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On-line soft ware for adap tively can cel ing 50 Hz line fre quency noise has been de signed and
tested at Pa ki stan Re search Re ac tor 1. Line fre quency noise causes much prob lem in weak sig -
nals ac qui si tion. Some times this noise is so dom i nant that orig i nal sig nal is to tally cor rupted.
Al though notch fil ter can be used for elim i nat ing this noise, but if sig nal of in ter est is in close
vi cin ity of 50 Hz, then orig i nal sig nal is also at ten u ated and hence over all per for mance is de -
graded. Adap tive noise re moval is a tech nique which could be em ployed for re mov ing line fre -
quency with out de grad ing the de sired sig nal. In this pa per line fre quency noise has been elim -
i nated on-line from a nu clear power mea sur ing chan nel. The adap tive LMS al go rithm has
been used to can cel 50 Hz noise. The al go rithm has been im ple mented in labVIEW with NI
6024 data ac qui si tion card. The qual ity of the ac quired sig nal has been im proved much as can
be seen in ex per i men tal re sults.
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IN TRO DUC TION

Adap tive tech niques have been widely used in
va ri ety of ap pli ca tions in last cou ple of de cades. The
main rea son for this wide ap pli ca tion is the achieve -
ment of much im proved re sults as com pared to other
tech niques. In adap tive tech nique the gain or pa ram e -
ter co ef fi cients are adapted dy nam i cally ac cord ing to
the time de pend ent vari a tions of a plant. In adap tive
con trol, the con trol ler gains are ad justed as the plant
mass, like air plane mass due to fuel con sump tion or
any other pa ram e ter is changed. 

Sim i larly in adap tive fil ters, the fil ter co ef fi cients
are ad justed ac cord ing to sig nal vari a tions. This adap -
tive be hav ior is the key to im proved re sults as the pa -
ram e ter vari a tion is au to mat i cally ca tered for.  An adap -
tive fil ter is a com pu ta tional de vice that iteratively
mod els the re la tion ship of two sig nals: the in put sig nal
and the de sired sig nal as shown in fig. 1. The fil ter in put
is x(n) at time n. An adap tive al go rithm con trols the co -
ef fi cients of the lin ear fil ter, and the co ef fi cients can
change over time. y(n) is the out put of the adap tive fil ter
and d(n) is the de sired sig nal. The dif fer ence be tween
d(n) and y(n) is called er ror sig nal e(n). The adap tive al -
go rithm ad justs the fil ter co ef fi cients iteratively to min -
i mize the er ror sig nal e(n). As shown in fig. 1, an adap -

tive fil ter con sists of two parts: a lin ear fil ter and an
adap tive al go rithm. Based on dif fer ent struc tures, lin ear 
adap tive fil ters have two groups: finite im pulse re -
sponse (FIR) adap tive fil ters and infinite im pulse re -
sponse (IIR) adap tive fil ters. FIR fil ters are most widely 
used be cause of their sim plic ity and sta bil ity. IIR fil ters
with smaller fil ter or ders can achieve nearly the same
per for mance as FIR fil ters with much higher fil ter or -
ders. The main draw back of IIR fil ters is the pos si ble in -
sta bil ity. An adap tive al go rithm aims at ad just ing the
pa ram e ters of an adap tive fil ter to min i mize the er ror
sig nal e(n). Adap tive al go rithms can be clas si fied in the
fol low ing two cat e go ries: statistical op ti mi za tion-based 
al go rithms, such as the least mean squares (LMS) al go -
rithm and its de riv a tives and de ter min is tic op ti mi za -
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Fig ure 1. Adap tive fil ter structure



tion-based al go rithms, such as the recursive least
squares (RLS) al go rithm and its de riv a tives.

