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ABSTRACT 

Discharge estimation in rivers is the most important parameter in flood management. Predicting 

discharge in the non-prismatic compound open channel by analytical approach leads to solving a 

system of complex nonlinear equations. In many complex mathematical problems that lead to solving 

complex problems, an artificial intelligence model could be used. In this study, the adaptive neuro-

fuzzy inference system (ANFIS) is used for modeling and predicting of flow discharge in the non-

prismatic compound open channel. Comparison of results showed that the divided channel method 

with vertical division lines with the coefficient of determination (0.73) and root mean square error 

(0.009) is accurate among the analytical approaches. The non-dimensional parameters like friction 

factor ratio, area ratio, hydraulic radius ratio, bed slope, width ratio, relative flow depth, angle of 

converging or diverging, relative longitudinal distance, flow aspect ratio have been taken as input 

parameters in for predicting discharge. The ANFIS model with a coefficient of determination (0.98) 

and root mean square error (0.005) for the testing stage has a suitable performance for predicting the 

discharge in the non-prismatic compound open channel. 

 

Keywords: Non-prismatic compound channels; Gamma Test, M test, relative flow depth; width 

ratio, relative flow depth; ANFIS 

1. INTRODUCTION 

River plays a very important role for day-to-day activity of human civilization. Due to 

availability of water and fertile land near the river bank, most of the civilization flourished 

thereby. But during flood, the main river channel forgets its boundary and inundates the 

surrounding floodplains causing loss of life and economy of the country.   

From the last five decades, many investigators carried out their research in straight 

prismatic compound channel to estimate the discharge in such channel (Sellin 1964, 

Wormleaton et al. 1982, Knight and Demetriou 1983, Shiono and Knight (1989), Devi et al. 

2016). But very few investigation has been done in non-prismatic compound channel. James 

and Brown (1977) is the first to conduct experiment in skewed type compound channel with 

different skew angle. Later Chlebek (2009) studied the effect energy slope behaviour in 

skewed type non-prismatic compound channel. Shiono et al. (1999) conducted experiment in 

meandering compound channel. But very few number of research has been done for 

converging and diverging compound channel cases.  Bousmar et al. (2002) is the first to 

carried out the experiment in converging compound channel for three different angle. Then 

Proust (2005) studied the effect of convergence in asymmetric compound channel with abrupt 

floodplain contraction with converging angle 22°. Improper estimation of calibrating 

coefficient may lead to erroneous results. Thus artificial intelligence has been used to 

developed model which can able to provide satisfactory results in determining the discharge 

in non-prismatic compound channel.  
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Figure 1. Schematic diagram of non-prismatic compound channel, (a) Converging 

compound channel (=3.81°), (Rezaei 2006) and (b) Diverging compound channel (=3.81°), 

(Yonesi et al. 2013) 

2. METHODOLOGY 

Initially, a review was conducted on the important parameters which are an influence on the 

behavior of flow in the compound open channel, and then the four famous analytical 

approaches that have been proposed to calculate the flow discharge are presented. To assess 

the performance of these analytical approaches, 196 data sets related to the flow discharge in 

the non-prismatic compound channels were derived from the researchers that were conducted 

by Bousmar (2002), Bousmar et al. (2006), Rezaei (2006), Yonesi et al. (2013) and Naik and 

Khatua (2016). 

3. Sources of Data 

For this research work, we collected the experimental data on converging and diverging 

compound channel along from the are published papers by Bousmar (2002), Bousmar et al. 

(2006), Rezaei (2006), Yonesi et al. (2013) and Naik and Khatua (2016). 

