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For the eval u a tion of mea sure ment un cer tainty in the mea sure ment of broad band ra dio fre -
quency ra di a tion, in this pa per we pro pose a new ap proach based on the ex pe ri ence of the au -
thors of the pa per with mea sure ments of radio fre quen cy elec tric field lev els con ducted in res i -
den tial ar eas of Bel grade and over 35 mu nic i pal i ties in Ser bia. The main ob jec tive of the pa per
is to pres ent prac ti cal so lu tions in the eval u a tion of broad band mea sure ment un cer tainty for
the in-situ RF ra di a tion lev els.
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IN TRO DUC TION

The pres ence of man-made elec tric, mag netic,
and elec tro mag netic fields (EMF) in the en vi ron ment
have be come om ni pres ent.  In this sense, lev els of ex -
po sure to time-vary ing elec tric and mag netic fields in
liv ing spaces have be come a topic of con cern for many 
peo ple. Un til now, the main sources of the high fre -
quency range (100 kHz to 300 GHz) have been ra dio
and TV trans mit ters and the cel lu lar mo bile com mu ni -
ca tion sys tems. Their func tions are to be en larged by
ad di tional ser vices (mo bile video and tele vi sion) in
the fu ture. Sig nif i cant pub lic and me dia con cern is ex -
pressed about in creases in EMF ex po sure of peo ple
and its po ten tially ad verse ef fects on health. These as -
so ci a tions are not ex plained by any con firmed bi o log i -
cal mech a nism and there are doubts as to their causal
na ture. Be sides, the avail able ev i dence is in ad e quate
to make sound sci en tific con clu sions. The In ter na -
tional Agency for Re search on Can cer (IARC) has re -
leased its de tailed eval u a tion of the can cer risks as so -
ci ated with radio fre quen cy (RF) ra di a tion, which
serves as the ra tio nale for des ig nat ing RF as a pos si ble
hu man car cin o gen [1].

In or der to eval u ate the pop u la tion ex po sure,
knowl edge of the field lev els is very im por tant. Mea -
sure ments are a ba sic el e ment both for the ver i fi ca tion
of the re sults ob tained through the use of nu mer i cal
mod els and for the eval u a tion of the field lev els when
the sources, be cause of their num ber, work ing con di -
tions and com plex dis tri bu tion, are un likely to be sim -

u lated. The re sult of a mea sure ment, given by the in di -
ca tion of the in stru ment, is only an es ti mate of the
measurand (sub ject to mea sure ment) and thus it is
com plete only if as so ci ated to a state ment of un cer -
tainty pa ram e ter that char ac ter izes the dis per sion of
the val ues that could be rea son ably at trib uted to the
measurand. Be sides the un cer tainty as so ci ated with
the use of a field me ter, other con tri bu tions also have to 
be con sid ered when eval u at ing un cer tainty of a field
mea sure ment. These con tri bu tions de pend both on the
mea sure ment pro ce dures and con di tions as well as on
the char ac ter is tics of the field source [2, 3].

The fol low ing con sid er ation in this pa per are to
be re lated to the ob ser va tion of mea sure ment un cer -
tainty for the case of broad band mea sure ments of RF
elec tric field strength in the area of GSM base sta tions
(GSM BS). In or der to min i mize the in flu ence of other
sources of RF ra di a tion, GSM BS were se lected as the
sole source of RF ra di a tion lo cated within the area of
150 m. The pur pose of this pa per is to pres ent a sim pli -
fied ap proach to solv ing the prob lem of as sess ment of
un cer tainty which should be ap plied in case of a quick
re view of the sit u a tion on the field.

