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(3) A3HA(E=3 =)
FAHZA{ENA o5 mA e Az gutel] 7ldel FHXA T4 (pendulum center)S A 23k= dAol U},

A3SANA Aojs= spde] A AL v 2

he: ol XA FA8F 7|9 sl =olxH(desired height)

Gy Bk &= (desired swing angle)
7F "n
o714 Y= FEAE (desired standoff distance)7} rq Q1 735
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(4) A4FA (=3 =)
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G717 e A= 7P Al (1)7F k. (7] AsEA F=x)

[0044]

[0046]

olat,

[0047]

[0049]

7F A

[0050]

(5) A5EA
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A{E}oll A
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e

(pendulum bob)E F91837]
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s, el

o gltta 714

Far, Rxte] A= (pendulum tension)S F9
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w=

o7}

ALE} A H]
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ALEYO A F-1@s 7] = ES B

(specific force acceleration command) S %

o714 1w

-
3t

CEl

e

o

<

o))
\ao
\._mo

Ar

7}

T

[0056]

oJtt.

[0058]

pi
L

oA ¥ 7}&E(gravitational acceleration)

A
A

ki3

o

[0060]

7F Ao

[0061]

_14_



[0062]

[0063]
[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]
[0075]

[0076]

[0077]
[0078]

[0079]

[0080]
[0081]

[0082]

S=50] 10-1260378

2 E.ref “* E.ref
k, 0 0 ky, 0 0
K=l0 k, 0O K,=| 0 ky, O
0 0 K, 0 0 bk,

ky, =@, +\/;’,ﬂ(f)”_,_ -, +l1
I =200, —C . @ =@, T+l
ko =o . +\/.; ®,. " —o, " +1
471N Prr o mgFAseln T RRASE BN, k. ko 2 @od AYHL, ki ko 2

Folglyr] FE7FE = (standoff tracking acceleration command)el] T3k 2leolE= BAFZA AN 7)1EH A
W

e, ZIeSEEE, 9 7SS EEE 2350 e 2 A2 tad) o] xddy.

HAAZFA{E A 71X W E (reference position vector)s

‘TE.n:f' = ‘\ﬁ'o + (‘-‘ff ( 9 } “?R.rcr'

o

1=
HAFAFZA{ENA 7]FE5 =W E] (reference velocity vector)s

r'E..-'ef_f = r: +(1;{B (())I R.ref

HAZAFA{ENA 7175 =9E (reference acceleration vector)s

=+ (-,If ( H )‘__‘{R.n’f

_15_



on
JH
Jm
Ql

10-1260378

[0083]  ¥AHFALENNA 7HFe] A FAH L SEAldA Fojd AXH

X, X
X, =3 |= V,
z, z.+h,+Ilcosg,
[0084]
[0085] ot}

[0086]  LEli, BAREAENA 7He] THAR FAAY S

’\-z' '\"r

Ir i -‘.( = -‘\’f

[0087] * T
[0088] o]t}

[0089]  AAHFALE A 7] FHAA SR THEEs

X b
4 = V. |=| ¥,
[0090] % i
[0091]  o]t}.
[0092] EAFTAIHAAZARNNA AT BLAEAPIEY 3] A8 H(rotation matrix)
cos -—sind 0
Cg(é?)z sin€  cost/ 0
0 0 1
[0093]
[0094]  o]r}.

[0095] FEAFA3AZRAZA{RNA 71E=AHE =

Xpsof Ising,
-T,q‘,-‘.f = VYewer [T 0
[0096] Zrar | L1008,
[0097]  o]t}.
[0098]  EAHFAINAFFARNNA 7ESEHEHE
Xy - 0
Ffe.rqf =| Vooer | = 16, sin g,
Z 3 ref 0
[0099]
[0100] o]t}

_16_



[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]
[0108]
[0109]

[0110]

[0111]

[0112]
[0113]

[0114]

[0115]
[0116]

[0117]

SE=35 10-1260378
EAFYAAAFARNA 1 EE e

Xprer ~16,”sin* ¢, — gsin g, cos g,
0
10, sin® ¢, cos ¢, — gsin” ¢,

:lR.n{f = .TRJ'aff'

“R.ref

olggt AHsHAE Tdoll TAlE wpe} Zo] olF iAo £} FRIFAF Ve H Y ks LR (USRS A%
&5 Abolo] RS uEsle] B3 A4 (offset conic circle)d] A3 Mg FEsl= W&o & =

A8 AHEe FAFBA AUNEE ()9 AEEE (v Abolel S0 ol Ushes SE(v) 2 o B3
St=s ol XA Xywreky} vesiA e WEgoz FAggF 7|7l HigE o= o
AF 77t HEFEEAE (ryy, minimum standoff distance, E4olA o] %% 4 (moving target)® P,

=]
5
Aelel AeE fAsa, o FEAY AR FekshA v WHoR FAFFIL MAT FPel o] F
3l

FA% Ty 7t HAFFFEA Y (1, maximum standoff distance, E4oA o]%XF A3} P, Atole] AgHE
A skA FHrh