In the past adap tive fil ter ing tech nique has also
been ap plied in re lated ap pli ca tions. Kumaravel and
Nithiyanandam [1] have used ge netic al go rithm (GA)
based method for re mov ing si nu soi dal power line
noise in elec tro car dio grams. GA has been used for re -
mov ing two types of noises, namely power line noise
with fre quency drift and in ter fer ence with fre quency
drift and third har monic dis tor tion. The re sults were
taken by gen er at ing sim u lated in ter fer ence sig nal on
elec tro car dio gram on ac tual noisy elec tro car dio gram
re cords.  Ramos et al. [2] have shown im ple men ta tion
of sin gle noise sup pres sor on a field pro gram ma ble
gate ar ray (FPGA). The adap tive sup pres sor au to mat i -
cally adapts its pa ram e ters to elim i nate noise. Au thor
used this tech nique for the elim i na tion of power line
noise. Thakor and Zhu [3] have pro posed many adap -
tive fil ter struc tures for noise can cel la tion and ar rhyth -
mia de tec tion.

The fil ter struc tures are pre sented to elim i nate

dif fer ent  forms  of  noise,  such as, base line wan der,

60 Hz power line in ter fer ence, mus cle noise, and

mo tion ar ti fact. Keenan and Grossman [4] have de -

scribed an adap tive fil ter for sep a rat ing low fre -

quency sym pa thetic and high fre quency para sym pa -

thetic com po nents from an elec tro car dio gram

(ECG) in ter val sig nal. This helps in at tain ing more

ac cu rate heart rate vari abil ity mea sure ments. The

re sults show im prove ment over stan dard heart rate

vari abil ity spec tral mea sure ments. Saxena and

Ganesan [5] im ple mented im proved adap tive

Wiener fil ter which pro vides sig nal to noise ra tio

(SNR) im prove ment from 2.5 to 4 dB. Wang and

Trussela [6] pre sented con strained fil ter which

greatly re duces com pu ta tion with out re duc ing its ef -

fec tive ness. Zeng et al. [7] used least squares (RLS)

based adap tive noise can cel ing ap proach to elim i -

nate the ma ter nal ECG and hence to ex tract the fe tal

elec tro car dio gram. Nimunkar and Tompkin [8]

stud ied em pir i cal mode de com po si tion (EMD) for

fil ter ing power line noise in elec tro car dio gram sig -

nals. They added a pseudo noise at a fre quency

higher than the high est fre quency of the sig nal to fil -

ter out just the power line noise in the first in trin sic

mode func tion (IMF). Ziarani [9] pro posed non-lin -

ear adap tive elec tro mag netic in ter fer ence (EMI) fil -

ter for elim i na tion of power line in ter fer ence on

ECG sig nals. Gao and Jinfeng [10] pro posed neu ral

net work based PSO al go rithm (par ti cle swarm op ti -

mi za tion), which shows the better noise can cel la -

tion ca pa bil ity com pared to the tra di tional adap tive

noise canceller [10]. In this pa per an LMS adap tive

fil ter has been used to elim i nate power line noise

from a nu clear mea sur ing chan nel.

PROB LEM FOR MU LA TION

The main pur pose of this pa per is to ad dress a
sys tem, de vel oped for on-line elim i na tion of line fre -
quency noise. For con duct ing re ac tor ex per i ments, a
huge amount of data is ac quired from re ac tors. If this
data is cor rupted or is not to the re quired stan dard, then 
re sults pro duced are also am big u ous. Thus for per -
form ing any cal cu la tion, the data should be as ac cu rate 
as pos si ble. As men tioned be fore, line fre quency noise 
cor rupts data to a great ex tent and if the fre quency of
in ter est is in close vi cin ity of power line fre quency
then ac cu rate mea sure ments be comes nearly im pos si -
ble. Dif fer ent meth ods and tech niques have been em -
ployed in the past to elim i nate power line noise, but
adap tive tech nique out per forms these with fast est con -
ver gence rate. Adap tive fil ter ing is an ad vanced
method for elim i nat ing any fre quency or noise pat tern. 
The main ad van tage of this tech nique is that orig i nal
sig nal is re cov ered with out any dis tor tion and the sig -
nal can be ex tracted even if noise level is much higher
than sig nal level. Due to these ad van tages, au thors
have used LMS, an adap tive fil ter ing tech nique for re -
mov ing power line noise from nu clear power mea sur -
ing chan nel. The de tails of this tech nique and re sults
are dis cussed in next sec tions.