THE SUB JECT OF OB SER VA TION

The Eu ro pean Com mit tee for Electrotechnical
Stan dard iza tion (CENELEC) is sued the stan dard EN
50413 [4], where use ful in for ma tion can be found
about iden ti fi ca tion of the un cer tainty com po nents.
Dif fer ent sci en tific or tech ni cal ap proaches have pro -
duced dif fer ent phi los o phies of the con cept of eval u a -
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tion of mea sure ment un cer tainty [5]. CENELEC stan -
dard EN 50413 em pha sizes typ i cal ex am ples of
mea sure ment un cer tain ties which are:
– size and shape of the mea sure ment probe,
– the ac tual po si tion of the probe in re la tion to the

planed mea sure ment point,
– calibration or stated ac cu racy of the mea sure ment

in stru ment,
– interaction be tween the equip ment un der eval u a -

tion and the mea sure ment sys tem,
– re peat abil ity, and
– ef fects of the en vi ron ment dur ing the mea sure -

ment.
In the case when look ing at a high fre quency

range (100 kHz to 300 GHz), sev eral field types ex ist
which should be as sessed dif fer ently de pend ing on the 
dis tance r from and the big gest di men sion (D) of the
ra di at ing source. Ta ble 1 in di cates whether to mea sure
elec tric (E) or mag netic (H) field strength, or both, at
dif fer ent dis tances from the field source.

Re li able as sess ment pro ce dures have to be able
to dis tin guish be tween the con tri bu tions from dif fer -
ent RF sources and also to es ti mate in di vid ual ex po -
sure. Pos si ble dosimetric ap proaches are the use of fre -
quency se lec tive mon i tor ing equip ment to as sess
vari a tion vs. time, and of fre quency se lec tive equip -
ment like do sim e ters to as sess in di vid ual ex po sure.
Pro ce dures based on the use of broad band mea sure -
ments equip ment are suit able for ep i de mi o log i cal
stud ies if one source is dom i nant or if other re li able
pro ce dures, such as an a lyt i cal cal cu la tions, are ap -
plied, that makes it pos si ble to dis tin guish be tween the
con tri bu tions from dif fer ent sources [6]. 

CENELEC stan dard EN 50492  [7] de fines the
pro cess to be fol lowed for se lec tion of the meth ods,
the mea sure ment sys tems and the post pro cess ing used 
to es ti mate in-situ the elec tro mag netic field for hu man
ex po sure as sess ment.

MEA SURE MENT METHOD 

The Eu ro pean Con fer ence of Postal and Tele -
com mu ni ca tion Ad min is tra tions (CEPT) pro duced
the ECC Rec om men da tion (02)04 cov er ing RF ra di a -
tion [8]. The lat ter de fines gen er ally ap pli ca ble mea -
sure ment meth ods with out men tion ing any limit val -
ues. For such val ues, it re fers to the EU Coun cil
Rec om men da tion 1999/519/EC on pro tec tion of the

gen eral pub lic [9] and to cor re spond ing na tional reg u -
la tions.

The ECC Rec om men da tion en vis ages three
cases for eval u at ing sit u a tions in volv ing ex po sure to
RF ra di a tion:
– case 1: quick over view,
– case 2: vari able fre quency  band, and
– case 3: de tailed in ves ti ga tion.

Case 1, quick over view, is suf fi cient as all the
mea sured val ues re main be low the De ci sion Level
(the thresh olds be low the ref er ence level on the in ter -
na tional or na tion ally-de ter mined limit val ues). A
broad band mea sur ing equip ment is ideal for case 1.
The fol low ing prop erty is es sen tial – a mea sur ing in -
stru ment and iso tro pic (non-di rec tional) field probes
must be ca pa ble of mea sur ing the root mean square
(RMS) value [10]. In our case, the mea sured RMS val -
ues of RF elec tric field strength ob tained from 10
seconds sam ples for a to tal time of 6 minutes. The
height of the field sen sor was 1.5 m above the ground.

THE BROAD BAND
MEA SURE MENT SYS TEM

The ba sic tech ni cal spec i fi ca tions, guar an teed
by the man u fac turer of the Narda Broad band Field
Me ter NBM-550 [11], with the cor re spond ing iso tro -
pic E-field probe EF1891 [12], are shown in tab. 2.
The probe is cal i brated at sev eral fre quen cies. The cor -
rec tion val ues are stored in an EPROM in the probe
and are au to mat i cally taken into ac count by the NBM
in stru ment. Cal i brated ac cu racy is thus ob tained re -
gard less of the com bi na tion of a probe and in stru ment.
In for ma tion on the un cer tainty in the fol low ing ta ble
are the ba sis for the mea sure ment un cer tainty (type B)
guar an teed by the man u fac turer (Man u fac turer data
sheet). Also, con di tions ap ply to a rel a tive hu mid ity
less than 95%, and the am bi ent tem per a ture in the
range 0 °C to 50 °C. 