7F ==,
o 7] 4
(Xtyref 5 Yore)© BASHNZIAZZATIANA FAFE719] 7= A (reference vector)E &3laL,

—_ illlllll + Il]]ﬂ‘\:

(e} 2

C, — T‘l.l!].l] ]max

o 2
7}t
ol#¥ A§ FeldEr] FE71EEH (standoff tracking acceleration command)-<
‘45'.:." = ‘_1E.f12f _(Kl +K: ](f ; Euf) (A K, +1)( ‘YE.ic:f)
k., 0 0 b, 0 0
K=l0 kg, 0 K,=[ 0 /(l: 0
0 0k, 0 0k,
olth



[0118]

[0119]
[0120]

[0121]

[0122]
[0123]

[0124]

[0125]
[0126]

[0127]

[0128]
[0129]

[0130]

[0131]

[0132]

[0133]

[0134]
[0135]

[0136]

[0137]
[0138]

|zt

BAAFAFANA 71X W E] (reference position vector):=

‘TE ref = ‘\—'(
oltt.
HAHTANA 715

)

=]
o

Cy

R

(¢)

Il
fighe

by

cosd
sin@
0

—sind
cos

0

FAIAREARYNA £

0
0
1

ABAARATZA{PIZS 3 APH(rotation matrix)<

_18_
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S=E5 10-1260378
[0139] o] 7] A,
[0140]  I: 7be] ApZol
[0141] s 93 =Y Z(swing angle)

[0142]  o: FA&dE7] 9747

[0143] !

& X ver®rser V Vrawer Ve ver
=

I*sing, cos g,

[0144]
[0145] 7} €At}
[0146]  EAFTAIAAEARMNA 7]EH A HE =
Ky Ising,
ja.mf = Verer | = 0
o147 Zp e —lcos ¢,
[0148] 7} =},
[0149]  BHFTAIIAHAZARINAN 7ESE0E =
Igf{, cos¢,
Vars =| 16, sing,
I¢, sing,
[0150]

[01s1] 7 ",

[0152]  FAFAAAREA RN /5=

rir

~I¢* sing, —16,* sin’ ¢, — gsing, cos ¢,
‘4R‘.r'(1f = 0

1¢, cosg, +16,7 sin* ¢, cos ¢, — gsin® ¢,
[0153]

[0154] 7} =,

[0155] A FFEANA HH &= = (specific force acceleration command)-<

[0156]
[0157]  o]a

[0158]  ©f7]A

_19_



[0159]

[0160]
[0161]

[0162]

[0163]

[0164]

[0165]
[0166]

[0167]

[0168]

[0169]
[0170]
[0171]

[0172]

7} = (gravitational acceleration)t™

g,=| 0
g

o]t}

(6) 6L

ASEA AN ArEE =

Wgkehs w0t

tlo

oty 7)ol HAFEA (aircraft body frame)olr] F2ddF7] frgaEo=r

FAZE79 FAFFAANA B HFE =Y G2

o +B = —
834 =Canv (‘4E,d — &k )
aB.(f.\' HE.(!’..'\'
~B
Apay |=Canu | Gpay
ﬂB.n’.: aE.nT.: + g
o]t}
d7]1A,
Cavw =C(@)C(®)C(F)Cary
1 0 0
C(D)=|0 cos® sind
_(} —sin®  cos®
[cos® 0 —sin®
c@)= 0 1 0
sin® 0 cos®
cos't st 0

C(¥)=|-sin¥ cos't 0

0

0 1

Com =1 0
0 0

©: EAFEA A A
©: EAFEANA
W E AR EA A A

0

0

|

=7 (roll angle)
9 X Z+(pitch angle)

7142} (heading angle)

_20_
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10-1260378

7F At

[0173]

S R A

H

(pitching) &< 4y, =

=

A

53,

=3 (rolling) 55L& +X; =

o weA

ki3

ol

Ha, 8% (yawing) &5

——
1o°

18714 = % (longitudinal specific force acceleration command)< agq, ©]T}.

jend

Hl 27} = ® (lateral specific force acceleration command)< ag4,©lCh.

[0177]

KSR
g

W& (roll angle command)

a
= B.d.v
@ + tan™' =22

@ o

(FB.{f.

[0179]

oltt.

[0180]

Zr=m# (speed command)S

ol

713371

[0181]

i

I

E.ref

=
7t e},

I

[0182]

[0183]

o REWIL WA

-y

il

dls o]

ki3

&7

[0184]

ol
o

g
el

of nawWelel &g

A7 F-7hd A,
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=9
EH]
er\." - YH 4 V,r!
Pendulum Xy
{ )
Y | PFendulum ! X F.
'~_ Center H
‘\1.‘ II|.|'
. :,
X X
Lp=Fy=2Lr
z}; .
_ Pendulum s
. 5| N Zon
Center W
Pendulum
Boh
e eememaesue
s
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f1

w3
¥: 'y
Vo= ¥r
Zr ¥ Zp=Zy=Zy
- Pendulum
Center
Er |mmrErmmesesssssssanse
Target
:.I .................... ,,_’
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b
g
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