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Abstract: The paper deals with problems of dynamic2. ALIASING ERRORS

behaviour and shows especially how the developroént

microelectronics influences this field and how ¢adh this The same tendency of higher sampling frequencidsléo

trends applying also heuristic methods and appratians. ~ decreasing aliasing errors [2]: Especially in dibit

Using the results of information theory a new ojimtion ~ Measurement an antialiasing filtering before samgpbften

criterion is introduced. is not possible if sensors with direct-digital auttpre direct

coupled to the process to be measured and — as in

. : . T + . mechanical measurement — the necessary low-p&ssriy

Keywords: dynamic behavior, trends, optimization criterion before sampling cannot be realized. Therefore anhigh

pulse frequency i.e. oversampling solves the problelt

may be noted on the other hand that the aliasiraysare

As well-known from the last three decades every tao dePending of the signal processing after sampliig [
three years a new generation of technology is lesading

to a reduction of the dimensions by the factof21/This 3. COMPARISION OF ANALOGUE AND DIGITAL
leads to the fact of an increasing of the degreatefjration METHODS

by the factor 2 and a decreasing of the areas @yattor
0,5, that means the capaciti@sare also reduced to half the
values as Fig. 1 demonstrates. Because the timstaoun
are T=RC possible pulse frequencies are doubled fro

1. TYPICAL TRENDSIN MICROELECTRONICS

As suitable quality criterion to compare both thoels
Shannon’shannel capacity is used [4]. In [5] the problem i
rTi’;\lready treated leading to the result of equal nbhn

generation to generation [1]. So it follows the orant CaPacities
result that every 7 years the processing speedcigasing _ _ _
by the factor 10 as given also in [1]. Th=fi/2t=1/2F=m-1 (1)

with the number of distinguishable amplitude stepsthe
P relative amplitude erroF, the pulse frequencyf, and the
= 1 critical frequencyf. [5]. The investigations show that due to
the development of microelectronics because of the
increasing pulse frequencies the limit between lpagihods
will be shifted towards higher frequencies one ordé
magnitude every seven years [1].

4. ERROR CORRECTION

] A general problem concerns the correction of theagyic
. T behaviour of a measuring system by means of asserie
connected network or computer. As a criterion of
optimization the well-known optimal filtering algthm of

Fig: 1. Left hand side: Typical circuit (amplifier) with the decisive minimizing the total mean-square eredris realized.
base-emitter -capacitance Cpe
Right hand side: Development of the integration density




In special cases methods of adapted correctionsgusi

P H . .
pz; ) crosscorrelation functions to measure the time teonof
ezt || the original system are used [6].
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Fig. 2. Errors and information flow as a function of the degree of \ yd .
correction _ N7 5 Fig. 3. Errors of three
--- dynamicerror, -.-.- noiseerror, . ~/ Sydtems of different quality
- total error, xxxxx information flow N /./ asin Fig. 1 _ '

&} T e High-quality

. ¢ original system

Fig. 2 shows as well the course of 'Fhe error corapt_mand ~ Medium-quality
the total error [6],[7] as the information flow agunction of T original system '
the degree of correctiam= f. / f, with the critical frequency A B C  L,_g - Bad-quality

of the corrected systefpand of the original systefp The
advantages must be paid by increasing parametsitisén
as demonstrated in the next chapter.

5. NEW OPTIMIZATION CRITERION USING
INFORMATION THEORY

Because of the multiplication with the frequencgue to

49— original system

Shannon’selation of the channel capacity [4] the optima
frequency aqy 2 is higher than of the optimal filter due to
Wienerand Kolmogoroff[4]. Because of this fact instead of]
the optimization criteria® — min now the new criteria of

optimal information flow | [6]

| =f 3oglk’= — f%og &* — max (2)

is to be used.

The optimal gain irl - e.g. the difference betweeg,aand
apt 2 - is the higher, as the course of the mean-sqemtxl!f:2
is the smoother. Therefore also under this pointi@fv the
gain is the higher the better the quality of thégioal
system, the same result as in the next chaptes Fige 3.

6. LIMITATIONSOF ERROR CORRECTION

Now the question arises if it is still necessargaastruct an
original system with high quality because it isaggbossible
using the instrument computer to improve the behavi
Figure 3 shows the results of investigations: Thtdp the
quality of the original system the more efficiertet
correction!

Last not least another important effect should leationed
limiting the degree of correction possible: To gatoptimal
correction the two time-constants of the measusygtem

Fig. 4. Influence of a difference between the time constants of the
original and the correcting system AT = +0.2 (parameter sensitivity

Last it may be pointed out that it is not possitalecorrect
systems containing allpasses without an additicirak
delay [6].

Furthermore instead of only one sensor two ore more
sensors with different behaviour can be used with t
possibility of additional error correction by comjpey the

and of the correcting systei» must be exact of the same different outputs, e.g. application of the prineiplbof

value. In practice due to the parameter variatiohghe
systems this is not possible. In this case thestean
response will have a prolonged trail as shown gufé 4
and so the advantage of the correction will be ffated.
This effect is called “parameter sensitivity”.

decreasing the error by means of additional harewdere
more investigations are necessary.



7. CONCLUSIONS

The investigations show results with great impmstafor

practice and methods using approximations as algabse

for teaching:

- From the increasing integration density it follothat the
time constants are decreasing by the factor 10yever
years.

- The comparison of both analogue and digital methods
leads to the result, that due to the development dgl

microelectronics the field of digital methods witle

extended to higher critical frequencies one ordér o

magnitude every 7 years.

- The total error consists of several commisieThe
dynamic, statistic ore noise, aliasing ore dfiaod the
approximation error. The investigations are showtimat
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