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Real-time de tec tion of X/gamma ra di a tion dose rates holds par tic u lar sig nif i cance in nu clear
sci ence re search. In this study, we de vel oped a por ta ble X/gamma-ray sur vey me ter for
large-scale dis trib uted real-time mon i tor ing of am bi ent dose equiv a lent rates in the sur -
round ing en vi ron ment. This in no va tive de vice uses a sil i con photomultiplier cou pled with a
CsI(Tl) scintillator and can con nect to an Internet of Things net work. Ad di tion ally, it fa cil i -
tates a wide spec trum of dose rate mea sure ments by mod i fy ing the fre quency of a pulse-fre -
quency mod u la tion-type DC-DC power sup ply mode. The en ergy re sponse of the sur vey me -
ter, which is im proved through Geant4 sim u la tions and a multi-com para tor de sign, ranges
from 48 keV to 1.3 MeV, en com pass ing var i ous com mon pro tec tion level ap pli ca tions. It ef -
fec tively mea sures gamma ra di a tion dose rates rang ing be tween 0.1 mSvh–1 and 100 mSvh–1

for 60Co. Tem per a ture com pen sa tion of the de tec tor was achieved through a se ries of ex per i -
ments. The me ter ex hib its a de vi a tion of –25 % to +25 % at tem per a tures be tween –40 °C and
+40 °C. 
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INTRODUCTION

Nu clear ra di a tion de tec tion is a piv otal tech nol -
ogy within nu clear sci ence and its prac ti cal ap pli ca -
tions span nu clear power op er a tion, safety pro to cols,
home land se cu rity, and be yond [1, 2]. Among these
ap pli ca tions, real-time de tec tion of X/g ra di a tion dose
rates holds par tic u lar sig nif i cance as a cru cial re search
av e nue. In the con text of emer gency ra di a tion mon i -
tor ing, real-time dose rates serve as a rapid and in tu -
itive in di ca tor of ab nor mal ra dio ac tive lev els that can
promptly trig ger alarms if the ra dio ac tiv ity sur passes
de fined thresh olds. There fore, real-time dose rates
emerge as the par a mount pa ram e ter in X/g ra di a tion
de tec tion [3, 4].

In the con text of emer gency ra di a tion mon i tor -
ing, real-time dose rates serve as a rapid and in tu itive
in di ca tor of ab nor mal ra dio ac tiv ity lev els. They
promptly trig ger alarms if the ra dio ac tiv ity sur passes
de fined thresh olds. There fore, real-time dose rates
emerge as the par a mount pa ram e ter in X/g ra di a tion
de tec tion [5].

Ra di a tion pro tec tion tech ni cians tra di tion ally
re lied on handheld ra di a tion sur vey me ters or ve hi -
cle-mounted de tec tors for ra di a tion mon i tor ing dur ing 
ini tial en vi ron men tal in ves ti ga tions. How ever, this ap -
proach re quires sig nif i cant man power and can not cap -
ture mea sure ment data from mul ti ple time points.

The prev a lence of por ta ble X/g sur vey me ters in
ra di a tion mon i tor ing stems from their light weight de -
sign and user-friendly na ture. Le ver ag ing the Internet
of Things (IoT) sys tem, a net work of in ter con nected
wire less ra di a tion mea sure ment de vices can be es tab -
lished. This net work in te grates data from var i ous por -
ta ble ra di a tion de tec tors to ex e cute ra di a tion de tec tion
and lo cal iza tion within the des ig nated area. This ca pa -
bil ity fa cil i tates ad vanced search and mon i tor ing
functionalities across ex pan sive cov er age ar eas, even
in emer gency sce nar ios. Pres ently, nu mer ous coun -
tries have em braced IoT-based ra di a tion mon i tor ing
sys tems [6].

