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Uvod

(i) vytvorenie a vyhodnotenie kalibratného modelu
(i) meranie kalibrovanym meradlom

Majme m réznych objektov V4, Vs, ..., Vi, kazdy z nich merame n-krat
dvomi r6znymi meracimi pristrojmi X a ), namerané hodnoty
obidvomi meradlami su realizaciami nezavislych, normalne
rozdelenych nahodnych veli€in X;; je j—te meranie objektu V;
pristrojom X', Xi; ~ N(uj,02), i=1,2,...m, j=1,2,....n, pricom p;
je skutocna (bezchybna) hodnota objektu V; v jednotkach meracieho
pristroja X, o2 je nezndme. Y;; je j—te meranie objektu V; pristrojom
YaYij~N(,o5), i=1,2,...m, j=1,2,..,n,pricom v; je
skutoCna (bezchybna) hodnota objektu V; v jednotkach meracieho
pristroja Y, o7 je nezname.

Kalibrag¢na funkcia v = f(u) vyjadruje vztah medzi bezchybnymi
(skutoEnymi) hodnotami merania toho istého objektu pomocou dvoch
meracich pristrojov X a ).

Predpokladame, zZe kalibraéna fumkcia je polyném k—teho stupna,
tedav = ag + ap + ... + akp”.



1. Model kalibracie, jeho linearizacia a NNLO parametrov

Oznacme
Xy
Xz
X = .
Xm,i
and
Yi,i
Yo,
Y, =

HA
p=|

Hm

1]

v2
vV =

Um



Model kalibrécie je

2’ 0
Y2 ~ N |:(1n ® IZm,Zm) (5) ’In ® (U)bm Uzlm):|
) y

(® je Kronekerov sucin) s nelinearnymi ohraniCeniami (vazbami)
parametrov

v=aylm+aip+..+apk,
1mje mx 1 vektor (1,1,...,1), pP=(uf,...,uB)

Tento model sa vola model s chybami v premennych, alebo
errors-in-variables model



Pomocou Taylorovho rozvoja okolo vhodnych hodn6t

ao = (@00, @10, 820, -+, ako)’, 5 = (8y; ..., 112, zanedbanim ¢lenov
druhého a vyssich radov ako aj polozenim du; = pj — pio,
i=1,2,...m, 8, = (du1,...,01m)" dostdvame lineérny regresny
model s linearnymi podmienkami na parametre

X1 — 1o
Y
X2 — pyo

5 I 0
= Y.2 ~ N [(1n®12m,2m) (VM) I ® (J)bm U;lem)} M

, _ 4
(d/ag(aOO1m + .+ kakOlJ'g 1)7 _Im> <;> + (1m,.U07 ,,,7/,1,5) a=0
(2)
(diag(ago1m + .. + kakoug“) je diagonalne matica s prvkami vektora
(@oo1m + ... + kakouk ™) na diagonale).



Pri oznateni 8 = (6,,,v')', a=(ao,a,...,a), p2 S=
diag(aoo1m + ... + kakopd '), Bi=(S,~I), Br =

2
k o UXIm 0 -1 _
(1m,u0, ...,uo) , 2=I,® ( 0 O‘}Z,Im> , C' =

2 __
1 ("Xo”" 9 ) A =B,C 'B| = 1(628S + o2I), X =
O'ylm
,
15(27:1 X1,,-,...,Z,'-7:1 XmJ) ) *%(Z/ 1Y1 R Z/ 1 m/)

linearne (linearizované) podmienky (2) su

=1

(S.—1) (‘5;) +B,a=0, resp. B (‘5;) +Ba=0 (3)



