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ABSTRACT: The article presents the work on the development of an algorithm for modeling hydraulic structures 

in the construction of a remote-control system under conditions of data uncertainty. In this case, a mathematical 

model of hydraulic structures using modern software systems is developed based on the experience of designing 

and optimizing such structures as an individual structure. The proposed mathematical model and algorithms were 

tested for adequacy to the object.  

 
I. INTRODUCTION 

 

In the development strategy for the further development of the Republic of Uzbekistan in 2022-2026, 

"fundamental reform of the water resources management system and water economy, reduction of electricity 

consumption in water management facilities, the introduction of energy-saving technologies in production, 

information and communication in the economy, social sphere, management system tasks are defined in 

connection with the introduction of technologies. In order to implement these tasks, new intelligent systems that 

remotely control the technological parameters of water reservoirs must be developed in conditions where the 

information is unclear. 

Water resources systems, water storage, flows, and outflows can also be expressed using vague quantities due to 

their uncertain and varying classifications. The level and consumption of water in reservoirs change, as does the 

demand for water in the cultivation of various types of crops. This dynamic situation underscores the urgent and 

critical need for the efficient use of water in hydraulic engineering facilities without allowing excessive wastage, 

even in conditions where the information is not clear. 

Therefore, it is crucial to consider and implement methods of regularizing the state of dynamic systems in 

hydraulic engineering facilities and to create methods and algorithms for solving unclear issues. This need to 

regularize dynamic systems is a crucial aspect of our proposal. 

It is known that a high-precision mathematical model is necessary to create a high-quality control system. 

However, obtaining a mathematical model of any process has significant limitations. In many cases, the obtained 

models are linear, which creates some inaccuracies in the model. This complexity underscores the challenges we 

face in developing our proposed system. 

In this regard, this feature also exists for hydro-technical structures; the resulting uncertainties are as follows: 

- models of reservoir structures need to be clarified. 

- uncertainty of water level and consumption. 

- sensor errors. 

- errors in the management process. 

- due to using microcontrollers, errors that occur due to quantization, etc. 

Several foreign scientists have researched the management of hydrotechnical facilities. In [34], research was 

carried out on managing hydrotechnical structures in dams. The control is carried out by cable from the operator 

point, and the control signal is sent in analog form. Their disadvantage is that excessive costs occur when data is 

transmitted via cable. 

In [1], the SCADA system was used to control hydro-technical facilities. The system achieves data collection, 

processing, analysis, and facility management. SCADA is an open system, which means that the software system 

is open, and the interface allows external communication if data is passed to it in the required format. This link 

depends on the component it is designed for. Its primary disadvantage is that this system is expensive, and a 

system with hydraulic structures cannot pay for itself in a year or two. 

[2] worked on automatic control of hydraulic valves. The proposed method is optimal, convenient, and effective. 

Its disadvantage is that it needs to focus on the cryptographic security of the transmitted data. 
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In the study in [3], a large-scale encryption key algorithm for remote control systems was developed. The main 

drawback is that it cannot be used in large objects due to SMS encryption's small memory and mobile phones' low 

performance. 

In [4], a control system for hydraulic structures, particularly dams in channels, is proposed. The main drawback 

is that feedback on the state of the dam based on the transmitted data is needed. 

[5] also developed a system for decoding hydraulic engineering in shoots, which used nonsymmetric encryption 

to encrypt short messages to decode objects. Because this system deploys elliptic curves and a symmetric 

encryption algorithm, it has excellent computational advantages over the previously proposed public key solution 

while providing as many security services as possible. The main disadvantage of this system is that data processing 

is prolonged, which causes excessive waste in hydrotechnical facilities. 

A system of automatic control of water reservoirs was developed in [6]; the authors should have considered water 

consumption and level changes in the lower and upper reservoirs in their work. 

[7] proposes a wireless water level monitoring system that uses an ultrasonic remote sensing system. At this time, 

the stations connected to the base station could operate in the base station, and the blocks of the allocation interface 

were removed. Mechanical detailing is an advantage of this system. The disadvantage is that the water level 

control is carried out slowly, and cryptography issues for remote control have yet to be developed. 

