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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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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

03l34s goxo baiges oloxi | S olaxs
Electricity VE-YOr Yy
Energy ARNAN Y4
Exchange INd A
Traffic AN YA

dms Lo sla g, -O-Y
odied (gloools 10,5 gy daw b oadolgiiny g,
Sy S sl EM Jletal aiin 2y, slopl 4
TRIBS s, 5 [58] FLK-NN s, [57] o eiioniz
[45] cel oo anolio

Slej s sy EM Jlaiol iy i, o
A cwglS e bosls WS e 8,8 o ptienis
odineS ool oy sesls sl 1) mujei sl alyl
L ass glosally S5 gy Sy 50 0 gl o Cunnon,
ool i slagSl dlie pl ;o 0S8 o ML
029y 0> IST] 9,5 o0 S5 )0 5 1y Gloy (5 00iaS
Sl Felead (255435 5 4,58 5 5| FLKNN
S oo oolainl Sloy sy odieS svesls oS,
acgars dDW Lliys, wuS 5 5l TRIBS s, [58]
Sld Gileainge (JolSS o5 5 il s (S S,
oolainl gloy (s odieS slaosls oS, sly
[45] oS e

O Sz &5 Ssdiee obml N oojlail 4 ol >l
9 \.\J}MLSA LS"\""‘L“’) LQJ.‘>0|) | O(h X z X p) uw.?u
Pl B Gl ebioe oy (ad Joely cn e
shad 4 atly ilecse Gl Sl ilecs e
L olien |y ol puil axils Jo ol s 5.l la ool
dx a>ge jo ol sll O(slogs) Sy (Sowzes
b ogd oo plxl ezl g9, » k-means goiais>
Szl Sloy adpo 0l prndl GiSu cpaiz 4 Lo
"ol 0 a8 cl 0('k'M') 43,0 5l k-means o ;43!
ol Ll slows M g laadgs olaws k' o, S5 ol
Saz Olple 0sbee LSS L g asl o )6l
0(g(Phz + aspe 3l €zl gomine 0,65 S
Lol slogs +i'k'm")

odiaS o3l D lilay IDW ol cyg 0 o565
N850 0D) Sloy 4ol cnlply w09doe 1,2

olerion o)l Gloy (S oS e
0(D + n*ikm + g(phz + slogs + Jlo; 4,
aib e i'k'm"))

vl b -0
sas ools ylid )55 o isle;l Gl Lise cpl yo
wolaiul 550 (slrooldacgas (Ipae Joli a5 ol
aosts g wload eslitel laaglie o a5 loyle
2l e o csolgiin by, sloaS el Lo iles]

el 00

Lol 0318 3 sy 9 BoSISAL oo —O-)
o 3l By osbasseze oz s, p gl
Loslsasgazms oyl [56] o alosl UCH pile (5,080l
(9> S5l (B Srae sbeeslsacgere Jold
Sl bodlodcsome (! aiiie S8l5 g plow
olaws jo boolsacgeme (pl diid oysienis b
Gl 0dd grw g i Sglaie b Shg 9 bools
o8 Ly Sy oo e L oleesldacsess

g ol b yiales T sl (gl glie
(F) Jyaz o osloasgama ,o 5l atizea >0
polae Woslsacgomme (pl 3l plaS e .l a5l
Slp &5 sie JalS slacslsacgame .05 )l ouind

OY 2o ¥ o, VP Jle


http://dx.doi.org/10.52547/jsdp.19.2.39
https://jsdp.rcisp.ac.ir/article-1-1104-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-04 ]

[ DOI: 10.52547/jsdp.19.2.39 ]

0 )aiin3ia (Silo) (5 ) (SLROIIS ) oluineS (S0 YIS

MAE == 3|y, —y, )
i=1

. g(yi—y)(yi—y) - @
Z(yi—y)z\/Z(yi—Q)Z
i=1 i=1
1 L n 2

MSE =2 (¥ -V O

i=1
MAPE :@iu \Y)

n i) Y,
Jade Yy (Als slade Yy lealaly cnl o
9 0 ol i GL“°‘>‘° U.S.‘Lm Yy el 00 b_....:w
Sl 00lodcgazma (0 ladiged S olaxi N
9y » oxd plml ganades CBs o)l sl
bl e SOl eolaiwl 4 5L gley (g sesls
(Gaalie> 10 Jgye byl sloesls 5l (SO a!
oals Hlas Sbsyl shae (pl asle g (VY) ala,
[63] cowl oas

min D(Ci.C]')

