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Abstract. Real-time hydro-logical data such as water level and flow of the main
canal of the Middle Route of the South-to-North Water Diversion Project are the
basis for decision-making of water conveyance scheduling. Due to the influences
of external disturbance, measurement system error and other factors, the ill-con-
ditioned hydro-logical data will cause the calculation distortion of the scheduling
models, and even lead to calculation failure. Therefore, cleaning the hydro-logi-
cal data is necessary. In this paper, aiming at the logical errors in the upstream
and downstream flow data space and the jump of the time series of water level
data, the water balance model based on particle swarm optimization and the ex-
ponential weighted moving average model are established respectively, and the
ill-conditioned water regime data is cleaned horizontally and vertically in space
and time. Taking the channel section between the Chuanhuang control gate and
the Zhang River control gate as a typical research interval, the flow inversion
point is automatically identified. The flow data of 12 control gates and 26 water
diversion points involved in the channel section are uniformly corrected to realize
the rationality of upstream and downstream logic. At the same time, the Yan
River control gate in the research section is selected as the representative. Under
the basic stable state of operation within 48 hours, the water level data sequence
in front of the gate every 2 hours is analyzed, and the jump data is automatically
identified and reasonably corrected. The results show that the model established
in this paper can automatically identify the ll-conditioned water data and carry
out intelligent cleaning. The processed data can better meet the needs of water
transfer scheduling analysis and decision-making, and has the value of populari-
zation and application.
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1 Introduction

The South-to-North Water Diversion Project is related to the strategic overall situation,
long-term development and people's well-being. Since the Middle Route of the South-
to-North Water Diversion Project has been in official operation on December 12, 2014,
the cumulative volume of water transferred has exceeded 61 billion m3, benefiting more
than 150 million people along the route, with remarkable comprehensive benefits. Wa-
ter transfer scheduling is the core business of the Middle Route of the South-to-North
Water Diversion Project, and timely and accurate hydro-logical data is the most im-
portant basis for real-time scheduling decisions. In addition, hydro-logical data is also
the basis of various model calculations in the development stage of intelligent water
conservancy. Sick hydro-logical data will make the model calculation results distorted,
and even lead to model calculation failure. Therefore, hydro-logical data cleaning is
very necessary. Data cleaning research first appeared in the United States for the cor-
rection of insurance numbers[1]. With the popularization and application of big data
technology and the generation and development of various models, the accuracy of data
is becoming more and more important. Therefore, data cleaning is getting more and
more attention. In recent years, data cleaning in various industries [2-8] has a great de-
velopment, and the application is more and more extensive.

Hydro-logical data cleaning is the application and expansion of the field of data
cleaning in the water industry[9]. Hou Feng et al.[10] used the isolated forest algorithm
to identify and remove abnormal water quality data, and then the missing data were
interpolated based on AdaBoost algorithm, which was better than RF algorithm with
higher accuracy. Xue Ping[11] made a corresponding study on outlier detection and data
filling in water level data cleaning of water transfer projects, and the results showed
that the filter + 3σ model is more dominant in outlier detection, while the interpolation
algorithm is simple, reasonable and suitable for data filling. Chen Zeng[12] proposed an
adaptive denoising method based on empirical wavelet transform and multi-scale fuzzy
entropy for various types of noises in water quality collection data, and compared the
denoising effect with wavelet transform, similar modal decomposition, complete simi-
lar modal decomposition, and empirical wavelet transform, which was more effective,
and proposed a combination of migration learning and long and short-term memory
model for the problem of missing data, and the experiments showed that the accuracy
of the data filling rate was greatly improved. Zhang Jiahong et al.[13] constructed a three-
phase cleaning model of "data preprocessing - outlier detection - vacancy interpolation"
for the problem of dirty data in the big data of Shenzhen Nanshan District's smart water
system, and the results showed that the average cleaning rate of dirty data reaches 94%.
Fu Gui[14] fully considered the dynamic environment of hydrological data anomaly
identification, and proposed an anomaly identification method for hydrological moni-
toring data based on the random forest algorithm, which was mainly based on the im-
provement of the random forest for the anomaly value feature extraction. Subsequently,
the semantic similarity measure was used to realize the recognition and clustering of
anomalous data, and simulation tests showed good results.