Table 1. Details of hydraulic and surface parameters for all types of channel collected from experimental work 

and published data for diverging and converging compound channel 

Verified Test Channel Q in (m3/s) n 
Re in   

Fr 
(x 105) 

1 2 3 5 6 7 

Bousmar (2002)/Cv3.81 0.010-0.020 0.0107 0.213-0.537 0.338-1.326 0.26-0.60 

Bousmar (2002)/Cv11.3 0.010-0.020 0.0107 0.18-0.532 0.286-1.312 0.29-0.58 

Bousmar et al. (2006)/Dv3.81 0.012-0.020 0.0107 0.218-0.514 0.341-1.393 0.38-0.86 

Bousmar et al. (2006)/Dv5.71 0.012-0.020 0.0107 0.253-0.541 0.344-1.308 0.25-0.66 

Rezaei (2006)/Cv1.91 0.015-0.040 0.0084 0.178-0.522 0.420-1.451 0.56-0.81 

Rezaei (2006)/Cv3.81 0.014-0.025 0.0091 0.151-0.509 0.387-1.813 0.35-0.71 

Rezaei (2006)/Cv11.31 0.013-0.023 0.0091 0.198-0.505 0.428-1.924 0.38-0.76 

Yonesi et al (2013)/Dv3.81 0.037-0.0615 0.0139 0.142-0.363 1.435-1.934 0.24-0.34 

Yonesi et al (2013)/Dv5.71 0.037-0.0615 0.0139 0.142-0.352 1.356-1.854 0.27-0.36 

Yonesi et al (2013)/Dv11.3 0.037-0.0615 0.0139 0.143-0.359 1.281-1.742 0.29-0.38 

Naik and Khatua (2016)/Cv5 0.043-0.062 0.011 0.15-0.30 0.472-1.461 0.64-0.83 

Naik and Khatua (2016)/Cv9 0.042-0.059 0.011 0.15-0.30 0.408-1.613 0.56-0.76 
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Naik and Khatua (2016)/Cv12.38 0.040-0.054 0.011 0.15-0.30 0.506-1.736 0.58-0.70 

Observed discharge in m3/s- Q, Manning's roughness coefficient-n, Relative depth-, 

 Reynolds number -Re, Froude number-Fr 

4. Influence flow Parameters 

From extensive literature survey on compound channels, it is seen that the investigators such 

as Knight and Demetriou (1983), Yang (2005), Dash and Khatua (2016), Parsaei et al. (2016) 

have suggested that flow in compound channel depends on width ratio, relative flow depth, 

Area ratio, hydraulic radius ratio, friction factor ratio and bed slope.  Das et al. (2016) proved 

the dependency of energy loss on diverging or converging angles and relative longitudinal 

distance for non-prismatic geometry.  Hence, the authors, in the present study, for the 

development of ANFIS model considered the nine non-dimensional input parameters which 

influence the flow quantity at different section of non-prismatic reach. The details about the 

non-dimensional parameter are described below: 
Total 9 flow variables were chosen as input parameters and flow as an output parameter. The 

dependency flow (Q) on these aforementioned parameters can be written in a functional relationship 

as  rrrr XSRAffQ ,,,,,,,, *

0    

     
Table 3. Statistical characteristics of the data under consideration 

Statistical 

characteristics 
Fr Ar Rr  S0 *  Xr  Q 

Maximum 0.84 22.59 35.09 0.54 0.002003 6.54 3.02 1.00 11.31 0.0615 

Minimum 0.31 0.93 1.70 0.11 0.000880 1.41 1.33 0.00 -13.4 0.0100 

Std. Dev. 0.09 3.73 3.15 0.12 0.000423 1.27 0.55 0.32 7.01 0.0136 

Mean 0.70 4.37 3.51 0.34 0.001226 4.40 2.10 0.42 -2.17 0.0244 

Median 0.71 3.00 2.80 0.33 0.000990 4.19 2.00 0.33 -1.91 0.0199 
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Figure 3. Correlation between the result of analytical approaches versus the measured 

discharge  

 

Table 3. Error indices result of the analytical  approaches        

Methods R2 MAE MAPE RMSE E 

SCM 0.47 0.0073 43.57 0.017 -3.293 

DCMv-e 0.73 0.0079 36.93 0.011 -2.990 

DCMv-i 0.74 0.0064 30.67 0.009 -1.651 

DCMh-e 0.57 0.0088 41.01 0.013 -4.517 

DCMh-i 0.59 0.0073 32.50 0.010 -2.032 

DCMd-e 0.72 0.0066 31.18 0.010 -2.018 

DCMd-i 0.68 0.0064 26.20 0.008 -0.732 

IDCM 0.51 0.0091 35.37 0.039 -8.213 

EDM 0.69 0.0072 32.81 0.008 -0.814 

 

