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Two pre sented meth ods were de vel oped to im prove clas si cal pre set time count 
rate me ters by us ing adapt able sig nal pro cess ing tools. An op ti mized de tec -
tion al go rithm that senses the change of mean count rate was im ple mented in
both meth ods. Three low-pass fil ters of var i ous struc tures with adapt able pa -
ram e ters to im ple ment the con trol of the mean count rate er ror by sup press -
ing the fluc tu a tions in a con trol la ble way, were con sid ered and one of them
im ple mented in both meth ods. An ad ap ta tion al go rithm for pre set time in ter -
val cal cu la tion ex e cuted af ter the low-pass fil ter was de vised and im ple mented 
in the first method. This ad ap ta tion al go rithm makes it pos si ble to ob tain
shorter pre set time in ter vals for higher sta tion ary mean count rate. The ad ap -
ta tion al go rithm for pre set time in ter val cal cu la tion ex e cuted be fore the
low-pass fil ter was de vised and im ple mented in the sec ond method. That ad -
ap ta tion al go rithm  en ables sens ing of a rapid change of the mean count rate
be fore fluc tu a tions sup pres sion is car ried out.
Some pa ram e ters were fixed to their op ti mum val ues af ter ap pro pri ate op ti -
mi za tion pro ce dure. Low-pass fil ters have vari able num ber of sta tion ary co ef -
fi cients de pend ing on the spec i fied er ror and the mean count rate. They im -
ple ment con trol of the mean count rate er ror by sup press ing fluc tu a tions in a
con trol la ble way.
The sim u lated and re al ized meth ods, us ing the de vel oped al go rithms, guar -
an tee that the re sponse time shall not ex ceed 2 s for the mean count rate
higher than 2 s-1 and that con trol la ble mean count rate er ror shall be within
the range of  ±4% to ±10%.

Key words: pre set time count rate me ter, adapt able sig nal pro cess ing, low-pass fil ter, FIR fil ter,
mean count rate

IN TRO DUC TION

Fluc tu a tions of the re sults of pro cess ing of sig -
nals from ra di a tion de tec tors in or der to ob tain
mean count rate are caused by ran dom vari a tions of
the spac ing be tween suc ces sive in put pulses even in
steady state [1]. This prop erty of both an a log and
dig i tal rate me ters is pres ent ir re spec tive of which

mea sure ment prin ci ple, pre set time or pre set count,
is ap plied.

The prop er ties of pre set count al go rithms
have been an a lyzed in de tail [2], ap ply ing clas si cal
meth ods of anal y sis. The im prove ments as re gards
sta tis ti cal fluc tu a tions by mod i fy ing spac ings be -
tween in put pulses [3], have been im ple mented in
prac tice [4, 5]. The cor re spond ing anal y ses of pre set
time al go rithms have also been re ported [6].

No at tempts have been made so far to ap ply
adapt able dig i tal sig nal pro cess ing meth ods in the
anal y sis and de sign of dig i tal rate me ters even
though some in di ca tions of the equiv a lence of FIR
(Fi nite Im pulse Re sponse) and IIR (In fi nite Im -
pulse Re sponse) fil ters and some of dig i tal rate me -
ter al go rithms have been re ported [7].

The pur pose of this pa per is to pres ent the ap -
pli ca tion of dig i tal fil ters [8], and adapt able dig i tal
sig nal pro cess ing [9], meth ods to the de sign of dig i -
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tal sys tems for cal cu la tion of mean count rate. Two
meth ods for im prov ing the per for mance of clas si cal
pre set time al go rithms are pro posed. The first
method starts with a lon ger pre set time of 10 s as -
sum ing sta tion ary rates cor re spond ing to back -
ground ra di a tion lev els and then uses an ad ap ta tion
al go rithm to ad just the du ra tion of the pre set time
in ter val if the mean count rate is changed. The sec -
ond method starts with a shorter pre set time of 1 s,
be ing im me di ately pre pared to re act to sud den
changes of the mean count rate, but switches to a
lon ger pre set time in ter val of 10 s if sta tion ary rates
cor re spond ing to background radiation levels are
maintained.

