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DOSIS & DOSIS 3D: Columbus 
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DOSIS & DOSIS 3D: Scientific Goals  

The main objective of the DOSIS & DOSIS 3D experiment is the 
determination of the absorbed dose and dose equivalent using a variety of 
active and passive radiation detector devices distributed throughout the 
ISS.  
 Monitor the radiation environment inside Columbus with active and passive 

radiation detectors for the determination of the temporal and spatial dose 
distribution 

 
 Combine data gathered by NASA, JAXA, IMBP into a 3D radiation map of the 

International Space Station 
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DOSIS & DOSIS 3D: Active detectors (2 x DOSimetry TELescope) 

 Ethernet connection to EPM rack "Right Utility 
Distribution Panel“ 

 
 DOSIS-MAIN-BOX connected to EPM LAN like an 

external EPM instrument 
 
 Data downlink is an EPM operation from ground 

performed once per month over CADMOS – COLCC – 
MUSC – Scientists 

 
 Up to 28th August 2019: 85 data downlinks (DOSIS 3D) 

Dosis Main Box 
DOSIS-MAIN-1-001 

> DOSIS & DOSIS 3D  •  T. Berger for the DOSIS & DOSIS 3D Team > WRMISS-24 > 03 - 05 September 2019, Athens, Greece 

© ESA 

© ESA 
X 

Y 



www.DLR.de  •  Chart 6 

DOSIS & DOSIS 3D: Passive Detector Packages (PDP) 

+ 

Thermoluminescence  
detectors (TLD) / OSLD 

First usage of LiF (Lithiumfluoride) for the 
measurement of radiation following an 
atomic weapon test  
 
Measurement of internal radiation dose 
received by cancer patients treated with 
radioactiv isotopes at Oak Ridge Institute  
for Nuclear Studies  
 
F. Daniels  Science  117, 343, 1953 

Nuclear Track Etch  
Detectors (CR-39) 

Material : CR-39 = allyl diglycol carbonate 
 
Heavy charged particles break chemical 
bonds in the material.This trail can be 
made visible by etching the material.  
 
R. P. Henke and E. V. Benton, Nucl.Instr.Meth. 97 
(1971) 483-9 
 

TLD/OSLD + CR-39  Absorbed dose + Dose Equivalent 
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DOSIS & DOSIS 3D: PDP Positions 

PDP   
Nr 

Columbus  
Location 

Related  
Rack Position 

Columbus coordinate system [cm] 

X Y Z 

1 Star Cone - Behind bend in right cone structure Aft 681 -57 0 

2 A4 UIP HRF 2 Left side on UIP next to Vacuum connector Aft 665 -123 -93 

3 F4 UIP HRF 1 Left side on UIP next to Vacuum connector Forward 570 123 -93 

4 B1 HRF 1 HRF 1 Front panel of Cooling Stowage Drawer Forward 600 104 60 

5 A3 EPM EPM 410 mm left from upper right edge Aft 463 -104 93 

6 A2 UIP BLB Left side on UIP next to Vacuum connector Aft 436 -123 -93 

7 O2 UIP - Left side on UIP next to Vacuum connector Aft 436 -101 106 

8 F1 UIP EDR Left side on UIP next to Vacuum connector Forward 243 123 -93 

9 F1 EDR EDR 77 mm left from upper right edge Forward 333 104 93 

10 End Cone - On PBA Cover Forward 221 95 85 

X DOSIS-MAIN-BOX EPM On the left side of the DOSIS-MAIN-BOX Aft 516 -116 -60 
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ISS flight direction 

DOSIS & DOSIS 3D: PDP Positions 

  X 
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DOSIS & DOSIS 3D: PDP Positions 

1 2 3 4 

5 6 7 8 

9 10 X 
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DOSIS & DOSIS 3D: Timeline 
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DOSIS 3D: Timeline   Passive 

