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Time Series Data Cleaning under Multi-speed Constraints
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Abstract: As the basis of data management and analysis, data quality issues have increasingly become a research hotspot in related
fields. Furthermore, data quality can optimize and promote big data and artificial intelligence technology. Generally, physical failures or
technical defects in data collection and recorder will cause certain anomalies in collected data. These anomalies will have a significant
impact on subsequent data analysis and artificial intelligence processes, thus, data should be processed and cleaned accordingly before
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application. Existing repairing methods based on smoothing will cause a large number of originally correct data points being over-repaired
into wrong values. And the constraint-based methods such as sequential dependency and SCREEN cannot accurately repair data under
complex conditions since the constraints are relatively simple. A time series data repairing method under multi-speed constraints is further
proposed based on the principle of minimum repairing. Then, dynamic programming is used to solve the problem of data anomalies with
optimal repairing. Specifically, multiple speed intervals are proposed to constrain time series data, and a series of repairing candidate
points is formed for each data point according to the speed constraints. Next, the optimal repair solution is selected from these candidates
based on the dynamic programming method. In order to verify the feasibility and effectiveness of this method, an artificial data set, two
real data sets, and another real data set with real anomalies are used for experiments under different rates of anomalies and data sizes. It
can be seen from the experimental results that, compared with the existing methods based on smoothing or constraints, the proposed
method has better performance in terms of RMS error and time cost. In addition, the verification of clustering and classification accuracy
with several data sets shows the impact of data quality on subsequent data analysis and artificial intelligence. The proposed method can
improve the quality of data analysis and artificial intelligence results.

Key words: time series; multi-speed constraints; data cleaning; dynamic programming
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Fig.17 Varying rates of anomalies over oil data
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Fig.19 Varying rates of anomalies over GPS data
K119 GPS &L AT S 2 T M Z8OR
4000 w T ‘
XEEELR —*—
3500 |- T 100 £ TEVSCREEN —— 1
Sequential
3000 4 . 10 ¢ Holistic =
w
fin| s = L dl
=y = XENERFEAR —*— E 3 1
g 2500 z séY:REEN —>— ﬁ
. equential L >
= 2000 Hiolsse*~e m 01
1500 [, X=4% ] ~ootf |<-
K
1000 '$/ P! 0.001 E
L L # L L L L
500 0.0001
15k 3k 47k 63k 7.9k 15k 3k 47k 6.3k 7.9k
RS HiES
(@) (b)
0.8 A4 \Z 7 7 T T T T
s o i —o—"—n—#
KRR AKX
075 9
¥ bttt
"'%K‘E 0.7[W] g
w —— %Deﬂﬁﬁ’ﬁi 4 —— %lzrenﬁr;zﬁ
R —%— SCREEN R 0g76 || = SCR ]
0.65 Sequemlal q —— Sequentlal
Holistic Holistic
HIRE 0.974 = f’é}zﬂg =
N Bt ‘ - ESE ‘
" 15k 3k 47k 63k 7.9k 15k 3k 47k 63k 7.9k
RS RS
(c) (d)