In this pa per, we pres ent a novel ap proach to en -
vi ron men tal ra di a tion mon i tor ing across ex pan sive re -
gions-a dis trib uted small sur vey me ter that com bines
mo bile phone tech nol ogy with an IoT net work. Each
sur vey me ter is as signed a unique iden ti fier, fa cil i tat -

S. Xiao, et al., Por ta ble X/g-Ray Sur vey Me ter Based on the Internet of ...
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 1, pp. 29-36 29

* Cor re spond ing au thor, e-mail: 15701607305@163.com



ing net work ac cess and en sur ing ac cu rate po si tion ing
and sta tus in for ma tion. Col labor atively, mul ti ple sur -
vey me ters and mo bile phones form a smart ra di a tion
mon i tor ing sys tem, pro fi cient in large-scale sur veil -
lance. This com pre hen sive sys tem serves a di verse ar -
ray of func tions, in clud ing ra di a tion mea sure ment, po -
si tion ing, and man ual alarm ac ti va tion. Such
ca pa bil i ties tran scend the lim i ta tions of con ven tional
man ual ra dio log i cal sur veys, mit i gat ing per son nel
work load while en hanc ing the ef fi ciency of en vi ron -
men tal mon i tor ing. 

Typ i cal X/g sur vey me ters are con strained by pulse
width and elec tronic lim i ta tions, typ i cally of fer ing a range
be tween 0.1 µSvh–1 and 1 mSvh–1. For mea sur ing a wide
range  of  X/g  dose  rates  span ning  from  0.1  µSvh–1 to
100 mSvh–1, a com mon de sign ap proach in volves em -
ploy ing a dual probe de tec tor. This setup in cor po rates a
small area probe tai lored for high dose rate mea sure ments
(rang ing from 1 mSvh–1 to 100 mSvh–1) along side a larger
area probe ded i cated to low dose rate mea sure ments (fall -
ing within the range of 0.1 µSvh–1 to 1 mSvh–1). Al ter na -
tively, this can be achieved us ing a hy brid mea sure ment
mode of pulse and cur rent. The en tire cir cuit needs to be
matched with a dual preamplifier, main am pli fier, and
com para tor to ob tain pulse (or cur rent) sig nals. This type
of cir cuit sys tem takes up a lot of space, con sumes high
power, and has high costs. The pa per adopts a pulse-fre -
quency mod u la tion PFM-type DC-DC boost cir cuit to de -
sign and im ple ment a wide-range ra di a tion mea sure ment
cir cuit based on a power switch mod ule. The size of the
an a log cir cuit is 20 mm × 23 mm, and power con sump tion
is less than 30 µA (en vi ron men tal back ground). The de -
vel oped CsI(Tl) sur vey me ter is pro fi cient in mea sur ing
am bi ent dose equiv a lent of H*(10) with ex cep tional sen -
si tiv ity for  X/g  rays,  span ning an en ergy range of 48 keV
to 1300  keV.  It  ef fec tively  cov ers  a  dose  rate  range  of
0.1 µSvh–1-100 mSvh–1.

MATERIALS AND METHOD

The com pre hen sive struc ture is de picted in fig.
1. It in cor po rates a CsI(Tl) de tec tor and a PFM-type
DC-DC boost cir cuit for X/g ray dose rate de tec tion.
Ad di tion ally, a mo bile ap pli ca tion is uti lized to fur nish 
lo ca tion data, ex hibit ra di a tion mea sure ment val ues,
trig ger over-thresh old alarms, and fa cil i tate Internet
data uploads. Com ple ment ing this, a web ap pli ca tion
is used to dis play the de vice dis tri bu tion, ra di a tion
mea sure ments, and his tor i cal data for mul ti ple de vices 
on a map.

Detector design

The de tec tor has com pact di men sions of 75 mm ×
35 mm × 15 mm, thereby en sur ing con ve nient por ta bil -
ity, and it can be op er ated con tin u ously for 24 hours in an
ex ter nal en vi ron ment. The an a log con trol sec tion of the
de tec tor en com passes a DC-DC boost cir cuit, sil i con
photomultiplier (SiPM), CsI(Tl), and a com para tor mod -
ule. The CsI(Tl) vol ume mea sures 5 mm × 5 mm × 5 mm, 
en vel oped by a 0.3 mm-thick TiO2 re flec tive layer on its
five sur faces to heighten re flec tion. 

The elec tronic com po nent com prises both an a -
log and dig i tal cir cuits. Within the realm of an a log cir -
cuits, an am pli fier-less de sign was for mu lated. In in -
stances where the SiPM reg is ters a scin til la tion light
pulse, the sig nal pulse am pli tude from the SiPM at -
tains am ple mag ni tude, ob vi at ing the need for an am -
pli fier and en abling di rect con nec tion to the com para -
tor. This cir cuit con fig u ra tion of fers the ad van tage of
stream lined com plex ity by min i miz ing the quan tity of
af fixed elec tronic el e ments, con se quently curb ing de -
tec tor power con sump tion.