UN CER TAINTY IN
MEA SURE MENTS OF RF
ELEC TRIC FIELD STRENGTH 

A mea sure ment of the RF elec tric field strength
re quires a con sid er able amount of care as the re sult is
in flu enced by many pa ram e ters. These are some of the
un cer tainty con tri bu tions [2]:
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Ta ble 1. Eval u a tion pa ram e ters for high fre quency range [4]

Re ac tive near field Ra di at ing near field Far field

Dis tance  (r) r < l l < r < 2D2/l r > 2D2/l

E, H ~ 1/r No No Yes

Z0 = E/H ¹Z0 »Z0 =Z0

To mea sure E and H E or H E or H

NOTE: D – big gest di men sion of the ra di at ing struc ture; i. e. di am e ter of a par a bolic an tenna



(a) probe cal i bra tion, which should be car ried out in
an ac cred ited lab o ra tory,

(b) fre quency in ter po la tion, due to the fact that the
probe cal i bra tion curve is de ter mined for dis crete
fre quen cies of the ref er ence EMF,

(c) the mea sur ing pro ce dure fol lowed to es ti mate the
mea sured quan tity and dif fer ences due to dif fer ent 
staff car ry ing out the same type of mea sure ment,
and

(d) the ef fects of en vi ron men tal con di tions (i. e. tem -
per a ture, hu mid ity) in the mea sure ment set-up.

In ad di tion to these un cer tainty contributions,
ac cord ing to the anal y sis from the lit er a ture [2], one of
the im por tant fac tors that could sig nif i cantly con trib -
ute to the to tal un cer tainty is the short-term re peat abil -

ity of the mea sure ments (un cer tainty type A). Re peat -
abil ity is the vari abil ity of the mea sure ments ob tained
by one per son while mea sur ing the same quan tity re -
peat edly. The re peat abil ity of mea sure ment is ex -
pressed as a per cent age based on the ra tio of the stan -
dard de vi a tion and the mean of the re sults of
mea sure ments [13,14]. Based on our prac ti cal ex pe ri -
ence in so far, the value of the re peat abil ity of mea sure -
ment  is less than 15% for the sur vey of RF elec tric
field lev els on roofs where GSM BS are mounted.

Tak ing into ac count all of the rel e vant factors,
the as sess ment of an un cer tainty bud get can be made.
In ac cor dance with the  stan dard EN 50413 [4],  tab. 3
shows a typ i cal ex am ple of un cer tainty bud get for RF
elec tric field strength mea sure ment by us ing  the iso -
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Ta ble 2.  Ba sic char ac ter is tics of the mea sur ing sys tem NBM-550 with E-field probe EF1891 [12] 

Fre quency range 3 MHz – 18 GHz

Type of fre quency re sponse Flat

Mea sure ment range 0.6-1000 V/m (CW)
0.6-35 V/m (true RMS)

Dy namic range 64 dB

CW dam age level 1600 V/m

Peak dam age level 16 kV/m

Sen sor type Di ode based sys tem

Directivity Iso tro pic (tri-ax ial)

Read out mode/spa tial as sess ment 3 sep a rate axes

Un cer tainty

Flat ness of fre quency re sponse (cal i bra tion un cer tainty not in cluded)
±1 dB (10 MHz to 1.8 GHz)

±2 dB (1.8 to 6 GHz)
±3 dB (>6 GHz)

Cal i bra tion un cer tainty (re ferred to 27.5 V/m)
±1 dB (<400 MHz)

±1.5 dB (400 MHz to 1.8 GHz)
±1 dB (³1.8 GHz)

