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Abstract

Aiming at the disadvantages of rationality and adaptability of linear
dimensionless method, as well as the complexity of constructing polyline
and curve dimensionless method, this paper proposes an Interval-based
Non-dimensionalization Method (IBNM). IBNM can be assembled in
to polyline IBNM or curve IBNM based on the critical points formed
by interval partition. Interval division can be classified based on the
existing index data, which is scientific, reasonable, simple and prac-
tical. Taking example of the prediction of PM2.5 air quality grade
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in Guangzhou, this paper constructs four models to predict air qual-
ity grade, such as, Support Vector Regression (SVR), Random For-
est, Extremely Random Tree, and Gradient Lifting Regression Tree
model. Meanwhile, the data is processed with extremum method, poly-
line IBNM and curve IBNM. The results show that the accuracy of
polyline IBNM and curve IBNM is better than extremum method.

Keywords: Interval division; Non-dimensionalization Method; Data
processing; PM2.5 grade prediction

1 Introduction

In recent decades, industries in China, India and other developing countries
have developed fast; meanwhile, pressures are also brought to environmen-
tal governance. Accumulated for years, environmental pollution has become
more and more serious, including air pollution. Due to backward conception
of environmental protection, governance measures usually lag behind pollu-
tion. In recent twenty years, hazy weather in Beijing, Shanghai and Bombay
is aggravating obviously, which has affected people’s life severely. PM2.5 refers
to atmospheric particulate matter with an aerodynamic equivalent diameter of
2.5 microns or less. As the primary pollutant of air pollution, PM2.5 not only
could affect the weather, resulting in more foggy days, but also could harm
people’s health seriously, causing diseases in respiratory system and cardio-
vascular diseases. As the prime culprit of fog and haze, the concentration of
PM2.5 is a significant standard to evaluate air quality; therefore, it is of great
significance to study the prediction model of PM2.5 concentration.

At present, the major prediction method of PM2.5 concentration is to ana-
lyze historical data and to predict with the method of machine learning. So
far, plenty of scholars have done a lot of work to predict PM2.5 concentration
and attempted many modeling methods, such as Markov[1], SVM[2], Neu-
ral Network[3][4], etc.. In recent years, with the surging of in-depth learning,
deep learning models such as CNN[5], RNN[6], DBN[7] have been applied in
prediction of PM2.5 concentration. Most studies follow the following 5 steps:

Step 1: Analysis and selection of evaluation factors;
Step 2: Data collection and collation;
Step 3: Data preprocessing;
Step 4: Model specification and training;
Step 5: Model test and application.
Most of the research results focus on Step 4, i.e., trying to improve the

accuracy and speed of the algorithm, and neglect the work on Step 3. In order
to keep the speed and stability of model training, most methods choose data
normalization, and also some will adopt data dimensionality reduction[8]. This
paper will focus on step 3 data preprocessing. Some scholars choose the con-
centration value of PM2.5 as the prediction target when predicting PM2.5,
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which could actually cause misunderstanding of the errors. For example, two
actual values and prediction values (5,40), (400,600) respectively, which group
has the larger error? It is obviously the latter is larger than the former accord-
ing to the absolute error, but the actual value and the prediction value of the
latter are in the same grade according to PM2.5 grade classification in Table 1,
but those of the former are of two different grades. Therefore, it is obviously
unreasonable to evaluate with absolute error and adopt relative error for the
prediction, which is unfavorable to establishing prediction model. However,
most the scholars neglect this problem.

Moreover, it is unfavorable for the public to read if the prediction result
is concentration value. Nowadays, many countries have definite classification
of PM2.5 air quality grades and the public are used to take countermeasures
according to the grade prediction results. But if people do not understand the
numerical range of specific pollution grades, value prediction would lose its
meaning of information guidance. Instead, it is of more guidance significance
to predict simply the pollution grades. So, some scholars also take prediction of
PM2.5 air quality grades as their targets[9]. However, there are also problems
in error judgment of grade prediction, which converts the predicted regression
problem into a classification problem, i.e., the continuous value of PM2.5 con-
centration is changed into scattered grades values, which would discount the
value of the error information.