[8] proposed using microcontrollers for automatic water control in a dam. In this work, the DSPIC30F4011 

microcontroller-based terminal (MAT) installed at a distance is mainly designed for accurate measurements, 

storage, and transmitting equipment output to the computer server (CS). 

[9] used a GSM system for water level monitoring in a reservoir. The valve control mechanism in the dam is 

implemented using manual and computer systems (CT). However, both the manual and CT-based control methods 

were prone to errors. The developed system is extensive and complex, suitable for large dams. Large systems like 

CT are optional for medium and small dams. 

In [10], fuzzy clustering and standard data analysis are presented for controlling non-linear systems. Under certain 

conditions, these methods are better than general computation and functional decomposition methods. 

In [11], the use of the GSM system for remote monitoring of the effect of water on the reservoir dam through 

piezometric sensors in the effective use of hydro-technical facilities is proposed. This method is effective for dams 

mainly made of local soils but only sometimes practical for dams made of special concrete. 

A system for automatic shutter control in channels was developed in [12]. The system uses the method of 

synthesizing non-linear systems with a delay, which is considered somewhat more effective in controlling shutters 

than other methods under certain conditions. 

In [13], a system for remote control of objects in pumping stations is proposed. Data transmission in the system 

uses open-key algorithms, including the elliptic curve cryptography method. 

Based on the information presented in [14], the issue of synthesizing the system based on the use of the prediction 

method in control while observing the object's output, taking into account the delay time for the control of the 

object, was considered. In solving the control problem, the restrictions on the control and condition of the object 

based on the model built with the help of the prediction method are considered. 

[15] used a GSM module to measure and control the velocity of flows in the upper and lower reaches. This system 

transmits the flow rate measured by measuring devices, i.e., sensors, to the operator via GSM. 

In [16], the problem of reference model control in controlling hydraulic power lines was solved. Variables and 

auxiliary contour trackers were used in this work. 

In [17], attention is paid to eliminating the delays in the entry of the object to a certain extent in controlling the 

hydraulic valves and stabilizing the non-precision parametric fuzzy systems. 

[18] proposed using a GSM module to remote control the amount of electricity consumed at pumping stations. 

This system is more convenient and effective than the previous ones. 

[19] Also, fuzzy logic was used to measure and control the pressures in the reservoir dam. In this system, the 

author considered the pressure difference in the dam based on low, medium, and high ratios. Genetic algorithms 

and an adaptive neuro-fuzzy inference system were used in the optimization. 

In [20], the identification problem in automatic shutter control was considered. To solve this problem, the method 

of moments was used, and the parameters of the object transfer function were determined. 

II.MATERIALS AND METHODS 

The hydraulic structure is unique from the point of view of the relief of the land where the hydraulic complex is 

located, the calculated load, and construction. The individual construction of the mathematical model of hydraulic 

structures using modern software systems is based on the experience of designing and optimizing such structures. 
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The dynamics of the water level in the reservoir over time can be described by the difference equation in the 

following form: 

)())(,(),),(),(()1( kwkxgkkukxfkx  +=+ , 00 )( xkx = , (1) 

where 
2)( Rkx  – vector position, ( )(1 kx – the volume of water in the reservoir, )(2 kx  – the water level in 

the reservoir); 
3)( Rku   – control effect vector ( )(1 ku – consumption of water input to the reservoir; )(2 ku

– the amount of water output from the reservoir;   )(3 ku – the amount of water consumption); 
sR – unknown 

vector of parameters;  0x – of time 0k  the initial volume of the reservoir at the instant of time; f  and g – some 

functions; )(kw – the average value and  is a sequence of Gaussian random variables with zero mean and 

covariance 

kj

T kQjwkw )()}()({ = . 

The initial state 0x  – the average 0x  and covariance 0P  random variable with mean and covariance. 

The optimization of the operating modes of the reservoir consists of selecting such control impacts on the water 

intake structure that ensure the implementation of the water supply schedule while minimizing water losses due 

to evaporation and filtration from the reservoir surface [21].  

The control functions during the reservoir filling process include the inflow of water )(1 tu , its outflow )(k , 

and water consumption during the operation of the reservoir )(3 tu . 

Constraints on the state of the object: 

,/)(

,)( maxmin

крUdttdh

HthH





 

appear as follows, where 
)(th

is the water level in the reservoir; minH
, maxH  are respectively, the minimum and 

maximum values of the free water surface ordinate in the reservoir; Vcrit is the critical value of the reservoir's 

filling and operation speed. 

