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Total for the 3 cameras and 30 days of storage = 1002 GB

No.1 CIF 13 5 234 8 19

No.2 CIF 13 15 702 8 56
No.3 4CIF 40 15 2160 12 26
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Bit rate / 8 (bits in a byte) x 3600s = KB per hour ; 1,000
= MB per hour

MB per hour x hours of operation per day ; 1000 = GB
per day

GB per day x requested period of storage = Storage need
Total for the 3 cameras and 30 days of storage = 204 GB

76.5
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Abstract

In this study, three models have been developed for municipal water
demand forecasting based on the stochastic, artificial neural network and
wavelet methods. The developed models are: a hybrid model which combines
the seasonal autoregressive integrated moving average with artificial neural
network called (SARIMA-ANN), a multilayer perceptron neural network model
with multiactivation function called (MLP-MAF) and a hybrid model which
combines the one dimensional discrete wavelet transforms with multilayer
perceptron neural network called (WAVELET-ANN). Other traditional
techniques include seasonal autoregressive integrated moving average
(SARIMA) and artificial neural network (ANN) of the multilayer perceptron
(MLP) and radial basis function (RBF) types have been investigated in this
study for comparison purposes.

In order to assess the credibility of the developed models’ results, the
models were run over the available data which include the time series of
monthly municipal water consumption of Kirkuk city, Iraq (January 2000 to
December 2007) and Madison city, USA (January 1999 to December 2008) and
the time series of daily and monthly municipal water consumption of Tampa
city, USA (daily data: 1 January 1992 to 31 December 2004 and monthly data:
January 1992 to December 2004). Each time series was divided into two
subsets: the estimate subset for fitting the models and the holdout subset for
evaluating the forecasting ability of the model. Additionally, three statistical
measurements, namely the coefficient of determination (R”), the root mean
square error (RMSE) and the mean absolute percent error (MAPE) and two

hypothesis tests, namely the z-test and F-test have been reported for examining

the forecasting accuracy of the developed models.

The first model (SARIMA-ANN) is developed in two ways by combining
SARIMA model with traditional multilayer perceptron (SARIMA-MLP) and
radial basis function (SARIMA-RBF) neural network models. The model was




applied to the three case studies mentioned above. The results show that the
performances of the developed model (SARIMA-MLP) are better than the
traditional SARIMA models, recording the R? values of (0.983, 0.647, and

0.479) for Kirkuk, Madison and Tampa monthly data respectively.

The second model developed is a multilayer perceptron neural network
model for forecasting municipal water consumption time series that uses
different activation functions in the hidden layer neurons. Different
combinations of the linear, logistic, tangent hyperbolic, exponential, sine and
cosine activation functions were used in the hidden layer neurons. The results
show that the combination of linear, sine and cosine functions is better than
other combinations. Furthermore, the effectiveness assessment of this model
shows that this approach is considerably more accurate and performs better than
the traditional multilayer perceptron (MLP) and radial basis function (RBF)
neural network, recording the R? values of (0.987, 0.65, and 0.481) for Kirkuk,
Madison and Tampa monthly data respectively and value of (0.814) for Tampa
daily data.

Because of the relative poor performance of traditional time series ANN
and developed time series MLP-MAF models in forecasting the daily and
monthly municipal water consumption time series considered in this study,
further models were developed based on the multiple input variables. In addition
to the time lagged values of water consumption, climatic variables are included
in the input variables. For monthly water consumption forecasting model of
Kirkuk, the number of residential, industrial and commercial units was also
included in the input variables. The traditional MLP neural network models with
multiple input variables are shown to provide a better forecasting accuracy than
SARIMA, SARIMA-ANN, MLP-MAF and traditional ANN time series models
in terms of R?, MAPE and RMSE for both daily and monthly municipal water
consumption series used in this study, recording the R? values of (0.991, 0.803,
and 0.782) for Kirkuk, Madison and Tampa monthly data respectively and value
of (0.921) for Tampa daily data.

The third hybrid model (WAVELET-ANN) developed in this study,
combines the discrete wavelet transforms approach (DWT) with the multilayer
perceptron artificial neural network model (MLP). In the developed model, the
Daubechies wavelet function with different orders was used in the decomposing
process of time series. Five levels of decomposition were investigated for each
order of the Daubechies wavelet function. The approximation and each detail of
the decomposed water consumption time series were modeled using the
traditional MLP neural network. It is quite clear from the results obtained from
both daily and monthly forecasting models for municipal water consumption

time series considered in this study that the WAVELET-ANN models are far

superior to all other models developed in this study, recording the lowest MAPE
value (= 1.029%) and the highest R” value (= 0.967).
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