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ABSTRACT

Photogrammetric techniques were used to analyze separation characteristics of store in

safe separation flight test. In this analysis, we used single camera method to analyze 6

degrees of freedom of separated store. We established instrumentation requirements based
on theoretical background of photogrammetry and guidelines of MIL-HDBK-1763. We
applied the photogrammetry to flight test and extracted separation trajectory. We
empirically estimated the input variables uncertainties of photogrammetry and its effects on

separation trajectory. Using this trajectory which includes the photogrammetric error, we

analyzed the safety of separation.
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Table 1. Lens Calibration Results

r,,=-0.39682, y,,=-0.22849, f.=5.46185
A, = -0.00746, A, = 4.4593e-5, A5 =00
r, = 6.6, B, = —1.2443e-5 , B, = -0.00014764

IV. 6AtrE =2/AN X Zaekdd &4
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Fig. 5. 6DOF Procedures of TrackEye[10]
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Fig. 7. Separation Trajectory of Store
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Table 2. Input Variables Uncertainty Table 4. Maximum Trajectory Deviations due
- to Image Coordinates Uncertainties
OEEES EERE
Al B E [z, y,] + 1 pixel Unit : m(position), deg(attitude)
T ALH =HE (X, Y,Z] | £ 1 mm T& AX | AY | AZ | A | A9 | Ay
fe * 0.0076 mm [z,,5,] | 0012 | 0001 | 0012 | 0506 | 0297 | 0.135
z,, + 0.0062 mm
Yy + 0.0092 mm Table 5. Maximum Trajectory Deviations due
HYENEES A, + 0.0002756 to Object Coordinates Uncertainties
Ay + 4.9424E-06 Unit : m(position), deg(attitude)
B, + 45761E-05 72 | ax | ar] az | 2 | w0 | 4
5 * S.1717E-05 X, +1mm | 0009 | 0004 | 0.005 | 0.077 | 0107 | 0.011
Y, +1mm | 0003 | 0.005 | 0.005 | 0270 | 0114 | 0.010
e 2 A s AN ERE ¢ 2le o Z,+1mm | 0.006 | 0.004 | 0.003 | 0.099 | 0.099 | 0.005
Bz BN A 5 =5 7
ﬁ@—rfﬂ oA YA s FAA ghel A 0.018 | 0.013 | 0.013 | 0446 | 0320 | 0.026
o B84 dEHSFE Q8 B s oA R
T AA A5 AAY FARHA E4317] S8l Table 6. Maximum Trajectory Deviations due
Ae BEe YEHFES SAld adEsteof g to Camera Parameter Uncertainties
o 2 AFelM= ol 2400 9M 7 9E Unit : m(position), deg(attitude)
HEEo] X = e AZ vA = FgFS & T [ ax | ar ] az ] 2 | » | &
Het7] #lskel Table 20] 8ot 2 RANMES Camera 655 | 0075 | 0009 | 158 | 039 | 0.8
< SHZoE HIAAZY EYAF vA= Perameter | ' ' ‘ ' '
UAEE EA435A
TrackEyeS ©] &3 #1220l 48T F 3 <+, fﬁ'%l‘ﬂ 7ol tist JFHE 1 pixeld] &
(Fig. 301 03 A% TE wAE FH0 o  HE FAAHINE adE A8E 5 o,
AAATI W AEA WstE 4 ok agez  wd F FFTCM "olAW SrkE Azl v
el A =HS 23 Haldd sadx §F UE= LEsteel @tk o7IA 94 #HE
T & de AF FE EFHA(Sample 1 pixel& 71EHe] AAAL] FHA4 24
2= ol Hxlo syl 2=z o
Standard Deviation)®] HUFtS 53¢ ®EE-Z<I T = AAe] Sejel e O?]-L HTZJ %k(_)]
N A O E 3 B ] =] le) oo]::— ]/}/ 57H 0]}\0]—‘0’] 711@52—; }q—éxﬂ%]ﬁgi O]%E}
°H“|E OOH T:_‘jol'gi,__‘ﬂ, Table 301] J—'—"IO]'ga — = > = A o
o 2~ ol Aro] 7} wl = Oq 7]'U1]E]"9] XZ2E ]—é——G]'Ei SHH E-E}_t Z__]!t‘
o oolw, & 949 Z framedE F 5~6 9 Ao - o
o] gAO ZAaAdo0 Garmo] = d%e vHE Aoz dddEn EF, Table 59
o BHS FAHsIANOH, FAAA 4 HAH o N o Aol A
A o H IR o] A= X Y.Z 4 ’] 27y EAA A
102 pixel elspel Rx7F SASAT oF A yy00 ggadu A%e W ARe Ars
A= Qg 94X § Az mE mEAge g oo oS T " -
o gR13t7] Y3t AAg gholtt.
o 20mm, 145 ]E. R B4 A3 ARAE He e
Table 4’“60“‘15‘ Table 29] 7]' %}@. _’Foﬂ U’]’% H]ﬁg/\]‘@oﬂ 1‘4 Ta:'qlz_i %&]Oﬂ ;i_]'_g_fg uH J——,_Eq
wEl Ao Ao AAS A WEAE g 4 ogr quus 3, Ade wsel 99 A
=AM oA 1L NEH S g5 hg g vegod, 99X % Aaze
oulety, 57 7IEd HE NS Bl A BV 75mm, 1.58%F 0]t
A e AR HAatolth RFEES] 7

Table 3. Maximum Sample Standard Deviation
of Separation Trajectory in Normal

Tracking
Unit : m(position), deg(attitude)
T E| AX | AY | AZ | Ap | A9 | Ay
BHZA | 0.005 | 0.009 | 0020 | 1.388 | 0585 | 0.213

HAEAYE  YE
Miss Distance® AF&-3}™, MIL-HDBK-1763[1]
A A AshE b EE] 712 Miss Distance 6

2 Hr X o ot
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o Hul, HrgozrH F 274 AH =2
___________ b‘;“;iiggﬂﬂﬂ .,f/ WFE & Miss Distance® AAFeIR o™, Miss
£ Distance®] Hol, H& AAZRE £ FHA
8 (T osm 2 golstgint. B ATANA FPol o) FHI
St ARAS dFwee el 2719 ARz
@ oz Ry RIAHAAE AF3e VHLe FF
s FrAbgE bHEE] BIgA A BT FHG 4
of &3t A2 & IS HoZ 7S
0 0.1 02 03 04 05
time(sec)

Fig. 8. Miss Distance : Safe Separation
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o 00] HH FgF7|ete] FEL 9w st Miss
Distance”} 7438ttt ©A] =718 o, 1 H A&
A E Critical Minimume]&+a. 319, o]w] Critical
Minimum®] 6 inch ©]%te]™ MIL-HDBK-17632]
7l weE SRR #aE # Arh
ARRIASeZ 4% FYAIFS  o]&3hy
Miss DistanceE Al4Hst £, Fig. 8o YEHA
t}. Fig. 8& WIzt=7} 7b¢ 2 Fhdle WSl 9
st AAFe] HAZREH =¥ 3olth exi=
AF el A, HagozRE F 209 AF =
ste WE & Miss DistanceS A4St oH,
Miss Distanced] Hu], H4A AAE Yl ATH
I A Miss Distance’} A7t we} A& =
Zbstal Qlem = oRAGREL bHdtA ¥
7
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