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Tilt-rotor aircraft modeling and-its manipulation

assignment strategy
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Abstract: Nonlinear\aerodynamic-models and flight dynamic models of the flight test
prototype with tilt-rotor were developed by calculating the airframe forces and moments of
each component, -including rotors, wings, nacelles, fuselage, horizontal tail and vertical
tail. Its control eharacteristics on helicopter mode, the conversion mode and the airplane
mode were researched. A manipulation assignment strategy of full-mode flight was presen-
ted based on the results of the trim value and the small perturbation linearized model. A difficult
problem, involving aerodynamic structural components change and the manipulation redundancy
with the change of flight mode in the process of flight control was overcome. A unified flight con-
troller was designed with the help of the manipulation assignment strategy, without need to
design a controller for different flight modes. The design difficulty of the flight controller
was effectively reduced. Simulation results demonstrate the credibility of the tilt-rotor air-

craft flight dynamics model and the effectiveness of the manipulation assignment strategy.

Key words: tilt-rotor aircraft; aerodynamic model; flight dynamics model;
manipulation strategy; flight control; simulation and demonstration;

manipulation derivative

s B #:2012-09-21

™ 4& H AR 4k - http. // www. cnki. net/kems/detail/11. 2297. V. 20130926. 1103. 201309, 2016_030. html
ELIH : H#Hm H (B2520110008)

TEE B T 01980 —) B ILIRER R A L BT B T AL AT H 5 AT 4 I 0 T SR



%9l

ST TUAF U R B RAT & 0 AR A R 0 I SR 2017

#E 1 5 = ¥ 4l (thrust vector control, TVC)
HAR SR CAT #8 B 4k 1 — KRB 5E 305 L i
M TVC FART A ® AT 8 B A E S iLsine s,
QAT R R R S R4S LAY R AT A TR AL R
A TR O v LR B K ) e, T [ E 3R RAL
RS- AIL) 5 2 RS R L s L 2 1) g et —
SRR B B KL F-22, Su-37, X-31 ¥R
TVC A, KRR T HERE. 20 tita b i 5 B %
FHRAKEBEREFH TVC BRI T —F 23
1) RAT #1007 e 3 R AT A%, R P XV-3
RIEF) XV-15, AT V-22«4 "5 Hj V-22
G e 3 AT B IE SR TF IR 2% & 2 42, IR Bl 4
FEFL H A ph 28 A 0 E LT 4R V22 fa g,
00 2% i 3L AT 8 A ) 65 g R 2 T B 0
) B L4 T B AL LA R B T RIBE 2 L
SRS N A I (B RTB g e A UL (S

0% 3L CAT A R Sh e b R AR M S Bl
i i A7 R0 AT R Y AR A K A I Y e L AR Ak
I FE AN A B AR A T L v B A A R AR 2R b
) 2 RAT R R G ok T K A Bk
E AN R4S T K 00 0 5% e 3K AT 1K 00 4k
PO AR T R R SRR L ST A A
ST B3R 9023 e 5w A S B k S5 A B R =4
A SCHR AR T8I Ak, 3R 4 S A e R
TKATHS A AR A — 2 5 A AR 58 0T X
FETEFLKAT 4% AU A OGBS U R T R R 5T,
I HUAS — S8 B {0 X T 000 % e 35 RAT A i L
FLIE AR50 AT B AL PR R B B B R A
TR . AR SCHIE SR BT A AT 8 T B 6 A5 i
P RAT R CRE AL A 0 AT B 2 A
BRSCR AT, F1 B TR0 R ) AT AL R
B A A3 B SR L SR Ak TRORE AL A0 R O\ 0 T O g S
PP HEHIS AR I, R AT R A TR R
I K 5 22 TR W H B8 e SE A
1 MERECITERESHESR

FATIR T 0 T AU e 38 R AT ik RREPL N
Bl 1R, s LB LS FR.ERE. LD
BL RS DL A% Sh ML G 7 20 5% B DG 3% &%
SFULRL. P IO ML S8 e R mI B HILEE G i AN 1 T
A A R A R4, BRI A TR ER
DA K T B A RN T A SR DO R TR 4, & sl
B FHLE N L e 3h 73 i el o 7% 4 B 1% 3h 2B A
R BESE R G0 DAL AIE 1 A i) e 3 7 o — 350, {2 AL
O 6 s AT LA . BL3E 32 RO NACAG64A125,