Both meth ods use an op ti mized de tec tion al -
go rithm to sense the change of mean count rate,
adapt able low-pass fil ter to im ple ment mean count
rate er ror con trol by con trol la ble sup pres sion of
fluc tu a tions and an op ti mized al go rithm of ad ap ta -
tion of pre set time in ter val based on the cur rent
value of the mean count rate. Rel a tive stan dard de -
vi a tion, de fined as the ra tio of the stan dard de vi a -
tion of the mean count rate and the mean count rate, 
is used as the per for mance cri te rion for the se lec tion 
of the op ti mum pa ram e ter val ues. Op ti mum val ues
are those that min i mize the rel a tive standard
deviation.

The meth ods dif fer in the strat egy of ex e cu -
tion of the al go rithm for ad ap ta tion of the pre set
time in ter val. In the first method, the pre set time in -
ter val ad ap ta tion al go rithm is ex e cuted af ter the
low-pass fil ters. This al lows ob tain ing shorter pre -
set time in ter vals for higher sta tion ary rates. The
sec ond method ex e cutes the ad ap ta tion al go rithm
be fore the low-pass fil ters, which en ables sens ing of
the rapid changes of the av er age rate before
fluctuation suppression is carried out.

Both meth ods were sim u lated by a self-de -
signed soft ware pack age and im ple mented in a
newly de vel oped por ta ble rate me ter us ing a stan -
dard 8-bit microcontroller.

PROB LEM DESCRIPTION

The sto chas tic na ture of  pulse ar riv als sug -
gests that the fluc tu a tions from the av er age num ber
of ar riv als from a pulse coun ter within a fixed time
in ter val (pre set time) will also rep re sent a ran dom
pro cess. Should the fluc tu a tions fol low nor mal dis -
tri bu tion then the stan dard de vi a tion could rep re -
sent the ap pro pri ate mea sure of the mean count rate 
er ror.

It would be ap pro pri ate to find a con ve nient
low-pass fil ter to sup press the fluc tu a tions of the
mean count rate. In or der to be able to con trol the
mean count rate er ror, low-pass sig nal pro cess ing
needs to have one or more pa ram e ters whose ad just -

ments would keep the fluc tu a tions within defined
limits.

The in trin sic prop erty of the pre set time al go -
rithms for count ing rate me ters is the pre sen ta tion
of the mean count rate in fixed time in ter vals:
· shorter time in ter vals en able faster read outs at

the ex pense of larger fluc tu a tions, while lon ger
time in ter vals im ply slower read outs that cor re -
spond to re duced fluc tu a tions. This calls for an
op ti mum so lu tion, and

· for sta tion ary or very slowly vary ing con di tions
keep ing the time in ter val fixed would yield sat is fac -
tory re sults. How ever, should the rate change con -
sid er ably, an adapt able dig i tal sig nal pro cess ing al -
go rithm should en able faster read outs for
in creased rates. In this case there are two pos si bil i -
ties:
– to ex e cute the ad ap ta tion al go rithm af ter the
jjjlow-pass fil ters to en able shorter time pe ri ods
jjjfor higher sta tion ary rates, and
– to ex e cute the ad ap ta tion al go rithm be fore the
jjjfil ters, which would make it pos si ble to sense
jjjthe rapid change of mean count rate be fore the
jjjsup pres sion of fluc tu a tions is car ried out.

THE STA TIS TICS OF THE
FLUC TU A TIONS FROM THE
AV ER AGE NUM BER OF AR RIV ALS

Pulse ar riv als from pulse coun ters, such as GM 
tubes, rep re sent a ran dom pro cess. Time in ter vals
be tween ad ja cent pulses for a Pois son ran dom pro -
cess are given in [1]:

I t t r trt( ) d e  d= - (1)

where: r is the mean count rate, t is a time in ter val
and I(t) is the dis tri bu tion func tion for time in ter -
vals be tween ad ja cent pulses. The fluc tu a tions of the 
num ber of pulses from the mean dur ing pre set time
in ter val will form a ran dom pro cess. The fluc tu a -
tions of the mean count rate can be ap prox i mated
with Gaussi an prob a bil ity den sity func tion. There -
fore, the stan dard de vi a tion is the ap pro pri ate mea -
sure of the mean count rate er ror and the rel a tive
stan dard de vi a tion is used as the er ror es ti mate of
the pro posed pre set time al go rithm.

