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Abstract: In this paper, chemical process data is analyzed by variance, the least square algorithm and then comparing the
original data and processed data in excel. Through the comparing result, processed data is easier for operators to observe and find
out rules and hidden problems in chemical conditions. According to the two algorithms, experienced operators can adjust
chemical conditions to be normal. So they are better ways to optimize chemical conditions, as a result, the data analysis algorithm

make a contribution to chemical industry.
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1. Introduction

The chemical production process is scientific, continuous
and stable, and it is also very complex which includes
chemical material flowing, chemical material response, super
high temperature and high pressure conditions [1]. And the
majority of flowing vast are at high risk of flammable and
explosive, poisonous and harmful. So it is essential for
chemical production to discover the abnormal data to solve the
problems in the chemical production process.

It is important to strengthen the construction of chemical
enterprise information construction, enterprises should pay
more attention to the development data analysis tools, and
make full use of data analysis [2]. Now big data era is coming,
it will became the new way to improve chemical enterprise
benefit. Establishing the management mechanism of "use
Numbers to talk, use the data to make decisions, use data to
manage and use the data to innovation" will be the
development trend of new era. Now relatively large chemical
enterprise are inseparable from the chemical data analysis.
Using the method of mathematical statistics to the analysis
data in the process of chemical production, could find the
abnormal data timely.

In this paper, using mathematical statistics method such as
least square method and variance method to deal with the

chemical data, and then making a comparison in excel [3]. By
comparison, found that characteristics of processed data is
more representative than the original data, it is easy to observe
and handle, as a result, workers can found the problem timely
and improve chemical operation process.

In this paper, the experimental data is from heavy oil olefin
device in catalytic workshop of one chemical enterprise.
Using variance, the least square algorithm to analysis this
device data, the number of data in table 1 is 972.

Table 1. Resources of data.
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2. Algorithm of Chemical Data Abnormal
Point

2.1. Variance

Variance is proposed by Ronald Fisher in his essay "The
Correlation Between Relatives on The Supposition of
Mendelian Inheritance". In the statistics description, variance
is used to calculate the difference between each variable
(observations) and the overall mean.

Variance is a measurement of random variables or a set of
discrete degree of measurement data in probability theory.
Variance is used to measure the deviation between the
expected (average) and random variables. In many practical
problems, the variance deviation degree has important
significance. Variance is to measure the difference between
source data and overall mean. Variance calculation formula:

—1)2
2 — Z(X H) (1)

n

o

o? is variance, X is variable, p isaverage, n is number of
data [4].

Using the method of variance, it is easier to find out the
data which has the larger changes in chemical production
process. For example, variation range of a variable is small,
when its value became to be a constant and it does have no
longer changes, it is difficult for the operator to find the
unusual phenomenon by observing meter. But using variance
can clearly see the variance of the original data making a
difference, from zero to nonzero.

2.2. Comparison in Excel

EXCEL is one of the suites of office software. It not only
has function to create, edit and print form, but also more
outstanding, it is in the form data to calculate, sort and
classify data, and generate charts [5]. It is convenient to
process a large number of daily statistics and various reports,
practice has proved that EXCEL playing a big role in data
analusis.

2.2.1. VARA Function

VARA function which is inline functions of excel and its
principle is variance algorithm. So this paper use VARA
function to calculate the data in table 1.

This paragraph introduces the syntax and usage of VARA
function in Microsoft Excel. VARA function calculates the
variance of the given sample, using method as follows [6]:

VARA (valuel, [value2],...)

VARA function has the following parameters:

1. Valuel, value2,... Valuel is required and subsequent
values are optional.

2. VARA assumes that its parameters are the overall
sample. If the data represents the sample population,
must using the function VARPA to calculate the
variance.

3. parameters can be as the following form: numerical
value; Contains the name, array, or a logical value in a

reference, such as TRUE and FALSE.

4. If the parameter that contains TRUE is calculated as 1;
if the parameters that contain text or FALSE are
evaluated as 0 (zero).

5. if the parameter is an array or reference, only ues the
value of parameter. The blank cells and text values in
an array or reference can be ignored.

6. if the parameter is an error value or text cannot be
converted to numeric, it will result in an error.

7. use the VAR function if you want to make the
calculation do not include the logical value in the
reference and the text that represents the number.

2.2.2. Result of Comparison

Using the data in table 1 to calculate variance of original
data. In this paper, all the calculation and comparison are
completed in excel. Using built-in function of excel: VARA
function to calculate variance: each 10 original data is a
group, calculate the last data’s variance and so on. Removing
the before nine, there are 963 variances. Detailed data
information as is shown in figure 1.

Bl1 v f =VARA (42:411)
A B C

1 Original Data Variance

2 620. 2003174

3 621. 03479

4 621. 8704834

5 623. 2130127

6 624. 4403687

7 625. 3994751

8 625. 7161255

9 624. 5670166

10 622. 9419556

11 622. 310 '39r 3. 430887457]

12 622. 6915283 2. 407797471

3 623. 4661255~ 1.711002918

14 623. 0188599 1. 385776772

15 621. 3545532 1. 963884776

16 619. 2012329 3. 719472776

17 617. 9406738 5. 416332892

18 617.9406738: 5. 595516941

19 617.9406738' 5. 533916264

20 617.9406738' 5. 744321056

21 617. 9406738 5. 779664882

Figure 1. Process information of Variance calculation.