Due to the nonlinearity of the differential equation (1) and the complexity of the various changes in the 

operating modes of water intake and hydraulic structures during the water resource management process, exact 

analytical solutions to these equations do not exist. Therefore, approximate solution methods based on 

numerical techniques are used [22]. 

(1)To linearize equation, we use the extended Kalman filter [23], which results in the following: 

)()()(),()(),()1( kwkGkukBkxkAkx ++=+ 
 
(2)

 

)()(),()( kkxkCky  +=
 

Here, 
),( kA 

, 
),( kB 

, and 
),( kC 

are linear functions of the unknown parameter vector 
θ
, which has a 

dimension of 
s 

, and 
)(k

is a sequence of Gaussian random variables with a mean value and covariance equal 

to zero. 

kj

T kRjk  )()}()({ =
 

We assume that the parameters change over time as correlated random variables. 

)()()()1( kkkFk  +=+
, 0)0(  =

 

Here, the known matrix 
)(kF

reflects the interdependence of the parameter sequence, is a random vector 

representing the independent variations in the parameter sequence, and 0  is a random vector that expresses the 

initial uncertainty of the parameters [24]. 

)(k
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If we assume that 

)(kw
and 

)(k
 are uncorrelated Gaussian random variables with a mean of zero and positive 

definite covariances 
)(kQ

and 
)(kR

, respectively, then equation (2) can be rewritten as a function of the 

parameters. 

)()()()()()()(),()(),()1( kwkGkukDkwkGkukBkxkAkx +=++=+ 
   

(3) 

Here, )(kD ) is a function consisting of )(kx and )(ku [25]. Given 
kX , if we assume that the estimate of k at 

time  is )/(ˆ kk , then standard estimation procedures can be applied to obtain one-step estimates of x and  , 

along with the covariances of their associated Gaussian random variables [26]: 

)()ˆ,/(ˆ)()ˆ,/(ˆ)/1(ˆ kukkBkxkkAkkx  +=+
 

)/(ˆ)(ˆ)/1(ˆ kkkFkk  =+
 

)()()()()/()()/1( kGkQkGkDkkГkDkkP TT +=+
 

)()()/()()/1( kKkFkkГkFkkГ T +=+
 

Here: 

,),()ˆ,/(ˆ,),()ˆ,/(ˆ
)(ˆ)(ˆ kk

kBkkBkAkkA



==

==
 

).()()](ˆ)()[()/1(ˆ)1( kwkGkkkDkkxkx +−=+−+ 
 

The recursive parameter estimation and error covariance 
)1/1( ++ kkГ

 are determined by the following 

expressions [27]: 

)]/1(ˆ)1()[/1()1()/1(ˆ)1/1(ˆ 1 kkxkxkkPkKkkkk +−+++++=++ −
 

)()/()()1( kDkkГkFkK T=+
 

)1()/1()1()/1()1/1( 1 +++−+=++ − kКkkPkKkkГkkГ T

 
Now, to minimize the average value of the quality criterion, we can express the management algorithm using the 

method of synthesizing an optimal system [28] in the following form: 

kkT
N

ki

TN

k UZiuiNiuixiMixEUJ ,)()()()1()()1(
2

1
)(

1
1 +++





= 
−

=

−

   

(4) 

Here: 0)()( = iMiM T

 and 
0)()( = iNiN T

. 

Taking (3) into account, we will use the dynamic optimization method to find the sequence in the minimization 

equation 

1

1

−

+

N

kU
 (4) [29]: 

)()/()/( jxkjCkju −=

,
1,,1 −+= Nkj 

 ,
 (5)

)},()/1()({)}](),()/1(),({[)/( 1  jAkjSjBEjRjBkjSjBEkjC TT +++= −

,  
(6) 

++−= ))/1()(()]/(),(),({[)/( kjSjMkjCjBjAEkjS T
 

)}/()()/()]/(),(),([ kjCjNkjCkjCjBkjA T+− 
 

II.RESULTS AND DISCUSSION 

The most time-consuming operation in the considered multistage control algorithm is the 

)}](),()/1(),({[ jRjBkjSjBE T ++= 
 calculation of the inverse of the matrix [30]. The accuracy 

and computational stability of the control algorithm are significantly dependent on the quality of this procedure. 

