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Abstract: It is essential to have a uniform and calm flow field for a primary settling tank with high performance.
In other words reducing the kinetic energy of the flow inside the settling tank can improve significantly the
efficiency of these tanks and give opportunity to particles to settle in the settling zone of the tank. So
determination of the velocity magnitude in various positions can be a good index of the sedimentation tanks
efficiency. So this study applies a new soft computing technique, i.e. an adaptive neuro-fuzzy inference system
(ANFIS), to better prediction of measured velocity magnitude inside the sedimentation tank. Validation of the
developed network (ANFIS) was performed using a set of velocity data collected at a sedimentation tank. The
results confirm that the suggested network can more accurately predict the measured velocity data when
compared to an equation based on a regression method. The proposed ANFIS approach produces satisfactory
results R  = 0.953 for x-velocity and R  =0.94 for z-velocity compared to the experimental results.2 2
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INTRODUCTION period of time. In other words the flow where the velocity

The removal of suspended and colloidal materials tank. So it is important to study the velocity profiles in
from water and wastewater by gravity separation (settling) these tanks. The circulation regions always appear in the
is one of the most widely used  unit  operations  in  water sedimentation tank and have various effects. These
and wastewater treatment [1]. Settling is the separation of circulation zones reduce the effective volume of the tanks
suspended solid particles  that  are  heavier  than  water that may cause in a short circuit situation between the
particles, through gravitational effect. inlet and outlet of the tank and consequently, water flow

The two main types of sedimentation tank (clarifier) may exit the tank without any settling process.
tanks are primary and secondary (or final) settling tanks. Circulations may also induce high turbulence intensity in
Influent concentration in a  primary  sedimentation  tank some certain regions. This condition not only reduces the
is low and hence, the concentration field has minor possibility of particle deposition, but may also cause
influence on the flow field. Therefore, in the primary resuspension problems.
sedimentation tank, the buoyancy effects can be Energy of influent flow must be dissipating at the
neglected. But in the secondary (or final) sedimentation inlet zone by selecting the best position and configuration
tank, however, the concentration of particles in  influent of inlet or using the baffles in the inlet zone [2]. Enlarging
is high [1]. In the present study, focus is made on the the size of the inlet zone and using the inlet energy for
primary sedimentation tank. flocculation can improve suspended solids removals.

A uniform flow field is essential to the efficient Impinging flow streams against one another is an effective
performance of a primary sedimentation tank. This enables way of promoting flocculation [3]. Smaller inlet apertures
particles to settle at a constant velocity and in a short made larger eddies and, thus, removal efficiency decrease

is minimum will leads the high efficiency of sedimentation
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[4]. Density effects and potential energy maybe decreased for estimating velocity magnitude using ANFIS. This
by a low position of inlet, as proposed by some study shows that the measured velocity data can be
researches [2, 5-7]. predicted accurately for sedimentation tank using a neural

The use of a soft computing tool such as artificial network technique (ANFIS).
neural networks (ANN) in place of regression for the
problem under consideration met with achievement as Experimental Data Collected
exposed in [8]. Predictive approaches such as artificial Laboratory Setup Details: A set of laboratory
neural networks (ANN) [9] and adaptive neurofuzzy measurements are conducted in a rectangular primary
inference systems (ANFIS)  [8]  have  been  recently sedimentation tank. Figure 1, illustrates the experimental
revealed to yield successful estimates. ANFIS is a hybrid setup and measurement system. This figure shows a
technique because it is a combination of the gradient rectangular primary settling tank with length L=200cm,
descent and the least-squares methods. This technique width W=50cm, height of inlet opening H =10cm and
exploits gradient descent to fine-tune the premise height of weir H =30cm. A pump outputting between 1 to
parameters that define membership functions and the 25 L/s replenishes the tank. An inverter regulates the
least-squares method to categorize consequent discharge in the output pipe and an electromagnetic flow
parameters that define the coefficients of each output meter is applied to measure the volumetric flow of
equations. According to results presented in [10] for conductive liquid. This flow meter is composed of sensor
moderate-size and loose-bed rivers, the bed-load transport and electromagnetic flow rate transducer. The laboratory
rates computed by the recommended ANFIS network experiments were conducted for a sedimentation tank with
much more rapidly come to an agreement with the two different flow rate (equal to Q=2 and 4 L/s). All cases
measured values. The work in [11] shows that the were conducted with the same inlet opening. To reach to
adaptive neurofuzzy inference system (ANFIS) may reliable results, all experimental data were repeated 5 times.
estimate the scour depth at culvert outlets more From the laboratory observations, it can be stated
effectively when compared with the results obtained by that the flow field in sedimentation tanks present fully
regression equations and artificial neural networks. three-dimensional velocity fields, particularly at inlet

In present study some experimental tests were done section. The significant three-dimensional effects are
for measuring the velocity magnitude inside the related to the position of the inlet and outlet of the basin
sedimentation tank. In experimental part of the work, the as well as the opening sizes. If the inlet and outlet cover
velocity fields of a laboratory settling tank were measured all the basins width, the flow field can be represented by
using Acoustic Doppler Velocimeter (ADV). The objective two-dimensional vertical plane models (which are the case
of this study is to develop an improved predictive model of present study).

