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variance of independent observations and applications

YUAN Fang!, TIAN Zheng!2, SU Xiao-li!, CHEN Zhan-shou!

(1. Department of Applied Mathematics, Northwestern Polytechnical University, Xi’an Shaanxi 710072, China;
2. State Key Laboratory of Remote Sensing Science,Institute of Remote Sensing Applications,
Chinese Academy of Sciences, Beijing 100101, China)

Abstract: In the process of product manufacturing, abnormal fluctuations of the mean and variance, which reflect prod-
uct quality parameters, are always possible. It is extremely important to discover the abnormal variation of the quality in
time for controlling the quality of products. Besides, independent observations have been applied extensively in industrial
production, communication engineering and other fields. The estimation problem of change-points of independent observa-
tions whose mean and variance change respectively is studied. The cumulative sum(CUSUM) estimators of change-points
are presented and the rate of convergence is established. Finally, the proposed method is applied to the production qual-
ity control of aero engine pipelines and the quality control of the scanners in the radiation medicine research. Both the

simulation results and instance analysis support the validity of our method.

Key words: independent observations; change-point in the mean and variance; CUSUM estimation

1 5|E (Introduction)

AR i) R A LR TR ) A R N
ATIMNAR = e A = ity LIS, I 7= it Jo 0 1 R 2E W
PRI AN, R ) 77 it JOT St A e LT A W 9
7 i Jo R O T R A I T I, A B g AN T
A DA I B 2 O, IR A R R A AR (R I )
SRR A AR AL AR RUANANAE Tl E B4 i) A7 5 22
RSP = § VA AE RE2500 SN BN 1B I Y i
BT AT204F 2k, TR A in) R ST G TR 7R B 1
7 T3 A 5 N J7 T A PR R, LT — R
70 R 2 56T RT3 B B AR sy 248 A
(¥ SCHR 1R %, WiBhattacharyal®!, Yaol I 5¢ T IE 1%
FERNT P51 I3 AE 25 A5 T, KokoszkaFilLeipus!®!

ek H H: 2008 —12—19; A& tekis H #1: 2009—04—22.

FHCUSUM J5 ¥4 77 2245 55 AR AK B AL AS 12 7 471 (1)
PEAR pd FEAT b v, H A8 S B 00 B i A A 2
RIS AN T 22 [ I A0 A8 R, HLP AP AR R H TP I
Z0A 0T BEAAH [R5 0. Az = i T #Erp & =2
R EHE, 7 o TR S A IS R WORE BE T 2%
FRA AT HE L I S B, A B R BT 1) AR S
DO i v VD = s RN 1D & S B 2| L eB 3
5577 267 Al v BRI SR AR A O T AT SR
HR D8 62 ) 181, Potarakis! ] #5 /> — Ffeydi it 7]
VARSI ep (R SR AN 2278 s AT Al v, (H B/ 3k
EHRE AT RIS AL, VA RO AR RESS AR
RS TSGR B, HG 2548 )EAT A TH N R 2
JEIE AR s . AR kAR = s TR

RETH: B AREAE S W H (60375003); S0 25 3 30 H % W10 H (03153059); P51 Tl k2R G135 2 4 % Bh I §

(2007KJ01033).



396 oW s N H

QU PRSP AN T2 N S, L, A ST
SEFR A B 5 T7 2248 UK Ak TR ) &, FHCUSUM J7
AT AN U, BRI AT &, TR e S LS
ZeAt, L5 SCRRI6T I T VEAT B BE A S

IS 8] > 20 B AR 1R AR 20 B S TR 221K &8 vt i)
AR SO RN XY, t = 1,2,--- Tl
AEX; = u(t), VarX, = o(t)H FIEMJ7 234
AAAEAR R HITE O, XA S EAR AL T in) .
Bep(t), o (t)HIBNAME, 7305000 1, poMlory, oo, B

a1, t< ko, o1, t<ky,
p(t)= o(t)= ¢))
H2, t>k05 02, 75>k'2

RAR m ko Mk BEAT Ak UE, S 5 S W, 763X B
XAl A X, = p(t) + o(t)e, Hrlre AIALIE Ak
WA &7, HEe, =0, Vare,=1,3r>2, HE|e|" <
oo. AL HICUSUMS v Al v S4B AN 5 22 IO A2 s If
Z, 435 1A s — S T ACSIGA E, e
TR R E BV % A R AR BOBOR R 2E T
R3S B 4 S, A7 28 q v o B S R AR
5
2 ¥{EA Sl vh(Estimation for change-point

in the mean)

T 58 I HICUSUMZ ik T 5565 i 57 7 1{ X, )
PEAR ROHAT A E, A2 Rk FOAS VHE SCh

ko = argmax |Ry |,

Hrp
K(T—k) 1 & 1z
R.— (T2 ){kg e kt%lxt}. )

FEREAT BIEAR s A VIR, o d R (R R AN 2
LA, i B IECUSUMEETH .
—\[’EA'T = ]C/T To = k‘o/T A= M1 — 2.
1

EE 1 bRl |7 — 7| = T(;)
Hrphs < 1/2.
|To — 7o WSS B2 38 W] LARE— 20 ceidk, T2 B
FEGNECE
NP 1
ﬁ-':.ﬂ 2 To Em’fEVI‘%O‘/WjE|TO — 7_0’ = Op(m)

3 5 & Sl vk (Estimation for change-point
in the variance)
AT G BRI T8 T 248 sl U, 2T e T
{H S AR s AN T R U7 2278 sl i), oy
CHR T 2278 s ke A o ey K

k1 = argmax Vi,

P27 %
Hrp
k(T—k) 1k
Vi = T2 {% ;(Xt —pu(t)? -
1 2
. 3
7,2 (X)) )
X HL
M(t)zulut<k07:u’(t):u27t>k07

s fho, ko3 CLEN.

