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Abstract: A flash interpolation circuit converts a pair of periodic and orthogonal sine-signals into a stream of periodic - phase shifted sinusoidal signals,
the amplitudes of which can be combined to produce useful information about the peak amplitude of the input sine-signals, independently of the signal's
frequency. An interpolation factor of 4 is shown to be sufficient for measuring amplitudes with an accuracy of 5.8 %.

The interpolator architecture, combined with an amplitude measuring system, has been designed, integrated as a part of the interpolator ASIC, evaluated
and analyzed. The ASIC is designed and processed in 0.35 ém CMOS technology.

Bliskovni interpolator z vgrajenim merilnikom amplitude

Kju€ne besede: interpolator, merjenje amplitude, pravokotni signali, bliskovni interpolator, avtomatiéna kontrola ojaganija, kodirnik.

lzvie€ek: V ¢lanku je opisano bliskovno interpolacijsko vezje za pretvorbo analognih sinusnih in ortogoninih signalov v mnozico prav tako sinusnih - fazno
zamakinjenih signalov, ki predstavljajo osnovno informacijo za nov algoritem merjenja amplitude. Merjenje je neodvino od frekvence signalov, interpolac-
ijsko Stevilo 4 pa zado$¢a za preciznost merjenja 5.8%. Algoritem je podan in preizkuden v interpolacijskem vezju, ki je bilo procesirano v 0,35um

tehnologiji CMOS.

1. Introduction

A typical application in the motion control field is in mag-
netic or optical linear and rotary encoders, the major part
of which comprises integrated electronics. In general, the
electronics comprise an opto-sensing area or hall sensors
structure, analog front-end and signal conditioning, and a
fast interpolator and digital signal processing unit. The front-
end performs sensors supply, sensors excitation and sig-
nal magnification functions. The operation speed of the
encoders, based on magnetic sensors, is usually much
slower than one based on light modulation. This holds true
mainly for magnetic rotary encoders, the speed of the
magnetic linear encoders being faster, but usually never
exceeding the speed of optical encoders /1/, /4/, /16/,
/21/,/24/, /31/ and /35/.

An analog signal generated from a sensors array is ampli-
fied and digitized to provide incremental orthogonal digital
signals named track A and track B. Before digitizing the
analog signals they can be further interpolated to achieve
better measurement resolution /2-3/, /6-7/, /11/, /13/,
/18/,/22/,/25/,/28/, /29/ and /35/.The same is true
for an absolute type encoder which can perform absolute
position detection /9/, /14/, /20/, /32/.

In the case where more than 7-bit resolution is required,
analog signals conditioning need to be implemented. This
includes equalization of the sine and cosine signal ampii-
tudes, their offset equalization and phase difference ad-
justment to 90 degrees. The most common practice is

adjusting analogue front-end parameters via a serial inter-
face or reprogramming them with access to internal EEP-
ROM /12/. Automatic offset measurement and cancella-
tion are relatively simple /17/, the phase measurement
and correction and the amplitude regulation and measure-
ment being more complicated /5-6/, /11/, /25/, /28/,
/38/ and /42/. A magnitude and phase estimation algo-
rithm has been published /5/ for a signal with time-varying
frequency. The method is slow and requires modest com-
putations.

Squaring algorithm using analog mutltipliers is a well known
method for obtaining/extracting DC information from sine-
cosine signals /36/. The main disadvantages are the lim-
ited linear input voltage range and its temperature behav-
ior. Also the flash interpolator circuits that comprise the
signal generating circuit, of which the out-of-phase signals
are generated by gain stages having different magnifica-
tions, are much slower /37/. The appropriate compara-
tors circuit /37/ compares signals at different common
mode levels, which may additionally cause different de-
lays and offsets. The Cordic-based Loeffier discrete co-
sine transform (DCT) architecture is presented in /41/. It
requires high level of digital complexity and isvery suitable
for low-power and high-quality codecs.

Anything that can affect the accuracy of the final applica-
tion is related to the overall decoder system’s components
/9/,/19-20/, /40/, /43/, /44/ and to the applied algo-
rithms /27/, /28/. Therefore, the question of calibration
is system related.
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The aim of this work is to present a less precise, but cost-
effective and robust amplitude measurement algorithm,
based on a flash interpolating circuit, suitable for VLSI in-
tegration on “system on chip SoC”. Amplitude measure-
ment is a basic pre-processing step for automatic signal-
amplitude correction and for the AGC function. The major
advantage of the proposed method is that there is no need
for an extra system clock. Due to the lower silicon area
consumption, low power consumption and signal frequen-
cy independent measurement method, the present solu-
tion is suitable for use in all integrated automatic signal
conditioning systems.