Fig.20 Varying data sizes over GPS data
K20 GPS Hff b AN R B B R AU E SRR



B F L RAZRAHRTONFHIEFRT & 707

OIS Tv) 4 U5 T, B ] 20(b) ml 20 5 0 SE Vi RR 000 2 S S AR, 22 X [R) T FE 20 o VETE R B R AIE RMS 4
E AT $& T, JEI TA) T4 4 T n) B2 3235 B #E A T 42 R Holistics 7% 1 M2
(4) HREE R
A RE PV UE AR ST 4 2 X A) 3 B 249 TR 7 VR A 0 9 M0 6 v 1 S P e AR SO 0 AT 309 S 6 TR VOB
P SR AT 2 P8 5 T ik AT 200, e 2549 11 RMIS B &5 A . B8 285 70 KT 4 45 R DL IS TB) JF B 45 1 W3R
L 1 Pl RILTE RMS 55 J5 T8 AR SO 2 1% 22 X TR B2 A RO vER I T AR M iE 2 45 L, 5 Holistic
7715 SCREEN 7772 LA & SWAB J7 VA0 LG, AR SCJ7 v RMS 4548 I, 18 52 45 3 00 RS, H t8 T+ Sequential 757,
0 JESERG it 5 J5 T AR T Ho At A8 5 U732, 20 DX TR) ol 8 240 oA, 52 T L T A 1) 45 SR 7 4 D8 48 R Dy Tl AR S
P& 2 X [R) T8 8 24 SR 5 vE A T At % 5 vk T 23 T LE AR T I B 1 2 RS 1 26 b A T I [R) T4 5 T, A4S S
JT R ITVEARIE E) T S D (IS 8] 4, 1 IC T HAT B8 5 45 R 1Y) Holistic J772:
Table 1  Altitude dataset with real anomalies
F 1WA SRR REAR R B AR
B85 RMS 4 BIWJFRI(ms)  BEKETE S XRHE

2 IX i) FE 4R 1.07 2.3 0.70 0.76
SCREEN 1.34 3.3 0.69 0.75
Sequential 2.33 4.0 0.63 0.74

Holistic 1.27 55.2 0.65 0.74
HERE = - 0.59 0.71
LA - - 0.75 0.80

(5) UCR #dli4&

h T HE— 2 IR BAE 52 7 VA A AR R I, AT A S A A o A S N T REAE I R 22 B S T
A B S 43 WA TR AR SCIEEX 22 A LA 4 SR A 1 I B0 4R, LA TE AT T 32 Hh 6 IE AR ST ) 221X )
FE AT 750 5 SRR N T BT = AR e i I 21 R IR R BR AR R 2 DX R R A TRy v A R T
[ 43 2 5 TR I T R 48 ST IR R (B0 40 S 45 T TR BN 5 B SEAE A3 NS Il B 8l 0 TR o 5 AN B 4 2L
BB EHA — @ E R, Car HURER 4 5> Hhn%8;Coffee K BeetleFly 38 H 2 Mo Fhnss, H L 7E

AR S IR SRR B R A i B 2 A Fish & InlineSkate 3d&EH A 7 A0 8bR2E, IR Bk W I BT o,
ARy FERE B 2 A AR AR T AE X AN Bl B b, %% 07 W8 525 I 23 28 45 R i TR B R BB 2y K 45 R 1K
A E 2 W B I 39 110 B v e A8 52 45 A0 TRORT I 8 O B 3 i N R e i R A 2 G B AR
V[ sRmmmsw | " Holistics
E—— SCREEN i
Sequential . — A¥XfE
08 M - M 7
] I |
% 06 [ R
«
RO04 [ 7
02 7
0
Car Coffee BeetleFly Fish InlineSkate

Fig.21 Classification accuracy under different UCR datasets

K 21 UCR #din /> ks %
5 HXIE
Bt 25 R 5 RN T80 R AR VRN R AE S L R S 45 5 SR P B0 5 B 5 4 BT Rt 1 2 1 A AT 6



708 Journal of Software #k#F%4% Vol.32, No.3, March 2021

AR L T 2 D e R A B 20 W SR DA KB RN A RE R SR D2 DR K ) R
T i 285 23 T T P 1 RS, 0 ] 32 ) T AR A 2 1 G 0 2 NP2 1 7 20 2 A5 L ) (L L
Tl AL AR RAOR < Ak REAN S I R AS 22 T AT 47 3, HL I AR o B4l 725 vy 45 3 [ 0 1) s 4 P B AT A B3 90 8
B, 1 22 b Y BIE S 0 B S Tl R T 2 A O 1 O,