SIG NAL PRO CESS ING FOR
FLUC TU A TIONS SUP PRES SION

The most sa lient fea tures of count rate me ters
are the ac cu racy of cal cu la tion of the mean count
rate and the re sponse time to the fast changes of the
mean count rate. The first re quire ment con cern ing
ac cu racy co mes down to the need to have one or
more rate me ter pa ram e ters the ad just ments of

A. D. @igi}: Pre set Time Count Rate Me ter Us ing Adap tive Dig i tal Sig nal Processing 65



which would keep the fluc tu a tions within de fined
lim its. This calls for very nar row band width
low-pass fil ter ing. The sec ond re quire ment is di -
rectly op posed to the first re quire ment since it calls
for a high band width sig nal pro cess ing cir cuit that is 
ca pa ble of re spond ing with suf fi cient speed to the
mean count rate non-stationarities.

The con cil i a tion of the two op posed re quire -
ments makes it nec es sary to im ple ment an adapt able 
sig nal pro cess ing method which would pro vide low 
and con trol la ble er ror when the mean count rate
stays within cer tain pre de fined lim its from its true
value, and quick re sponse to rapid changes of the
mean count rate out side the men tioned lim its. The
adapt able ad just ment of the readout time will
follow.

In count rate me ters, re gard less whether they
are us ing pre set time or pre set count al go rithm to
es ti mate the mean count rate, the most im por tant
piece of sig nal pro cess ing cir cuit is the low-pass fil -
ter used to sup press the fluc tu a tions of the mean
count rate. Fil ters, in gen eral, can be de scribed as
de vices re al ized in the form of phys i cal hard ware or
com puter soft ware ap plied to a set of noisy data in
or der to ex tract in for ma tion about a pre scribed
quan tity of in ter est [9]. In the frame work of  the ra -
di a tion level mea sure ments us ing count rate me ters, 
the quan tity of in ter est is the mean count rate and
the ran dom fluc tu a tions of the mean count rate rep -
re sent the noise to be sup pressed us ing low-pass fil -
ter ing. Here, the pre set time count rate me ter was
re al ized us ing adapt able dig i tal sig nal pro cess ing,
and the low-pass fil ter was re al ized as a lin ear
time-vari ant (adap tive) dis crete sys tem with FIR
and IIR fil ter was con sid ered for re al iza tion.

Adapt able dig i tal fil ters for the
pre set time count rate me ter

The lin ear time-in vari ant dis crete sys tem can
be de scribed in time do main as [8]:
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where: x(n - k) is the fil ter in put de layed by k sam -
pling time in ter vals, y(n – k) is the fil ter out put de -
layed by k sam pling time in ter vals, y(n) is the pres -
ent fil ter out put, bk the k-th co ef fi cient of the
feedforward part of the fil ter and ak the k-th co ef fi -
cient of the feed back part of the fil ter. The al ter na -
tive rep re sen ta tion in z-do main is given by [8]:
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where X (z) is the z-do main ex ci ta tion in z-do main,
Y(z) is the re sponse in z-do main and H(z) is the fil ter 
trans fer func tion in z-do main.

In the case of the FIR fil ter, the eq. (2) re duces
to:
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and the eq. (3) to:
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where bk (0 £ k £ M) are the co ef fi cients and, at the
same time, the im pulse re sponse of the FIR dig i tal
fil ter, while M+1 is the num ber of co ef fi cients or
the length of the fil ter, which is here the adapt able
fil ter pa ram e ter. The di rect form FIR fil ter, also
called the tapped de lay line, is shown in fig. 1a.

Un like the FIR fil ter, the trans fer func tion of
the IIR fil ter (eq. 3), has both the nu mer a tor and
the de nom i na tor, i. e. both ze roes (like the FIR fil -
ter) and poles (un like the FIR fil ter). Here, two
types of IIR fil ters were con sid ered: dig i tal re al iza -
tion of Butterworth ap prox i ma tion of the ideal
low-pass fil ter us ing sin gle sec ond or der sec tion
with di rect ca non i cal nontransposed struc ture and
dig i tal re al iza tion of in verse Chebyshev ap prox i ma -
tion of the ideal low-pass fil ter us ing sin gle sec ond
or der sec tion with di rect ca non i cal nontransposed
struc ture. The di rect ca non i cal nontransposed
struc ture is shown in fig. 1b.
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Fig ure 1a. The di rect form FIR fil ter (tapped de lay
line) with 3 co ef fi cients