This paper is organized as follows. The typical application
- encoder - that uses AMM, and the design considera-
tions are described in Section 2. A detailed description of
the proposed flash interpolation method using sine wave
input signals with an interpolator-inherent principle of am-
plitude measurement are described in the third and in fourth
Section. The results of measurements are presented in
Section 5.

2. Encoders - Basic Principles

An optical encoder translates an angular or linear position
into an electrical signal. It is typically composed of a light
source (LED), a main scale with a built-in optical grating
with measuring period MP, and an optical scanner that is
composed of an opto-sensor array and a reading scale
with a built-in optical grating with a reading period, RP. The
scanning head is usually composed of reverse polarized
photodiodes that produce the quadrature signals, togeth-
er with an additional photodiode (DF) that generates the
index signal that is used for absolute position encoding.

In short, as the scanner moves along the main scale the
amount of light from the light source is modulated. The
electrical signal that is produced by the opto-sensor in the
optical array is also modulated.

As we have seen, the encoder produces two ninety-de-
gree shifted (quadrature) signals A+, A- and B+, B- (Figure
1b). The signals in Figure 1b are periodic; this periodicity
corresponds to the movement of the scanner head with
constant velocity along the main scale One period of the
signal corresponds to a movement of the scanner head
equal to the grating period (MP, RP). In general, the sig-
nals are not periodic in time, but are periodic in relation to
the displacement along the main scale. The signals A+, A-,
and B+, B-in Figure 1b are also not pure sine-cosine, but,
in reality, are distorted and contain harmonic components.
The incoming signals are also imbalanced in phase, offset
and amplitude. The encoder system therefore requires sig-
nal conditioning prior to interpolation.

The two pairs of signals from optical array are usually trans-
formed into voltages with a fully-differential voltage amplifi-
er to remove the large DC component and suppress even
harmonics to produce the signals to be further interpolat-
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ed. The voltage amplifier should have a low output imped-
ance to drive the resistive interpolation network. The two
quadrature signals enable the position of the scanner head
to be detected at all times, just by measuring the values of
these two signals. To achieve high interpolation accuracy,
the amplitude of the incoming sine signals should be regu-
lated to the acceptable maximum level.

The signals can be digitized directly by an analog compa-
rator. The two resulting digital signals (signal F4 and F8 in
Figure 1b) will still be in quadrature and all information be
in the low-high and high-low transitions of the signals. There
are four such transitions per grating period (MP, RP). There-
fore the intrinsic resolution of the encoder is one fourth of
the grating period. Alternatively, interpolation can be used
to increase the resolution.

Anincremental type encoder outputs a pair of digital square
waves Ao and Bo (Figure 1b) that are 90 degrees apart
and convey, for instance, the change in the shaft's posi-
tion, and direction of rotation. An absolute type encoder,
on the other hand, detects an absolute position. Optical or
magnetic encoders are widely used transducers that have
applications in robotics, manufacturing, motors, and the
hitech industry /1/, /14/, /23/, /24/ and /26/. All these
may have incremental or absolute encoders.

3. Flash Interpolator - Theory and
Fundamentals

The basic architecture of the proposed flash interpolation
converter consists of four matched resistive chains, con-
nected in a symmetric bridge (Figure 1a). The resistivity of
each chain is Ry The differential channel signals CH-A and
CH-B, ordinary and inverted (A+, A-, B+, B-), are connect-
ed to opposite sites of the bridge, the voltages of which
are of equal amplitude, but phase shifted by 0 and 180
degrees (CH-A) and by 90 and -90 degrees (CH-B) as
shown in Figure 1b. An interpolation factor of IP=4 is cho-
sen as an example. Thus interpolator circuit in Figure 1a
consists of four resistive chains, each having /P resistors

4
(r1 to r4 with total resistivity of R, = Zr,-). It also consists of
1

twice as many voltage comparators, C1 to C8, connected
to the taps of the bridge. Each comparator always com-
pares tap voltages on the same common mode (CM) level,
as shown from simulations in Figure 2 (s1, 82, to s16).
Each comparator compares two voltages, shifted in phase
by exactly 180 degrees. Although all comparators operate
atthe same CM level, they differ in performance, which caus-
es INL and DNL errors of the output code (variations of the
separation time). Interpolator linearity is also limited by the
resistors’ matching requirements. Resistance values in the
chain are calculated according to the shape of the incom-
ing orthogonal and differential signals connected to the
bridge corners (A+, A-, B+, and B-). Angle resolution K is
defined by interpolation resolution set by /P within a single
chain interval of 90 angle degrees. K is a constant:
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K =— where IPis defined in (6).