Error problems analyzed above would affect seriously the efficacy of the
loss function of the prediction model. To solve this problem, starting from data
preprocessing, this essay puts forward Interval-based Non-dimensionalization
Method (IBNM) and applied it in prediction of PM2.5 air quality grades. The
experiment results show that IBNM could depict effectively the internal rules
of the data and help improve the correctness of the prediction.

2 Common non-dimensionalization methods

There are usually different dimensions between various indicators of the sample
data in statistical analysis and machine learning, i.e., the measurement units
and the order of magnitude differ obviously, so that ideal comparison result
between them could not be achieved, which require Non-dimensionalization
treatment of these indicator data[10][11]. Non-dimensionalization is the
method to transfer the data into the preset scope according to certain rule,
for example, [0, 1] and [1, 1], with the aim to eliminate the dimension influ-
ence of the primary data. It is also the basic method to treat data in decision
making and machine learning[12]. Data characteristics are various, so there
are many Non-dimensionalization methods. Dimensions to eliminate data shall
follow the principles of being scientific, rational, simple and practical. Com-
mon Non-dimensionalization methods include standardized approaches based
on the mean and standard deviation, extremum method of converting in pro-
portion according to maximum and minimum values scope, method of specific
gravity of the ratio between individual data and the total sum, as well as grade
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analysis (AHP) method, and etc. These common methods could be divided,
in a word, linear, polyline and curve Non-dimensionalization method[13][14].

2.1 Linear non-dimensionalization method

Linear Non-dimensionalization method is to achieve dimensionless effect
through specific linear transformation of the original data of the index[15].
There are various linear transformations methods, such as extremum method,
standardization method (Z-score) and method of specific gravity. After the
transformation, the data will retain the initial relative order.

2.1.1 Extremum method

Extremum method is mainly to examine the relative location between the
indicator data xi and the maximum and minimum values, as shown in the
following formula:

x′

i =
xi −min(x)

max(x)−min(x)
(1)

Formula (1) is just one of the forms of extremum methods the others of
which will not be discussed in this essay. Extremum method simply maps index
data to a specified range in proportion. After the transformation, the sequence
and change rule of the data do not change in essence. However, it would cause
obvious interference data transformation if the maximum and minimum data
are abnormal.

2.1.2 Standardization method

This method is to standardize the data of the average value and the standard
deviation of the initial data. The conversion function is:

x′

i =
xi − µ

σ
(2)

Where, µ is the mean value, and σ is the standard deviation. The mean
value after conversion is 0 and the standard deviation is 1, in the other word,
to have the data show standard normal distribution. Standardization method
is suitable to the condition when the maximum and minimum values of the
indicator data are unclear or there is divergence value; but it requires the distri-
bution points of the indicator data conform to or are near normal distribution;
otherwise, the conversion effect would be very poor.

2.1.3 Method of specific gravity

Method of specific gravity is the specific gravity of individual data in the overall
data sequence, the formula of which is:

x′

i =
xi

s
(3)



Springer Nature 2021 LATEX template

Interval-based Non-dimensionalization Method (IBNM) and Its Application in PM2.5 Grade

Where, the value of s is
∑

xi, or
√

∑

x2
i . Results of such conversion are that

the maximum and minimum values of all attributes are different, which could
generate different metric scales and is unfavorable for horizontal comparison
between multi-attributes[12].

2.2 Polyline non-dimensionalization method

Sometimes, changes of indicator data in different regions have different influ-
ences on the evaluation results. For example, increase or decrease of 1000
dollar in one’s monthly income, the influences on poor people and rich peo-
ple are quite different. The same scale difference could not reflect the same
evaluation result; similarly, method of specific gravity also has the same prob-
lem. In this case, segmental processing method could be adopted, i.e., polyline
non-dimensionalization method.

Suppose xm is the indicator value of the turning point, x′

m is the evaluation
of xm, and then fold line conversion formula is:

x′

i =











xi

xm

x′

m xi ≤xm

x′

m +
xi − xm

max(x)
(1− x′

m) xi >xm

(4)

If there are multiple turning points, the conversion function could also be
extended to multi-fold function. Obviously, the folding method adopts differ-
ent conversion coefficients for different ranges of data, which is theoretically
more consistent with the change law of data in different ranges[16]. However,
reasonable setting of the folds as well as the fold turning points requires deep
understanding of law of the data. Literature[14] puts forward a kind of quan-
titative indicator Non-dimensionalization method aiming at big sample, which
in essence is polyline Non-dimensionalization method which determines the
folds and turning points with expertise knowledge and experiences.