DOSIS 
3D Soyuz Launch Docking Installation  Crew  

Member Deinstallation Crew  
Member Landing Mission 

duration 
PDP 

installed Percentage 

1 30S 15.05.2012 17.05.2012 21.05.2012 Andre Kuipers 11.09.2012 Joe Acaba 17.09.2012 125 113 90,40 
2 32S 23.10.2012 25.10.2012 27.10.2012 Sunita Williams 13.03.2013 Chris Hadfield 16.03.2013 144 137 95,14 
3 34S 28.03.2013 29.03.2013 03.04.2013 Chris Cassidy 06.09.2013 Luca Parmitano 11.09.2013 167 156 93,41 

4 36S 25.09.2013 26.09.2013 01.10.2013 Michael Hopkins 06.03.2014 Rick Mastracchio  11.03.2014 167 156 93,41 

5 38S 25.03.2014 27.03.2014 28.03.2014 Koichi Wakata 05.09.2014 Alexander Gerst 11.09.2014 170 161 94,71 

6 40S 26.09.2014 27.09.2014 29.09.2014 Alexander Gerst 09.03.2015 Samantha 
Cristoforetti 12.03.2015 167 161 96,41 

7 
42S 27.03.2015 28.03.2015 29.03.2015 Samantha 

Cristoforetti   

43S 10.12.2015 Scott Kelly 11.12.2015 259 256 98,84 
8 45S 15.12.2015 15.12.2015 18.12.2015 Scott Kelly 15.06.2016 Timothy Peake 18.06.2016 186 180 96,77 
9 47S 07.07.2016 09.07.2016 09.07.2016 Jeffrey Williams 26.10.2016 Takuya Onishi 30.10.2016 115 109 94,78 
10 49S 17.11.2016 19.11.2016 21.11.2016 Thomas Pesquet 01.06.2017 Thomas Pesquet 02.06.2017 197 192 97,46 
11 51S 28.07.2017 28.07.2017 30.07.2017 Jack Fischer 12.12.2017 Mark Vande Hei 14.12.2017 139 135 97,12 
12 53S 17.12.2017 19.12.2017 20.12.2017 Norishige Kanai 30.05.2018 Andrew Feustel 03.06.2018 168 161 95,83 
13 55S 06.06.2018 08.06.2018 11.06.2018 Alexander Gerst 03.12.2018 Alexander Gerst 20.12.2018 197 175 88,83 
14 57S 03.12.2018 03.12.2018 04.12.2018 Alexander Gerst 19.06.2019 Nick Hague 24.06.2019 203 197 97,04 

15 
59S 20.07.2019 21.07.2019 22.07.2019 Luca Parmitano             
61S             01.04.2020 256     
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DOSIS & DOSIS 3D: Solar Cycle 
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http://www.swpc.noaa.gov/products/solar-cycle-progression 
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DOSIS & DOSIS 3D: Timeline / ISS Altitude / Sn / Oulu NM 
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DOSIS & DOSIS 3D: PDP – Results 

> DOSIS & DOSIS 3D  •  T. Berger for the DOSIS & DOSIS 3D Team > WRMISS-24 > 03 - 05 September 2019, Athens, Greece 

1 2 3 4 

5 6 7 8 

9 10 X 



DOSIS DOSIS 3D

Date [Year]
2009  2010  2011  2012  2013  2014  2015  2016  2017  2018  2019  2020  

D
O

SI
S 

3D

1
2
3
4
5
6
7
8
9

10
11
12
13
14

D
O

SI
S 1

2

www.DLR.de  •  Chart 15 

DOSIS & DOSIS 3D: PDP – Results 
Published: D1-D2 & D3D1 – D3D6 (July 2009 – March 2015)  
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DOSIS & DOSIS 3D: PDP – Results  Publication 
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https://www.swsc-journal.org/articles/swsc/full_html/2016/01/swsc160033/swsc160033.html 

OPEN 
ACCESS 

https://www.swsc-journal.org/articles/swsc/full_html/2016/01/swsc160033/swsc160033.html
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DOSIS & DOSIS 3D: PDP – Results (Selected TLD)  
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DOSIS 3D: PDP – Results (D3D#1 to D3D#14) 

7LiF:Mg,Ti 6LiF:Mg,Ti 



www.DLR.de  •  Chart 19 > DOSIS & DOSIS 3D  •  T. Berger for the DOSIS & DOSIS 3D Team > WRMISS-24 > 03 - 05 September 2019, Athens, Greece 