P

(1)

From the present example of orthogonal sine signals, cal-
culation of the resistivity of the chain resistors in a resistor
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- signal-angle calculation on individual resistor tap:

o, =I-K; I-1,2, ..

P,

2)

where maximal angle is 0imax = 90 deg, and resistors are:

R, (a‘l)z R, -

cos (o)

m; 45deg <o, <90deg (3)
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The linear optical encoder system - principle of operation. The interpolation factor of four is taken as an

example, the realization of which is shown in (a). Signals A+, A- and B+, B- are the interpolator’s input signals.
The interpolator’s output signals Fi and Gi are differential-digital signals, generated by the flash A/D converter/
interpolator. An XOR in the Digital Processing Unit (b) operates on them to produce a quadrature output

signal Ao and Bo. Signals generated at the chain taps P1, P2, P3, P5, P6, P7 and N1, N2, N3, N5, N6, N7 are
phase shifted. The all-followers common circuit (at the top (a) consists of the single load device tcal, the level-
shift circuit, constructed from diode device tdc and the biasing device tcs. Topology at the bottom (a) shows
a distributed amplitude measurement structure within Ic1, Ie3, Ic5 and Ic7. Vdda is positive supply voltage,
viis feedback connection and cs a common source terminal for all distributed follower pairs, each consisting
of two differential amplifiers Dif and a follower device m1 and m2,
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Tsin is the sine-wave period and corresponds to the grat-
ing period RP; Tag is the processor tracks output period
and Ts the separation time between the two neighboring
edges of tracks Ao and Bo (b).

in(o
R (o)=R, - sin2) ) Odeg<o, <45deg  (4)
I

sin(o,)+ cos(a
Ri(oy) is the sum of the resistivity of the resistors from j=1
to i=l. Resistivity of a single resistor in a chain R(r;) is cal-
culated by subtracting all resistors (R(rs) to R(r~1)) from
the previously calculated sum.

Resistors are symmetrically positioned from the center of
each resistive chain; thus the resistor values are mirrored
within a range from 45 degrees to 90 degrees, and all four
chains are matched. It is therefore sufficient to calculate
resistors in the range from O to 45 degrees. It is also suffi-
cient to process the incoming signals within half of their
periods (0 to 180 angle degrees), since the same compa-
rators act in the second half-period (Figure 1). As shown in
the present example for IP=4, the resistivity of r7 is equal
to the resistivity of r4, the resistivity of r2 is equal to that of
r3 and so on. The angle resolution in the present example
is 22.5 degrees.

Inthe case of saw-shape incoming quadrature signals, the
relation is:

R
R, =EZ- and all resistors are of the same resistivity. (5)

The interpolation factor /P is defined by the ratio of two
periods:

IP= ;:Si (6)
AB
Tsiv is the period of the incoming sine signals, Tazg is the
period of the outgoing digital-orthogonal signals Ao and
Bo, as shown in Figure 1b, where the track signals Ao and
Bo are generated from the comparators’ output signals Fi
and Gi (Figure 1a).

Lagging or leading of the track signals depends on the
current positions of the sine wave signals or, in other words,
on the direction of movement of the measuring-head. Proc-
essor input signals contribute equal delay to the generat-
ed tracks, so it is important to achieve constant separation
time between digital output edges over the whole input
sine wave period. This is very important at high moving
speed.

3.1 Identifying the Non-ideality Sources

Although all comparators operate at the same CM level,
they differ in performance, which causes INL and DNL er-
rors of the output code (variations of the separation time).
It is important to note that the comparator's input signals
from the resistor taps have different slopes. The offset of
the comparators would influences the switching point by
the ratio between peak sine signal amplitude and the com-
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parator offset voltage. This influence can be expressed as
an angle difference of da=sin"(Voff) (we assume that the
peak sine amplitude is 1V). The most critical non-ideality is
the comparator offset difference (mismatch). Interpolator
linearity is also limited by the resistors’ matching require-
ments. The resistor mismatch directly affects the compa-
rator switching. Furthermore, the influence of different non-
idealities on the system performance becomes important
when a higher order interpolator is an issue (resistors mis-
match directly influences tracks separation time). It is there-
fore important to follow the matching parameters’ informa-
tion supported by an IC manufacturer and design resistors
wide accordingly. Mismatch of the resistors’ contacts and
taps’ resistance are in some cases more important. There-
fore, the realization of the current contacts differs from that
used only as a voltage tap. Moreover, all the resistors’ re-
lated layout rules, like dummy material, should also be con-
sidered.