The matrix in expression (6) is 


 a symmetric, non-negative definite matrix and has an incomplete rank [31]. 

If the matrix is ill-conditioned or non-invertible, it is advisable to use regularization procedures in the following 

forms to improve the stability of the pseudoinverse procedure in (6): 
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ТIТТТ TT 2)( −+ += 

 

Here, 
T

is determined from the factorization of the matrix, 
TT T=

 is the regularization parameter, and 

0
is the identity matrix. 

Here, it is advisable to determine the regularization parameter 


 based on the method of model examples [32]. 

The formalization of the process above allows for the selection of the mathematical model's structure in the 

following form: 

01 0
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We assume that the process of changing the parameter vector

 TTT ba =

 forms a Markov process in the 

form 

 kkk w+=+1

 where 

),,,( 22211211 aaaaaT =
,

),,,,,( 232221131211 bbbbbbbT =
,



kw
 is the 

implementation of a random function. 

In that case, the process and observation equations can be written in the following form: 

  
01 0

, xxwuBxAx kkkkkkk =++=+
   

(7) 

 kkk w+=+1   
(8)

 

kkkk xCy +=
 

Here 0



kk ww ,
(

,...1,0=k
)-Gaussian sequences: 

kl

x

k

T

k Qww =],M[ 1 , klk

Tθ

l

θ

k Q,ww =]M[
, k

x

k RQ =
, 

Here kl
is the Kronecker symbol. 

By introducing the augmented state vector

TTTp xx ]|[ =
, we rewrite equations (7) and (8) in the following 

form: 
p
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or in the augmented form: 
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 To obtain the model of the reservoir, an experiment was conducted under the conditions of the object's 

normal operation. During the experiment, monitoring was carried out continuously and discretely using the 

express analysis method, depending on the observability of certain technological parameters. 

In the implementation of process variables, the time of registration of T parameters and the data search 

interval t are selected taking into account the characteristics of measuring known parameters. The required values 

of registration and discretization time for the implementation of observed random processes are: T = 30 hours, t 

=20 min. A total of 90 measurements were taken. Test sequences were performed for different modes of the 

considered process, the results are included in Table 1. 
 1- Table 

 

