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Direct and indirec t (inverted) calibration transforms are 

f ormally defined by 


u ~ Av, (I) 

-I 
v=A 11 , (2) 

where A is an operator, corresponding to the t ransfo r mation 
considered and A-I is its inverse. The probl em is t o determine 
A and A-I .Each problem belongs to the class of pr oblems whi ch 
of ten l ead to incorrect, (ill-posed) / }/ f or the normal equations, 
matrices , corresponding to the approxi ma tion problems. An ope
rator A i s a r e sponse f unction (al so call ed a transfer func
tion or an apparatus function). 

A i s usuall y nonlinear and approxi mat e l y defined and its 
s imple invers ion is not always at t a i nabl e . We seek an approxi
mat e form of A and A-I sati sfying ce rt a in ext r etmJDl conditi 
ons /2/.This is a characteri s tic of ve ry compl ex devices in high 
energy physics: spiral reader da t a , fi lml ess data acquisition 
(TV) system for streamer chamber / 3/. monitor ing computing scan
ner / 4/ . These operators require t he r e s to r a tion of spatial co 
ors inates of events which are e i t her opti ca lly or electroni cally 
(or bo th) nonlinearly distort ed /3/, 

In the present paper we give I ) effec t i ve applications of spe
cially built orthogonal pol ynomi a l s ; 2 ) compa r ative data from 
some calibration procedures of ano the r t ypes of polynomials. 

Let Iv ii, i = 1,2, ••• , m be the va l ue s of the quantity v . 
measured at m reference points. Le t t he cor res ponding values 
of the observable U be lUll, i = 1, 2, .• • , m and the respective 
accuracies (.1. Uj t. i = 1,2 • • • ,m. Assuming a norma l er ror distri 
bution we can a ssoc i a te to each point Vi a pos i tive we ight 

1 
Wi =---- (3) 

(t.u )2
i 

At the fir s t ca libration s tep the coordinate s of f i duci a l 
cross ceutres are calculated 13 ,51 • At the second one the ope 
rators A and A-I may be constructed in various ways. The choice 
of their type s depend s on the adapted mathematical model. Once 
the problem is given in a mathematically precise form, ther e 
appear several a spects in its solution: 1) the choice of appr o 
ximation function and of the distance function; 2) the exis 
tence of a solution; 3) the uniquenes s o f a solution; 4) s pe 
cial properties of the solution; 5) the comput a tion of t he. solu
t i on. 

2 

The polynomial model s ar e f l exibl e enough to descr i be any 
sort of trans f e r f unct ions . Mo re often the complexi t y of devices 
used allows us the employment of polynomial ones . We shal l be 
l ookin g f or the fo llowing r epre s entation o f ( I) and (2 ): 

U= l: ' kPk( v ) , (4 ) 
k 

v=l:'e Gf! ( u) , (5 ) y 

where Pk(v ) and Qe( u ) a r e sui t abl e sets of mut ua lly independ ent 
polynimial s , !lore fr equently t he po l ynimia l s et .pI = ( 1 , x,y, xy " ..) 
i s used/4/• The direct computa t ion of such or dinar y pol ynomial 
series is handicapped by the hi gh condi tion numbe r s of the mat 
r ices invol ved . In 16/ ifJ and 1/1

3 
po lynomi a l s e t s are used; "'2 

are bivar i ate polynomi ais or thogona l over continuou~ set 
[- 1,1] x [ -I , I J , t hat l eads t o qua sidiagonal ma t rices and to t he 
condition numbers ... 1 . "'3 are bivariate polynomi a l s, orthogona l 
over concrete discre t e point se t . If tP k I and I Qf I are orthono r 
mal over po i nt se ts as foll ows : 

m m 
l: p .(v.)w.Py ( v . ) = 8 kf' l: Q k( u l ) WI Qp ( u i ) = 8.e,1= 1 1 I 1 1= I 

then the series coefficients a re easily computed v ia : 
In 

(6 )Uk = ' : 1 u I WIP k( v i ) , 

m 
(7)by = i~ I v I WI Q y( u ; ) . 

In our case, we propose po l ynomials, numerically bui l t by method 
L-l 

of Forsythe-Weisfeld 1 7 ,8, 9/ , PL =CL [(u. - aL _ I)p. ( u)- l: A~Pr ( u )1 
r= 1
r" •

Now we can report on the (x,y ) calibration data [or filmless 
data acquisition system of RISK-track chamber (Fig. I). In this 
case the chamber is scanned using TV-cameras/3/. Both the direct 
and inverted cal ibration problems consist of establishing one
to-one correspondence between i~ge coordinates (in steps) and 
actual ones (in l i near units), and vice versa. There are prob
l ems for two dimensional case. We formulate the calibration prob
lem in the form of two discrete approximate problems 

m n 2L'I l: [ul! - l: 31.Pk ( VII'V21)] 2 1=0 ' k= O • 

(8)u2 rn n 2 

L2 l: - l: a2yPe(VIJ'V2 )] 
[u2Jj=O • f=o' J 

3 
1/1, 
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Now we can expre ss u1 and u
2 

as func tions of ( vI' v2 ): 

" ,::!: a , k p.(v " v2) , 
k ' 

(9) 

" 2 - ~a2,. p . ( v" v2 ) ' ( 10) 

v, - :!: b, P Qp ( " " "2 ) ,P , ( II ) 
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v2 =~ b 2,p Qp( U" "2) ' ( 12) 

where I a,', I a2 , , I b ,I , I b I 
are computed accord i ng to t6), 
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(7). The appr oxi mate calibra
tion transforms have been 
found . The cr iteria by which 
the lengths of the series (4) 
and (5 ) are sel ec t ed are t he 
following: I) the min )( 2 per 
degree o f f reedom ; 2) smoo th

~I"i;·i ~' ~ 

dl 
~l 

'.: 
ness cons iderat i ons; 3) measu
rement accuracy. The choice 
of 28 membe rs (degree 5) is 
'suitabl e by (2) and (3) cri
t er i a . 

