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Motivation

« NEOs could potentially hit our planet

* Depending on their size an impact can
produce considerable damage.

» Impacts of large objects are rare, but
probability increases with smaller sizes.

* Currently about 11,600 NEOs are known
* 460 NEOs are currently in the risk list

=» About 4% of the known NEO environment
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Overview

1. Introduction

2. The new synthetic NEO population model:

The way the new NEO model was derived
and the current status or work

3. Near Earth Object Population Observation Program (NEOPOP):

Although more included the focus will be
on the Observation Simulation

4. Demonstration of the two parts of NEOPOP:

Population Generator
Observation Simulator

5. Conclusion & Discussion
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NEOs come predominantly from the main asteroid belt:
Initial conditions for residence integrations from known MBOs
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Escape routes from the main belt
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The new NEO Model
Orbits of asteroids at the moment they enter the NEO region
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The new NEO Model
Orbits of asteroids at the moment they enter the NEO region

Grouped as 7 independent sources
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Inclination [deg]

Eccentricity

The new NEO Model
NEO orbital distribution from each source
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The model equation

Objects detected by a survey Source ratios (to be determined)

/ v /
n(aeiH)=&(aeiH)) N (H)R(aei)

/ 1=1 NEO orbital distributior

from source (from
Survey efficiency function (bias) numerical integrations)

Source H-distribution
(to be determined)
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The new NEO Model
Model fit (G96 data)

red = predicted, blue = observed
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The new NEO Model
Model test (703 data)

red = predicted, blue = observed
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The new NEO Model

Final 7 source model: calibrated to both G96 and 703

red = predicted, blue = observed

red = predicted, blue = observed red = predicted, blue = observed
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The final model: orbital distribution
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The final model: H - distribution
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Population estimates for D>1km (H<17.5)

Stuart & Binzel (2004): 1090 = 180
Mainzer et al. (2011): 981 = 19
Harris (2012, unpublished): 976 = 30
OUR MODEL.: 987 = 100
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The new NEO Model
Final 7 source model: source ratios as a function of H
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The new NEO Model
NEO albedo model: methods

We define three albedo categories:

Category 1: p, smaller or equal than 0.1 - flat distribution in the 0.02-0.1 range
Category 2: p, larger than 0.1 and smaller or equal than 0.3 — flat distribution
Category 3 p, larger than 0.3 —exponential distribution: decay by 2.6 every 0.1in p,,

We use 328 NEOs with WISE-measured albedos (H>15 and W3<10). For each object
we compute the albedo category. We also compute the probability that the object
would have been observed if it had been in either albedo category: B(1), B(2), B(3)

Each survey s is caracterized by two parameters: the fraction of objects in cat. 1, 2:
Ps(1), pPs(2). Note: p(3)=1- ps(1) - ps(2). In JFC source we impose p,(1)=1.
We fit for the parameters p(1), ps(2) (s=1,..6) by maximizing the function

t=> Log(P,), where n is the index of the NEO and

Pr=25 Ps(N)(Bn(Cn)Ps(Co))(Bn(1)ps(1)+B(2)ps(2)+B,,(3)ps(3)),

P ( ) being the probability that the asteroid n comes from source s.
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The new NEO Model
NEO albedo model: results & comparison with WISE data
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NEOPOP
Introduction / Overview

NEOPOP — Near Earth Object Population Observation Program

NEOPOP is written in Fortran as Command-Line Tool (CLT).
CLT consists of four modules in two components:

» Population Generator
= Population Generation
=» Population Analysis

* Observation Generator
=» Observation Simulation
=>» Observation Analysis

Graphical User Interface (GUI) uses the CLT.
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NEOPOP
Population Generator

Population Generation:

fictitious model
old model
new model
external population

$

Population file (MPC,DYS, DES)
Physical properties file

SALL
o .?Q

Population Analysis:

* makes use of given or generated population

» user-defined analysis and filtering
— Groups & Sources
— Orbital and Object parameters
— Relative distance
— Close-Approach Analysis

* Results generated for 2D/3D/scatter/solar plots

g‘% LY Technische
3

S '3-|¥S = Universitit
o3

el -
*+5 Braunschwei
Topscud g

November 18th, 2014 | TUBS-ILR | Final Presentation | Slide 21

Ny Observatoire
p d CcO UR

e la TE AL

# Institute of !
DLR Aecrospace Systems




NEOPOP
Observation Simulation: Top-Level Data-Flow

READ q S|
(S} 28 o reser o[ 5o

« Up to 10 years observation period UPDATE
I
« Complex Configuration: SETUP
Monte-Carlo Simulation (MC) v
Network of Sensor Systems (SYS) PREFIL
Observation Strategy Definition (OSD) FESET v
CROSS
» Optical (and Radar) sensors, Ground- v
based, Space-based (geo-/heliocentric) DETECT
v
* Crossing Analysis WROUT
« Detailed sensor modelling

for Detection Analysis END? END? @
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NEOPOP
Observation Simulation: The Three Innermost Loops

Stepwise decrease of initial object population: 4

« Pre-Filter: To skip objects not being able

All objects?
to cross the field of view D ‘ ___ P

Loop over
cross. candidates

« Crossing Analysis: To identify objects that are
crossing the field of view

|

I

| Crossing Analysis
| (1.2,....n)

I

I

All crossing
candidates?

« Detection Analysis: To identify objects that
can be detected by the defined sensor system

Det. Analysis
(1.2,...n)

All crossing
objects?

=>» All three parts are implemented in a way for | ~———- 1T -
being parallelized in the future. e ]

1
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NEOPOP
Deriving the Crossing Geometry

Range limitation:

« Only the objects, which have successfully
passed the Crossing Analysis, are analyzed
for their crossing of the circular FOV.

 The task is to approximate the objects path o~
within the FOV by a set of snapshots. Linear
movement is assumed between two nearby
steps.

 For each time step ¢y, the time and related |

coordinates of the sensor and object are Lstep
stored.
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NEOPOP
Data for CCD Exposure

Consideration of integration and gap times:

tint !

. : t,
« Crossing Geoemetry is taken «—2—<«—>

* Steps in integration time are Take valid point of crossing geometry:

used directly - - -

« Start and end point of object  Interpolation / Extrapolation:

v

is being interpolated - - -I

Frame 1 Frame 2 Frame 3

Technische

% Universitit November 18, 2014 | TUBS-ILR | Final Presentation | Slide 25
e - = N
w Braunschweig /(a) Obs%rvatoire Institute of
o Rt DLR Aerospace Systems

r.



NEOPOP
CCD - Signal Modelling

Based on the ...

... trace of the object

... the pixel dwell times are calculated and

... the signal is computed for the center
and the surrounding pixels (apply PSF)
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NEOPOP
Optical Performance Model

Background Sources

V|S|ble light: Infrared light:
Stars up to user-defined magnitude » Stars up to user-defined magnitude
* Planets * Planets
« Faint starts above user-defined mag. « Faint starts above user-defined mag.
« Galaxies « Galaxies
« Zodiacal light « Zodiacal light
« Airglow * Interstellar Medium
« Atmospherically scattered Moon- & « Extragalactic Background
Sunlight
Objects ...
=> lllumination Background ...
=» Radiation =>» Radiation
=> Signal => Signal
Detection

f (signal, noise)
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NEOPOP
Further Features

» Simple Radar sensor model

 Measurement data generation (incl. bias,
noise and drift errors)

* OQutput files contain large set of
parameters: Crossing and detected objects,
magnitude, SNR etc.

» Qutput provided per sensor system as
well as for overall sensor network

» Skyplots show the objects’ positions in the
sky for a given time and location.

« Solar system overview plots show object
positions, crossings and detections
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NEOPOP
Verification by CSS-Campaign Simulation (1/5)

CSS Campaigns of G96:

CSS data (G96&703) from 2005 to 2012
has been used.

