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USING OF ARTIFICIAL NEURAL NETWORKS IN PREDICTIONS OF. .. 7 

a value corresponding with the raw data format (pre- and post-processing) [ 15, 17, 25]. 
Once the data arrays were loaded into the program, the ANNs resulted from the 

standard sequence of the following operations: 
- Choosing an initial structure of a network (a network with one hidden layer and an 

initial number of hidden neurons being half the sum of numbers of input and output 
neurons); 

- Choosing the best network configuration (in respect of a validating error determined 
for a validating sequence) by iteratively experimenting with each of all possible 
configurations; 

- Attempting addition of new neurons to the hidden layer (or whole hidden layer) if 
the experiments proved under-learning of the network (the network did not reach 
assumed error level); 

- Attempting removal of some number of hidden neurons (or whole hidden layer) if 
the over-learning (the model fi ts the data from the training set too well ; the ANN 
loses its generalization abili ties) of the network occurred (validating error had 
considerably increased before the network was suffi ciently trained); the training 
records were also added. 

In the last step, a linear network was sought to forecast the value of the particular 
output variable (concentration), having the error comparable to error of the best MLP. 
There exist many problems that are not solvable by using linear methods. However, in many 
appli cations the linear methods perform very well. Due to their simplicity and easiness of 
use they should be chosen even in case they give slightly worse effects [ 17, 22, 27]. 

In the whole process ofl ooking for the best performing network, 600 models, differing 
from each other with their architecture, for each of the three pollutants and all data sets 
were tested [ 13]. The criteria to select the best neural networks were following: 

General estimate: Automaticall y reported by ST Neural Networks as exceptionall y 
bad, very bad, bad, OK, good, very good, excellent [ 16, 17]. 

Regression coeffi cient: (proportion of standard deviations). It is called sometimes 
the quality of a network. If it is greater than or equal to 1, then the model yields 
results not better than the model outputting always the same signal being simply 
the mean of the earlier observed input values. Value less than I means the model 
having better output fi tting - the lower regression coeffi cient, the better the model. 

Cor relation: The coeffi cient expressing relation between values of concentrations 
on input and output of a network; it varies within the interval 0-1; the closer the 
correlation to I, the higher quali ty of the received network [2, 22]. 

Networ k er ror : The network error is the square root of the sum of squares of the 
errors determined by the network error function for basic records. If in the process 
of creation of networks the training, validating and testing sets are formed, then, 
while learning, the errors are determined for each of those sets, but only the error 
computed for the validating set is referred to while training. Increasing of this error 
at some step of the training means the network over-learning. The error computed 
for the testing set is the ultimate criterion to verify the network. The selected network 
is the best one in respect of the validating set error [2, 17, 22, 27]. 

When the network error and network general estimate were close, the network was 
selected with respect to the correlation. 



8 ! "#$%&&' ( #) * $' + , ' - %. / %$"01. "

2%*('$ 3 #4%$1

56789 +:; &<=76 >+?@6; 6AB<7; 6?98BCDD676E?6F?8 GB6F:E?E8; E6; ?B<?:8; D8HG877A?<; ?D
<; F+:; I :JAB6 >+?@6 J6; 6B<7DE@6K6 8H?@6 ; 6?98BC<B6 GB6D6; ?6FL

&<=76 "L &@6 =6D?; 6AB<7 ; 6?98BCD<; F ?@6:B=<D:E G<B<K6?6BD

) 6; 6B<7 ( 6JB6DD:8;
# A?GA?M<B:<=76 &NG6 1?BAE?AB6 - 8BB67<?:8; %BB8B

6D?:K<?6 E86HH:E:6; ?

1# O $22 PQRS T>Q> J88F SLPU SLVO OOLWO

2 # 3 $X PQRSTPT>Q> # .L SLWS SLPS >YLWP

2 # O 3 $X PQRST>OTRT>Q> # . L SLU> SLVZ WLWO

inputs hidden layer output 

9 :; F
DG66F

G877A?<; ?
E8; E6; ?B<?:8;

I :JL "L ' BE@:?6E?AB6 8H?@6 ?@B66T7<N6BH66FTH8B9<BF ; 6?98BC <GG7:6F :; ?@6 D?AFN

&@B66T7<N6B; 6?98BC9<DEB6<?6F H8B2# T:?:DGB6D6; ?6F :; I :JAB6 O:; F6?<:7L&@6
; 6?98BCEB6<?6FH8B2S2 :DGB6D6; ?6F:; I :JAB6Y+H8B1S2 - :; I :JAB6R[ <77?@6?@B66; 6?98BCD
@<M6 ?@6 D<K6 ; AK=6B8H:; GA?DL

2%*('$ 2%&! # (.1 "2 X(%4"- &"#2 # I X#$$* &'2 &- #2 - %2&(' &"#2 1

' H?6BD676E?:; J <; F ?B<:; :; J ?@6 ; 6?98BC 8; E6+ :?DG6BH8BK<; E6 :; GB6F:E?:8; D8H
E8; E6; ?B<?:8; D8H<:BG877A?<; ?D9<D?6D?6FL