№ 
u1, 

м3/sec 

u2, 

м3/sec 

u3, 

м3/sec 

y1, 

м3 
y2, м 

№ u1, 

м3/sec 

u2, 

м3/sec 

u3, 

м3/sec 

y1, 

м3 
y2, м 

1.  175,70 62,70 41,60 130,60 105,24 46.  191,30 81,26 132,81 136,80 110,32 

2.  176,10 62,85 42,44 130,85 105,53 47.  201,48 91,87 143,74 136,67 110,22 

3.  176,98 63,31 52,86 131,07 105,70 48.  192,02 82,16 134,24 136,59 110,15 

4.  177,88 73,75 63,00 131,22 105,82 49.  182,29 72,93 124,81 136,53 110,11 

5.  188,39 84,06 63,48 131,37 105,94 50.  172,40 73,31 115,20 136,47 110,06 

6.  188,68 84,30 63,88 131,51 106,06 51.  163,21 64,04 115,70 136,41 110,01 

7.  189,03 75,20 63,91 131,69 106,21 52.  163,96 54,83 116,48 136,39 109,99 

8.  179,88 75,51 64,75 131,84 106,32 53.  164,06 55,43 116,60 136,36 109,97 

9.  180,28 65,67 65,22 132,01 106,46 54.  164,98 56,12 116,65 136,33 109,94 

10.  170,88 56,22 65,71 132,19 106,61 55.  165,33 56,66 117,53 136,30 109,92 

11.  171,83 56,83 55,80 132,40 106,78 56.  155,85 57,01 118,20 136,23 109,86 

12.  172,59 57,24 46,20 132,65 106,98 57.  146,18 57,30 109,13 136,16 109,80 

13.  182,78 57,43 46,62 132,94 107,21 58.  146,35 57,92 109,13 136,08 109,74 

14.  183,37 67,88 56,63 133,15 107,38 59.  157,32 57,96 109,92 136,04 109,71 

15.  194,30 78,25 67,62 133,32 107,52 60.  168,20 58,56 110,24 136,04 109,71 

16.  205,13 79,00 77,89 133,50 107,66 61.  168,86 58,59 110,39 136,04 109,71 

17.  205,18 79,10 88,40 133,63 107,77 62.  169,18 58,92 121,06 136,00 109,68 

18.  215,43 89,27 88,41 133,77 107,88 63.  169,31 59,23 131,83 135,92 109,62 

19.  225,76 89,89 98,56 133,90 107,99 64.  169,32 70,01 132,33 135,80 109,52 

20.  226,36 79,95 99,22 134,07 108,12 65.  170,30 80,94 142,72 135,61 109,36 
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21.  217,24 80,44 99,95 134,20 108,23 66.  181,26 81,68 142,93 135,46 109,24 

22.  217,38 70,86 100,70 134,37 108,36 67.  191,99 92,28 143,04 135,30 109,11 

23.  208,14 61,05 91,64 134,57 108,52 68.  192,64 92,87 133,59 135,18 109,01 

24.  198,67 51,33 92,24 134,77 108,68 69.  182,89 93,08 123,70 135,06 108,92 

25.  188,80 41,75 93,00 134,96 108,84 70.  173,07 83,36 124,29 134,93 108,82 

26.  189,75 52,28 93,04 135,12 108,97 71.  173,32 73,58 114,42 134,88 108,77 

27.  200,27 62,50 93,38 135,28 109,10 72.  173,74 74,46 105,12 134,86 108,76 

28.  200,52 72,67 103,48 135,37 109,17 73.  163,99 65,46 96,05 134,87 108,76 

29.  200,54 72,86 103,85 135,46 109,24 74.  154,97 66,18 96,45 134,84 108,74 

30.  201,04 73,45 104,75 135,54 109,30 75.  155,57 56,50 96,87 134,85 108,75 

31.  191,78 64,32 95,30 135,65 109,40 76.  156,47 57,45 87,47 134,89 108,78 

32.  191,99 64,50 96,17 135,77 109,49 77.  157,01 68,44 87,72 134,89 108,78 

33.  182,81 65,35 87,06 135,88 109,58 78.  167,47 69,25 98,04 134,89 108,78 

34.  183,62 55,71 88,02 136,02 109,69 79.  178,34 79,47 108,15 134,86 108,76 

35.  173,94 45,75 78,08 136,20 109,84 80.  188,94 80,25 118,71 134,82 108,73 

36.  164,37 46,64 78,38 136,34 109,95 81.  198,96 91,25 118,82 134,78 108,70 

37.  165,27 36,85 68,99 136,56 110,13 82.  199,31 91,36 129,53 134,71 108,63 

38.  175,97 47,54 79,28 136,73 110,27 83.  200,09 91,89 139,53 134,59 108,54 

39.  176,52 48,02 89,37 136,87 110,38 84.  200,15 101,92 139,87 134,44 108,42 

40.  177,36 48,60 99,74 136,98 110,47 85.  200,72 102,68 130,12 134,33 108,33 

41.  178,08 58,83 110,18 137,01 110,49 86.  200,74 102,93 120,80 134,24 108,26 

42.  179,06 69,55 110,58 137,01 110,49 87.  201,52 103,06 111,50 134,20 108,22 

43.  189,90 80,02 111,52 137,00 110,48 88.  191,76 93,42 112,30 134,15 108,18 

44.  190,63 80,25 122,29 136,96 110,45 89.  191,84 84,27 102,33 134,17 108,20 

45.  191,05 80,68 132,39 136,88 110,39 90.  192,07 75,13 92,51 134,25 108,27 

 

III.CONCLUSION 

 

This study presents a comprehensive algorithm for simulating seasonally regulated reservoirs under data 

uncertainty using a control-oriented mathematical framework. The model incorporates nonlinear dynamic 

equations, stochastic disturbances, and control strategies tailored for hydraulic structures. The estimation results 

show that the state variables such as reservoir volume and water level can be accurately estimated using 

regularization algorithms, achieving fast convergence and stability in the estimation process. 

The empirical analysis based on the trajectories of the estimated parameters (e.g., 𝑥̂1, 𝑥̂2, 𝑥̂3,… 𝑥̂8) 

confirms the effectiveness of the proposed method in observing the critical dynamics of the system. Notably, the 

empirical correlation value for the residuals remained well below the critical threshold, confirming the adequacy 

of the model assumptions and the estimation process. 

