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Abstract: The 15-year development, calibrations and use of the Liulin type personal dosimeters confirm
their reliability to measure the absorbed dose rates and fluxes in aircraft and spacecraft. Since 2002, many
attempts were made to evaluate the equivalent doses from the spectra obtained by them. Now we are confident
that apparent dose equivalent interpretation procedure in aircraft is well developed and can be used in a wide
range of cases. On the other hand, the necessity for active crew dosimeter is a problem still not solved on the
International Space Station (ISS). The 4-year efforts of the ESA study group headed by Dr. Guenther Reitz for
development of new “European Crew Personal Active Dosimeter” (EuCPAD) for astronauts came to the result
that this dosimeter has to be a mixture of modules for measurement of charged particles and neutrons with
mechanical dimensions of maximum 105x67x20 mm, volume below 150 ml and mass below 250 g. This
dosimeter is under development

The purpose of this paper is: 1) To present the developed Liulin personal devices and to compare their
dimensions with the proposed EUCPAD 2) To review the existing Liulin dose interpretation and radiation sources
separation procedures 3) To propose a new “Intelligent Crew Personal Active Dosimeter” (ICPAD) based on the
existing Liulin type devices, which can be used by astronauts in internal and external vehicle activities. The
possible improvements are seen in both the hardware and the software aspect. The new software will be capable,
based on the analysis of the shape of the deposited energy spectrum and the value of the dose-to-flux ratio, to
distinguish the different kinds of radiation sources in space as GCR, inner radiation belt protons and outer
radiation belt electrons and to calculate, store and present on display the absorbed and equivalent doses.
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Pe3rome: 15 200uwiHOmMo ycb8bpuieHcmeaHe, kanubpupaHe u Uu3ron3gaHe Ha rnepcoHanHu 0odumempu
om muna JllonuH* e 0okasano msixHama criocobHocm 0a uamepsam MoujHocmma Ha abcopbupaHama 003a 8
camoniemu u cnbmHuyu. Crned 2002 e. ca HanpaseHu MHO206pOUHU ONMUMU 3a OUEHKa Ha eksueasleHmHama
0o3a, kamo ce u3sron3eam rosyyeHuUme om msx crnekmpu. Ceza Hue cMme cuzypHu, 4Yye npouyedypama 3a
UHmMepnpemauusi Ha sudumama ekeusasnieHmHa 003a Ha camonemu e dobpe paspabomeHa u moxe Oa 6ble
u3rioniseaHa 8 WUpPoK Kpbe om 3adaqyu. Om dpyea cmpaHa He e peweH npobremMbm 3a cb30agaHe Ha aKMmueeH,
riepcoHaneH 0o3umemsp Ha MHmMepHayuoHanHama KocMu4yecka cmaHyus. Miacnedoeamernickama epyna Ha EKA,
oznasesieaHa om 0-p [toHmep Palimy 3a cb30asaHe Ha HO8 ,[EeporelicKu, akmueeH, nepcoHasneH doumemsbp"
(EuCPAD) 3a acmpoHasmume nocmuzHa crie0HuUsi pe3ynmam 3a Hezogama cbujHocm u pasmepu. EUCPAD
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mpsibea da cbObpxa MoOOynu 3a uamepsaHe Ha dozama om 3apedeHuU Yacmuyu U Om HeympoHu u 0a uma
pa3amepu He ro-zonemu 105x67x20 mm, obem nod 150 ml u maca nod 250 g. To3u npoekm 3a do3umemsp ce
Hamupa ebe ¢ha3a Ha paspabomka.

Lenma Ha masu cmamus e: 1) [a ce npedcmassam paspabomeHume 0oceeaa repcoHasnHu 0o3umempu
om muna JlronuH* u Oa ce cpasHam mexHume pa3mepu c rnpednoxeHuss EUCPAD; 2) [a ce aHanu3supam
cbuwecmsysawume npouedypu 3a uHmeprnpemauuss Ha 6o3ama u 3a pa3lensHe Ha npeobnadasawjus mur
paduayusi. 3) Ha 6asama Ha cbujecmeysawume npubopu om muna JlronuH* da ce npednoxu Hos
JHmenueeHnmed, nepcoHaneH, akmuseH dosumemnbp” (ICPAD), kotimo da 6bde usnon3saH om acmpoHasmume
npu paboma kKakmo ebmpe 8 cmaHuusima, maka U U38bH Hes. [TodobpeHusima ca 8b3MOXHU KaKmo 8
obrnacmma Ha xapdyepa, maka u Ha cogpmyepa. Ypes aHanus Ha ghopmama Ha crekmbpa U Ha cmolHocmma Ha
omHoweHuemo 0o3a MomoK we Moxe Oa ce pa3desiim pasfnuyHume OCHOBHU muroge paduayuoHHU
usmoyHuyu kamo GCR, npomoHu om 8bmpewHuUsi U efleKmpoHU 0m 8bHWHUS paduayuoHeH nosic. Te3u daHHU
Oa ce u3rnosizeam 0a ce U34UC/U, CbXpaHU U Nnokaxe Ha oucrnel abcopbupaHama u eksusaneHmHama 003a.

