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Control chart using big data collected from sensors can detect small shift very effectively. However, applying
the Shewart chart directly to these data leads to many false alarms, since the process big data is auto-correlated.
This paper presents a method to construct batch means control charts that can be easily applied to process big
data with autocorrelation. Through a simulation study, this paper presents best control chart plans according to
the degree of autocorrelation in terms the number of observations spaced between batches and batch size. The
applicability of the results of this study was confirmed by a practice case study of acceleration data using a
‘physics toolbox’ application on a smartphone. Opinions on further big data control chart education are also

presented.
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2. 37 dlolel g} A =

21 3T 270 W E A= A%

HY & volHEFE B4 (Upper Control Limit:
UCL)3} #2848k (Lower Control Limit: LCL)= T-38}o] 374
o] ¢t el o™ BF o] UCL3} LCL Abolel 9l
o] FAAAY Ao Wl A7|IH Thsd g o] & Al
UCL 94} LCL ofgfoll "ol A3 A sto] A2 del & Holwt

© WS WA ste 7otk SAAA Y A E AT
X #YEE HolHI ME S F o) Bato] 2 AFEE
£ 2t 73k AAska, ucLe LCLe 247 X 54
o Bitol M 305 Hetar Wl ghojt}, ojwf 34 B ol W3}
7t ol EFska x gho] #EdAME Hold &9

A1E LFAAAAE)E= 000270t X HYE A5 S H
7Vahe 73157‘3 34 ol od g AT W A dAA

ANARA Y B Bagel He | Ao
(Average Run Length: ARL)’$1 8], ARLS A& 942 A
Argtt 34 Hatol W3k glo] p,E FAE W ARLY ARL,
£ 1/0.0027 = 37001 T, BFO] 1y = iy +ho 2 O E 3T, A
g (power)& 4] (1) o] &3] T3t}

—~P(LCL < X< UCL | w=py)
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2 (oM n& REF F7)0|1, 7= EFATEEE
2 FAZI
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o] A et} k=1°0]H 1000 wet (FA4E, ARL)S
247} (0223, 4.5), (1.000, 1)01L, k=0.5019 (A4 ¥, ARL)S n
=5,1009 ® 247} (0.03, 33.3), (0.98, 1)& Z}o] 7} o} AT} o
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o wj= PY7A o2 33MA 7R 7tk oF sHA 5, 1000]
g vk O Bl ol A o] & A S o Sl

2234 Yelelel RS EAR

AAX 5 A58 FHAAE o] &8t A& 0w &
o] FA/MT SAUoEE AR FHH|A &1 1}7] S
(autocorrelation) < ZH=THHahn, 1989). A7]4-&#-S 713 d o]

Bl #HE A 55 A &5t 2dxE FEQ 27 H(false
alarm)E A5 ¥ 4 9l th(Montgomery, 2019).
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A% AR, AeIAA S Hlold Hol glo] A H A
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Figure 1. X Control Chart with Independent Observations
<Figure 2>} <Figure 3> 77+ 247138 A 5271 0.9, 0.25¢
HolEE o] g3te] 4T x #Helxolth A7) 4AA ST}
099 w= 27317} ok AstA dofupar, A7t 0254 v
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Figure 2. X Control Chart with Observations of Autocorrelation
Coefficient 0.9

T L n : ucL-81.26
" \ \ N
LRI | ! wle | M| ] hd
’r““ LI '\.J‘!"‘w"\- il 'T‘,“‘.ﬂTT o |”.:.N‘, N M il 1
s e “‘” HP\-“ “‘Thi‘m“l“ u‘l\u} ‘4‘#‘.‘; Tyl { ﬁ‘ \“i” Vats ‘ il ip | X-s004

LCL=7883

7
1 2 41 61 81 101 12 141 161 181

Figure 3. X Control Chart with Observations of Autocorrelation
Coefficient 0.25
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NNAABAZS ZHEth(Hahn, 1989). 5, ¢ AHY HolHE
(t—1) AR FFe TobA (t—1) ARNA 2 Fhol #
SHU ¢ AFAME &L Fhol, (t—1) ANHAA & Fho] &
ZEHE t AFAAE 2 ol YEbdth duba o g o] [ Al
grol o A ol FFE T A AR AES
B ete A7174 A 4 (autocorrelation coefficient) ¢= Thar
4 @)= 4ogu,
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FBAF7E0.1 o3t E "ol A= A A (b)2] 271 600] T
o}#fl <Table 1> ¢ =0.9, b= 60, w = 0¥ ©,40,0007] 2] ]
Bl & AAste AlEE oS S Aldste] 78 ARL A3to}
THE #YEY o] EH ARL ¢h& vl Foloh WA H
B2 & s AT g Hetola, F39 Qe 7/4\5_’_
FEF 2 A (standard error: s.e.)°lT kT A B WsE
AR, FFUNH0) 2 HlTE Bol o] FH=A ‘/}E}
W& kol