in

w

Fig. 1: (a) schematic diagram of the tank; (b) A photo of using dye in the tank; (c) A Photo of laboratory setup
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Fig. 2: (a) Photo of ADV in settling tank and (b) Down-looking head of ADV with four receivers 

Laboratory Measurement Device: The three velocity velocity of the fluid. As mentioned before in this research
components are measured using Acoustic Doppler the tap water is used as a fluid, so for using ADV, very
Velocimetry (ADV). This device can complete the roles of fine particles of kaolin with low concentration were added
other flow meters including electromagnetic current as a seeding material to the water. The second one is the
meters, propeller meters and hot wire probes, while it is a changes in density or density layer of the fluid which
non-intrusive remote sensing system [12]. This instrument cause changes in the acoustic velocity. Whereas the
is relatively rugged, easy to work and can be readily sediment concentration in the dense fluid has a amount
mounted and maneuvered with the flow field. A 10 MHz up to 15 g/l, the value of the sediment concentration is
Nortek acoustic Doppler velocity meter is used for more lower than this amount during the experiments, so
measuring instantaneous velocities of the liquid flow at there is not any significant changes in the acoustic
different points in the tank. Measurements are performed velocity [17].
by measuring the velocity of particles in a remote After measuring the instantaneous velocity with
sampling  volume  based  upon the Doppler shift effect ADV, the post-processing process should be done on
[13, 14]. The probe head includes one transmitter and four collected data before calculating the flow characteristics.
receivers. The remote sampling volume is located 5 or 10 In  steady flows,  the  first  step  of  signal  processing is
cm from the tip of transmitter, but some researchers the elimination of all data samples with communication
showed that the distance might change slightly [15], so errors, average  correlation  below  70%  or  signal-to-
this is the advantage of the ADV, while the probe is noise ratio (SNR) below 15 dB. Then the data may be
inserted into the flow, the sensing volume is away from "despiked"  using  the  phase-space  thresholding
the probe and the presence of the probe generally does technique  (using  WinADV  2.025).   In   this  research
not effect on the measurement. The accuracy of the ADV  is  located  enough  far  from the  solid  boundaries,
measured data is no greater than ± 0.5% of measured so the solid boundaries do not effect on the measuring
value ± 1 mm/s, sampling rate output is between 1-25 Hz, data.
random noise approximately equal to 1% of the velocity
range at 25 Hz [16]. Figure 2 shows using ADV for The Anfis Network: ANFIS, first introduced by Jang [18],
measuring velocity in settling tank. is a universal imaginative and, as such, is capable of

There are some assumptions when applying ADV in approximating any real continuous function on a compact
a turbidity flow. Firstly, the measured velocity by ADV is set to any degree of measurability. Thus, in parameter
related to the velocity of fine particles which are estimation, where the given data are such that the system
suspended in the fluid. In the other words ADV associates measurable system variables with an internal
measuring the change in frequency of the returned sound system parameter, a functional mapping may be
from fine particles suspended in the water. So it is constructed by ANFIS that approximates the process of
assumed that these fine particles move at the same estimation of the internal system parameter.



( ) 12
1

1

1( )

1
Mi b

x
x c

a

=
−

+

( ). ( ) ( 1, 2)i Mi Niw x y i= =

( 1, 2)i
i

i

ww i
w

= =
∑

1 1 1 1f p x q y r= + +

( )i i i i i iw f w p x q y r= + +

World Appl. Sci. J., 15 (9): 1279-1286, 2011

1282

Fig. 3: A network of ANFIS model

The ANFIS is functionally equivalent to fuzzy where a1, b1 and c1 are changeable premise parameters.
inference systems. The hybrid learning algorithm, which Similar computations are carried out for the input of y to
combines gradient descent and the least-squares method, obtain µ (y). The membership functions are then
is introduced and the issue of how the equivalent fuzzy multiplied in the second layer, e.g.
inference system can be rapidly calibrated and adapted
with this algorithm is discussed herein. Most of the (2)
previous works that address artificial neural networks
(ANN) applications to water resources have included the Such products or firing strengths are then averaged:
feed forward type of the architecture, where there are no
back ward connections, which are trained using the error (3)
back propagation scheme or the feed forward back
propagation (FFBP) configuration. Drawbacks of ANN Nodes of the fourth layer use the above ratio as a
include that it needs more training time and the difficulties weighting factor. Furthermore, using fuzzy if-then rules
in detecting hidden neurons in hidden layer for better produces the following output: (An example of an if-then
predictions [11]. Therefore, the present study applies a rule is: If x is M1 and y is N1, then )
new soft computing technique-ANFIS. The input in
ANFIS is first converted into fuzzy membership functions,
which are combined together. After following an
averaging process to obtain the output membership
functions, the desired output is finally achieved. 

