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Research on outlier detection algorithm of XmR control chart

CHEN Lifang'?, WANG Rongijie' s LIU Yunging', ZHOU Xu'
(1. College of Science, North China University of Technology, Tangshan 063000,China ;
2. Hebei Key Laboratory of Data Science and Application, Tangshan 063000, China)

Abstract: A novel outlier detection algorithm was proposed based on the XmR control chart to address the
complicated calculation and its time-consuming method in detecting isolated forest anomalies. By
calculating the single-valued mean, its moving range and average of the sample attributes, we can draw the
control limits and centerlines of the X and mR charts, and the single-valued attributes of the samples in the
chart. According to the points in the X chart that exceeds the limits Sample number, add 1 to the sample
number corresponding to the point that exceeds the limit in the mR graph, we take the union and delete it
from the data, and then replace them after the deletion of the anomaly point with the CART. We use the
random forest and support vector machine algorithm for experimental validations. The results show that
this method has a faster speed and better precisions compared with the isolation forest method, which
provides a new research idea for outlier detection.

Key words: XmR control chart; outlier detection; control limit; centerline

0 35|35

IR A 2% AT A ol b AR R AR g
SO A 2 2 4 R T i OB A O (LA R
e — NP S PR AR A RO B AR AR A AR
RO W BE AT S — B R R R B S e pr
S i AR X S AR S A AR I R Ak B A H I
A £ 0 S — A A T 5 R

AN 3L R EAI 5T R 42 0 R LS R RO S AF 5
XG0 S S . S R R T s B b R
T 23 R X G AN — 2, WY I Al s 0l 4R v % A &R

Wi B . 2020-04-29; fEE B HI: 2020-08-06
EE£TB. Wit H AR # I 4 (F2014209086) Bt Bl

Y LA 6 R T R 1) — B 34T Dy |y M di o 42
COISL 7R R A T
BTV SR R AR AR A S R S
RUIPES R DR RN 4 €1 TE S Sk ok (i T o B R
SO B3 i 5t 23 A Ak B, A A [R] B4 BIF 5 4000 S
R AT AN [ i 4 (0 S RSV R I o
SRR e il i U A VR S i R 1 O RS
AU AN BB 5 1 2 AR AR I L i i
S W ARG B 0 T LA R Y

FIRIT & T 5 1 G R 0 9 35005 L /] LA AN 7 T
AT 3T — BT Y A L A0 4 2 T ST AR R Y

EER N PR D5 . L, 1973 4R b/ 3082. W55 il ALAR 2 ) VR RETHE (B 248, E— mail: hblg_clf@163. com

BWRAEE . R, 5 W+ /PFH. E-mail : sxzhouxu@126. com



% 84

XmR 32 4] B 8 5 F &40 w5 kAT 5 1111

SEH RN A T IR AR T B Y SR AR A
HET TSR R AR ES TR
FA) S B RGN B 9 L 3 T A L ST Y SR ARG T R
PRV ORBUR SR B AR L Ay ok T W B R W
B S RN e R AT RESNN
R 1 B S e o i 3 £ R R E = (BT
RSN BB E AR B TR R 45 10 k3 T S R I
AL T DA R T O R T k. S T AR AL
T oF S W HERR R 4 3 T B Y S R A AT T
W5 . A7 e g 25017 3 3k P it ML 8 S 1T ol 8 5 90 4
SR HRST 7R MR B 75 2 Uk Ak 48 B2 20 3o B4l 4 F
1500 A0 L B8 5 T A2 2% A R 2 A B0 b R R R
T f v A M A RS e . 2 A ATl A B A8 T
KR BE T AL A, 2 M R T i B R R SR R
YL RPE T R TR A3 A AN X 5 T B0 AR T o R
SRR A 0] JB . Hussin 2585200 32 H ) 4% 7% ok B0
TG A bR B G 22 A5 Y 11 S 2 [ 33 22 04 8 7 v, i
FH T AT M55 T 1k A 0 52 i) g R T 6 {1 ) R 28 45 R
TR AT A S L. 8] 7 AR 20 T B 8 2R AR
HEAT S0 ORI, 1 e BE AL BE £ TR AR L R A R
ML B 4k B R AT R0 43« S5 J W A b LA AR 1 P 3
5 B T X L A REAS ) S R R R L %O IR R IR YD
B 2 1) 0 2 B ML e B — A~ 2 B L e S R
K 4 B AE B A Bl L = B0k By JE R 8
AT LT BUE TR T SRV RR AR 53 Ah . A R B AR
L BN A 38 5 B BT R RE 9 O 2 R
TR 823, A - V1~ S ey (5 o A B e e < X
P T AR 2 5 R AR D B R T B K n) R
FF Y RDU-SMOTE-RF 5% 8048 0 5 7
Rt = e & DR R R