The SiPM in ter faces with a four-chan nel com -
para tor, al lo cat ing three chan nels for en ergy re sponse
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cal i bra tion and low-dose rate mea sure ments, while re -
serv ing one chan nel for high-dose rate mea sure ments. 

Ow ing to the in creased sen si tiv ity of the CsI(Tl)
scintillator to low-en ergy X-rays and the sub se quent
sta bi li za tion in en ergy re sponse at higher en ergy lev -
els, we opted for a tung sten com pen sa tor com bined
with a seg mented en ergy mea sure ment method to en -
sure con sis tent de tec tion per for mance across a wide
spec trum of X/g -ray en er gies. This ap proach in volves
em ploy ing three high-speed com para tors to es tab lish
dis tinct volt age thresh olds (V1-V3), ef fec tively di vid -
ing the flash ing pulse en ergy into three bands: E1-E3.
The trig ger thresh old of the three-way com para tor
spans from low to high, cov er ing en er gies rang ing
from 48 keV to 1.3 MeV. When ever the pulse volt age
sur passes a spe cific thresh old, the cor re spond ing com -
para tor gen er ates a high-level sig nal. No ta bly, the
low est thresh old is set slightly above the cir cuit's noise 
level to en sure com pre hen sive trig ger ing of all flash -
ing pulse sig nals. 

Scin til la tion light pulses (flashes) en tail a pulse
rise and de cay time. The de cay time of a scintillator
sig ni fies the in ter val fol low ing which the light pulse
in ten sity re gresses to 1/e of its peak value. For X/g
rays, CsI(Tl) boasts an av er age de cay time of ap prox i -
mately 1 ms. This char ac ter is tic may re sult in pulse
pileup dur ing ap pli ca tions with a high count rate.

There fore, we em ployed a pulse-fre quency mod u -
la tion (PFM)-type DC-DC power sup ply to cover the
high dose rate range (1 mSvh–1-100 mSvh–1).

The PFM con trol strat egy hinges upon a rect an -
gu lar pulse train to as cer tain the out put volt age of the
reg u la tor. Dif fer ent from ad just ing the duty cy cle of a
fixed-fre quency pulse train to es tab lish the out put
volt age (PWM), PFM ma nip u lates the fre quency of a
fixed-duty cy cle pulse train. Dur ing PFM op er a tion,
the out put power is di rectly pro por tion ate to the av er -
age fre quency of the pulse train, and the con verter op -
er ates when the out put volt age drops be low the set out -
put volt age as mea sured by the feed back con trol loop.
Sub se quently, the switch ing fre quency of the con -
verter is el e vated pro gres sively un til the out put volt -

age con verges upon the des ig nated set out put volt age.
This fre quency mod u la tion of DC-DC con verter
switch ing is har nessed for mea sur ing the high dose
rate rang ing from 1 mSvh–1 to 100 mSvh–1.

As il lus trated in fig. 2. Sig1 en com passes pulse
count ing for low dose rates, whereas Sig2 gov erns
pulse count ing for high dose rates. The U1 is a
PFM-type DC-DC power con verter re spon si ble for
boost ing the power sup ply volt age VIN and pro vid ing
it to the SiPM as a bias volt age. The U2 and U3 are
com para tors. The pulse sig nals gen er ated by SiPM
and CsI (Tl) are AC cou pled to U3 through C2, used
for mea sur ing low-dose rates(back ground to 1
mSvh–1).

When us ing the de tec tor at a high dose rate range 
(1 mSvh–1 to 100 mSvh–1), vary ing dose rates re sult in
dif fer ent photocurrents i1 gen er ated by the SiPM.
While the load re sis tance re mains un changed, an in -
crease in iamer i1 causes Volt age V1 to rise. Con se -
quently, the volt age of the SW pin de creases, prompt -
ing the power in duc tor switch to im ple ment volt age
ad just ments, thereby en sur ing volt age sta bil ity. In
such in stances, U1 ad justs the SW pin to al ter the
switch's fre quency, thereby main tain ing a steady out -
put volt age V1. When the U1 switch is turned on, an
AC volt age sig nal V2 is gen er ated at the VIN pin, and
V2 is AC cou pled to U2 through C1 to mea sure the
switch ing fre quency of the U1. The switch ing fre -
quency of U1 is di rectly pro por tional to both the
photocurrent i1 gen er ated by the SiPM and the X/g-ray
dose rate, thus en abling mea sure ments within the high
dose rate range.

