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BISERET 2N

A E B 5F
EEREREME DG A
W%

“Bl & "(measurement)ik &k Bt Mt — M A EF, L2 £8
4 By 4% 3t R Jm & (unknowns) 8y 4 44 (characteristic). K, L8]
FHARTARAETL f’l?iii(ermrs)ﬁfj Ti& A, ETHRET
RILEELNERBEZAE, AF G H ABRED(standards) R
3R £, ﬁﬁﬁi&—?‘ﬁ‘\é‘ﬂ R, AL ETEHTRR
#t(experimental designs)by AR RN BH WA EBEGH . &
&, "BREBEFFRGRBLEITRAY: Rt 2 (additive
models) B & MR B A% B (linear calibration models). & $t ¥ 1
RegRA, HB8AMHGTHREIIIAR. TREFHLIER
M (issues)f, 2 ¥R B FARE & K 4o 5 49 B B (allocation) B Bk
) 7 KX (arrangement). & # 3 i — 2 B AR 3% 3HR R T 48 69 #
KA

MsEs]: ARE MBRE RARY ARBED F-mRt

FEESLE>HEG : L8 62K99; kE 62P30,
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1. &7

“H " (measurement) SE BB EFAERBERZHMEAR - BWEED HRE
BREEERNRFEIZ TERNEEFE ER—ETTRBNTE. Q&
B+ EEHHERMEET R & (specimens) B8 K A (unknowns) E@ﬁﬁfﬁ (char-
acteristic), HEEFIBHNEMBRARE—KREANRE LHERPEREE
H AR o BUAN: %A%ﬁ)ﬂﬁ@iﬁm@;ﬁl AEFIRER2ZAL, MEERER
B 1E,

ARHBETERGRIAREZNTE, —BRW S, RERETS BRKR
7 (systematic error) EAFEBEFR 2 (random error) Ry 48, 7R Bl E B AT 1T 8l BB,
AHEZIERREAWEREZARNEE, Hd, BEREERSHLEE
(expected value) 55 0 F B8 1 % B (random variable), T R MR EHEE D E A
R ELEMNRE (blas), B KM S B (parameters) IR i,

 EERENTEEMEHNBARETIER % g HMK¥E (calibration) K
BERKEEHEEBTHELEZ RHRE, LEFERREZN RN B,
FHEREESE RT LARRERORARZN, TEEREER (standards) BB
BHEJY (calibrates). HE¥E FLHHYE fH (true value) £ E &1 (known) Yy, —EHEH T
EeER ANERRPRBRENTHENE. BE 2, HEHMREEERDR
) BE W LB (monitor) HIBRZHW R/ BEREHEER P, HEFE
BRERENAG, R, RFATETUEAREBE Y RMREMMEET &I
IRAIME 1E R # 2R 2= 3 R A0 O 1Y (B 8 4 5 A 3 B9 1R 2.

3B 2 SCRREA 15 8 2 B9 B 58 AHT & B 1E (4 5T (estimation) 75 TH, X EHI W 2 4%
7] 2: 4 Fuller (1987) ¥2 Brown (1993). AT, % B ER 8% 5T (experimental designs)
MAEZEROXRETS. EEMFANERR, TRNSEIBREHERE
%Eﬁi%ﬂﬂ:ﬂ’mﬂﬁ (allocation) & BEFIH R (arrangement) & i, — R E B
AR R RSB BRBERETEE (statistical models) F, K It 1% SCBR &
HWESE, KA R B B ARG AL, B R SR 2R 5w (1) R
(additive models) 77 T & Pepper (1973) E& Liao, Taylor and Iyer (2000) B HF %8; (2)
B R (linear calibration models) B, Bl 2% Perng and Tong (1977) 5
Lin and Liao (2004). /

/

T — 1, BAF1 S0 B B B2 P g I BE R AL 6007 1B 55 S R A TN, 1
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HHBHBAEDEERERANMWEE R X ERMMBEHE, 2 ETHR
BB B AR R, SR — LR BRI & R ET 2 R AT BE R B 52 77 M,

2. AIBRENE

B EBEXRTPRERVRNEHERD: ZMEETREERER
B, 3R,

21 RMNEERE

— BT E, BREEZH S CGRAZBEED) W EE (measured value) 5
TR B & (observed value) 7] FI| I T 51 fiff B i 28 1tk 8 28U ZR R

