Assessment of Water Quality State Dynamics Using Adaptive Filtering
Methods and Neural Networks Approaching

Case study - Danube River in Galati area
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The identification of a temporal evolution model for complex systems has, since ancient times, been a
subject of great interest. Whether it is mechanical systems for which it was essential knowledge of the final
state or electrical systems, the problem of identifying evolution over time has always been extremely
interesting. In the case of a complex system such as a river, whose condition is described by a set of
physico-chemical parameters, the time description of the evolution of the state becomes a rather difficult
problem. In this paper, two ways of identifying and predicting the parameters describing the state of such a
system are presented. A LRS type algorithm and a process of approximating evolution over time considering
neural networks was used for comparison. Recorded series of pH and carbonic acid values were used as
study parameters. The data used covers the period 1990-1998 and consists of measurements of the water
samples taken from the Danube River in the area of Galati City. The main result was to obtain a rapid
convergence for the adaptive filter used. For comparison, a number of 6 neural network models were built.
Finally, findings and discussion of the results are presented.
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The descent of surface water quality is a subject of great
concern nowadays. Over time, this process was mainly
attributed to a series of factors: human activities and the
use of adjacent land and natural processes, including
climate change [1].

The category of human activities can include the
influence of municipal wastewater discharged through
non-conforming sewerage systems [2, 3]. In this category,
both the untreated wastewater and the water discharges
treated in the sewage treatment plants can be considered
[1,3].

From this point of view, there are two important factors
that can be taken into account: climate change, on the
one hand, and human influence, on the other [4]. Over
time, these two major issues have caused significant
changes in hydrological regimes and water quality.

Inthe area covered by the case study, in the last decades,
with the rapid development of industries and agriculture,
large quantities of pollutants have been produced and
discharged into rivers and lakes [4-6]. From this point of
view, it has caused a severe degradation of water quality.
In addition, as a direct consequence, there is a strong
influence and a major restriction on the sustainable
development of local economies [1, 6, 7].

Water quality investigations and sources of pollution are
essential for the implementation of sustainable
management strategies [8-10]. Many investigation
methods and procedures have been taken into account
over time. For example, using Variance Analysis (ANOVA),
many authors have indicated significant spatial variability
for pH and other chemical parameters that cause
significant changes in water quality [1, 10, 11]. Cyclical
variance analysis was further developed. Many authors
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have indicated that due to the seasonality of river water
flows, the assessment of temporal variations in water
quality could be made [1, 12-14]. These seasonal variations
become an important aspect of the physical and chemical
characterization of aquatic environments, and each
investigation should include this research [1, 15-17].

In this paper, two ways of identifying and predicting the
parameters describing the dynamics of the status
parameters of such a complex aquatic systems are
presented. A LRS type algorithm and a process of
approximating evolution over time considering neural
networks was used for comparison. In view of the
previously obtained results based on the application of
some methods of statistical analysis of multivariate type
[1,18,19], itwas possible to group the set of 21 parameters
measured in 4 principle factors [1]. To exemplify the
methods of identification and analysis of the evolution over
time, the series of recorded values of pH and of carbonic
acid [1, 20, 21] were chosen. The data used covers the
period 1990-1998 for the development of a coherent
dynamic model [1].

Experimental part
The study area

The Danube is the second longest river in Europe (after
the Volga) and is the only European river flowing from west
to east (fig. 1). The Danube course crosses 10 countries
(Germany, Austria, Slovakia, Hungary, Bulgaria, Moldova
and Ukraine) and collects the waters of seven tributaries
before reaching the Black Sea where it created the only
delta in Europe - the Danube Delta. Interest in this area is
significant because Delta entered the UNESCO World
Heritage Reserve for Education, Science and Culture in
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1991. Because it passes through four state capitals:
Vienna, Bratislava, Budapest and Belgrade, the Danube is
very important for river transport and for tourism.

Water samples were collected near the Galati City area,
from the Danube River border, between January 1990 and
December 1998.

Water analyses

All the 20 indicators for all water samples were
investigated, each month during the monitoring period [1].
The used methods are described in the table 1 [1].

All water samples were analysed according to the
Romanian standard procedures. Water Standards
permissible values used in this study were taken from
Romanian Legislation, Order 161/2006.