51 ETFEMEERE

SP3BT S B A D 1 S A3 SWAB. P SR S VR A T L R [ A
Fe AR VSV b 1) P 50 B 30 AT V5, Eht 2S00 T LU I 0 5% 9 REAT 43 B, DR M 2% S T B S R e 1) 20 i
AP ARG Ve LA A8 Bl 34 75 vt i 1IN 1R e 51 g -1 12 B SR A2 3P I (SMA) 2 dJa kAN Bidia i ok
I SR, 2 S DA AE RO — A B sl b AT 18 S I BUAS 5151 4 (L (WMA) S B 11 HR AN [ 0 252 1) 2 dh
TR I T U B0 R A B a3 (1 B0 LT A A8 AT b S B ARS B F 35 1 (EWMA) OB
) 89 18 % o 028 ik Py LT, LA P 3 R R i e i 171,

BT U (18 52 T VA AR B A8 52 Sy R, A R b 1) 0408 1 47 0 1 3 P A8 52 7 V6 2 8 e 6 B
T 2 A JUAS TE A 0 S AE B S it il A8 O AR (L dE 3mSR w8 R AR KRG R
52 ETARMEBERE

T SR U, K 2 BB A 5 TR LA — 5 (1 24 SRAR . DG R R B e 4, A AR 2 T e v 2 ST
T A e K 4 SRR ), 491 T R B0 A (Functional  dependency, fij B FD) [PO2H45 BT HT T34 we 45 53 4 %
T A0 R 2% 288 ¥ T 3ok SR AR S 1) /016 52 MR AT B0 T e APV (1 97 Y 4 4 A BT 4 S 1) R B R ) AR )
11 F 249 5% 2R AT AT — X TG 2L, DR EL AT S5 /M6 5 0 0 2 1) A RS A i NP P2 2 1 — i)
i Beskales 45 A\ P31 3 SRBE A0 175 Wk J7 vk, SLIE A AR KCH 1 52 8 4 b I 0 BE A R k4T
Ve L Ah, T FD LU AAFAE IR b AN 1) e, — 6 L S R 4 rp R A S 4 X ¥ FD 29 3. 4, Bohannon
205 NP bR B T VR G 1 5 TN T 4 AR, IR FH 4% 1 B %5016 8 (condlitional functional dependency,
fR Pk CFD)2S %Mt g 2 o kAT BOHm 5 UL SR T, v T 3% 7 v BT 7 252 00 440 SRR ) e g S5 B9 98 K, T L 70 R ) 51
FE I IR)FERY AN S B AR AE 2 A R B0 S N A e 1S 56R 1% 07 VR TV ARl iy M bk J AR DG B AR 1 42 it
PRI Bl S F

—FBE U AR IR R A B b RO (K 2 A LR R, T FD,CFD &5 4504 240 o ) 35 B2 305 A0 77 s 14 A
SRR I AIE T IR A AR A8 52 7 VA0 IR 17 P 50 8 o 3 L= A 5 07 O3 e A8 2 45 L 31 0k Fan 25 A7
H T VC ALK 3% (matching dependency, iR MD), K L3 F A 1) AH A5 5 R 8E — 25 il 5 S AR 26 28, B AT DLZE 24 SR
TP 2 320 5 ) N AH AL [ & 0F— 25 4, Song 25 A 2814 L T 25 S (i (differential dependency, fRiFk DD), 7521 AR
U Py A A 320 850 5 | N AR E JSE 855, AT 4 98 320 PO AR 25 5 2R B89 180 5 b ARG R Utk 4 Lopatenko 25 APSIEH T 3%
45 52 29 (denial constraint, {7 Fx DC) B, B 175t 35T DC (¥ &5 i e A& & 5 8047 T HF5E.Chu %5 A th 4
H T 5T DC 4 /& & 52 Holistic.