Introduction

The main purpose of Liulin type Spectrometry-Dosimetry Instruments (LSDIs) (please see
Table 1) is cosmic radiation monitoring at the workplaces. LSDI measures the amplitudes of the
pulses generated by the incoming particle and rays radiation in the silicon detector, which is
proportional to the deposited energy and respectively to the absorbed dose in Gray.

Table 1. External view and some functional parameters of the developed till now personal units.

Picture/Parameters Name (year of Dimensions | Volume | Mass Battery Active
the development) (mm) (ml) (9) type live time
Use (years) (Reference) (days)
Liulin-3 150x80x50 600 450 4 1
2 detectors telescope AA size
(1995) (daves u gp., primary
Aircraft & accelerators 1995)
(1995-1997)
Liulin-E094, 4 Mobile | 96x64x24 147 230 Li-ion 4
Dosimetry Units (MDU) 7.2V 1350
(1998) . (Dachev et mAh
ISS (2001) & aircraft | 5 2002) aceum.
(2005-till now)
Liulin-1SS 100x65x26 188 230 Li-ion 6
4 MDU units (2002) 7.2V 1350
(2005-till now) (Dachev et mAh
al., 2000) accum.
Liulin-6S 100x40x20 80 100 | Li-ion 3.6V 7
(2005) 1.8 Ah
Aircraft & accelerators | (Dachev et accum.
(2005-till now) al., 2005)
Liulin-6G 120x40x20 96 125 | Li-ion 3.6V 5
(2008) 1.8 Ah
Aircraft (Dachev et accum.
(2008-till now) al., 2005)
Portable EuCPAD Maximum Below | Below ??7? 7?7
instrument 105x67x20 150
ISS
7?? (Reitz, 2008)
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These amplitudes are organised in 256 channels spectrum of the deposited energy in the silicon
detector, which is further used for precise calculation of the absorbed and equivalent doses and for
characterization of the type and energy of the incoming radiation (Dachev, 2009). The LSDI
functionally is low mass, low power consumption or battery operated dosimeter. LSDI usually contains:
one semiconductor detector, one charge-sensitive preamplifier, a fast 12 channel analog-to-digital
converter (ADC), discriminator, real time clock, 2 or more microcontrollers and a flash memory.
Different modifications of LSDI use additional modules such as: UV sensitive photo diodes,
temperature sensor, Global Positioning System (GPS) with antenna and receiver, display, multimedia
card (MMC) or SD card.

The unit is managed by the microcontrollers through specially developed firmware. Plug-in
links provide the transmission of the stored on the memory data toward the standard Personal
Computer (PC) or toward the telemetry system of the carrier. A computer program in PC is used for
the full management of the LSDI through standard serial/parallel or USB communication port. The
same program stores the full data sets on the PC and visualizes the data for preliminary analysis.
Different power supplies were used in the different instruments. They include 3.6 V or 7.2 V
rechargeable or primary batteries, 28 V or 43 V DC aircraft and satellite power and 110 V, 400 Hz AC
aircraft power line.

Presentation of the developed Liulin personal devices and comparison of their
dimensions with the proposed EuCPAD

Table 1 summarizes the efforts in STIL-BAS for developments of Liulin personal devices since
1995. Most of them are with simple 1 detector construction. Also most of them used Li-ion
accumulators as power supply. This option don’t have alternative if long active live time of the detector
is required.

From the table it is seen that because use of new developed chips and design in the time
between 2002 and 2008 the volume of the LSDIs reduces from 147 to 80 ml for instruments without
display and from 188 to 96 ml for the instruments with display.

From other point of view the developed by us LSDIs are much smaller than the expected new
Portable EUCPAD, which is still not designed newer the less that much higher scientific (Bhadra et al.,
et al., 2008; Rollet et al., 2008) and financial resource was used by the ESA partners, engaged with
the development of the dosimeter (Retz et al., 2008). The best claimant for the external design of the
future New Liulin type Intelligent Crew Personal Active Dosimeter (ICPAD) is the Liulin-6G instrument
if a display will be required there. If in future the user will not require a display the best design is those
of Liulin-6S. In both cases future use of Lithium-Polymer cells can reduce the mass of the battery at
least twice in comparison with the standard Lithium-ion cells. http://www.ibt-power.com This means
about 15 g less weight with the same case.