The influence of the comparator's delay on the interpola-
tor performance depends on the scanner moving speed.
The delay degrades the separation time (and the real head
position) only minimally at lower speed, while the effect
increases with increasing moving speed. The comparator's
delay limits the upper measuring speed. Just take an ex-
ample from section 4: the realized interpolation factor of
100 gives 400 transitions per sine signal period (IP=100).
Using a grating period of 20 um, a sine signal frequency of
100 kHz is achieved by the scanner moving speed of 2m/
second. The rate of the track signals Ao and Bo are 100
times faster and is 10 MHz. The nominal separation time
between the two neighboring edges of Ac and Bo is there-
fore 25 ns. At such a high speed, the comparator's delay
should not exceed 6 ns (to maintain a minimal separation
time of 50% from the nominal one). it is also important to
note that the comparator's delay could be much larger;
the difference between neighboring comparators delay
should not exceed 6 ns. The position error will be accu-
mulated in this case.

Temperature dependence and reliability of the product are
the most serious issues in high accuracy motion control.

4. Interpolator Inherent Amplitude
Mesurement

The proposed circuit for measuring amplitude is combined
into an interpolator architecture shown in Figure 1a. This
results in a compact, area efficient topology that contrib-
utes to better dynamics and finally to better speed per-
formance. The interpolator is therefore a basic structure,
upgraded by an envelope detector, the output of which
tracks the maxima of relevant signals generated along the
resistor bridge. The AMM upgrade consists of distributed
voltage followers Ic1, 1c3, Ic5 and Ic7, combined to odd
comparators ¢7, ¢3, ¢5 and c7 (Figure 1a). As described
later, only odd comparators handle phase shifted signals
having maxima at:
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P,N,=i-K, i=1,3,5,.. 2(IP-1) (7)

Each follower consists of a differential stage (Dif) followed
by a source follower device m1 or m2, the sources of which
are connected to a single - active load device fcal at the
common node ¢s (at the top in Figure 1a). The active load
structure is common to all followers in the AMM circuit.
The drain voltage of the tcal device follows voltages on the
inputs of the follower devices m1 and m2 from all compa-
rators/followers. Foliower feedback voltage, vf, is shifted
up by the diode voltage of the fdc device, which forces the
source voltages of m1 and m2 to be below the gate voltag-
es of m1 and m2 for a diode voltage of the tdc device. This
action is required for differential amplifiers Dif to compare
input signals to the common feedback signal ¢s, where all
input signals have the correct common-mode level. The
common source potential, therefore, follows that input volt-
age on the follower devices m1 and m2, which have the
maximum amplitude. Consequently, a higher source po-
tential on node cs forces the devices m1 and m2 with low-
er input amplitudes to the off state. The current source tcs
provides proper biasing for the diode device tdc. Output
signal Uenv tracks the input signal on resistor taps that is
currently of the highest amplitude. The potential on node
vf is therefore the envelope (maxima) of all compared sig-
nals and carries useful information about the peak ampli-
tude of incoming signals from channels CH-A and CH-B.
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Fig. 2. Simulated waveforms of the phase shifted
signals Pi and Ni on the symmetrical resistive
bridge of an interpolator from Figure 1a. The
shadow area Vi is an envelope range (envelope
ripple), showing also local minima and maxima.
Signals P2, N2, P6, and N6, as well as input
signals from CH-A (A+, A-) and from CH-B (B+,
B-), do not contribute to minimization of the
envelope ripple. All signals have the same
period and offset as input signals, but differ in
amplitude and phase shift.

The tracking accuracy depends on differential amplifier gain
and offset voltage. All signals within one segment of the

bridge cross at the same points (y1, y2, y3 and y4) which
are multiples of 45 degrees. The ripple extremes exist at
multiples of a=45/2 degree:

360
o =K =—-~=225deg.
4.1P & )
from which it follows that IP=4 is sufficient to realize ampli-
tude measuring (AMM) and automatic-gain control (AGC)

functions. The extremes of the Uenv envelope are:

- global minima that are at even multiples of ¢, where o
is 22.5 angle degrees, and are defined as:

Vpmin = Vp- {[sin(a) 4 cos@) —sine) cOS(OC)} -sin90 ‘0‘)}

cos(a) +sin(o)

(9)
=Vp-0.707106

Vp is the peak amplitude of the input sine signal.