NNLO (najlepsi nevychyleny linearny odhad) vektora parametrov

(8.,a) je
B _ (lem — Cc 'B,QyB; 7:#0
a — Q> B, Y ’

a kovarian¢na matica odhadu a je

COV(a) = —Qo,

B/C 'B; B\ _ (Qn 012)
B, 0 Q Qx)°

kde



Po vypoctoch dostavame

o2 _ _ _ g2 _ _
fi=X—-228Qu(S(X o) = V), 7=V +L@u(S(X - o) - V),
ao
o a X — o
S HERS
ak
a
cov(a )77022_(BZA Bz) . (4)

Iba poznamenavame, ze

F)a(Ee)



2. MINQUE odhady 0% a o7

MINQUE (minimum norm quadratic unbiased estimator) varianc“:nych
koeficientov o2 and a (lokalny pri vhodnych hodnotach o2, f,o) je

2 »
(UA%) = Smzom) F

kde F
_ 1
F=(£)
1 [ - - - - ]
Fi=— > (X = X)(X; = X) —n(X — @) (X — @) | ,
X0 | j=1
1 [& ]
Fo=— D (Y= Y)(Y;=Y)=n(Y -D)(Y -D)|,
Tyo | j= |
s - ‘";:0)"7 + LT(SQ1SSQ11S) & Tr(oﬂsson)
(M. EoM.)* = 5 Tr(onssoﬁ) b ‘ 7 Tr(Q11 Q1)

) |



g

2
. v . g .
KovarianCna matica </§> e
y

—1
W(U)Z(O’ 0;2/0) = 2S(MLZOML)+'



3. lterativna procedura pre odhad a, i, v, 0%, 05

1. Spocitame pociato¢né (priblizné) hodnoty parametrov o2 and a}?;
ako realizacie ndhodnych premennych

n

% ngZ( ,,—Zx,s> nlnfj];‘(%,—ZY,s) ,

i=1 j=1 i=1

dalej spocitame pociatocné hodnoty p, ako realizacie ndhodného
vektora

/’1’0 = 7;
a vektor ag ako realizaciu ndhodného vektora

a, = (B,By) 'B,Y

(B2 = (1m, Hon o 1E)):



2. Ziskame odhady

o Prso Sy oy T .
u:X—TSQH(S(X—Ho)—Y, V:Y-i—TQﬁ(S(X—No)—Y,
&
| a X -
a=| . —021B1< Y”O) (7)
ax

where S = diag(aoo1m + ... + kakopk "), Bi=(S,-I), €' =
1 O')z(olm 0
n 0 J}Z,OIm ’

—1
011:(31C’1B1)*1—(B1C’1B1)*1BQ(B’2(B1C’1B1)*1BQ) BYB,C 'B;)"",

—1
Q2= (B:C 'Bi) "B, (By(BiC'B))'B,) . Qi = Q.



3. Polozime realizacie vektora a ako podiatotné hodnoty

ao = (apo, ao, ---, ao)’ a spocitame MINQUE odhad o2, o2. Takto
dostaneme (priblizny) NNLO vektora pu, v, a aj s kovariancnou
maticou cov(a).

4. Polozime realizacie odhadov ¢%, o2 ako hodnoty %, a 0%, a
suCasne polozime realizacie vektora p ako pociatocné hodnoty p;
vratime sa na bod 2. "ZlepSili" sme odhady.

Pokracujeme v tomto iteraénom procese (body 2,3 a 4) az budu
odhady (nasledujuci a predchadzajici) "dostatoCne blizko seba".
Podla naSich skusenosti je potrebnych 4-7 iteracii.

Matlabovy kod pre tito iterativnu proceddru (program.m, beta_12.m,
poc_odhad.m, sx_sy.m) najdete na adrese
http://www.math.muni.cz/xirucko/.