The network of ANFIS as shown in Figure 3 works as
follows: let x and y be the two typical input values fed at
the two input nodes, which will then transform those
values to the membership functions (say bell- shaped)
and give the output as follows: (note in general, w is the
output from a node; M is the membership function and x,
y are inputs in Eq. (1))

(1)

Ni

(4)

where p, q and r are changeable consequent parameters.
The final network output f was produced by the node of
the fifth layer as a summation of all incoming signals,
which is exemplified in the Eq. (4).

A two-step process is used for faster training and to
adjust the network parameters to the above network. In
the initial step, the premise parameters are kept static and
the information is propagated forward in the network to
layer 4. In layer 4, a least-squares estimator identifies the
important parameters. In the second step, the backward
pass, the chosen parameters are held fixed while the error
is propagated. The premise parameters are then modified
using  gradient descent. Apart from the training patterns,
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Fig. 4: Scenario representations in building the ANFIS
input and output parameters RESULT AND DISCUSSION

the only user specified matter required is the number of In this study, the average velocities were calculated
membership functions for each input. The explanation of from the measured velocities. Figure 5 shows the velocity
the learning algorithm is given in [19]. profile occurs at certain distance below the free surface.

The velocities measured for eight depths 0.05 m, 0.08
m, 0.11 m, 0.14 m, 0.17 m, 0.20 m, 0.23 m and 0.26 m having
complete data sets of 240 patterns. Each data set contains
depth, distance and measured velocity as membership
functions. Out of 240 data set patterns (152 data sets,
around 63 %) were used for the training, while the
remaining patterns (88 data sets, around 37 %) were used
for testing, or validating, the ANFIS model. Software
program code was developed to perform the analysis. The
scenarios considered in building the ANFIS model inputs
and an output is shown in network (Figure 4). The
parameters distance and depth are given as membership
functions. And ANFIS predicted the x and z velocities
with 3 rules for the sedimentation tank, which are depicted
in Figure 4.

Fig. 5: Experimental velocity measurements in sedimentation tank for Q= 2 l/s (a) x velocity component     (b) z velocity
component

Fig. 6: A Scattered graph predicted by ANFIS for Q=2 l/s (a) x-velocity (b) z-velocity
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Fig. 7: A Scattered graph predicted by ANFIS for Q=4 l/s (a) x-velocity (b) z-velocity

Fig. 8: Comparison of velocity contours for measured and predicted data (Q=2 l/s) (a) x-velocity (b) z-velocity
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Fig. 9: Comparison of velocity contours for measured and predicted data (Q=4 l/s) (a) x-velocity (b) z-velocity

The maximum x-velocity occurs at the inlet zone of the the satisfactory contour plots. From the contour plots,
tank when the influent flow enters to the tank and the x- most of the data is under predicted and the correlation
velocity magnitude reduces and be uniform along the parameter of the new ANFIS model are higher than the
length of the tank. The highest value of z-velocity take statistical method, the ANFIS obtained the correlation
place at region near to the outlet of the tank and in the parameter R  = 0.953 for x-velocity and R  = 0.94 for z-
settling zone, there is not significant value of z-velocity. velocity values. Such comparison reveals that, the
Figure 6 and 7 shows the scattered graph plotted for x and proposed ANFIS model predicts fairly accurate velocity
z predicted velocities by ANFIS with different discharge, values for both direction (x and z) compared with the
explain that most of the data is under predicted and experimental model. Consequently, using the
produce satisfactory results. And Figure 8 and 9 shows recommended ANFIS network, the computed velocity
the comparison between the measured velocity contour magnitude of the sedimentation tank was in much closer
plots and the predicted velocity contours which shows agreement with the measured values. 

2 2
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CONCLUSION 9. Azmathullah, H.M.D., M.C. Deo and P.B. Deolalikar,

The study investigates the use of ANFIS method as downstream of ski-jump bucket.  J.  Hydraul.  Eng.,
an alternative to more conventional velocity predicting 131(10): 898-908.
contours, based on measured laboratory data of 10. Azamathulla,   H.M.,    C.K.    Chang,    A.A.    Ghani,
sedimentation tank. ANFIS is less time consuming and J. Ariffin, N.A. Zakaria and Z.A. Hasan, 2009. An
more flexible by employing fuzzy rules and membership ANFIS-based approach for predicting the bed load
functions incorporating with real-world systems. Existing for moderately sized rivers. J. Hydro-environment
predicted velocities are under-predicted the measured Res., 3: 35-44.
velocity values from laboratory data, confirming that 11. Azamathulla,   H.M.   and   A.A.   Ghani,   2011.
ANFIS predicted velocities gave satisfactory ANFIS-Based Approach for Predicting the Scour
performance. The proposed ANFIS model has least root Depth at Culvert Outlets. J. Pipeline Systems
mean square error, the highest coefficient of correlation Engineering and Practice, ASCE, 2(1): 35-40.
and produces satisfactory results compared to the 12. Lohrmann, A., R. Cabrera and N.C. Karus, 1994.
measured data. Acoustic Doppler velocimeter (ADV) for laboratory
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