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REALIZATION OF A DIGITAL RATE METER AS AN IIR
DIGITAL FILTER BY IMPLEMENTING AN OPTIMIZED
SIGNAL PROCESSING ALGORITHM
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By applying the well known dualism: mean count rate - mean time between successive
pulses - the equivalence between an ITR digital filter and a preset count digital rate me-
ter has been demonstrated. By using a bank of four second order IIR filters and an op-
timized automated algorithm for filter selection, a practical realization of a preset
count rate meter giving good tradeoff between statistical fluctuations and speed of re-
sponse, particularly at low count rates such as background monitoring, is presented.
The presented solution is suitable for designing portable count rate meters. The de-
signed prototype is capable of operating up to 3600 pulses per second with an accuracy
of over 4% in steady-state and responce times of 1 second for the rising edge and 2 sec-
onds for the falling edge of the mean count rate step-change.
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INTRODUCTION

In a recently published article [1] the authors
have described a new algorithm for the measurement
of the mean count rate of pulses from radiation detec-
tors. The algorithm is based on the control of a bank of
four digital IIR filters governed by the state of mean
count rate — stationary or transient. The algorithm suc-
cessfully solves the compromise between the contra-
dictory requirements for low statistical fluctuations in
the steady-state and a fast response to sudden changes
of the mean count rate. The design of the bank of IIR
filters is carried out by using the Chebyshev approxi-
mation of the second kind in order to achieve high se-
lectivity and a high stop-band attenuation, applying as
low as possible order of the constituent filters. All de-
signed filters are of the second order. The fastest, i. e.
the least accurate filter in the bank is on during tran-
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sients, whereas the slowest, i. e. the most accurate fil-
ter in the bank is on at steady-states of the measured
mean count rate. Two filters having intermediate char-
acteristics are inserted between the above two filters
facilitating an optimum transition between the two ex-
treme situations. The static and dynamic characteris-
tics of the new algorithm and the corresponding com-
putational efficiency are tested and compared with
those of the traditional rate meter algorithms.

The purpose of this article is twofold:

(1) to show that for the preset count principle of mea-
surement there is a full equivalence between a FIR
filter and the traditional moving average rate me-
ter algorithm and also between an IR filter and the
exponential rate meter algorithm, and

(2) to present an experimental verification and de-
scribe a practical realization of the mean count
rate meter carried out by applying the optimized
automated IIR (AIIR) filter [1].

It has been shown that the equivalence men-
tioned under (1) applies to the preset time principle of
measurement [2]. This article, however, deals only
with the preset count principle due to its good property
that, having selected a preset count, the accuracy of the
measurement is constant irrespective of the level of the
mean count rate.

The described realization is suitable for applica-
tions at low count rates, such as background monitor-
ing, where the problem of finding an adequate coming,
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where the problem of finding an adequate compromise
between contradictory requirements for low statistical
fluctuations and fast response time becomes difficult.
As far as the authors are aware, the described approach
to designing digital rate meters has not been reported
in literature. There were indications of the equivalence
of FIR or IIR of the first order filters with some rate
meter algorithms [3, 4], but no practical solutions ap-
peared. An attempt to find an optimum compromise
between statistical fluctuations and response time by
traditional design methods [5] has shown that no sig-
nificant improvements could be made by traditional
methods.

THE EQUIVALENCE: DIGITAL
FILTER-RATE METER

In order to implement the methods and tech-
niques of digital signal processing (DSP) in the area of
nuclear electronics, it is necessary to obtain a sequence
of equidistant pulses by simple digitization of input
signals. The pulses are now equidistant with ampli-
tudes carrying information as regards time intervals
between successive input random pulses from count-
ing type radiation detectors.

The equivalence of the preset count low fre-
quency digital filters and the traditional rate meter al-
gorithms (moving average and exponential) will be
shown by introducing the well known dualism: mean
count rate (preset time principle) — mean time between
successive pulses (preset count principle) [6].

For the preset time principle, the moving aver-
age algorithm is defined by

1 L.
R(n)=ﬁi:n§vfl(l) (1)
and the exponential
RO = 2 0= () 2)
or in the recursive form
R(n)=(1—a)R(n—1)+%x(n) (3)

where R(n) is the mean count rate, N—the length of the
moving average window, 7 — the preset time, a — the
coefficient of exponential integration (0 <a < 1), and
x(7) — the number of arrived pulses witihin time T'at in-
stant 7.

By applying z-transform, the expressions for the
moving average and exponential algorithms become,
respectively

R(z) 1N

X(Z)_ﬁigiz ®

R(z) _ a
X(z) 1-(1-a)z™!

(5)

The obtained expressions correspond to the
transfer functions of the first order FIR and IIR filters,
respectively. By applying the dualism between the
mean count rate R(n) and mean time between succes-
sive pulses T,,(n), the following expressions are ob-
tained

o)=L $7G) (6)

i=n—N +1

and for the exponential algorithm
Ty (m=a$(1-a)" 1) (7)
i. e. in the recursive form
Ty (n)=(=a)l (n=1)+aT(n) (8)

where Ty, is the mean time between successive pulses,
N —the length of the moving average window, i. e. the
selected preset count, a —the coefficient of exponential
integration (0 <a < 1) and 7(i) — the time interval be-
tween successive pulses at instant 7.