Fig ure 1b.  The di rect ca non i cal nontransposed struc -
ture of a sin gle-sec tion sec ond or der IIR fil ter



Fig ures 2 and 3 de pict the quan ti ta tive per for -
mance of  three se lected fil ter sys tems to gether with
the case of no fil ter. The cri te rion used for per for -
mance eval u a tions was rel a tive stan dard de vi a tion.
The fil ters used were: Butterworth sec ond-or der sin -
gle-sec tion IIR fil ter (wpassband = 0.001p rad/sam ple,
wstopband = 0.15p rad/sam ple, Apassband = 1 dB,
Astopband = 80 dB), in verse Chebyshev sec ond-or der
sin gle-sec tion IIR fil ter (wpassband = 0.001p rad/sam -
ple, wstopband = 0.1p rad/sam ple, Apassband = 1 dB,
Astopband = 80 dB) and FIR (mov ing av er age) fil ter
with 20 co ef fi cients equal to unity. As can be seen from 
fig. 2, the FIR fil ter per forms better than the IIR fil -
ters and there fore it is used for fur ther eval u a tions.

The most sig nif i cant er ror re duc tion of over 2 times
com pared with the no fil ter case is achieved by the
FIR. Fig ure 4 shows the re sults of the op ti mi za tion
pro ce dure for the num ber of  sta tion ary co ef fi cients of
the FIR fil ter. As can be seen from fig. 4, the op ti mum
num ber of 20 FIR fil ter sta tion ary co ef fi cients was
used for per for mance com par i sons in figs. 2 and 3.

THE RE AL IZED PRE SET
TIME METH ODS

The re al ized meth ods per tain to back ground
ra di a tion level mea sure ments with pos si ble sud den
ra di a tion level vari a tions. It is sup posed to pro vide
ac cu rate mea sure ments of the mean count rate with
the pre de fined count rate fluc tu a tion of ±5 - ±10%
in the sta tion ary con di tions, and guar an teed max i -
mum 1 s re sponse time for sud den in crease of the
count rate up to 100 times above the back ground
level.

The pro posed two meth ods dif fer in the strat -
egy of ex e cu tion of the ad ap ta tion al go rithm for the
cal cu la tion of the new value of the pre set time in ter -
val.

The flow chart that de scribes the sig nal flow
re al ized by the first method is given in fig. 5.

Af ter start-up and ini tial iza tion the pre set time 
is set to its de fault value of 10 s and the er ror as spec -
i fied. Then the se quence Pois son ran dom pulses is
gen er ated. The se quence is fed to the pre set time al -
go rithm and mean count rate is cal cu lated. Af ter
that, the al go rithm for de tec tion of change of the
mean count rate com pares the cal cu lated rate with
the thresh olds ob tained by the op ti mi za tion pro ce -
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Fig ure 2. Rel a tive stan dard de vi a tion for the mean
count rate of 10  s-1 and pre set time of 10 s, for: (a) no
fil ter, (b) Butterworth IIR, (c) Chebyshev type 2 IIR
fil ter, and (d) FIR fil ter with 20 taps

Fig ure 3. Rel a tive stan dard de vi a tion against mean
count rate for: (a) Butterworth IIR, (b) Chebyshev
type 2 IIR fil ter, and (c) FIR fil ter with 20 taps

Fig ure 4. Re sults of the op ti mi za tion pro ce dure for
the num ber of FIR fil ter sta tion ary co ef fi cients for: a)
mean count rate = 1 s-1, (b) 2 s-1 and (c) 10 s-1



dures. To avoid er rors caused by sta tis ti cal na ture of
the mean count rate, a mem ory in the de tec tion al -
go rithm has been in tro duced: the cal cu lated mean

count rate is com pared with two ear lier val ues. The
op ti mum up per thresh old of 130% of the mean
count rate, the op ti mum lower thresh old of  90% of
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Fig ure 5. The com bined flow chart of the first and sec ond method