Lin ear ity (re ferred to 27.5 V/m)

±3 dB (0.8 to 1.65 V/m)
±1 dB (1.65 to 3.3 V/m)
±0.5 dB (3.3 to 300 V/m)

±0.8 dB (300 to 1000 V/m)

Iso tro pic re sponse ±1 dB (27 MHz to 1 GHz)
±2 dB (1 GHz to 18 GHz)

Tem per a ture re sponse +0.2/ –1.5 dB (±0.025 dB/K at 10 to 50 °C )

Note/con ver sion:  x [%] = [10 exp (XdB/20) – 1]×100 

Ta ble 3. Ex am ple of an un cer tainty bud get for field strength mea sure ment us ing a broad band field me ter NBM-550 with
iso tro pic E-field probe (EF1891)

In flu ence fac tor Ref er ence Spec i fied un cer tainty
[%] Dis tri bu tion Di vi sion fac tor Stan dard un cer tainty

u(xi) [%]

Fre quency re sponse Cal i bra tion re port 11.6 Rect an gu lar 1.73 6.7

Un cer tainty of
fre quency re sponse Cal i bra tion re port 20 Nor mal (k = 2) 2 10

Lin ear ity de vi a tion Cal i bra tion re port 3 Rect an gu lar 1.73 1.7

Un cer tainty of lin ear
de vi a tion Cal i bra tion re port 15 Nor mal (k = 2) 2 7.5

Iso tro pic de vi a tion Data sheet 12.2 Rect an gu lar 1.73 7.1

Mod u la tion re sponse Data sheet – Rect an gu lar 1.73 –

Tem per a ture re sponse Data sheet 2.3 Rect an gu lar 1.73 1.3

Re peat abil ity Mea sur ing se ries 15 Nor mal (k = 1) 1 15

Com bined stan dard un cer tainty (uC [%]) 21.9

Ex pan sion fac tor (k) 1.96

Ex panded un cer tainty (U [5%]) 43



tro pic elec tric field probe (EF1891) of  Narda Broad -
band Field Me ter – NBM-550.

CON CLU SIONS

The val ues of mea sure ment un cer tainty in tab. 3
are higher in com par i son to the ap pro pri ate data given
in [5].  It is a com mon fact when it co mes to the es ti ma -
tion of mea sure ment un cer tainty un der the same/dif -
fer ent con di tions us ing a va ri ety of mea sur ing in stru -
ments. In the area of RF haz ard ex po sure as sess ments,
un cer tainty es ti mates for elec tric field eval u a tions is
some thing that is gen er ally seen as a good idea, but
daunt ing in the ex e cu tion [15]. Cer tainly, the quan ti -
ties that can in flu ence the mea sure ment re sult, such as
those listed in the pre vi ous anal y sis, have to be iden ti -
fied, and, when ever pos si ble, their ef fect has to be
made neg li gi ble.

This pa per is not in tended to be a def i nite and fi -
nal guide to as sess ment of un cer tainty in mea sure -
ments for RF hu man ex po sure eval u a tions, but is
hoped to pro vide a rea son able start ing frame work for
do ing so.
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MERNA  NESIGURNOST  KOD  [IROKOPOJASNIH  MEREWA  NIVOA 
RADIOFREKVENCIJSKOG  ZRA^EWA

U ovom radu predla`emo novi pristup za procenu merne nesigurnosti kod
{irokopojasnih merewa radiofrekvencijskog zra~ewa koji  se zasniva na iskustvu autora ovog
rada ste~enog vi{egodi{wim merewima nivoa elektri~nog poqa radiofrekvencija u stambenim
oblastima u Beogradu i 35 op{tina u Srbiji. Osnovna svrha rada je prikaz prakti~nog re{ewa u
proceni merne nesigurnosti kod {irokopojasnih merewa nivoa radiofrekvencijskog zra~ewa “na
licu mesta”.

Kqu~ne re~i: nejonizuju}e zra~ewe, radiofrekvencijsko zra~ewe, merna nesigurnost