Table 1. Average Run Length of Batch Means Control Chart
Compared to Shewart Chart

ARL
¢ batch means chart (s.e.) Shewart chart
0 374.49 (2.62) 370.44
0.5 152.49 (1.86) 155.22
1 43.11 (0.29) 43.89
2 6.21 (0.13) 6.30
3 1.98 (0.02) 2.00
4 1.18 (0.01) 1.19

9] <Table 1>914 7129 Y E #e| =9} v A F o B &
o] ARL kol A9 Z2A YetuA A7143e] Qe diolHE

o] &3 M X i A =9 BA FHo| A7) o] §le ¢
E #zgnssite A ¢ 49t

4. x| H& o] &3 e = At
4.1 A7y
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e e ALGIX

=

& w712 WA 271(b)E 2HH
A A (w)ol A 71E AABA BT B AT E b
<& HEEY o}ﬂ wo HE AT FEO2 A3}
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2t HA Y (w, b) T AABILA dt. 229 (w, b) A
of me} Al &g o)A S 50084 Al 5kt

AEG A F4L T3 2. Bld o5 9 A7 4dA 4
($)= 05 o)A Z Ve A0E B B =RME ¢=
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A w03} 10| A A Zske] 20 o] 817HA] 2 HA 0=
A 0] 5,10, 15,2002 A8FA Tk w7k 208 Eof7bd
o5& BAsE Y| FA s AEH LS F3
St YA 208 T F 3HA & sk ¥k
W X5 72 2743 A 471 0.1 ol8k7} H &= bE 317

< Tl 3ol M (Python)& ©] &3] ARLE A
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wn
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=
MR ot o
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-
=1
o, 2L

b 3& 194 A&t 48 Haj7he B o2 1t 2438
At
4.2 53 27}
7 Hito] o] F3tA %S wl ARL #<l ARL 9gE
m:_zl 370 o] ol A o]l FH s, 3 HFol 345}7}

Ne W ARLE 7V AA UYL= (w, b) 74]2 < g4
<Table 2>9} <Table 3> 271 /¢ 3HA (4)7F 242} 0.95, 0,90
W, w=0,1,5,10, 15, 200 thatd ARL ] 370 o] o] HA
37090 7V4 7V, ARL,S AAgE HAE b 33 WA H
0 2713 /AT (4,)E B el ste] UERA Zolth

Table 2. Average Run Length of Batch Means Control Charts
with ¢ = 0.95 for Different w and b

k

w | b o)
0 0.5 1 1.5 2 3
1177 0.058 | 370 154 | 432 | 147 | 6.19 | 1.97
51189 | 0.088 | 373 155 | 435 | 148 | 6.23 | 1.98
10 | 145] 0.060 | 375 155 | 435 | 148 | 6.23 | 1.98
10 | 153 ] 0.082 | 372 154 | 433 | 147 | 6.20 | 1.98
10 [ 157 0.060 | 375 155 | 436 | 148 | 6.24 | 1.98
20 | 125 0.094 | 371 154 | 434 | 148 | 6.22 | 1.98

Table 3. Average Run Length of Batch Means Control Charts
with ¢ = 0.9 for Different w and b

w | b o i
0 0.5 1 1.5 2 3
0] 81 | 0.050 | 375 156 | 439 | 149 | 6.27 | 1.99
0] 85 | 0.052 | 374 156 | 438 | 149 | 6.27 | 1.99
1|77 | 0.035 | 373 155 | 436 | 148 | 6.25 | 1.98
1|81 | 0.033 | 379 158 | 443 | 15.0 | 6.31 | 2.00
10 | 49 | 0.015 | 371 155 | 43.7 | 149 | 6.27 | 1.99
20 | 33 | 0.016 | 372 155 | 438 | 149 | 6.27 | 1.99

<Table 2> 4 (1, 177), (10, 153), (20, 125)¢] BA] A%o] 3}
|7} A9 QAL ARL, Fkol 713 %( 177) A8 S H4
Ad oz MAst} <Table 3> A= (1, 77), (10, 49), (20, 33)
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ARl ARL, ZRAHE 712 Fol7} YAT, ARL, Z