Review the existing Liulin ration dose interpretation and radiation sources separation
procedures

The main measurement unit in the spectrometers is the amplitude of the pulse after the
preamplifier generated by particles or quantum hitting the detector. The amplitude of the pulse is
proportional by a factor of 240 mV.MeV™ to the energy loss in the detector and respectively to the
dose and LET. By the 12 bit ADC these amplitudes are digitized and organized in a 256-channel
spectrum using only the first 8 bits of the ADC. The dose D [Gy] by definition is one Joule deposited in
1kg. We calculate the absorbed dose by dividing the summarized energy deposition in the spectrum in

Joules to the mass of the detector in kilograms.
255

(1) D=K) ikAMD™
i=1
where MD is the mass of the detector in kg, k;is the number of pulses in channel “i", A; is the amplitude
in volts of pulses in channel “i", K.i.k..A; is the deposited energy (energy loss) in Joules in channel “i”. K
is a coefficient. All 255 deposited dose values, depending on the deposited energy for one exposure
time, form the deposited energy spectrum.

On the basis of calibrations of the Liulin type spectrometers in CERN and comparisons with
TEPC (Tissue Equivalent Proportional Counter) measurements, a method was developed (Spurny et
al., 2007) to evaluate Ambient dose equivalent, H*(10).

During the calibrations in CERN it was found the value of the ambient dose equivalent - H*(10)
depends by the predominant type of radiation seen in the deposited energy spectrum. For the Galactic
cosmic radiation (GCR) where predominant are high energy protons, alphas and heavy ions with high
radiation biological effectiveness (RBE) the H*(10) values are calculated by the relation (2), which take
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into account the high RBE by the coefficient of 5 for the Pl B ATEN.
channels above 15. The final relation for calculation of - R
the Hgcr s as following: wrgr— RIRRLCHS
14 256 =t R3DE, IRB
(2) Hoer *(10) = K ik;A +5) ik A}MD™ —— RADOM, GCR
i=1 i=15 1E+4 —— R3DE,GCR
For the Inner radiation belt (IRB) source, where 3 —
predominant radiation source are protons with energies 1E+3
between 30 and 400 MeV the H*(10) values are < X 8 =
calculated by the relation @& 1E+2 o
14 256 =F —
(3) Hoer *(10) =1.3K{D ik A + D Ik AIMD™  § 1B+ .
i=1 i=15 a T R =
For the Outer radiation belt (ORB) radiation the 3 1E+0 o=>2ig %
H*(10) values are equal to the absorbed doses, because 2 R i i
energetic electrons (1-10 MeV), which populated it don’t 2 1EA
have any radiation biological effectiveness. = 1E2
Long-term measurements in space by the active 5
dosimeters as Liulin-E094, R3D-B2/3, R3DE/R and 1E3 ” AL |
RADOM give us abundant material for the methods to ia P
distinguish different kind of predominant radiation by the Deposited energy (MeV)

form of the curve of the deposited energy spectrum and
by the calculation of the dose to flux ratio and Heffner's

formulae .(Dachev, 2009). . . RADOM instruments. The lowest 2 curves are
Figure 1 presents six averaged deposited energy  ,<sociated with GCR type of radiation

spectra obtained by R3DE (Dachev, 2009) and RADOM  enyironment. The IRB curves cover the whole
instruments (Dachev et al., 2009, 2011). RADOM data spectrum, while the ORB are in narrow range
are from October 2008 when the Chandrayaan-1 of first channels.

satellite was still in near Earth radiation environment.

Three pairs of curves are plotted. The lowest 2 curves are associated with GCR type of radiation
environment. The IRB curves cover the whole spectrum, while the ORB are in narrow range of first
channels. On Figure 1 it is well seen that different type of radiation give forms of the deposited energy
spectra, which are easy to distinguish by their form and position in the field Deposited
energy/Deposited per channel Dose Rate. We plan to develop and prove different software, which will
be able after obtaining of the spectra, using the master microprocessor of ICPAD to answer correctly
what is the predominant radiation in the spectra.

Another procedure for distinguishing the predominant different kind of radiation sources was
described in (Bankov et al., 2010). It is based on the polynomial presentation of the obtained doses in
dependence by L value, which requires connection of the ICPAD trough Internet WLAN module with
the ISS service system.