The method for mea sur ing high ra di a tion dose
rates us ing a PFM-type DC-DC boost cir cuit is es sen -
tially achieved by mea sur ing the cur rent gen er ated in
SiPM. The an a log cir cuits only in clude a sin gle
CsI(Tl) probe, DC-DC boost cir cuit, and mul ti ple
com para tors, which occupie a small space and have
low power con sump tion.

Tem per a ture com pen sa tion is ac com plished by
in cor po rat ing therm is tors into the an a log cir cuitry. Rt1 
and Rt2 are lin ear therm is tors that form a volt age di -

S. Xiao, et al., Por ta ble X/g-Ray Sur vey Me ter Based on the Internet of ...
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 1, pp. 29-36 31

Fig ure 2. An a log cir cuits



vider cir cuit with R1 and R2. This con fig u ra tion di -
vides the ref er ence volt age out put by U1, gen er at ing a
ref er ence volt age that fluc tu ates in re sponse to tem -
per a ture vari a tions. This vari able volt age is then fed
into the feed back in put (FB) pin of U1, where U1 ad -
justs the out put volt age VOUT based on the in put volt -
age at the FB pin. Con se quently, changes in the re sis -
tance of Rt1 and Rt2 due to tem per a ture al ter ations
lead to fluc tu a tions in VOUT, ef fec tively min i miz ing
vari a tions in SiPM gain.

The op er a tional quan tity for area mon i tor ing, as
sug gested by the ICRP, is the am bi ent dose equiv a lent
H * (10). This study em ploys a straight for ward count -
ing tech nique, which in volves the uti li za tion of the
count ing rate-dose rate con ver sion co ef fi cient. This
co ef fi cient re quires the de tec tor to ex hibit a uni form
en ergy re sponse across the des ig nated en ergy range to
yield the cor re spond ing dose rate of H* (10).
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where RL (Ei) and RH (Ei) are the count ing-to-am bi -
ent-dose-equiv a lent con ver sion co ef fi cients at low and
high dose rates, re spec tively, cps/(mSvh–1), NL (Ei) is the
pulse count gen er ated by the SiPM, and NH (EI) is the
pulse count orig i nat ing from the DC-DC power sup ply.

The an a log cir cuit board is de signed as a sep a rate
cir cuit board and is welded to the main board through
stamp holes. The cir cuit board is sized 23 mm × 20 mm ×
1.6 mm, has an op er at ing volt age of 5V, and draws a cur -
rent of ap prox i mately 26 mA in an en vi ron men tal back -
ground (mea sured by a KEITHLEY 2611B SYS TEM
Source Me ter).

Mobile and web application

 An iOS and An droid mo bile ap pli ca tion (app)
was de vel oped, fig. 3. By es tab lish ing Bluetooth con -
nec tiv ity with the de tec tor, the app can re trieve and
dis play the dose rate, cu mu la tive dose, de tec tor power, 

and de tec tor num ber on its homepage. The mo bile ap -
pli ca tion trans mits the data to a web server, which
pro cesses and stores the data within a da ta base, and
sub se quently ren ders the pro cessed data ac ces si ble
over the Internet for us ers. In sce nar ios where an ex -
ten sive ar ray of sur vey me ters is de ployed across a
spe cific re gion, the web app per mits the mon i tor ing of
pol lu tion dis tri bu tion in the said area. This em pow ers
ad min is tra tors to swiftly com pre hend the sit u a tion and 
take prompt ac tions in case of emer gen cies. 

PERFORMANCE

Effect of temperature on the
detection system

The re la tion ship be tween the gain of SiPM and
tem per a ture, as well as the op er at ing volt age, fol lows a 
lin ear pat tern. Con se quently, the gain of SiPM can be
sta bi lized across vary ing tem per a tures by ad just ing
the op er at ing volt age. With each 1° C in crease in the
tem per a ture, the in flu ence on SiPM gain cor re sponds
to a volt age re duc tion of 0.033 V. Thus, to up hold con -
sis tent SiPM gain, a si mul ta neous 0.033 V volt age in -
crease is ne ces si tated for each 1 °C tem per a ture rise.

