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Abstract:

Background and Aim: The performance of water resources systems is very sensitive to
uncertainty in model inputs. In this paper, adaptive neuro-fuzzy inference system (ANFIS),
which is an improvement of fuzzy theories, is used to solve the optimization problem of
reservoir operation. The main idea in this article is to consider hydrological uncertainties in
ANFIS models based on Grid partitioning, Subtractive clustering and Fuzzy C-Means in dam
reservoir operation and compare them using classical and fuzzy performance criteria.
Method: It is a case study about the problem of simple operation of Dez dam reservoir in
single-reservoir state.

First, the problem of optimizing the use of Dez dam reservoir with the aim of minimizing the
lack of needs has been solved by using modeling training data. To solve the optimization
problem, the Ant Colony Optimization (ACO) algorithm with a new mechanism called
Stochastic Adaptive Refinement (SAR) has been used.

Then, its results have been used to infer the behavior of the system in Anfis and compare
three methods of division. In order to compare the methods, in addition to the error criteria,
the reservoir performance criteria have been fuzzified and compared with the classical
performance criterias. Finally, Mamdani, Sogeno and ANFIS fuzzy inference methods have
been compared by using FCM.

Results: Fuzzy performance criteria indicate that FCM and subtractive clustering have
improved fuzzy performance criteria compared to the optimal method in test data, and FCM
has improved the objective function of the training and test data by 14% and 16%,
respectively. The Grid partitioning method has not achieved good results. Sugeno's fuzzy
inference has a better performance than Mamdani's in inferencing system behavior, and Anfis
has also improved the objective function compared to Sugeno's

Conclusion: Fuzzification of performance criteria provides more realistic criteria to
professionals. FCM and then subtractive clustering are efficient methods in partitioning and
generating fuzzy rules in inferencing system behavior. Therefore, ANFIS based on FCM can
be used as an efficient method for dam reservoir operation.

Keywords: Optimal reservoir operation, Grid partitioning, Subtractive clustering and Fuzzy
C-Means
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Training Data

Operation Method  Performance Criteria  Reliability Vulnerability Resilience  Sustainability Index Obj.Function

. Classic 0.12 1.00 0.03 0.00

Optimum Fuzzy 0.70 0.79 0.62 0.45 0.16
Classic 0.18 1.00 0.12 0.00

Grid partitioning Fuzzy 0.61 0.95 0.66 0.27 221
Classic 0.14 1.00 0.07 0.00

Subtractive clustering Fuzzy 0.69 0.80 0.63 0.45 0.38
Classic 0.15 1 0.071 0.00

FCM Fuzzy 0.71 0.79 0.64 0.46 0.35
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Test Data
Operation Method  Performance Criteria _Reliability  Vulnerability  Resilience  Sustainability Index Obj.Function

Classic 0.17 1.00 0.03 0.00

Optimum Fuzzy 0.65 0.90 0.55 0.33 0.23
Classic inf inf inf inf

Grid partitioning Fuzzy inf inf inf inf inf
Classic 0.12 1.00 0.07 0.00

Subtractive clustering Fuzzy 0.67 0.82 0.58 0.42 0.59
Classic 0.1278 1 0.0828 0.00

FCM Fuzzy 0.67 0.86 0.65 0.40 0.54

S 9 uu),oi sools yo s sba )l ¥ Jgus

Type of clustering

FCM Subtractive Grid partitioning

z < Error Mean -0.001 -0.001 -0.007
IE Error STD 69.459 67.380 32.160
'D_: "D: RMSE 69.266 67.190 32.072

R-squared 0.945 0.948 0.988

Error Mean -5.763 -9.411 inf
iy Error STD 96.087 90.887 inf
=y RMSE 95.993 91.121 inf

R-squared 0.905 0.916 inf
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Training Data

Operation Method Performance Criteria

Reliability  Vulnerability  Resilience

Sustainability Index  Obj.Function

Optimum Classic 0.12 1.00 0.03 0.00
Fuzzy 0.70 0.79 0.62 0.45 0.16
Classic 0.37 1.00 0.18 0.00

Mamdani FIS Fuzzy 0.73 0.76 0.74 0.51 0.86
Classic 0.14 1.00 0.08 0.00

Sugeno FIS Fuzzy 0.72 0.78 0.60 0.46 0.39
Classic 0.15 1 0.071 0.00

ANFIS Fuzzy 0.71 0.79 0.64 0.46 0.35
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j Test Data
- Operation Method  Performance Criteria  Reliability Vulnerability Resilience Sustainability Index Obj.Function
_g,” Optimum Classic 0.17 1.00 0.03 0.00

) P Fuzzy 0.65 0.90 0.55 0.33 0.23
> Classic 0.34 1.00 0.16 0.00
N Mamdani FIS Fuzzy 0.70 0.80 0.66 0.45 0.98
'j Classic 0.12 1.00 0.07

2 Sugeno FIS Fuzzy 0.68 0.86 0.54 0.37 0.58
a Classic 0.1278 1 0.0828 0.00
. ANFIS Fuzzy 0.67 0.86 0.65 0.40 0.54
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FCM clustering

ANFIS Sugeno FIS Mamdani FIS
Z < Error Mean -0.001 0.000 -24.794
<E Error STD 69.459 74.273 181.225
04 g RMSE 69.266 74.066 182.414
F R-squared 0.945 0.937 0.588
Error Mean -5.763 -5.330 -32.402
('7; |<£ Error STD 96.087 97.303 192.682
=y RMSE 95.993 97.178 194.859
R-squared 0.905 0.902 0.606
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