the mean count rate, and the op ti mum num ber of
pre vi ous two val ues were ob tained by car ry ing out
an op ti mi za tion pro ce dure the re sults of which are
shown in fig ures A1, A2, and A3 in the Ap pen dix. If 
the change of the mean count rate has not been de -
tected, the FIR fil ter ing for sta tion ary state is per -
formed (FIR fil ter 1). The num ber of sta tion ary co -
ef fi cients of the FIR fil ter is vari able de pend ing on
the spec i fied er ror and the mean count rate. The re -
la tion ships be tween the num ber of FIR fil ter 1 sta -
tion ary co ef fi cients and the mean count rate for the
con sid ered range of the spec i fied er rors is il lus trated 
in fig. 6. Fig ure 6 shows that for any mean count
rate greater or equal to 1 s-1, 20 sta tion ary co ef fi -
cients are suf fi cient for the mean count rate er ror of
ap prox i mately 4%; if the spec i fied er ror is in creased
to 5%, then 15 sta tion ary co ef fi cients are suf fi cient.
The flat por tions of the curves are due to the ad ap ta -
tion of the pre set time in ter val with the mean count
rate given in fig. 9, where the pre set time in ter vals
shorten with the in crease of the mean count rate
which keeps the av er age num ber of pulse ar riv als
within the pre set time ap prox i mately con stant.

If a change of the mean count rate has been de -
tected, the sec ond FIR fil ter takes over and per -
forms very lit tle sig nal pro cess ing dur ing tran sient
(FIR fil ter 2). The num ber of FIR fil ter co ef fi cients
is only 1 in or der to pre serve fast re sponse time of
the mea sure ment. When the sta tion ary FIR fil ter 1
with 20 taps takes over the sig nal pro cess ing im me -
di ately af ter the end of the tran sient, then the mean
count rate in the first sev eral pre set time in ter vals
would ex hibit large fluc tu a tions due to the av er ag -
ing of count rate val ues from the pre vi ous sta tion ary 
and tran sient states, as shown in fig. 7a. How ever, if
a de lay of sev eral pre set time in ter vals is in tro duced

in the low-pass fil ter ing in the sta tion ary state, no
sig nif i cant fluc tu a tions are pres ent and the spec i fied
er ror is pre served. Fig. 7b shows the case of a de lay
of 5 pre set time in ter vals.

Fol low ing the sig nal pro cess ing in the tran -
sient state, the ad ap ta tion al go rithm of the pre set
time in ter val per forms cal cu la tions of the new value
of pre set time in ter val based on the es ti mated new
value of the mean count rate, ac cord ing to the curve
given in fig. 8.

While the first method ex e cutes the ad ap ta -
tion al go rithm af ter the low-pass fil ters to en able
shorter pre set time in ter vals for higher sta tion ary
rates, the sec ond method ex e cutes the ad ap ta tion al -
go rithm be fore the fil ters which would al low sens -
ing a rapid change of the mean count rate be fore
fluc tu a tion sup pres sion is car ried out. Thus, the
most sig nif i cant change in the pro posed adapt able
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Fig ure 6. The num ber of FIR fil ter sta tion ary co ef fi -
cients against the mean rate for 3 spec i fied val ues of
the er ror

Fig ure 7a. FIR sta tion ary av er ag ing with no de lay

Fig ure 7b. FIR sta tion ary av er ag ing with a de lay of 5
pre set time in ter vals



dig i tal sig nal pro ces sor is the func tion block fol low -
ing the generator of Poisson random pulses.

The pre set time al go rithm and the ad ap ta tion
of the pre set time in ter val in the sec ond method
con sti tute a uni fied sig nal pro cess ing block. The ad -
ap ta tion al go rithm first sets the low est value for the
ini tial pre set time in ter val, that is 1 s (Ap pen dix,
A4a), which cor re sponds to the count rates higher
or equal to 10 s-1. Since it has been shown that the
tran sient pe riod lasts for max i mum 2 pre set time in -
ter vals, the max i mum re sponse time is 2 s. Hence, a
swift re sponse to a sud den change of the mean
count rate is pro vided. If the num ber of pulses ar -
rived at within 1 s is less than an op ti mized thresh -

old value of 6 counts (Ap pen dix, A5a,b), then the
back ground ra di a tion with typ i cal mean count rates 
of 1 or 2 s-1 are as sumed and the pre set time in ter val
is set to 10 s (Ap pen dix, A4b). The ad ap ta tion al go -
rithm per ma nently switches be tween the two men -
tioned states and sets the pre set time in ter val to 1 s
or 10 s de pend ing on the es ti mated mean count
rate.