 Our ap proach fo cuses on min i miz ing the im pact
of the tem per a ture by ad just ing the re verse volt age.
This ad just ment is ac com plished by vary ing the re sis -
tance value of the therm is tor ac cord ing to the tem per a -
ture. An ex per i men tal as sess ment with a 241Am source 
was con ducted to test the CsI(Tl) scintillator and SiPM 
across a range of tem per a tures. In the ex per i ments, a
30 000 Bq 241Am source was af fixed 2 cm above the
CsI(Tl) scintillator and SiPM. The CsI(Tl) scintillator
cap tured the 59 keV emis sion from the 241Am g-ray
source, and the X-ray sig nals were am pli fied be fore
be ing col lected by the CAEN-N957 mul ti chan nel an a -
lyzer. The per for mance of the CsI(Tl) and SiPM was
quan ti fied across the tem per a ture range of –40 °C to
40 °C and sub jected to lin ear fit ting. Fig ure 4 in di cates
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Fig ure 3. Graph i cal User In ter face (GUI) of the sur vey me ter and main in ter face on the ap pli ca tion (a),
GUI of the map page on the web ap pli ca tion (b)



that the tem per a ture sen si tiv ity of the de tec tor is
within –25 % to +25 % de vi a tion in the range of –40 °C 
to +40 °C af ter tem per a ture cor rec tion.

The X/g-ray energy response

A com pen sa tor com bined with a seg mented en -
ergy mea sure ment method is em ployed to achieve a
uni form en ergy re sponse. The Geant4 sim u la tion
toolkit was used to de ter mine the com pen sa tory ma te -
rial and thick ness. The sim u lated scintillator crys tal,
CsI(Tl), fea tured a Tl con cen tra tion of 0.15 % with a
den sity of 4.51 gcm–3 [7]. The re frac tive in dex of
CsI(Tl) was 1.79 across the emis sion wave length
range of 350-700 nm. The op ti cal pho ton ab sorp tion
length was set at 50 cm. The ab so lute light yield was
fixed at 54 000 pho tons per MeV. The de cay time con -
stants were as signed the val ues of 630 ns and 1000 ns

for the fast and slow com po nents, re spec tively, with
the fast com po nent yield ra tio set at 0.6 [8]. Op ti cal
sim u la tion at the sur faces was con ducted us ing the
UNI FIED model of GEANT4. The CsI(Tl) and TiO2
were mod eled as ground front-painted and di elec -
tric-di elec tric sur faces, whereas the CsI(Tl) and SiPM
sur faces were mod eled as pol ished and di elec -
tric-metal sur faces, re spec tively [9]. Guided by these
sim u la tion out comes, com pen sa tors com posed of
tung sten plates, 1 mm in thick ness and with a 1.5 mm
di am e ter punch ing area, were se lected. 

Char ac ter iza tion of the en ergy de pend ence re -
sponse em ployed g-rays from 137Cs and 60Co sources,
and X-ray beams con form ing to the spec i fi ca tions of
China Na tional Stan dard GB/T 4835.1-2012. The
CsI(Tl) scintillator mea sure ments were con ducted us -
ing a ref er ence X-ray beam with en er gies rang ing from 
48 keV to 211 keV, along side 137Cs at 662 keV and
60Co at 1250 keV. The X-ray beams em a nated from a
tun able X-ray ma chine and ranged from 55 kV to 210
kV. The de tec tor was se quen tially ir ra di ated each time
at an am bi ent dose rate H* (10) of 100 µSvh–1, em ploy -
ing the var i ous pho ton sources. The sim u lated and ex -
per i men tal re sults of us ing a tung sten com pen sa tor for
en ergy re sponse com pen sa tion, as de picted in fig. 5,
ex hibit a dis crep ancy in the de tec tor count ing rates of
less than 10 % for the same en ergy lev els be tween sim -
u la tion and ex per i men ta tion.