Observed Field of G96
2005-2012

Parameters used for the simulation:

g FOV i
Integration Time 30s
0 55 1(I10 1%0 250 2&0 3(30 350 400 Gap Time 30s
Right Ascencion [deg] FOV per Pixel O 973‘1
2005 - 2007 E 2009 2011
2006 x 2008 o 2010 o 2012 &
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NEOPOP
Verification by CSS-Campaign Simulation (2/5)

Results of G96 for 2005-2012 Results of G96 for 2005-2012
40 T ! T T ! 30 T T T T T
35 | 1
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= 30 | 1 =
3 3
= =
= =
2 25 b & 20 | .
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o s
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NEOPOP
Verification by CSS-Campaign Simulation (3/5)
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NEOPOP
Verification by CSS-Campaign Simulation (4/5)

1400 -
1200 -

1000 -

800 -
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400
N . I
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NEOPOP
Verification by CSS-Campaign Simulation (5/5)
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NEOPOP
NEOPOP Application: Simulation of Observations from L1

Objective:
- ldentify the viability of a NEO-detector on a L1 Space Weather mission
- Compare different potential instruments and setups
- Instrument constraint: max. mass of 3 kg

Setup:

- Observer virtually “in” L1

- Simulation over 14 days

- 3 different instruments, 8 different viewing directions

- Longer simulation (1 year, to obtain statistically more
significant results) still to be done

Results (a" NEO detectlons): Sensor LOS orientations from L1
Sensor 1 5x5 16 0 0/1/1/0 0 0 0 0%/>70%
Sensor 2 22x22 14 0 1/0/1/0 0 0 0 >92%/>76%
Sensor 3 140x140 9 0 0/0/0/0 0 0 0
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NEOPOP Demonstration

" [ ESA NEOPOP - Project: NEOPOP

: —
EOO0 st S EOBL] 2P S
v 4 . o . = L |
Settings| = 0O || Optical Sensors} = a
Run ID Defined Optical Sensors Attributes of Selected Optical Sensor
neopop N
PopGen PopAna 6os ]
P P | 703 | || General
ObsSim ObsAna :
Designator: 703 [-]
Population Generator Operational Mode: Visible Light INE|
Basic Settings Field of View (FOV): 2,850 £ [deg]
Population Settings Integration Time: 30,000 18]
. . ~
Filter Settings Gap Time: 30,000 2l 18]
S Minimum Number of Consecutive Detections: 2 [ G|
Sograms Limiting Magnitude: 25,000 e
3D Histograms Diameter of Aperature: 1,500 2 m
Scatter Plots Pixel Size: 15,000 £l [um]
Number of Pixels per Row: 4096 s
Observation Simulator Scale (Pixel POV): 12,503 $l [pix]
Basic Settings Full Width Half Maximum (FWHM): 2,500 S [pix]
. A 3
Population Settings Threshold Parameter for Detection: 2,100 $ [
Count Rate Constant for CCD Readout Noise: 11,000 $ le-lpix]
Sensor Network Count Rate Constant for Dark Noise: 0,000 4 [efpixis]
| i- Ground-based Locations | ISR Filename: optical.isr £
| L Space-based Locations
I— Optical Sensors Errors
L Beneaan Bias Noise Drift
Azimuth; 0,040 ¢! 10,050 ¢/ 0,060 ¢l [deg)
20 Histograms Add Bemmoere Elevation: 0,060 £l 0,040 £/ /0,090 ¢! [deg] R
3D Histograms v
Scatter Plots Optical Sensors Input File
im.opt = R
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Conclusion & Discussion
Conclusion

Near-Earth Object Population Observation Program (NEOPOP)

» Generation of NEO populations

» Uses new NEO Model, calibrated to recent
observation data

« Simulation of NEO population observations

» Uses new Optical Sensor model, taking various
background sources into account
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Conclusion & Discussion
Discussion

Thank you very much for your attention!

Questions?
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NEOPOP Demonstration
Backup 0

FleYele S BOR OBEE 5O 7

Settlngs|

Run 1D
necpop

PopGen PopAna

0Obssim ObsAna

Population Generatar

Basic Settings

Population Settings

Filter Settings

2D Histograms

3D Histograms

Scatter Plots

Observation Simulator

Basic Settings

Population Settings

Sensor Network

t Ground-based Locations

Space-based Locations

— Optical Sensors

Radar Sensors

2D Histograms

3D Histograms
Scatter Plots
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NEOPOP Demonstration
Backup 1

e . —m EEES
EDCO wt S HOB eE2 5O -
|output subject| = g = O ||output Category = g

Output Selection
Plot Categories
PopGen FopAna
ObsSim Obsana 2D | 3D | Seatter

Plot Subjects
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NEOPOP Demonstration
Backup 2

FleYele S BOR OBEE 5O 7

Settlngs|

Run 1D
necpop

PopGen PopAna

0Obssim ObsAna

Population Generatar

Basic Settings

Population Settings

Filter Settings

2D Histograms

3D Histograms

Scatter Plots

Observation Simulator

Basic Settings

Population Settings

Sensor Network

t Ground-based Locations

Space-based Locations

— Optical Sensors

Radar Sensors

2D Histograms

3D Histograms
Scatter Plots
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NEOPOP Demonstration

Backup 3

é»@ﬁmmﬁ HOD OEHE 5O -

Settlngs|

Basic Settings (Population Generator)|

Run 1D
necpop

Test run of the

PopGen PopAna

Po;‘:i.l‘la‘tm‘n Generator

0Obssim ObsAna

Population Generatar

Basic Settings

Population Settings

__ Generate synthetic NEO population (OLD model)

Filter Settings

= Generate synthetic NEO population

2D Histograms

__ Generate fictitious NEQ pepulation

3D Histograms

. Generate Physical Properties File only

Scatter Plots

Observation Simulator

Basic Settings

Population File: |01

Physical Properties Flle:

Population Settings

Generated/Provided Population File Format:

Sensor Network

t Ground-based Locations

Space-based Locations

\* Analyse generated population

— Optical Sensors

__ Analyse population defined below:

Radar Sensors

Population File: | 01-PO

2D Histograms

3D Histograms

Physical Properties File:

Scatter Plots

| Dump subset considering filter settings, close approach analysis, ete.

Population File:

Physical Properties File: 01

+| Draw Axes in Sclar System Plots

= O
A
Comment Lines M
Population Generation
If a population and/or at least a cross-reference file is generated:
| Compute MOID for PPF | | Compute collision prabability for PPF
Random Generator Sead: 1 o
Epoch: 2013-08-28 00:00:01
Nfoutputfine =
;I*\ ut/neopog ;'.\:r
MNEODYS_ASTDYS
Population Analysis
| Analysis Epochi | 2012-05-01 00:00:00
Propagatorn |SPICE ("PROB2B") v
GEM/oLtput/neopop. dys /| |NEODYS ASTDYS
SENfoUEpUt/neopop. ppf =
Dump Analysed Population
GENfoutput/sul =3 v
.1E‘f|‘l"|\'\'l\f"|l\': t.pp =)
Plot Generation Specifics

+| Plot Object Sources instead of Groups in 2D Plots o
~
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NEOPOP Demonstration

Backup 4

@ﬂﬁﬂimﬁ HOB ] eE? 5O -

Settlngs|

Run 1D
‘neopop

PopGen PopAna

0Obssim ObsAna

Population Generator

Basic Settings

Population Settings
Filter Settings

2D Histograms

3D Histograms

Scatter Plots

Observation Simulator

Basic Settings

Population Settings

Sensor Network

t Ground-based Locations

Space-based Locations

— Optical Sensors

Radar Sensors

2D Histograms

3D Histograms

Scatter Plots

Population Settings (Population Generatur)| = O
Population Generation in General
Min, Hvalue: 5,000 2l [
Max, Hvalue; 20,000 S
Synthetic Population Generation
Scaling factor: 1,000 S H
Extrapolation Method: Based on events observed from satellites v [
Slope Parameter up to Breaking Point: ) S
Breaking Point (2bs. magnitude): S iml
Slope Parameter from Breaking Point:  [5,000 S
Fictitious Population Generation
| Apallos: 101 ChE
| Amors: S
|| Ateps: {100 Sl H
\v| Atiras: 10¢ Sl
| PHOS: 100 St
Max. distance to Earth (PHOs only): (0,100 SIad)
Min, Max,
Semi-Major Ax(s; 0,050 Clis.000 &) (A
Eccentricity: & Skl
Inclination: ¥ %1 ldeg]
Long, of asc. Node: & Zl [deg)
Arg. of Perihal o o) [deg]
Mean Anamaly: o | [deg)
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NEOPOP Demonstration Backup