- maxima that are at odd multiples of o and are defined
as:

Vpmax=Vp- [sin(a) +M . cos(oc)}
cos(@) +sin(o)

(10)
=Vp-0.76536

As the interpolation factor /P increases, the signal ampli-
tudes on the resistor bridge taps closer to input signals
increase, while the ripple extremes remain at multiple of
the 22,5 degrees (Figure 2). An interpolation factor IP of 4
is therefore optimum for the proposed algorithm. Because
the minima are global, a ripple of 5,825% of the peak in-
put amplitude Vp is a minimum and is defined as:

Vp max—Vp min

ripple{ %)= Vrip[%] = 7
p

100 (11)

The ripple function Vip(a) can also be described using a
general modulo function, valid over the whole signal peri-

od:
sin(oc[modE D (1 - sinE )+
4 4
{ ( nj} LW , (12)
+cog of mod— | }-sin—
4 4

and the extreme functions are:

Veiplo)=Vp-

Vrip _max (n)="Vrip [(2;1 +1)- %) andis: 0.76536. V,, (13)

where maxima are positioned at ali odd multiples of 77 ;
. . . T
Veip _min (n)= Vrip [2n : §j -andis: 0.707106. V,, (14)

minima are positioned at all even multiples of % , Where

-2,-1,0, 1, 2...., and where % radi-

ans is equal to 22.5 angle degrees. Any other search for
maxima in terms of “searching for minima above global
minima” is much more complex and requires much higher

n ranges from ....
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speed Ic; circuits, the tracks of which have to be control-
led by extra - fast comparators.

4.1 Identifying the Non-ideality Sources

Resistor r7 mismatch of 1% and 2% (Figure 1a) is taken as
an example for analysis shown in Figure 3. The larger r1
resistivity then required slightly reduces the maximum at
the corresponding angle position, as is shown in detail on
top of the picture (curves r1_1%_mis and r1_2%_mis). it
is evident that the comparator offset cannot affect the sine
signals on resistors’ taps. On the other hand, the offset
voltage of the differential stages Dif drastically affects the
envelope extremes. As the Dif is in a source follower con-
figuration, its offset contributes directly with a unity gain to
the envelope change as is shown, as an example, for 10mV
offset (curve Dif_10mV_offset) and for-10mV offset (curve
Dif -10mV_offset). It is also clear that each Dif stage con-
tributes only at an appropriate angle position area (we put
offset voltage to Dif stage in the Ic1 block only - Figure
1a).

Vrip rl_1% _miy

FL_2%_mis i 3

Dif_10me_offset
Dif_-10m¥_offset

Simulated envelope voltage, Vrip, on Uenv
output node (curve P1 is shown in detail).

Fig. 3.

5. Results and Discussion

The proposed technique was realized in an encoder ASIC
to verify the accuracy of the AMM technique. The realiza-
tion is an integrated incremental ASIC (Figure 4) which
operates at an input sine wave signal frequency from DC
to 100kHz in a temperature range from -40°C to 125°C
and at a supply voltage of 4.5V+0.5V. The processed ASIC
is fully operational up to 200 kHz under typical conditions.
The opto-sensor array is a separate integrated circuit com-
prising the reverse biased Si photodiodes and the signal is
in the form of an electrical current. The light intensity of the
LED device is controlled by part of the generated error
signal in the AGC block. The measured performances of
the AMM itself are shown in Table |. Measured ripple is
filtered out at higher frequencies (pad-probe: 300£/8pF-
1MCQ/90pF) and therefore cannot be reported without fil-
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Interpolator ASIC combines a signal
conditioning feature, where externally
generated input sine signals are applied to the
analog-front-end, AFE, and where the AMM
module (amplitude measurement as part of the
interpolator) automatically controls the
amplitudes of the incoming orthogonal sine
signals to the interpolator circuit.

Fig. 4.

tering action (Table 1). The measurement at the fastest op-
eration is shown in Figure 5.

Table I: Measured AMM output signals.

Sine/Cosine Sin/Cosine Measured Uenv
Frequency peak additionally loaded by
[kHz] [mV] the probe — IM/90PF
Vnin Vmax
[mVI—| [mV} |
01— 500 352 383
! 109 L] - 80 |
1 500 352 383
——20 1000 709 755
100 | TI000 740 740

It is clear that, in practice, the signal conditioning is not
running when the scanner is moving fast, simply because
the measurement, and therefore the interpolation, should
not be disturbed by the automatic AMM and AGC. The
amplitude measurement and regulation are running within
a certain frequency window and that range has to be mon-
ftored simultaneously. Result 5,8% represents an optimum
and the minimum for the flash interpolator we proposed.
Measurement accuracy of 5,8% for the AGC function is
sufficient for most industrial applications.