The tung sten com pen sa tor is only use ful for
com pen sat ing the en ergy re sponse of low-en ergy
X-rays. In this study, a seg mented en ergy mea sure -
ment method was used to com pen sate for the en ergy
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Fig ure 4. Tem per a ture re sponse of the de tec tor be fore
and af ter tem per a ture cal i bra tion

Fig ure 5. Com par i son be tween Geant4
sim u la tions and ex per i men tal re sults

Fig ure 6. En ergy re sponse of the
sur vey me ter to H* (10)



re sponse from 48 keV to 1.3 MeV. Fig ure 6 shows the
ac quired en ergy re sponses to H* (10), en com pass ing
en er gies rang ing from 48 keV to 200 keV in the X-ray
mode, pho tons at 1250 keV from the 60Co source with
an ac tiv ity of 66.96 GBq for the g-ray mode, and pho -
tons at 662 keV from the 137Cs source rang ing from
0.418 to 80.3 GBq for the g-ray mode. The en ergy re -
sponses to H* (10) in both X-ray and g-ray modes de vi -
ate within the range of –20 % to +30 %.

Wide-range radiation field
experiment

Draw ing upon the out lined fun da men tal meth -
ods and prin ci ples, the de tec tor was seg mented into
two ranges, each cor re spond ing to dis tinct sys tem pa -
ram e ters, and en abling dose rate mea sure ments span -
ning from 0.1 mSvh–1 to 100 mSvh–1. To val i date this
de sign, var i ous ra di a tion ex per i ments were con ducted
across di verse dose rates within the 60Co and 137Cs ra -
di a tion fields. No ta bly, the g ra di a tion dose rate ranged 
from 0.1 mSvh–1 to 7 mSvh–1 for 60Co; 0.1 mSvh–1 to 22 
mSvh–1 for 137Cs, in the con text of the 615 cal i bra tion
lab o ra tory of the China In sti tute of Atomic En ergy
(CIAE) (stan dard field); and 1 mSvh–1 to 370 mSvh–1

for the 60Co ir ra di a tion cen ter at the CIAE (non-stan -
dard field). We de ter mined dose rates at the test site
em ploy ing com pact CsI(Tl) and sil i con de tec tors cal i -
brated within the stan dard field. The count ing rate of
the sur vey me ter was mea sured at a dose rate rang ing
be tween 3 and 370 mSvh–1. The re sults are de picted in
fig. 7, which re veals a de vi a tion from lin ear ity in the
dose curve be yond 80 mSvh–1. Higher dose rates
(>100 mSvh–1) re quire seg mented cal i bra tion, i. e., the 
ap pli ca tion of dis tinct cal i bra tion co ef fi cients to dif -
fer ent dose rate ranges. How ever, in this pa per, we
only ap plied cal i bra tion to the 100 mSvh–1 range.

As dis played in fig. 8, the de par ture of the re -
sponse of the sur vey me ter from the dose rate lin ear ity
falls within the range of ±20 %, span ning from 1
mSvh–1 to 100 mSvh–1. Each er ror bar rep re sents the
cor re spond ing stan dard de vi a tion.

CONCLUSIONS

This pa per de scribes the con struc tion of an X/g-ray 
sur vey me ter de signed to mea sure am bi ent dose equiv a -
lent H* (10) dur ing emer gency ra di a tion mon i tor ing or
rou tine environental as sess ments. The de tec tor em ploys
a 5 mm × 5 mm × 5 mm CsI(Tl) scintillator cou pled with
a 3 mm × 3 mm SiPM, which en ables the mea sure ment of 
X/g-ray en ergy within the range of 48 keV to 1.3 MeV.
The dose rate was tested us ing 60Co ra di a tion rang ing
from 0.1 µSvh–1 to 100 mSvh–1.

The dose rate mea sure ment in the de tec tor range
1-100 mSvh–1 was in creased by switch ing the fre -
quency of a PFM-type DC-DC boost cir cuit. Com pen -
sa tion for the pho ton en ergy re sponse of the CsI(Tl)
scintillator was achieved us ing a mul ti chan nel com -
para tor. Ad di tion ally, Monte Carlo sim u la tions us ing
the Geant4 toolkit were con ducted to as sess var i ous
com pen sa tor ma te ri als, thick nesses, and punch ing ar -
eas. Fur ther more, the tem per a ture-gain curve of SiPM
was em ployed to cor rect the out put tem per a ture of the
de tec tion sys tem. 