Backup 5

cXel¢

E HOB. EH? 5O 7

W

Collision Probability:

Settlngs| Filter Settmgs‘ = O
Run 1D Groups Sources
necpop
AllG All'S
PopGen BapAna v roups | ources
ObsSim ObsAna | Atens  Apollos | Amors | Atiras +| Hungariz |v| Phocea |« nué | Unknown
Population Generatar | Main Belts | Trojans | Others 3 Vil 52 V121 v IFC
Basic Settings Orbital Parameters Relative Distance
Bopulation Settings Minimum Maximurm Distance..,
Filter Settings " . ;
Semi-major Axis: & Sl [au] .. relative to Sun: 1,300 # o1 [AaU]
2D Histograms - =
3D Histograms | Eccentricity 0,20¢ CHH 1000 Sl | . relative to Earth; 1,300 SN2, 000 ) Ay
Seatter Plots Inclination: [ I 5.000 Z1 [deg)
- Close-Approach Analysis
Observation Simulator . Longitude of the ascending node: Al 5 000 2] [degl
| Perform Close Approach Analysis
Basic Settings Argument of Perihel; ” 5, 2] [deg]
= Start Epech: 2(
Population Settings 0,000 A 5,000 A &g
| Mean Anomaly: ] v <l tdeg! End Epoch; 2¢
Sensor Network -~ e = =
Perihel Distance; & 2] fau Max, Distance to Earth: 0,100 21 Ay
t Ground-based Locations -
Space-based Locations | Aphel Distance: 2l 5,000 B |
— Optical Sensors
Radar Sensors Object Properties
2D Histograms Minimum Maximum
3D Histograms | Hwalue e S
Scatter Plots __| Diameter: X 2| Tkl
MoID: SHIN1 Sl AUl
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NEOPOP Demonstration
Backup 6

'Sﬂﬁmmﬁ oo &

2z 50

Settlngs| 2D Histogram Settings (Population Generator)| = O
Run 1D
neopop Plots
PopGen PopAna Axis Type Log. Min. Max. Class Width or Number
EHBAIY BEsAnE | |Semi-Major Axis [AU] v/ | 0000 4| [5.000 £ 100,000 £ |Number of Classes v
Population G t . "
SRR R R | |Periapsis [AL] ~| || [0.000 2 [5.000 ¢ 100,000 £ Number of Classes v
Basic Settings
Population Settings | | Apoapsis [AU] ~| | | 0,000 S0 5.000 &/ 100,000 £ |Number of Classes
Iter Setti . "
ElterSetings | |Eccentricity [] v 0.000 2 1000 ¢ 100,000 £ Number of Classes v
2D Histograms o =
3D Histograms +| Inclination [deg] ~| | | 0,000 & 180,000 £/ 100,000 £ |Number of Classes
Scatter Plots - L . :
+| Lengitude of Ascending Node [deg] o ) O 0,000 £ 360,000 £ 100,000 £ |Number of Classes
Observation Simulator +| Argument of Periapsis [deg] ~| | | (0,000 £ 360,000 £ 360,000 £ Number of Classes  ~
Basic Settings . L L .
Population Settings +| |Mean Anomaly [deg] o ) O 0,000 £ 360,000 £ 360,000 £ |Number of Classes
Sensor Network | [Hvalue [ ~| | | |10,000 <! 130,000 £ 140,000 £ Number of Classes v
t Grenditicsad iecations Minimum Orbital Intersection Distance [AU] v | |« 0,001 3 1,000 ;_' o [Number of Classes  ~
Space-based Locations - -
— Optical Sensors Statistical Collision Probability [-] =l (0,000 &hi1.000 Shl10,000 £l [Number of Classes.  ~
Radar Sensors - g .
+| | Diameter [km] ~| |v (0,001 & (5000 £ 150,000 £ Number of Classes  ~
2D Histograms
3D Histograms +| | Distance to Sun [AU] > || |0,000 S 5.000 £ 150,000 £ Mumber of Classes  ~
Scatter Plots . - y
i | | Distance to Earth [AU] ~| | | (0,000 &F 5,000 &0 50,000 £ |Number of Classes v
| | Epoch [MD] ~| | | 58000000 & 56100,000 £ 150,000 £ Mumber of Classes v
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NEOPOP Demonstration
Backup 7

'Sﬂﬁmmﬁ oo &

2z 50

Settlngs| 2D Histogram Settings (Population Generator)| = O
Run 1D
neopop Plots
PopGen PopAna Axis Type Log. Min. Max. Class Width or Number
( RS J Rbsnn | |Semi-Major Axis [AU] v/ | 0000 4| [5.000 £ 100,000 £ |Number of Classes v
Population G t . "
SRR R R | |Periapsis [AL] ~| || [0.000 2 [5.000 ¢ 100,000 £ Number of Classes v
Basic Settings
Population Settings | | Apoapsis [AU] ~| | | 0,000 S0 5.000 &/ 100,000 £ |Number of Classes
Iter Setti . "
ElterSetings | |Eccentricity [] v 0.000 2 1000 ¢ 100,000 £ Number of Classes v
2D Histograms o =
3D Histograms +| Inclination [deg] ~| | | 0,000 & 180,000 £/ 100,000 £ |Number of Classes
Scatter Plots - L . :
+| Lengitude of Ascending Node [deg] o ) O 0,000 £ 360,000 £ 100,000 £ |Number of Classes
Observation Simulator +| Argument of Periapsis [deg] ~| | | (0,000 £ 360,000 £ 360,000 £ Number of Classes  ~
Basic Settings . L L .
Population Settings +| |Mean Anomaly [deg] o ) O 0,000 £ 360,000 £ 360,000 £ |Number of Classes
Sensor Wetwork + |Hvalue [ ~| | | |10,000 <! 130,000 £ 140,000 £ Number of Classes v
G T TR : . .
t Soind:based Lecations Minimum Orbital Intersection Distance [AU] v | |« 0,001 S 1,000 <] 30,000 o [Number of Classes  ~
Space-hased Locations - -
— Optical Sensors Statistical Collision Probability [-] sV 0,000 &hi1.000 Shl10,000 £l [Number of Classes.  ~
Radar Sensors - g .
+| | Diameter [km] ~| |v (0,001 & (5000 £ 150,000 £ Number of Classes  ~
2D Histograms
3D Histograms +| | Distance to Sun [AU] > || |0,000 S 5.000 £ 150,000 £ Mumber of Classes  ~
Scatter Plots . - y
= i v |Distance to Earth [AU] ~|| | (0000 &l 5,000 5! (50,000 4| | Number of Classes  +
| | Epoch [MD] ~| | | 58000000 & 56100,000 £ 150,000 £ Mumber of Classes v
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NEOPOP Demonstration
Backup 8

i&¢ Run NEQPOP

Running NEQPOP...

Cance| Execution | | Close I

v Show Log

start "pPopulaticn Generation':

Gensrate synthetic NEO population (WEW Model)
Reading model File...
Low resolution model file, distributed at 2014/04/08
FReading completed!
calculating model prediction
The model predicts 6326.38 NEOS +/- 260.62 with 15.00 < H <
Requested number of objects: 6326
additional objects with 5.00 < H < 15.00 to be generated: 53
Generating the requested synthetic mEos...
319 bodies generated;
638 bodies generated;
957 bodies generated;
1276 bodies generated;

<
> Show Error Log
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NEOPOP Demonstration
Backup 9

@ EshNEPo
O

Output Sub]ect!

