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5タイプのシンボルロゴ

タイプのシンボルロゴは、それぞれ十分検討したうえでシンボルとロゴを組み合せて

あります。原則として、これ以外のやり方で、シンボルとロゴタイプを組み合わせるこ

とはできません。

シンボルと和文ロゴタイプ、
および英文ロゴタイプを天地方向に組み合わせたタイプ

シンボルと和文ロゴタイプを
天地方向に組み合わせたタイプ

シンボルと和文ロゴタイプを
左右方向に組み合わせたタイプ

シンボルと英文ロゴタイプを
天地方向に組み合わせたタイプ

シンボルと英文ロゴタイプを
左右方向に組み合わせたタイプ

天地方向の組み合せ 左右方向の組み合せ

和
文
＋
英
文

和
文

英
文

なし

基本要素
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Overview	
  of	
  the	
  collabora've	
  observa'ons	


40	
  uncataloged	
  objects	
  are	
  detected	
  to	
  be	
  iden'fied	
  
with	
  the	
  1968-­‐081E	
  fragments	
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TAOS	
  (Φ50cm)	
  
FOV:	
  1.74°×1.78°	
  	
  
CCD:	
  2k2k	
  

LOT	
  (Φ1m)	
  
FOV:	
  26.4’×13.2’	
  	
  
CCD:	
  4k2k	
  

JNO	
  (Φ35cm)	
  
FOV:	
  1.27°×1.27°	
  
CCD:	
  2k2k	
  

Nyukasa	
  
observatory	
  

Lulin	
  
observatory	
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Search	
  target	
 1968-­‐081E	
  (Titan	
  IIIC	
  Transtage)	
  fragments	

Observa'on	
  period	
 20	
  –	
  22	
  Oct.	
  2011	
  (3	
  nights)	

Observa'on	
  mode	
 Survey	
  (6	
  hours	
  /	
  night)	




Breakup	
  fragments	
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Proper9es	
  of	
  breakup	
  fragments	

Small	
  size	
  (<1m)	
  =	
  Faint	
  objects	
  

Large	
  part	
  remains	
  lost	
  =	
  Uncertain9es	
  in	
  states	
  	


Necessity	
  of	
  predic9ve	
  analyses	
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BREAKUP	


Transtage (ref. U.S. 
Air Force website)	




The	
  search	
  strategy	
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  
   

 

 

  
  

 

 

 
  

   

 

 

 
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Observa'on	
  planning	
  (1)	
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Predicted	
  popula'on	
  of	
  1968-­‐081E	
  fragments	
  	
  
as	
  6	
  hours	
  'me-­‐integrated	
  distribu'on	
  (Bin	
  size	
  =	
  1°×1°)	
  

Geocentric right ascension [°]	
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Observa'on	
  planning	
  (2)	
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Geocentric right ascension [°]	
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Traveling	
  speed	
  of	
  1968-­‐081E	
  fragments	
  in	
  the	
  peak	
  popula'on	
  bins	
  
seen	
  from	
  the	
  Lulin	
  Observatory	
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Geocentric right ascension [°]	
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A	
B	


Observa'on	
  planning	
  (3)	
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Sensor	
  	
  
Name	
 

Popula9on	
  (6	
  hrs.)	
  [#]	
 Traveling	
  speed	
  [“/sec]	
 
A	
 B	
 A	
 B	
 

TAOS	
 56.47	
  ±	
  1.09	
 39.95	
  ±	
  1.80	
 2.01	
  ±	
  0.55	
 0.87	
  ±	
  0.61	
 
LOT	
 27.56	
  ±	
  2.04	
 14.82	
  ±	
  1.77	
 1.96	
  ±	
  0.43	
 0.74	
  ±	
  0.42	
 
JNO	
 53.16	
  ±	
  1.32	
 33.21	
  ±	
  2.01	
 1.94	
  ±	
  0.49	
 0.80	
  ±	
  0.53	
 

Earth	
  
Shadow	


Nyukasa	


Lulin	
Invisible	
  region	




Origin	
  iden'fica'on	
  (1)	
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ϕ = cos−1 sinδ1 sinδ2 + cosδ1 cosδ2 cos α2 −α1( ){ }

n ≅ ϕ
Δt

Separa'on	
  angle	
  (φ)	
  between	
  2	
  observed	
  points	
  (α1, δ1) and (α2,	
  δ2)	
  	
