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Abstract: The lost values are a common problem in many pivotal real application like data-mining machine
learning and pattern detection algorithms. In now days .there are huge streams of mformation which contain
a missing values for many reasons for mstance a malfunction in a piece of equipment, a tissue section on a slide
was not stained properly,a technician forgot to enter a value in a spreadsheet, etc. If they are neglected, they
will be loosed as well as, another mformation related. This research 1s suggested a new mathematical approach
for solving the missing value problem based on a polynomial fitting model. The proposed model (polynomial
curve fitting based on segmentation of variable point and variable modes SVPVM algorithm)is applied on
PAMAP?Z that contain 2872532 records each of them have 54 values. Also system 1s implemented on samples
of dataset after some pomts are removed. Finally, the proposed approach is executed on known fimction such
as sine wave. The results are compared with another methods for retrieval missing pomts such as linear and
mean methods. In general the proposed model has been produced good results according toevaluation methods
such as mean square error. So, the proposed method is expected to give promising results in the field of

information loss.
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INTRODUCTION

Missing values are problem in analyzing data for a
large group of research areas. when an attribute value is
hidden the value 1s defined as Missing value (Goey et al.,
2013). This mean there 1s no value, but does not known.
mvestigator eliminate missing points of data or fill it with
‘reasonable estimate’ when analyze datasets with missing
values . removal missing values is applied simply but just
sensible when the dataset is big enough so that the lost
values are not cause clear effect on the analysis. Streams
are Considered a time-series or multidimensional
processes. In data flow processing, data are processed mn
real-time at local interim windows, it has been proposed
that data value are used at the moment to take the
systems’ Characteristics. (Enders, 2010; Rahman et al.,
2014). Streaming data 1s not had a fixed length Compared
to static data. Study (Lemnaru, 2012) 1s said that he
majority of the classifiers recruit easy and meffective
approaches when processing missing data. Such that , all
missing values are removed by classifiers, or is replaced
with NULL or is considered as especially value. Taking
mto account the facts before, pretreatment phase is
needed to deal with the lost in data m order to
reduce the danger of bad classification. Millsap and
Olivares, 2009). Filter-based is used by researcher to
remove missing data.

Filtering is preferred to improve the work when the
amount of missing data 1s few. The imputation methods

are tried to substitute the lost values of features with
values which may more appropriate in a certain position,
therefor learning process is reinforced. Missing values are
replaced in Imputation strategies by emanating available
data, for bring out the full data set study (Magnani, 2004)
1s showed this method.

Hua and Per (2007) 1s proposed two methods to
preprocess missing value these are list-wise deletion, all
cases are removed which is had leastwise one missing
point and pairwise deletion, a case points are removed if
the missing values are founded in variables that is used
currently. In (Bishop, 2006, Allison, 2001) many methods
are used to replace the value of each of the missing with
the calculated value of one. Mean or mode imputation
(MET), is used as Simpler and more effective way which is
filled the missing point by as for feature mean or mode.
Nearest Neighbor methods are applied by recogmtion the
more like cases to the one at a lost value based on the
observed values at the rest of the variables at this case.
They are applied a pre-determined basis (e.g. average
weight in (Troyanskaya et al., 2001) or seed function (e.g.
exponential in (Yuet al., 2011) to replace a value based on
these instances. In (Zhang ef al., 2011) methods are
considered more precise than MEI but full sufficient cases
are required to identify the neighbors and number of
neighbors are needed to determine.

Polynomial fitting is used as one of three different
data preprocessing techniques proposed by Imad Rahal
which performs appropriate more efficiently when in use
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K-Means and evaluating outcome clusters, this technique
is fitted data values in each record attribute with the
single polynomial that is passed using a specific values .

Curve fitting functions: Curve fitting, known as
regression analysis, has been used “best fit” line or curve
for a set of data value. Curve fit is generate an equation
that 1s used to find points during the more than the curve
Curve fitting contain the following types:

Linear : This function is fitted a consecutive set of data
ponts , the form y = p+x. 1s used . where (u) 1s (the value
of ywhen x=0), (7) is slop , (X) is Interpretative variable
and (Y ) is the dependent variable. Data limitation are not
associated with this curve fit.

