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1- Support vector machine
2- Trend
3- Noise
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Figure 1- nonlinear model of a simple neuron
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6- Bias
7- Feed Forward
8- Back Propogation Training
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1- Gene Expression Programming
2- Genetic Algorithm

3- Genetic Programming

4- Artificial Neural Network

5- Multi Layers Perceptron
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Figure 2- Discharge and suspended sediment values in train and test periods
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Table 1- Error of different input sets at intelligent models

Jae §39y9 Sf NS  MAE(mg/lit)y RMSE(mg/lit)
Model Input Set

1. Q -0.38 319.02 424.38
> 2.Qt, Sus 0.48 154.4 259.05
Z 3. Qt, Q1 Sia 0.42 128.05 273.66
< 4. Q, Qu1.Su1, Se2 0.61 106.94 223.08
5.Qt, Qu1, Q2 St1,St2,Ss 0.69 99.42 199.24
1.Q -0.54 335.68 447.56
o 2.Qt, St1 0.41 134.34 275.33
L 3.Q:, Qw1 Sia 0.47 117.32 260.72
© 4.Q¢, Qu1,St1, Stz 0.57 97.9 234.84
5. Q¢, Qu1 Quo Sta, Sio Sis 0.41 148.46 275.72
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Table 2- Error of best input set at intelligent models after denoising by Daubechies wavelet family
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Wavelet Model
ANN-5 072
Dbl(Harr) GEP-4 071
ANN-5  0.84
Db2  Gepa 065
Db3  ANN-5 081
GEP-4 06
ANN-5  0.78
Dbd  Gep4 049
ANN-5  0.75
DbS  GEp4 033
ANN-5  0.72
Db6  GEp4 068

MAE(mg/lit) RMSE(mg/lit)
98.91 190.12
86.21 193.89
81.56 141.17
90.16 212.03

81.3 155.25
111.18 227.94
92.91 167.98
125.43 255.82
96.25 179.52
132.25 293.85
88.97 187.86
84 201.15
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Table 3- Error of best input set at intelligent models after
train by logarithmic transformations

e NS MAE(mg/lit)y RMSE(mglit)
(Model)
ANN-5-Log  0.77 70.35 170.96
ANN-5-Ln  0.82 65.34 150.08
GEP-4-Log 021 10139 318.72
GEP-4-Ln  0.31 93.94 298.41
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Figure 5- Scatter plot ofestimated values versus observed values in the different models
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Figure 6- Estimated suspended sediment values in the different ANN models
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Introduction One reason for the complexity of hydrological phenomena prediction, especially time series is
existence of features such as trend, noise and high-frequency oscillations. These complex features, especially
noise, can be detected or removed by preprocessing. Appropriate preprocessing causes estimation of these
phenomena become easier. Preprocessing in the data driven models such as artificial neural network, gene
expression programming, support vector machine, is more effective because the quality of data in these models
is important. Present study, by considering diagnosing and data transformation as two different preprocessing,
tries to improve the results of intelligent models. In this study two different intelligent models, Artificial Neural
Network and Gene Expression Programming, are applied to estimation of daily suspended sediment load.
Wavelet transforms and logarithmic transformation is used for diagnosing and data transformation, respectively.
Finally, the impacts of preprocessing on the results of intelligent models are evaluated.

Materials and Methods In this study, Gene Expression Programming and Artificial Neural Network are
used as intelligent models for suspended sediment load estimation, then the impacts of diagnosing and
logarithmic transformations approaches as data preprocessor are evaluated and compared to the result
improvement. Two different logarithmic transforms are considered in this research, LN and LOG. Wavelet
transformation is used to time series denoising. In order to denoising by wavelet transforms, first, time series can
be decomposed at one level (Approximation part and detail part) and second, high-frequency part (detail) will be
removed as noise. According to the ability of gene expression programming and artificial neural network to
analysis nonlinear systems; daily values of suspended sediment load of the Skunk River in USA, during a 5-year
period, are investigated and then estimated.4 years of data are applied to models training and one year is
estimated by each model. Accuracy of models is evaluated by three indexes. These three indexes are mean
absolute error (MAE), root mean squared error (RMSE) and Nash-Sutcliffecoefficient (NS).

Results and Discussion In order to suspended sediment load estimation by intelligent models, different input
combination for model training evaluated. Then the best combination of input for each intelligent model is
determined and preprocessing is done only for the best combination. Two logarithmic transforms, LN and LOG,
considered to data transformation. Daubechies wavelet family is used as wavelet transforms. Results indicate
that diagnosing causes Nash Sutcliffe criteria in ANN and GEPincreases 0.15 and 0.14, respectively.
Furthermore, RMSE value has been reduced from 199.24 to 141.17 (mg/lit) in ANN and from 234.84 to 193.89
(mg/lit) in GEP. The impact of the logarithmic transformation approach on the ANN result improvement is
similar to diagnosing approach. While the logarithmic transformation approach has an adverse impact on GEP.
Nash Sutcliffe criteria, after Ln and Log transformations as preprocessing in GEP model, has been reduced from
0.57 to 0.31 and 0.21, respectively, and RMSE value increases from 234.84 to 298.41 (mg/lit) and 318.72
(mgl/lit) respectively. Results show that data denoising by wavelet transform is effective for improvement of two
intelligent model accuracy, while data transformation by logarithmic transformation causes improvement only in
artificial neural network. Results of the ANN model reveal that data transformation by LN transfer is better than
LOG transfer, however both transfer function cause improvement in ANN results. Also denoising by different
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wavelet transforms (Daubechies family) indicates that in ANN models the wavelet function Db2 is more
effective and causes more improvement while on GEP models the wavelet function Dbl (Harr) is better.

Conclusions: In the present study, two different intelligent models, Gene Expression Programming and
Acrtificial Neural Network, have been considered to estimation of daily suspended sediment load in the Skunk
river in the USA. Also, two different procedures, denoising and data transformation have been used as
preprocessing to improve results of intelligent models. Wavelet transforms are used for diagnosing and
logarithmic transformations are used for data transformation. The results of this research indicate that data
denoising by wavelet transforms is effective for improvement of two intelligent model accuracy, while data
transformation by logarithmic transformation causes improvement only in artificial neural network. Data
transformation by logarithmic transforms not only does not improve results of GEP model, but also reduces GEP
accuracy.

Keywords: Artificial neural network, Gene expression programming, Logarithmic transformations,
Suspended sediment load, Wavelet transformation



