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Abstract - The paper presents the possibility of an adaptive A/D conversion with the non-uniform exponential
tracking procedure. It has been shown that the proposed A/D conversion gives better results than the classical
A/D conversion with the successive approximation procedure due to b-times more available sampling points.
Taking into consideration only the quantization noise contribution the adaptive A/D conversion performs better
resultsif the sampling ratio s is high enough.

|. Introduction

Estimation of the measured quantity in technical system has the discrete nature in amplitude and time
dimensions. In the majority of different structures of A/D conversions [1]-[3], a numerical value of the measured
quantity is attained with reducing of the error E; between the auxiliary reference quantity G, and the resal

value of the measured quantity G (Fig. 1.. E; =G —G). The residual error is reduced through the estimation
procedure in steps and final it attains the basic resolution of conversion A, . Here a trade between the number of

references for generating the reference levels and the number of steps of the conversion is presented. Optimal
results for the A/D conversion with regard to the time of conversion, resolution, and used references are obtained
with the multi-step parallel techniques [4]. Since they estimate the residual error with more threshold levels then
the pure successive approximation procedure with one threshold level in every step (Fig. 3b.) they are faster and
at the same time they need a lower number of references for threshold levels in comparison to the pure one-step
parallel flash technique due to more steps in the estimation procedure. The threshold levels can be arranged in
the non-uniform exponential rule to increase the quantization resolution at the origin of the examination of the
residua error [2] [7] (Fig. 2.).
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Figure 1. Differential tracking converter

I1. Non-uniform quantization

For effectiveness of differential tracking, the non-uniform quantization must fulfil three conditions: partitions
into halves [5], increasing quantization uncertainty with difference [6], and low overlapping of the quantization
intervals. The best trade between the number of decision levels and the settling time is with the pure exponential
quantization rule. The fastest response is achievable with base 2 [7]. The exponential distribution function of
representatives y, with base a=2 has several advartages simplicity of the mathermatical implemertation,

exponertial enphagsing on the surroundings of origin, ard possible pracical reaizaion [2].

y, =a A, =274, i=12 ...,b €]
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There must be a symmetry around the origin y, (Fig. 2) to attain effectiveness of quantization (minimum
distortion) and the fastest response of conversion. Index i of representatives obtain a negative sign, but their
distanceto y, remainsthe same |y; = yo| =|y_ = Yo|-
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Figure 2. Representatives y, and threshold levels x. of the non-uniform exponential quantization for i =3 ard
baz a=2

The first threshold - decision level x, must lie in the middle betweeny, ard y, (x, =A,/2). This asuresthat
the smalleq quartizaion interval A, is that around the origin (A, = R/2b ; R - full scale of the measurement

range, b - a number of bits). Other decision levels can be obtained by induction, if the generic function
X =2Y, =%, X, and y, areknown. The expression for x. (a=2) can be written as:

The distance of y, from y, increases the quantization error of the representative A, /2 or the quantization
interval A, . The quantization interval is fixed with the difference of adjacent thresholds x; .

i-1

A (Xi+1 - Xi) _2a (a_l) +(_1)i+1ﬁ _ l(zi +(_1)i+1) 3)

A, A, 1+a l+a a2 3

With the adaptive property of the A/D procedure that every previous approximation step to signal become the
centre of observation with exponential increasing resolution in the new step is possible to short the time of
conversion. The adaptive A/D converter is possible to use in two different ways: with and without sample/hold
device. In the first case the converter approaches with a non-linear proceeding of reducing uncertainty to the
constant measured value (Fig. 3.8). Since steps y, are exponentially interspaced with base a =2 it is easy to

logically implemented one step by increment or decrement the value in the register of the feedback logic by 1 at
the suitable weighted bin (000;,1, 110..). Each conversion is finished with uncertainty of the smallest
quantizing interval +Ay/2. In comparison with the successive-approximation method (Fig. 3b.) the time of

conversion is shortened in average to one third or at least to half by two reasons [7]. The difference between
approximation and real value is measured in every step and it is not necessary to begin testing the most
significant bits, if the new value at input of converter does not greatly differ from the previous one.
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Fig. 3. Step response of the approximation procedure of the error reduction between signal g and reference
quantity g, : a—the non-uniform approximation procedure; b - the successive approximeation procedure
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Proposed A/D converter works also without sample/hold device (Fig. 4). Part of the sample/hold function takes
over the latch register in the logic of the feedback path. It holds the value of previous approximation g, (t,_,) ,

until the egimation (EG> =y, of differerce between the new value of measired signal and the previous
aporoximation isavailabe after At, =t, —t,_, .

g, (t) =9, (b)) + Y () (4)

Fig. 4. Estimation ard tracking of the sine shape signal with 24 sarmplesin the period

Tracking of the signal is aclieved by the non-uniform edimation of the error differerce (EG) ard increasng the
value of the refererce quartity by suitable stepy, . Estimation of the signal at time instart t, hasuncettainty of
the quartizaion interval A, whichbelongsto vy, . The larged are atthe zeio level crossings of the AC signals.