Output Selection

= B || output Category = O

Plot Categories
PopGen PopAns

ObsSim Obsana 2D | 3D | Scatter

Plot Subjects
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NEOPOP Demonstration
Backup 10

ﬁﬁmmﬁ ECR. OE? 5@ -

Output Sub]ect| Summary‘ = O ||output Category = O
7 T, A
Output Selection " Near Earth Object Population Observaticn Program M Summary
e # FPopulaticn Generator - v1.l1.0
PopGen FPopina e o e e e e e e e e e eeaaeaaaeaaoas e
ot Categories
Obssim ObsAna M
# Generated at 2014-11-14 18:15:01 20 | i ligemts
: " | | Scatter |
Plot Subjects e o o n e e
| #
# Run-ID : necpop
#
# Comment: Test run of the
# Population Generator L
#
B
#
#
# Parameters used by all models
Bomm e
# Epoch: 2013 08 28 00 0D 01
#  H_min: 5.00
# H max: 20.00
# Scaling factor: 0.100E+01
#
#
# Parameter randomization:
R
#  Random number generator seed: 1
#
#
# Number of generated objects per orbit type:
e e
#
#  Amors (AMO) § 2538
# Apollos (APO) ] 3553
#  Atens (ATE) § 204
# Atiras (ATI) ] 84
# Main Belt Asteroids (MBA) : 0
# Jupiter Trojans (JTR) ] ]
# Other Astercids (OTH) ¥ 0
#
# Total number of cbjects ¥ 68379
#
e e K e e e e e et ot <gof> =
w
<l J <>
l.r*&{
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NEOPOP Demonstration
Backup 11

@ﬂﬁmmﬁ—“ HOR EP 5O o

Output Sub]ect| Plut| = O ||output Category = O
Output Selection Differential | cumulative | Reverse Cumulative | Summary
PopGen PopAna
Flot Categories
Obssim ObsAna | Test run of the
Fopulation Generator 2D || 3D | Seatter |
Plot Subjects H-value vs. Number of objects
POL: SMA
2000 T T T
PO2; PHD
1800 8
. 16800 | i PO3: AHD
o 1400 | 1 P0O4; ECC
(=]
u .
g 1200 t 1 POS5: INC
5 1000 1 POE; LAN
é 800 | 1 PO7: ADP
S 800 ¢ ’ PO8: MANQ
L 400 g
P09: HVAL
200 8
0 P12 DIA
10 25 30 P13 DTS
H-value [-] P14; DTE
—— Hungaria Jupiter 3/1 Jupiter FC ELouERD
——— Phocea - Jupiter 5/2 Unknown
nue ——— Jupiter 2/1 — TOTAL
gnuplot File | Data File neopop_AMA_2D_08_d.spc = [
- -<ILR-TUES /HEOPOR /POPGEN> - - - - - - - < <Version: vl.1.0>---<2014-11-11>- L
#
# _.f _.f _f_/_f_f !/ _.’ s _f / _f !/
# WY 2 g R Y o g R Y o R Y ol o s
# _/ _/ _.’ _4’_/_4’ _ﬂ' _f _.f_.’_.f _.’ _ﬂ' _/_f_/
# v o s e s R
# _f _J _.f_.’__ﬂ’ ! _ﬂ' / i _.’ f _f
# <
<[ J<>
1..;-,,Q
v .
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NEOPOP Demonstration
Backup 12

'@@ﬁﬂimﬁﬁ BoORL eEE 5O -

Output Sub]ect| Plut| = O ||output Category = O
Output Selection Differential | cumulative | Reverse Cumulative | Summary
PopGen PopAna
Flot Categories
Obssim ObsAna Test run of the
Population Generator 2D | 3D || Seatter |
Plot Subjects Semi-Major Axis vs. Number of objects N
POL: SMA
250 T T T T
PO2; PHD
200 | i PO3: AHD
@ PO4; ECC
8
= 150 | 1 POS5: INC
o
o POB: LAN
@ 100 | 1 PO7: ADP
£
S PO8: MANO
Z 50t j
POS: HVAL
0 - P12 DIA
a 1 2 3 4 5 P13 DTS
Semi-Major Axis [Al] P14; DTE
P15: EPO
—— Hungaria Jupiter 3/1 Jupiter FC
——— Phocea Jupiter 5/2 Unknown
nue ——— Jupiter 2/1 — TOTAL

a

gnuplot File | Data File neopop_AMA_2D_01_d.spc =

#- -<ILR- TUBS /NEOPOP /POEGEN>- - - - - - - < <Version: wl.1.0>---<2014-11-11>- =
#
# _.f _.f _ﬂ'_/_ﬂ’_f _/_f _/_.f_/ _f_ﬂ’ _f_/_.f
# WY 2 g R Y o g R Y o R Y ol o s
# _/ _/ _/ _f_f_:’ _ﬂ' _f _.f_/_.f _/ _ﬂ' _/_f_/
# v o s e / s R
# _f _J _.f_/__ﬂ’ ! _ﬂ' / i _/ f _f

7
# ~
<[ J<>
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NEOPOP Demonstration
Backup 13

@ﬂﬁmmﬁ—“ HOR EP 5O o

Output Sub]ect| Plut| = O ||output Category = O
Output Selection Differential | Cumulative | Reverse Cumulative | Summary
PopGen PopAna
Flot Categories
Obssim ObsAna | Test run of the
Fopulation Generator 2D || 3D | Seatter |
Plot Subjects Semi-Major Axis vs. Number of objects N
POL: SMA
7000 T T T T
P02; PHD
6000 |- PO3: AHD
w5000 | PO4; ECC
(=]
(7] ;
g 4000 | POS5: INC
& POB: LAN
[=]
5 3000 ¢
g PO7: AOP
S 2000 POS: MANO
z
1000 | = P0OS: HVAL
P12: DIA
0
o] 1 2 3 4 5 P13 DTS
Semi-Major Axis [AU] P14; DTE
P15: EPO
—— Hungaria Jupiter 3/1 Jupiter FC
——— Phocea - Jupiter 5/2 Unknown
nue ——— Jupiter 2/1 — TOTAL
gnuplot File | Data File neopopiANAizDinlic.qu = [
- -<ILR-TUES /HEOPOR /POPGEN> - - - - - - - < <Version: vl.1.0>---<2014-11-11>- L
#
# _.f _.f _ﬂ'_f_ﬂ'_f _/_f _.’_.f_.’ _f_f _f_/_.f
# WY 2 g R Y o g R Y o R Y ol o s
# _/ _/ _.’ _.’_ﬂ'_.’ _ﬂ’ _f _.f_.’_.f _.’ _ﬂ’ _/_f_/
* 0 R i / i R
# _f _J _.f_.’__ﬂ' ! _ﬂ’ / i _.’ f _f
# <
<[ J<>
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NEOPOP Demonstration
Backup 14

EED ] =8 X]
GEEL ) { =
FEOOL u S HOBL B2 b
| Output Subject = B ||Plot = B || output Category = O
Qutput Selection Differential | cumulative | Reverse Cumulative Summary
PopGen Puphna
—— Plot Categories
Obssim ObsAna Test run of the
Fopulation Generator 2D | 3D || Seatter

Plot Subjects

H-value vs. Semi-Major Axis

PO1: HVAL vs. SMA

6 35
PO2; SMA vs, ECC
5 30 PO3: AHD vs. AHD
= PO4; ECC vs, ECC
2 25
Za POS: INC v, INC
w
3 20 POS; LAN vs, LAN
% 2 - PO7: ACP vs. AGP
= 15
zo2 POS: MANO vs, MANO
o 10 POS: HVAL vs, HVAL
1 5 Eie s nA
P13; DTS vs, DTS
g 2 P14; DTE vs, DTE
5 8 10 1z 14 16 18 20
P15: EPO vs. EPO
H-value []
|anuplot File | Data File neopop_ANA 3D 01 _d.spc = (e
- -<ILR-TUES/HEOPOP /POPGEN>- - - - - - -<Version: wl.1l.0>---< <2014-11-11>- e
" 0
# i iy i B i
# i i i S
«  _f i 0 i
¢ 5 e i &
i L o i Y A i
# ~
= )
ALy
[T
o 3 .
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NEOPOP Demonstration