Statistical approach

In general, each statistical study must be based
primarily on recorded data series, which represent the body
of water explored to be able to discover the laws governing
related phenomena. Previous statistical studies [1] show
the existence of several groups of correlated factors. In
this paper, methods of temporal evolution analysis were
used using identification methods using RLS adaptive filters,
the optimization criterion being considered the sum of
squares of errors.

Dynamical approach

The recursive least-squares (RLS) procedure is one of
the most well-known method used in adaptive filtering
and system identification [17, 21- 23] The main advantage
is principally due to its fast convergence quickness, which
is considered to be ideal in practice. The RLS technique is
typically used to minimize a weighted linear least squares
function relating to the input parameters [21- 23].

In our case studies on the water quality parameters
dynamics determination the time series of measurements
could be used as input or output signals.

Identification of dynamic systems using RLS adaptive filters
For this paper, it could be included a briefly identification

method presentation of adaptive filters usage by

considering the system input x and the system output .

Table 1
PARAMETERS AND METHODS OF ANALYSIS
Methods Parameter Measurement unit
Electrometrical pH upH
Volumetric COD-An mg Oz L7
Ca’™ mg-LT
Mgt mg-LT
Ccr mg-LT
Co:T mg-LT
HCOy mg-LT
Allcalimity mval-Lt
W hardness 'dH
Mathematic Cathg™ -
Spectrophotometnic Feuwm mg-LT
N0y mg- L7
WO mg-LT
PO mg- L7
NH; mg-LT
NHs™ mg- L7
Gravimetnic S0 mg-LT
Fiios ]:I:lg'L'l
T5M mg-LT
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If we denote by h(f) the impulse response of the
parameter that will be recognised, where tis the discrete
time (t=0, 1,2....) and we denote by T_the sampler period,
the trials of the response h(f) could bé written as [23, 24]:

0T )= My Al T )= My;
HOT)= Ry h((1=1)T; )= Ay ™

If the process is significant irregular, the output responses
of the system at moment t = kT_will be denoted by h[k],
i=1, n- 1, and the values vectors of the output magnltudes
could be written as [23, 24]:

I S N P £ B 1 )

Using a convolution-type procedure of the process, the
system output can be written as [23, 24]:

-1
Mk] = E: Ay [k]afk—1] ®)
and thus the process model can be written as [23, 24]
K] = i [K]x[k) @
A classical tuning of the state magnitude vector, h[k]
could be achieved by the familiar algorithm RLS [22- 24]:
h[k] = h[k—1]+ g[k].| ¥[k]- h Tle—1]x] | (®)
with the adapting improvement g[K] is computed as [22-
24].
C e -1]x{k]
1+ % [K]Co[k-1]x{k] ©

where the autocorrelation matrix inverse, ¢ _* is updated
iteratively:

gk =

) = k-1 -gi) X (CHk-1) ()
For comparison, it was considered useful to build an
approximation model using neural networks [3, 4, 11].

Results and discussions

In figures 2a and 2b the monthly evolutions of the two
status parameters considered to be analysed - pH and
HCO,, respectively, are presented. The results of the ANOVA
analyses are included to highlight the seasonal dependence
of these parameters. The statistical analysis reveals the
existence of an insignificant variation for these two
parameters, which must be treated with caution, given
the multitude of factors that influence the values and
processes.

In order to obtain fittings with acceptable results, it was
considered useful to construct neural network models of

Tyrrhenian
Sea *-ra-ﬂ'-"

Fig.1. Sampling point at the Galati City on the Danube River border
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Fig. 2.b  Monthly evolution for chemical parameters HCO,

Surface Plod for pH [Targed)
agabnut Alcalinity] srvalfL) (input) and Water Hardness (Dg) {input)

]

ki

B <6
=535
<425

Fig.3.a The pH values as target values according to the values of
alkalinity and water hardness
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Fig.3.b The carbonic acid HCO, concentration according to pH
values and calcium ion concentration

