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Missing Data Imputation in Multivariate
Time Series Data

Negin Daneshpour* & Seyede Fateme Mirabolghasemi
Faculty of Computer Engineering, Shahid Rajaee Teacher Training University, Tehran, Iran

Abstract

Multivariate time series data are found in a variety of fields such as bioinformatics, biology, genetics,
astronomy, geography and finance. Many time series datasets contain missing data. Multivariate
time series missing data imputation is a challenging topic and needs to be carefully considered before
learning or predicting time series. Frequent researches have been done on the use of different techniques
for time series missing data imputation, which usually include simple analytic methods and modeling in
specific applications or univariate time series.
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In this paper, a hybrid approach to obtain missing data is proposed. An improved version of inverse
distance weighting (IDW) interpolation is used to missing data imputation. The IDW interpolation
method has two major limitations: 1) finding closest points to missing data 2) Choosing the optimal
effect power for missing data neighbors. Clustering has been used to remove the first constraint and find
closest points to the missing data. With the help of clustering, the search radius and the number of input
points that are supposed to be used in interpolation calculations are limited and controlled, and it is
possible to determine which points are used to determine the value of a missing data.Therefore, most
similar data to the missing data are found. In this paper, the k-maens clustering method is used to find
similar data. This method has been more accurate than other clustering methods in multivariate time
series.

Evolutionary algorithms are used to find the optimal effect power of each data point to remove the
second constraint. Considering that each sample within each cluster has a different effect on the
estimation of missing data, cuckoo search is used to find the effect on missing data. The cuckoo search
algorithm is applied to the data of each cluster, and each data sample that has more similarity with the
missing data has more influence, and each data sample that has less similarity has less influence and has
less influence in determining the amount of missing data. Among evolutionary algorithms, evolutionary
cuckoo search algorithm is used due to high convergence speed, much less probability of being trapped
in local optimal points, and ability to quickly solve high dimensional optimization problems in
multivariate time series problems.

To evaluate the performance of the proposed method, RMS, MAE, R 2, MSE and MAPE criteria are
used. Experimental results are investigated on four UCI datasets with different percentages of
missingness and in general, the proposed algorithm performs better than the other three comparative
methods with an average RMSE error of 0.05, MAE error of 0.04, MSE error of 0.003, and MAPE error
of 5. The correlation between the actual data and the estimated value in the proposed method is about
99%.

Keywords: Missing Data imputation, IDW Interpolation, Cuckoo Search Algorithm, k-means
Clustering, Multivariate Time Series.
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(Figure-1): The averaging two subsequence
time series [55]
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(Figure-2): Sensitivity analysis of the number of clusters on
the Energy data set at a missing rate of 30%
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for i = 1tom do loop

DTWI0.i] = o
end

for i=1to n do loop
DTWTIi.0] = o
end

/IUsing pairwise method, incrementally fill in the
time similarity matrix with the difference of the two
series
for i = 1to n do loop

for j = 1 to m do loop
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cost= d(v,[i], v, [i])
DTW [lj] .:COSt + MIN (DTW [l - 1]], W‘”)an &5L° M,‘ 6&&)‘»\&0 (T_JS'A"’)
DTW [i.j —1], -
DTW [i — 1.j — 1]) S (g
end (Table-2): initialization of cuckoo search algorithm variables
end o lade o o
Return DTW [n.m] v. 005} loaisls olss aicion
) loazsls adql slass
Sl ooliiwl b (Gloj (sl (raSiloo 05 ancls 1Yoy 565d1) ¥ Wl e o NS 050 Aoy
DTW (g 50 ;l0l jlxo Y €S e (6,108 w5 dieS
Input: a = a,.a, .... a,. the first time series with \ oy
length n —
Lo . Y oS
Xy = X11.X13 ... X1, - the first time series — = JS'”‘ Catihant
with length m, (-2 Syl gl
| Xp = X1 Xag e Xom,- the first time series Y. coliol slaas s cogl v o
with length m, Y k-means ganaies sladiws slass
¥ S5 slass mSlas

XN = Xn1-Xn1 - Xnmy - the first time series

with length my,
output: y = y,.y, ...y, average of time series
X1 X9 e XN
DTWavg(a, x;.x5 ... xy):
LetT = [¢. ¢ .... @], an empty vector with n
element;
fork=1.2...Ndo
i=n
J=my
whilei>1andj > 1do

Ti = Ti U ij
end
end
fori=1.2...ndo

y,;= average of elements located in T;
end
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o) 6w o k-means guudiigs oS dnd (V- iy 59X

Input: Define fitness function F(x), x =
1. %5 e xg]”
Generate initial habitats with some random points
the profit function x; (i = 1.2.3 ....n)
Generate random keys for each x;
While (h<Maximum Generation) or (stop criterion)
Get a cuckoo(say, x;) randomly
Define ELR for each cuckoo
Let cuckoo to lay eggs inside their
corresponding ELR
Generate a new solution x';

Input: X (time series set), K (humber of cluster)
Output: Clusters € = {C;.C, ...Cy ...Cx}
Generate the subsequence by sliding window
While termination is not satisfied do
foreach subsequence x,, do

Calculate the distance of x,, to each
cluster by DTW distance

Assign x,, to the closest centroid
end
Update centroids by averaging
subsequence by DTW within each cluster
end

DTW alold g S0 jlul jlmo oS auls :(Y—,,.q,,ill)

Input: vectors v; = (ay ....ay,) , vy = (b1 ... by)

are the time series with n and m time points

Output: DTW [n.m]

DTW [0.0] = 0 //Let a two dimensional data

matrix DTW be the store of similarity measures .
such that DTW [0 ...n.0 ....m], and i, j, are loop g‘d“”
index, cost is an integer. // initialize the data matrix
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(Figure-3): Flowchart of the proposed method
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Evaluate the habitat of each newly grown
cuckoo
If F(x;)> F(xj)
Replace x; by the new solution x;

end
Cluster cuckoo and find best group and
select goal habitat
From the available m host nest, poor
quality nests (p,) are left
Keep the best solution (or nest)
Arrange solutions according to their
fitness value and select the solution with
highest fitness value

end while

Post processing of the generated results

end
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Input: Clusters = {C,.C, ...Cy ... Cx}, keys for
each x; , The missing data is displayed with Z, z, is
a missing attribute

Output: complete data set

foreach missing value M in dataset

Evaluate Eq 4

Replace Update the z, value in Z

end

end
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(Table-3): The dataset used in the experiments
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1 Root Mean Square Error

2 Mean Absolute Error

3 Mean Squared Error

4 Mean Absolute Percentage Error
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(Table-4): Implementation of Dunn Evaluation Index to evaluate the quality of K-means clustering on four data sets
Ol 6 3503l Hlzo Electricity Energy Exchange Traffic
olpian b9, VANY VYYD \IFADA VIOA-Y

W g, ylw b awglio o Electricity oolode gosxo jo wglaso (FuuicoS gdauo ;0 b solislon (g du lio :(0- Jgu)

(Table-5): Comparison of Proposed Method with Different Missing Percentages in Electricity Data Set Compared
to Other Methods
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(Table-6): Comparison of the proposed method with the percentage of different missing data in the Energy
dataset compared to other methods
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(Table-7): Comparison of the proposed method with the percentage of different missing data in the Exchang
e dataset compared to other methods
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(Table-8): Comparison of the proposed method with the percentage of different missing data in the Traffic
dataset compared to other methods
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