Fig. 1. General presentations of different
spectra shapes obtained by R3DE and

Proposal for a new “Intelligent Crew Personal Active Dosimeter” (ICPAD)

Starting the development of the new ICPAD we study the advantages and disadvantages of
the main schema of the new instrument — dosimetric telescope (Semkova et al., 2007) or single
detector as the existing till now Liulin devices. The main advantage of the dosimetric telescope is the
opportunity to be obtained directly the Linear Energy Transfer (LET) spectrum, which is used further
for calculation of the equivalent dose. Unfortunately this is not possible to be performed after obtaining
of each spectrum because the small statistics (Semkova, 2010). The disadvantages of the dosimetric
telescope for the case of personal dosimeter are larger volume, mass and power consumption in
comparison with single detector. That is why we decide to propose single detector instrument with
following size and ranges:

Size: <120x40x20 mm; Mass: <110 grams; Volume:<96 ml

Detector: 2 cm?, 0.3 mm;

LET Sirange: 0.1164- 29.8 keV/u; LET H20: 0.1443- 36.9 keV/u

Dose range: 0.093 nGy — 1.56 mGy; Dose Rate range: 2.8.10°-0.19 Gy/h

Flux range:  0.01 — 1250 cm®s-1; Temperature: -20°C - +40°C
Li-lon battery: 3.6 or 7.2 V; Flash memory: 2 MB
Active time: >5 days
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Fig. 2. Preliminary block-diagram of the new Intelligent Crew Personal Active Dosimeter. Blocks with
dashed lines are optional.

Figure 2 presents the preliminary block-diagram of the proposed ICPAD. It is necessary to
mention that the main blocks is same as the used till this moment blocks in the instruments build for
different space experiments between 2001 and 2010 (Dachev, 2009). New are here only the 2
optional blocks seen in the right part of the figure with dashed lines and mentioned as “Display” and
WLAN “Internet module microcontroller”.

The display is optional because our experience with the development of the MDUs for Liulin-
E094 and Liulin-ISS (pls. see Table 1) shows that the different agencies American and Russian have
controversial understanding of the necessity of display. The WLAN connection with the ISS service
system can be used in both directions. To transmit to ICPAD new measurement initialization
parameters and L values. In the case of use of the ICPAD as personal dosimeter to transmit toward
the Radiation protection service system the current obtained by the astronaut doses, which can be
added to the whole personal file, to be evaluated the personal history of the dose accumulation and to
be issued to the astronaut specific alerts if necessary.

Compare
| b2/F2
value with
/—< oifF2
Calculate the
Measure the D11 ratio I\
ahsorbed ;ldsigalgz; Measure: Calculate the Show the
dose b1, the the cufve D2 and =2. absorbed result on the
flux Fi and > Decide thé p|  Calculate dose and > disp_la_y &
obtain shape type of the D2/F2 apparent store it in the
of the radiation ratic. H* {10} dose. memory.
spectrur. source GZRS
IRBAORB.
If C2/F2 value is » |f 02/F2 value is
not inside of the inside of ihe
predefined predefined interval
interval with D1/ with Di/F1 value
Fi value ga and if the results
QONCE back, from shape analysis
otherwise confirm it go forward.
forward.

Fig. 3. Preliminary algorithm of the software, which well manage the new Intelligent Crew Personal Active
Dosimeter.

Figure 3 presents the preliminary algorithm of the software, which will manage the ICPAD. The
first 2 step is the measurements of the dose rate D1 and flux F1 and analysis of the shape of the
curve. The results are compared and stored in the memory. Next step is a confirmation measurement
of 2 new D2, F2 values. These values are compared with the obtained in the first step. If all
parameters (D1/F1, D2/F2 and shape) confirm the solution the algorithm goes forward, calculates the
absorbed and apparent H*(10) dose rates and shows them on the display (if available), and stores
them in the memory. If the solution is not confirmed then the algorithm goes once back otherwise
forward.
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The foreseen external view of the ICPAD will be similar and smaller than the Liulin-6S in a
case without display and then Liulin-6G with display (please see Table 1).

Summary

The ability of the Liulin type instruments to be used as personal dosimeters are mentioned in
the conclusions of the paper of Uchihori at al., 2008. They write: “We demonstrated that the MDU can
measure lower LET ions and particles from “Fragment experiments” despite the fact that the
instrument is both simple and small. In the space radiation environment, the majority of radiation
fluence consists of protons and helium ions. The Liulin-4J MDU has the capability to measure the
radiation dose from these light ions and can be used as a personal dosimeter by astronauts and
cosmonauts”.

The paper describes the possible hardware and software solutions for a new ICPAD, which will
be able on the base of the analysis of the shape of the deposited energy spectrum and the value of
the dose to flux ratio to distinguish the different kind of radiation sources in space as GCR, Inner
radiation belt protons and outer radiation belt electrons and to calculate, store and present on display
the absorbed and equivalent doses.
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