SUMMARY OF ACTIVE NETW-IEE:(GS %DANUBE RIVER DATABASE ) _
. Index ||| Net.mame | || Trainingperf. | | Testperf. | Vag::filiun i T;?_i_"::g { :_I_'___n_:ff:ngfﬁ?:}
1 MLP 2-3-1 0662321 0306912 0646648 0.041084 0.034037
2 MLP 2-3-1 0301109 0220074 0370834 0.034811 0056442
3 MLP 2-7-1 0.705367 0.174060 0316346 0.036693 0.0582%90
4 MLP 2-5-1 [.GEEE3E 0128722 0.443897 0.040307 0038151
5 MLP 2-4-1 0722812 0316039 0378773 0.034807 0045718
L] MLP 2-9-1 0.649012 0122470 0486331 0.043684 0057849
. Index || Netnmame || Tramingperf.| ||| Testperf | ‘Ja]éi;l.inn  Trainng emror | ||| Testemor |

type ANN. A set of 20 different models has been built using
Multi-Layer Perceptions (MLP) and Radial Basis Function,
often used in literature to get the most accurate results.
Figure 3a presents the result obtained using pH values as
target values according to the values of alkalinity and water
hardness [1, 3, 5]. Respectively, figure 3b presents the result
obtained using the HCO3 carbonic acid values according
to pH values and calcium ion concentration. The analysis
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of the group of these parameters was presented in previous
papers [1, 3, 5]. Table 2 presents the characteristics and
performance of these models and in table 3 the values of
the correlation coefficients. The results of the network
number 5 are observed.

Figure 5.a shows the result obtained using the RLS
algorithm for identifying the temporal evolution of the pH
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Table 3
CORRELATIONS - PREDICTIONS SPREADSHEET FOR pH (DANUBE RIVER DATABASE) THE NOTED VALUES ARE SIGNIFICANT

Htrast pH - Output | pH-Output | pH-Output | pH-Output | pH- Output | pH - Output
prifarg NR-1 NR-2 NR-3 NR-4 NR-3 NE-6
pH target 1.0000 6623 5011 7056 6650 7228 6490
=— p=000 =000 p=000 =000 p=000 =000
PHﬁ?_“F“* 6623 1.0000 8026 0361 9911 9122 9824
p=1000 p=— p=0.00 p=0.00 p=0.00 p=0.00 p=0.00
PHI;gﬁP“t 5011 £926 1.0000 7081 §506 6979 8607
=000 p=0.00 P=— =000 p=0.00 =000 p=0.00
PHI;TE’_“ﬂjP“t 7056 9361 7081 1.0000 0465 8573 0186
=000 p=0.00 =000 P=— p=0.00 p=0.00 p=0.00
PHI;TE’_“iP“t 6680 9911 8506 0465 1.0000 8177 9951
=000 p=0.00 p=0.00 p=0.00 P=— p=0.00 p=0.00
PHI;KF’?;P“* 7228 9122 6979 9573 9177 1.0000 £972
=000 p=0.00 =000 p=0.00 p=0.00 =— p=0.00
PHI;gf‘éput 6490 9824 8607 0186 9951 8072 1.0000
p=1000 p=0.00 p=0.00
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Fig.4.a The pH values as output values according to the values of
alkalinity and water hardness- RNN results

according to the two input parameters. We see the rapid
convergence of the algorithm used and the end result
performance. Figure 5b shows the result obtained using
the RLS algorithm to identify the temporal evolution of HCO,
according to the two input parameters. In this case, the
rapid convergence of the algorithm used and the
performance of the result is also observed. In figure 5, a
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Fig.4.b The carbonic acid HCO, concentration as output according to
pH values and calcium ion concentration - RNN results

satisfactory correspondence between the identified
models outputs and the emulated process can be seen.

Figure 6.a shows the variation of the Cxx convergence
matrix for the values of the pH dynamics. Figure 6.b shows
the variation of the Cxx convergence matrix for the
identified values of carbonic acid dynamics.
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Conclusions

This paper’s aim was to obtain a dynamic model using
adaptive filters for two reasons: firstly, to highlight the
correlation between pH alkalinity and water hardness - as
already described in the literature on one hand and the
correlation between HCO3, pH and concentration alkaline
ions on the other hand. Secondly, the study was conducted
to allow an analysis of the influence of the two inputs on
the output channel. The promising results will allow for the
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Fig.5.a The obtained result using the RLS algorithm for
identifying the temporal evolution of the pH

(L]

Fig.5.b The obtained result using the RLS algorithm for
identifying the temporal evolution of the HCO,

90 100
Fig.6.The variation of the Cxx convergence matrix for the
values of the pH dynamics and respectively the HCO,
dynamics
b 180

development of the models considered to be included in
the numerical approach of an extended set of status
parameters of the studied aquatic system.
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