By applying z-transform, the expressions for the
moving average and exponential algorithm, respec-
tively, are obtained

Tav(z)_i i —i
T(z) _NEiZ ®)
T (2) _ a (10)

T(z) 1-(1-a)z™'

The obtained expressions correspond to the
transfer functions of the N ™ order FIR and first order
IIR filter structures, respectively, as obtained for the
preset time principle of measurement [2]. Since the se-
lectivity in the pass band and attenuation in the stop
band of the first order IIR filters are inferior compared
to those of the second order IIR filters, the AIIR algo-
rithm design [ 1] was carried out by using second order
IIR filters.

AUTOMATED IIR (AIIR)
RATE METER ALGORITHM

The new algorithm selects the digital IIR filter
from the bank of filters on the basis of the estimated
gradient of the mean count rate.

The structure of the algorithm is given in the
block diagram shown in fig. 1.

The structure comprises a low-pass filter, from
the bank, serving for averaging the number of incom-
ing signals, a circuit for sensing the gradient of the
mean count rate, and an adaptation logic circuit, con-
trolling the selection of the low-pass filter from the
bank. Within the circuit estimating the gradient is a
digital low-pass filter with parameters: pass-band limit
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wp, stop-band limit wy, pass-band attenuation a,, and
stop-band attenuation ag chosen so as that the level of
statistical fluctuations meets the minimum require-
ments of the international standard for health physics
instrumentation [ 7]. This low-pass filter is followed by
a structure calculating error signal de;;. A constituent
part of this structure is the digital delay line D; equal to
the response time of the input digital low-pass filter.
The error signal is given by

‘tpi (n)—t, (n—D; + lj

5eti =

(11)

where

tyi(n) is the averaged signal from the pulse detector
(mean time between successive pulses nand n+ 1)
after low frequency (LF) digital filtering, and
tyi(n — D+ 1) is the averaged signal from a pulse
detector delayed by D; (mean time between suc-
cessive pulses n—D;and n— D;+ 1) after LF digital
filtering.

The error signal dey; represents the absolute
value of the normalized difference between the current
and previous average value. It is input to the adapta-
tion logic circuit, i. e., it makes the basis for the selec-
tion of the LP filter from the bank. On the basis of this
signal, the selection is carried out in accordance with
the assigned decision thresholds. These thresholds
have been introduced to speed-up transition time of the
algorithm between two extreme states. The numbers

the bank of filters

of threshold levels within the adaptation logic circuit
and their mutual positions have been optimized to
achieve the best compromise.

PRACTICAL REALIZATION OF AN
AUTOMATED IIR (AIIR) RATE METER

The practical realization of a rate meter by imple-
menting the AIIR algorithm is carried out by using a
modern microcontroller dsPIC30F4013. The basic
properties of this microcontroller integrate a classic
microcontroller and a digital signal processor with a
hardware multiplier and Harvard architecture [8]. Itis a
general purpose device, supporting numerous peripher-
als, suitable for implementing the AIIR algorithm. The
implementation relied on the use of the microPascal
compiler for Microchip dsPIC microcontrollers [9] and
the development system EASY dsPIC [10]. The block
diagram of the developed system is shown in fig. 2a.

The input circuit consists of a radiation detector
(GM tube), a high voltage supply, and a Schmitt trig-
ger. The output pulses are fed to the external interrupt
pin, INTO, of the microcontroller. Within the external
interrupt routine INTO, time intervals between succes-
sive input pulses are sampled and digital processing by
the AIIR algorithm is carried out. In this way the pro-
cessing time is kept to a minimum, since no extra re-
sources of the processor, which would have been re-
quired for the nesting of procedures and putting the

Radiation
source

Figure 2a. Block diagram of the
developed measuring system
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Figure 2b. Flow chart of the algorithm controlling the se-
lection of an active filter from the bank

contents on the stack, are required. By using the 32-bit
internal timer available in the dsPIC30F4013, time in-
tervals between successive pulses are measured with a
high precision (the timer clock is Y4 of the internal
clock of 80 MHz, i. e. the resolution is 50 ns [7]). The
samples are then fed to the circuit for the estimation of
the gradient of the mean count rate which involves an
IIR filter and a delay line (see fig. 1). In this part of the
circuitry, modulo addressing and floating point arith-
metic are used for achieving efficiency and accuracy,
respectively.

The output of the circuit for the estimation of the
gradient of the mean count rate is the error signal Je;
which is input to the adaptation logic circuit, realized
as a separate procedure. The flow chart of the adapta-
tion logic circuit is shown in fig. 2b. The procedure de-
fines the value of the status index m which serves for
selecting the corresponding filter from the bank to
carry out the filtering of input signals and produce the
output signal #. The higher the gradient of the mean
count rate, the faster filter in the bank is selected and
vice versa. Again, for reasons above mentioned, in this
part of the circuitry modulo addressing and floating
point arithmetic are used.