Yi= i + 7+ €. (2.1)

By, r, e PHRARZMRE, RURWEERERRZE,
- Pepper (1973) FR—EATFTEERMREN B MHEER.

yi =7+ (b +m). ‘ (2.2)

A (b +n) BEBRRE b EREEHESBERE (random walk process), b; =
biite, Be~N0O02),n BTFHHROEELABEMCHERERBY, X
PER BB RR B MHEE B, B4, Liao, Taylor and Iyer (2000) EU%@Z‘E N
0 B T R B B R SR A 0 B L. |

yi=,u+51~(j'ro+i6ij7'j+ei, i=1,2,...,N. (2.3)
j=1

AR  REMRE; o REEFWCHNEE n,m,..., 7 S HIE m R
HEBWEME ¢ IRKRETRBE ~REREFARE (stationary first order autore-
gressive process, AR(1)), ¢; = de;—1 + 2, HH 2 BEREFEE 0 BRI E 2 EH o2
B E T FH B (uncorrelated) HY B8 4 82 87, o £ AR(1) 3"3’2}%1; ER RAZEEE
ih, RI$8 R BB (indicator variable) §; 5 1, THIB 0, EE i RHERSE Jﬁﬁi
0, AITE TR o B 1, TRIR o, MR AR AR RIEZ BERET
R A5 e = (best linear unbiased estimators, BLUE) R8RSR 8/ NN AR
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i (A-optimality) ¥ Bl 2& 1T 2347, LA IR BETEAERE (optimal balanced
measurement designs). ERE B E, MMAANRNHMERERE —KREEHN
(unblocked) BEARGTH, MIE—BRETEEMENHAE, LR ERHEEYEH
E B (test-control experiments) B9 il B, 7 LA (2.3) E# 2 Bt (reparame-
teriza,tion)v M BEb=pB0,=p+7, =12,....,m, BF 2 = y; — dig700 Bl
23) TEHRER

m
21,=261303+€17 7,:1,2,,N . : (24)
=0

HER 4) JEHES—-FEHZ m+ 1 HRENER S EHEA (one-way clas-
sification model)o /1, REHITH D BIE 60,01,...,0m, X 6 B F K2 5 BHE
BFEH, Mo — 0 MR 5, j=1,2,...,m. AT, HERALLHEHE TR
£ B &l (binary block design) EfT 2 BB HEHEHREERWFR, SHRILEET R
BEFAMMNA AR(L) EIBEBER ZE R AT 2B Cutler (1993), It BE AT 3 & 19
BREH MEA A E —~EEL8IE ZITRET (nonbinary designs)o

22 MRS

B-BEEINAERRSESERREAE L EENNERAERYERY
MEHRE AT
yi=a+p07+e¢. (2.5)
BEDE y RHUEE HpERTRAMREVZHY, - BRAMNEME,  H
EFEKRZE, # 2.1 (Hunter and Lamboy(1981)) FISREAEEHA R B £, '
Bl 2.1, B — (LB 5B M — B HERE ST IR 2D, IRt 0 8 — AR B 7 8 (Molyb-
denum) K & &, BEBRHNERAMER 2.1,

Fo21 REBVPHYEBRER

SHRYEME 10 1.0 20 20 30 30 40 40 50 50
SHM M EME 18 16 31 26 36 34 49 42 60 59
JSHREfE 60 60 70 7.0 80 80 90 90 100 100
SR RIEME 68 69 82 73 88 85 95 95 10.6 10.6
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.
=34
S = R W B N

0 1 2 3 4 5 6 7 8 9 10 11
My HMA

Bl 2.1 $HEVIE fE8ERE 2 E M, XhReRERLENR&RNF S
1 (least square estimation) P # %,

HE 21 T HHEENEERAEEHNERERRERE, LA ETER (25).

