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Abstract

This paper describes a new method of dynamic error
compensation, using a digital convolution integrator and
two digital low pass filters. In this method, the process
of compensation consists of three steps. First, sampling
and digitizing of input signal, second, removing the noisc
in sampled data by the low pass filter and third, making
a convolution integral using the output data of low pass
filters. This method showed a good experimental result of
reducing dynamic error even if there was a slight noisc in
the input signal. As a result, the detecting time constant

of resistance thermo-bulb was improved to about [/10th.

1 Introduction

Dynamic error in a measurement has been a big problem
in instrumentation and control engineering[l]. Recently
practical rescarchi has been made in the fast estimation
of the stationary value using data which is in a transient
state. Onc example of this is the weight estimation method
in a measurement using a spring balance and a Kalman
filter{2]. Another example is the application of the weight
estimation idecas of Ikeda and his "dynamic systeins theory™
in a measurcinent using a load cell[3}.

Oun the other hand, many rescarches have been made on

the dynamic error reduction ol temperature sensors. The

first idea ever for solving this problem was to use an inverse
transfer-function as a compensating mcthod for the dy-
namic error, i.e. a pole-zero canceler construction using a
sensor and a compensator[41]. However, this method didn’t
have natural causality, and a connection between the input
and the outputl in a state diagram{s]. We developed an
analog dynamic error compensator using the approximate
inverse transfer-function and the detecting time constant of
a resistance thermo-bulb was improved by about 1/10thG}.
This iethod satisfied natural causality and the necessary
condition of observability and controllability[7]. llowever,
this method could not become popular hecause the analog
compensator was found to be susceptible to noise. And the
analog compensator was not, only too bulky and expensive,
but also unstable.

Therelore we attempted Lo reduce the dynamic error by
using a digital convelution integrator(8]. Bul the bare digi-
tal compensator is susceptible to noisc in input singnal. So
we adopted the method in which the smoothing process is
inserted before the compensating process. Therclore, new
dynamic error compensator is constructed of five clements,
aint A-D converter, two low pass filters Ja digital compen-

sator and a D-A converter.

2 Theory and Experiment

Iig 1 shows a general system for compensating the dy-

naniic error of a sensor. ¢i(1) is the true values, in other
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words the physical quantity that is to be mesured. ey (1)
is the outpul of the sensor. This involves dynamic cr-
ror and is the input of the compensator, ¢, (1) is the
output of the compensalor, and g4(t),¢.(1) are the im-
pulse response of the sensor and compensator respectively.
Ei(2), Ea(2), E.(2), Ga(z) and G.(z) are the z translorm of.

ci(t),eq(t), (1), ga(t) and g.(1) respectively.

el(t) e (t) e (1)

D SENSOR COMPENSATOR

E(2) E.(2) Eo(2)
Gs(2) Ge (2)

Fig.1 ‘A block diagram of a general compensating system

for an instrumentation with dynamic error.

The relationship between the input and the output of the
sensor and comnpensator in Fig.1 are shown in equation(1)
and (2).

ea(t) = /Dlgd(r)r'.(tﬂr)dr )
e(l) = /(;l.(]c(r)cd(l——r)dr (2)

Thesc are the forms of the convolution integral. After
this, we will treat this convolution intgral in the discrete
time. The values of e;(1), e (1) and ¢,(t) are sampled at
cqual intervals of Ar. Thercfore this convolution integral

can be rewritten by z transform as lollows,

Ey(z) = Gy(z2)- Fi(z)
E(z) = Guz) Eg(z) = Gu(2)  Gulz)- FEi(2) (3)

In this paper we arc investigaling the dynamic error com-
pensation of a sensor that has the transfer characteristics
of a first order lag type( Ty is a time constant) only.
When the input of sensor: €,(t) is a unit-step function,
ei(t) = E; for t > 0, then the output of sensor: ey(t) is

Ei() = exp(—1/T2)).
In the discrete time,
A
eq(n) = B {1 - cxp(—T,Tn)} (1)
1y

By taking the z transform of cquation(4) and cvaluating

thie pulse transler function for sensor.

Eiz) = }: ea(n)z™"
n=0
_ 12 £
Tl -zl L —exp(= ATy
I7; b exp(Ar/1y)

= : ()

P—z7t 27 —exp(Ar/Ty)- 2!

In the equation(5), the first term £,/(1 — z7') is the 2

transform of the inpul ei(t) , then we can say that the

second tenm is the impulse transfer function of Lhe sensor.

We obtain

>l

“a(z)
Ii(z)

1 —exp(AT/TY) 1
T —exp(Ar/Ty) -2

it

Gylz)

In case we choose the pulse transfer function of the com-

pensator as follows,

27— exp( AT/Ty)

Gele) = A7) "

By substituting .(z) and Gg(2) into cquation(3), we

could obtain the output of compensator as follows,

Eo(2) = Ei(z) - 27" (8)

Equation(8) shows that the output of the compensator
is the same as [5;(z) except a time lag for one sampling
period. Therefore, the compensator with the pulse trans-
fer function that expressed by equation(7), enables one to
reduce the dynamic error of a sensor with first order lag.
Iig.2 shows a basic dynamic error compensating system to

which equation(7) is applicd.

digital compensator

5

SENSOR

Fig.2 A basic compensating system for dynamic error.

