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Summary

The questions of information - methodological support of the problem-oriented computer
complex for the automated technology experimental research for infra-red measurement of humidity
are considered. The offered method reduces an error called by an error of approximation by curve
"humidity - optical parameter". An error of approximation is caused by complexity of preparation and
test of a plenty of samples of a material. The method of definition constant “a, k, b of logarithmic
function of definition of humidity, by means of three samples appropriate to the minimal, maximal and
average importance of the given range of measurement is offered.

Keywords: Method of approximation. Automated technology. Experimental research. Infra-
red measurement.

1. Introduction

The analysis of metrological properties of infra-red analyzers shows, that the significant share
of an error is due to a degree of accuracy of approximation of a curve of experimental data caused by
complexity of preparation of a plenty of samples with given humidity in the given range. For
elimination of the specified factor of an error the method of approximation of a curve by means of
three samples with humidity close to the minimal, maximal and average value of a range of
measurement is developed.

2. Methods

The offered method consists in the fact that many curves are being approximated with
required accuracy by logarithmic function. Curve dependences "a humidity - optical parameter”,
which are applied by devices at measurement of humidity based on a spectrometer method look like

those given in figure 1-4, where G is an optical parameter, W - humidity.
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Most general view of function of approximation,
w=a+kIn(IT -b) (D)

where a, k, b are constants.

78



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(4), 2008

For definition of concrete values of constants it is necessary the values of the function in three points.

Let at: I1=I1, have w=wy;
I[I=I1, have w=wsy;
I[I=I1; have w=ws;

Then according to (1)

wi=a+kin(IT,—b) (21)
wr=a+kin(TT,—b) (2,)
wi=a+tkin(IT;—b) (25)
By elimination of "a" we get
IT, -5
w, —w, =kln—2 3
2 1 Hl _bh ( 1)
I1,-b
w, —w, =kln—2 3
3 2 Hz _bh ( 2)
I1,-b
w, —w, =kln—3 3
3 1 Hl _bh ( 3)
From (3;) and (3,) by elimination of "k" we have
n IT, -b
W, — W IT, -5
2 1 — 1_Il b (4)
Wi=Wy gy 23—
IT, -b

With respect to "b" we receive transcendental equation. It becomes considerably simpler if we
assume that

W, =W —1
W; =W,
w, +w
Then from (4) we shall determine
In IT, -b _ IT, -b
IT, -b IT, -b
I, -» II,-b
R (©)
I, - 1II,-b
I, -11, - 112
b — 1 3 22 (71)
IT, +11, - 2IT;
From (3,) is received
W, =W
f=—23__"1 7
I, —b ()
IT, -b
From (2) is received a=w,—kIn(I1,-b) (75)

The formulas (7;), (72), and (75) give the values of constant coefficients of function of kind

(1), provided that the ordinates of three points of approximating function satisfies condition (5).
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The offered method can be applied to curves (2, 3, 4), similar given in figure 1.
All given four curves are described by one equation
w=a+kln | (T1-b)| (8)
For determination of b instead of (6) we receive equation
1, -b| |11, -5
1, -b| |I1, -b)|

Taking into account, that x=b is vertical asymptote to logarithmic function and is located more

)

to the left in diagrams 1 and 2, that is, if to arrange on increase I,= I,= I; we shall have b<IT,<IT,<I1;,
and for diagrams in fig. 3 and 4 is located more to the right, i.e.
IT,<IL<I15<b

We receive that, [1,—b= Il,—b= I15-b= have identical signs in both cases and equation (8) is
reduced to (6), i.e. constant b in all four cases will be determined by formula (7;). For definition of
constant a instead of (7;) we shall have formula

a=w,—kIn | (IT,-b) | (10)

At application of computer there is no necessity to have built beforehand a curve of kind of
fig. 1-4. With the purpose to find such points, that satisfy condition (5) it is enough to know
coordinates of three arbitrary points.

Let curve looks like that given in fig.1 and points (X1, y1)= (X2, ¥2)= (X3, y3) are known. Let us

+
find coefficients a, k, b, in equation (8) by determining of point (x=y.), where Ye = & 7 = ’

while "x." is determined by consecutive approximation according to the following algorithm:
Y ¥
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Fig. 5-a Fig. 5-b

The curve is below a straight line, passing through extreme points M(x;,y;) and M(x3,y3), i.e.

if to define the ordinate of point "P" on a straight line MN,

-~ (x,=x)y, -
5= D3 yl):y1
X3 =X

Then we have y > y,. Simultaneously y;>y;, therefore x. is more to the left of xs, where

X, +Xx . . .
X5 = ~1_"3 and is the abscissa of an average point Q of segment MN.
2

Let's give to the value of x; a symbol x4. For the first approach of x'. for the values of x., we
shall accept
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X, X
2
By formulas (7;), (72), (10) we shall determine constants a, k, b. Calculate ordinate y4 of the

X ¢

point laying on received curve and having abscissa [, that is
ys=a+tkln | IL-b |
If y,>y, (fig. 5a), we shall accept x'. for x5 and we shall repeat the algorithm. If y,>y, (fig. 5b),
we shall accept x'. for x4 and we shall repeat the algorithm.
The coefficients a,k,b of function (8), describing a curve passing through points (x;= y;)= (X,= y») and
(x5= y3)= are determined, then we shall receive y,=y,.
The similar algorithms are applied and in a case of curves, given in fig.2-4 only with that

difference, that since in case of a curve given in fig.6 we have )y <y, and y;<y;= then we shall

accept

X, +x —
=12 and x, =x,.