Perng and Tong (1977) & B R UERL AL (2.5), TE—F B (sequential) A I &
ARt MAERE N EEXEHS (large enough) KIEH T, REERAEF
FEBRMETEE R, DMFEERM SN EEZIEM & (confidence intervals)
BB G HEERE (precision), BT Lin and Liao (2004) 1% B A (2.5), W4
BEAGBERNER L NRMESEEERNm BEROMN R EEKE M
B, MR R AR Z AT

m
yi = a+ B(6Po + 60w + Y 60 m) +e,  i=12,...,N. (2.6)
=1

BRFE 0 8o FHERERNRERESR S B S WEE » RRAK U; 19
EAE, =12 mEHE  RUEES S, A FEH & B 1, TAB0, k=01
EE RUBBSRAG U, AETEE S 81, 580,j=12,...,m Xk
BRE G ENO Y.

EEEENE IFHREENRERERS 25 kE ERELHREKLE
— B “FESR M (non-linear)” By [ &E, BB M B R A S BHFHEE (67) EEE .
Ak, SRR EREREESEET REEFTHERE L, HE a0 R &
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Bl SR 18 5
3. HEmMEERRE

XA B EROEENE LEMHE S % (sampling) PR AR
BEEFRBELIZY. AEMEAERTO - EEEEWN, EREXEFVERT
HREEBE SRR BRENEE R B RERBREER, B
BERSEFAANATRETEFRVEE EE—EFAANER S X, FEHNRMR
BB RACBREERER. AREBEEEBET, EFREA 23)
BT N(0,0%) BT, B

. 1 1
Var(s) = (o + 7)o,
)

i=1,2,...,m. (3.1)
Hrp, o BEES S B’J‘@Ui%ﬂl, t; RE ERAR U; NAES, WHEYK
N =ag+ ;1153-0 B (31 B E NEER BEHERIGNEESSRE

EENRREE, AREHRDHE

ay = N
0 1+ /—m,
N
= i =1,2,...
] ‘\/E—I—m, .7 b K 7m

HISTE R, B G (o) B L) B (2] + 1, 8 BORE 5 BSR40 0 B U B
Hh, (o) RIRNBRER o WRREY,

—SEREERREYWATRMBE AN EHEEES S B o Y
N(0,03); & FEKRER U; B, & " N(0,02), B

A 03 g; ,
Var(f)) = (=>+-%),  i=12...,m, (3.2)
agp tj
HAREHERR
* \/ﬁNUO
Gy = ————m s
\/ﬁ00+ Eaj
j=1
No:
g N s m
Vmog + EUJ

K I, @U%uué@ﬁﬁ%@'&%fﬂ%ﬁﬁ& 08,0%,03, - o, M.
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FB—FH, A REER (2.6) K&, Lin and Liao (2004) 5 H A-& E
BENERRTREIAGEEMERANSNAUEEZEN, B2 RAMNEHE
() B, TR HEERERD LR —EEGEEL HER c6) ERE
BERENNMREBRRT, IKGRAMEYEE 2 RO EX (MLE) 8§58
% B 8 (asymptotic variance) 1 T:

(iL' TJ)2+G,1($1—T]')2

Var(7;) = ﬁ2[ Cloa1(i100—1101)2 )
Hrf, g B2 a1ﬁ5ﬂﬁﬁ@7ﬂfﬁﬁnu So 15 EIEREY, ¢; BIRTREKH S U;
E’J(ﬁjigﬁ, i=12,...,m, B ag -+ ap + th =N, Ea T; @ﬁﬁ, /E\U)%ﬁlz (locally)

j=1
ABEHERHE ’
. NVBr
O 7 Vo + o +m
. NVB&
N Vet Vo v m
. N .
t] = —‘_———_\/_—f—\/——-{—m’ j—1,2,...,m.
Hrp, 6 = Z }mg_;%))v &6 = Z (w1:;1))2° A, 1R 5 B K (Bayesian)

A- %ﬁ(ﬁli&"‘% @mf@*ﬁ?ﬂ?{ﬁjiunmﬁaﬁﬁ%

4. BIEmAVHEYIEE

E—RVEMAL BREEEERRAELTHEMOBEESZE. R, RFAH
FEBIERRAEMEEZ LB MEBME (correlation) K&, 1 HIEF— R E
ENHRERAAZERD, RMAEGREERRERNEEEEERENME
B Mo Bl 4.1 B & #L & B Stewart Environmental Company in Fort Collins, Colorado,
USA Frigft, I X & L YRR ¥
Bl 4.1. KhZ M (Arsenic) BEN A ER5E