5. Adaptive neuro-fuzzy inference system (ANFIS)  

The adaptive neuro-fuzzy inference system (ANFIS) is an AI method, is a sequence of ANN 

and fuzzy system that uses the learning effectiveness of the ANN to evolve the fuzzy IF-

THEN rules with proper membership functions derived from the training pair, whichever in 

turns lead to inference. Such networks shun the obligation of manual optimization of fuzzy 

network parameters and the tuning of the network parameters can be obtained by means of 

ANN. The merger of both ANN and FIS thus improves system performance without 

intervene of operators. ANFIS antiquated used in many water resources problems viz.  

modeling of hydrological time series, reservoir operations, rainfall-runoff prediction and 

other related fields.  

  
   (a)      (b) 

Figure 4. (a) A schematic diagram of ANFIS structure and (b) A schematic diagram of fuzzy 

based inference system 
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5.1 Architecture and basic learning rules 

ANFIS is a rule-based fuzzy logic model that its rules perform in the course of the training 

operation of the model. As shown in Fig. 4a, five layers are used to build up this inference 

structure. In this connectionist structure, the input (layer 0) and output (layer 5) nodes portray 

the inputs and the output, respectively. In the hidden layers, there are several fixed and 

flexible nodes functioning as membership functions (MFs) and rules. To explain the 

procedures of an ANFIS, we consider two input variables x, y and one output variable z. In 

ANFIS model the relationship between input and output is stated by the use of if-then fuzzy 

rules. Then, the model involves two fuzzy rules based on Takagi and Sugeno’s type (Sahu et 

al. 2011) that can be expressed as follows: 

 

Rule 1: If x is A1 and y is B1 then 
1111 ryqxpz        

Rule 2: If x is A2 and y is B2 then 
2222 ryqxpz       

where A1, B1, and A2, B2 are the linguistic level, p1, q1, r1 and p2, q2, r2 are the consequent 

parameters. If 
1z and 

2z are constants instead of linear equations, we have zero order TSK 

fuzzy-model. A typical ANFIS structure, which can be seen in Fig. 4a includes 5 layers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 ANFIS model Development 

In order to develop an ANFIS model, the input and output data were mapped to the domain 

[0.05,0.95] employing the Eq. (18) because the best range recommended for normalization is 

Table 5. Determining the best combination for flow (Q) in non-prismatic 

compound channel 

Exp. 

No. 

Combination of 

Input parameters 
Gamma Std. error V-ratio Mask 

1 All inputs -0.009 0.006 -0.036 111111111 

2 All inputs-fr -0.006 0.005 -0.027 011111111 

3 All inputs- -0.003 0.004 -0.014 111111011 

4 All inputs-Xr -0.006 0.006 -0.027 111111101 

5 All inputs- -0.001 0.007 -0.007 111111110 

6 All inputs- Xr, 0.004 0.004 0.017 111111100 

7 All inputs- Xr, -0.008 0.007 -0.034 111111001 

8 All inputs-, 0.061 0.023 0.247 111110110 

9 All inputs-, Xr 0.004 0.004 0.017 111111100 

10 All inputs-  , Xr,  0.008 0.003 0.034 111111000 

11 All inputs-Ar,Rr -0.011 0.006 -0.045 100111111 

12 All inputs- Ar,Rr  0.003 0.007 0.014 100111110 

13 Fr, Ar,Rr,,S0 0.017 0.017 0.070 111110000 

14 , , Xr, S0, 0.07 0.030 0.280 000110111 

15 , , Xr, S0 0.005 0.003 0.023 000111110 

16 Fr, Ar,Rr,S0 0.054 0.020 0.216 111010000 

17 Fr, Rr,, S0 0.0002 0.010 0.001 101110000 

18 , S0 0.097 0.053 0.388 000110100 

19 Fr, Rr,S0 0.038 0.012 0.155 101010000 

20 Fr, ,S0 0.028 0.011 0.114 100110000 
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between 0.05 and 0.95 (Hsu et al. 1955). This would increase the accuracy and speed of 

ANFIS performance.  