6. Conclusion

The aim of this work was to find a cost-effective and area-
effective method of generating peak amplitude informa-
tion from sine wave signals. The major part of the ampli-
tude measurement and envelope extraction is already in-
herent in the presented flash interpolator and only minor
additional electronics has been added. The target of this
work was to improve the quality of the quadrature signals
to enable higher interpolation factors and higher encoder
resolution.
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Measurement of the interpolator at IP=100 and
atinput sine signals frequency of 100 kHz. Index
is shown in D2, track Ao in D1 and the track Bo
in DO,

The amplitude information, when evaluated, shows the fol-
lowing: if the AC part of the information is larger than the
expected 5.8 % ripple (seen at lower head moving speed
only), it results from the sine-signal-pair to cosine-signal-
pair amplitude mismatch. To implement precise amplitude
correction, matching of the quadrature sine signals prior
to AGC is necessary. Moreover, appropriate comparator
circuits that weight the measured signal amplitudes to pre-
defined values need to be designed, having the hysteresis
ratiometric to generated signal amplitude to overcome un-
desired ripple at lower signal frequencies. It is also impor-
tant to regulate sensors supply and light intensity parame-
ters prior to AGC (based on AMM measurement) to main-
tain the design requirements for the dynamic range.

The proposed solution for AMM is much more robust than
that using a square circuit to generate DC voltage out of
sine and cosine signals. The amplitude measurement de-
scribed in this paper is an inherently linear process that
generates envelope by using the same signal processing
path as the interpolator itself. Interpolator monotonicity is
guaranteed by the proposed architecture.

Acknowledgment

The authors express their thanks to staff members of the
Laboratory for Microelectronics (LMFE) in the Faculty of
Electrical Engineering in Ljubljana, and of IDS d.o.0. Com-
pany for their contributions to the projects.

This work has been supported in part by Slovenian Re-
search Agency; project L2-9304-2422-06.

Reference

/1/ Mitchell, D. K.: A Radiation-Hardened, High-Resolution Op-
tical Encoder for Use in Aerospace Applications. Aerospace
Conference, 2008 IEEE, 1-8 March 2008, pp. 1-7.

/2/

73/

/4/

/5/

/8/

17/

/8/

/9/

/10/

/117

/127
113/

/14/

/15/

/16/

aves

/18/

/19/

/20/

Efimov, V. M., Reznik, A. L. and Bondarenko, Yu. V.: Increasing
the sine-cosine transformation accuracy in signal approximation
and interpolation. Journal of Optoelectronics, Instrumentation
and Data Processing, 2008, 44, (3), pp. 218-227.

Yun-Nan Chang, and Ting-Chi Tong.: An Efficient Design of H.264
Inter Interpolator with Bandwidth Optimization. Journal of Sig-
nal Processing Systems, 2008, 53, (3), pp. 435-448

Kennel, R. M. and Basler, St.: New developments in capaci-
tive encoders for servo drives. Power Electronics, Electrical
Drives, Automation and Motion, 2008 - SPEEDAM 2008, In-
ternational Symposium on, 11-13 June 2008, pp. 190 - 195.

Kusljevic, M. D.: A Siple Recursive Algorithm for Simultaneous
Magnitude and Frequency Estimation. /nstrumentation and
Measurement, IEEE Transactions on, 2008, 57, (6), pp. 1207-
1214,

Kung, V., Atanasijevic-Kunc, M., Vodopivec, A.: Method and cir-
cuit provided for measuring very low intensity of electric current.
Patent no. EP 1794599 B1 2008-05-21, date 21. 5. 2008.

Ekekwe, N., Etienne-Cummings, R., Kazanzides, P.: incremen-
tal Encoder Based Position and Velocity Measurements
VLSI Chip with Serial Peripheral Interface. Circuits and Sys-
tems, 2007 - ISCAS 2007, IEEE International Symposium on,
27-30 May 2007, pp. 3558 - 3561.

Atanasijevic-Kunc, M. and Kunc, V.: Automatically adjustable
supply system. Informacije MIDEM, 2007, 37, (1), pp. 12-15.

Chen, Yun.: Research on a novel orientation algorithm of single-
ring absolute photoelectric shaft encoder. Journal of Optoelec-
tronics Letters, 2007, 3, (1), pp. 78-80.