3B & — M #E 1 AAS (Atomic Absorption Spectroscopy) JHl & AN [R] 26 ¥R (M &) #Y
WTFAERP FEESBYHNESE R4 BMBEENREZH., Hp, #
BRI B K CCV (Continuing Calibration Verification) 3%/~ B fH £ 20 pg/L HJ1E
B ECHRRAME AR 4INEHESE 41 E— PR THRTHILAE
BRBERAWER, B, EEERE LR & Ee SR E 4.2
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4l WRENHEEH

HEEF HENR BE/L) HEERF HENE BE(uw/L)

1 cCcv 19.500 14 962206 83.660
2 962180 9.527 15 962207 85.190
3 962181 14.680 16 cCcv 21.160
4 962182 86.010 17 962202 -8.131
5 962183 40.580 18 962203 -0.699
6 962183 45.690 19 962204 -2.263
7 962183 52.150 20 ccv 21.080
8 962184 74.110 21 962253 2.970
9 962185 50.530 22 962254 2.129
10 ccv 20.750 23 962255 2.500
11 962186 7.781 24 962256 2.441
12 962187 107.700 25 cCcv 22.400
13 962205 68.420

120

100 b

80 1

W 60
B 40 I

20 | " ]
0 F ; ; o~

20 5 10 15 20 25

B NE A

41 WHRAGOEZLERZ) REERLIELERRSZ) CHEIE

41 ERRENIER KB E B BB R, £, BT 20 REAH
B 5 REPJEEHEE &,
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23.0
22.5
220 -
215 +
B 21.0
205 -
200
19.5
19.0

2 5 00 B R A

42 FEEF(EMES 20 pg/L) ZHEE

EHE 42 MEAEN s REBFEJKFRF AENEETEBES LANESD,
EERETRAEEAMEFENEEZM.

R, TEREHBESBNEHMERIER, R E SN AR
IRZEIAREN TR, [R5 SRR MR DUF RS B 2Rk, 3 75 H
BERPOUESIFERENGH IEEARBJEASEEC M HEB HEH
8, B R a7 DUFE B A2 4 5 B R A0 i BY S8 8 HE 51 07 =, R4 I0 R S 5 4k 5 A
W, Bl 42 AT DL AR A E RN EE.

Bla2 EXAEREDR, 1 EROZHE 1 RE 1 HREERUE 2K HER
EHEBRENREMEER g =74+, i =1,2,3 KM, BE=ZFHE KLHOFEEK
REFWUTH S M ’

€1 0 1.00 0.50 0.25
e | ~N 01,1050 1.00 0.50 .
€3 0 0.25 0.50 1.00

EN=FEAELNEBHIERFS vss, Hth U RRXASR, s BEER MIRAH
HY B E AT
7 =y1 — E(e1 | €2,€3) = y1 — 0.5¢ea,.
HEHEENBRES
Var(t) =0.75.
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EREEREREELE, B8P v HEHE, B Var(h) = Var(y) = 1.00, B %, %
H=ERAE5NEREFS sUus i, BRMSHNEEEFNT:

7= Y2 — E(ez | €1,€3) = y2 — 0.4¢; — 0.4eg,

ot R R
Var(?) = 0.60.

KN, EAERHEBAERE, BB v G568, Bl Var(?) = Var(ys) = 1.00
CHIEEREHISAEREGH EFRHERAE IR G TREEE, £
BB EHEMm AT RSN EE, E—F LB AREES A X, B sus B
B8 USS k.

B AR R E R E R, 51 Z 5 Pepper (1973) AT . ZERER (2.2),
AR EREEZEN: 5% ABSHKAPERRESBMET IR
BNAE BE GWHELEANEEEPHERERRRAOMNWENRE K IEFE
FF. Btk 5 BT =B A RBYHEFI 5 X EFT 47 (1) On Line HI &, FI10:

SULUUs U SUs Ug Uy Ug S--- .
Hp SRE®RR U, B j BRXAW; (2) On Stream I &, HI40:
SUL U, U SU; Up Uy S

@) m-1ERRRANGZNERE, FIA:

