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Identification Accuracy for Spatio—-temporal Surveillance
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ABSTRACT

Purpose: The purpose of this study is to compare two multivariate cumulative sum (MCUSUM) charts designed
for spatio—temporal surveillance in terms of not only temporal detection performance but also spatial detection
performance.

Method: Experiments under various configurations are designed and performed to test two CUSUM charts,
namely SMCUSUM and RMCUSUM. In addition to average run length(ARL), two measures of spatial identi—
fication accuracy are reported and compared.

Results: The RMCUSUM chart provides higher level of spatial identification accuracy while two charts show
comparable performance in terms of ARL.

Conclusion: The RMCUSUM chart has more flexibility, robustness, and spatial identification accuracy when
compared to those of the SMCUSUM chart. We recommend to use the RMCUSUM chart if control limit calibra—
tion is not an urgent task.
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al g o T AT SAH R AojH el A=A ohdAlE AASkE Hlol 2
of gt b om deee v AR ek o ARE nigo R FARS Ateta, O AtE SARol
A BYIAES ‘SOWUJ ol agehs ZRALTE FAE A w5 Al WS ¢ dvke As dele A

Gk 4L A e dHE W ZrAAE By A U= 2ol gle, deed]
<o T§7PE ARLOSH ARL1E 7]RFO. & o] Folxj gkt ARLO= Z2A|27F A4 EA A ofefol] 9l& w 2741

£ 28 W 7H4] Al B AE 7= SR E, i%‘ﬂ‘é S 7] 285w it 99 AlHE diEsh, ARLL
& ZRARF AAR FA B Al dS W ARE 2Pl v dee B XJE F= A(E, ARE £
WA A2 QFHE B &9 AIDE dlaist E}(Montgomery 2009). €ty o7 A= A 54 ARLOE B4
S AEF #AE v AAska, 1 #dAE A8E%s W o A2 ARLIS @SS o £2 ¥4
Ass 7 AoE En

AlEZE A E 913 Bl e sk ZEA|AE #5ekal HAskE AAnto] ol of 2] A9 ZRA|AE FA|
of #5ataL At As 7heatl ate HE R, Alx 3N Y o|wA] A& o] &5k B B, At 9
A8 HAg 1Y €94 5o & AFEEo] gth (He et al. 2014, Lee et al. 2014, 2015). Lawson (2007),

Sonesson and Bock(2003), Tsui et al. (2008), =1 31 Woodall (2006)% oake 93l thokal EAA Al FgE 74

PREES Avleta 12 Hm-sr 15t90ek. (171004 A TR YRS Y2} H ARsk ATEE, 5

S Fol& BxE wpEvta 7F438ka ¢t} Fricker et al. (2008) 3k 714 A Aele, T A 2R FlE
e, 2elaL g 7HA] Thsel et dEEE AdEeke] oY SAddA A 5 AT de vt gE e
Hal o FHojubrkal 71sel o1, Han et al. (2010) A FA S #e| 2ot Ag7tsol s de=, HAY A%
& o83 ¥ 9 ARL] /355 Hlalstal A et del ot Al deert A4 SAES o83 vl
wuh 3 g4 Adso] Holurkal skt o FAl, A deles TRA 2 AL wste| ke viZkstA vkg-st
of TRA20] FeRstE waA dopxd 4= lo] W sl el AtH o] % Ui, 53] Azl A9 g
HAZE A EAskE Aol oY e dH® FAd #eleE 90k ART st ohEE AR

(MCUSUM) #Hg 52 £93t= Aol ARL]L oA o Hold g relvu "ELEVII 2 tHWoodall and Ncube
1985, Rogerson and Yamada 2004).

Jiang et al. (20112 A|94 AAAAE 123 A337F &4 YHEZo 2N 49| A|d 3 7AA] ez
ot 22 thi s AR s Aljtegith o] #E e A5 s AT i E AR E s wEvkal 7Hg st
3L BERE = ARLOS B4 T e #ESAE Fohl7] S8l Algdold s o] &at=tl, B0l A5 nh A

= g A9 71 mf§- B2 Aol o] AlEdolAd S Al7ta o] AR o]y g TS 53]

fo r.L

93] Lee et al. (2014)% Jiang et al. (2011)¢] #ekat EA2S A4 Ao wle} o] M= Urar v ezl
SAE zrel Aol Hil ¢ %f& FAH AL Fo) ol B @AZ Folshs Separated-MCUSUM