Hiromichi Matsuda, Toshiyuki Andoh and Hiroshi Koide.: Color
registration error reduction method compensating the influence
of belt thickness variation in electrophotographic process. Jour-
nal of Microsystem Technologies, 2007, 13, (8-10), pp. 1425-
1430.

Cunliang Yan, Daoshan Du, and Congxin Li.: Design of a real-
time adaptive interpolator with parameter compensation. The
International Journal of Advanced Manufacturing Technolo-
gy, 2007, 35, (1-2), pp. 169-178.

http://www.ichaus.de/product/iC-MSB.

Seemi, S., Sulaiman, Mohd. S., and Farooqui, A. S.: A 1.3-
Gsample/s interpolation with flash CMOS ADC based on active
interpolation technique. Journal of Analog Integrated Circuits
and Signal Processing, 2008, 47, (3), pp. 273-280.

Wekhande, S., and Agarwal, V.: High-resolution absolute po-
sition Vernier shaft encoder suitable for high-performance
PMSM servo drives. Instrumentation and Measurement, IEEE
Transactions on, 2006, 55, (1), pp. 357 - 364.

Tobita, K., Ohira, T., Kajitani, M., Kanamori, C., Shimojo, M.,
Aiguo Ming.: A rotary encoder based on magneto-optical
storage. Mechatronics, IEEE/ASME Transactions on, 2005,10,
(1), pp. 87 - 97.

hitp://www.ichaus.de/product/iC-TW2, accessed September
2009.

http://www.ichaus.de/product/iC-TW4, accessed September
2009.

Kolyada, Yu. B., Polyarus, N. T. and Yanushkin, V. N.: Structure,
Analysis, and Methods of Investigating and Correcting the Er-
rors of an Extremum Counting-Interpolating System for Displace-
ment Measurements. Journal of Measurement Technigues,
2003, 46, (8), pp. 770-772.

Atanasijevic-Kunc, M., Kunc, V., Diaci, J., Trontelj, J., Karba,
R.: Analysis and design of combined electronic and micro - me-
chanical system through modeling and simulation. Infrmacije
MIDEM, 2003, 33, (3), pp. 136-141.

Gottardi, M., Gonzo, L., Gregori, S., Liberali, V., Simoni, A. and
Torelli, G.: An Integrated CMOS Front-End for Optical Absolute
Rotary Encoders. Journal of Analog Integrated Circuits and
Signal Processing, 2003, 34, (2), pp. 143-154.

113



Informacije MIDEM 40(2010)2, str. 107-114

A. Pletersek, R. Benkovi¢:

A Flash Interpolator ASIC With Build-in Amplitude Measurement Circuit

/21/

122/

/23/

/247

725/

/28/

121/

/28/

/29/

/30/

/31/

/32/

/33/

/34/

/35/

/36/

137/

114

Kazuo Funato, Toshio Yanagiya, and Tetsuo Fukunaga: Ergom-
etry for estimation of mechanical power output in sprinting in
humans using a newly developed self-driven treadmill. Europe-
an Journal of Applied Physiology, 2001, 84, (3), pp. 169-173.

Tan, K. K., Zhou, H. K., Tong Heng Lee: New interpolation meth-
od for quadrature encoder signals. Journal of Instrumentation
and Measurement, IEEE Transactions on, 2002, 51, (5), pp.
1073 - 1079.

Lei Tian, Yunshan Zhou, Lie Tang (2000). Improving GPS posi-
tioning precision by using optical encoders. Intelligent Trans-
portation Systems, Proceedings, IEEE, 1-3 Oct. 2000, pp. 293
- 298.

Choon-Young Lee and Ju-Jang Lee.: Walking-support robot sys-
tem for walking rehabilitation: design and control. Journal of
Artificial Life and Robotics, 2000, 4, (4), pp. 206-211.

Sapefnikov, V. M.: Digital sine-consine phase calibrators. Jour-
nal of Measurement Techniques, 1998, 41, (1), pp. 17-21.

Sapel'nikov, V. M.: Nonlinear digital-to-analog converter-discrete
analog of a sine-cosine potentiometer. Journal of Measurement
Techniques, 1997, 40, (1), pp. 48-50.

Domracheyv, V. M., Sigacheyv, |. P. and Sinitsyn, A. P.: Precision
sine-cosine converter. Journal of Measurement Techniques,
1997, 40, (7), pp. 616-618.

Shekikhanov, A. M., and Ibragimov, V. B.: Digital angular-dis-
placement fransducer with iterative error correction. Journal of
Measurement Techniques, 1995, 38, (5), pp. 502-506.

