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NEURAL NETWORK METHOD OF FORECASTING THE AIR POLLUTION TREND BY CARBON
MONOXIDE

The study describes algorithms for predicting the parameters of atmospheric air pollution monitoring
based on the neural structures of the model of successive geometric transformations. A comparison of one-
step prediction errors is shown.

Forecasting is used to analyze and evaluate the state of atmospheric air pollution by harmful
impurities. Most forecasting problems are reduced to the prediction of time series counts by the procedure of
immersing the series into a multidimensional space, that is, to solve the problem of interpolation of the
function of many variables [1]. Neural networks are used to predict or restore temporal function responses
based on a set of examples given by the prehistory of a specific time series. To perform the forecasting of the
trend of air pollution by carbon monoxide, the neural-like structures of the sequential geometric
transformations model (SGTM) were chosen. These neural-like structures are characterized by high accuracy
and speed indexes and do not involve complex adjustments of the structure parameters [2].

In the research, it has used a dataset of 137 samples of the atmospheric air pollution parameter -
carbon monoxide.

CO emissions

Figure 1. Carbon monoxide emissions over two months

The graph of carbon monoxide indicators measured twice a day for two months from a stationary
observation post in Kyiv, Bessarabskaya Square, is shown in Figure 1. Data were taken from the official
web-site of the Boris Sreznevsky Central Geophysical Observatory [3].

Searching the algorithms to perform more accurate forecasting of contamination parameters involves
preliminary data preparation. Initially, the samples of the monitored carbon monoxide emission set have
divided into sliding time windows. After the allocation of one principal component (PC), the linear SGTM
neural-like structure has trained on a distributed sample with duplicated outputs (the last column of the
matrix). Further, the data obtained during training have again distributed into sliding time windows and the
training A and testing B data samples have formed. The outputs of the generated training sample are
duplicated as inputs, creating a matrix C, and allocating of PC = n - 1 has performed, where n is the number
of inputs of the matrix. After further training of the linear SGTM neural-like structure on the matrix C,
distorted outputs are obtained, which replace the initial outputs of the training matrix A. The following steps
for predicting atmospheric air pollution parameters are different for different algorithms.

During the implementation of Algorithm 1, the training of a linear SGTM neural-like structure occurs
with the same number of PCs as the matrix of inputs. Learning error is 2.52%, and forecasting error is 3.3%.
Algorithm 2, similar to the first algorithm, involves the training of an already combined SGTM neural-like
structure with a radially basis function, with the same number of PCs as in the input matrices. Learning error
is 2.58%, and forecasting error is 3.08%.

To improve the accuracy of forecasting the trend of air pollution by carbon monoxide, Method 3
investigates the experimental selection of PCs to find the most accurate result. Thus, the training of the
combined SGTM neural-like structure with radially basis function, on the training matrix, occurs again with
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PC =n - 1. The training error is 2,51 %, and the forecasting error for this algorithm is the smallest among all
methods, 2.92%.

The result of predicting the trend of atmospheric air pollution by carbon monoxide based on the neural
structures of the sequential geometric transformations model with the separation of the main components is
the determination of learning and application errors. The identified errors are shown in Figure 2.

Forecasting errors

2,522453 2,508353 2,583333

train mtest

Figure 2. Errors of carbon monoxide prediction algorithms

CONCLUSIONS

Three variants of the method of forecasting the monitoring parameters of atmospheric air pollution
based on the neural-like structures of the successive geometric transformations model are described. It is
proved that the use of the combined SGTM neural-like structures with the separation of principal
components presents more accurate errors of one-step prediction than the use of linear or combined neural-
like structures of the successive geometric transformations model without separation of principal
components.
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