Polynomial: Dataisfitted by a curve throughdata, of the
form

j

_ &

Y=g+ Yy o X
=

Where (d;, o) pelynomial coefficients are selected with
minimum error between data and fitted function and (] ) 1s
order of polynomial. Greater polynomial order is
required for more complicated the curvature of the
data, to fit it.

Best polynomial model 1s chosen frequently based on
trial and error. If the curve is followed the direction
ofdata, pick a higher order equation. If it oscillate too
much, pick a lower order equation. Other types of curve

fittmg are (exponential, logarithmic and power),
(Chaitanya Datta).
MATERIALS AND METHODS

The proposed method: Tn this study curve fitting
technique has been employed for estimating missing
value . Polynomial fitting has been exploited m away differ
from other research studys by using variable polynomial
models rather than unique model for whole data points.
Variable segmentation in new approach has been utilized
based on threshold with overlapping for more precision.
Also the new direction in the proposed system has been
defined by variable models for each segment of data.
Tnverse operation take into account the variable models of
the data in reconstruction of missing values.

Missing values has been estimated by fitting all the
values in each feature with a polynomial variable by the
time and then extended the resulting polynomial to fit the
major sized data piece i a process known as polynomial
fiting,.

The degree of polynomial has been specified based
on mumber of known points that have been determined by
threshold. The threshold has been chosen in a way that
reduce error.

The general formula of polynomial function has been
used with order of (threshold -1). For each segment of
data polynomial fitting model has been constructed and
missing values have been founded depending on that
model , then next segment have been talken and the same
thing have been done until all missing value have been

founded.

The proposed Algorithm (SVPVM)
Algorithm: Polynomial curve fiting based on
segmentation of variable point and variable modes

(SVPVM,
Input: The input for proposed algorithm include matrix ( Vij ) of time series
data with missing points , where (i) represent time and (j) represent attribute.
Output: 57 : Matrix of data without missing points,
Cr Matrik store coefficient of polynomial model ,where
p :Counter determine the model number
q :Polynomial coefficients p=1...... (T-1) where T is threshold.
Stepl: Extract two vectors from Vi; data matrix

- Vector x, : where t Time value.

- Vectory, : where a is attribute value at time t.
Step2: Form vector R, depend on vy, , if y, = NaN then R=1 otherwise

R=0.

Step3: Locate the start and end for each missing value by finding known
segment( B, ywhere k represent number of known point (T)

and (n=1,2,3,..... G)represent values that related to known point k

Do

If current point is not NaN (R, = then store the following in matrix B
otherwise increment the counter for NaN points N.

Bu=x: (time value )
BV, (attribute value)
By =t (location of not NalN value)
By =t-N  (start of NalN)
By =t-1 (end of Nal)
By =k (counter of known point)
k=k+1
N=;
while k <= Length(R)
step 4:

-From By, matrix select number of points according to threshold (T) with
shift and overlapping and do the following:

Do

- Form two vectors fiom selected points
pl from (x1,x2 X3, ......... xT)
p2 from (¥1,¥2 %3, ......... yI)

-Apply equation of polynomial fitting model on above segment points in
pl and p2 to find the potynomial coefficients of a M of order (T-1) using the

following equation:
(11
y=dy + 2 o, x™

m=l

Where (o, o) are coefficient of polynomial and stored in matrix C x
represent vector pl, v represent vector p2

-For each missing point between known pomt (T) find §i apply the
founded model for the current segment by substitution the time of missed
value and replace NaN by the result of applied model.

While k<= number of points in By,
Step 5: Retum \”;1] with new attribute ¥i
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Fig. 1: a) Testing set and b) Training set
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Fig. 2: a) Proposed method with MSE = 0.001 6; b) Linear fitting with MSE = 0.0025 and ¢) Mean with MSE = 0.0019

Data set: Real dataset that has been taken from have
been named (PAMAP2) for physical activity have been
used in this study .The PAMAP?2 dataset contains data of
nine healthful persons, three Tnertial Measurement Units
(IMUs) are womn by each person's and a heart rate is
Each
temperature . The data have been sampled at 100Hz and

monitored. IMU  measures accelerometer,
are passed to computer via a 2.4GHz wireless network.
Person wore one IMU one on the dominant ankle, on the
dominant wrist and one on the chest. All nine persons
have been labeled in the dataset as subjectl01 through
subject 109. Data contain 2872532 measurements each
have 54 attribute values. Values that are missed, stores as
a NaN (Not a Number) value .The performed activities are,
cycling ,standing, vacuum cleaning, ironing, walking,
running, , Nordic walking, lying, sitting ascending stairs,
descending stairs and rope jumping. The proposed
system results have been checked on this dataset but it's
also possible to apply the system on any other numerical
dataset for generality.

