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Direct and indirect (inverted) calibration transforms are
formally defined by

n=Ay, (1)

g
v=A u, (2)

where A is an operator, correspondlng to the transformation
con51dered and A”! is its inverse. The problem is to determine
A and A™!.Each problem belongs to the class of problems which
often lead to incorrect, (111—posed) /Y for the normal equations,
matrices, corresponding to the approximation problems. An ope-—
rator A is a response function (also called a transfer func-
tion or an apparatus function}.

A  is usually nonlinear and approximately defined and its
simple inversion is not always attainable. We seek an approxi-
mate form of A and A~! satisfying certain extremum conditi-
ons’?. This is a characteristic of very complex devices in high
energy physics: spiral reader data, filmless data acquisition
(TV) system for streamer chamber ’®, monitoring computing scan-
ner 4/ . These operators require the restoration of spatial co-
orSLnates of events which are elther optically or electronically
(or both) nonlinearly distorted’

In the present paper we give l) effective applications of spe-
cially built orthogonal polynomials; 2) comparative data from
some calibration procedures of another types of polynomials.

Let {v,t, i =1,2,...,m be the values of the quantity v,
measured at m reference points. Let the corresponding values
of the observable u be {y;}, i=1,2,...,m and the respective
accuracies fAu;l, i= 1,2...,m. Assuming a normal error distri-
bution we can associate to each point v; a positive weight

Wm 3)
(Au,)

At the first calibration step the coordinates of fiducial
cross centres are calculated /8% | At the second one the ope-
rators A and A™! may be constructed in various ways. The choice
of their types depends on the adapted mathematical model. Once
the problem is given in a2 mathematically precise form, there
appear several aspects in its solution: 1) the choice of appro-
ximation function and of the distance function; 2} the exis-
tence of a solution; 3) the uniqueness of a solution; 4) spe-
cial properties of the solution; 5) the computation of the solu-
tion.

The polynomial models are flexible enough to describe any
sort of transfer functions. More often the complexity of devices
used allows us the employment of polynomial ones. We shall be
looking for the following representation of (1) and (2):

u=3 a,Py(v), (4)
V=2f} apQp (u), (5)

where Py(v) and Qp(u) are suitable sets of mutually independent
polynlmlals. More frequently the polynimial set ¢1 =(1,x,y,2v,...)
is used’ . The direct computation of such ordinary polynomlal
series is handlcapped by the high condition numbers of the mat-
rices involved. In’® ¢, and Y, polynomial sets are used; i
are bivariate polynomlais orthogonal over continuous set %
[-1,11x [-1,1], that leads to quasidiagonal matrices and to the
condition numbers w1, ¢ are bivariate polynomials, orthogonal
over concrete discrete p01nt set. If {P, | and 1Qp} are orthonor-
mal over point sets as follows:

< m
;Y.:lPk(Vi)Wj P?(Vj)=5kg. 12=1Gk(ui)wi QP(ui)=5kP-

then the series coefficients are easily computed via:
m
e 151 u W Pelvy), (6)

m
br— _Elviwj Qr(ui), (7)

i=
In our case, we propose polynomials, numerically bu11L by method
of Forsythe-Weisfeld’":8:% P =Cj [(u, -3 _p) P, (u)- z RLP (u)]

rék

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

u, m n 2
L, = Eg[um_ l{2=031'ki’k(v”.vm}] ;
o O : 0
e jzo[UQJ -?50 300 Pp (Vyj. vp 1"
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e e S NOW W CATL @XPreESS u; and u,

- 7, as functions of (vl,v Y=
S N 2

u1=fa1'k Pk(vlvvg)n (9)
: g =23y, Pylvi.v), (10)

Vi =% byp Qplug,ug), (1)

Vo =§-b2'p Qp(ﬂl.ug), (12)
=Vé‘: where la![, laal, lhll’ b}

are computed according to %6),
(7). The approximate calibra-

e : - tion transforms have been

e j “# " found. The criteria by which

: the lengths of the series (4)

and (5) are selected are the
following: 1) the min 2 per
degree of freedom; 2) smooth-
ness considerations; 3) measu—
rement accuracy. The choice
of 28 members (degree 5) is
'suitable by (2) and (3) cri-
teria.

This Ortho—Normal-Expansion
Method is adapted to the re-
quirements of calibration
problems’1%/0n Fig.2 the fi-
ducial mark positions are
plotted, and the distortion of
a rectangle grid is represen—
ted. It was computer by means
5 of (11), (12). Figure 2 shows
* =’ a very good quality of the nu-
bs Ve woi @~ merically found calibration

transforms despite of the
poor data of 13 points only
and of uninformity of a grid.

A package of special Fortran programs for two calibration
steps is composed in LCTA, Dubna, where the above-mentioned four
systems of polynomials are employed. The processing was carried
on a CDC-6500 at JINR, Dubna’/3.5/,
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Here we present some

new results (see the
Table) on calibration

[ with ONEM (¢h) and
another polynimial mo-
del (¢,) for filmless—
acquisition systems
( by Gramm-Schmidt re-
cursion formulae /5/),

Results and figures
show that the orthogo-
nal polynomial system
by Forsythe-Weisfeld
can be more successful-
ly used comparing with
another polynomial mo-

dels.
400
L ;
! )
500 T
] 3
GUQJ III Ill:' .W-?_"*L 3
mm) s woon 13 Fig,2
x: TablE
Nonlinear Model (¢, ) ONEM (&, )
Maximum noncompensed
distortion 0.019 mm 0.016 mm
Mean value of noncompensed
distortion 0.009 0.001
Matrix inversion yes no
Iterating yes no
Stability troubles yes no
Max number of parameters precisement
limited by storage of measurement

Machine time (relative units)

1

0.5
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