"ii 
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Thi s Or tho-Normal -Expans i on 
Me thod i s adapted to t he re 
quirements of cal i bra tion 
problems / 'O ( On Fig. 2 the fi 

'1" ;--" X IJ duc ial mark pos it ions are 
plotted , and t he distortion of 

d

I__ " 
i_i....___ .. __._ ,X\. ' 11 .::.=:~ >-. 

a rectangl e gr i d is represen
t ed . It was comput er by means 
of (J I ), ( 12) . Figure 2 shows 
a v ery good qua l i t y of the nu
merically found ca l i bration__ 
transfo rms de s pi te o f theFig . I 
poor data o f 13 point s only 
and of uninformi t y o f a gr i d . 

A package of s pecial Fo r tran progr ams fo r two calibration 
s t e ps i s composed in LeTA, Dubna, where the above-men t ioned f our 
sys tems of po l ynomial s ar e empl oyed. The processing was carried 
on a CDC-6500 a t JINR, Dubna 1 3 ,5/, 

500 1000 1500 x Here we pr esent some 
2 ~ 1 (mm;0 1 

new result s (see the~i . i . r t r I . ~----
Tabl e) on cal i brat ion 
with ONEM (~. ) and 
ano ther polynimial mo

100 del (. IY~ ) . f or f ilmless
acqu~s ~tlon sys t ems 
( by Gr amm-S chmi dt re
cur s i on f ormulae /5/ ) . 

200 . Re s ul ts and figures , 
show that t he or thogo
nal polynomial sy s t em 
by Forsythe-Weisfeld 

300 can be more successful 
ly used c omparing with 
ano ther pol ynomi al mo 
de l s. 

:'00 X_I 

500 

I I 1 \ •600 • 
10 
• 

" 
• • • • Fig . 2[m m) " " X, Table 

Nonl[near Model ( ~2 ) ONEM(¢.) 

Maxi mum noncompens ed 
di stortion 0.019 I1I1l 0 . 0 16 mm 

Mean val ue o f noncompens ed 
di stortion 0 . 009 0 . 001 

Mat r i x inversion yes no 

Iterat i ng yes no 

Stability troubles yes no 

Max number of parameters 
limi t ed by storage 

prec i semen t 
of measurement 

Machine time (relative uni ts) I 
---  - - - , 

0.5 

4 5 
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Bor AallDsa H. 	 EII-84-512 
npHMeHeHHe HeKOTOpbJX T IIIIOD nom·I H ONOB 

B KaJ1H6pOD01.f.IIUX 3 a.a, .I QJ, X p..1 1R Cn O)l;lIblX H 3 NeplfT el1bJIblX YCTPOA,cTB 

B ibH3HK e BblCOK Ii X 3HeprH ii 

PaCCM3Tp IIBa eTCH 3~a\{a Kanu 6 p o BKH AJIR H 3MepH TenbHbDC 

npHoop o B c n pH H o yrOJlb llOl1 CHCTer-to ii KOOPJlHHaT. JlpftMOe H o6paTHoe 
K aJ1H6p OBOli l-lble n peo6pa300 3 11JUI o n p e A e n JiIOTCR C n OMODtbto llBYMepHblX 

nOR HIlOMOB , JI .:l1iJ1Y4l11HM o6p a:JoM a n n pOKCHMHPY1QW.HX HeKoTopw'i, HaOop 
3 a.o;aHH'hJX K OOPAH U3 T . fip eA.no)l(eHbJ noms HOMbI , nOCTpOeHlibJe MeTOlloM 

¢topcafiTa- B ai'r c clIenb A a. Cp aB IIHTenbHoe HSYlieIDIe HX CBOHCTB nOK a
3 ano BblCOK o e Ka~eC T8 0 H n pHMeHHHOC Tb K KarrH6pOBKe OeC~HnbMOBOH 

CHC T e Mbl C'beM3 PHCK. 

PaGoT.:! Bbln OnHeHa B naOopaTopHH Bbl'lHCnHTem:.HoJi Te X HHKH 

H a B TOM3 TH 3 ':UllIH mum. 

npe nPMHT OObeAMHeHHoro HH CT HTYTa R~epH~X Hccne~opaHKA. DyOHa 1984 

80gdanova 11. EII-84-512 
Use of Some Types of Polynomials in Calibration Problems 
for Ueasuring Devices in High Energy Physics 

The calibration problem for measuring devices with rec
tangular coordinate s ystems is considered. The direct and in
verted calibration transformations are de f ined as the best 
least squares approx i mations of some coordinate se t by poly
nomials in two variables. The proposed polynomials are nume
ri cally built by For 8ythe-~eisfeld method. Some comparative 
study of t he ir properties shows a good quality and applicabi
lity to the c a librat i on of the filmless data read-out RISK 
system. 

The investigat ion has been performed at the Laboratory 
of Computing Techni ques and Aut omation, J INR. 
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