2.3 Curve Non-dimensionalization method

Sometimes the rule change of index data is progressive, that is, the rule change
of data in different intervals is obviously different but the critical point is not
obvious. In this case, polyline Non-dimensionalization method could not deter-
mine the folds and the turning points, so it is more rational to adopt curve
Non-dimensionalization method[17]. Curve Non-dimensionalization method,
for example:

x′

i =

{

0 0 ≤ xi ≤ xm

1− e−k(xi−xm)2 xi > xm

(5)

Formula (5) is semi-normal distribution curve. There are many choices of
curves[14][18][19], but no curve has good universality, which has caused dif-
ficulties to select curve Non-dimensionalization formula. Also, it is the key
point of utilizing reasonably curve Non-dimensionalization method to select
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proper curve function under the premise of deep understanding of data proper-
ties and laws. Literature [20] put forward a non-linear Non-dimensionalization
fuzzy treatment method based on fuzzy theory, which is in essence a curve
Non-dimensionalization function.

To sum up, linear Non-dimensionalization method is simple and easy to
implement, but it is hard to satisfy indicator data with complex changing rules
and quite different intervals. While polyline and curve Non-dimensionalization
methods have more complex changing ability, which could adapt to indicator
data with more complex changing rule. Nevertheless, how to select conver-
sion function and set appropriate parameters require profound professional
knowledge and experience. Therefore, most scholars tend to choose the linear
Non-dimensionalization method to process data when they are not confident
enough.

3 Interval-based Non-dimensionalization
method

Data have different change rule in different intervals, so there shall be differ-
ent Non-dimensionalization methods. Take daily rainfall as an example (Unit:
millimeter): Differences between 5, 35 and 160, 190 are same, but their influ-
ences on evaluation differ greatly, for the latter two are in the scope of big
storm while the former two differ in small rain or medium rain. However, it is a
hard and uncontrollable job to deal with numeric differences between different
intervals. Literature [21] put forward Interval-based error evaluation method
based on interval division(IEEM) and literature[22] constructed cost-sensitive
lost function used for machine learning based on IEEM. Reasonable interval
division is helpful for deep understanding and ration judgment of quantitative
values.

This essay puts forward a kind of Non-dimensionalization method based on
interval division, which construct Non-dimensionalization conversion function
taking the advantage of the critical point of interval division, including polyline
and curve conversion functions. In terms of complex interval division, existing
data grade classification methods are used fully in this essay, such as ladder
classification of rainfall grades, disaster grades, risk grades, income grades as
well as water and electricity consumption. Data usually contains same change
rule in the same grade scope. These grade divisions or summary of people’s long
term production and life experience, or scientific measurement and verification,
all could provide convenient, scientific and reliable basis for interval division.

3.1 Interval division and threshold point

Supposed the Non-dimensionalization data is divided into m intervals. Xi is
the value range of the i interval, then,

Xi = [xi, x̄i) = {x ∈ R |xi ≤ x ≤ x̄i, i = 1, 2, ...,m} (6)
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If the Non-dimensionalization data is continuous, then x̄i = xi+1.
Suppose di = f(x̄i), then the point formed by set (x̄i, di) is called the

threshold point, as shown in Figure 1. Reflect the indicator data within the
same interval to the same range, i.e., f(Xi) → [di−1, di). Since our object is
data Non-dimensionalization, to covert the data to [0, m]. Suppose di = i,
then the data of the i-th grade would be converted to the scope of [i-1, i).

Fig. 1 Schematic plot of threshold points

3.2 Polyline IBNM

Interval-based Non-dimensionalization method is, according to the division
rule of grades, to set grade intervals using the threshold point of grade divi-
sion and adopt different conversion function in different grade intervals. The
conversion function is actually a piecewise function:

f(x) =







































f1(x), x ∈ X1

f2(x), x ∈ X2

...

fi(x), x ∈ Xi

...

fm(x), x ∈ Xm

(7)

If f in formula 7 adopts piecewise linear function, it is polyline IBNM,
denoted by fp, which in essence is polyline Non-dimensionalization function
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with m folds. Suppose, fp reflects the indicator data value to the scope [0, m),
and the maximum difference within the same grade is 1, i.e.,di = i, then:

fp(x) =







































































x− x1

x̄1 − x1

, x ∈ X1

x− x2

x̄2 − x2

+ 1, x ∈ X2

...

x− xi

x̄i − xi

+ i− 1, x ∈ Xi

...

x− xm

x̄m − xm

+m− 1, x ∈ Xm

(8)

The conversion result in formula 8 also brings convenience to grade judg-
ment, i.e., round up to an integer of the conversion result of fp(x), and its
corresponding grade could be obtained. If fp(x) = 3.45, the corresponding
grade of x is 4.