Backup 15

I |
| Output Subject = B ||Plot = B || output Category = O
Qutput Selection Differential | cumulative | Reverse Cumulative Summary
PopGen Puphna
—_———— Flot Categories
obssim ObsAna Test run of the
Population Generator 2D | 3D | Scatter
Plot Subjects Semi-Major Axis vs, Eccentricity
PO1: HVAL vs. SMA
1: 30
P02 SMA vs, ECC
PO3: AHD vs. AHD
=
08 25
PO4; ECC vs, ECC
- 20 POS: INC vs, INC
=08 POS; LAN vs, LAN
=
B 15
= PO7: AOP vs. AOP
5T}
g 04 POB: MANO vs, MANO
L 10 : :
POS: HVAL vs, HVAL
e 5 P12: DIA Vs, DIA
P13; DTS vs, DTS
0 2 P14; DTE vs. DTE
4] 05 1 15 2 25 3 35 4 4.5
P15: EPO vs. EPO
Semi-Major Axis [AL]
|anuplot File | Data File neopop_ANA_3D_02_d.spc| = (e
- -<ILR-TUES/HNEQOPOP/POPGEN>-------<Version: v1l.1.0>---< <2014-11-11>- r'

#

#*

#

# /

# S
" 7 I
#

#

1Ly

»0«
=)
)
-
U o

o3

7,
bi\fs

vy, .
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NEOPOP Demonstration

Backup 16

A MNEOPOP - miect. Demao-0

@ﬂﬁi&mﬁ? POBD. e 5O

Output Sub]ect| Plut| = O ||output Category =
Qutput Selection Differential | cumulative | Reverse Cumulative Summary
PopGen I"upAna
Flot Categories
ObsSim ObsAna Test run of the
Fopulation Generator 2D | 3D | Scatter
Plot Subjects H-value vs. Semi-Major Axis
PO1: HVAL vs. SMA
P02: SMA vs, ECC
5 | PO3: AHD vs. AHD
E)—: PO4: ECC vs, ECC
B B POS: INC v, INC
L}
é POB; LAM vs, LAN
5 3¢t
= " PO7: ADP vs. AOP
=
£ 2 L POB: MAND vs, MAND
& : F09: HVAL vs. HVAL
1+ P12: DIAvs. DIA
P13: DTS vs, DTS
O L 1 L L
P14; DTE vs, DTE
6 8 10 12
P15: EPO vs. EPO
H-value [-]
SLP: AU vs, AU
Al SLS: AU vs, AU
gnuplot File | Data File neopop_AMA res =
#- -<ILR- TURS /NEOPOP /POPGEN>- - - - - - - < <Version: wl.1.0>---<2014-11-11>- =
#
# ‘ N /ot /4y /oy /g
# v R I T I R
# Y I iy Ny
# s 7 T 7 e
w7 Y R s 7
- - - - - - A
# ~
<[ J <>
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'if" NEOP "9

g@ﬁﬁ&m

HOo@ ] 6B 5O ~

|Output Sub]ect' IPIutI = O
Output Selection Differential | cumulative | Reverse Cumulative
PopGen ﬁu_p_hna
ob oObsAns Test run of the
Population Generator
Plot Subjects Semi-Major Axis vs. Eccentricity
1 T T
08 g
I

e 3
= 06 8
=
=
S 04| |
|

02 1

O 1 1 1

0 0.5 1 15 2 25 3 ah 4 45
Semi-Major Axis [Al]
+ Al
=

gnuplot File :Data File neopop_ANA.res

#

#

#

# / Y / /
" A . W,
# / /

#

#

- -<ILR-TUES/HNEQOPOP/POPGEN>- - - - - - - < “Version:

vl.1.0>---<2014-11-11>-

<> D) >

iOutput Category

Summary

Plot Categories
2D || 3D | Scatter

POL: HVAL vs, SM&

P02: SMA vs. ECC

PO3: AHD vs, AHD

P0O4: ECC ws, ECC

POS: INC vs. INC

POB; LAM vs, LAN

POY: AOP vs. ADP

POB: MANO vs, MAND

PO9: HVAL vs, HVAL

P12: DIA s, DIA

P13: DTS vs. DTS

P14; DTE vs, DTE

P15: EPO vs. EPO

SLP: AU s, AU

SLS: AU vs, AU
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FlsYels wtt S BOBT OBP 5O -

Output Subject
Output Selection
PopGen

Plot Subjects

1Ly

e

PopAna

g | Plot

Differential | cumulative | Reverse Cumulative

gnuplot File | Data File neopop_AMNA.res

o
5
o
=
o
=1
i

--<ILR-TUBS/HNECPOP/POPGEN>- - - - - - - <V

#
#*
#
#
#
#
#
#

EEES

8 | output Category. = O
Summary
Plot Categories
2D || 3D | Scatter
POL: HVAL vs, SMA
P02 SMA vs, ECC.
PO3: AHD vs. AHD
PO4: ECC vs. ECC
PO5: INC ws, INC
POB; LAN vs, LAN
PO7: AOP ws. AOP
POE: MANO vs. MANO
P09: HVAL vs. HVAL
P12 DiAvs. DIA
P13: DTS vs, DTS
P14; DTE vs, DTE
P15: EPO vs. EPO
SLP: AU vs. AU

SLS: AU vs, AU
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D EEES
CECE] 2 (es==1 s
& LA e (i e
FOOL u S HOBRL 6E2Z 5O
Output Subject = B ||Plot = B || output Category = O
Output Selection Differential | cumulative | Reverse Cumulative summary
PopG PopA
open, npana Plot Categories

2D || 3D | Scatter

Plot Subjects
POL: HVAL vs, SMA

P02 SMA vs, ECC.
PO3: AHD vs. AHD
PO4; ECC vs. ECC
POS: INC vs, INC
PO6: LAN vs. LAN
PO7: AQF vs. AQOP
POE: MANO vs. MANOD
POS: HVAL vs, HWVAL
_P12: DiAvs. DA
P13: DTS vs. DTS
P14: DTE vs. DTE
P15: EPO vs. EPO

EELECALNGERL

SLS: AU vs. AU

gnuplot File | Data File neopop_AMNA.res =
#- -<ILR-TUES/NEOPOP/POPGEN>- - - - - - -<Version: v1.1.0>---< ©2014-11-11>- e
# L

