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Trajectory Segment Integration Method for GEO Space Debris Detection
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Table 1 Equipment specifications of system configuration exam-
ple and shooting parameters.

Equipment specifications A B
Telescope Focal length [mm] 430 620
Sensor Pixel pitch [pum] 4.63 19
Sensor size (vertical) [mm] 13 49.5
Sensor size (horizontal) [mm] 19.1 49.5
Angle of view (vertical) [deg] : 1}, 1.73 4.57
Angle of view (horizontal) [deg] : V; 2.54 4.57
Number of pixels (vertical) : P, 2822 2605
Number of pixels (horizontal) : P, 4144 2605
Total Exposure Time [sec] : T 30 30
Total Images : N 18 30
1 (A) (B) (A) B)
?D 0|
o0 3
e <
I
202 -l g —(A)
1l —w| = —®
0 ! 0
Vx [deg] Vy [deg]

B b e BEESREOBIR (5 @ & > Yo -
S, A b T - BUE A )
Fig.1 Relationship between the number of image pixels and the
target condition (left: Angle of view -Eccentricity, right:
Angle of view -Inclination).
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Fig.2 Signal processing block diagram of the proposed method. X2 LM THL. ZOLEWHLFHTO L XV iE
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Fig.3 Schematic image flow.
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submatrix (ZHCY) Fg(n) 225 x1 {THA 5 x217H, yl
FIH»S y2 I H OB OERZIY) L TH D
x1,x2,yl,y2 IFRNTEREIND.

xl(n)=xg+a-n
X2(n)=xg+a-n+ P —1

tx (1)
yln)=yo+b-n

y2(n)=yo+b-n+Pry—1

Z T oxgyo (FEID WL ORIRLE, a & bIIHRT
V) T EHEHE O 7T ) BB E e (R 2 # R
EEMEBEOREE) Ths. MoBH=EMEY
MwsbZ T, #kE [ 77 oFFEL) 7
ENSKTAHIENREE 2D, od, BHOMEE
A X Py ET7TVHRAED O3 RBERELRHTS.
MR OWGY A X Py, 1E, 42 TRT &I 12/
SV SIN B ERER RIS AM O A THFNZ 2 5.
B, MAMENS S LZGAR, fEFmowmy L
BRI E 22 2 C, 3N (12) DO 2 4 8ml47 5
3.1.2 7 MEHEENHELR (Shift estimation method,
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HE 22 LICL DV EREORRATETDH S [9).
2) 7 b~y TABMLEL (Shift map composition)
e L 7z W R CUERL L 72 (N — 1) 18 oo [l {5 [ A0
M~y 7280+ 52ETCCY7 haE~YY 7 (CC
(consecutive combination) shift map) 255545 [5]. L
7L 22Tk SEM RIZBWT LEM RIZb 5 SIN
BEEHY 77 OFERBEIT) L EHME L
T, NCy = Ny(= N(N = 1)/2) DH» 5 % 2 AE
b+ (AC (all combination)) |2 & % [H{REIHE~ v
7 He(nl,n2)] #&H L AC ¥ 7 M~ v 7 (AC (all
combination) shift map) Hy Z1E$ % ke i%E$ 5.
N-2 N-1

H, = :E: :E] comp (H(n1,n2)) (13)
nl=0n2=nl+1

Z 2T, B comp iE, 77 OBENII T HEMTH S
EHGETE 2 LARELC, s 2 MEM (n2-nl = 1)
TOBEREAHE~ v 7 He(nl,n2) EOEE (cx,cy) 12
GIENDL B, BIZIEn2-nl = K OBEGREAHE < v
TTIHEE (K xcx, Kxcy) ISHIET 52 &2 EHE
LCAEZTT) . BB O k&L L 6N D
A, ZZTIEK=10mgEHEE~y 7oy 7 b=
fRe (1) 2ZBL T, K# 1 OREIE LRk
T iz [+K ORPHOEFROFHME] 25 L7
B, WERIY THR Gn) (HEY A X Py X Pry)
123t L, EFEO comp 12L& ) AKITEER Y 7 PEDRK
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Fig.4 Histogram of background noise ((a): Star subtracted im-
age, (b): Composition of 2 Star subtracted images).
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Table 2 Image parameters.

