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Abstract — The paper presents a brief analysis of works
associated with the choice of transformation functions for
smart pressure sensors. The notion of complexity factor and
offer a way to assess the complexity of models for different
types of transformation functions was given.
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1. INTRODUCTION

The improvement of the measurement accuracy of smart
pressure sensors depends on the correct choice of the model
transformation function (TF). In the last few years a number
researches were carried out [1-3], to study this problem.
Questions related to the complexity of models and the
choice of TF in these researches seems to us insufficient.
The connection between the measuring transducer
graduation and construction of the simplest and cheapest TF,
with the same accuracy, was not considered.

2. STATEMENT OF THE PROBLEM

Source information for the construction of a
transformation function gained as the result of graduation
[4] of the measuring transducer. The definite sequence of
exemplary pressure values at different fixed temperature of
environment are input to measuring transducer. Voltage,
depending on the input pressure and temperature, measured
at the output of the measuring transducer.

We will be studying the inverse two-factor model of TF
built on the results of the graduation:

P=F1(U,(T),T) +e, (1)

where P — measured pressure, that was calculate based on
inverse TF (P is input to measuring transducer); U, — output
voltage (depends on pressure); T — temperature of
environment, in which measuring transducer is located; e —
unrecorded factors (noise); F~1 — model of inverse TF .

Taking into account a specific assumption [5] model of
inverse TF has the following form

P =3, By(D(U,)" +e, @)

where P — measured pressure, that was calculate based on
inverse TF (P is input to measuring transducer);
By(T) ... By, (T) — coefficients of model of inverse TF , as
the function depending on temperature and known U,; U, -

output voltage (depends on pressure). The coefficients
By(T) ... By, (T) can be written as a function depending on

temperature following way

Bn(T) = LN By, - U, (3)

where Kp(N) — value of the degree of polynomials
(coefficients) included into the expression (2), Up — voltage
at the pressure measuring transducer output proportional to
the  ambient  temperature, (channel temperature
measurement), Byo - Bngpany — coefficients of  the
polynomial By (T).

Parameters Kt u Kp defined by the number of graduation
points for temperature Ny = Kt + 1 and for pressure Np =
Kp + 1. According to the recommendations of [6] agree that
Nr=6u Np = 6, T.e. model (2) will be:

P=t-B-p, )

where t = [t0 1 ... ¢5] — a column vector sized (1 X
6).
The elements of this vector are t — normalized values of

voltage at the output of measuring transducer, via
ur -Ur_.

temperature, calculated by the formulat = L~ Tmin_,

UTmax~UTmin

p'=[p° p' ..p°] — transposed column vector sized

(6 X 1). The elements of this vector are p — normalized

values of voltage at the output of measuring transducer, via

>

0 1

Up —Up_.
14 p.
pressure, calculated by the formulap =-—"1 B'—
Upmax=Upmi
min

transposed matrix sized (6 X 6) is

Bo - Bs
B= [ P l; (5)
Bso - Pas

or an upper triangular matrix sized (6 X 6) is



Bo - Bs
B= [ S l (6)
BZO s 0

We believe that the more coefficients mathematical
model comprises, more difficult it is. The simplest model
contains only the coefficient ;, the model is the most
difficult (4)-(5), as it contains all 36 coefficients or model
(4)-(6), contains 21 coefficient. But the number of
coefficients can’t serve as the sole indicator of the
complexity of the model TF.

2. COMPLEXITY EVALUATION OF THE MODELS
@, (5

In the work [2], the number of possible models of
specified type of transformation functions is determined by
the max possible degrees of pressure and temperature

Ny = S5 P (max([K.]) + 1), (7)
where Ny - the number of possible models TF; Kp — degree
of approximating polynomial respect to the parameter p;
[Kt] — set of degrees of approximating polynomials respect
to the parameter t.

For example, if we assume: max(Kp) = 3, max([K¢]) =
4, then the number of possible models of TF will be 775.
Complexity evaluation method of the models TF (4),(5)
based [2] on the representation of each model, as the
number that increases with increasing degree of parameters
put

Indicator of model complexity, which we call a number
«D», formed as below. The number of digits of this number
— Np, determines by the max value KP , included in model:
Np = max(Kp) + 2. For instance, for max(Kp) =
3, max([Kt]) = 4, rank of number «D» will be determined
as following:

D = KpKp3Kr2Kr1Kro- )

Scale of notation of a number D is determined as a
maximum value from a set of degrees. In this case, the base
of scale of notation equals four.