A (10,49) Ao 22 T v,

Table 4. Best (w, b) Plans with Respect to ¢

ARL,
6 | w | b | ¢ k ARL,
0.5 1 1.5 | 2 3
0.95| 1 [177 | 0.058| 154 | 43.2|14.7 |6.19 | 1.97 | 370
0.90 | 10 | 49 | 0.015| 155 | 43.7|14.9 | 6.27 | 1.99 | 371
0.80| 20 9 1-0.059| 157 | 44.1 | 15.0 | 6.30 | 2.00 | 376
0.70| 20 5(-0.002| 163 [ 455|154 |6.43 |2.02 | 392
0.60 1 910.054| 157 | 442 |15.0|6.32|2.00 | 375
050 0 9 10.085| 166 | 463 | 15.6 | 6.52 | 2.04 | 400

213

0% Pz}ﬂ”ﬂr AlS(¢) Bl o ARL,= 37090 717t
I ARL, e 2Us A A} <Table 4>}
Fige %Xé 3 °lE1 ke A7) Rl e A, we A H
LheE A LTS EAL 71%go] 18 7%
A ReweEwe] A4S e Ao FL AT HYL &
Al HA 2k I A9, ARL, 0| 3ol = ulj 2] 9} ujj 4]
Abololl A WA Bt T o] 4d-S 2HE 4 Tk Aol ¢
7F0.8Y o, & w2 143 27] 2§ (w, b) = (20, 9)
ojt} 207) dlolEl & AUH L, 9N E FH2 wjA 9 HHS o]
L3t} o] d A g A A" 207 HolHAM F43 w3l
(abrupt change)7t 7198 o] A& FAS + glohe 24 A &
A7F A ol g & % 371 9lste] v X% 1 9] 2

7VERAT () 0.1 °l3

7‘]71_}—1WL0

= 1,4 il

RLyE 370 o]4o] H#A], ]
7] b 1090l B A, 279

b = o
Table 5. Recommended (w, b) Plans with Respect to ¢ (w, b) A& 7}2 W A ]Q = 73t <Table 5>
AAFHE ¢ =0.69 45+ (0, & 29 HiAE
o | wv [ o] wb [ o] b I 5o
A7)V BASG ¢, 7F 0.1 5T A ‘%9} A0, 15) A8
(0, 200) (0, 90) (0, 40)
0.95 0.90 080 ——————  Algg,
d, 180) (1, %0) d, 30) 229 (w,0) A BA 9L AR AYH D AL
070 020 1 O Lo L @I crgple 6o AASIATE Fol A pol sl AR A F,
(1, 20) a 1v9) d, 10) b7} 2 W w7k 091 Aol 191 Aol vlsf &2 Azo] £L
Table 6. Comparison between Best and Recommended (w, b) Plans with Respect to ¢
Best ARLy
¢ vs. (w, b) k ARL, &,
Recommended 05 1 15 2 3
Best (1, 177) 154 43.2 14.7 6.19 1.97 370 0.058
0.95 (0, 200) 163 45.6 154 6.43 2.02 395 0.036
Recommended
(1, 180) 158 443 15.1 6.32 2.00 379 0.037
Best (10, 49) 155 437 14.9 6.27 1.99 371 0.015
0.90 0, 90) 167 46.6 15.7 6.54 2.03 404 0.072
Recommended
(1, 90) 175 48.4 16.2 6.70 2.06 426 0.095
Best (20, 9) 157 44.1 15.0 6.30 2.00 376 -0.059
0.80 0, 40) 168 46.9 15.8 6.57 2.04 407 0.081
Recommended
(1, 30) 165 43.0 15.6 6.51 2.03 398 0.067
Best (20, 5) 163 45.5 154 6.43 2.02 392 -0.002
0.70 0, 20) 167 46.8 15.8 6.56 2.04 405 0.078
Recommended
(1, 20) 186 51.1 16.9 6.94 2.10 456 0.058
Best (1, 9 157 442 15.0 6.32 2.00 375 0.054
0.60 0, 15) 184 50.7 16.8 6.91 2.09 452 0.090
Recommended
(1, 10) 172 40.6 16.1 6.66 2.05 417 0.082
Best 0, 9 166 46.3 15.6 6.52 2.04 400 0.085
0.50 0, 10) 181 50.0 16.6 6.85 2.09 443 0.035
Recommended
(1, 10) 214 57.5 18.7 7.51 2.19 537 0.073
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<Table 6> HH, 4% ¢ 2 F /9 FH AY F 450
F2 AL 93t HA AYH Z Aot ke A ¥ F 9
o 7H A B % kol 7F YErE A ¢7F 0.601 3L B0
A g +0502 olERE W Yehdth FH A
ARL OV 11224 2 AZ9 15750 1593 %A 2AEHA
5ol 9.6% A% solue ZAolth AT ARL = 375904
HTE AW Qo A1F LFe T