The Middle Route of the South-to-North Water Diversion Project has 64 control
gates along the route, dividing the main canal into more than 60 sections, forming a
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highly hydraulically synergistic "Connecting reservoir group", and the project has set
up water level meters and flow meters at control gates and other places for real-time
collection of water level and flow rate and other hydro-logical data. The time series of
water condition elements may sometimes produce outliers due to factors such as water
transmission through the open channel being interfered with by external winds and
waves, as well as jumps in the data collected by its own equipment. In addition, due to
measurement system errors and other reasons, upstream and downstream water condi-
tion data logic problems may occur. For example, the measured flow at the upstream
under steady state is 2% larger, while the measured flow at the downstream is 2% larger.
Individually, the accuracy of each flow measurement point meets the requirements, but
may produce a logical error such as the downstream flow is greater than the upstream
flow, leading to the failure of the subsequent scheduling analysis calculations. In view
of the above problems, there are now some research results[9], and the use of the results
have been targeted research trial. The results show that the method of cleaning a single
gate flow is very good, but in the long-distance and large-scale gate flow data cleaning
process, the cleaning of the applicable conditions is relatively harsh. At the same time,
water level data was not considered for cleaning. Therefore, this paper utilizes modern
artificial intelligence technology to clean the water level element in its own time series,
and process the flow element in the spatial logical relationship, forming a cleaning con-
dition broader "vertical" and "horizontal" combination of water data in the Middle
Route of the South-to-North Water Diversion Project of the intelligent cleaning method,
so that the data can better meet the needs of water transmission scheduling analysis and
decision-making.

2 Overview of Typical Study Canals

The canal section between the Chuanhuang control gate and the Zhang River control
gate was selected as a typical study interval, which is located in the north of Xingyang
City, Zhengzhou City, Henan Province to Cixian County, Hebei Province. In the actual
operation of this section of the project, it was found that the frequency of ill-conditioned
data in the water condition data of the control gates other than through the Chuanhuang
and Zhang River control gate was high. As the north-south demarcation point of the
Yellow River in the main canal and the demarcation point of Henan and Hebei respec-
tively, Chuanhuang control gate and Zhang River control gate are important cross sec-
tions, which have long been focusing on the rate determination of their flow, and the
credibility of the water condition data is high. Therefore, this study selects the Chuan-
huang control gate (Pile No. 483+471) as the starting point, and Zhang River control
gate (Pile No. 731+366) as the end point of the study section, and the research area is
shown in Figure 1.
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Fig. 1. Overview of the study area

3 Ill-conditioned Data Analysis and Cleaning Ideas

3.1 Ill-conditioned Data Analysis

In order to support the scheduling and operation management of the Middle Route of
the South-to-North Water Diversion Project, water level meters are installed along the
project in front of and behind the control gates, in front of the release gates, flow meters
are set up at the control gates and diversion outlets, and openness meters are set up at
all the gates [15], with a total of 668 water level meters, 163 flow meters, and 909 open-
ness meters, which are used to monitor the key water data information, such as the
water level, flow rate, gate openings, water temperature, and flow velocity of the whole
project line. In addition, the monitoring equipment collects relevant data every second,
and the monitoring platform pushes it to the integrated management platform every half
hour on the principle of forming a huge and constantly expanding database.

However, from many years of scheduling operation in practice, in the scheduler de-
cision-making use of the integrated management platform, from time to time there will
be a water condition of the sick data. Take the current artificial scheduling most con-
cerned about the flow and water level data as an example: from the flow point of view,
the following problems will generally occur: A non-trending jump in flow occurs at
steady state. Flow values are not abnormal, but upstream and downstream flows are
inverted. Analyze the causes, there are mainly the following four categories: Firstly,
the flowmeter failure, resulting in erroneous readings, or even unable to read the data.

Study on Intelligent Cleaning of Hydro-logical Data in the Main Canal             59