Taking PM2.5 air quality level as an example, the folded IBNM function
fp based on PM2.5 level is constructed. PM2.5 refers to particulate matters in
the atmosphere whose diameter is less than or equals 2.5 micron, also known
as particulate matter that could enter the lung[23]. Various states have var-
ious standards for PM2.5. This essay adopts American PM2.5 daily average
concentration to divide the air grades, as shown in Table 1.

Table 1 American air grades corresponding to daily average PM2.5 concentration

Air quality grade PM2.5 daily average concentration (µg/m3)

Good (grade 1) 0-12
Medium (grade 2) 12-35
Unhealthy to sensitive people (grade 3) 35-55
Unhealthy (grade 4) 55-150
Very unhealthy (grade 5) 150-250
Poisonous (grade 6) ≥ 250

Take PM2.5 air quality grades as the y-axis, draw PM2.5 grades and the
threshold points of its scope and connect the threshold points with m fold
lines, as shown in Figure 2(a).

It could be seen from Figure 2(a) the conversion function is monotonic
function in the definition domain, the value range of which after Non-
dimensionalization is [0,6). At the tail of the piecewise function, the gradient
of the fold lines is relatively lower, which could inhibit the sensitivity of the
data change; while it is the reverse at the front.
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Fig. 2 Schematic diagram of IBNM transformation function

3.3 Curve IBNM

Curve Non-dimensionalization method (curve IBNM): Based on the threshold
point of the interval division, a curve function is fitted and constructed, which
is known as curve IBNM conversion function, denoted by fc(x).

Polyline IBNM is piecewise function, which has larger difficulty in treat-
ing non-piecewise function. Therefore, it is necessary to put forward a curve
IBNM conversion function which is simple in form and could meet the above
Non-dimensionalization requirements. Derivable log function and exponential
function are all good choices. The method of converting function is also sim-
ple, i.e., to fit and construct a curve function based on the threshold points
in Figure 2(a). Python, Matlab and other software could provide quick and
convenient function fitting tools.

fc(x) = a ∗ ln(b+ x) + c (9)

Fit function curve fit in Python Scipy database is adopted. According to
the coordinate of 7 threshold points in Figure 2(b), fit formula 9,and obtain
a=1.627,b=12.44,c=-4.131. Now the fitted RMSE=0.1827,R2=0.9952,which
suggests the fitting effect is very good. The fit effect is as shown in Figure 2(b).

So, the fitted log function is adopted as the curve interval Non-
dimensionalization conversion function, i.e.:
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fc(x) = 1.627 ∗ ln(12.44 + x)− 4.131, x ≥ 0 (10)

Curve IBNM converts piecewise polyline IBNM into derivable log function.
Based on the threshold points of grade division, it is easy to determine the
coefficient of this log loss function, which is the loss function obtained by fitting
threshold points in intervals. It could be log function, exponential function or
monotonous compound function.

It is a fuzzy process from people’s sense to the size of values to sensi-
tivity analysis of differences between interval values, so the method of fuzzy
mathematics could be used for the analysis. No matter the polyline IBNM
or the curve IBNM, all could be considered as fuzzy function. Fuzzification
of Non-dimensionalization with this kind of fuzzy function could help ratio-
nal conversion between interval-based data and eliminate the dimension of the
indicator data.

4 IBNM efficiency analysis

It is a fuzzy process from people’s sense to the size of values to sensitiv-
ity analysis of differences between interval values, so the method of fuzzy
mathematics could be used for the analysis. No matter the polyline IBNM
or the curve IBNM, all could be considered as fuzzy function. Fuzzification
of Non-dimensionalization with this kind of fuzzy function could help ratio-
nal conversion between interval-based data and eliminate the dimension of the
indicator data.