  	


Mean	
  mo'on	
  (n)	
  is	
  approximated	
  from	
  φ	
  and	
  observa'on	
  interval	
  
(Δt)	
  between	
  the	
  2	
  observa'ons	


Semi-­‐major axis (a), inclination (i), and right ascension of ascending 
node (Ω)	
  can	
  be	
  recovered	
  from	
  φ	
  and	
  n	
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•  Demonstra'ng	
  the	
  origin	
  iden'fica'on	
  	
  
by	
  es'ma'ng	
  the	
  orbits	
  as	
  circular	
  ones	


Correla'ons	
  in	
  the	
  icos(Ω)-isin(Ω) plane	
  (Hanada	
  et	
  al.,	
  2005)	




Origin	
  iden'fica'on	
  (2)	

•  1968-­‐081E	
  fragments	
  (generated	
  by	
  the	
  breakup	
  model)	
  

in	
  the	
  icos(Ω)–isin(Ω)	
  plane	
  at	
  the	
  breakup	
  epoch	


9	
16	
  July	
  2012	
 39th	
  COSPAR	
  Scien'fic	
  Assembly,	
  PEDAS.1-­‐0002-­‐12	




Origin	
  iden'fica'on	
  (3)	

Probability	
  distribu'on	
  of	
  
1968-­‐081E	
  fragments,	
  
applied	
  a	
  threshold	
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Origin	
  iden'fica'on	
  (3)	

40	
  UCTs	
  are	
  correlated	
  with	
  
the	
  1968-­‐081E	
  fragments	
  in	
  
total	
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Valida'on	
  of	
  observa'on	
  planning	


12	


•  Traveling	
  speed	
  of	
  
correlated	
  objects	
  	
  
–  0.94	
  ±	
  0.41	
  “/sec	
  

•  Predic'on	
  results	
  	
  
–  0.87	
  ±	
  0.61	
  “/sec	
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•  Qualita've	
   features	
   of	
  
measured	
  mo'ons	
  and	
  
predicted	
   ones	
   are	
   in	
  
good	
  correspondence	
  



Valida'on	
  of	
  observa'on	
  planning	
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•  Traveling	
  speed	
  of	
  
correlated	
  objects	
  	
  
–  0.94	
  ±	
  0.41	
  “/sec	
  

•  Predic'on	
  results	
  	
  
–  0.87	
  ±	
  0.61	
  “/sec	
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•  Qualita've	
   features	
   of	
  
measured	
  mo'ons	
  and	
  
predicted	
   ones	
   are	
   in	
  
good	
  correspondence	
  



Conclusions	

•  Collabora've	
   observa'ons	
   with	
   the	
   search	
  
strategy	
  successfully	
  demonstrated	
   the	
  detec'ons	
  
of	
  1968-­‐081E	
  fragments	
  
– Observa'on	
   planning	
   with	
   a	
   considera'on	
   of	
  
traveling	
  speed	
  of	
  the	
  fragments	
  in	
  a	
  sensor’s	
  FOV	
  

– Origin	
   iden'fica'on	
   of	
   UCTs	
   by	
   the	
   circular	
   obit	
  
es'ma'on	
  

•  40	
   objects	
   were	
   correlated	
   with	
   1968-­‐081E	
  
fragments,	
   which	
   will	
   be	
   evaluated	
   to	
  
characterize	
  the	
  breakup	
  event…	
  stay	
  tuned!	
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Historical	
  breakup	
  events	
  in	
  GEO	

•  Ekran	
  II	
  (1977-­‐092A)	
  