4. Inferencie pre pevné efekty v malych vyberoch
(podla Kenwarda a Rogera)

Uvazujme vSeobecny gaussovsky linearny model s s observaciami

Esja
&~ N(Xa; V),

kde X (s x (k+ 1), hodnosti k + 1) a V st zndme matice,

a((k+1)x 1) je vektor neznamych parametrov a prvky kovarianénej
matice V(o2, 02) st funkciami dvoch parametrov 02 and o3. REML
(restricted maximum likelihood) odhad vektora of a je odhadom
ziskanym zovSeobecnenou metédou najmensich Stvorcov

/a\ = ¢(01 ) UZ)X V- (01 ) O'g)é'

kde
®(0%,08) = {X'V ' (0F,08)X} .



Kenward a Roger odpori¢&aju pouzit upraveny odhad kovarianénej

matice vektora a v pripade malych vyberov

N P P 2 2 P 1 P

®) = ®(0%,03)+20(0%,02) § D> {W}i;(U;; — Pid(0%,02)P; — 250 ®(0%,0%),
i=1 j=1

kde s o
oV~ (0%,05) .
—_ Y 1072 _
Pi= X" IR L X =12,
] ‘75:;\%
oV~ (02,02) = 5.0V (62, 62) .
U,=X 8021 2. 2 Vet d) 0021 2l X i=12
i w2 J w2
2 2 2 2
_10%V(02,02) 1,5 3
R —X/V( 27 2\—1 1,72 ~V (02,0'2))(
& R = e e R

a {W};;je (i,j)—ty prvok matice W(;?, ;g) danej v (6).



Robime inferencie simultanne pre cely vektor a. Kenward a Rogers
ukazali, ze Statistika
1

- ~—1 1
m(a—a)'tbA (a—a)NXFk+1,u

t.j. ma priblizne 1 Fyy1 , rozdelenie.
(1 — «) konfidenénd oblast pre vektor a (pri pouziti tejto metddy) je

+1

—~ ~—1 k
Cl—a) = {a: (a—a)ov, (a—a)< Fr1,u(1 —a)}.



A a u sa pocitaju nasledovne

Z Z{W o2, 02 )}ijtr(® (01702)P )l‘l’(tb(a1 ) O'Z)P])

i=1 j=1

2 2

A, = Z Z{W(a12,a%)},»Jtr(P,-d)(a?,US)P/*D(U?,U%)),

i=1 j=1

k+2)A; — (k+5)A 1
it zk1+3§A2+ oy B= sy +64)
¢ = g 0 = k+1—g e = k+3—-g9g
3(k+1)+2(1—-g)’ 3(k+1)+2(1—-g)’ 3(k+1)+2(1—-g)’
(1 +eB)(1- k+1A2)
(k+1)(1 — c2B)2(1 — c3B)’
a konecne

k+3 u 1
YAt k-1 u2( k+1A2)



5. Konfidenc¢né oblasti typu 1 a typu 2 pre vektor a

Pre odhad vektora a, ktory ziskame podfa (7) plati

a~N (a, (B’2A1_1Bg)_1)

V znageni kapitolky 4 0% = 02, 03 = 0}2,, ;? =02, ;g = 0'}2,0 (0% a
0}2,0 dostaneme podla kapitolky 3, bod 4) podla postupu Kenwarda a
Rogera (kapitolka 4) dostavame (1 — «) konfiden&nu oblast typu 1

pre vektor a

~ ~1 k+1
ey = {a: (@a—a) Vo, (a—a)< e Fk+1 (1 a)}
(8)
kde Fi,1. my(1 — a) je (1 — @) kvantil F rozdelenias k+1a (Du
stupfiami voI’nostl



Teraz uvazujme nahodny vektor

n=-S(X - o)+ ¥ =By (X 1) (©)

<

’ahko ukazeme, ze
n ~ N(Bza, A1),
pricom By = (1m, g, .., pf) , Ay = (0288 + 02l). V znateni

n
kapitolky 4 02 = 02, 02 = 0}2,, 02 = 0)2(0, 05 = 0}2,0 (0)2(0 a 0)2,0
dostaneme podla kapitolky 3, bod 4) podla postupu Kenwarda a
Rogera (kapitolka 4) dostdvame (1 — «) konfiden&nu oblast typu 2
pre vektor a