Secondly, the data transmission process produces packet loss and other factors affecting
the display of errors. Thirdly, when the external disturbance is strong, it is easy to cause
sudden changes in the measurement data, and the duration of a single anomaly is often
short and discretely distributed [16], which can lead to the generation of random errors.
Fourthly, the flow meter itself is normal, but due to the existence of systematic errors,
resulting in the presence of upstream and downstream flow data inverted phenomena
that do not conform to the physical mechanism. In terms of water level data, the prob-
lems that often occur with water level values include missing or incorrect water level
values, or sudden changes in data due to external disturbances. The causes are similar
to the first three categories of causes of flow problems described above. Therefore, this
paper argues that in the Middle Route of the South-to-North Water Diversion Project,
the water ill-conditioned data can be mainly divided into two categories: one is the
vertically ill-conditioned data of its own spatial and temporal problems, which is mainly
characterized by the results of single-point data analysis are visualized as obvious errors
such as mutated data and null values. The other is horizontal ill-conditioned data with
upstream and downstream logic problems, which are characterized as reasonable from
the analysis of single-point data, but cannot be analyzed by the reasonableness of data
between upstream and downstream. In view of the strong upstream and downstream
correlation of the flow data and the obvious influence of the upstream on the down-
stream, the flow ill-conditioned data are considered to be cleaned by horizontal cleaning
methods. Water level data is considered to be cleaned by vertical cleaning method. The
detailed relationship is shown in Figure 2.

Fig. 2. Ill-conditioned data classification diagram
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3.2 Data Cleansing Ideas

In the process of scheduling and operation of the Middle Route of the South-to-North
Water Diversion Project, the pre-gate water level and over-gate flow data are the basis
for scheduling analysis and command decision-making, and they are also the two most
core data. In this paper, we mainly consider the cleaning study of water level and flow
data under smooth state.

As for the horizontal ill-conditioned data with upstream and downstream logic prob-
lems, it can be seen from Figure 2 above that it mainly exists in the flow ill-conditioned
data. Integrate the overflow from the control gates and the diversion flow from the di-
version outlets to default to more accurate data from the control gates, especially the
flow data from the control gates at the first and last ends. Therefore, with flow balance
as a hard constraint and the principle of wide and shallow destruction as an objective
function (fitness function), the standard particle swarm algorithm is used to iteratively
update the flow data of the diversion outlets that are diverting water during the selected
time period (in which the flow rate of the last outlet is not involved in the algorithmic
updating). Then, by controlling the error interval of the flow data at the diversion and
the rate of water loss along the route, the control gate overflow data are deduced, and
the flow rate at the end diversion can be obtained by using the updated upstream control
gates to make a difference with the downstream control gates. The detailed process is
described below:

Step 1: Build a standard particle swarm algorithm model and set the parameters ac-
cordingly.

Step 2: Input based on measured data in the study area.
Step 3: The flow data for the first and last control gates in the study area are consid-

ered accurate based on experience, so the flow rate for each control gate is calculated
by algorithmically updating the flow rate for the remaining mouths in the study section,
except for the last mouth that is diverting water in the selected moment, plus the rate of
loss of the canal segment. The last diversion that is diverting water is updated by sub-
tracting the upstream control gate flow and the downstream control gate flow projected
for that gate.

Step 4: Determine whether the last diversion that is diverting water in the selected
moment of the study segment that is not involved in the algorithm update and con-
straints satisfies the error interval after the calculation, if not, return to the third step.

Step 5: Output calculated control gate overflow, updated diversion and release gate
flows.

For vertically ill-conditioned data that have their own spatio-temporal problems, it
can be seen from Figure  2 above that both flow data and water level data will have
such problems, but considering the strong upstream and downstream correlation of the
flow data itself, the flow ill-conditioned data can be cleaned by utilizing the horizontal
ill-conditioned data cleaning method, and it is more effective and in line with the phys-
ical mechanism. For the water level data, an exponentially weighted sliding average
model is established to automatically identify ill-conditioned data beyond the threshold
range, and then corrected. The process is as follows:
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Step 1: Establish the exponentially weighted sliding average method model and set
the corresponding parameters.

Step 2: Input according to the measured data in the study area.
Step 3: Artificially given error intervals, identify water level data exceeding the error

threshold, and clean water level ill-conditioned data exceeding the error intervals.
Step 4: Output the updated water level data that satisfy the error interval.

4 Modeling Process

4.1 Horizontal Ill-conditioned Data Cleaning Model

Standard Particle Swarm Model. Partical Swarm Optimization (PSO) is a swarm in-
telligence optimization algorithm, originated from the study of bird feeding behavior,
proposed by Drs. Eberthart and Kennedy[17]. PSO algorithm has the shortcomings of
easy to fall into the local optimum, and the convergence speed is affected by the inertia
weights[18], but these shortcomings can be avoided by repeated experiments and adjust-
ing the parameters of PSO algorithm[19]. PSO algorithm has been widely used in reser-
voir scheduling, water resource allocation, hydraulic modeling parameter research and
other aspects and the effect is remarkable [19-24], the development is more mature.