(SMCUSUM) #e]%=g 7igatelar, o] SMCUSUM #9479 <t A Jiang et al. (2011)3%F <A 21714
HA A Bol= Aom defA glrh SMCUSUM #he] == s ) e 4 45 AlgshArt, Ahzr} i
% ATEES B2 OY AFREL DAY F gt LEES 08 delr Ago] A5t Beb Lee et
al. (2015)€ A4R9] 714 BE7L Waks] el YA e Aol E YA o AHEE & 9 Robust-MCUSUM
(RMCUSUM) ¥ =2 7asoin.
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2 o= 242 SMCUSUM# RMCUSUMO.E o] #0431 714 thd# et #eg Avfgiet e
el ek Al A, 5 Mol o3 w2E 5] & shute] L] Mol mE FHe g BAE]
S B Ao AAE T RS EAH R Alerd oA, WA 7 few B Agu= w7 Aok 7HA,
2ol 715l disl 1HeFs] At (Lee et al. 2014, 2015).
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Figure 1. 7X7 Regions — Region ¢ and Its 2-dimensional Coordinate.
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o] Jiang et al. (2011)¢] ket FAZe] 7I9ket Ao ["e o, 7} g A X uE v 21-9%
gl agaie, o] S ulge] FAHIS AR sh= gho] S, o] HEE FAEo|T). &, SMCUSUM ¥ =d
Ae rel Azl wet §orel A Aol A gekE Mol Hotalel, 5 Ul rEE e A 5%
ST =maxr S & BFTE S = v Az tehd AAE D, rdE AgE N2 g g @A) bl 7] x8e]
ofu gt rEkel HE 5" > h*’% A7t A7 o) ARE Le Aok Rt SYu 4us LA & 5 2R

vig Gopd = glom, o] vz AAl po] Wk AR vE FASE gow 2d 3l
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Lee et al. (2014)2 SMCUSUM ¥#2]=9] gz, 7} thi® At 25 w8t 714 dfol] 322 dh= ARLOHS
A& 4 YEF a1 E BHE FHT 5 e AL ATEa g B
2 p, p 6, 7 o] 9 AAH Y] we} 1 APt 23 9
o] HW H37} H= ARLOZT ANFA o2 A% we|eAlZE F5 ARLOgE Abole] @7} 30%0)/d o2
A710] Lee et al. (2014) k7} 2 o]3}Ql #4 A SMCUSUM &2 E& AMHEE AS A%stal ). (T2
A AT 21 Aol ek AFARE W8-S Kim et al. (2007)3 Lee et al. (2014)<
Jiang et al. (201D)0] 7|dek A s X9 thE FemSo] ko Frdh AlE ﬂow_% T ABHL
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SMCUSUM #] %= 1Hagh w3l 4 2 AleetAnt, k71 2 o]4do] &
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P} 0% ATEEE B2 S A9olt Aol oldth mea] Aok Akalzl A, Sl 9l o4
o) olele A%, AR BRI Bl 9IA RS A FolA BUEE HE FA57 FPHR 2 4 A= 3
71 9180 Lee et al. (2015)2 th2S 7] &2 BAF2E s+ RMCUSUM #H =g 7fdsielct
G, =maxr maxc Gy’" = maxr maxc max; _ — E (Ozf’r —ko© T), t=1,2,---, 3)
1=V
o = pe, B, 0 =, B @
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oftjel M= 229l 5= glof, SMCUSUM #e]xel] Hl3) 1 AHg Hisje] fredAdel v Avka & 4 sivh
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Figure 2. Correlation Settings for Region 25.
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SMCUSUM 2]t Ahs7h B At s us wejgt 48 7+%§ 2, RMCUSUM 2 #bi9] 30l 7
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e WESE Ahte 234E 5 vk WESS AAY AFET 2AY S frolstet. CFE #srh doju=s H9
of tigk ool @AY Sl B FEE Wk XS BA s 1F Al dojd F e HEl ALvt 2 el
ro #s ol QA AR AU A A rgkE FA ARESte] ©AISHA Etk 1H B R o] g el A= A
FEI diEo] WSS A9 o] k] 94 AYAHS vashs do o B %% & lolth)

o] ¢] SMCUSUMe]1} RMCUSUM ## =& &93h= dlo] Za3k 29 37 W Lee et al. (2015)9014 9]