The speed of operation of the realized prototype
was limited to 10 000 pulses per second by the use of
a GM tube SI-10A. However, the value of the mean
count rate r;= 1/¢ is given by an RS232 serial inter-

face, each second transferred to a PC as the output of
the AIIR algorithm. This method of data transfer is
used since the measurement of low activities has been
envisaged. These data are displayed and saved for fur-
ther processing. If required, the mean count rate can
also be displayed locally, by the microcontroller, on an
LCD numerical display.

For most applications in environmental moni-
toring, the transfer rate of 1Hz is satisfactory [7]. The
sampling of the AIIR output can be accelerated up to
the maximum of the serial interface, i. e. 115200
baud. The speed of data processing by the
microcontroller dsPIC30F4013 sufficiently exceeds
3600 pulses per second which corresponds to 32 bit
data (floating point format) at 115200 baud of the se-
rial interface. If a higher sampling frequency of the
AIIR output is required, the USB 2.0 serial interface
would be an adequate choice.

EXPERIMENTAL RESULTS

The results of practical measurements, shown in
fig. 3, have been obtained by using a GM tube SI-10A
and an encapsulated '*’Cs source.

The static characteristic, standard deviation, of
the described realization has been tested by a sequence
of 200000 pulses at approximately 20 pulses per sec-
ond. The obtained histogram of mean count rates is
shown in fig. 4. The identified standard deviation of
3.97% is in very good agreement with the designed
value of 4.01%, predicted by numerical simulations
applying a random number generator.

The corresponding dynamic characteristic, re-
sponse time, has been tested by applying the unit step
excitations from 20 pulses per second to 100 pulses per
second and from 100 pulses per second back to 20
pulses per second. The rising (a) and falling (b) edges
ofthe corresponding response of the realized measure-
ment system are shown in fig. 5. The corresponding re-
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Figure 3. Level of mean count rate vs. distance between
the source and GM detector
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Figure 5. The rising edge (a) and falling edge (b) of the
corresponding response of the realized measurement
system

sponse times were 1 second for the rising edge and 2
seconds for the falling edge of the mean count rate step
change, consistent with the inherent property of the
preset count algorithms to respond faster to the rising
edge.

The power of the presented realization is fully
expressed at small count rates, when achieving a good
tradeoff between the level of statistical fluctuations
and speed of response becomes difficult. With or with-
out slight modifications (such as direct display of data
on an LCD display instead of using the RS232 inter-
face), the described functional block is suitable for de-
signing portable count rate meters applicable in envi-
ronmental measurement and/or monitoring systems.
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Hophe MAIIOIbLUh, Bojucias APAHBEJTOBUh

PEAIM3AIINIA TUTUTAJTHOI' MEPAYA CPENILE BP3VUHE BPOJAIBA
KAO IIR JUTUTAJTHOT ®UITPA ITPUMEHOM OINTUMN30BAHOTI
AJITOPUTMA 3A OBPANY CUTHAIIA

ITpumeHoM fOGpO MO3HATOr Ayanu3Ma: cpefia Op3uHa Opojama — cpefitbe Bpeme u3Meby
CyceHOT MMIIyJica, JeMOHCTpUpaHa je ekBuBaneHuuja udmeby purutansor IR ¢untpa u gururamsor
Mepada cpefilbe Op3uHe Opojama ca npepoppebennM onopojeM. Ilpumemyjyhu 6anky op uetupu IIR
cdunTpa gpyror peja u ONTUMU30BaHU aJITOPUTAM 32 ayTOMATCKU U300p (pUITpa, IpUKa3aHa je IpakKTuYHa
peanm3anyja Mepaua cpefiibe Op3uHe Opojama ca mpefpoapeheHnM o0pojeM Koja fjaje modap KOMIIPOMHUC
HsMeby CTATUCTUYKUX (PIIyKTyaluja u Op3uHe OJ31Ba, HAPOYHUTO HPH MajTuM Op3rHaMa Opojama, Kao IITO
je mpaheme 3padera u3 npupope. [Ipukaszano peniere je MofiecHO 3a MPOjeKTOBahe IPEHOCHUX Mepava
cpenme Op3uHe Opojama. [IpojekToBaHM MpOTOTHUI je cnocobaH Aa pagu y omcery go 3600 nmmmynca y
CEeKyH/M ca TauHOIThy 607b0M 0/ 4% y CTalMOHAPHOM CTamky 1 Op3WHOM ofi3uBa 1 cexyHja 3a pactyhy u 2
ceKyHjie 3a onajajyhy cpefmy Op3uHy Opojamba.

Kmwyune peuu: adaiiitiueHo meperse, OUZUAAHU Mepay cpeorbe Op3une bpojarba, ouzZuiiiaana obpada
cuzHana