ADAP TIVE FIL TER STRUC TURE

Math e mat i cal de scrip tion of adaptive fil ter

The most com monly used struc ture for adap tive
fil ters is the transversal struc ture shown in fig. 2. The
fol low ing equa tion de fines the fil ter   co ef fi cients vec -
tor w(n)

w n w n w n w n T( ) [ ( ), ( ), , ( )]= -0 1 1K M (1)

Be cause an adap tive fil ter is a self ad just ing fil -
ter, the fil ter co ef fi cient w(n) changes over time. The
out put is cal cu lated by us ing fol low ing re la tion.

y n x n w nT( ) ( ) ( )= (2)
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Fig ure 2. FIR adap tive filter



LMS al go rithm is used widely for find ing op ti -
mum value by de scend ing on a per for mance sur face
[11]. This al go rithm is im por tant be cause of its sim -
plic ity and ease of com pu ta tion, and also it does not re -
quire off-line gra di ent es ti ma tion or rep e ti tions of
data.

For adap tive lin ear combiner, we can write

e( ) ( ) ( )n d n X W nn
T= - (3)

where Xn is the vec tor of in put sam ples.
Nor mally for de vel op ing an adap tive al go rithm,

the gra di ent of mean square er ror, de noted as 
x e( ) [ ( ) ]n E n= 2  is es ti mated by tak ing dif fer ences be -
tween short-term av er ages of ek

2, but in LMS, e( )n 2 is
used it self as an es ti mate of x(n). Thus at each it er a -
tion, the gra di ent es ti mate of the fol low ing form is ob -
tained
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With this sim ple es ti mate of gra di ent, the weight
up date equa tion for LMS can be writ ten as
 

  W n W n n W n n X n( ) ( ) ( ) ( ) ( ) ( )+ = - Ñ = +1 2m me (5)

Here m is the gain con stant, which de ter mines
speed and sta bil ity of ad ap ta tion. From last equa tion it
is clear that LMS al go rithm can be im ple mented with -
out squar ing, av er ag ing and dif fer en ti a tion and can be
im ple mented eas ily with im proved ef fi ciency.

LABORATORY BASED
EX PER I MEN TAL RE SULTS

Laboratory set-up con sists of a com puter with
NI 6024E data ac qui si tion card, labVIEW 8.5 con trol
soft ware, noise gen er a tor, and a sig nal gen er a tor for
gen er at ing 50 Hz sig nal. The noise gen er a tor sig nal
was con sid ered as a de sired sig nal (FFT shown in fig.
3) and it was cor rupted by add ing 50 Hz sig nal, which

is con sid ered as a noise sig nal. Af ter mix ing of 50 Hz
in the sig nal, the FFT is shown in fig. 4. The adap tive
LMS al go rithm was adapted with 50 Hz sig nal by us -
ing an a log chan nel 0 of data ac qui si tion card. The cor -
rupted sig nal was given to chan nel 1. The adap tive al -
go rithm run ning in labVIEW re moves the noise sig nal
af ter the ad ap ta tion and that was achieved in few mil li -
sec onds. Laboratory tests were per formed ex ten sively
to as sure the fi del ity of the sys tem at dif fer ent con di -
tions and vary ing noise sig nals. FFT of in put sig nal,
sig nal + 50 Hz sig nal and fil tered sig nals are shown in
figs. 3-5, re spec tively. Tests were also per formed by
chang ing the am pli tude of de sired and train ing sig -
nals. Af ter com pletely ver i fy ing laboratory re sults, the 
sys tem was im ple mented on ac tual sys tem.