R ~ k+1
(2)(3(1—&) _ {a: @-a) (2)¢A (a—a)< (TMFHL @u(1—a)

(10)



6. Porovnanie konfidenénych oblasti typu 1 a typu 2 pomocou
simulacii

Pre porovnanie empirickych vlastnosti (spravania sa) (1 — «)
konfiden&nych oblasti (8) a (10) sa realizovala (menSia) simulaéna
Stadia. Pre r6zne sady parametrov bolo realizovanych vzdy 1000
opakovanych merani kalibracnej funkcie (polynému stupna 2,3 a 4) a
vySetrovalo sa empirické percentualne pokrytie skutoéného
parametra (1 — «) konfiden¢nou oblastou (8) (ozna¢ené KR1) a
konfiden¢nou oblastou (10) (oznacené KR2), a bolo vzdy 0,05.
Vysledky simulacii su v nasledujucich tabulkach.



Polyném stupna 2

f>(x) = 0.25 + 0.5x + 0.05x2

[ w = (0;2.55)" [ KRt [ KR2 | w=(01;...;9 KR1 KR2
ox =0.125, oy = 0.0625 ox = 0.125, oy = 0.0625

08763 | 08763 09263 | 0.9264

0.9246 | 09246 09376 | 0.9376

0.9361 | 0.9361 0.9407 | 0.9409

0.9409 | 0.9409 0.9470 | 0.9470

0,9466 | 0.9466 09499 | 0.9500

09501 | 0.9501 09511 | 09511

ox =0.25, gy = 0.125 ox =0.25, oy = 0.125

n= 0.8925 | 08925 n=2 09268 | 0.9268

09209 | 0.9209 0.9406 | 0.9407

09279 | 09279 09429 | 0.9430

0.9365 | 0.9365 09434 | 0.9435

09432 | 09432 09480 | 0.9481

09518 | 09518 09456 | 0.9456

09412 | 09412 09174 | 09178

0.9306 | 0.9306 09288 | 0.9288

09272 | 09272 09332 | 0.9333

09283 | 0.9283 09353 | 0.9354

09416 | 09416 09458 | 0.9458

09447 | 09447 09461 | 0.9461

0.9481 | 0.9481 n=2 0.9066 | 0.9072

09328 | 09328 0.9093 | 0.9096

0.9268 | 0.9268 0.9200 | 0.9202

09302 | 0.9302 09219 | 0.9220

09293 | 0.9293 09364 | 0.9364

09353 | 0.9353 09409 | 0.9409




92(x) = 2+ 0.3x + 0.01x2

[ 1 = (0:25,50)" [ KRt [ KR2 w = (0;10; ...; 90) [ KRt KR2
ox = 1.25, 0y = 0.625 ox =1.25, 0y = 0.625
n=2 0.8692 | 0.8692 n=2 09249 | 0.9250
n=3 09212 | 09212 n=3 09364 | 0.9364
n=4 09340 | 09340 n=4 0.9417 | 0.9418
n=5 09434 | 09434 n=5 0.9454 | 0.9455
n=10 0.9488 | 0.9488 n=10 0.9482 | 0.9484
n=20 09516 | 09516 n=20 0.9531 | 0.9531
ox =25,0y =125 ox =250y =125
n=2 0.8865 | 0.8865 n=2 09210 | 0.9211
n=3 09257 | 09257 n=3 09386 | 0.9388
n=4 09332 | 09332 n=4 0.9445 | 0.9447
n=5 09361 | 0.9361 n=5 0.9489 | 0.9490
n=10 0.9464 | 0.9464 n=10 0.9468 | 0.9469
n=20 0.9491 | 0.9491 n=20 0.9476 | 0.9476
ox =50y =25 ox=5,0y=25
n=2 09473 | 09473 n=2 09230 | 0.9236
n=3 09376 | 09376 n=3 09349 | 0.9353
n=4 09345 | 09345 n=4 0.9430 | 0.9431
n=5 0.9401 | 0.9401 n=5 0.9407 | 0.9411
n=10 0.9462 | 0.9462 n=10 0.9466 | 0.9468
n=20 09505 | 0.9505 n=20 0.9475 | 09475
ox =10,0y =5 ox =10,0y =5
n=2 0.9508 | 0.9508 n=2 09253 | 0.9260
n=3 09363 | 0.9363 n=3 09302 | 0.9370
n=4 09381 | 0.9381 n=4 09328 | 0.9329
n=5 09362 | 09362 n=5 0.9368 | 0.9368
n=10 0.9366 | 0.9366 n=10 0.9437 | 0.9437
n=20 0.9466 | 0.9466 n=20 0.9468 | 0.9469