M bR BB AN Ty 2278 miAl v R AR AR R
flivh = 2 5 AN Ty 2228 UK T g 2248
UL TE T2 52 2008 S MEAR f ) g, i1
FE— S0Pk 5 U S5O BE IR B B D B %, BE3 A E

BRA5y 25 7 2278 RS v I — SO E R SR

i =k /T, A\ =0, — 0a.

e e 1
RE3  nfHILR - 7l = Oy ().
Hrs < 1/2.
- e 1
EE4 WAL -1 =0 o(7z):

1E_FRHE R, B, pro, ko CLEN. T 52 br £ 4
XSG B AR A, N 1, o, ko A FITINF (1)
T 0L, A, 1 5T E R SRR s A Ak T, FEXT
T3 2278 )T TAS V. AR 5k BT e SUh

ky = arg max |Uy |,

k(T —k) 1 & -
== - X - X 2 -
U T2 {kt;( t )
L x-x @)
Tk ‘
Horr: )
_ _ 1 ko
X=X,=-—> X, t <kp;
ko t=1
_ _ 1
X = X2 —_— Z Xt7 t > ko
T — ko t—ig+1
'_‘_' N ~ NHe ~ 1
EES nfhthae|n — | = Op(‘T)\z)

Uk EFES > 0, Widn € (6,1 —6), Ak
ey THm A S A . BOSAE B e > 0, 4T —
colt, P{ky /T ¢ (6,1 —8)} < e. TFHUEW]: X T—
MERKISEHM > 0, 4T —oolit, P{|7 — 71| >
M(TA?)~'} — 0. % LM, & X

DT,M =

{k:T5<k<T(-06),|k—ki|>M\?},

iy
P{|7, — 71| > M(TX*)"'} <



%33

7R ML PR A T7 22 K BB SN 397

P{7~'1 ¢ (6, ]. — (5)} +P{|’7~'1 — 7'1’ >
M(TXN)', 7€ (0,1 -0)} <
e+ P{ sup |Ui| = |U|} 5)

k€D m
Ak
P{k sup |Uk| > U, [} — 0.

€Dt M

HEEE,

ML _E WS B2 T A, A8 R At vk 5 22 RCHT
Je BRIR BEAT O, BRIR BB, AR RS0 T g RS .

4 BERLZE S (Simulation)

Xﬁ@ﬁ*ﬂ?ﬁ”{Xt},Xt = u+ o, WS
w0 = (u,0), FEAKEn = 1000. % ELLT
At Rt < 300,60 = (3,0.3);300 < t < 600,0 =
(3,0.5);t > 600,60 = (4,0.5). HH11000 VX, 4% sk
TR E T L L. b P 1) ~(d) 23 Sl 2R R BE AL A
Jil— A HCHE PR L, B AR fUl ok 17 1L e A
MBS R AN 2548 )l T B (AT
A RSN 7 2278 p Al vh B 7 &L AR RO Bk ER
FERER, I 1(0) P & H 8B AR s il VA S . M
T7 7278 RO ER BEAR R/, Al v 8 R AR 2248, M
BB AR mi TN J7 2578 RO TF L AR BRI T 3%

0 200 400 600 800 1000

(@)

0.8

0.6 -

ik

0.4

02F

0.0 .
585 590 595 600 605

A Rl %
(b)

0.8

0.6

B 0.4

200 300 400 500 600
A5 g Adi v %1
©)

7200 300 400 500 600
AR Rt vk B %
(d)
S N R M E L

Fig. 1 Histograms of change-points
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Table 1 Data of aero engine pipeline(unit: °)

S OWEE || s WEME )PSO WEE || s WEE | PS5 E(E
1120055 || 9 119967 || 17 119978 || 25 119931 || 33  120.062
2 119912 || 10 119958 || 18  120.037 || 26 119.789 || 34  120.165
3120231 | 11 119890 || 19 119998 || 27  119.994 || 35 120497
4 120021 || 12 119990 || 20 120261 || 28 119979 || 36  120.115
5 119721 | 13 119783 || 21 120243 || 29 120313 || 37 120223
6 119932 | 14 120092 | 22 120.094 || 30 120163 || 38  120.186
7119902 || 15 119802 || 23 120.014 | 31  120.060 | 39  120.161
8 120015 | 16 119901 || 24 119879 || 32  120.006 || 40  120.250
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Fig. 2 Dot graph of quality control data by DXA scanner
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