The matrices Ak, Bk, and Ck obtained from the system identification further strengthen the robustness of 

the model for implementation in real-time control systems. These results not only demonstrate the viability of the 

algorithm for accurate modeling, but also suggest its potential for integration into SCADA and IoT-based smart 

water management systems. 

 Future development will focus on refining the model’s scalability, incorporating AI-enhanced prediction 

mechanisms, and conduction field validation across multiple reservoir configurations. The application of this 

algorithm could significantly improve the efficiency of water use, reduce losses in agricultural systems and 

support Uzbekistan’s national goals for sustainable hydrotechnical infrastructure 

 

 

 

 

http://www.ijarset.com/


ISSN: 2350-0328

 
 

Copyright to IJARSET                                               www.ijarset.com                                                                           24368 
 
 

 
International Journal of Advanced 

Research in Science, Engineering 

and Technology 

Vol. 13, Issue 1, January 2026 

 

 

  

REFERENCES 

 
1. Amanova Z.U. Water-saving irrigation technology created to mitigate water scarcity and cultivate grain crops in the 

conditions of Bukhara region. // Journal of Water and Land Resources. Bukhara, 2020, pp. 57-63. 

2. Boqiev M.R. Use of hydraulic engineering structures. - Tashkent, 2001, 176 p. 

3. Igamberdiev H.Z., Zayniddinov B.G. Justification of the efficiency of the developed system of remote control of the segmental 

gate of the reservoir. / Modern views and reseach. London, 2020, P. 42-44 pp.  

4. Borodin I.F., Andreyev S.A. Automation of technological processes and automatic control systems. - M.: Kolos, 2005, pp. 198-

212. 

5. Deka P. C. & Chandramouli V. Fuzzy neural network modeling of reservoir operation. // Journal of Water Resources Planning 

and Management. – Delhi, 2019, Vol. 5, pp. 5-12. 

6. Serikboev B.S. Use of hydromeliorative systems. Tashkent, Mehnat, 1994, 219 p. 

7. Gankin M.Z. "Comprehensive automation and automatic control systems for water management systems." - M.: 

Agropromizdat, 1991, 432 p. 

8. Sert M., Opan M., Temiz T. Multi-objective optimal planning in multiple reservoir systems. // International Congress on River 

Basin Management. England, 2017, pp. 554–567. 

9. Boqiev M.R. Use of hydraulic engineering structures. - Tashkent, 2009, 504 p. 

10. Singh A.P., Ghosh S.K. Conceptual modeling and management of water quality in a river basin. // Ramanathan A.L., Ramesh 

(ed.) Recent trends in hydrogeochemistry, Capital Books, New Delhi, 2013, pp. 207–220. 

11. Butin V.P. Increasing the efficiency of navigation locks based on research, development, and implementation of new technical 

and technological solutions: dis. ... Dr. tech. sciences / V.P. Butin. — St. Petersburg: Publishing House of St. Petersburg State 

University of Water Communications, 1995. – 248 p. 

12. Mambetov E.M. Reliability of hydraulic structures. // Bulletin of the Kyrgyz State University of Construction, Transport and 

Architecture named after N.I. Isanova. 2011. Vol. 2, No. 2, pp. 151-157. 

13. Flug M., Seitz L. H., Scott J. F. Multicriteria decision analysis applied to Glen Canyon Dam. // J Water Resour Plann Manag 

126: Michigan, 2017, pp. 270–276. 

14. Schuelke J. S., Quirein J. A., Sarg J. F., Altany D. A., Hunt P.E. 1997. Reservoir architecture and porosity distribution, 

Pegasusfield, West Texas—an integrated sequence stratigraphy– seismic attribute study using neural networks, SEG 1997 

Meeting, Dallas, TX. 28 p. 

15. Srdjevic B., Medeiros Y.D., Faria A.S. An objective multi-criteria evaluation of water management scenarios. // Water Resour 

Manage 18: Michigan, 2004, pp. 35–54. 