Glukhov, O. D., Lebedev, L. Ya., Pritsker, V. I. and Sverdlichenko,
V. D.: Sine-cosine signal interpolator. Journal of Measurement
Techniques, 1992, 35, (3), pp. 291-293.

Durana, M., Gallay, R., Robert, P., Pruvot, F.: Novel type sub-
micrometre resolution pseudorandom position optical en-
coder. Electronics Letters, 1993, 29, (20), pp. 1792 - 1794.

Smirnov, Yu. S.; Multicomponent analog-to-digital translation
converters with sine-cosine sensors. Journal of Measurement
Techniques, 1991, 34, (4), pp. 337-340.

Yamashita, S., Kaku, H., lkeda, M.: Development of the Abso-
lute Type Magnetic Encoder Suitable for Thinner Structure.
Magnetics in Japan, IEEE Translation Journal on, 1990, 5,
(8), pp. 711 - 719,

Domrachev, V. G., and Smirnov, Yu. S.: Digital encoders of sine-
cosine rotating transformers output signals. Journal of Meas-
urement Techniques, 1987, 30, (11), pp. 1083-1088.

Kudryashov, B. A., Smirnov, Yu. S. and Shishkov, A. B.: Ampli-
tude angle-to-code converter with sine-cosine rotary transform-
ers. Journal of Measurement Techniques, 1984, 27, (8), pp.
587-688.

Sverdlichenko, B. D. and Pritsker, V. |.: High-resolution sine-co-
sine signal interpolator. Journal of Measurement Techniques,
1980, 23, (1), pp. 62-64.

Katsuji Kimura: Analog Multiplier using Quadritail Circuit. US
patent, US 5889425, 1999.

TanyaJ. Snyder: Interpolation Methods and Circuits for Increas-
ing the Resolution of Optical Encoders. US patent US 6355927
B1, 2002.

/38/

/39/

/40/

/41/

/42/

/43/

/44/

Atanasijevic-Kunc, M., Karba, R.: Multivariable control design
with expert-aided support. Journal of WSEAS Trans. Syst., 2008,
10, (5), pp. 2299-2306.

hitp://www.ichaus.de/upload/pdf/TW2_datasheet_D1en.pdf,
accessed September 2009.

R. C. Kavanagh, Shaft encoder characterisation through analy-
sis of the mean-squared errors in nonideal quantized systems,
IEE Proceedings - Science, Measurement and Technology,
2002, 149, (2), pp. 99-104.

C.-C. Sun, S.-J. Ruan, B. Heyne, J. Goetze, Low-power and
high-quality Cordic-based Loeffler DCT for signal processing,
IET Circuits, Devices & Systems, 2007, 1, (6), pp. 453-461.

J.M.P. Langlois and D. Al-Khalili, Phase to sinusoid amplitude
conversion techniques for direct digital frequency synthesis, IEE
Proceedings - Circuits, Devices & Systems, 2004, 151, (6),
pp. 519-528.

OSEBIK, Davorin, SOLAR, Mitja, BABIC, Rudolf. Modul adap-
tivnega sita za digitalno procesiranje signalov. V. ZAJC, Bald-
omir (ur.). Zbornik enafste mednarodne Elektrotehniske in racu-
nalniske konference ERK 2002, 23.-25. september 2002,
PortoroZz, Slovenija. Ljubljiana: IEEE Region 8, Slovenska sekc-
ija IEEE, /2002/, zv. A, str. 45-48.

OSEBIK, Davorin, BABIC, Rudolf, KOVACIC, Kosta. Aritmetic-
na-logicna enota z zaporedno logiko za izracun utezne vsote s
programirnimivezji. Inf. MIDEM, sep. 2005, letn. 35, §t. 3(115),
str. 133-139.

Anton PleterSek:
Department of LMFE (Laboratory for

Microelectronics), Faculty for Electrical Engineering,

Ljubljana, Slovenia and

IDS d.o.0., Design head-quarter, Tehnolo$ki park 21,

Ljubljana, Slovenia.

Phone: +386 1 281 1183; Fax: +386 1 281 1184;

E_mail: anton.pletersek@fe.uni-lj.si
E_mail: anton.pletersek@ids.si

Roman Benkovié:

IDS d.o.o., Design head-quarter, Tehnoloski park 21,

Prispelo (Arrived): 08.03.2009

Ljubljana, Slovenia.
E_mail: roman.benkovic@ids.si

Sprejeto (Accepted): 09.06.2010