To uncover further the function and efficiency of IBNM data preprocess
put forward in this essay, this section will analyze it deeply from two aspects,
Non-dimensionalization and error awareness.

4.1 Non-dimensionalization effect

The function of Non-dimensionalization is to eliminate the influences of dimen-
sion of the primary data without changing the sequence of the data, that is,
nondimensional function is strictly monotonic.

Theorem 1: The transfer function of IBNM is monotonic function in
definitional domain.

4.1.1 Polyline IBNM is monotonic function.

Proof: Suppose a, b are two arbitrary numbers in the definition domain, and
a > b. If a, b are within the same grade, and [min, max) is the range of this
level. Then:

linIBNM(a) = (a−min)/(max−min) (11)

linIBNM(b) = (b−min)/(max−min) (12)
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→ linIBNM(a) > linIBNM(b) (13)

Suppose a, b are not in the same grade, according to formula 8,
linIBNM(a) > linIBNM(b).

4.1.2 Curve IBNM is monotonic function

Proof: For the curve IBN fitted based on the threshold points, monotonic
exponential function, log function or is selected or reasonable monotonous
compound function is constructed in the definition domain; so, curve IBNM is
also monotonic function in definition domain.

So, polyline IBNM is monotonic function.

4.2 Error evaluation

As is mentioned above, at present many machine learning algorithms do not
take error sensitivity into consideration, which differs in different intervals.
Another objective of IBNM is to adjust the error to provide rational loss
computation method for machine learning algorithm training.

Generally, supervised learning of machine learning training could be
regarded to minimize the following target function:

θ∗ = argmin(ω) =
1

N

N
∑

i=1

L(yi, ŷi) + λR(θ) (14)

ŷi indicates the true value of i-th sample, while yi indicates the observed
value of i-th sample or the output predicted by the learning machine. Taking
the common loss function L which is squared loss function as an example:

L(y, ŷ) = (y − ŷ)2 (15)

It could be seen that loss function has no limit on maximum error value
nor does any treatment on the observed error sensitivity.

IBNM loss function is defined in this study as the loss function of the
predicted value y and the true value ŷ which have been treated in advance by
IBNM Non-dimensionalization.

LIBNM = L(IBNM(y), IBNM(ŷ)) (16)

Taking squared loss function as the example, If y and ŷ have been treated
in advanced by IBNM nodimensionalization, that is:

LIBNM = (IBNM(y)− IBNM(ŷ))2 (17)

IBNM has two functions on error evaluation and loss computation. One
is to limit the maximum error in the definition domain; moreover, polyline
IBNM also limits the maximum error in the intervals. The other function is to
regulate the sensitivity of the error. As shown in Figure 2(a) and Figure 2(b),
in the grade intervals with larger dereferencing scope, the IBNM gradient is
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smaller, which could restrict the error sensitivity effectively and be close to
people’s true sense of error with more convincing computation results.

5 Experimental evaluations

To verify the effect of IBNM, in this study, Guangzhou PM2.5 air quality grade
forecast is taken as the example to establish various prediction models, among
which there are traditional machine learning algorithm, such as Supporting
Vector Machine (SVM), Random Forest, Extremely Random Tree and Gradi-
ent Lifting Regression Tree. In the following, brief introduction will be given
to these algorithms.

Taking the PM2.5 air quality grade prediction of air quality assessment
as an example, the commonly used extreme value method and two kinds of
IBNM are used to preprocess the evaluation factor data, and the application is
tested in the same evaluation model to test the effect. Most scholars predict a
24-hour mean concentration of PM2.5. However, in view of the vague concept
of concentration values among ordinary people, this paper selects the PM2.5
air quality grade that is more instructive to the public as the prediction result.
As mentioned earlier, the classification problem actually discretizes the true
and predicted values when calculating the error, which inactivates the value of
the error. Different from the classification method in [9], this paper still uses
the regression algorithm. The result of the model prediction is still the con-
centration value of PM2.5, or the value of PM2.5 converted by IBNM, and the
value of error calculation to the training model is exerted. Finally, the pre-
diction results are converted into PM2.5 pollution levels. If the predicted and
actual PM2.5 air quality grades are the same, then the prediction is considered
correct, otherwise the prediction is wrong.