16. Singh A.P., Shrivastava P. (2014). A comparative study on water quality assessment of a river using AHP and PROMETHEE 

techniques. // Proceedings of 19th international conference on hydraulics, water resources, coastal and environmental engineering 

(HYDRO 2014 international), December 18–20, 2014, Bhopal, pp. 880–890. 

17. S. R. Ubaydullayeva, D. R. Kadirova and D. R. Ubaydullayeva, "Graph Modeling and Automated Control of Complex Irrigation 

Systems," 2020 International Russian Automation Conference (RusAutoCon), Sochi, Russia, 2020, pp. 464-469, doi: 

10.1109/RusAutoCon49822.2020.9208076. 

18. Belaud G., Litrico X., De Graaf B. and Baume J.-P. “Hydraulic modeling of an automatic upstream water-level control gate 

for submerged conditions.” // Journal of Irrigation and Drainage Engineering, 134(3): New Delhi, 2008, pp. 315–326. 

19. Sabzi H. Z. & King J. P. Optimal management of watershed under uncertainty: A case study in Diez Logos flood catchment 

area, Southern New Mexico. // Watershed management symposium WM, Mexico, 2015, pp. 544-562. 

20. Russell S. O. and Campbell P. E.: 2006, Reservoir operating rules with fuzzy logic programming. // J. Water Resour. Plann. 

Manag. 122(3), Michigan, 2006, pp. 165–170. 

21. Shrestha B. P., Duckstein, L. and Stakhiv E. Fuzzy rule-based modeling of reservoir operation. // J. Water Resour. Plann. Manag. 

122(4), Michigan, 2006, pp. 262–269. 

22. Singh A.P. An integrated fuzzy approach to assess water resources potential in a watershed. // J Comput Math.1: Punjab, 

2008, pp. 7-23. 

23. Wang K. H., & Altunkaynak A. Comparative case study of rainfall-runoff modeling between SWMM and fuzzy logic 

approach. // Journal of Hydrologic Engineering. 17(2), London, 2011, pp. 283-291. 

24. Ahlawat A.S., Ramaswamy A. Multi-objective optimal fuzzy logic control systems for response control of wind-excited tall 

buildings. // Journal of Engineering Mechanics. New Delhi, 2014, 130(4), pp. 524-530. 

25. Jang J., Sun C., Mizutani E. Neuro-Fuzzy and soft computing: a computational approach to learning and machine 

intelligence, 2nd edn. // Pearson Education, Inc., New Jersey, 1997, pp. 113-119. 

26. Hellendoorn H. and Thomas C. Defuzzification in fuzzy controllers. // J. Intelligent Fuzzy Syst. 1(2), Texas, 1993, pp. 109–123. 

27. Karaboga D., Bagis A., Haktanir T. Fuzzy logic based operation of spillway gates of reservoirs during floods. // Journal of 

Hydrologic Engineering. Berlin, 2004, 9(6). pp. 544–549. 

28. Altunkaynak A., Ozger M., Cakmekci M. Water consumption prediction of Istanbul city by using fuzzy logic approach. // 

Water Resour Manage 19: Istanbul, 2005, pp. 641–654. 

29. Collotta M., Bello L.L., Pau G. A novel approach for dynamic traffic lights management based on Wireless Sensor Networks 

and multiple fuzzy logic controllers. // Expert Systems with Applications. Mexico, 2015, 42(13), pp. 5403–5415. 

http://www.ijarset.com/


ISSN: 2350-0328

 
 

Copyright to IJARSET                                               www.ijarset.com                                                                           24369 
 
 

 
International Journal of Advanced 

Research in Science, Engineering 

and Technology 

Vol. 13, Issue 1, January 2026 

 

 

30. Belaud G., Litrico X. and Ribot-Bruno J.-P. “Hydraulic modeling of an automatic upstream water-level control gate.” // Journal 

of Irrigation and Drainage Engineering, 131(2): New Delhi, 2005, pp. 176–189. 

31. Goloskakov D.P. “Analytical calculation of the water-holding lining of a segment gate in hydraulic structures” Journal of the 

University of Water Communications. 2012. Issue 4. – pp. 22-29. 

32. Panigrahi D.P., Mujumdar P.P. Reservoir operation modeling with fuzzy logic // Water Resour Manag 14: Michigan, 2000, pp. 

89–109. 

 

 

 

 

http://www.ijarset.com/