DOSIS & DOSIS 3D: PDP – Results 
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DOSIS & DOSIS 3D: PDP – Results 
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DOSIS & DOSIS 3D: PDP – Results 
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DOSIS & DOSIS 3D: PDP – Results (Selected TLD II) 

ISS flight direction 
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DOSIS & DOSIS 3D: PDP – Results (Selected CR-39)  
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DOSIS & DOSIS 3D: PDP – Results (Selected CR-39)  
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DOSIS & DOSIS 3D: PDP – Results (Selected CR-39)  
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DOSIS & DOSIS 3D: PDP – Results (Selected CR-39)  
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DOSIS & DOSIS 3D: PDP – Results (Selected CR-39)  
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DOSIS & DOSIS 3D: PDP – Results (Selected CR-39)  

> DOSIS & DOSIS 3D  •  T. Berger for the DOSIS & DOSIS 3D Team > WRMISS-24 > 03 - 05 September 2019, Athens, Greece 



www.DLR.de  •  Chart 31 

DOSIS & DOSIS 3D: DOSTEL – Results 
Published: D1-D2 & D3D1 to 6 (July 2009 – March 2015)  
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Berger et al. SWSC 7, A8, 2017  

DOSIS DOSIS 3D
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DOSIS & DOSIS 3D: DOSTEL – Results  Publication 

> F2.3-0006-18  •  Thomas Berger > 42nd COSPAR Scientific Assembly > 14 - 22 July 2018, Pasadena, CA, United States 

https://www.swsc-journal.org/articles/swsc/full_html/2017/01/swsc160046/swsc160046.html 

OPEN 
ACCESS 

https://www.swsc-journal.org/articles/swsc/full_html/2017/01/swsc160046/swsc160046.html
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DOSIS & DOSIS 3D: Timeline / ISS Altitude / Sn / Oulu NM 
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DOSIS & DOSIS 3D 
DOSTEL-1 & DOSTEL-2 
 
Data: Dose in Si 
 
DOSIS: July 2009 
 
DOSIS 3D: August 2019 
 
 10 years covered 
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01/07/2014 – 31/12/2014 

DOSIS 3D: DOSTEL-1 GCR  
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DOSIS 3D: DOSTEL-1 GCR  

01/07/2018 – 31/12/2018 
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DOSIS 3D: DOSTEL-1 SAA  

01/07/2014 – 31/12/2014 



www.DLR.de  •  Chart 38 > DOSIS & DOSIS 3D  •  T. Berger for the DOSIS & DOSIS 3D Team > WRMISS-24 > 03 - 05 September 2019, Athens, Greece 

DOSIS 3D: DOSTEL-1 SAA  

01/07/2018 – 31/12/2018 
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DOSIS & DOSIS 3D:  
Active Detector Comparison 
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DOSIS & DOSIS 3D: Comparison  ALTEA / D3D-DOSTEL 

Narici, L., Berger, T., Burmeister, S., Di Fino, L., Rizzo, A., Matthiä, D., Reitz. G., (2017) Exploiting different active silicon detectors in the International Space 
Station: ALTEA and DOSTEL Galactic Cosmic Radiation (GCR) measurements. J. Space Weather Space Clim. 7, A18, 
https://doi.org/10.1051/swsc/2017016 

https://doi.org/10.1051/swsc/2017016
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DOSIS & DOSIS 3D: Comparison  ISS-RAD / D3D-DOSTEL 

Berger, T., Matthiä, D., Burmeister, S., Rios, R., Lee, K., Semones, E.; Hassler, D.M., Stoffle, N., Zeitlin, C. (2018). The Solar Particle Event on 10 
September 2017 as observed on-board the International Space Station (ISS). Space Weather,  16, https://doi.org/10.1029/2018SW001920 

https://doi.org/10.1029/2018SW001920
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DOSIS & DOSIS 3D: Comparison  D3D-DOSTEL GEANT4 