Num!ser of search area image pixels 151 1201
(vertical) : Py,

Number of search area image pixels 601
(horizontal) : Py,

Debris amplitude 2,4,8,16,32
Average noise level 20
Noise standard deviation 1,2,4,8,16
Number of images: N 15
Trajectory segment length 201
Trajectory segment width 3
True shift pixels (0,0)

F3 AT A—F

Table 3 Processing parameters.

Number of shift map pixels

. 9 81
(vertical) : Py,
Number of shift map pixels
. 29
(horizontal) : Py,
Trajectory segment length of 201
segment compression reference
Trajectory segment width of 3
segment compression reference
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Fig.5 Relationship between debris amplitude and output S/N of
SEM.
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Fig.6 Relationship between output S/N of SEM and Shift value
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Fig.7 Location RMSE between corresponding to detected shift
value and using gradient search.
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Table 4 Telescope and Camera used for observation.

Telescope Takahashi £130D
Camera ZWO ASI294MM

x5 HHMREEIT

Table 5 Equipment specifications.

Telescope Aperture [mm] 130
Telescope Focal length [mm] 430
Telescope Aperture ratio 33

Aperture resolution [arcsecond] 0.89
Camera Sensor Pixel pitch [um] 4.63
Camera Sensor size (vertical) [mm] 13

Camera Sensor size (horizontal) [mm] 19.1
Pixel FOV [arcsecond] 222
Angle of view (vertical) [deg] : 1, 1.73
Angle of view (horizontal) [deg] : V; 2.54
Number of pixels (vertical) : P, 2822
Number of pixels (horizontal) : P, 4144

#Fo6 HESM LTSt

Table 6 Target parameters and Shooting conditions.

Datal Data2
Name QZS-3 (michibiki3) | 10 3gg;an5tage
Satellite Catalog Number 42917 25000

6.5%2.8 Egumated
Scale[m] without Pancls diameter.

=2.2[10]

Perigee[km] 35783.6 35075.6
Apogee[km] 35806 36086.3
Eccentricity 0.0001604 0.0122497
Inclination[deg] 0.0572 3.3898
Observation Place Chiba Pref. Japan Gunma Pref. Japan
SQM value (Light
pollution map 2015) 2139 21.48
Date 18 November,2020 11" March,2021
Exposure time [sec]: T 30 25
Gain(ASI294MM) 390 390
Number of images: N 15 15

% 1 = QZS-3 (MICHIBIKI-3, Satellite Catalog Number
=42917), 7 —% 2 = Titan 3C Transtage DEB (Satellite
Catalog Number = 25000) (2LF Titan3C25000 & I-5)
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564

(QZS-3), ((a): Observed image (2-D), (b): Observed im-
age, (c): Star subtracted image, (d): Shift map (AC), (e):
Trajectory segment integrated image, (f): Trajectory seg-
ment compressed image, (g): Evaluation function).

Fig.9

(2-D), (b) : BLEIWEIR, (o) @ HEBEW(Z, ) >
MEY Y T (AC), (o) T MUTRTIIG, (D) 1 T F %ﬁ
Wi, () : FHHRIED
Results of the proposed method for experimental data2 (Ti-
tan3c25000), ((a): Observed image (2-D), (b): Observed
image, (c): Star subtracted image, (d): Shift map (AC),
(e): Trajectory segment integrated image, (f): Trajectory
segment compressed image, (g): Evaluation function).
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Table 7 Data Analysis and Numerical Result.

Obser- Simula- Obser- Simula-

vation tion vation tion

(Datal) (Datal) (Data2) (Data2)
Input Debris amplitude 44 44 — (11)
Input Debris width 7 7 — (15)
Input Average noise level 26.6 26.6 21.1 21.1
lnpl_xt Nonse standard 32 32 30 30
deviation
Input S/N(dB) 11.64 11.38 - 5.50
iﬁ;‘u’tnsg\fz’é“g)" sition 3860 | 3867 | 3573 | 34.60
Same as above (AC) 47.24 49.34 43.67 45.61
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