= (10;20; ...; 60)’ KR1 KR2 1 = (10;20; ...; 50)’ KR1 KR2
ox =1.25, 0y = 0.625 ox =1.25, 0y =
n=2 0.9108 | 0.9108 n=2 0.9055 | 0.9057
n=3 0.9320 | 0.9322 n=3 0.9313 | 0.9315
n=4 0.9388 | 0.9389 n=4 0.9382 | 0.9385
n=5 0.9466 | 0.9466 n=5 0.9411 0.9412
n=10 0.9472 | 0.9474 n=10 0.9453 | 0.9453
n=20 0.9492 | 0.9492 n=20 0.9514 | 0.9514
ox =2.5,0y =1.25 ox = 2.5, 0y

n=2 0.9042 | 09042 =2 0.9015 | 0.9019
n=3 0.9276 | 0.9276 n=3 09187 | 09187
n=4 0.9351 0.9352 n=4 0.9261 0.9262
n=5 0.9421 0.9423 n=5 0.9283 | 0.9283
n=10 0.9451 0.9452 n=10 0.9380 | 0.9380
n=20 0.9478 | 0.9478 n=20 0.9432 | 0.9432

ox =5,0y =25 ox =5,0y =25
n=2 0.9077 | 0.9080 n=2 09124 | 0.9130
n=3 0.9138 | 0.9141 n=3 0.9141 0.9143
n=4 09212 | 09212 n=4 09135 | 0.9135
n=5 0.9258 | 0.9258 n=5 09157 | 0.9157
n=10 0.9347 | 0.9347 n=10 09322 | 0.9323
n=20 0.9437 | 0.9437 n=20 0.9430 | 0.9430

ox =10, 0y =5 ox = 10,0y =5
n=2 0.8827 | 0.8834 n=2 0.8906 | 0.8911
n=3 0.8899 | 0.8901 n=3 0.8867 | 0.8872
n=4 0.8962 | 0.8966 n=4 0.8871 0.8871
n=5 0.9024 | 0.9026 n=5 0.8941 0.8942
n=10 09136 | 0.9136 n=10 0.9080 | 0.9080
n=20 0.9278 | 0.9278 n=20 0.9234 | 0.9234

ox = 15,0y = 7.5 ox =15, 0y = 7.5
n=2 0.8569 | 0.8571 n=2 0.8871 0.8875
n=3 0.8535 | 0.8541 n=3 0.8741 0.8744
n=4 0.8631 0.8631 n=4 0.8663 | 0.8665
n=5 0.8651 0.8652 n=5 0.8736 | 0.8738
n=10 0.8976 | 0.8976 n=10 0.8903 | 0.8903
n=20 0.9173 | 0.9173 n=20 0.9034 | 0.9035




