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European Space Agency / Space Debris Office
Dr. Holger Krag / Technical Officer

Institute of Space Systems / TU Braunschweig
Prof. Dr.-Ing. Enrico Stoll, B.Sc. (Head of Institute)
Dr. Carsten Wiedemann (Senior Scientist)
André Horstmann, M.Sc. (Project Manager, Developer)
Sebastian Hesselbach, M.Sc. (Developer)

Consultants:
Dr.-Ing. Sven Flegel (MASTER-2009 project manager)
Dr.-Ing. Michael Oswald (Airbus Defence and Space)

Research and development of over 3 years
Multiple PhD-thesis contributed to the MASTER model for the past 24 years

Stakeholder and Project Team
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Hardware Requirements

• CPU: 1 Ghz or faster

• RAM: 2 GB (recommended)

• Disc space: 190+ MB

Software Requirements:

• Windows: Windows 7 (64 bit), Windows 10 (64 bit)

• Linux: openSuSE , Ubuntu 10.10 or equivalent 
distribution, Debian 8+ (32 bit / 64 bit) ; KDE, 
GNOME or similar window manager

• MacOS: MacOS 10.12 or higher (64 bit)

• Java Runtime Environment: 1.8.0

MASTER system requirements
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Overview

Release

Size

Altitude

Time

Debris Sources

Meteoroid BG

Meteoroid Streams

Model core features

Validation

Reference Epoch
November 2016
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Updated event lists
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Updated event lists (SRM firings)

2009/05

MASTER-2009 (until 2009/05) MASTER v8.0.0 (until 2009/05) MASTER v8.0.0 (until 2016/11)

No. of firings 1964 2402 2437

Prop. mass 1318.11 tons 1361.04 tons 1424.42 tons
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Updated event lists (fragmentations)

● PhD thesis Dr. Sven Flegel

● General maintenance

● GEO validation

● LEO validation
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Updated event lists (fragmentations)

● PhD thesis Dr. Sven Flegel

● General maintenance

● GEO validation

● LEO validation

Fengyun-1C: 1000 → 3425
(+ 242.5 %)

Cosmos-2251: 1050 → 1667
(+58.7%)

TLE catalog
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Updated event lists (fragmentations)

Numer of catalogued debris over time for selected payloads

→ Number of catalogued debris seem to stabilize after almost a decade of observation
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Updated event lists (fragmentations)

38 new fragmentations since May 2009:

● 2 Collisions
● 15 Explosions
● 15 Unknown
● 6 Aerodynamic
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Updated event lists (fragmentations)

38 new fragmentations since May 2009:

● 2 Collisions
● 15 Explosions
● 15 Unknown
● 6 Aerodynamic

→ mean of over 5 fragmentations per 
     year
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Updated event lists (fragmentations)

261 confirmed fragmentations in database (up to 2016/11)
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Population evaluation
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Population evaluation

2005 – 2009 - 2016

• Influence on 
small debris in 
low altitudes

• Local solar high 
in 2014/2015
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Population evaluation

TLE Catalog (2016/11)

17 803 Objects
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Population evaluation

TLE Catalog (2016/11)MASTER population d > 10 cm (2016/11)

~34 000 Objects
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Population evaluation

MASTER population d > 1 cm (2016/11)

~ 900 000 Objects
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Population evaluation

MASTER population d > 1 mm (2016/11)

~ 2 Billion Objects



March 21st  2019 | André Horstmann | ESA-MASTER  | page  20

Population evaluation

MASTER population d > 0.1 mm (2016/11)

~ 400 Billion Objects
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Population evaluation

MASTER population d > 0.1 mm (2016/11)

Comparison between 

MASTER-2009 

and
 

MASTER v8.0.0
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Population evaluation

MASTER population d > 0.1 mm (2016/11)

Comparison between 

MASTER-2009 

and
 

MASTER v8.0.0
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Population evaluation

MASTER population d > 0.1 mm (2016/11)

Comparison between 

MASTER-2009 

and
 

MASTER v8.0.0
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Population evaluation

MASTER population d > 0.1 mm (2016/11)

Comparison between 

MASTER-2009 

and
 

MASTER v8.0.0
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Population evaluation

MASTER population d > 0.1 mm (2016/11)

Comparison of MASTER v8.0.0
on 

May 2009

and
 

November 2016
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Population evaluation

MASTER population d > 0.1 mm (2016/11)

Comparison of MASTER v8.0.0
on 

May 2009

and
 

November 2016
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Population evaluation

MASTER population d > 0.1 mm (2016/11)

Comparison of MASTER v8.0.0
on 

May 2009

and
 

November 2016
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Population evaluation

MASTER population d > 0.1 mm (2016/11)

Comparison of MASTER v8.0.0
on 

May 2009

and
 

November 2016
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Population evaluation

MASTER population d > 0.1 mm (2016/11)MASTER-2009 MASTER v8.0.0

1 May 2009 1 November 2016

µ

µ

µ
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Population validation
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Population validation
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Population validation