Again, as in the first method the num ber of sta -
tion ary FIR fil ter co ef fi cients is vari able de pend ing
on the spec i fied er ror and the mean count rate. The
num ber of FIR fil ter sta tion ary co ef fi cients against
the mean count rate is given in fig. 9. Fig ure 9 shows
that for any mean rate higher or equal to 1 s-1, 20 sta -
tion ary co ef fi cients are suf fi cient for er rors of ap prox -
i mately 5% and if the spec i fied er ror be in creased to
10%, then 10 sta tion ary co ef fi cients are suf fi cient.

CON CLU SIONS

By ap ply ing adapt able sig nal pro cess ing tools,
two meth ods are pre sented for im prov ing the clas si -
cal pre set time rate me ters: ac cu rate con trol of the
mean count rate er ror and adapt able pre set time in -
ter val. They share an op ti mized de tec tion al go rithm 
that senses the change of the mean count rate and
low-pass fil ters of  FIR struc tures. FIR fil ters im ple -
ment the con trol of the mean count rate er ror by
sup press ing the fluc tu a tions in a con trol la ble way.
FIR fil ters have a vari able num ber of sta tion ary co -
ef fi cients de pend ing on the spec i fied er ror and the
mean count rate.

The meth ods dif fer re gard ing the ex e cu tion of
the ad ap ta tion al go rithm for the cal cu la tion of the
new value of the pre set time in ter val. In the first
method this ex e cu tion takes place af ter the low-pass
fil ters, which makes it pos si ble to ob tain shorter
pre set time in ter vals for higher sta tion ary rates. The
first method as sumes sta tion ary rates per tain ing to
back ground ra di a tion lev els, sets the ini tial pre set
time in ter val to 10 s, and if the mean count rate is
changed, it ad justs the du ra tion of the pre set time
in ter val based on the new value of the mean count
rate. In the sec ond method the ex e cu tion takes place 
be fore the low-pass fil ters, which en ables sens ing of
the rapid changes of the mean count rate be fore the
fluc tu a tion sup pres sion is car ried out. The fast re -
act ing sec ond method  sets the ini tial pre set time to
1 s cor re spond ing to higher count rates, chang ing
to 10 s if back ground ra di a tion lev els are pres ent,
tak ing the first (1 s) or the sec ond (10 s) pre set time
in ter val value de pend ing on the es ti mated mean
count rate.

The pa ram e ters of the fil ters and ad ap ta tion
al go rithms that are not vari able de pend ing on the
spec i fied er ror and the mean count rate, were fixed
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Fig ure 8. The re la tion be tween the pre set time in ter -
val and the mean count rate im ple mented in the ad ap -
ta tion al go rithm

Fig ure 9. The num ber of FIR fil ter sta tion ary co ef fi -
cients against the mean count rate for 2 con sid ered
val ues of the spec i fied er ror



to their op ti mum val ues af ter ap pro pri ate pa ram e -
ter op ti mi za tion pro ce dures had been performed.

The spec i fied er ror and ac cept able re sponse time 
of the rate me ter de ter mine the ap pro pri ate method,
fil ter struc ture and fil ter pa ram e ters. The sim u lated
and re al ized meth ods with de vel oped al go rithms
guar an tee re sponse time not in excees of 2 s for mean
count rates higher than 2 s-1 with con trol la ble rate er -
rors be tween 4% and 10% with the num ber of FIR
fil ter sta tion ary co ef fi cients not higher than 20.

AP PEN DIX

Stan dard op ti mi za tion pro ce dure for pa -
ram e ters and fil ters con sid ered in this pa per is
de scribed us ing the pro ce dure for se lec tion of
the op ti mum value for the lower thresh old of the
de tec tion al go rithm that senses the change of the 
mean count rate. The lower de ci sion thresh old is
var ied over the range of val ues from 70% to 95%
of the mean count rate. The lower limit of 70%
was cho sen be cause it is symetrical with the se -
lected up per de ci sion thresh old of 130% of the
mean count rate. In or der to pre serve the re -
sponse time (rate of con ver gence) of the al go -
rithm, val ues be low the 70% were not con sid -
ered. All other pa ram e ters of the al go rithm were
held fixed. The vari a tion of the lower thresh old
was car ried out for three typ i cal val ues of the
mean count rates: 1, 2, and 10 s-1. The rel a tive
stan dard de vi a tion was used as the per for mance
cri te rion. The lower de ci sion thresh old val ues of
80% to 90% of the mean count rate were shown
to yield min i mum rel a tive stan dard de vi a tion for