w = (—10;0; ...;40)” KR1 KR2 u = (50; 60; ...; 100)” KR1 KR2
ox =1.25,0y = 0., 625 ox =1.25, 0y =
n=2 0.9203 | 0.9209 n=2 0.8986 | 0.8986
n=3 0.9300 | 0.9303 n=3 0.9258 | 0.9258
n=4 0.9430 | 0.9431 n=4 0.9384 | 0.9384
n=5 0.9469 | 0.9474 n=5 0.9407 | 0.9408
n=10 0.9501 0.9502 n=10 0.9484 | 0.9484
n=20 0.9541 0.9542 n=20 0.9488 | 0.9488
ox = 25,0y =1.25 ox = 2.5, 0y

n=2 0.9319 | 0.9322 =2 0.9006 | 0.9007
0.9370 | 0.9372 n=3 09174 | 09174
0.9395 | 0.9395 n=4 0.9281 0.9281
0.9415 | 0.9418 n=5 0.9333 | 0.9333
0.9446 | 0.9446 n=10 0.9376 | 0.9376
0.9489 | 0.9489 n=20 0.9477 | 0.9477

ox =5,0y =25
0.9424 | 0.9431 n=2 0.8696 | 0.8697
0.9447 | 0.9447 n=3 0.8907 | 0.8907
n=4 0.9417 | 09419 n=4 0.8969 | 0.8971
n=5 0.9425 | 0.9427 n=5 0.9094 | 0.9094
n=10 0.9476 | 0.9477 n=10 0.9335 | 0.9335
n=20 0.9490 | 0.9491 n=20 0.9393 | 0.9393

ox = 10,0y =5 ox = 10,0y =5
n=2 0.9049 | 0.9055 n=2 0.7895 | 0.7901
n=3 0.9129 | 0.9136 n=3 0.8066 | 0.8067
n=4 0.9240 | 09242 n=4 0.8199 | 0.8201
n=5 0.9284 | 0.9285 n=5 0.8428 | 0.8430
n=10 0.9416 | 0.9417 n=10 0.8824 | 0.8824
n=20 0.9435 | 0.9435 n=20 0.9109 | 0.9109

ox =15, 0y = 7.5 ox =15, 0y = 7.5
n=2 0.8872 | 0.8876 n=2 07787 | 0.7791
n=3 0.8868 | 0.8872 n=3 0.7607 | 0.7608
0.8957 | 0.8958 n=4 0.7606 | 0.7606
n=5 0.9051 0.9052 n=5 0.7692 | 0.7693
n=10 0.9273 | 0.9275 n=10 0.8266 | 0.8266
n=20 0.9316 | 0.9317 n=20 0.8742 | 0.8743




Polyném stupna 3

f3(x) = —0.8 + 2.46x — 0.38x2 + 0.025x3

[ p = (1;3.56,8.5)" [ KRt [ KR2 | [ = (01;...;10) KR1 KR2
ox =0.125, oy = 0.0625 ox = 0.125, oy = 0.0625