Con nec tiv ity was es tab lished be tween the sur -
vey me ter and mo bile phones through Bluetooth,
while an Internet con nec tion was fa cil i tated via Wi-Fi,
thereby en abling a wider range of ap pli ca tions. In con -
trast to prev a lent handheld ra di a tion mon i tors, this de -
vice of fers dis tinct ad van tages, in clud ing multipoint
and multi-user ca pa bil i ties, long-range mon i tor ing,
and real-time su per vi sion. The sur vey me ter is suit able 
for rou tine in spec tions in nu clear power plants, iso -
tope pro duc tion fa cil i ties, and ware houses in which
ra dio ac tive sources are stored. More over, it is use ful
for emer gency mea sure ments dur ing nu clear in ci dents 
and early warn ing mon i tor ing for large-scale anti-nu -
clear ter ror ism ac tiv i ties.

While us ing Bluetooth com mu ni ca tion, the dis -
tance be tween the phone and the de tec tor dur ing the
use of this de vice can not ex ceed 100 m. Al though
Bluetooth com mu ni ca tion is ef fi cient in terms of
power con sump tion and of fers good se cu rity, the data
trans mis sion speed is rel a tively slow, with a max i mum 
speed of only tens of Mbps. For cer tain high-dose ra di -
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Fig ure 7. Lin ear re sponse of the sur vey
me ter to am bi ent dose equiv a lent rate
for 60Co in the high-dose-rate mea sure -
ment mode



a tion ar eas that re main in ac ces si ble to hu mans, LoRa
or NB-IoT (Narrowband Internet of Things) mod ules
of fer a vi a ble so lu tion. These mod ules are suit able due
to their ca pac ity to fa cil i tate com mu ni ca tion over dis -
tances ex ceed ing 5 km in ur ban set tings and their abil -
ity to pen e trate build ing struc tures. 

Fu ture ef forts will fo cus on re fin ing the sys tem
in the fol low ing ar eas: Min i miz ing sys tem power con -
sump tion and ex tend ing the op er a tional du ra tion, and
expanding the dose rate mea sure ment range of the sys -
tem to at tain a dose rate of 1 Svh–1.
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Fig ure 8. Dose rate lin ear ity
of the sur vey me ter
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Simin SJAO, Singlung LI, Jang QU, Xiping LUO,
Hung~ao PANG, \enhua VU, Sjaopeng HUANG

PRENOSIVI  MERA^  X/g-ZRA^EWA  ZASNOVAN  NA  MRE@I  INTERNETA
STVARI  ZA  MEREWE  RASPODELE  ZRA^EWA  U  @IVOTNOJ  SREDINI

Detekcija u realnom vremenu doze X/g-zra~ewa ima poseban zna~aj u nuklearnim nau~nim
istra`ivawima. U ovom radu, razvili smo prenosivi mera~ X/g-zraka za masovno distribuirano
pra}ewe u realnom vremenu ja~ine ekvivalenta ambijentalne doze u okolnoj sredini. Ovaj
inovativni ure|aj koristi silicijumski fotomultiplikator u kombinaciji sa CsI(Tl) scinti-
latorom i mo`e se povezati na mre`u Interneta stvari. Pored toga, olak{ava {irok spektar
merewa ja~ine doze modifikuju}i frekvenciju dc-dc re`ima napajawa tipa impulsno-frekventne
modulacije. Energetski odziv anketnog mera~a, koji je poboq{an kroz Geant4 simulacije i dizajn sa
vi{e komparatora, kre}e se od 48 keV do 1,3 MeV, obuhvataju}i razli~ite uobi~ajene aplikacije
nivoa za{tite. Efikasno meri stope doze g zra~ewa u rasponu su izme|u 0,1 µSvh–1 i 100 mSvh–1 za 60Co.
Temperaturna kompenzacija detektora postignuta je nizom eksperimenata; mera~ pokazuje
odstupawe od ‡25 % do +25 % na temperaturama izme|u ‡40 °C i +40  °C.  

Kqu~ne re~i: CsI(Tl) scintilator, silicijumski fotomultiplikator, mera~ X/g-zraka, 
..........................blutut, Internet stvari