&@6 ?B<:; 6F ; 6?98BC+<GG7N:; J <E\ A:B6F C;89 76FJ6 ?8 ?@6 9@876 F<?< D6?+E8KGA?6D
E8; E6; ?B<?:8; D8HG877A?<; ?DH8BJ:M6; K6?68B878J:E<7G<B<K6?6BDL( 6DA7?D8HE8KGA?<?:8; D
<B6 J:M6; :; <BB<ND[ ?@6 HB<JK6; ?8H8; 6 8H?@6K :DGB6D6; ?6F :; &<=76OL

&@6B6DA7?D96B6AD6F?8 FB<9 E@<B?D8HB6<7<; FE8KGA?6FE8; E6; ?B<?:8; D8HG<B?:EA7<B
G877A?<; ?DL- 8KG<B<?:M6<; <7ND:D8HB6<7<; FE8KGA?6FE8; E6; ?B<?:8; D<77896F 6M<7A<?:; J
G6BH8BK<; E6 8H?@6 ; 6?98BCH8B6<E@8H?@6 E8; D:F6B6F G877A?<; ?DL



USING OF ARTIFICIAL NEURAL NETWORKS fN PREDICTIONS OF. .. 9 

Fig. 2. Scheme of the network for predicting NO concentrations 

• 
•--: .. 

Fig. 3. Scheme of the network for predicting NO, concentrations 

Running the network for NO yielded the array of resulting concentrations. On its 
basis, Figure 5 was made to compare real (measured) and predicted concentrations. For 
every base data record, the values of real and computed NO concentrations are different 
but trends of the two concentration functions are similar. Generall y, the computations 
overestimated concentrations. The negative values of computed concentrations were very 
surprising because all the measured concentrations the network was trained and verifi ed 
with were positive. Although the mean values of real and computed concentrations are 
close ( 18.44 µg/m3 and 18.30 ug/rn', respectively), their highest and lowest values differ 
considerably. The lowest computed concentration is - 19.65 ug/m", the lowest real one is 
1 µg/m3

. The highest computed concentration is 142.06 µg/m3
, the highest real one is 

382.0 µg/m3
. The maximum difference between real and computed concentrations is almost 
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Table 2. The way of presenting results of computations (concentrations of NO) 

Computed Difference between 
Real concentration Prediction 

No. 
[µg/1113] 

concentration computed and real 

[ug/rrr'] 
error 

concentrations [ug/m'] 

I. 9 13.30 4.30 O.Ol 13 

2. 8 23.51 15.51 0.0407 

3. 56 68.77 12.77 0.0335 

4. 64 37.77 -26.29 0.0690 

5. 10 27.12 17.12 0.0449 

6. 50 70.39 20.39 0.0535 

7. 13 8.84 -4.16 0.0109 

In Figure 7, a comparison ofreal and computed by the network SO
2 

concentrations is 
presented. Real and computed concentrations of SO

2 
are close. Differences between the 

concentrations are small. Averaging real and computed concentrations gave almost equal 
figures (76.29 µg/m3 and 76.19 µg/m3, respectively). The highest concentrations differ- the 
real highest concentration is 303.0 µg/m3, the computed one is 263.49 µg/m3

• The lower 
limits are also close except for negative values appearing among computed concentrations. 

Averaged difference between real and computed concentrations is small (0.16 µg/m3
), 

maximum difference between the two concentrations is 94.53 µg/m3, what makes about 33% 
of the maximum real concentration. 

In general, the RMS error the chart of which is presented in Figure 8 oscill ates between 
O and 0.25. Incidentall y, the error reaches 0.7. The RMS error assumes such high values for 
records with very high real concentrations (computed, i.e. predicted, values are much 
lower). 

Concluding, in spite of selecting a simple li near network, results of the prognosis of 
SO2 concentrations are very good. The network performance was very good in predicting 
so2 concentrations. _ 

The real and computed concentrations ofNO
2 

are compared in Figure 9. There exist 
some slight differences between the two concentrations. Averaged concentrations, real 
and computed, are almost equal (real: - 45.13 µg/m3, computed: - 45.07 µg/m3). Also the 
highest concentrations are similar: the highest real concentration is 14 7 µg/m3

, the computed 
one is 147.17 µg/m3

. However, the lowest real NO
2 

concentration was 11 µg/m3and the 
lowest computed one was equal to 17 µg/m3

• The negative values of the computed 
concentration did not appear this time. Averaged difference between the real and computed 
concentrations ofNO2 is small and equal to 8.95 µg/m3. Minimum difference between the 
two concentrations is 0.003 µg/m3, and maximum difference between them is 48.79 µg/m3• 

The RMS error (Fig. I O) varies between 5 .6 · I 0-7 and 0.36. Greater values of error, reaching 
the maximum, appear rarely and only for records with very high real concentrations (network 
foresees considerably lower concentrations). 
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Appearance of negative values in the set of computed concentrations may be 
considered a surprising curiosity. They occurred in spite of training and testing the network 
on the sets of measured data - i.e. the positive values. The appearance of the negative 
values was due to the situation where the network attempted to compute concentrations 
much higher or much lower than the mean. This is why diffi culties in computing extreme 
values of concentrations should be considered a defi ciency of the received neural models. 
It is rather unquestionable that these models can neither be used to predict instantaneous 
concentrations nor their maximum values. To build better neural models one should use 
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