5.1 Data preprocessing

The current literature provides long-term forecasts (cycles for the year and
month), medium-term forecasts (cycles for the day), and short-term forecasts
in hours for the PM2.5 forecast. Among them, the forecasting application in
daily is the most widely used, that is, the 24-hour average concentration of
PM2.5 is the predicted target. This article takes Guangzhou, the third largest
city in China, as the research object. The previous two days of data predicts
the PM2.5 grade on the third day.

There are many factors affecting the concentration of PM2.5, but the fluc-
tuations are mainly related to the weather factors. Some scholars believe that
other air pollutants, such as sulfur dioxide and nitrogen dioxide, may also
have a certain impact on PM2.5, but considering that data acquisition is not
easy, these factors are discarded. Therefore, the evaluation factor only takes
meteorological factors. The meteorological data includes: average wind speed,
maximum wind speed, and wind direction of maximum wind speed, daily
precipitation, average temperature, average air pressure, sunshine hours, and
average relative humidity. Regarding the prediction model input, due to the
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air quality of a certain day, in addition to the PM2.5 status and meteorological
factors of the previous day, there is a strong correlation with the weather con-
ditions on the forecast day, and the accuracy of the existing weather forecast
is high, which could provide an effective reference for air quality prediction.
The model input established in this paper is similar to the literature[24]. Each
data is divided into three parts: the first part is the PM2.5 concentration value
of one day, the second part is the weather data of the day; the third part is
the second weather image of the weather forecast. The output of the model
is the PM2.5 predicted value for the next day, which is then converted to the
PM2.5 pollution grade. If it is the same as the actual grade, the prediction is
considered believable, otherwise the prediction is inaccurate.

The PM2.5 data of Guangzhou City is derived from the monitoring data
of the US Embassy from November 2011 to June 20171, and its time-sharing
monitoring data is aggregated on a daily basis. The meteorological data comes
from the National Meteorological Science Data Sharing Platform2. It is well
known that the concentration of PM2.5 is highly correlated with the season.
In order to eliminate the unnecessary seasonal factors, only the data of win-
ter (1, 2, and 12 months) is selected for analysis, and after the records with
incomplete data are removed, 482 sets of data are finally obtained. 48 groups
were randomly selected as test data, and the rest were used as training data.

In order to verify the effect of interval-based Non-dimensionalization, we
use four models, such as SVM and random forest to do three experiments.
For the first time, the ordinary extremum method is used to normalize the
data. For the second and third times, the folded IBNM method (Equation
8) and curvilinear IBNM method (Equation 10) were used to process PM2.5
data respectively. The data of other factors were still processed by extremum
method.

5.2 Experimental implementation

Four prediction models are constructed, which are based on SVR, random
forest, extreme random tree, gradient boost regression tree. The specific
construction method and parameter settings are as follows.

The radial basis function (RBF) is chosen as the kernel function of the
SVR. The two important parameters of the SVR, gamma and cost, need to be
preset. The grid search cross-validation method is used to traverse all possible
combinations of gamma and cost parameters in an exhaustive way to obtain
optimal results. The search range of Cost is set to 6 numbers: (1, 5, 8, 10, 12,
20), and the search range of gamma is 10i,i=-2,-1,0,1,2. The resulting optimal
parameter results are: gamma=0.1, cost=5.

Random forests, extreme random trees, and gradient-enhanced regression
trees are simple and easy to utilize. There are not many parameters to be
adjusted, and the meaning of the parameters is intuitive and easy to under-
stand. These parameters are either used to enhance the predictive power of

1http://www.stateair.net/web/post/1/3.html
2http://www.stateair.net/web/post/1/3.html
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the model or to make the model faster. The libraries of the three methods pro-
vided by the Sklearn library, using the default hyperparameters of the library
functions, usually produce a good prediction. Since the pivot point of the
experiment is to verify the effect of data preprocessing, the parameter settings
take the default values.

5.3 Analysis of experimental results

Figure 3, 4, 5 show the predicted results after processing PM2.5 data using
the polar implant method, the polyline IBNM and the curve IBNM. Each
sub graph in the figure has a section divided by a horizontal dotted line. If
both the real value and the corresponding predicted value are in the same
range, it means that the prediction grade is the same, and the prediction is
regarded as correct. Table 2 shows the prediction accuracy of the four models
in the case of three kinds of data prediction processing. It can be seen that the
prediction results of various methods are acceptable. From the perspective of
model methods, random forests and extremely random trees perform better
than SVR and Gradient regression.