Small object validation

Mission Deployment Retrieval On-orbit 
duration

Altitude Inc. RAAN

LDEF 1984 Apr 06 1990 Jan 14 5y  9m  6d 457 km 28.5 ° 240 °

EuReCa 1992 Aug 01 1993 Jun 24    10m 23d 495 km 28.5 ° 0 °

HST-SM1 1990 Apr 24 1993 Dec 08 3y  7m 14d 614 km 28.5 ° 0 °

HST-SM3B 1993 Dec 04 2002 Mar 03 8y  2m 28d 614 km 28.5 ° 0 °

(images taken from https://directory.eoportal.org)
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Population validation
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Population validation

Lead surface
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Population validation

North surface
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Population validation

North surface



March 21st  2019 | André Horstmann | ESA-MASTER  | page  37

Population validation

South surface
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Population validation

Impact 
measurements

Impact 
measurements
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Population validation

HST-SM1 Front Top solar array
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Population validation

HST-SM1 Rear Top solar array
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Population validation

HST-SM3B Front Top solar array
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Population validation

Impact 
measurements

Impact 
measurements
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Population validation

EuReCa Front Top solar array
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Population validation

TIRA (S)BPE 
2010, 2013, 2015

 (www.esa.int)
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Population validation

new data

Major Field-of-View 
contributors:

● Fengyun-1C (1999-025A)

● Briz-M (2006-006B)

● Cosmos-2251 (1993-036A)

● Iridium-33 (1997-051C)
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Population validation
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Population validation
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Population validation
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Population validation
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Population validation
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Population validation
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New user features

Overview:

1.  Grün Meteoroid Model 
2.  Flux in Lagrange points
3.  Target orbit propagation 
4.  Revised output
5.  Uncertainty indicators
6.  Coorporate design
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New user features

Meteoroid populationMeteoroid population

Background

Divine-StaubachDivine-Staubach

GrünGrün

Streams

Jenniskens/Mc-BrideJenniskens/Mc-Bride

Cour-PalaisCour-Palais

GRÜN velocity
(= 20 km/s)

GRÜN velocity
(= 20 km/s)

TAYLOR velocity 
distribution
(< 72 km/s)

TAYLOR velocity 
distribution
(< 72 km/s)

1. Flux up to lunar altitude
2. Spatial Density up to 

GEO
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New user features

GRÜN meteoroid 
model

GRÜN meteoroid 
model

Gravitational 
focussing

Planetary 
shielding

MASTER flux + 
spatial density  

results

MASTER flux + 
spatial density  

results

Flux Spatial density

Verification
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New user features

GRÜN meteoroid 
model

GRÜN meteoroid 
model

Gravitational 
focussing

Planetary 
shielding

MASTER flux + 
spatial density  

results

MASTER flux + 
spatial density  

results

Constant velocity (GRÜN) Velocity distribution (TAYLOR)

d > 1µm d > 1µm
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New user features

Meteoroid flux in Lagrange points at 1AU 
exclusively provided by GRÜN model
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New user features

• Almost pure GRÜN flux model F(m)
• Focussing and shielding still evaluated, but marginal change in flux

GRÜN meteoroid velocity
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New user features

• Almost pure GRÜN flux model F(m)
• Focussing and shielding still evaluated, but marginal change in flux

TAYLOR meteoroid velocity distribution



March 21st  2019 | André Horstmann | ESA-MASTER  | page  59

New user features

Key features for the optional propagation of target orbits:

• Up to 300 internal target orbits possible (25 years with 1 month resolution)

• apo,peri  [0 km;500.000 km) → approx. lunar altitude

• Flux above GEO+1000km → meteoroids only!

• Flux below 186 km → no contribution!

• Re-entry handling
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New user features

TStart TEnd

hp,Start
User input
Propa.
MASTER

no propagation requested
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New user features

TStart TEnd

hp,Start
User input
Propa.
MASTER

resolution

propagation requested

+ object
properties
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New user features

TStart TEnd

hp,Start

hp,min

User input
Propa.
MASTER

100 km

resolution
TEnd

*

propagation

+ object
properties

propagation requested
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New user features

TStart TEnd

hp,Start

hp,min

User input
Propa.
MASTER

100 km

resolution
TEnd

*

propagation

discretisation

+ object
properties
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New user features

New additional information in the output files:

• Derived most recent reference epoch

• List of procssed data files

• Data file version

• New source-column arrangement

Header

Data output

No direct compatibility between MASTER-2009 
and MASTER v8.0.0 output
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New user features

First uncertainty assessments by NASA in 1994:

GRÜN model 
inherent

Best guessing…
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New user features



March 21st  2019 | André Horstmann | ESA-MASTER  | page  67

New user features

Provided spectra:
1. Spatial Density vs. Altitude
2. Flux vs. Diameter
3. Flux vs. Mass
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New user features

Large object uncertainties (TIRA-BPE 2013 as example case)
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New user features

Crucial factor: Time difference between fragmentation epoch and campaign epoch

Red: Strong increase in number of tracked debris
Blue: Settlement in number of tracked debris
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New user features

Small object uncertainties (EuReCa as an example case)
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New user features
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New user features

LEO/MEO uncertainties GEO uncertainties
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New user features

Graphical Output

Provided spectra:
1. Spatial density vs. Altitude
2. 2D-Flux vs. Diameter
3. 2D-Flux vs. Mass
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Thank you! Time for questions(?)

 