–  Breakup	
  epoch:	
  1978.6.23	
  
–  Explosion	
  breakup	
  (batery	
  malfunc'on)	
  
–  4	
  cataloged	
  fragments	
  

•  Titan	
  IIIC	
  Transtage	
  (1968-­‐081E)	
  
–  Breakup	
  epoch:	
  1992.2.21	
  
–  Explosion	
  breakup	
  (remnant	
  fuel)	
  
–  23	
  fragments	
  have	
  been	
  observed	
  in	
  near	
  breakup	
  epoch	
  

(Pensa,	
  et	
  al.,	
  1996)	
  

–  8	
  cataloged	
  fragments	
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•  And	
  ≥	
  9	
  suspected	
  (unconfirmed)	
  events	


Transtage (ref. U.S. 
Air Force website)	




Research	
  objec've	
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Final	
  goal	
  aims	
  to	
  contribute	
  to	
  Space	
  Situa9onal	
  Awareness	
  
1.  Inves'ga'on	
  of	
  orbital	
  debris	
  genera'on	
  process	
  

–  Model	
  predic'ons	
  vs.	
  Observa9on	
  results	
 

2.  Evalua'on	
  of	
  orbital	
  debris	
  environment	
 
–  Beter	
  defini'on	
  of	
  the	
  current	
  situa'on	
  for	
  secure	
  space	
  ac9vi9es	
 

This	
  study;	
  
•  Establishment	
  of	
  effec9ve	
  search	
  strategy	
  applicable	
  
for	
  breakup	
  fragments	
  in	
  the	
  geosta9onary	
  region	
  	
  
by	
  means	
  of	
  op'cal	
  observa'ons	
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Modeling	
  of	
  breakup	
  fragments	
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Breakup	
  model	


20	


The	
  
NASA	
  
standard	
  
breakup	
  
model	
  
	


2.2 Explosions and Collisions

(LI) explosions. With the Battelle model, an exponential law has been used for the
mass distribution of low intensity explosions and a pure power law to describe colli-
sion events. High intensity explosions were modelled as 90 % of the mass being frag-
mented following the LI approach and 10 % following the power law normally used
for on-orbit collisions. Instead, the new NASA breakup model uses a very simple
pure power law to commonly describe all explosion events and a similar approach
for collisions.

For an exemplary satellite of 800 kg mass, the original NASA power law (with the
default ’scaling factor’ of 1 used for the diameter distribution) as well as the Bat-
telle HI and LI approach have been applied to compare both fragmentation models
(Fig. 2.14). It can be seen that both models hardly differ at diameters around 10 cm.
However, since the NASA model is natively adapted to the diameter distribution
while the Battelle approach uses mass as determining parameter, it postulates signif-
icantly more objects in the diameter range directly below, which is critical to observa-
tion campaigns with high performance radar facilities.

However, since the original NASA diameter distribution approach of using a pre-
defined scaling factor for certain parent object types and setting a standard value of 1
for all other parent objects in most cases was not able to generate the observed num-
ber of objects, the scaling mechanism also used for the Battelle model implementation
was adopted (compare the calibration section on pg. 62ff.). This method is using the
catalogued number of objects multiplied with an altitude dependent catalogue in-
completeness (’Henize’) factor to scale the distribution in a way that it matches this
number at the observable diameter threshold.

Next to the above mentioned change in modelling philosophy, away from mass and
toward diameter as primary distribution parameter, the central role of the area-to-
mass ratio is a novum of the revised NASA breakup model. In contrast to the crit-

Fig. 2.13: Different data flow for the MASTER fragment population generation using the Battelle
model (above) and the NASA approach (below)

© Copyright European Space Agency, 2011 40

Ref. MASTER-2009 final report	


Parent spacecraft fixed frame	


Parent spacecraft	


Breakup fragments	


Δv vector	
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The	
  search	
  strategy	
  (previous)	
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  
   

 

  
  

 
  

   

     

 

 

 
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