KT S B SR G B 5T AR A — i R
HREABENFEANL . TR F T S
S N SR o G RS Bl SR 7 AV AES A - i O =
TR AR IR A 1R R A S K P R S T R
BRI R L R A BS R e AR Y E RE AE
L o 2R 28 Bk 7 AR 0 R T T A X AR A R AR
{4 JO 2 52 ) A R R R 3k T BE B Y SR R I A
e B b 3T AR B VA X 2 B0 ik IR fgURR, B g
IR A AL I TR R SR SR I B
0 JRy R A DR B3 G 2 ) B AR B A UK.

ARTCHE Y XmR 2 ] 00 5 sk I 53, i
AR B S B0 e UL T AR B HL AR I AR HE At
SR, VRA T A S R SR I B R R L T A
A A A B e SR S

1 IBieHER

1.1 XmR =& E

43t i 72 ¥ il (statistical process control,
SPC) AT SCRIER S22 53, Bk L SPC 2 fis #5211 I,
— PR A 7 A AR A O B BT A AR PR (B AT 0 E L i
S PEAT I WD o R R A A T R S B EDE O
. R R RIS R R e P OBl R ORI
e il #B 9k FR A SPC 2 1 [&l. SPC 45 il K ] 43 R

Wi — R T % S R R 4 o I —— Bl
Pl L B 45 X8 E-H 25 B o P L 34 (A o 25 8
P H A - P 22 4 o P A B PR B W 22 s o 1
TR T R R A s P O 4 o A
ALFE R G i BE B S B A i S L B
P ) PR BT Bl o g i R

SPC ¥l B R Z /6. 76 i &2 W7y i, ]
DLRE e B A AR . B AR A AL T 4 R
55 A5 B AR 7 1 7T AR A A sk o AR i LR
He ] I A o AR AR A Y R R A TR Rk
7 AT DUR DR o R R S A 3 T ekt

XmR $%#l E & SPC $ il B o iy — A, SRR B
- 25 K. iZ I = 4 F 47 TR &
AL R (CL) L 5 i E R (UCL) A K 5 il R FR
(LCL) 48 I BR AN il F BR 7R nl DL A2 19 A8 5
JE . XmR #H EaHE X EA mR K. X B HEEA
& Jm PR AT B oD 2k GOED L B BR L F
TIR4A; mR 2l {5 s % (EH mR, P02k
(mR B IIMED il b B A T BR 2 A%

IR XmR 46 G H Y 2 R i & B A P
PRAY S5 PR S50 A0 RO 2 — 2 B T A
R, R B B W G o 0 T 2 A — 2R
A B L 7 R RS T O s B A A
A 0,27 Y0 5 5 28 R B0 B e S ) B RR P, 8 HE
IR TEAR A BB . B £ 561 1 A A 43 6 S V& 7 UCL
5 LCL ZAbs A S48 UCL F LCL Z [a] # HE 51
ANBEIL L T 2 B

YT I PR B SR SR S e g ] )
AR, =Z Ak, T DA % 4 i) Pl JEL AR 1 AT 00 4 TR, A
T S A, X B AT e AR TR
Bl o JS AT, e R BT JE AR MERE 1Y B 1.
1.2 CART R % &t