SUL Uy -+ Upa
SU Uz -+ Up-

SUL U -+ Upg S

Rk MEBEBREAFEIN AR @), REEETNEMELFE: () AEBREAXK
HOERHIARNERARESLERNEENE o) BRI A REBER
HRGT, ARSI EEZ MLE W0 B 2 B 2R R HET AR &
T, Pepper (1973) Ry 3¢, ﬁ(ﬁﬁﬁi&“ﬁ%ﬁ'ﬁ%ﬁﬁ%@%%ﬁ@“ﬁ%ﬁo

Liao, Taylor and Iyer (2000) % & B MMEKE (2.3) HEEBMRE . ~ ARQ)
PER, Bl 7 = [n,m,...,w) NEERDMNFHEFTR (generalized least square
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estimators, GLSE) Hy % R B A1 T
Var(#) = 6°C™1.
Hrh, |
C =X,V -VvIx;(X|v1X)) 1X| VX, (4.1)
XX, RERRA 12 FAR, X, AR 6 FEE, 4 V" = (05)ijm10,v 1

(

1 fi=j=1lori=j=N,
) 1+¢ ifi=jand1<j<N,
) e it imjlen,
0 otherwise.

\

fiE C BR  WARER (information matrix). FEBEBEH T, = HEEFHAF
ReaEE R @ RaRN il BTE B 2HM ARQ) MR ¢ ZIEAK
WTHE B 7THEALER C BEEE R KR RMMIHES &, 5] & T 5
5t 2 Bl (design parameters) by, €;, g;, Tjj0 bo T M R P EFE FHRK
BN L% 1 REER L &ﬁ]ﬁﬁﬁﬁunﬂ@ﬂ%{ e, RRAG U, BE 1 RRKR
%1 RABHORE, Bl e; = 615 + Onj, HF ze, =0,1, W 2; ¢ ERME U,

EERRHBHERE, Bl g, = E O 0k41s T TREG U; 8 Uy BB

i B K R Blo J«AT%%‘J::ZEE’J%% f—HHRNA.
Bla3. FHAERES, HEE 1 BEERLE3IBERNM HAFHSE b, ¢,
g B iy KRBT HIFET TR

U1U35U1U3U3U3U2U1U2U25’S

bo=2 (EEMSEBLEFTBRABERAE, ERR1IRILF/EELNHE)
er=1 1 RAUEHBRAE Uy)

e =0 CGRHAM U, EPE 1 RERE 1 REE)

es=0 (RE& Us ERE 1 REEE 1 RAE)

¢ =0 CRAG U, BEEER XA E)

p=1CRAFH U, FEI0ESE 11 REERAR)

=2 (RAR U, EES BB REFL6HE T RESEHAR)
ro=2(RAG U, HU, EESHEEIXRAE IHE 10 RESHMAE)
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ra=2CRARU R EFI1HE2REL 41 8B s RESHBHAR)
ros=1 (KRB U, BU; EE7THRESREEFHE)

¥—%, Liao EAFZREE Var(fy) BHER Cov(f, %), 1 < j # j < m,
EHEENGRET, BEZ, B (41) WABRERE CZ2— AT 2HE (completely
symmetric) ¥ B $2 5, R F 0 A-F B a5t MM B 2 EB BN A& RE
B % (balanced) I E R F. HR —EFHAERHANESTLEGRER =¢,
ej=eq=¢qmry=r, BBRME; kj, LH

t:thj, e=—1—2m:ej, q=ii%, r= ZTJJ
mia mia mia )5

T A-2% 38 4 W B ERGE, BN EH S B b5, ¢%, ¢, ¢, r* AT £ 75 B AR K B (objective -

function)

m—1
Trace(C™) = +
( ) t(l _ ¢)2 + 2(a0+’:7:—b0)¢ + mT¢
. 1 .
: 4.2)
2(ao+1—bo)g 2(1—¢)3 (
t(]- - ¢)2 + (ao m 0) - 2+T?N£2)(1)_¢)

ZERNMOHEIFR, A oo BEEZVAEH. (4.2) ERHE AR(1) 28 ¢
EH, B Liao EAGH BE LA RETHAERTERWIEARER, A
“1<¢< 0 EEE—EARETHIERT, 7RSS o BN TRMERZE
R EAHH BE0<o<1B FEHRANER. fl44 B —@ A-REFEHH
BRI R,

Bl4.4. E0<¢p<1, N=60,m=4, Bl a;=20,t=10,¢* =0, r* =4 &
by =5 W2 A—E“EZF@I@JEEQ*I‘ BHEFEINARMT HE2IEFHEEL, H
ETT):