# R R Y Gt A B A ciffny

# / 5 i Y L S L S e

# R S L A% Y R Y SR/ 5 Y Ry Y SR Y Y

s 7 7 B T N 77

* N SO S 51 5 i R L oAl

# ~

1Ly

e
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'Sﬂﬁmmﬁ oo &

2z 50

Settlngs| 2D Histogram Settings (Population Generator)| = O
Run 1D
neopop Plots
PopGen PopAna Axis Type Log. Min. Max. Class Width or Number
s Rbsnn | |Semi-Major Axis [AU] v/ | 0000 4| [5.000 £ 100,000 £ |Number of Classes v
Population G t . "
SRR R AR | |Periapsis [AL] ~| || [0.000 2 [5.000 ¢ 100,000 £ Number of Classes v
Basic Settings
Population Settings | | Apoapsis [AU] ~| | | 0,000 S0 5.000 &/ 100,000 £ |Number of Classes
Iter Setti . "
ElterSetings | |Eccentricity [] v 0.000 2 1000 ¢ 100,000 £ Number of Classes v
2D Histograms o =
3D Histograms +| Inclination [deg] ~| | | 0,000 & 180,000 £/ 100,000 £ |Number of Classes
Scatter Plots - L . :
+| Lengitude of Ascending Node [deg] o ) O 0,000 £ 360,000 £ 100,000 £ |Number of Classes
Observation Simulator +| Argument of Periapsis [deg] ~| | | (0,000 £ 360,000 £ 360,000 £ Number of Classes  ~
Basic Settings . L L .
Population Settings +| |Mean Anomaly [deg] o ) O 0,000 £ 360,000 £ 360,000 £ |Number of Classes
Sensor Wetwork + |Hvalue [ ~| | | |10,000 <! 130,000 £ 140,000 £ Number of Classes v
G T TR : . .
t Soind:based Lecations Minimum Orbital Intersection Distance [AU] v | |« 0,001 S 1,000 <] 30,000 o [Number of Classes  ~
Space-hased Locations - -
— Optical Sensors Statistical Collision Probability [-] sV 0,000 &hi1.000 Shl10,000 £l [Number of Classes.  ~
Radar Sensors - g .
+| | Diameter [km] ~| |v (0,001 & (5000 £ 150,000 £ Number of Classes  ~
2D Histograms
3D Histograms +| | Distance to Sun [AU] > || |0,000 S 5.000 £ 150,000 £ Mumber of Classes  ~
Scatter Plots . - y
= i v |Distance to Earth [AU] ~|| | (0000 &l 5,000 5! (50,000 4| | Number of Classes  +
| | Epoch [MD] ~| | | 58000000 & 56100,000 £ 150,000 £ Mumber of Classes v
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@ﬂﬁﬂimﬁ HOBD ] BT 5O o

Settlngs|

Run 1D
‘neopop

PopGen Pop&na

0Obssim ObsAna

Population Generator

Basic Settings

Population Settings

Filter Settings

2D Histograms
3D Histograms

Scatter Plots

Observation Simulator

Basic Settings

Population Settings

Sensor Network

t Ground-based Locations

Space-based Locations

— Optical Sensors

Radar Sensors

2D Histograms

3D Histograms

Scatter Plots

2D Histogram Settings (Population Generator)|

(&

&

(&

[«

Axis Type

SemiMajor Axis [AL]

Periapsis [4U]

Apoapsis [AU]

Eceentricity.[-]

Inclination [deg]

Longitude of Ascending Node [deg]

Argument of Periapsis [deg]

Mean Anomaly [deg]

Hwvalue [

Minimum Orbital Intersection Distance [AU]

Statistical Collision Probability [-]

Dlameter [km]

Distance to Sun [Al]

Distancea to Earth [AU]

Epoch [M/D]

0,000

=) ] o Bl
| 10000 B
= v
I (0,000 2
= i kil
10,000 21 30,000
. - o
=] o001 ¢l (1,000
0,000 sl1,000
. - P
w| o001 £1(s.000

o a0

o a0

oe aan

40,000

Class Width or Number

»

<>

Number of Classes.
|Number of Classes
Number of Classes.  ~
|Number of Classes
Number of Classes.  «~
|Number of Classes. w
Number of Classes.  «~
|Number of Classes. w
Number of Classes.  ~
[Number of Classes. v
Number of Classes.  ~
|Number of Classes
Number of Classes  ~
|Number of Classes.

Number of Classes  ~
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BB OO mmﬁ? HOBT e E2 5O 7
< LJ_). I
Settlngs| BaslcSettmgs(Obsewatlumswmu\aturﬂ = O
Run 1D Comment Lines
necpop
Test run of the
PopGen Pop&na - S
Observation Simulator
0Obssim ObsAna

- Analysis Mode
Population Generatar

Basic Settings s Statistical Analysis  Deterministic Analysis

Population Settings

Analysis Epoch
Filter Settings

2D Histograms Start Epoch: 2012-04-01 00:00:00

3D Histograms Duration of Observation: |0 fo) &E e [ SHjo

't
o
<
o

& [¥Y MM DD hh mm ss]

Scatter Plots

Miscellaneous

Observation Simulator Number of Monte-Carlo Runs: 1

F Min, Elevation to be considered: 10,100 ¢ [deg)
Basic Settings Seed for Random Mumber Generator: 1 ¢l H Max, magnitude for discrete stars: |6 S
Population Settings Number of steps in FOV (Geometry Filter): | 400 SIEL Propagaton | SPICE ("PROB2B") v

Sensor Network
t General Switches Additional Dats Dumps

Ground-based Locations

Space-based Locations ' Perform Pre-Filtering ~ Dump measurement data for detected cbjects
— Optical Sensors + Perform Crossing Analysis | Perform Detection Analysis Max. number of measurements to be generated: '3 S H
Radar S
EREBRISE | Consider Light Travel Time | Use Global Physical Data
2D Histograms
- Consider Tropospheric Refraction
3D Histograms -
Scatter Plots skyplots Plot Lines
Create Skyplots Line Type Line Width Name
o 7 1 AR 2| [Basic Population
Grid Size: A1 (dég] _ | Population |1 Sl L &| | Basic Populatior
| Crossings |2 SHlL & | Crossing objects
Solar System Plots =
| Detections 3 SHlL &) |Detected objects

+ Draw Solar System Plot Axes -
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EHBE it HnOo®@ eEZ 5O 7

Settlngs| Population Settings (Observation S\mulatur)| = O
Run 1D Populations
necpop
PopGen PopAna | Fopulation No.1 | Population No.2
0ObsSim 0ObsAna __ Use Population Generation Output

Population File: 01-POPGEM/output/neopop.dys

Population Generator [4) (NEODYSIASTOVS | [01P0PGEN/oLtpLijsUbset.d [NEODYS/ASTDYS v

Basic Settings PPR  01-POPGEN/output/neopop. ppf

Population Settings

S [
Filter Settings Groups & Physical Properties

2D Histograms
3D Histograms
Scattarpists | Atens | Apollos Iw/| Amors || Atiras Main Belts Trojans Others
cafie ) s Mut? — — — — — —
Obcantbn S FulateT Albedo: | 0,150 £ 0150 ¢l lo1so ¢l (0150 ) [ shic & sl
Std. Deviation: 0,050 £ 0,050 & 0,050 (‘, 0,050 £ 0,050 S o.050 A ), 050 SHH

Basic Settings

Population Settings

Sensor Network

t Ground-based Locations

Space-based Locations

— Optical Sensors

Radar Sensors

2D Histograms

3D Histograms

Scatter Plots

ALy
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-Bﬁﬁ&mﬁ

o3 82 5O -

Settlngs| Sensor Network| = |
Run ID Defined Sensor Systems Attributes of Selected Sensor System
neopop
4636
PopGen PopAna . Gl
ObsSim ObsAna
Designator: G986 -1
Population Generator Location Type: Ground-based v [H
Basic Ssttings Sensor Type: Optical v | [
Fopulation Settings
filterSatiings Sensor Manifestations __| Use Separate Transmitter
2D Histograms ReceiverfTransmitter Transmitter
3D Histograms Location: G996 | |GSE v [
Scatter Plots Sensor: G398 wv | |G9E6 v [

Observation Simulator Observed Volume

Basic Settings

. T Coordinate System: Topocentric Equatarial w | |Local Horizan e |
Bpkiatlanaettings Right Ascension | Azimuth: 0,000 < C Ideg]
Sensor Network Declination | Elevation: 0,000 o £ [deg]
|i Ground-based Locations Min, Range: 0,000 £} o1 aul
Space-based Locations Max, Range: 10,000 & S1Ad]

Optical Sensors

Radar Sensors

Use Observation Strategy File: |« C‘SS—S‘UNEyﬁGBE:ZUl.2'04‘05.{1

2D Histograms

30 Histograms

Scatter Plots

Add Remove
Network Input File
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FfeXoLe Lits MO eEP? BO
< LJ_). I
Settlngs| BaslcSettmgs(Obsewatlumswmu\aturﬂ = O
Run 1D Comment Lines
necpop
Test run of the
PopGen Pop&na - S
Observation Simulator
0Obssim ObsAna