CART PR # & i Breiman $2 H g9 — Fh g 3%
b g g A L A% 0 AR o o A R A ) IR S
M JECIR B 5 4% B — A B p B v E AT — 4 Al
bR & L A R A . W R T 20 A sh
H Mk, M H Al P S B CART e 5 W 4 5 ok 32
b, CART B3k, B 4328 ] )3 b B0 3k J2: e SR A A
R —FP B L CART R A K FR Il 1 pr
7~ CART By A8 g o F2 R F 40 08 308 20 1 7 L 4
0 LB e 1 = SN S B o TR I = N SR (S
A BT I A 2 S B A B SR SR
Iy BYEAR Z T WA BUE . 78 4 2k 2 %) 8 v A
AT A PR RAE M A4 & 2> 2. 7E CART
TR TR A AR AT A AR I R R AR A
SERSETF AR B E L Y R B S a2
HANRER I 20 40 7 e & 45 SR A 70 5, A ME— i 26
B CITUS(ED AT S5 L A 55 5 2 7 i 1 A A 4y
HRVAT LE T AR AR AT B A, 432 (] 0 A S A
B TR R AL A T vk L R B R RE T LU T 3K
A LU R, 43 20 35 5 T AR R s B Y
R R e s I Al B S Lo o [ N OR [ RUUR - )
1 5 R T W, 5 T R A L AR R



1112 TEAFHRRXFEFIR

% 50 %

B AR 2 2 B HE I

[ AERERE P o o B |

YRR K T
B O RERERTE

Fig. 1 Decision tree growth process
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Tab.1 Random samples in new-thyroidl

A a a: as a, as 25
X, 105 7.3 1.5 1.5 —0.1 2
X 67 23.3 7.4 1.§ —0.6 1
X, 111 8.4 1.5 0.8 1.2 2
X, 89 14.3 4.1 0.5 0.2 1
X 105 9.5 1.8 1.6 3.6 2
X 110 20.3 3.7 0.6 0.2 1
X 84 21.5 2.7 1.1 —0.6 1
Xs 113 11.1 1.7 0.8 2.3 2
X 97 7.8 1.3 1.2 0.9 2
X1 106 13.4 3 1.1 0 1
Xn 104 6.3 2 1.2 4 2
X2 112 5.9 1.7 2 1.3 2
X3 120 1.9 0.7 18.5 24 2
X 118 3.6 1.5 11.6  48.8 2
X5 106 9.4 1.7 0.9 3.1 2
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Tab.2 mR value of sample attribute

A o fH a WmRE . « WmRE a; B

a; M mRME a, A a WoRME o B a WmRE 285

X, 105 7.3 1.5 1.5 —0.1 2
X 67 38 23.3 16 7.4 5.9 1.8 0.3 —0.6 0.5 1
X 111 44 8.4 14.9 1.5 5.9 0.8 1.2 1.8 2
X, 89 22 14. 3 5.9 4.1 2.6 0.5 0.3 0 1 1
X 105 16 9.5 4.8 1.8 2.3 1.6 1 3.4 2
X5 110 5 20. 3 10. 8 3.7 1.9 0.6 1 0 3.4 1
X 84 26 21.5 1.2 2.7 1 1.1 0.5 —0.6 0.8 1
X5 113 29 11.1 10. 4 1.7 1 0.8 0.3 2.3 2.9 2
X, 97 16 7.8 3.3 1.3 0.4 1.2 0.4 0.9 1.4 2
X 106 9 13.4 5.6 3 1.7 1.1 0.1 0.9 1
X 104 2 6.3 7.1 2 1 1.2 0.1 4 2
X2 112 8 5.9 0.4 1.7 0.3 2 0.8 1.3 2.7 2
X 120 8 1.9 4 0.7 1 18.5 16.5 24 22.7 2
X 118 2 3.6 1.7 1.5 0.8 11. 6 6.9 48. 8 24.8 2
X5 106 12 9.4 5.8 1.7 0.2 0.9 10.7 3.1 45.7 2
®3 mREHRHIEXE §|=yme
Tab.3 Related values in the mR graph j'ﬁ‘{:":mm
a as as a, as ) 3
g 16.93  6.56  1.86  2.86  8.29 0 ; o
EEHIR 55.36 21.45  6.08  9.35  27.11 2 0 a—
12345678 9101112131415 12345678 91011121314
‘F?L’:fﬁu |§§ 0 0 0 0 0 (a) X4 (b) mRFE
£4 X BHNEXE B Rifc 0IXESmRE
Tab.4 Correlation values in X graph Fig.5 X graph and mR graph of attribute a;
ag as as ay as 7%‘;‘/&.((\
Hubgk 103.13 10,93 2,42 3,01 5.89 ® i
EAEHIRR 148.16  28.38  7.37  10.62  27.94 1: 75
TR 58.10 —6.52 —2.53 —4.6 —16.16 o = — i S
®5 BER S iiscisonnnRbEs 0'0;2‘345;7.77;791011121314
Tab.5 Outlier (@ XK (b) mRI4
FEA a a, as; a, as 25 B6 Bita, WXE5mRE
2 67 23.3 7.4 1.8 —0.6 1 Fig. 6 X graph and mR graph of attribute a,
13 120 1.9 0.7 18.5 24 2 ;Z - mlm A o 7:\;11%
14 18 3.6 1.5 11.6 48.8 2 0 o
15 106 12 9.4 58 1.7 2 . 2
o ) o P EaN 123456789100112131415 123 4 5‘(', 7 773":)/ 011121314
100 H A e A e 30 (a) X (b) mRIE
%0 12(': """"""""" B7 Bfa HWXES mRE
60 o - / Fig.7 X graph and mR graph of attribute a5
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Tab. 6 Basic data set information