The PSO algorithm uses constant inertia weights and learning factors with the fol-
lowing velocity and position equations:

ݐ)௜ௗݒ + 1) = (ݐ)௜ௗݒ߱ + ܿଵݎଵ( ௜ܲௗ − ((ݐ)௜ௗݔ + ܿଶݎଶ( ௚ܲௗ − ((ݐ)௜ௗݔ (1)

ݐ)௜ௗݔ + 1) = ௜ௗ(௧)ݔ + ݐ)௜ௗݒ + 1) (2)

Where v୧ୢ(t) denotes the velocity of the first particle in the first dimension of the first
generation. x୧ୢ(t) represents the position of the i-th particle in the d-th dimension and
t-th generation. ω is the inertia factor, a constant whose magnitude determines the
global search capability. cଵ is the self-learning factor, which determines the local search
capability, and cଶ is the social learning factor, which determines the global search ca-
pability. The constants rଵ and rଶ which generally take values from 0 to 1 as random
numbers. P୧ୢ stands for the individual optimal solution, and P୥ୢ stands for the globally
optimal solution.

Objective Function (Fitness Function). The objective function selected in this paper
refers to the principle of wide-shallow destruction. The principle of wide-shallow de-
struction is generally mostly used in the research on water allocation[25], and its concept
is mainly to distribute the water shortage evenly among the water users in order to pre-
vent the large-scale centralized water shortage of each water user under the situation of
insufficient incoming water[26, 27]. In this paper, the objective function is defined as min-
imizing the ratio of the change in each control gate, diversion gate, and release gate to
the sum of the original flow rate, which is given in the following equation:
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ܴ =
∑ห൫ܳ௙ −ܳ௙௦൯ห+∑|(ܳ௧ −ܳ௧௦)| +∑ห൫ܳ௝ −ܳ௝௦൯ห

(∑ܳ௙௦ + ∑ܳ௧௦ +∑ܳ௝௦)൘  (3)

Where R represents the total rate of change. ∑|Q୤ − Q୤ୱ| represents the sum of the ab-
solute values of the differences between the calculated and measured values at the man-
ifold. ∑|ܳ௧ −ܳ௧௦| and ∑หܳ௝ −ܳ௝௦ห represent the sum of the absolute values of the dif-
ferences between the calculated and measured values of the release and control gates,
respectively. ∑ܳ௙௦, ∑ܳ௧௦, and ∑ܳ௝௦ represent the sum of the measured flows at the
diversion, the release gate, and the control gate, respectively.

4.1.3. Restrictive Condition.
A. Flow balance constraints

ܳ௜௡ −∑ܳ௙ − ∑ܳ௧ −∑ܳ௦ = ܳ௢௨௧ (4)

Where Q୧୬ denotes inflow to the canal section. ∑Q୤ denotes the total diversion flow of
all diversion points in the canal section. ∑Q୲ denotes the total receding flow of all re-
lease gates in the canal section. Qୱ denotes the sum of the flow rate of water loss in
each control gate section derived from the rate of water loss in the study section. Q୭୳୲
indicates drainage outflow.

B. Error constraints for diversion and release gates
In view of the fact that the flow rates of the diversion and release gates in the selected

time period of this paper are not large, it is necessary to set a reasonable error coefficient
W to constrain the value of its variation.

ቐ
ܹ = 0.05                        0 < ܳ௙ < 1
ܹ = 0.1                           1 ≤ ܳ௙ < 2
ܹ = 0.15 ܳ௙ ≥ 2

(5)

C. Velocity and position constraints

൜ݒ > ௠ܸ௔௫ ݒ = ௠ܸ௔௫
ݒ < ௠ܸ௜௡ ݒ = ௠ܸ௜௡

൜ݔ > ܺ௠௔௫ ݔ = ܺ௠௔௫
ݔ < ܺ௠௜௡ ݔ = ܺ௠௜௡

(6)

4.2 Vertically Ill-conditioned Data Cleaning Models

Vertically ill-conditioned data are modeled using an exponentially weighted sliding av-
erage. Exponentially Weighted Moving Averages is one of the basic methods of many
algorithms in deep learning, which refers to giving different weights to the observations
and calculating the current value based on the last observation and according to the
different weights of the historical observations. It is characterized by the fact that the
weight of each value in the calculation decreases exponentially over time, and the closer
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to the current observation the greater the weight, in other words, the closer to the current
observation the greater the impact on the calculation results. The formula is as follows:

௧ܸ = ௡ߚ ௧ܸି௡ + (1 − ௧ି௡ାଵߠ௡ିଵߚ)(ߚ (௧ߠ଴ߚ⋯+

ߚ = ௡ିଵ
௡

(7)

Whereβrepresents the attenuation coefficient, which takes values from 0 to 1. θ୲ repre-
sents the value of the variable V at time t. ݊ Represents the number of historical values.