- Analysis Mode
Population Generatar

Basic Settings s Statistical Analysis  Deterministic Analysis

Population Settings

Analysis Epoch
Filter Settings

2D Histograms Start Epoch: 2012-04-01 00:00:00

3D Histograms Duration of Observation: |0 fo) &E e [ SHjo

't
o
<
o

& [¥Y MM DD hh mm ss]

Scatter Plots

Miscellaneous

Observation Simulator Number of Monte-Carlo Runs: 1

F Min, Elevation to be considered: 10,100 ¢ [deg)
Basic Settings Seed for Random Mumber Generator: 1 ¢l H Max, magnitude for discrete stars: |6 S
Population Settings Number of steps in FOV (Geometry Filter): | 400 SIEL Propagaton | SPICE ("PROB2B") v

Sensor Network
t General Switches Additional Dats Dumps

Ground-based Locations

Space-based Locations ' Perform Pre-Filtering ~ Dump measurement data for detected cbjects
— Optical Sensors + Perform Crossing Analysis | Perform Detection Analysis Max. number of measurements to be generated: '3 S H
Radar S
EREBRISE | Consider Light Travel Time | Use Global Physical Data
2D Histograms
- Consider Tropospheric Refraction
3D Histograms -
Scatter Plots skyplots Plot Lines
Create Skyplots Line Type Line Width Name
o 7 1 AR 2| [Basic Population
Grid Size: A1 (dég] _ | Population |1 Sl L &| | Basic Populatior
| Crossings |2 SHlL & | Crossing objects
Solar System Plots =
| Detections 3 SHlL &) |Detected objects

+ Draw Solar System Plot Axes -
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[a] Run NEOPOP
! Running NEOPOP...
Cancel Execution i | Closs |

| v Show Log

The number of analysed cbjects is : 55
The number of crossings is : 0
gimulate osD-get Ho. 87 of 1440
Pre-rFilters
makes use of longitude For filtering.
The number of filtered cbjects is : 5876
crossing Analysis:
The number of analysed cbjects is : 503
The number of crossings is : 0
gimulate osp-set Ho. 88 of 1440
Pre-rFilters
makes use of longitude for filtering.
The number of filtered cbhjects is : 6205
crossing Analysis:
The number of crossings is : 0
simulate osD-set Ho. 89 of 1440
| <
> shew Error Log
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o Are you sure you want to cancel execution of NEOPOP Command-Line
Tool?
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Folder: /home/smueller/necpop-guifworkspace/FP-Demo-1

oK \Cancel
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EO GG &t 5 BOB

eBr BO

Output Sub]ect|

Output Selection

PopGen PopAns

Plot Subjects

S00: Overall Network

0ObsSim ObsAna

501; GS6

Output Category

Summary

Flot Categories

2D || 3D | Scatter

POL1: DIA vs. DIA

PO2; DIAvs, DIA

P03; ECC vs. ECC

PD4: INC ws, INC

PO5; LAN vs, LAN

PO6; AOP ws, ACP

FO7: MAND vs, MANO

POB: Hvs, H

P09: TCA vs, TCA

PLl0O: TCA RNG ws, TCA RNG

P11: TCA RAT vs. TCA_RRT

P12: DWELL vs, DWELL

P13: OFFSET ws. DFFSET

P14; ANGVEL vs, ANGVEL

P15: PHA vs, PHA

SLP: AU vs, AU

SLS: AU s, AU
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@ﬂﬁ HLitLﬁE MO B2 5O

Output Sub]ect| Plut| = O ||output Category = O
Output Selection Differential | cumulative | Reverse Cumulative | Summary
PopG PopAl
sp=en Sl Flot Categories
0ObsSim | ObsAna Test run of the
- Observation Simulator 2D | 3D || Seatter |
Plot Subjects H-Walue vs. Number of crossings/detections
POL: DIA
S00: Overall Network a0 [ T T T T T
501: G96 G
« 35 | PO3; ECC
=
S PO4: INC
S 30
= POS: LAN
2 ok}
=) PO6: AGP
7 20 |
@ PO7: MANC
2
5 15 | PO8: H
5
5 10 b POS: TCA
o
E P10; TCA_RNG
= 5
= P11: TCA RRT
0 L L = L
P12: DWELL
10 12 14 16 18 20
P13: OFFSET
H-value [-]
P14: ANGVEL
——— Crossing objects ——— Detected objects Hicaot
gnuplot File | Data File neopoijliZD?OS?d.qu = [
- -<ILR-TUES /HEOPOP /OBSSIM>-- - - - - -<Version: vl.1.0>---<2014-11-11>- L
#
# _.f _.f ﬂ'_.‘_ﬂ’_f !/ _.’ s _f / _f !/
# WY 2 g R Y o g R Y o R Y ol o s
# _/ _/ _.’ _/_ﬂ'_f _ﬂ’ _f _.f_.’_.f _.’ _ﬂ’ _/_f_/
* 0 R i / i e
# _f _J _.f_.’__ﬂ’ ! _ﬂ’ / i _.’ f _f
# <
<[ J<>
1..;-,,Q
v .
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FleYels wit S HODL] OEH? 5O

Output Sub]ect| Plut| = O ||output Category = O
Output Selection Differential | cumulative | Reverse Cumulative | Summary
PopG PopAl
sp=en Sl Flot Categories
0ObsSim | ObsAna Test run of the
Observation Simulator 2D || 3D | Seatter |
Plot Subjects Semi-major axis vs. Number of crossings/detections
POL: DIA
S00: Overall Netwerk 16 [ T | Ep— T T 7] O
501: G96 G
w14 | 1 PO3; ECC
=
S PO4: INC
o a2 1
= POS: LAN
T 10t 1
=) PO6: AGP
=, a o i
@ PO7: MANC
2
= 6 1 POB: H
5
5 4l ] POS: TCA
o
E P10; TCA_RNG
= 2 L 1
= P11: TCA RRT
O L I 1
P12: DWELL
0 i3 2 3 4 5
; : P13: OFFSET
Semi-major axis [AU]
P14: ANGVEL
——— Crossing objects ——— Detected objects Hicaot
gnuplot File | Data File neopopismlizDiozid.qu = [
- -<ILR-TUES /HEOPOP /OBSSIM>-- - - - - -<Version: vl.1.0>---<2014-11-11>- L
#
# _.f _.f f_f_f_f !/ _.’ s _f / _f !/
# e e i o e i o i
# _/ _/ _.’ _f_ﬂ'_:’ _ﬂ' _f _.f_.’_.f _.’ _ﬂ' _/_f_/
* 0 R i / i e
# _f _J _/_/__ﬂ' ! _ﬂ' / i _.’ f _f
# e
<[ J<>
1..;-,,Q
v .
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N OPCR. Pic :
HDpOD 4 S PO 22 5O o |

Output Selection Differential | cumulative | Reverse Cumulative summary

PopGen PopAns
Plot Categories

0bsSim ObsAna
2D || 3D | Scatter

Plot Subjects
POL: DIA vs, DIA

S00: Overall Network
PO2: DIA VS, DIA

501: G96 P03; ECC ws. ECC
_PO4: INC vs. INC
POS: LAN vs, LAN
PO6; AOP vs. AQP

FO7: MANO vs, MANO

PO8: Hvs. H

P09: TCA vs. TCA
PLO: TCA_RNG vs. TCA_RNG
P11: TCA RAT vs. TCA RRT
P12: DWELL vs. DWELL
P13: OFFSET vs. OFFSET
PLa: ANGVEL vs. ANGVEL
P15: PHA vs. PHA
SLP: AU vs. AU

SLS: AU s, AU
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e X ol e wit S BOB ] QB2 5O 7

Output Subject
Output Selection
PopGen
0bsSim
Plot Subjects

S00: Overall Network

501: G96

1Ly

PopAns

ObsAna

FCE

8 | Plot B | output Category

Differantial Reverse Cumulative Summary

Cumulative

Plot Categories
2D || 3D | Scatter

POL: DIA s,

P02; DIA VS,

PO3:; ECC vs.