However, the indicator of complexity cannot be used for
all kinds of mathematical models (4)-(5). Using this
indicator we can evaluate only those models, which were
created sequentially incrementing the degree of pressure and
temperature. For example, if max(Kp) = 2, max([Ky]) = 1,
then by successive sorting we find, that the number of all
possible models — 64, and using the method [2] we can
estimate only 12 mathematical models.

3. NEW INDICATOR FOR COMPLEXITY
EVALUATION OF THE MODELS (4), (6)

Total number of all the models created in the framework
of expressions (4), (6) equal 220 = 1 048 576 (assume that
the model FT always contains the coefficient 0). Total set
of all the models in the amount of 1048 576 can be
partitioned into subsets containing models with the same
number of coefficients (members).

Members included in the model are not equivalent.
Graduation plan depends on the degree of the corresponding
parameter (pressure or temperature) included in the
mathematical model, and respectively depends the number
of temperature points and pressure points.

Graduation plan should contain as less temperature
points, as they determine the length [6] of the graduation,
which reflects on its cost. Therefore, models, with the
temperature parameter in the lowest degree, are more
preferable.

Ranking members of the model (4), (6) in such way that
priority has been given to the temperature exponent (table
1). The most significant are the members of the
mathematical model with the greatest temperature exponent.
Taking into account this method of ranking, define an
indicator for the complexity evaluation of the models within
one (each) subset

C=I1-(L-7) 9)
where 1=[220219...20] — column vector sized (1x21);
allows make the switch from binary to decimal

representation of the number «C»; L — matrix (table 2) sized
(21x21); it is designed to go from the model of TF to binary
number (binary representation of the indicator of complexity
of the model) with a number of rank equal to 21. The first
(lowest) rank of this number is equal to one, if the member
Bo is present in the model, otherwise - it equals zero; the
second rank of this number is equal to one, if the member
Bet is present in the model, otherwise - it equals zero etc. for
all members included to the model according to the table 1;
Z — column vector sized (21x1). Vector consists of ones and
zeros, correlated with the coefficients of evaluated TF model
(one - when the corresponding coefficient is present in the
model, zero - no) By z(1),B; e z(2),B, <
2(3), ... Bz © 2(21).

In the table 3 presented example of complexity
evaluating of TF models, with the same number of
coefficients (nine) and meet the requirements of reduced
error.

The best models in this table are 4, 5 u 9, these models
have the lowest indicators of complexity compare to the
other models. In these models the temperature parameter is
included in the second degree, and the pressure parameter in
the third degree. This allows to use the graduation plan for
three temperature points and four pressure points.



Table 1 — Ranking members of the models TF (4), (6)

Groups of the members of the model

Members of the models

Rank members of models

Weight members of models

Members of the model containing parameter: t Bst5 1 220

Bat* 2 2

Members of the model containing parameter: t u p Biotp 3 218

Members of the model containing parameter: t Bst3 4 217

Members of the model containing parameters: t u p Bot3p 5 216

Buat®p? 6 218

Members of the model containing parameter: p Boop® 7 214

Bisp* 8 2"

Members of the model containing parameters: t u p Biop*t 9 212

Members of the model containing parameter: p Bisp® 10 21

Members of the model containing parameters: t u p Biep3t 11 210

Bip3t? 12 2°

Members of the model containing parameter: t Bot? 13 28

Members of the model containing parameters: t u p Bstp 14 27

Biat?p® 15 2°

Members of the model containing parameter: t Byt 16 25

Members of the model containing parameters: t u p Btp 17 24

Biatp 18 23

Members of the model containing parameter: B11p? 19 2?2

Bep 20 2!