Vp = [W] av)
Olyeds adss 99 (o alolh S pl ©j9 50
abgs o ,had 5 7 e 10 5 (6 A SSE Gl 5 lae
alold iomiw (sl (ouliie 99 (nl Camd 358 g0 00y
Pl Gl e a4z e og wals ales 3
ax 5 9 e GaNSSE Sk WSl S5
el 5 S5 (sanaliy>
Gty Ghsy S9ste OO oz Sl
ouls ool t-test 5 Lel a0l 5l o gy ple 4y o
oaanlis (A U Q) slajguz ;0 T slagyginw ol
Oy 4 Samd B8 laggie )l slagtbg!
(P~ oligebl maw ;o Jleixl jlade cwl (golgiiny
(p- 5 407 (p-value<0.05) -7 value<0.1)

g Mwa Me' L c g a5 el 497 value<0.01)

n

99y 89y oled g ST .l oad ools L "
L ylobins Dolds d a5 Cand Lo (s 0,55 13

Syl golerias b,

Lol g ylze —0-Y
5 eddplal o i 8o 8l sl g bl sla,lnl )
oLl g 80 e 0gb e soliiuwl solpiin b,
bl byl e w5l eolainl b eolgainy b,
32 5l asile b)) laylae 99l oe (o p 00D
Gl Sl (RMSE') s Slujpe oSk
s Slasye 5:Sikee «(R?) e y2 (MAET) e
(MAPEY) Uas sllas ko o0 9 (MSEY)
Jgexeysbas (RMSE) Loz ol o (o Slee ,3
u—l‘ O}uL;o oslazul LSQS ).’»)LQA L 611)15 o 6‘)‘.’
Gllae (Sl [58] WS oo dnlone 1) Juo Sy 00
By 9 S Jlaie o doll (MAE) s>
oy Jole ol cyz (Jg 00,5 eolaiul [Lae lgicas
Oliee 1223 MAE Uas aulre jo oplply 0,8 o s
Hlake jad> 1 [60] g, o0 415 4 alold Cyo 4 g alold
Jow g 00y jiaS Uas 5 il S MAE  RMSE
2 . . . . & .
(R ) O po el ool ploil o s o>
i |y eols aiws g0 e (Swion Jliz| (e
e ol et Gelas Joo o (St & eelE e
w30 Ol e |y ladae (wibjly 5 el sl
oaslp 1y Losls Jaw asl ol (Ko opl 51 .[61]
O S5 Hmb (Sen ST a5 J> o el 00 )5
ol ool @l ools 51 He3 3l Jae il (oo
Sluye wSle lade (MSE) s Slaye Sl

B0 oo olid 1y By g St lade pm alold
owipdplid il S5 jhe & ol Jhe juiz e
s e (5:Sle 9oy Jlne Cenlhad 2aS (e
e 5 oad (oihe e alols (Sl (MAPE)
Cojo 0S5 oo S5 0 1) (8ly jlade i a8lg
Sle Ols oo &5 el ol asls ol 5l sl
5 s Dglie wbidie Gl a5 olog i (S
§ e pliie 4y Aty jlae ol 15 60,8 oolaiul ]
3l o)l alise Jloy (5w iz amlie (lp it
Ol e g2 (V) B (V) slaalal, s [62]

el 00l oalo ul.m; (5"'"))‘ d‘le)Luw

RMSE = ’iz(yi —y,)? )
i=1

5 Dunn’s Index

BY ls ¥ 8,Led VF4) JL

1 Root Mean Square Error

2 Mean Absolute Error

3 Mean Squared Error
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(Table-4): Implementation of Dunn Evaluation Index to evaluate the quality of K-means clustering on four data sets
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(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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