RESULTS AND DISCUSSION

Experiments and results: The proposed method has been
applied on three different samples of dataset and to
evaluate the accuracy of the suggested method Mean
Square Error (MSE) method have been used.

Two methods have been used in addition to the
proposed method to estimate missing valuesthese
methods are linear fitting and mean method .

Applied system on sample data without missing points:
The data have been divided into two sets first ,for training
of the proposed method and the second for test or
evaluate the result of the estimation process. The two sets
have been shown in Fig. 1. In the training some of data are
removed then proposed method has been applied the
result has been shown in Fig. 2a ,the result of application
of other method such as linear fitting and mean method
have been shown in Fig. 2b and ¢ respectively. The MSE
also mentioned with each figure.
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Fig. 3: a) Proposed method with MSE = 0.0197;, b) Lmear method with MSE = 0.7883 and ¢) Mean method with

MSE = 18.2377
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Fig. 4: a) Data points; b) Data with missing; ¢) Proposed fitting method; d) Linear fiting method and ¢) Mean fitting

method

The application of proposed method , linear and mean
method for estimating missing values have been shown in
Fig. 2.

Applied system on known signal: the second sample of
data that have been used formed by the following
equation y = 9sin(x) where x has been takenin mterval
(0-8p) then some points have been removed and are
replaced by (NalN) value the results to found the missing
points is shown in the Fig. 3. The comparison for data in
(7.1) and (7.2) based on error has been shown in Table (1)

Example with clear values to apply the system: The data
have been displayed in Table 2 with simple values ,the
suggested method , linear fitting and mean fitting methods
have been applied where some of pomts have been
removed and have been replaced with NalN to make
missing points that have been estimated by these
methods the result have been shown in Fig.4.

Applied system on life data set: The application of
proposed method on PAMAP? has been shown in Fig. 5.
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Table 1: Comparison between different method with proposed method
Proposed method Linear method Mean method
Variables Frror average Frror max Mean square error  Error Average Frror max ~ Mean square error Error Average FError max  Mean square error

Data 1in 0.000032639 0.0009778 0.0016 0.000050093 0.0011 0.0025 0.000037339  0.00086856 0.0019
7.1
Data2in 0.000024615 0.0024 0.0197 NaN 0.0482 0.7883 -0.4321 9 18.2377
7.2
Table 2: Data points, data with missing values and estimated values with different methods and associated error with each method
Points X hi vy with missing ¥ _fit by system ¥ _fit by linear ¥ fitby mean
1 -3.0 -2.80 -2.80 -2.80 -2.80 -2.80
2 -2.5 2217 2217 =217 2217 217
3 -2.0 -1.46 NaN -0.59 -0.41 26.69
4 -1.5 -0.61 -0.61 -0.61 -0.61 -0.61
5 -1.0 047 NaN 2.89 -0.20 26.69
6 -0.5 1.93 NaN 2.60 -0.10 26.69
7 0.0 4.00 4.00 4.00 4.00 4.00
8 0.5 7.09 7.09 7.09 7.09 7.09
9 1.0 11.87 11.87 11.87 11.87 11.87
10 1.5 1943 NaN 24.33 0.30 26.69
11 2.0 31.56 31.56 31.56 31.56 31.56
12 2.5 51.23 51.23 51.23 51.23 51.23
13 3.0 83.34 83.34 83.34 83.34 83.34
MSE=2.39 MSE=28.57 MSE= 164.99
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Fig. 5: Proposed method of PAMAP2
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Fig. 6: a) Estimated missing points by linear fitting and b) Estimated missing points by mean method
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The result of estimate missing values of data set
PAMAPZ by linear fitting and mean method has been
shown in Fig. 6.

CONCLUSION

Overall, study of thethe proposed technique of
polynomial fitting and additional methods of linear and
mean methods. The proposed method 1s much better from
the other methods.

There 13 no constraints on the type of data (mumerical
data). The system increase the accuracy in addition
overlapping operation . The variable models according to
the coefficients 13 proposed as new approach also
support to stream process.
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