5 Case Study

5.1 Horizontal Ill-conditioned Data Cleansing

Data Sources. Considering the condition of equilibrium state, it is necessary to select
the case that the flow rate of the diversion and release gates in the study section does
not vary much on a daily basis, while all the gates south of the Chuanhuang control gate
and north of the Zhang River control gate are not operated. The data at 8:00 a.m. on
May 10, 2023 was selected as the base data for horizontal ill-conditioned data cleaning,
the water level and flow relationship of the control gates is shown in Table 1 below,
diversion flows at the diversion and release gates are shown in Table 2, and the flow
relationship diagram is shown in Figure 3 below.

Table 1. The flow table of the control gates in the study area

Number of control gate Name of control gate Flow (m3/s)
1 Chuanhuang control gate 176.71
2 Ji River control gate 174.91
3 Yan River control gate 169.71
4 Kuichengzhai  River control gate 171.57
5 Yu River control gate 169.19
6 Branch of Huangshui River control gate 170.99
7 Mengfen River control gate 166.34
8 Xiangquan River control gate 159.30
9 Qi River control gate 156.89
10 Tang River control gate 152.07
11 Anyang River control gate 152.88
12 Zhang River control gate 150.33
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Fig. 3. The flow chart of the control gates in the study area

Table 2. The flow table of the diversion outlets and release gates

Name Flow(m3/s) Name Flow(m3/s)

Beileng
diversion outlet 0.22 Laodaojin

diversion outlet 4.17

Beishijian
diversion outlet 0.6 Wensimen

diversion outlet 0.85

Fucheng
diversion outlet 1.36 Xiangquan River

release gate 5

Yan River
release gate 0 Yuanzhuang

diversion outlet 0.5

Li River
release gate 0 Sanlitun

diversion outlet 6.82

Sulin
diversion outlet 1.34 Qi River

release gate 0

Kuichengzhai  River re-
lease gate 0 Liuzhuang of Hebi

diversion outlet 0.61

Baizhuang
diversion outlet 0 Dongzhuang

diversion outlet 1.02

Guotun
diversion outlet 0.32 Tang  River

release gate 0
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Name Flow(m3/s) Name Flow(m3/s)
Yu River

release gate 0 Xiaoying
diversion outlet 1.33

Branch of Huangshui
River release gate 0 Nanliusi

diversion outlet 1.92

Lugu diversion outlet 0.44 Anyang River
release gate 0

Mengfen River
release gate 0 Zhang River

release gate 0

Calculation of Loss Ratio for Study Section. The loss rate conditions and loss rates
for the study section were calculated based on the available water body data as well as
the diversions, and the equations and results are as follows:

௭ߡ =
௪ೞ೟ೌି௪೐೙೏ି௪೑೐೙

௪ೞ೟ೌ
(8)

Where ι୸ represents total loss ratio for the study section. wୱ୲ୟ represents the water body
at the first moment. wୣ୬ୢ represents the last moment of the water body. w୤ୣ୬ represents
the total amount of water diverted and withdrawn during the calculation period. The
calculated loss rates for the study segments are shown in Table 3.

Table 3. The results table of loss rate in the study area

Operating period Calculation of loss ratio(%)

2014.12-2015.10 5.70
2015.11-2016.10 2.50
2016.11-2017.10 1.53
2017.11-2018.10 0.44
2018.11-2019.10 0.39
2019.11-2020.10 1.31
2020.11-2021.10 2.44
2021.11-2022.10 0.05
2022.11-2023.05 1.29
Average value 1.74

The total length of the study section is 247.90 km, with 12 control gates, and the loss
rate is distributed through the distance average, calculated by the following formula:

௡ߡ = 1 − (1 − ݈௭)^(ௗ೙
ௗ೥

) (9)

Where ௡ represents the rate of loss in the canal section between the n-th control gateߡ
and the n+1st control gate in the study section (n=11). ݀௡ represents the distance of the
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canal section between the n-th control gate and the n+1st control gate in the study sec-
tion (n=11). d୸ represents the total length of the study segment. The results of the loss
rates for the canal sections between the control gates in the study section are shown in
Table 4.