sl o e domm mx s SF
glassO 214 9 2 70 144 2.06
haberman 306 3 2 81 225 2.78
vehicle2 846 18 2 218 628 2. 88
vowel0 988 13 2 90 898 9.98
yeastl 1484 8 2 429 1055 2.46
yeast3 1484 8 2 163 1321 8. 10
magic04 19020 10 2 6688 12332 1.84
3.2 TMiRAE

B ) S8 SR ) @8 T A S R R, AL
{#i | G-means {H. , F-measure {H L} AUC {H 7 &

2 X Precision X Recall

Frmeasure = Precision + Recall S
P AE B 2R Precision AT A& Recall 824200
Precision = — - (10)
recision = TP - P
TP
RCCEIH = m ( 11)

ROC ] LV F IR 40 2288 B 473K, i 2% i
2 VE A8 bE - B IF 2 (TPR) M IE % (FPR). 7
ROC hZ kAL b5 & FPR, 9\ AL bR & TPR.
TP FP
~ TP+ FN FP+ TN
Ao, TP Rn DB IE 0 o0 580 FP Ron 2 802k
BRI BB TN KR Z2 8K I 43 580 FN KR
RO EER AR
3.3 &R

T UL AR SCRE PR R L SR 3 Bl oy 2 AR .
CART BSR4 | Bl AL 2R AR LA B SZ F5 &= AL, 30 5 09
BRRMOT IR IEAT T H A, JLRR 4 28 2% 76 R R B4 4

TPR s, FPR= (12)

CRFNIEUN S

G-mean =+/TPR X TNR

€))