After calculation is completed, data curves of the original
data and original data variance are generated in excel, which
is shown in figure 2, It can be saw that the variance changes
are bigger than the original changes, it is convenient for
operator to observe abnormal points and summarize the rules
for chemical process, it is also better to optimize the
operation process.

So variance algorithm can be used in chemical process.
There are a lot of small changes data in this algorithm, through
variance algorithm, operator can get the abnormal situation
obviously and deal with processing problems in time.
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Figure 2. Comparison between variance and the original data.

3. Algorithm of Chemical Data Rate

The changes of date rate is earlier happened than the
change of the data itself [7], so it is a better way through the
rate of change to predict the data itself changes, and the way
can provide operation prediction basis for chemical process.
The way could be expressed in excel, using least squares
function which is the built-in function of excel to calculate.

3.1. Last Square

Last Square Method is put forward by Mali. Legendre in
1806. It through the minimum sum of squares of error to find
the best matching function of data. It is easier to obtained
unknown data by least square method. meanwhile the sum of
the squares of the error between actual data and calculated
data is smallest, the least square method can also be used for
curve fitting.

Supposing there is a series of data points, (x;,y;)(i=
1,..,m), h(x;) is estimator of the fitting function h(x),
residual error is 1; = h(x;) — y;, which would evaluate the
fitting degree of fitting function and solving function. And
then introducing three kinds of norm:

(1) °o- norm: a maximum of absolute value of residual
error 1 i< |73,

(2) 1- norm: a absolute value of residuals Y72, |7;],

(3) 2- norm: a sum of squared residuals Y7, 17,

The first two norms are easy to obtain, but under the
condition of large amount of data, they need a lot of
calculation and are not operable. Therefore 2 — norm is
general used. Fitting degree is the similarity between fitting
function h (x) and solving function y, the smaller 2 —norm is,
the higher similarity is.

Thus, the definition of least square method is:

For a given data (x;,y;)(i=1,...,m), in the assumption
space h, to solve the h(x) € h, making 2 — norm of residuals
r; = h(x;) —y; is minimum, namely:

h(®) s.t. min X2, (h(x; — ¥:))* 2

In the aspect of geometric, formula (2) is to search
y = h(x) whose distance from given points (x;,y;)(i =
1,..,m) is minimum. h(x) is called the fitting function or
the least-square solution, the method of solving fitting
function h(x) is the least squares.

Assuming expression of h(x) is:

h(x, W) = wy + wix + wyx? + - + wyx™ 3)

h(x,w) is a polynomial, w is its parameters. Least squares
method is to find such a set w = (wy, wy, ..., w,,) to make
Y. (h(x;) — y;)? is minimum. Using the calculus principle
to calculate the value of w = (wy, wy, ..., wy,).

3.2. Comparison in Excel

3.2.1. Linest Function

LINEST function which is inline functions of excel and its
principle is variance algorithm. So this paper use LINEST
function to calculate the data in table 1.

This paragraph introduces the syntax and usage of
LINEST function in Microsoft Excel.

The LINEST function [8] computes the statistical value of
a line by using the least square method to calculate the line
with the best fit of the existing data, then returns an array that
describes the line.

The formula of the line is:

y=mx+b “)
or
y=myX1l+my,x2+--.b (5)

If x values in multiple regions, the dependent variable y is a
function of independent variable x. m is corresponding
coefficient to each x, and b is constant. Otherwise, y, x and m
can be vectors. The LINEST function returns an array of
{bm,, my,_4,..my,b}. The LINEST function can also return
the additional regression statistics.

LINEST (known_y's, [known_x's], [const], [stats])

The LINEST function has the following parameters:
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Known_y 's is required

. If known_y's corresponds to a cell region in a single

column, each column of known x's is treated as an

independent variable.

If known_y's corresponds to a cell region in a single

row, each row of known x's is treated as an

independent variable.

Known_x's is optional

The cell area corresponding to known_x's can contain

one or more sets of variables. If only one variable is

used, then known x 's and known y's have the same

dimension, and they can be any shape. If multiple

variables are used, known_y's must be a vector (that is, a

row or column).

If known_x's is omitted, assume that the array is {1, 2,

3,... whose size is the same as known_y's.

const is optional. A logical value that specifies whether

the constant b is set to 0.

. If const is TRUE or omitted, b will be computed

normally.

If const is FALSE, b will be set to 0, and the m value

will be adjusted to make y = mx.

stats is optional. A logical value that specifies whether

additional regression statistics are returned.

11.1If the stats is TRUE, the LINEST function returns the
attached regression statistics, and the returned array is
{m,,m,_4,..my, b; Sensen— 1,..., sel, seb; r2, sey; F,
df; ssreg ssresid}.

12.1f stats is FALSE or omitted, the function LINEST

returns only the coefficients m and constant b.