FIELD TEST RE SULTS

Af ter suc cess ful test ing of laboratory based ex -
per i men tal set-up, same sys tem was tested on ac tual
re ac tor, Pa ki stan Re search Re ac tor (PARR-1) which is 
a 10 MW pool type re search re ac tor hav ing a
parallelepiped core com pris ing ma te rial test ing re ac -
tor (MTR) type silicide LEU fuel [12]. The in put sig -
nal was taken from PARR-1 lin ear nu clear chan nel, in
which 50 Hz was also pres ent. The data ac qui si tion
sys tem at PARR-1 has same NI 6024 data ac qui si tion
card and labVIEW con trol soft ware. The train ing sig -
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Fig ure 3. FFT of orig i nal sig nal for lab o ra tory test

Fig ure 4. FFT of orig i nal + 50 Hz mixed sig nal for
lab o ra tory test

Fig ure 5. FFT of sig nal af ter ad ap ta tion for lab o ra tory
test



nal for adapt ing 50 Hz noise sig nal was gen er ated
within the soft ware by us ing built in sig nal gen er a tor
while ac tual plant sig nal was given to the sys tem as in -
put. Here also the adap tive fil ter re moved the 50 Hz
within few mil li sec onds. The FFT of the in put sig nal
from lin ear chan nel is shown in fig. 6. Af ter ad ap ta -
tion, the sig nal is de picted in fig. 7. As shown in fig. 7,
the 50 Hz peak re duced sub stan tially, which ful fills
our re quire ments.

CON CLU SION

An on-line sys tem for adap tively can cel ing 50 Hz
noise sig nal has been de signed and tested at PARR-1. 

The adap tive LMS al go rithm has been im ple -
mented in labVIEW 8.5 with NI 6024 data ac qui si tion
card. The sys tem suc cess fully re moved the power line
noise af ter ad ap ta tion of 50 Hz train ing sig nal, gen er -
ated within the soft ware. Field test re sults show much
im prove ment in the fil tered sig nal qual ity, which helps 
in get ting good qual ity re sults for ex per i ments in volv -
ing these sig nals.
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Fig ure 6. FFT of orig i nal sig nal from the lin ear chan nel
of  the re ac tor

Fig ure 7. FFT of the sig nal af ter adaptation
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Xavid KADIR, Masud IKBAL, Hamid KAJZER

ADAPTIVNO  UKLAWAWE  U  REALNOM  VREMENU  FREKVENCIJSKOG
[UMA  U  PROVODNIKU  SA  MERNOG  KANALA  SNAGE  REAKTORA

Dizajniran  je  softver  za  adaptivno  uklawawe u realnom vremenu frekvencijskog {uma
provodnika od 50 Hz i testiran na Pakistanskom istra`iva~kom reaktoru-1. Frekvencijski {um
provodnika stvara mnoge probleme pri akviziciji slabih signala. Ponekad je {um toliko
dominantan da je originalni sig nal potpuno prekriven. Iako se za eliminisawe {uma mo`e
korisiti fil ter nepropusnik opsega, ukoliko je ̀ eqeni sig nal u okolini 50 Hz tada i originalni
sig nal biva smawen i dolazi do pada ukupnih performansi. Adaptivno uklawawe {uma je tehnika
koja se mo`e primewivati za uklawawe {uma na provodniku bez sni`avawa `eqenog signala. U
ovom radu prikazan je postupak uklawawa u realnom vremenu {uma provodnika sa mernog kanala
snage reaktora. Adaptivni LMS algoritam kori{}en je za eliminisawe {uma od 50 Hz. Algoritam
je implementiran u LabVIEW  kod sa NI6204 akvizicionom karticom. Kvalitet pribavqenog
signala je zna~ajno poboq{an, {to se mo`e videti iz prikazanih rezultata.

Kqu~ne re~i: adaptivno uklawawe, frekvencijski {um provodnika, merni kanal snage
.........................reaktora, Pakistnski istra`iva~ki reaktor-1