)(

)(
95.005.0

minmax

min

aa

aa
anorm




   

where anorm and a are the normalized and original inputs; amin, and amax denote minimum and 

maximum of the input ranges, respectively. 

 

 
Figure 5. M-test curve: the variation of gamma statistic and V-ratio with unique data points to 

determining the proper length for training data for mask a) [111111110] and b) [101110000] 

 

 

 
Figure 6 Predicted and observed for calibration and testing step of ANFIS model (Square 

symbol indicate the extreme high values resulted from the model) 

 
Figure 8 Comparison of ANFIS model predicted value and observed value of discharge 

 

Table 6 Details of the best ANFIS model performance  

Subtractive clustering Grid partitioning (gaussmf-linear) 

8 input Parameters 
Fr, Ar, Rr, 

,S0,*,, Xr 
4 input Parameters Fr, Rr, ,S0 

Rules 18 No. of  MF 4444 

Range of influence 0.52 MF gaussmf 
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Squash factor 1.2 And method prod 

Accept ratio 0.5 Or method max 

Reject ratio 0.15 Defuzz method wtaver 

Type Sugeno Agg method max 

R2 (Training) 0.99 R2 (Training) 0.96 

R2 (Testing) 0.82 R2 (Testing) 0.86 

MAPE  (Training) 1.3% MAPE  (Training) 8.62% 

MAPE  (Testing) 16.1% MAPE  (Testing) 9.42% 

RMSE  (Training) 0.0001 RMSE  (Training) 0.0026 

RMSE  (Testing) 0.0055 RMSE  (Testing) 0.0051 

MAE  (Testing) 0.003 MAE  (Testing) 0.0027 

E (Testing) 0.99 E  (Testing) 0.78 

6. Results and Discussions 

The analytical approaches and the ANFIS model were assessed by the data collected 

summarized in the Table 1 and 2. The accuracy of the analytical approaches and the ANFIS 

model were assessed by calculating the statistical error indices such as the coefficient of 

determination (R2), Mean Absolute Error (MAE), Mean Absolute Percentage Error (MAPE), 

Root Mean Square Error (RMSE), and Nash-Sutcliff coefficient (E). The definitions of 

different errors are presented in (Das et al. 2016, Naik and Khatua 2016). It is noticeable that 

these indices shown in Table 4 and 6, provide a value for the average error and not give any 

information about error distribution, so in addition to calculating the indices error, the 

performance of them are shown in Figs. 6-8 between the observed values and calculated or 

predicted values. 

7. Conclusions 

In this study, some famous analytical approaches for calculating the discharge in the 

compound open channel were assessed. To this purpose 196, experimental data on non-

prismatic compound channel which were published in the credible journal were collected. 

The result of the error indices calculation of the result of the analytical approaches showed 

that performance of the DCMv–i by the Coefficient of determination of about 0.73 has 

acceptable performance for calculating the discharge in the non-prismatic compound open 

channel. To achieve greater accuracy in the discharge calculation, the adaptive neuro-fuzzy 

inference system (ANFIS) was prepared based on the same data collected. Gamma test and M 

test has been performed to select the most significant non-dimensional input parameters 

combinations for modelling discharge.  The following results has been achieved in the 

present investigation: 

 Two model in ANFIS has been tested where for FIS generation, subtractive clustering 

for 8 input parameters and Grid partition for 4 input parameters has been performed. 

Calculating the error indices for the ANFIS results showed that the performance of 

the ANFIS model using 4 non-dimensional input parameters provide coefficient of 

determination of 0.98 and 0.86 for training and testing stages respectively is so 

suitable for modeling the discharge of non-prismatic compound open channel. 

 Comparison of the performance of the ANFIS model with analytical approaches 

showed that the ANFIS model is more accurate as it is evident from the error indices.  
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