XSRS R IR 7~10 iR,
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Tab.7 Time comparison analysis table
Sy e CART B L AR AR A T BEHL
REWTE S xmR mE AR X XmR Mgtk K XmR  Wigs#sk &
glassO 2.76 21.35 0. 40 100. 71 104.73 73.92 3.72 22.54 0.98
haberman 0.83 23.69 0.48 92. 84 106. 77 88.72 3.90 22.83 1.37
vehicle2 8. 60 22.97 0.59 116. 61 136. 48 110. 03 12. 80 33.21 4.05
vowel0 4.47 28.91 0. 66 121. 64 141. 67 116. 55 4.71 28.98 1.09
yeastl 9.72 23.01 0.62 146. 30 2248.78 192. 05 9.88 17. 23 0. 80
Yeast3 9. 64 17.22 0.51 117. 85 125.62 105. 15 9.65 17.18 0.58
magic04 339.14 22.19 2.06 759. 44 399.91 381. 20 346.62 28. 85 2290. 59
% 8 G-means ¥{E-IREE K
Tab.8 G-means mean-standard deviation table
A L = CART Bl HL 2R AR SCHF I &= L
R xmR WEHK X XmR  WEEAK K XmR  WESK %
glassO 0.78%0.07 0.764-0.07 0.77-£0.08 0.854-0.06 0.84+0.06 0.844-0.07 0.40+0.27 0.4140.28 0.33+0.29
haberman 0.5340.07 0.52740.10 0.512£0.09 0.484+0.09 0.4740.09 0.4740.11 0.11£0.16 0.1140.16 0.14=40.15
vehicle2 0.944-0.02 0.94740.02 0.94+0.02 0.9840.02 0.9740.01 0.987+0.01 0.90+0.10 0.8740.15 0.89740.13
vowelO 0.9640.04 0.9540.04 0.95+0.04 0.9740.03 0.9740.03 0.96+0.03 0.91+0.05 0.9040.04 0.90=+0.05
yeastl 0.63740.03 0.6240.03 0.63F0.04 0.6640.04 0.6540.04 0.6540.04 0.52740.03 0.5140.04 0.51740.04
yeast3 0.81£0.05 0.804-0.05 0.81£0.06 0.834-0.05 0.82+0.05 0.8340.05 0.75+0.05 0.7440.05 0.74+0.05
magic04 0.80+0 0.790 0.79+0.01 0.85+0 0.85+0 0.85+£0 0.514£0.18 0.4740.18 0.46+0.19
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Tab.9 F-measure mean-standard deviation table
A - CART it AL 7% A R 1) L

RN T ¥ XmR P& E FRAR ¥ XmR  FEE R ¥ XmR  FEE R x
glassO 0.70£0.09 0.76=40.09 0.7740.10 0.79740.07 0.80=40.08 0.79740.08 0.36=40.28 0.3540.27 0.307%0.28
haberman 0.3640.08 0.3540.10 0.34%+0.02 0.324+0.10 0.3140.10 0.3240.11 0.16+0.17 0.1540.17 0.15+0.15
vehicle2 0.91£0.03 0.9240.03 0.91£0.03 0.9840.02 0.9740.01 0.9740.02 0.85%0.11 0.83%0.17 0.85%0.15
vowel0 0.9240.06 0.9140.06 0.90+0.05 0.96+0.03 0.9740.03 0.96+0.04 0.85+0.06 0.8540.06 0.84=40.07
yeastl 0.5040.04 0.5040.04 0.5140.04 0.5640.05 0.5540.05 0.5540.05 0.4040.04 0.39740.05 0.39740.04
yeast3 0.67+0.06 0.67£0.06 0.6740.07 0.7540.06 0.74=40.07 0.7540.06 0.68=40.06 0.6740.06 0.66=40.07
magic04 0. 8640 0. 8540 0. 8640 0.9240 0.9140 0.9140  0.6740.26 0.68=40.25 0.64+£0.30

F 10 AUC HE-HREER
Tab. 10 AUC mean-standard deviation table
SrEBRE CART B AL 2R bR S ) AL

RN 7 ¥ XmR  FEE AR J XmR  FEE AR J XmR  FEE AR x
glassO 0.7940.06 0.7740.06 0.7740.07 0.86+0.06 0.8540.06 0.85+0.06 0.61+0.09 0.6240.10 0.59=+0.10
haberman 0.5740.06 0.56740.07 0.56+0.07 0.56%0.05 0.5640.06 0.5740.06 0.51+0.03 0.5140.03 0.52740.02
vehicle2 0.9340.02 0.947£0.02 0.94740.02 0.9840.02 0.9740.01 0.9740.01 0.9140.08 0.89=£0.11 0.90=0. 09
vowel0 0.9640.04 0.9540.04 0.95+0.03 0.96+0.03 0.9740.03 0.96+0.03 0.92+0.04 0.9140.04 0.90=+0.05
yeastl 0.65+0.03 0.64%0.03 0.6540.03 0.6940.03 0.6940.03 0.6840.03 0.6240.02 0.61£0.02 0.61%0.02
yeast3 0.837£0.04 0.82740.04 0.82740.05 0.84740.04 0.83740.04 0.84740.04 0.78740.04 0.7740.04 0.7740.04
magic04 0.7940 0.8040 0.7940.01  0.86=£0 0. 8540 0.8540  0.6340.07 0.61240.07 0.61£0.07
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