvoir, VA, USA, 1983.

9.  Ward, S.; Chapman, C. Transforming project risk management into project uncertainty management. Int. J. Proj. Manag. 2003, 21,
97-105. [CrossRef]

10. Lyons, T.; Skitmore, M. Project risk management in the Queensland engineering construction industry: A survey. Int. J. Proj.
Manag. 2004, 22, 51-61. [CrossRef]

11. Bing, L.; Tiong, R.L.K. Risk management model for international construction joint ventures. J. Constr. Eng. Manag. 1999, 125,
377-384. [CrossRef]

12.  Saaty, T.L. The Analytic Hierarchy Process: Planing, Priarity Selling, Resource Allocation; McGraw Hill: New York, NY, USA, 1980;
pp- 222-309.

13. Mills, A. A systematic approach to risk management for construction. Struct. Surv. 2001, 19, 245-252. [CrossRef]

14. Hreinsson, E.B.; Jonasson, K. Monte carlo based risk analysis in hydroelectric power system expansion planning in the presence
of uncertainty in project cost and capacity. In Proceedings of the 38th International UPEC, Thessaloniki, Greece, 1-3 September
2003.

15.  Yang, J.; Zhang, H. Research on fuzzy hierarchical comprehensive evaluation method for large water conservancy project risks.
People’s Yangtze River 2007, 6, 148-150.

16. Zadeh, L.A. Fuzzy sets. Inf. Control 1965, 8, 338-353. [CrossRef]

17.  Zhang, S. Safety assessment of offshore drilling and repair rig derricks and bases based on hidden danger analysis. Mar. Eng.
2021, 50, 6.

18. He, M,; Sun, J.; Cheng, Y. A review of text classification research based on plain Bayesian. Intell. Sci. 2016, 34, 8.

19. Wang, S.I; Manning, C.D. Baselines, and bigrams: Simple, good sentiment and topic classification. In Proceedings of the 50th
Annual Meeting of the Association for Computational Linguistics, Jeju, Republic of Korea, 10 July 2012; Volume 2: Short Papers;
pp- 90-94.

20. Kim, Y. Convolutional neural networks for sentence classification. In Proceedings of the 2014 Conference on Empirical Methods
in Natural Language Processing, Doha, Qatar, 25-29 October 2014; ACL: Stroudsburg, PA, USA, 2014; pp. 1746-1751.

21. Guo, D.-L,; Liu, S.-M.; Zheng, Q.-S. A convolutional neural network-based classification method for short text on the Internet.
Comput. Mod. 2017, 4, 78-81.

22.  Liu, P; Qiu, X,; Huang, X. Recurrent neural network for text classification with multi-task learning. arXiv 2016, arXiv:1605.05101.

23.  Zhou, Y,; Xu, B.; Xu, ].; Yang, L.; Li, C. Compositional recurrent neural networks for chinese short text classification. In Proceedings
of the 2016 IEEE/WIC/ACM International Conference on Web Intelligence (WI), Omaha, NE, USA, 13-16 October 2016; IEEE:
Piscataway, NJ, USA, 2016; pp. 137-144.

24. He, C.; Yang, J.; Luo, C.L. Feature fusion short text classification algorithm based on BiLSTM neural network. Intell. Comput. Appl.
2019, 9, 21-27.

25. Liu, T.; Zhang, S.R.; Wang, C.; Li, Z.H.; Guan, H.; Wang, X.H. BERT-BiLSTM hybrid model for intelligent text analysis of water
conservancy construction accidents. J. Hydroelectr. Eng. 2022, 41, 1-12.

26. Li, L.; Zhang, H.; Pang, J.; Huang, ]. Dam surface crack detection based on deep learning. In Proceedings of the 2019 International
Conference on Robotics, Intelligent Control and Artificial Intelligence, Shanghai, China, 2022 September 2019; pp. 738-743.

27. Liu, Y.Q.; Fu, ZM.; Wu, H,; Jie, W. Hazard identification of water conservancy construction based on improved YOLOv3-DN
algorithm. . Saf. Environ. 2022, 22, 550-557.

28. Li, B,; Xiang, Y.; Feng, D.; He, Z.; Wu, J.; Dai, T.; Li, J. A short text classification model incorporating knowledge perception and
dual attention. . Softw. 2022, 33, 3565-3581.

29. Vaswani, A.; Shazeer, N.; Parmar, N.; Uszkoreit, J.; Jones, L.; Gomez, A.N.; Kaiser, L.; Polosukhin, I. Attention is all you need. In

Proceedings of the 31st Conference on Neural Information Processing Systems (NIPS 2017), Long Beach, CA, USA, 4-9 December
2017.


https://kns.cnki.net/kcms/detail/32.1613.TV.20221006.1325.002.html
https://doi.org/10.1016/S0263-7863(01)00080-1
https://doi.org/10.1016/S0263-7863(03)00005-X
https://doi.org/10.1061/(ASCE)0733-9364(1999)125:5(377)
https://doi.org/10.1108/02630800110412615
https://doi.org/10.1016/S0019-9958(65)90241-X

Water 2023, 15, 1607 15 of 15

30.

31.

32.

33.

34.

35.

36.

37.
38.

Zhang, X.; Qiu, X.; Pang, J.; Liu, F; Li, X. Dual-axial self-attention network for text classification. Sci. China Inf. Sci. 2021, 64, 1-11.
[CrossRef]

Hu, Z,; Jian, F; Tang, S.; Ming, Z.; Jiang, B. DFSMN-T: Chinese speech recognition combining strong language model Transformer.
Comput. Eng. Appl. 2022, 58, 187-194.

Diligenti, M.; Roychowdhury, S.; Gori, M. Integrating prior knowledge into deep learning. In Proceedings of the 2017 16th
IEEE International Conference on Machine Learning and Applications (ICMLA), Cancun, Mexico, 18-21 December 2017; IEEE:
Piscataway, NJ, USA, 2017; pp. 920-923.

Liu, X,; Yuan, ].B.; Wang, T.X. An indoor human behavior recognition method based on scene prior knowledge. Comput. Sci. 2022,
49,225-232.

Niyogi, P.; Girosi, F.; Poggio, T. Incorporating prior information in machine learning by creating virtual examples. Proc. IEEE
1998, 86, 2196-2209. [CrossRef]

Bao, J.T,; Tang, R.; Liu, T. Analysis of the first flood control and drainage scheduling benefits of the Xin Meng River extension and
dredging project. Jiangsu Water Resour. 2021, 11, 57-60.

Wang, J. Design and application of improved bailey bridge in the new Menghe project. People’s Yellow River 2022, 44 (Suppl. 1),
107-108+110.

Fu, L.J. Construction of linear irrelevant vector groups. Heilongjiang Sci. Technol. Inf. 2010, 31, 25-25286.

Xuan, D.; Wang, J.; Yu, H.; Zhao, J. Application of prior knowledge in deep learning. Comput. Eng. Des. 2015, 36, 3087-3091.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s11432-019-2744-2
https://doi.org/10.1109/5.726787

	Introduction 
	Literature Review 
	Materials and Methods 
	Study Area and Data Source 
	Task Scenarios 
	A Priori Attention 
	Improved the Water Engineering Safety Risk Evaluation Model Based on Transformer 

	Results 
	Experimental Preparation 
	A Priori Attentional Validity Experiment 
	Experiment on the Correctness of Model Prediction 
	Model Efficiency Experiments 

	Discussion 
	Conclusions 
	References