N —

10.
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3.2.2. Result of Comparison

B11 - fe =LINEST (42:411)

A B E F
1 Original Data Rate
2 620. 2003174
3 621. 03479
4 621. 8704834
<] 623. 2130127
6 624. 4403687
7 625. 3994751
8 625. 7161255
9 624. 5670166
622. 9419556
622. 310D 39[
622. 6915283
623. 4661255
623. 0188599
621. 3545532
619. 2012329
617. 9406738
617. 9406738
617. 9406738
617. 9406738
21 617. 9406738

0. 329057173}
0. 105050011
-0.051271384
-0. 205746924
—0. 375420591
-0. 558197578
-0. 68228723
-0. 694857144
-0. 689786418
-0. 712733785
-0. 717145335

YUY YYYY YN

Figure 3. Process information of rate calculation.

Using excel built-in function: LINEST function to find out
original data rate. And the calculation process is similar with the
variance process, each 10 data is a group, calculating the last
data’s variance and so on. Detailed data information as is shown
in figure 3. Data curves of the original data and original data rate
are generated in excel, which is shown in figure 4. From the
picture. It can be saw that rate changes are happened in the 556™
point and original data changes are happened in the 630™ point.
Namely, rate changes are earlier happened than original data
changes. Through rate changes, operator can predict the changes
of original data and according to the changes of original data,
chemical conditions can be adjusted and optimized.
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Figure 4. Comparison between rate and the original data.

3.3. Algorithm of Rate Range

Assuming that a certain variable’s normal scope is 0-100 in
a stable chemical process, its value of upper limit warning is
80, its value of lower limit warning is 20, when its real time
value is not between 20 and 80, operators will be reminded
that the chemical process is in risk. when its value occurring
from 25 to 70, because all the value are between the value of
its lower and upper limit warning [9], it will not generate

alarm, but according to working experience, big changes
show that the chemical process would be in risk, this
abnormal phenomenon is easy to be ignored. To capture this
abnormal keenly, it is necessary to find out the rate range, if
some point’s rate scope beyond its normal range, and then
generating alarm. According to working experience, rate
range calculation formula is [10]:

(6)

yi=H—nxo
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y2=U+nx*o 7

y, 1is rate lower limit of rate and y, is upper limit of rate,
u is the average of rate, o is the standard deviation of rate, n
is coefficient, the smaller n is, the better rate of scope is, but
it is not too small. Through trial the value of n is 3.

(1) Average of rate: u

Using excel built-in function: AVERAGE function to
calculate the average of rate, first insert AVERAGE function
in excel and select the column B:Rate data and get the result of
u which is in cell C11 as is shown in figure 5.

STDEV v X v Kk =AVERAGE (B11:B973)
A B C F
Original Data Rate Average of rate
£20. 2003174
621. 03479
621. 8704834 |
623. 2130127
£24. 4403687
£25. 3994751
625. 7161255
624. 5670166
10 622. 9419556
11| 6223106689  o0.:

OO 0N

w0 0

=AVERAGE (11]:E973)

Figure 5. Process information of calculation of average of rate.

(2) Standard deviation of rate: o

Using excel built-in function: STDEV function to calculate
standard deviation of rate, the specific operation is similar to
B, insert STDEV function in excel and select the column
B:Rate data and get the result of o which is in cell D11 as
being shown in figure 6.

STDEV > X « f<  =STDEV(B11:B973)
A B C D
1 Original Data Rate Average of rate Standard deviation of rate
2 620. 2003174
3 621. 03479
4 621. 8704834
5

623. 2130127
6 | 6244403687
7 | 625.3994751
8 | 625.7161255
9 | 624.5670166
10 622.9419556,
11| 622 3106689

0.329057173| 0.000242911 [SSTDEV( ) 1

Figure 6. Process information of calculation of standard deviation of rate.

And then according to the formula (4), formula (5) and the
parameters o and u, the rate of change can be calculated.
Through the rate range, it is easier to measure rate change is
normal. And operator can according to rate change to predict
original date changes and then to adjust chemical conditions.
As a result, the rate range play an important role in algorithm
of chemical data rate.

4. Conclusion

For chemical process data, data analysis algorithm of
variance method and least squares method are proposed in this
paper. Through those analysis algorithm, it is convenient for
operator to find out abnormal conditions, which are hidden in
chemical process and would not be found in traditional
method.

Through variance algorithm, abnormal and small changes
in chemical conditions can be found timely and then if those
changes be found, operator would take action to prevent
changes from spreading.

Algorithm of chemical data rate play an important role in
chemical conditions. It has prediction function, it can predict
whether the original data will change by the change of rate.
For experienced operator, it’s a better way to know how to
optimized chemical conditions through original data changes

Those analysis algorithm have been used in UT-CLOUD
which is a cloud analysis platform of Nan Jing Chem Cyber
Technology Company Ltd. UT-CLOUD applies those analysis
algorithms to make on-line analysis for chemical data, and it
provide customers with accurate information of real-time
working condition. So those data analysis algorithm do made a
contribution to optimize the chemical operation.
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