0.8731 | 0.8731 09228 | 0.9230

09153 | 09153 09368 | 0.9370

09342 | 09342 09429 | 0.9429

0.9420 | 0.9420 09439 | 0.9441

09431 | 0.9431 09447 | 0.9447

09509 | 0.9509 09475 | 0.9475

ox =0.25, gy = 0.125 ox =0.25, oy = 0.125

n= 0.8684 | 0.8684 n=2 09145 | 09146

0.9070 | 0.9070 09298 | 0.9299

09321 | 0.9321 09352 | 0.9353

09382 | 0.9382 09418 | 0.9418

09422 | 09422 09480 | 0.9480

09463 | 0.9463 09462 | 0.9462

0.8583 | 0.8583 0.9074 | 0.9075

0.8979 | 0.8979 09203 | 0.9205

09195 | 09195 09243 | 0.9244

09231 | 0.9231 09311 | 09311

0.9388 | 0.9388 09441 | 0.9442

0.9460 | 0.9460 09465 | 0.9466

0.8997 | 08997 n=2 0.8610 | 0.8619

08822 | 08822 08776 | 08784

08717 | 08717 0.8943 | 0.8948

0.8759 | 0.8759 09032 | 0.9036

0.9073 | 0.9073 09219 | 09219

09322 | 09322 09294 | 0.9295




g5(x) = 0.00023x3 — 0.035x2 + 2.2x + 1

[ w=(10:3560,85" | KRT | KR2 | [ w=(010;...;100)" | KRf KR2
ox = 1.25, 0y = 0.625 ox =1.25, 0y = 0.625
n=2 0.8778 | 08778 n=2 09242 | 0.9243
n=3 09219 | 0.9219 n=3 09415 | 0.9415
n=4 09376 | 09376 n=4 0.9414 | 0.9414
n=5 09412 | 0.9412 n=5 0.9461 | 0.9461
n=10 09433 | 09433 n=10 0.9481 | 0.9482
n=20 09520 | 0.9520 n=20 0.9457 | 0.9457
ox =25,0y =125 ox =250y =125
n=2 0.8776 | 08776 n=2 09147 | 09150
n=3 09136 | 09136 n=3 09354 | 0.9354
n=4 09310 | 09310 n=4 09354 | 0.9356
n=5 09375 | 09375 n=5 09393 | 0.9359
n=10 0.9458 | 0.9458 n=10 0.9452 | 0.9454
n=20 0.9479 | 0.9479 n=20 0.9489 | 0.9489
ox =50y =25 ox=5,0y=25
n=2 0.8683 | 0.8683 n=2 0.9010 | 0.9011
n=3 0.8973 | 0.8973 n=3 09155 | 0.9159
n=4 09235 | 09235 n=4 09200 | 0.9204
n=5 09218 | 0.9218 n=5 09297 | 0.9298
n=10 09382 | 09382 n=10 0.9457 | 0.9457
n=20 0.9442 | 0.9442 n=20 0.9413 | 0.9414
ox =10,0y =5 ox =10,0y =5
n=2 0.9058 | 0.9058 n=2 0.8633 | 0.8639
n=3 0.8856 | 0.8856 n=3 0.8773 | 0.8777
n=4 0.8796 | 0.8796 n=4 08911 | 0.8915
n=5 0.8900 | 0.8900 n=5 0.9045 | 0.9047
n=10 0.9098 | 0.9098 n=10 09215 | 09215
n=20 0.9306 | 0.9306 n=20 09346 | 0.9347




Polyném stupna 4

fa(x) = —0.45 + 0.8x + 0.35x2 — 0.07x% + 0.0037x*

[ = (0;2.5 ...;10) [ kRt [ KmR2 | [ p=(0;1,..;11) KR1 KR2
ox =0.125, oy = 0.0625 ox =0.125, oy = 0.0625
n=2 0.8658 | 0.8658 n=2 0.9204 | 0.9206
n=3 0.9157 | 0.9157 n=3 0.9342 | 0.9344
n=4 0.9295 | 0.9295 n=4 0.9358 | 0.9358
n=5 0.9345 | 0.9345 n=5 0.9381 0.9384
n=10 0.9466 | 0.9466 n=10 0.9445 | 0.9446
n=20 0.9475 | 0.9475 n=20 0.9496 | 0.9496
ox =0.25, gy = 0.125 ox =0.25, oy = 0.125
n=2 0.8500 | 0.8500 n=2 0.8995 | 0.8996
n=3 0.9108 | 0.9108 n=3 0.9210 | 0.9211
n=4 0.9242 | 0.9242 n=4 0.9253 | 0.9254
n=5 0.9241 0.9241 n=5 09332 | 0.9333
n=10 0.9333 | 0.9333 n=10 0.9423 | 0.9423
n=20 0.9412 | 0.9412 n=20 0.9457 | 0.9457
ox = 05,0y =0.25 ox =0.5,0y =0.25
n=2 0.8658 | 0.8658 n=2 0.8859 | 0.8859
n=3 0.9025 | 0.9025 n=3 0.8991 0.8992
n=4 09134 | 09134 n=4 0.9084 | 0.9086
n=5 0.9169 | 0.9169 n=5 09176 | 09177
n=10 0.9211 0.9211 n=10 0.9268 | 0.9268
n=20 0.9296 | 0.9296 n=20 0.9376 | 0.9376
ox =1,0y = 0.5 ox =1,0y =05
n=2 0.9334 | 0.9334 n=2 0.8297 | 0.8306
n=3 0.9121 0.9121 n=3 0.8628 | 0.8634
n=4 0.9086 | 0.9086 n=4 0.8782 | 0.8790
n=5 09114 | 09114 n=5 0.8951 0.8955
n=10 09172 | 09172 n=10 0.9068 | 0.9068
n=20 0.9247 | 0.9247 n=20 0.9146 | 0.9146