ma jor ity of the con sid ered mean count rates. The 
re sults of the op ti mi za tion pro ce dure are shown
in fig. A1. For ex am ple, the curve for the mean
count rate of 1 s-1 (the back ground ra di a tion
level) shows very clearly the range of the op ti -
mum val ues for the lower thresh old to be be -
tween 80% and 90% of the mean count rate. The
value of 90% was se lected as the re sult of the op -
ti mi za tion pro ce dure.
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Fig ure A1. FIR fil ter rel a tive stan dard de vi a tion with
re spect to the lower thresh old, for: (a) mean count
rate = 1 s-1, (b) 2 s-1, and (c) 10 s-1

Fig ure A2. FIR fil ter rel a tive stan dard de vi a tion with
re spect to the up per thresh old of the de tec tion al go -
rithm, for: (a) mean count rate = 1 s-1, (b) 2 s-1, and
(c) 10 s-1

Fig ure A3. FIR fil ter rel a tive stan dard de vi a tion against 
the mem ory of the de tec tion al go rithm (the num ber of
pre vi ous val ues of the mean count rate), for: (a) mean
count rate = 1 s-1, (b) 2 s-1, and (c) 10 s-1
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Fig ure A5b. Rel a tive stan dard de vi a tion against the
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ried out be fore low-pass fil ter ing
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Aleksandar D. @IGI]

MERA^  SREDWEG  ODBROJA  NA  BAZI  PREDODRE\ENOG  VREMENA 
KORI[]EWEM  ADAPTIVNE  DIGITALNE  OBRADE  SIGNALA

U ovom radu su predstavqene dve metode koje koriste adaptivnu digitalnu obradu signala 
za poboq{awe karakteristika klasi~nog mera~a sredweg odbroja na bazi predodre|enog vremena.
Obe metode koriste optimizovani algoritam za detekciju promene sredweg odbroja. U radu su
razmatrana tri tipa nisko-propusnih filtara razli~itih struktura koji realizuju funkciju
kontrole gre{ke sredweg odbroja, potiskuju}i fluktuacije sredweg odbroja na kontrolisani
na~in. Od tri razmatrana, izabran je jedan nisko-propusni filtar koji je kori{}en kod obe metode.

Prva metoda koristi adaptacioni algoritam za izra~unavawe nove vrednosti
predodre|enog vremena koji se izvr{ava posle nisko-propusnog filtrirawa. Ovaj algoritam
omogu}ava da se dobiju kra}i intervali predodre|enog vremena za ve}e stacionarne sredwe
odbroje.

Druga metoda koristi algoritam za izra~unavawe nove vrednosti predodre|enog vremena 
koji se izvr{ava pre nisko-propusnog filtrirawa. Ovaj algoritam omogu}ava detekciju brze
promene sredweg odbroja pre potiskivawa fluktuacije sredweg odbroja od strane nisko-propusnog
filtra.

Neki parametri realizovanih metoda su fiksni i dobijeni su kao rezultati izvr{avawa
odgovaraju}ih optimizacionih procedura. Nisko-propusni filtar ima promenqiv broj
stacionarnih koeficijenata u zavisnosti od zahtevane gre{ke i vrednosti sredweg odbroja.
Nisko-propusni filtar realizuje funkciju kontrole gre{ke potiskuju}i fluktuacije sredweg
odbroja na kontrolisani na~in.

Razvijene i realizovane metode poboq{awa karakteristika sredweg odbroja, koje
koriste razvijene algoritme, garantuju: vremenski odziv na promene sredweg odbroja koji nije
du`i od 2 sekunde za sredwe odbroje ve}e od 2 impulsa po sekundi i kontrolisanu gre{ku sredweg
odbroja koja je u granicama od 4% do 10%.

Kqu~ne re~i:  mera~ sredweg odbroja na bazi predodre|enog vremena, adaptivna obrada signala,   
jjjjjjjjjjjjjjjjjjjjjjjjnisko-propusni filtar, FIR filtar, brzina sredweg odbroja


