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Introduction

Nowadays, monitoring of river quality information is one of the most important issues in water
resources engineering because of the direct relationship of water quality with environmental health
and quality of life. Today, traditional methods of river monitoring are receiving less attention due to
the fact that they are costly and time-consuming for the researcher. Instead, the recent, low-cost
methods are favorable to many researchers in this filed. Different methods have always been
considered for river monitoring, but the application of spectral indicators and remote sensing
technologies to control and monitor the water quality of rivers and reservoirs is very cost-effective
and could be a good alternative to traditional methods. Since it is time-saving and less costly, it
would be a good indicator for the whole region and a good alternative to manual methods (Bonansea
etal., 2015).

Although satellite imagery has been widely used in estimating water quality indices (Onderka and
Pekarova, 2008), the complexity of hydrological systems and the presence of noise in images can
increase the calculation error. Wavelet transform and intelligent models are among the most efficient
methods that can significantly increase computation accuracy by filtering and noise reduction. Good
research has been done on the use of wavelet transform in image processing (Graps, 1995) and fuzzy
inference system to estimate water quality parameters (Solgi et al., 2017). In this study, using wavelet
transform, Landsat 8 images were processed, then the processed images were considered as inputs of
ANFIS model.

Material and Methods

The study area is the Karun River, between Bandeghir and Mollasani with a length of about 12
km and width of 150 to 200 meters. Sampling was done monthly at Landsat 8 satellite crossing time
for 66 points from right, left and middle banks of the river. Landsat 8 images and neural fuzzy
inference system were used to estimate the EC parameter of the Karun River.
Landsat 8 was launched on February 11, 2013. The satellite carries the Operational Land Imager
(OLI) and the Thermal Infrared Sensor (TIRS) (Veysi et al., 2017). Adaptive neural fuzzy inference
system (ANFIS) is a new method for solving complex problems. The ANFIS is a universal
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approximator and as such is capable of approximating any real continuous function on a compact set
to any degree of accuracy.

According to Figure (1), the reflection values of bands 2 and 3 of Landsat satellite, along with the
spatial characteristics of sampling points with different structures, were considered as inputs of the
ANFIS model. In order to increase the accuracy of the model, wavelet transform was used to reduce
the image noise and, at the end, appropriate structure model was extracted for EC parameter
modeling of the Karun River.

Wavelet transform is a common way to process images. In wavelet transform, both frequency and
temporal resolution are changed in the time-frequency graph (polikar, 2009). This method provides
good time resolution and low-frequency resolution in high frequencies, and good frequency
resolution and low-time resolution in low frequencies.

Results and Discusspn

After monthly sampling from 66 points of the Karun River, 792 Sample observations were
collected for 12 months. The first 8 months were considered for calibration and the other 4 months
for ANFIS model validation. Due to the high EC variations in the length and width of the Karun
River, in addition to reflection for bands 2, 3, and discharge in the simulation month, the input data
locating technique was also used corresponding to EC values. In doing so, the distance to the
beginning of the river and the distance to the river bank were used as inputs of the ANFIS model.
Based on parameters of bands 2, 3, discharge, and distance to the left bank and beginning of the
river, four input structures were provided for the ANFIS model (Table 1). Based on the correlation
coefficient, structure 3 with Gosin-2 membership function was selected as the model for simulation
in subsequent stages. Then, to reduce the noise, different sub-components were extracted and
considered as inputs of the ANFIS model. In this research, the Db-4 and Haar Wavelet functions with
different decomposition level were used to improve the model performance. The results showed that
the Db-4 wavelet function with the decomposition level 5 could be suitable for modeling. The results
of this section are summarized in Table (2). Also, the spatial series and scatter plot of the selected
WANFIS model is shown in Figure (2).