gs =5—2.47x+0.175x2 — 0.0027x3 + 0.000013x*

[ p=(025..;100" [ KR1 | KR2 | [ w=(0:10;...,110) [ KRt KR2
ox = 1.25, 0y = 0.625 ox = 1.25, 0y = 0.625
n=2 0.8605 | 0.8605 n=2 0.9193 | 0.9200
n=3 0.9157 | 0.9157 n=3 0.9388 | 0.9392
n=4 0.9316 | 0.9316 n=4 0.9464 | 0.9469
n=5 0.9356 | 0.9356 n=5 0.9443 | 0.9446
n=10 0.9482 | 0.9482 n=10 0.9537 | 0.9537
n=20 0.9494 | 09494 n=20 09479 | 0.9479
ox =2.5,0y = 1.25 ox = 25,0y =1.25
n=2 0.8527 | 0.8527 n=2 0.9159 | 0.9162
n=3 0.9090 | 0.9090 n=3 0.9341 0.9348
n=4 0.9254 | 0.9254 n=4 0.9443 | 0.9447
n=5 0.9399 | 0.9399 n=5 0.9397 | 0.9403
n=10 0.9423 | 0.9423 n=10 0.9501 0.9503
n=20 0.9482 | 0.9482 n=20 0.9495 | 0.9495
ox =5,0y =25 oy =25
n=2 0.8356 | 0.8356 n=2 0.9092 | 0.9105
n=3 0.8823 | 0.8823 n=3 0.9256 | 0.9259
n=4 0.9079 | 0.9079 n=4 0.9296 | 0.9303
n=5 0.9158 | 0.9158 n=5 0.9392 | 0.9394
n=10 0.9372 | 0.9372 n=10 0.9442 | 0.9442
n=20 0.9431 0.9431 n=20 0.9494 | 0.9494
ox =10, 0y =5 ox = 10,0y =5
n=2 0.8794 | 0.8794 n=2 0.8549 | 0.8565
n=3 0.8529 | 0.8529 n=3 0.8895 | 0.8900
n=4 0.8592 | 0.8592 n=4 0.8976 | 0.8978
n=5 0.8606 | 0.8606 n=5 0.9105 | 0.9106
n=10 0.8962 | 0.8962 n=10 0.9285 | 0.9289
n=20 0.9214 | 0.9214 n=20 0.9432 | 0.9433

Zo simul&cii je oCividné, Ze spravanie sa oboch konfidenénych oblasti
(8) and (10) je prakticky rovnaké.



Zaver

V prispevku sme analyzovali prvi fazu kalibraéného procesu, a sice
odhad parametrov kalibranej funkcie a uréenie konfidencnej oblast
pre vektor parametrov (dvomi prakticky rovnocennymi postupmi).
Této faza sa mbze nazvat kalibrovanie meradla. V nasledujicom
treba este urcit konfidenény pas okolo odhadu kalibracnej funkcie a
definovat postup, ako merat s nakalibrovanym meradlom. O tom
snad niekedy nabuduce.



Dakujeme za pozornost