Matthiä, D., Meier, M. M., Berger, T., (2018). The solar 
particle event on 10-13 September 2017 – Spectral 
reconstruction and calculation of the radiation exposure 
in aviation and space. Space Weather,16, 977-986. 
https://doi.org/10.1029/2018SW001921 

https://doi.org/10.1029/2018SW001921
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DOSIS & DOSIS 3D: Comparison  DB-8 / D3D-DOSTEL 

Berger, T., et al. A comparison of radiation measurements performed with the DOSTEL and the DB-8 silicon detector systems 
onboard the International Space Station In preparation for re-submission to Life Sciences in Space Research 
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DOSIS 3D: Comparison  R3DR2  / D3D-DOSTEL 

Berger, T., Dachev, T.P., Burmeister, S., Matthiä, D., Przybyla, B., et al. On the comparison of radiation measurements outside and 
inside the International Space Station (ISS)  In preparation for Life Sciences in Space Research 
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DOSIS 3D: Comparison  TRITEL  / D3D-DOSTEL 

WORK IN PROGRESS 

See:  Stradi et al. WRMISS (2019) 
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DOSIS & DOSIS 3D:  
On the long term GCR variations 

… and some L value cuts … 
… and some MSL-RAD data … 
… and some CRaTER data … 

… and more work to do … 

Berger, T., Matthiä, D., Burmeister, S., Rios, R., Stoffle, N., Zeitlin, C.  and more (2019). 10 years of GCR – a full solar cycle 
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DOSIS & DOSIS 3D: 1 Baseline Data – DOSIS & DOSIS 3D 
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DOSIS & DOSIS 3D: 2 GCR/SAA Separation - NASA 

We use a model-based definition, thereby 
preventing any sensitivity to localized 
shielding inside or outside the vehicle that 
utilizes the geomagnetic field intensity (B) 
and Mc Ilwain L-shell parameter (L) as 
attributed to ISS’s trajectory.  We have 
categorized the SAA using |B| < 23 µT and L 
< 3; (Rios, 2017) the remaining environment 
is thereby categorized as GCR. ISS 
trajectory has been calculated using the 
instruments’ timestamps and SGP4 
(Simplified General Perturbation model); for 
improved accuracy, we calculate the 
geomagnetic field using IGRF-12 
(International Geomagnetic Reference Field) 
(Thébault et al., 2015) and L-shell at each 
point in the trajectory. 

Berger, T., Matthiä, D., Burmeister, S., Rios, R., Lee, K., Semones, E.; 
Hassler, D.M., Stoffle, N., Zeitlin, C. (2018). The Solar Particle Event on 10 
September 2017 as observed on-board the International Space Station (ISS). 
Space Weather,  16, https://doi.org/10.1029/2018SW001920 

https://doi.org/10.1029/2018SW001920
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DOSIS & DOSIS 3D: 3 GCR/SAA Separated – Data for B/L cut 
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DOSIS & DOSIS 3D: 4 GCR Separated – L cut 
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DOSIS & DOSIS 3D: 5 L value cut – 0≤L<2 / 2≤L<4 / 4≤L 
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DOSIS & DOSIS 3D: 6 L value cut full day at 0≤L<2 / 2≤L<4 / 4≤L 
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DOSIS & DOSIS 3D: 7 L value cut ratios – 0≤L<2 / 2≤L<4 / 4≤L 
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DOSIS & DOSIS 3D: 8 L value cut free space full day 4≤L 
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DOSIS & DOSIS 3D: 9 L value cut free space 4≤L ( DLR GEANT4) 



Cohen, C. M. S., & Mewaldt, R. A. (2018).The ground-level enhancement event of September 2017 and other 
large solar energetic particle events of cycle24. Space Weather, 16, 1616– 1623. 
https://doi.org/10.1029/2018SW002006 
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DOSIS & DOSIS 3D: 10 „NEW“ SPE Events 