Table 4. The results table of loss rate of canals between control gates in the study area

Number of canal Name of canal Flow(m3/s)
1 Chuanhuang - Ji River 0.13
2 Ji River - Yan River 0.20
3 Yan River - Kuichengzhai  River 0.15
4 Kuichengzhai  River - Yu River 0.10
5 Yu River - Branch of Huangshui River 0.19
6 Branch of Huangshui River - Mengfen River 0.13
7 Mengfen River - Xiangquan River 0.17
8 Xiangquan River - Qi River 0.21
9 Qi River - Tang River 0.17
10 Tang River - Anyang River 0.20
11 Anyang River - Zhang River 0.10

Data Cleaning Results and Analysis. In the flow data of the study section at 8:00 a.m.
on May 10, 2023, there were three locations where there were apparent lateral logic
errors of downstream flow being greater than upstream flow. Based on the flow equi-
librium, the iterative calculations were performed by the standard particle swarm
model, which was adjusted by several repetitive experiments, with the iterative param-
eters listed in Table 5 below, and the results of the calculations listed in Table 6 below:

Table 5. The table of iteration parameters

Iteration parameters Value Number of iterations
߱ 0.8 200

ଵܿ=ܿଶ 2 500
ଵݎ = ଶݎ Random numbers between 0 and 1 1200

Table 6. The results table of PSO algorithm

Number of iterations Optimal fitness value Algebra of optimal fitness values
200 0.014906 118
500 0.014837 200
1200 0.014794 954
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Fig. 4. Fitness value diagram

Figure 4 can clearly see that when iteration 1200 times, the minimum adaptation
value is reached at the 954th generation, the convergence effect is good, and it is con-
sidered that it has not fallen into premature. In view of the characteristics of the objec-
tive function, the optimal solution is taken to be the one with the smallest value of the
fitness degree, and the comparison relationship between the overflow and diversion
flow of the control gates in the study section and the original flow after updating is
shown in Table 7 and Table 8, and Figure 5.

Table 7. The flow table of diversion outlets and release gates in the study area after cleaning

Name Flow (m3/s) Percentage of original flow (%)
Beileng diversion outlet 0.231 105

Beishijian diversion outlet 0.63 105
Fucheng diversion outlet 1.496 110
Sanlitun diversion outlet 1.215 90.7
Guotun diversion outlet 0.336 105
Lugu  diversion outlet 0.418 95

Laodaojin diversion outlet 3.545 85
Wensimen diversion outlet 0.808 95

Xiangquan River release gate 4.25 85
Yuanzhuang diversion outlet 0.475 95

Sanlitun diversion outlet 5.797 85
Liuzhuang of Hebi diversion outlet 0.56 95
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Name Flow (m3/s) Percentage of original flow (%)
Dongzhuang diversion outlet 0.918 90

Xiaoying diversion outlet 1.197 90
Nanliusi diversion outlet 1.877 97.8

Table 8. The flow table of controlling gates in the study area

Control gate number Control gate name Flow (m3/s)
1 Chuanhuang control gate 176.71
2 Ji River control gate 176.25
3 Yan River control gate 173.77
4 Kuichengzhai  River control gate 172.30
5 Yu River control gate 171.80
6 Branch of Huangshui River control gate 171.47
7 Mengfen River control gate 170.84
8 Xiangquan River control gate 161.94
9 Qi River control gate 155.32
10 Tang River control gate 153.56
11 Anyang River control gate 150.48
12 Zhang River control gate 150.33

Fig. 5. The comparison flow chart of the control gates in the study area
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Verified by example, the standard particle swarm algorithm has obvious effect on
lateral ill-conditioned data cleaning. The original actual measurement from the Yan
River control gate to the Kuichengzhai control gate, from the Yu River control gate to
the Branch of Huangshui River control gate, from the Tang River control gate to An-
yang River control gate of the three groups of data with lateral logic error characteristics
of the data have been corrected by the cleaning. The updated flows are all within the
flow meter error range of the original measurements, the diversion flow corrections are
all within the control range, and the study section conforms to the flow balance princi-
ple, with good cleaning results.