Constant component of the model Bo 21 20

Table 2 — Matrix L, sized (21x21)
Bo | Bi| Ba2| Bs| Ba | Bs| Bs | Bs| Bs | Bo | Bro | Bua | Biz | Biz | Pra | Bis | Bis | Bz | Bis | Bro | Bao

Bs |0 [0]O0O]O]O 1[0 010 0 0 10 0 0 0 0 0 0 0 0 0
Bs |0 |O]O]O]1 0[]0 010 0 0 0 0 0 0 |0 0 0 0 0 0
Big |0 [0O]O][O]O 0[]0 0]0 0 1 0 0 0 0 0 0 0 0 0 0
Bs |0 [0]O]1]O 0[]0 0]0 0 0 0 0 0 0 0 0 0 0 0 |0
By |O [0]O]O]O 0[]0 010 1 0 0 0 0 0 0 0 0 0 0 0
Bis 1O [0O]0]O0]O 0[]0 010 0 0 0 0 0 1 0 0 0 0 0 0
Bao |0 [0O]0O0]O0O]O 0[]0 010 0 0 0 0 0 0 0 0 |0 0 0 1
Pig |0 [0]0][0O]O 0[]0 010 0 0 0 0 0 0 0 0 0 1 0 0
Big |0 [0O]0O][O]O 0[]0 0]0 0 0 0 0 0 0 0 0 0 0 1 0
Bis |0 [0]0O[O]O 0[]0 010 0 0 0 0 0 0 1 0 0 0 0 0
Bie |0 [0O]0]0]O 0[]0 010 0 0 0 0 0 0 0 1 0 0 0 0
Biz 10 [0]0]0]O 0[]0 010 0 0 0 0 0 0 0 0 1 0 0 0
B |O [O0O]1]0]O 0[]0 010 0 0 0 0 0 0 0 0 0 0 0 0
Bg |0 [0]O]O]O 0[]0 01 0 0 0 0 0 0 0 0 0 0 0 0
Biz |0 [0]0O[0O]O 0[]0 010 0 0 0 0 1 0 0 0 0 0 0 |0
B 10 |1]0]0]0 0[]0 010 0 0 0 0 0 0 0 0 0 0 0 0
B; |O [0]0O]O]|O 0[]0 1|0 0 0 0 0 0 0 0 0 0 0 0 0
Bi |0 [0O]0]0]O 0[]0 010 0 0 0 1 0 0 0 0 0 0 0 0
P11 10 [0O]0O]O]O 0[]0 010 0 0 1 0 0 0 0 0 0 0 0 0
Bs |0 [0]O]O]O 01 010 0 0 0 0 0 0 0 0 0 0 0 0
Bo |1 [0]O]JO]O 0[]0 0]0 0 0 0 0 0 0 0 0 0 0 0 0

Table 3 — Example of evaluating the complexity of TF models with the same number of coefficients.

o | Indicator of complexity, binary (decimal) representation «

Type of models (number of coefficients equal 9)

0001000001000101 11111 (133 311)

P°(Bo + But + B5t?) + p(Bs + Bot + Bgt?) + p*(Biy + Biot) + P*Bis

P°(Bo + But + Bot?) + p(Bs + Bst®) + p*Bus + P (Bis + Bist) + P*Bus

000000100110110100111 (19 879)

p°(Bo + Bit + Bot?) + p(Bs + Bst?) + p*Bis + 3 (Bis + Bist) + P°Bao

Ne
1
2 000000010110110100111 (11 687)
3
4

000000000110110110111 (3 511)

p°(Bo + Bit + B5t*) + p(Bs + Byt + Bst?) + p*Biy + 3 (Bis + Bist)

000000000110111100111 (3 559)

p°(Bo + But + B2t?) + p(Bs + Bst®) + p®(Br1 + Bist?) + > (Bis + Bist)

000110000100000111111 (198 719)

p°(Bo + Bit + B5t®) + p(Bs + Byt + Bot®) + p*(Bas + Biat) + P*Pus

P°(Bo + Bit + B3t*) + p(Bs + Bt + Pot®) + p?Biy + P (Bis + Bist)

000000001110110100111 (7 591)

p°(Bo + Bt + Bot?) + p(Bs + Bgt®) + p*Bis + P> (Bis + Pist) + p*Puot

5
6
7 000110000110000110111 (199 735)
8
9

000000000111110100111 (4 007)

p°(Bo + Bit + Bot?) + p(Bs + Bet®) + p*Bis + P> (Bis + Pist + Bi7t?)




4. CONCLUSIONS

During this study were investigated two types of models
of trans-formation functions. The model of the first type (4)
and (5) is excrescent and expensive. Indicator of complexity
[2] doesn’t allow to reduce the plan of graduation, as
operates with a limited number of TF models.

The second type of model (4)—(6) and an indicator (9)
used for evaluation of its complexity; provide an
opportunity to choose a simpler graduation plan. This allows
to reduce the cost of pressure sensors tests, without
impairment of their metrological characteristics [7].
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