P04 INC s,

POS: LAN s,

PO6; ADP vs,

FO7: MANO vs,

720

VS,

POS9: TCA vs,
PLO: TCA_RNG vs. TCA RNG
P11: TCA RAT vs. TCA RRT
F12: DWELLvs, DWELL
P13: OFFSET vs. OFFSET
PLa: ANGVEL vs. ANGVEL

P15: PHA vs. PHA

SLP: AU s, AU

.gnup\ot File | Data File neopop_S01_SL_MC01_d.spc 515 AUve, AU
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t FP-Dema-1

2 — 8 X]
-@ﬂﬁ Mmﬁ HOoO@ ] 2?2 5O 7
= L_[_- ==
Settlngs| Basic Settings (Observation S\mu\atur)| = O
Run 1D Comment Lines
necpop
Test run of the
PopGen Pop&na S
Observation Simulator
0Obssim ObsAna
Analysis Mode
Population Generator
Basic Settings s Statistical Analysis Deterministic Analysis
Population Settings
Analysis Epoch
Filter Settings .
5D Hlistodrars Start Epoch: 2012-04-01 00:00:00
3D Histograms Duration of Observation: |0 fo) &E e [ SHjo £ilo fol- [ & [¥Y MM DD hh mm ss]
Miscellaneous
Observation Simulator Number of Monte-Carle Runs: 2 S H Min, Elevation to be considered: 10,100 £ [deq]
"I'!_as_iE_SEttmg; Seed for Random Number Generator: I bl @ Max, magnitude for discrete stars: & S H
Population Settings Number of steps in FOV (Geometry Filter): 400 Ti Propagator | SPICE ("PROB2B") v
Sensor Network
General Switches Additional Dats Dumps
| Ground-based Locations
Space-based Locations ' Perform Pre-Filtering ~ Dump measurement data for detected cbjects
‘* Optical Sensors | Perfonm Crossing Analysis | Perform Detection Analysis Max, number of measurements to be generated: 3 T H
(- Radar 5
EREBRISE | Consider Light Travel Time | Use Global Physical Data
2D Histograms
= Consider Tropospheric Refraction
3D Histograms -
Scatter Plots skyplots Plot Lines
Create Skyplots Line Type Line Width Name
- 1 Al Rasic Population
Grid Stze: deg] _ | Population |1 z 1 + || [EE Popt r
| Crossings |2 SHlL & | Crossing objects
Solar System Plots =
| Detections |3 OHll 1 &) |Detected objects
+ Draw Solar System Plot Axes

l‘:*% .
% Technische

# Universitit
'~ Braunschweig

November 18, 2014 | TUBS-ILR | Final Presentation | Slide 72

Institute of

dela COTE 4'AZUR

(a/ Observatoire

DLR Aecrospace Systems



NEOPOP Demonstration
Backup 35

Folder. |/home/smueller/neopop-guiiworkspace/FP-Deme-2

oK Cancel|

Technische

Universitit November 18, 2014 | TUBS-ILR | Final Presentation | Slide 73
e : ) i
Braunschweig /(:a {)bsemteilre Institute of
\ /, dela COTE d'AZUR " Aerospace Systems

DL




NEOPOP Demonstration

Backup 36

EO GG &t 5 BOO L

eBr BO

Output Sub]ect|

Output Selection

PopGen PopAns

Plot Subjects

S00: Overall Network

0ObsSim ObsAna

501: G96

Output Category

Summary

Flot Categories

2D || 3D | Seatter|

POL1: DIA vs. DIA

PO2; DIAvs, DIA

P03; ECC vs. ECC

PD4: INC ws, INC

PO5; LAN vs, LAN

PO6; AOP ws, ACP

FO7: MAND vs, MANO

POB: Hvs, H

P09: TCA vs, TCA

PLl0O: TCA RNG ws, TCA RNG

P11: TCA RAT vs. TCA_RRT

P12: DWELL vs, DWELL

P13: OFFSET ws. DFFSET

P14; ANGVEL vs, ANGVEL

P15: PHA vs, PHA

SKY-CRS; AZl vs. ELE

SKY-DET: AZ|vs. ELE

Technische
Universitit
Braunschweig

e

i3
]
I
e

4

®)

November 18, 2014 | TUBS-ILR | Final Presentation | Slide 74

Obser\tatmre

dela COTE 4'AZUR

DLR

Institute of
Aerospace Systems




NEOPOP Demonstration
Backup 37

T x =5 x|
EDPON S BOBL eER2 5O 7
= = 4 1 A ) =
| Output Subject = B ||Plot = B || output Category = O
Qutput Selection Differential | cumulative | Reverse Cumulative Summary
PopGen PopAns
Plot Categories
0bsSim ObsAna Test run of the
""""" Observation Simulator 20| 30 || scatter
Plot Subjects System: 01 - Skyplot (Crossings): AZI vs. ELE
POL: DIA vs, DIA
S00: Overall Netwerk 4
P02: DIA VS, DIA
501: G96
35 PO3; ECC vs. ECC
PO4: INC vs. INC
3 : P
w POS: LAN vs, LAN
= = 2
5 25 & POS: AGP vs. AGP
= o] R
(=]
5 2 5 PO7: MANO vs. MANO
I 5
= ' .
2 15 @©
w ' g POD: TCA vs, TCA
= PL0; TCA_RNG vs. TCA RNG
P11: TCA RRT ws, TCA RRT
05
S B 2 AW EL LG DWEL L
0 P13: OFFSET vs. OFFSET
= =
0 50 100 150 200 250 300 350 P14; ANGVELvs, ANGVEL
Azimuth [ded] P15: PHA vs. PHA
SKY-CRS: AZIvs. ELE
| = 7 =
”gnup\ot File | Data File neopop_SkY_501_d.spc B8 I SKYDET, AZlvs. ELE
- -<ILR-TUBS/HEOPOP /OBSSIM>- - - - - --<Version: vl.1.0>---< ©2014-11-115- F
|

#
#*
#
#
#
#
#
#

T, .

" ?,-é Terihnlsgl'_l_e
‘ﬁ > 3 Universi at'
* c';d" Braunschweig

1
»O'«
3]

&
]
4]
L]

7,
bi\fs

Institute of
LR Aerospace Systems

Observatoire

dela COTE d'AZUR

D



NEOPOP Demonstration
Backup 38

]
H

EOOC LLS OB OE? 5O -

Output Subject 8 | Plot = B || output Category

I
u|

Output Selection Differential | cumulative | Reverse Cumulative summary
PopGen PopAns

0bsSim ObsAna Test run of the
- Observation Simulator sol 30 [iscatiar
Plot Subjects System: 01 - Skyplot (Detections): AZ| vs. ELE

Plot Categories

POL: DIAvs, D

A

S00: Overall Network

202 Blps DA

501: G96
P03; ECC vs. ECC

POA: INC s, INC

PO5; LAN vs, LAN

206: AR US AU 2

FO7: MAND vs, MANO

PO8: Hvs, H

Elevation [deg]

P09: TCA vs, TCA

Number of Detections [-]

ZLOTCA BHGvS, TCA BNG

P11: TCA RRT vs. TCA RRT

Bl AWELEVRDWE)

0 P13: OFFSET ws. DFFSET

0 50 100 150 200 250 300 350
Azimuth [deg]

Bl ANCNEL S ANENE LY

P15: PHA vs. PHA

S

: 21 vs. ELE
il " =
”gnup\ot File | Data File neopop_Sk¥_S01_d.spc B8 SKY-DET: AZive. ELE

--<ILR-TUES/HNEQOPOP/OBSSIM>-------<Version: vl.1.0>---< <2014-11-11>-

0

#
#*
#
#
#
#
#
#

1Ly

e

+ 3
¢ Technische
Universitiit November 18th, 2014 | TUBS-ILR | Final Presentation | Slide 76

Braunschweig ( Observatoire Institute of
7 (¥ A TR HOERE DLR Aerospace Systems