-—— e ——— -

ANFIS

Landsat 8 Imagery \: \ 4
i |BZ“B1||A2|A1

[
1
1
1
1
1
1
1
]
1
I 1
! 1
I 1
| [ Speiiatipropesties ot point | |
! 1
I 1
1
1
1
]
1
1
]
1
1
]
I

Select the
appropriate
input pattern

: Input Pattern 1
Distance to left bank 1 A
: Input Pattern 2
[}
1 Input Pattern 3
Distance to the :
beginning of the river | Input Pattern 4
1
X 2 oo g |

Eis

the
results

Fig. 1- Flowchart of the Research




207
Pourhaghi et al. 43 (1) 2020 DOI: 10.22055/jise.2020.31187.1879

Table 1- Structure of input patterns to ANFIS model

Input Pattern Number Input Pattern Structure
1 Band 2, Band 3
2 Band 2, Band 3, Width
3 Band 2, Band 3, Width, Discharge
4 Band 2, Band 3, Width, Length

Conclusions

Today, satellite imagery is widely used to estimate the water quality of rivers and reservoirs. In
this study, a combination of satellite imagery and neural fuzzy inference system was used for
modeling of parameter EC in the Karun River.

The results showed that the use of satellite images along with the neural fuzzy inference system
can be a suitable method for estimating the EC parameter of the Karun River. The studies also
indicated that wavelet transform as an efficient tool can increase the accuracy of ANFIS model by
reducing image noise.

Table 2- Comparison of the results of ANFIS and WANFIS models

Model Train Points Test Points
(R?) RMSE (R?) RMSE
ANFIS 0.88 0.0372 0.85 0.0427
WANFIS 0.93 0.0280 0.89 0.0320
Obs ANFIS WANFIS
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& 2200
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Fig. 2- Graphical comparison of the models used in this study
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Table 1- The statistical summary of the measured EC data in difference months (In micromous / cm)

Month Min Max Mean STDV Month Min Max Mean STDV
Jan. 2016 1104 4470 2545 778 July 2016 1278 3093 1822 304
Feb. 2016 1146 3830 2222 577 Aug. 2016 1506 3150 2036 305

March 2016 1225 3480 2067 420 Sep. 2016 1400 3250 2093 383
April 2016 1124 3385 1982 432 Oct. 2016 1400 3650 2230 427
May 2016 1230 2950 1761 280 Nov. 2016 1283 3885 2301 522
June 2016 1297 2895 1752 245 Dec. 2016 991 4200 2424 756
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Table 2- Specifications of Landsat 8 satellite imagery used in this study

Month AD Date Jalali Date Month AD Date Jalali Date

Jan. 2016  2016.01.03 1394.10.13 June 2016 2016.06.26 1395.04.06

Feb. 2016  2016.02.04 1394.11.15 July 2016 2016.07.28 1395.05.07

March 2016 2016.03.07 1394.12.17 Aug. 2016 2016.08.29 1395.06.08
April 2016  2016.04.08 1395.01.20 Sep.2016 2016.09.30 1395.07.09
May 2016  2016.05.09 1395.02.20 Nov.2016 2016.11.01 1395.08.11

May 2016  2016.05.25 1395.03.05 Dec.2016 2016.12.03 1395.09.13
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Fig. 2- Decomposition algorithm used with wavelet transform
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Table 3- Structure of input patterns to ANFIS model

Pattern Number Structure of Input Patterns
1 Band 2, Band 3
2 Band 2, Band 3, Width
3 Band 2, Band 3, Width, Discharge
4 Band 2, Band 3, Width, Length
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Fig. 5- Mean correlation coefficient for different membership functions in sampling months
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Fig. 6- Spatial series and scatter plot of selected ANFIS model (validation period)
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Table 4- Results of the WANFIS model for the calibration period

. Coefficient of Determination Root Mean Squar Error
Mother Decompqs[tlon (R?) (RMSE)
wavelet Level i=] Calibration Verification Calibration Verification
Db-4 4 0.91 0.86 0.033 0.037
Db-4 5 0.93 0.89 0.028 0.032
Db-4 6 0.93 0.87 0.030 0.035
Db-4 7 0.94 0.86 0.028 0.033
Haar 4 0.89 0.85 0.038 0.046
Haar 5 0.89 0.86 0.037 0.041
Haar 6 0.91 0.88 0.035 0.040
Haar 7 0.92 0.88 0.033 0.040
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Fig. 7- Spatial series and scatter plot of selected WANFIS model (validation period)
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Table 5- Comparison of the results of ANFIS and WANFIS models

Forecast Model Terrain Points Test Points
(R) RMSE (R?) RMSE
ANFIS 0.88 0.0372 0.85 0.0427

WANFIS 0.93 0.0280 0.89 0.0320
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Fig. 8- Graphical comparison of the models used in this study
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