Fig. 3 Prediction results of four models after the data processing by the extremum non-
dimensionalization method

From the perspective of dealing with the Non-dimensionalization method,
the accuracy of the polyline IBNM and the curve IBNM increased by an
average of 4.7% and 7.33%. The SVR model is the most obvious, which has
an accuracy of 8.3% and 12.5%, respectively. This result shows that IBNM,
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Fig. 4 Prediction results of four models after the data processing by the extremum non-
dimensionalization method

Table 2 Accuracy of four models after processing data with three non-dimensionalization
methods

Methods SVR Random forest Extreme trees Gradient regression

Extremum method 64.6% 77.1% 75.0% 70.8%
Polygonal IBNM 72.9% 79.2% 79.2% 75.0%
Curved IBNM 77.1% 79.2% 81.3% 79.2%

Table 3 Pearson correlation coefficient of four models after processing data by three
non-dimensionization methods

Methods SVR Random forest Extreme trees Gradient regression

Extremum method 0.799 0.842 0.792 0.740
Polygonal IBNM 0.781 0.780 0.775 0.739
Curved IBNM 0.772 0.779 0.783 0.775

whether it is a polyline or a curve type, is significantly better than the extreme
value method.

As can be seen in Table 3, the Pearson correlation coefficient between
the predicted result and the true value, differences between the prediction
performance of each model on the three Non-dimensionalization methods are
trivial, indicating the almost the same prediction performance of the model.
However, IBNM considers the division of the grade interval in the step of data
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Fig. 5 Prediction results of four models after the data processing by the extremum non-
dimensionalization method

preprocessing. Therefore, it is helpful for the model loss function to adjust, so
that the predicted value is closer to the real value grade interval. Ultimately,
IBNM is more accurate at the PM2.5 grade.

6 Summary and outlook

6.1 Summary

In statistical analysis, machine learning, etc., in order to truly reflect the sub-
stantive meaning of the indicator data, or accelerate the computer speed of the
model and other goals, it is often necessary to process the data to be dimen-
sionless. The commonly used linear dimensionless method is difficult to reflect
the numerical difference of the index data in different intervals, and the poly-
line and curve methods often make it difficult to select the conversion function
because it is difficult to grasp the variation law of the data. This paper pro-
poses an Interval-based Non-dimensionalization Method (IBNM). The IBNM
method can be combined into a polyline IBNM according to the critical point
formed by the interval division, or can be fitted to generate a curve IBNM.
Interval division can be based on the existing index data classification method,
which is scientific, reasonable, simple and practical. By constructing the SVR,
random forest, extreme trees and gradient regression to predict the PM2.5 air
quality grade in Guangzhou City, verify that the results of IBNM are better
than the commonly used extremum method.
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Because IBNM relies on the scientific and rational division of data intervals,
there are certain limitations in its use. The hierarchical method of data can
provide a convenient, scientific and reliable basis for interval division. However,
when there is no unwarranted grade division of data, scientific and reasonable
division can be made by means of expert knowledge.

6.2 Outlook

The main goal of this paper is to verify the effectiveness of IBNM, so the tra-
ditional four machine learning methods are selected on the predictive model.
In the future, maybe more models could be applied, such as deep learning
algorithms. In terms of the evaluation factor, the easily accessible meteorolog-
ical data was selected as PM2.5 data, and other air pollutants such as sulfur
dioxide were not considered, and they could also be studied in future research.
In order to eliminate the interference of seasonal factors, we filter the data of
other seasons but winter. How to eliminate the interference of seasonal fac-
tors, is our further work objective as well. The status of PM2.5 varies widely,
and it may be ineffective to change a model algorithm that is accurate in one
place to another. Therefore, constructing a universal model algorithm is also
a direction for efforts in the future.

In addition, in the prediction of PM2.5 air pollution grade, this paper does
not take into account the imbalance of losses, that is, when severe pollution
is incorrectly predicted as minor contamination, and minor pollution is incor-
rectly predicted as severe contamination, the former will bring greater losses.
for the reason that unbalanced losses should be considered in the error assess-
ment. Therefore, unbalanced loss should be considered in error assessment.
How to adjust this imbalance loss is also an important content of our next
work.
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