I11. Quantization noise

The quality of tracking of the sine shape signal deperds mainly on the number of sanplesin one period
s=T/At, . The lower is the sanpling ratio s the larger is the signal charge in one time incremert At ard
consequertly the non-uniformincremert y, (Fig. 4). Increasng of the sanpling ratio s decreags the larged step
y, . (Fig. 5). The reduction of the larges step with index i, was teded by the sine-shape signal (with
anplitude A=R/2 for the worst cag). Since the number of the A/D converter bits was b=12 the first six
settling steps of the tracking was removed and after that four cycles of the signal were examined. To find the
maximal possible step vy, at every sampling ratio s the phase of the sine signal was changed 0< ¢ <90" with
resolution Ag =1". The first reduction of the largest step y;, =R/2 to y, , =R/4isat s=11 _ samplesin
the period. The next reductions are at s=24, _,,48 ;98 _,,198 398 _, 797, ;1602 _g, ... The
reduction of the largest stepsisindependent of the number of bits b .
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Fig. 5. Reduction of the index of the maximal stepsin relation to the sampling ratio s of the adaptive ADC
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The probability distributions of the steps show (Fig. 6) that practically the largest six steps mainly contribute in
tracking.
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Fig. 6. Probahility distributions of the approximation stepsin relation to the characteristic sanpling ratios s of
the adaptive AD converter

The larges six steps in tracking and belonging uncettainties A, / V12 increagsalso guartizaion noise [8] in

comparison to the lowed value g, = A, / V12 (Fig. 711.). With increasng of the sanpling ratio < in tracking is
possible to decreag very fad the quartizaton uncettainty o, ( Fig. 7, teding conditions are the same asfor Fig.

5). It can be noticed that the quartizaion stardard deviation of tracking the signal a little differs from the
expectd stardard deviation using the probalility distributions of the approximation steps at the lower values of
s (Figs. 7a, 7b.) due to the small number of sanplesin the particular qunatizaion intervals and accadingly the
expectedrecangular eror distributions are not achieved
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Fig. 7. Standard deviations (1.) and ratios of the standard deviationsto o, = A, / \/ﬁ (11.) inrelation to the

sampling ratio s of the 12-bit adaptive AD converter: a— approximation using the probability distributions of the
approximation stepslike in Fig. 6; b — results of tracking the signal

The increased quantization noise at lower sampling ratios < is at the price of increasing b-times the available
sampling points in comparison to the A/D converter with the successive approximation procedure which have to
perform al b steps to the final uncertainty A, / V12 of the smallest quantization interval A, . Since we have b-
times more sampling points using adaptive A/D converter the noise contribution in the estimation of the sine
signal parameter (like amplitude, frequency, and phase) is reduced by Vb [8] (Fig. 8). Taking into consideration
only the quantization noise contribution in parameter estimations the proposed adaptive A/D conversion
performs better results than the successive approximation A/D conversion if the sampling ratio s is high enough
(Fig. 8.: s>634 for 10-bit A/D converter and s>1730 for 12-bit A/D converter).
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Fig. 8. Ratios of standard deviations of the adaptive AD conversionto g, =4, / V12 inrelation to the sampling

ratio s: a— approximation using the probability distributions of the approximation steps with 12-bit AD
converter; b — results of tracking the signal with 12-bit AD converter; ¢ — approximation using the probability
distributions of the approximation steps with 10-bit AD converter; d — results of tracking the signal with 10-bit
AD converter

Considering together both contributions - the systematic and the random errors — in the signal parameters
estimations shows the advantage of the adaptive A/D conversion also at lower values of the sampling ratio s.

For demonstration, we checked the error of the amplitude estimation e(A) = A/A -1 (A" isthetrue value of the
amplitude) for one sine component with a double scan varying both the relative frequency 8= f [0,, =i + 0 (the
number of cycles in the measurement interval T,,) and the phase of the signal because the long-range leakages
are frequency and phase depended (Fig. 9.. A=1, 1.6<6<10, A6=0.01 and -90°<¢<90°, A¢p=3,
b=12). In estimations, the three-point interpolated DFT al gorithms and the Hann window were used [9].
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The maximum values of errors (from 60 iterations) at the given relative frequency show the benefit of the
adaptive A/D conversion even at lower values of the sampling ratio if the number of the measured signal cycles
issmall.
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Fig. 9. Maximal errors of the amplitude estimations with 12-bit AD convertersin relation to the relative
frequency: a— the successive approximation AD converter with s, =4 samples per period; b — the adaptive AD
converter with s =b %, = 48 samples per period;
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IV. Conclusions

In this paper, the possibility of an adaptive A/D conversion with the differential tracking procedure of the signa
by the non-uniform exponential quantization is presented. In analyses, it has been shown that the proposed b-bit
A/D conversion gives better results than the classical A/D conversion with successive approximation procedure
due to b-times more available sampling points. Taking into consideration only the quantization noise
contribution the adaptive A/D conversion performs better results if the sampling ratio < is high enough.
Considering together the systematic and the random errors in the signal parameters estimations shows the
advantage of the adaptive A/D conversion also at lower values of the sampling ratio <.
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