SU U Us SUs Uy Us SUs Uy Ug S Uy S
SU,U, U SU, Us Uy SU, Uy Uy ST, S
SU U Uy SU, Uy Uy SUy Uy Us S Us S
SU, Us Uy SUL U, Uy SU, Us Uy S Uy S

Liao EFAFMER ARETFHHERTNSE, £TEE#HE B Kiefer and Wynn

(1981) K Cheng (1983) MM REMHZE (equi-neighbored) Z [& 5 & &t H Fr
B By — M AR PR AL T /7 8 &t (latin squares) ZRE#E,
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5. RRIEMMRISE

BEMNS, AERNEERNEREREREANGEET, G HBH2 B
A REEFRSENER. —BFRERREREHMALEER, AHE
mEPESIMEERcHE. B ENERFVHEE I HERYREE
MERNERBERES S, KU LW, MBS BUTERTHERK
KB BB E AT,

51 ABEMEERE

Aic & P 8 v DA g 3 58 B 2 1O AR T A HE S B ZR I 48, 140 Rocke and Loren-
zato (1995) P % 8 HY 1L Bl '

yi = a+ pre’ +e. (5.1)

APy BHEE BZAGRNEE FEERRRE EP o XNBERK
REFHRBEMERE, s MBS RMREFH LA (proportional) &R 2= B
Mk (multiplicative) R 2 n Ml e R RPEBRZE, n EEBRET AL AIMER
Z cHEMBRETFHRMEREZ HEASERFEARBELCE2MNEE
&, ERIARER LY (microarrays) 2 KRB & (gene expression)
Z Pl & f#&, 7T 2B Rocke and Durbin (2001). B I, #3855 8 8 2K B
ME, ERHREEEALN.

52 AB@EMNBEIIREE

st RONPEER (2.3), ATEAE BAAERE T (blocking factor), I &R
FAREEE TR IER (operators) BT R B I & & 2F (instruments) &, H
b, MR ERRENT:

m .
'L=1,2,...,Nk
Yik = 1+ GioTo + Z_&'j’rj + Br + €k L 19 ) (5.2)'

j=1

He, 6 BEELNRE BREEREEL=1,2,...,b, ] e, e, .. C ENk B
18 AR(1), i EER P EEN TR EML (experimental units) T AR(1) ¥
THR 2 (trend), BB HE B BIEMFE ZJC (nonbinary) BEF T2 ME,

B4, SR RMEER R ERETEBMESE Gl ARQ) RE SR
AR(p) FFEHGETRE. RIEREREERERER (2.6), AT UEE A AR(1) &
R AT & B S EET A . '
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5.3 IRV (robust) BIEERE

HWRETERSHENEBRE ST %4 TR HEBE AR W AR(L),
AR(2), MA(1), MA(2) %. Rk, ELEFE AR TEHEBEEERERES
R R, R RAOSWEEGTCHEE TERETHBHEMMERS
BT 2B B ZIN % &, &L Zhou(2001) & i — ¥ 8 B R RB R XER
(robust criterion), ERKIEREHERE L. AXFEREERBEFEN
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AN INTRODUCTION TO MEASUREMENT DESIGNS

Tsai-Yu Lin and Chen-Tuo Liao
Division of Biometry, Department of Agronomy,

National Taiwan University

ABSTRACT

Measurement making is an activity for most people. The purpose of the mea-
surements is to estimate the degree to which some characteristic of a specimen is
present. A measurement process is usually subject to errors which may be classi-
fied as random errors only or a combination of both random errors and systematic
errors. An experimenter.may monitor the errors by measuring standards at ap-
‘propriate intervals during a measurement process in a laboratory or a product
process in industry. This is because that the true values of standards are known,
so the errors can be observed whenever standards are measured. Hence, one may
use standard measurements to estimate the parameters associated with the er-
rors, and obtain a precise estimate for the true value of unknown specimen by
calibrating its observed values. This article discusses some literature concerning
two important design issues of a measurement process, including the allocation
and the arrangement of order of measurements for standards and unknown spec-

imens. Some possible future research problems are also presented.

Key words and phrases: Systematic errors, random errors, calibration mod-

els, A-optimality criterion, nonbinary design.
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