The pulse transfer function of Uhis basic digital compen-

salor is as {ollows:

Goz) = w4y - 271 {9)
where,
—exp(Ar/Ty) 1
ST, S S AL — 1
nETT exp(AT/Ty) =T exp(Ar/Ty) (10

Buat this bare digital compensaling system has a serious
weak point. It is susceptible to noise in the input signals.
Therefore compensaling process should be done after re-
ducing the noise. So we adopted the method in which the
smoothing process is inserted before the compensating pro-
cess.

A new dynamic error compensaling system using this
method is shown in Fig.3. In this system, two low pass
filters are added to the basic compensaling system as shown
in Fig.2. The distance between two low pass filters is m

sampling periods. These m and o have a important role
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for total compensating characteristics. The output of this

low pass [ilter is as [ollows:
Nt

ca(n) = Z Hjea(n - ) (1)

where, N is the length and f; is the coeflicient of digital
low pass filter respectively.

resistance
thermo-bulb

A-D converter

temperature

et) of object

Fig.3 An overall diagram of new dynamic error compen-

saling system.

In this new system, the input of digital compensator,

eq(n) and eq{n — m) have becn smoothed by low pass fil-
ters. Thus the effect of noise in e4(n) has been reduced.
The output of compensator, when the input of sensor:

e;(t) is unit-step function, is as follows:

eo(n) = Wi-es(n) + Wy ea(n —m)

N-1 N-1
= W Z Hjeq(n — j) + W, Z Hjcq(n —m — j)
=0 720
N-t .
A —
= W Y ILE{L - exp(—y)}
J=0 Ty
Nl Ar(n—m ~ j)
+ W, L I E {1 — exp(——————)}
j=0 Ta
Nl AT
= L{Y H;+ 17(N,7'r1,a)c:x1)(—71T)} (12)
i=0 d
where,s
(N, m, )
Nt Ar Ary
! A expla - m==-) — exp{m -
= Y Hexp(=lj) - pla-m3) O )
et T4 1 —exp(m3)
— exp(amsr) 1
le-—}(—l—z{——- Wy = e {4}
1 — exp{am%?) 1 —explamgt)

where, a is a factor to decide a characteristic of the come-

pensator.

In order that this system worlk as a compensator for first
order lag type scnsor, it must satisfly the {ollowing condi-

tions:

Fig.4 shows that the indicial response in the sensor with
characteristic of ideal first order lag, and compensated ones
using the new compcnsatof for three valuesof o. Ina > 1,
compensated result is characterized by an undershoot, and
in o < 1, compensated result has an overshoot.

On the other hand, the filter length N decides the immun-
nity against noise and the rising time of the compensation.
The larger the N, the better for the noise cancelling, but
in this case we obtain a latger rising time. Therefore, we
should choose the value of o,m and N, which gives the

most desirable compensated result.

e4(n) =1—exp(~=n) -
Ar = 0.1
- ; Ty = 21.12 —
0 e _
[ S U N N | oLt i
0 500 1000 1500
n (fime)

Fig.4 The compensation characteristics of new compensa-
tion method for ideal first order lag data.
N =50,m=10,1l;, = 1/N = 0.02

Fig.5 shows an overall diagram of the experiimental sys-
tem. The sensor is the resistance thermo-bulb(50 Q at 0
°C, Pt) with protective Lube, and ils time constant, is 21.1
scc. The A-D converter’s input vollage range is from (0 ~
10v, and the output has 12bits digital value with sampling
period Ar = 0.1 sec. In this experiiment, we adopled the
digital low pass filter which has same cocllicient (1/N), this
makes simple moving average value. An abrupt change in

Lemperature (c;(t)) was made by quickly moving ihe vesis-
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lance thermo-bulb from waler(20 °C) to water(80 'C).

resistance thermo-bulb

6-150 C
Ri converter
DC 2 - 10mA

|IE converter

20 ]
Personal am
e P
Computer ]
puter [ = Tov

[comperastr

DA converter

AD converter
1 12Dbit

output

Fig.5 An overall diagramn of the experimental system

The results, the measured eq(n) and compensaled ¢,(n)
are shown in Ilig.6 for N = 50, m = 10, ¢ = 0.9,1.0
and 1.1 respectively. This shows that the most desirable

compensaled result shoud be oblained in o = 1.1.

1 OO T ] T 1 ¥ T T T“T"T&r“ TV
a=0.9
ez =10
B BENAA T salisttatin by
a=1. 1(,,
© o
Z eolt)
o eq(t)
3 oS
TO_ 501 . ',‘, T: = 21.12 sec
8_ - Ar = 0.1 sec
& -
b B : N = 50 i
- - m = 10
' U, = 002 (=1/N)
OL__J,,l N USRI TS [N WU SR NN SO VU SN GO Y W S
0 50 100 150

Time [= 787 | (sec)

Fig.G A rcsult of Lhe experiinent.
(N=50,m=10, I{; = 0.02).

3 Conclusion

A satisflactory dyanmic error reduction was obtained
with the new method using a digital compensator and two
low pass filters. By compensating, the time constant of the
sensor was hnproved by about 1/10th even if there was a
slight noise in signal. we believe this method is effective

for dynamic error reduction.
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