B E <Table 5>l AAH 2709 ¥ ZF, A 50l
OJPE FL AL FL FHE FAAT T8 HHS
SHAE T 2t 1) oH] Hlo| Bl & et FAE E o] E 9
ANABAE ¢ 5 AETE 2) AND ¢ 33 M A A
o 2= (w, b) A1 8 & <Table 5>ZHE] F3o] &&=, F
2 SNE FANE AYE A5t 2.

O]

ol
p

o

T
=]
A

Al
g

5. W29 = 2G4

i
Mo

ANA AAZ AT B =Tt A Z A LHEA &

._7'&‘7(].

Jfﬂi'—ao

S, csv I FH O ARHE

ZA8t7] 918 o] &g Aol gle AE 7HE = (linear
accelerometer) S A3 T}

gt Fel A Al 25kmE FsHAA 1x2ujth A H
HEES 60 &1 TRt T 3,60071 9 HolHE
<Table 7> 3 & ol € 3,6007] 5 10070 % 523}
A Folth, 744 = T E misec’o] o,

FHE dolHE x— g FYERGFET HE A ¢
<] <Figure 4>} 2t}

UCL=0515
X=0.020

LCL=-0.476

=k
?_]_3]'7] ‘?48]1 -)—\-UI'E-% o\E o Sl= AlMZE X]'%‘i]'gl £59 4 1 m W e 21 31 a1 a1 sl 631 701
olHE SAst A e /i £ A A7) 2 Figure 4. X Control Chart of the Acceleration Data from Practice
TR EEge A2 AA - BEY R =& Bo Case Study
oo RAME 7|t v E deRIMEY EF 5 o] &
Aol 45 LAY T AT A ESHEFA T EL gojgo) A7) gpAR(6)E ALY 0.650]Th ol FA A
HA e ol TUA RALA AT FEENL Slgmo) e dojes olgd ¥ nAsE ha e
o} &3k o) HI EAEL % =2 gk n)xA Y .
© oy AL 8 A oot ol A AT Tl 0 28 ] 05
' 1718 7W7kE 072 W A A o Wi A B #2 = AL (w, b)
ABE Aol dastal Felshs Aol ARSI & AT _ o) 5610 29 A-L (v, b)= (0, 20), (1, 20)0] T ] A8
= EHELs SAHL WART FASA SANA BN g 49 2E9e dehiE A4 E B gL B4 9
S8 e 8 A Sud 2R FEAE RGOV w ngaae s A48 o189 slolnh, 2ok Eol
o HEEE SAR] A artEEA SI8Y TS g g0 a8 Bl wdoEE 98 ¢ gom, ¢
‘physics toolbox’ & &t} o] J=TA L T4 A, A 27 BE HolHEZ o]fsd A/ ARALE o,
Table 7. One Hundred Acceleration Data for Practice Case Study
-0.381 0.283 0.395 0.398 -0.025 -0.461 -0.655 -0.799 -0.583 -0.318
-0.318 -0.140 0.161 0.403 0.001 -0.518 -0.989 -1.104 -0.515 -0.255
-0.064 0.245 -0.045 -0.290 -0.435 -0.619 -0.520 -0.087 0.284 -0.068
-0.104 -0.175 -0.447 -0.360 -0.579 -0.569 -0.020 0.643 0.212 -0.205
-0.331 -0.536 -0.180 -0.002 0.159 0.388 0.146 -0.155 -0.045 -0.045
-0.124 0.002 0.443 0.139 0.066 0.317 -0.097 -0.203 0.228 -0.188
0.053 0.745 0.426 -0.178 0.093 -0.139 -0.135 0.433 0.313 -0.003
0.471 0.559 0.017 -0.371 -0.337 0.068 0.388 0.419 0.365 0.047
0.200 0.150 -0.217 -0.310 -0.198 0.171 0314 0.395 -0.020 -0.478
-0.180 -0.177 -0.181 0.111 0.258 0.454 0.271 -0.051 -0.550 -0.548




A =

04 UCL=0.3864

02

00

-02

LCL=-0.3396
04

Figure 5. Batch Means Control Chart of the Acceleration Data
from Practice Case Study
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