5.2 Vertically Ill-conditioned Data Cleansing

Data Sources. Considering the equilibrium state, the water level in front of the gate of
the sectional gate is relatively smooth or in a slow-change state. In the daily scheduling
process, the scheduler generally believes that in the smooth phase of scheduling, the
difference in water level between adjacent moments of the same sectional gate should
not be greater than 0.03 m, or else it needs to be corrected. Therefore, in the smooth
state of the same control gate adjacent moments of large changes (water level differ-
ence > 0.03 m) in front of the control gate water level, the need for vertically ill-condi-
tioned data cleaning.

The water level data in front of the Yan River control gate from 8:00 p.m. on July
21, 2023 to 8:00 p.m. on July 23, 2023 were selected as the basis for vertically cleaning.
Given that at that time, the South-to-North Water Diversion Central Line Project had
entered the stage of high-flow water transfer, with large flow and high water level along
the whole line, the Ji River control gates, Yan River control gates, and Kuichengzhai
River control gates have been lifted off the water surface and withdrawn from the dis-
patch, and have been less affected by the dispatch.

Analyze and Calculate. The exponentially weighted sliding average model is applied
to identify and clean the water level in front of the Yan River control gate. From Figure
6, the first ill-conditioned data appeared in n=11 (July 24, 04:00), therefore, the value
of the parameter in equation (7) is ଵߚ = 0.91. The second ill-conditioned data appeared
in n=22 (July 25, 02:00), therefore, the value of the parameter in equation (7) is ଶߚ =
0.95. Substituting the parameters in equation (7), the results are calculated as follows
in Figure 6.

The results show that after the cleaning of the exponentially weighted sliding aver-
age model, the sick water level data are well corrected, the water level change value of
the adjacent moment returns to the normal range. In addition, the correlation with the
adjacent (previous moment) water level value is large, which is in line with the water
transmission scheduling law, and the cleaning effect is good.
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Fig. 6. Comparison diagram of water level of Yan River control gate after cleaning

6 Conclusion

Since the opening and operation of the Middle Route of the South-to-North Water Di-
version Project, a large amount of water data has been accumulated. However, with the
growth of operation time, equipment and facilities aging and changes in climatic con-
ditions along the trunk canal and other factors, water data in the collection, transmis-
sion, display and other aspects of the inevitable error, resulting in ill-conditioned data.
In this paper, the causes of water condition data are summarized as the existence of
their own spatial and temporal problems of vertical ill-conditioned data and the exist-
ence of upstream and downstream logical problems of horizontal ill-conditioned data.

The main purpose of this study is to optimize the ill-conditioned data of flow and
water level data, which is most commonly used in water condition data, to a reasonable
range, so that the data can better meet the needs of analysis and decision-making in
water transmission scheduling, so as to further provide part of the data basis for the
establishment of the model in the digital twin of the later central water transmission
scheduling in the aspects of hydraulic parameter inversion, hydraulic simulation simu-
lation, and real-time regulation of hydraulic power. Therefore, for the horizontal ill-
conditioned data, the standard particle swarm algorithm (PSO), which is widely used,
highly mature, relatively easy to model and compute, and effective, was selected and
modeled with the principle of wide-shallow destruction as the objective function, and
the corrected values of the control gates, diversion gates, and recession gates were taken
as the minimum, which is also more more logical, and the results show that: the flow
data of the control gates with horizontal logic errors are well corrected, and the updated
flow is within the flow meter error of the original measurement value. Meanwhile, the
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corrected values of flow at the diversion and release gates are within the control range,
the study section conforms to the principle of flow balance, the cleaning effect is good,
and the ill-conditioned data return to the range of reasonable intervals. For the existence
of their own spatial and temporal problems of vertically ill-conditioned data, a classi-
cally effective exponentially weighted sliding average model was selected and the re-
sults showed that: The ill-conditioned water level data are all back to the normal range
and show a large correlation with the water level value of the previous moment, which
is in line with the law of water transmission and scheduling, indicating that the cleaning
effect is good. At the same time, under the condition of having long series of historical
monitoring data, the data cleaning method proposed in this paper still has some value
for popularization and application in similar large-scale water transfer projects and ba-
sin water allocation. However, it may encounter the problem of poor results due to the
inconsistency of monitoring sources, which can be solved by further filtering the data.
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