23 May 2013 
6 – 8 January 2014 (DoY 6 – 8) 
25 February 2014 (DoY 56) 
2 – 3 September 2014 (DoY 245 – 246) 

https://doi.org/10.1029/2018SW002006
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CRaTER: Thanks to Cary !!!  
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CRaTER: Data re-evaluation D1/D2 
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CRaTER: Data re-evaluation D1/D2 
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CRaTER: Data re-evaluation D1/D2 
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ISS  / The Moon  / Mars: 2009 …  
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DOSIS & DOSIS 3D:  
DATA VIEWER 
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DOSIS & DOSIS 3D: Data Viewer DOSIS & DOSIS 3D: Data Viewer  

https://dosis-3d-data-viewer.thinkspaceconsulting.com/ 
 

https://dosis-3d-data-viewer.thinkspaceconsulting.com/
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DOSIS & DOSIS 3D: Data Viewer DOSIS & DOSIS 3D: Data Viewer  

https://dosis-3d-data-viewer.thinkspaceconsulting.com/ 
 

https://dosis-3d-data-viewer.thinkspaceconsulting.com/
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DOSIS & DOSIS 3D: Summary and Outlook 

o Data from 2009 -2019 
 
o Data comparison with active detectors onboard ISS, Moon and 

Mars ongoing 
 
o Data evaluation for TLD + CR-39 soon ready to be published 
 
o … a lot more to do… 

  



www.DLR.de  •  Chart 68 > DOSIS & DOSIS 3D  •  T. Berger for the DOSIS & DOSIS 3D Team > WRMISS-24 > 03 - 05 September 2019, Athens, Greece 

DOSIS & DOSIS 3D: Acknowledgements 

All of this experiments would not be possible without the help of all the astronauts 
working on the DOSIS and DOSIS 3D experiment: Frank de Winne, Tracy Caldwell-
Dyson,  Shannon Walker, Ron Garan, Mike Fossum, Andre Kuipers, Joe Acaba, Sunita 
Williams, Chris Hadfield, Chris Cassidy, Luca Parmitano, Michael Hopkins, Rick 
Mastracchio, Koichi Wakata, Alexander Gerst, Samantha Cristoforetti, Scott Kelly, 
Timothy Peake, Jeffrey Williams, Takuya Onishi, Thomas Pesquet, Jack Fischer, Mark 
Vande Hei, Norishige Kanai, Andrew Feustel, Nick Hague 

At DLR, Cologne, DOSIS 3D was supported by the DLR grant FuE-Projekt ‘‘ISS LIFE’’ (Programm RF-FuW, Teilprogramm 475). 
 
The participation of the Technische Universität Wien, Atominstitut (ATI), Vienna, Austria in the DOSIS-1 and -2 experiments was supported by the 
Austrian Space Applications Programme (ASAP) under contract no. 819643.  
 
The Polish contribution for the Institute of Nuclear Physics (IFJ), Krakow, Poland was supported by the National Science Center (project No DEC-
2012/06/M/ST9/00423).  
 
MTA EK greatly acknowledges the possibility to participate in the project to the DLR and to the ESA PECS for the financial grant No. PECS4000108464.  
 
The participation of the Nuclear Physics Institute of the Czech Academy of Sciences (NPI) has been supported by the grant of Czech Science 
Foundation (GACR) No. 15-16622Y.  
 
CAU, Kiel was supported by DLR under grants 50WB0826, 50WB1026, 50WB1232 and 50WB1533. 

We gratefully acknowledge the support of the European Space Agency (ESA) especially Jason Hatton, Rene 
Demets as well as colleagues from CADMOS, Toulouse, France and DLR-MUSC, Cologne, Germany.   


	DOSIS & DOSIS 3D onboard the ISS �Status and Science Overview from 2009 - 2019
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Foliennummer 33
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	Foliennummer 39
	Foliennummer 40
	Foliennummer 41
	Foliennummer 42
	Foliennummer 43
	Foliennummer 44
	Foliennummer 45
	Foliennummer 46
	Foliennummer 47
	Foliennummer 48
	Foliennummer 49
	Foliennummer 50
	Foliennummer 51
	Foliennummer 52
	Foliennummer 53
	Foliennummer 54
	Foliennummer 55
	Foliennummer 56
	Foliennummer 57
	Foliennummer 58
	Foliennummer 59
	Foliennummer 60
	Foliennummer 61
	Foliennummer 62
	Foliennummer 63
	Foliennummer 64
	Foliennummer 65
	Foliennummer 66
	Foliennummer 67
	Foliennummer 68