Aok A 2YAAES WELL
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el g3 HuE 7EAoR g Bt X5 w2 ARE EYRE o] Folx]

<Table 1>914E 18¥ 2+ 23 87 ofefol A SMCUSUM3 RMCUSUM #2] =9] 1{ g2 A2 Yeh)
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Wzl o] A7)7F AW F4F U AlSeHA AR E 9 43 Btk RMCUSUM #Ej e 24§41 B
FE7E € e Ar)7h dEeel A AAEE e Arlen AL (F, 1, < rD) Aol SMCUSUM #2]=

of vlell ¥ 2 ARL1 @& 7Ktk oS 50, ARl AG4 daddA7E S8 B2 o r,,, 0] 00E A

r2 29k 18]5E A4S RMCUSUM #HE] S W 36.40 B9 AI7E vk ARE S8 A vk SMCUSUM #E] 5+
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Table 1. ARL1 Comparison
RMCUSUM ARL; (SMCUSUM ARL,)

p Tout R=1{0} R={1} R={2} r=1{0,1, v2,2}

0 13.17 (13.61) 26.63 (47.75) 36.40 (66.68) 14.67 (15.23)
0.0 1 7.46 (7.46) 4.32 (3.36) 5.72 (7.57) 4.91 (3.76)

2 5.93 (5.95) 3.39 (2.24) 2.50 (1.44) 2.91 (1.73)

0 7.17 (9.03) 15.06 (28.31) 22.05 (54.09) 8.35 (10.21)
0.4 1 6.53 (6.13) 3.91 (3.52) 6.32 (7.92) 4.58 (4.12)

2 6.51 (5.95) 4.63 (3.40) 2.89 (1.22) 3.39 (2.89)
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Table 2. Comparison of Identification Accuracy 1

RMCUSUM Performance (SMCUSUM Performance)

P Tow R=1{0} R={1} R={2} rR=1{0,1,v2,2}

0 94.76 (94.75) - - 81.50 (82.66)
0.0 1 - 97.76 (92.70) - 67.08 (79.06)

2 - - 96.85 (82.00) 97.15 (70.93)

0 98.13 (97.18) - - 91.08 (88.22)
04 1 - 99.54 (97.09) - 96.34 (93.61)

2 - - 99.48 (95.31) 99.67 (87.27)

Table 3. Comparison of |dentification Accuracy 2
RMCUSUM Performance (SMCUSUM Performance)

P Tou r= {0} Rr={1} Rr={2} r=1{0,1,v2,2}

0 94.76 (94.75) 84.37 (60.90) 82.39 (52.04) 95.77 (91.90)
0.0 1 - 97.76 (92.70) 96.02 (81.68) 93.31 (88.65)

2 - - 96.85 (82.00) 97.15 (70.93)

0 98.13 (97.18) 88.38 (70.15) 89.05 (63.50) 98.14 (95.46)
0.4 1 - 99.54 (97.09) 93.08 (79.22) 98.78 (96.07)

2 - - 99.48 (95.31) 99.67 (87.27)

RMCUSUM ] =+ A dAgle] &9 ThsstRRE, & ATl ATt
thaek AqfEEs) obd o T 75 RMCUSUM #el=e] 33H4 §2] geAo] oD A
W a2 oobiy] 93] AL Aaleti, 1 AFE <Table 4> FA8HITE <Table 4>0]4 23 uro] s=7}
= AYES YEH, 23 ko] Al WESES Ve (KTable 4>3 28 AR ofgfol A ¢] RMCUSUM #&]
=9 ARL1 A3} #2 Lee et al.(2015)E #rarsle}) <Table 2, 3>9 A3}¢} <Table 4>9] A= H|wsHH,
RMCUSUM #&]%¢] A& UELo] 25 <Table 4>14 0 &4 H90SS <& 4 ok webd RMCUSUM

A AEAde AlA o AmTt

HeE Y Fols RES B2t ARE AR 482 £ gon, 1§ R
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Table 4. Identification Accuracy for the RMCUSUM Chart from Multivariate Poisson Data
RMCUSUM Performance

p Tout R={1} rR=10,1,v2,2
0 - (96.36) 95.28 (99.78)

0.0 1 99.98 (99.98)  89.22 (99.26)
9 - 100.00 (100.00)
0 - (98.22) 99.52 (99.96)

0.4 1 100.00 (100.00)  99.90 (99.96)
2 - 100.00 (100.00)
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4.2 &
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