EHAX- XD bh=( Ry o= ot S L)
L P T ] P A R Aty |
==k n|e =5 g 2+l za—h|

a,8, 0 A
ZATH-[EHTE
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Since in case of a curve given in fig. 7, we have y > y, and y <y, (fig. 6), then we shall
accept x4.

X, +Xx
x, =13

and x; = X,

Since in case of a curve given in fig. 2, 3, 4, we have y > y, and y,<y; then we shall accept

X, +x
x;=—"—2> and x, =x,
2

For general consideration it is necessary to provide a case, wheny = y,, in this case curve is
described by linear function,

y=ax+b
where "a" and "b" are determined by formula:
g BTV e
X3 =X

In fig. 9 the algorithm of definition of coefficients and ordinate of a point laying on

neyn

approximating curve, appropriate to given "x" is given.
It is necessary to note, that calibration curve can be described by the exponential function of a kind

y=b+p- e¥* ( 1')
where b, p, q) - constant. If we shall take 3 points (y1; y1), (%2;), ()3; ¥3), similarly we shall receive for
n q "‘
=V (01-x2)) - In(y2- y1)/ (y3; y2)
for p; p= (y2- y1)/ (e%1- €%)

for b; b=y;-p-el%
The accuracy of definition of humidity is checked up by both dependences experimentally and

is received, that exacter estimation is given by dependence (1).On this the decision on use of
logarithmic function in infra-red analyzers of humidity was accepted.

Results of investigation. The developed method is tested at definition of humidity of
antibiotics, paper, vitamin powder mixes, synthetic fiber, plaster, alumina, dolomite, wood sawdust,
wood shaving, plywood, lime, potassium fertilizers, kaolin, cardboard, starch, dairy powder, detergent

powder, cooking salt, wheaten flour, cement, tea, and many others friable, firm and liquid materials.

3. Conclusions

As it is shown in results it is necessary to note, that calibrating characteristics "a", "k", "b" for
different materials have different values. Proceeding from a variety of materials for their definition it
is required numerous and labor-consuming experiments on samples with different humidity in a
different range of measurement. The difficulty of experiment consists in preparation of numerous
samples with different humidity and performance numerous measurement in the given range,
registration and data processing. Use of the offered method at application of computer facilities

considerably simplifies process of approximation and reduces a cycle of experimental research.
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METO/ AITIPOKCUMAILIMU KPUBOW , BJIAJKHOCTh-OINITUYECKUI ITIOKA3ATEJIB"
N AJITOPUTM ONNPEAEJIEHUSA I'PAAYUPOBOYHbBIX XAPAKTEPUCTHUK

Hozanze L. - I'opurickuii YHuUBEpcuTeT
Camxapamze P. - ['py3unckuii TexHuueckuii Y HUBEpCUTET

Pe3rome

AHanu3 METPOJIOTMYECKUX CBOWCTB HWH(PAKPACHBIX BJIarOMEpPOB  IIOKA3bIBAET, 4YTO
CYIISCTBEHHAs JOJsI OIMIMOKA W3MEPEHUS IPUXOIUTCS Ha CTENEHb TOYHOCTU AaIllPOKCUMAIUH
KPUBOH  ,,BIIAXKHOCTh-ONTHYCCKUN  TOKa3aTesb", OOYCIOBICHHONH  CJIOXKHOCTBIO  IOJIOTOBKH
OOJIBIIIOrO0  KOJMYECTBAa 0Opa3oB C 3aJaHHOM BIAXHOCTHIO B 3aJlaHHOM juanasone. Jlns
YCTPaHEHUs YKa3aHHOrO (PakTopa TMOrpeIIHOCTH MPEUIOKEH METOJ] allpOKCHUMAIMH KpPUBOM
,,BIIKHOCTh-ONTHYECKUH  IOKa3aTellb™  IMOCPEACTBOM  TpeX  O0pa3slloB C  BJIAXKHOCTBIO,
COOTBETCTBYIOIIEH MHHHUMAJbHOMY, MAaKCUMaJIbHOMY M CpEIHEMY 3HAYCHHUIO HEKOTOPOro
nvana3oHa u3MepeHus. JlaHHBI MeTox — peanu3oBaH, Kak yHH(DQHUIMPOBAHHOE METOIMYECKOS
cpeactBo u wucnonsdyercs B [IOK MK Brnaromerpum s mpoBeneHUs SKCIEPUMEHTAJIbHBIX
HCCIICAOBAHUU.
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