SR, A JR 18 52 Holistic 4 A — Bl SCRE 4 20 A B, AT T T8 52— e A B0, DR1 i I 2 S R o 800
V97 2 375 Wk 1T T4 16 H0H 23 BT B AR BN 28 i A R 45 B 5 Ui o 0 a0 A7 A B8, 4 SR 8 A2 U7 vk vk A 4t
FHNE [ B AR S H A SCHR T 45 58 B 140 1E 1 566 1 22 X IV 3 188 240 o 11 ey 3 08 52 7 ¥ LA S R A 2R e 1 A Je
T3 05 ARSI VR SR R T R B P8 1 B T e i) S AT BE AR T S 4 A A L T ROR AN TR B
FEAR TR L G 512 56 T 7R 5 48 A R A B, A SO A 1 2 DX [R) 39 240 SR 1 i DK T g I TR) R A B A A B i
2 BL A IR A1 48 (sequential dependency) 77 V2 AN i K A ¢ 128 140 82 B ). Sequential 7772 2 B G J3 51 PR AN ik 4
HOH 50 25 ST 2 RO A 2 D) R I T T B A ) I, Sequential T 45 H R4 I AS RS fifl . T 6L T 4 R T
SCREEN  J7 yEAN % 16 B — X[ (¥ 380 5 24 0, 22430 135 20 b Je 22 A IX TRV 248 52 07 v ol 1R 0 A8 534S A s ik
JEE T JCV28 BB AR 5 52 45



B F L RAZRAHRTONFHIEFRT & 709

RS THRE AR 22 DX I PR 3RS 2 R B8 T TR LA 24 R DX DA 3 B A RS A S 4 R a0 5 1.1 L TR
LA AR AR T AT DG I AR 7 0 P B AT A, 18 B 2 B AR AR 35 1 T, A8 v A AR AT B AR 1, 1] A
T [10, 70775 A4~ X 0] Ay B IXC 1) 38 5 249 oR TG 92 28 7 T MRS 10 P 240 oR0 4 b T HL A 2 45 R = A i KR 22, T %
DX T3 J85 240 5 7 9265 2 o 0 3R AT ME A 10 24 B, AT AT DA )32 A B Y L G Pl 22 BT AR SCAil FH 22 P o)
J7 0TI FE R A2 100 AN AT B 0] UK I Sequential 7155 SCREEN 77754 55 — € [MARLME:, T
fF Sequential 75 ¥EAN G 3% SE P ki 2 1) ) B304 FE 28 1EAT 240 3R, SCREEN . 77 ¥4 5% A 2 (7] (1) 3 B8 (B 2% e a1
S LIS RV 2 8 (1156 3R ), 9T LA SCREEN J5 i HH % T 4 Kt . 48 17, HH F- SCREEN g 2 3L 5 5 oL/ 33 P 440 3R IX ],
— 4 TR RN S UGV AR I X A3 2 X R s N [-1, 7010, T 15:12 W — AN R S A, S 8UE
2 22 AN IE R B0 AG T 24 X IA) E  [-1, 100, X4 (R 15:09 B0 I IR mAT A, 10K 5 2 K8 43 I E R 4
SR AT I BB ST R B 250K XA R [10,701, LT B A 1R s 0 o Ak ok B A8 53 DT O B340 = A B R (R A
PRZE AT H AR ST 3 ) 22 DX ) B 24 ARG 52 9 AT LA A2 22 B 1 24 R 45 R B O RS i B ST 45 L ik
b, 45 B T IR 25 O 4 SE 6 48 W AT A0, A SC U7 VAT DAAE S AIC T Holistic 77 v i I IR) RS T 7= A= SEAR 1 52 45 3.

T T
110 [ —*— H#HizfE —tF— Sequential b
| —%— BXE —— SCREEN[-1,1] i
100 ' —— ZRE®ELFR —v— SCREEN[-1.70]
90 Holistic @ g
o 80
#H 70
60
50
40 g ,
30 | |
15:03 15:09 15:12 15:16 15:20 15:23
gl

Fig.22 Repairing for constraint-based methods
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