FHSHILFER 1 s,

BT Jo MG e 3 e AT AR R

Fig.1 Photo of unmanned tilt-rotor aircraft
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Fig. 2 Tilt-rotor aircraft nonlinear model
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Table 2 Manipulation input of helicopter and airplane modes

BORRAN R ARyl
HIHHLBEA Bec 8. See
RAHLBEL S Bae Orud

TE AT 00 5% oo P AR b E S 4 A
iE L B IEE e B 0] E 0w, AT TE w0, FT

FUL 1] 30wt > XA AR 5 L A TRAT R —
HLAB TR RGBT RIS, G C B 3 Fh K
T IR G —. A A AT B Y 45 D A TR
T A AFE A R RN A RAT R AT
i) 53 BL BT
Ad, = Kuduw (66)
Ad,; = K, Auw (67)
Ad, = [AS. Ad. A Ad. T N H DL A H
il B PR B4 5 ASy = [AS Adu ASu A )" N
KA AR R EIE T Au = [Aug D
Aty D |T 38 B 00 28 5 B = Ky MK,
53 3 R B AL AR R R AR & 24
5~ & 8 JE AN [m] RAT R T #29\ din A XS %
75 W 17 1% 45 N A5 5 I I ) R S Akl £ BIARE AR
JIH R 07 4 R0 L T S R G R TR A ER A
SHCEA R CE R RS XA o R I,
TIED.

B S el 11

= IMJAS N o

450 _eaM/a5_ NN X ¥ mal 1320
_a AN peveg N .

—600 F IM/as, ’.-? Y

o >"N'|-’

~750 A e

A : 1160

o [}

1240

aM /3,

900 e _
e 35 180

aM/as_, aM/as,

-1050

-1200 = """:'fuum“ s 10
-' ¥ :"“_. M
-l L] o ‘“
-1350 : L i L L | [ 80
0 5 10 15 20 25 30 35 40 45 50
0[] S JEE  (mfs)

wr OM, IM, IM
Y e X T R
5 BT G G T R sk

Curves of manipulation derivatives

IM, IM, IM,
90, 0. " 0m

Fig. 5

200 o eaM/35,

*eeeny e aM /a8
0 'lllllll'::h‘.':._"_-...-._-'-...-._-."..:.- y o ele
~200F ...'.0'.... S -l-l“-.!’

.
... ,
St
L)
N

400+

_600k .

aM/a5,aM /33,

=800+ < *s

—1000 - LI

-1200

- R | .,
0 5 10 15 20 25 30 35 40 45 50
i 1) 3 B2/ (m/s )

IM, IM,

AR o
(73(. ’{)801(. l/f’tﬁﬂ/i

K6 BUNTH

IM, IM,

Fig. 6 Curves of manipulation derivatives s
90, I due



2024 it = 3 1 % iR %28 &
250) e A 120 J 0 u<15
0 femansannans,, LN 490 _
a5 |+ OM/A5, s, ._,‘ "-\! 160 . Ku = u—15 15 << u<< 25 (69)
so0[~"M/92, " “-AL w € { |
' OT MBS, finaas 7 = 1 u>> 25
o _ ' oo .
E 5o ; .. ""’*».'_’_.‘ 0 i 1 i
3 ool ; 4 130 & 2.4.2  {RHA0iE E
! . =" L nu =)
-1250 '_,...-"'/ {60 & M6 T 0. A GacXF KAT i S 1l E A 45
1500 e o T 1-90 e , P
'::2 ----- 0 GNRE I B AT ) R ) AR AR O Bl AT A R
17sol s .

0 5 10 15 20 25 30 35 40 45 50
ﬁil-];'lﬂlﬁf[ulf:a}
IM. OM. 2

X it ] B —== = = AR ATY
K7 HFE FENREE ST Ak h 2k

Fig. 7 Curves of manipulation derivatives

IM, IM, IM,
98 98 I Bua

180

T Flfaﬁ__ : oTetets Satetes '..-.-IIIII'
135 —e—gF 35 oiiimns -..!.-Il"
£ 9% i
@" 90 -_,.-' :
it "
< 45f -
. =
“w -l"-
@ [()|eesssssassns ssssssssseeseny
= L
o .
™45} et
-
o
—00 n.l".“’.;..... 3 ..’c o
[ g J.) SRR P NP SN SRS UGN RN Sar iy R -

0 5 10 15 20 25 3035 40. 45 50
A ] (/s )
IF, IF,

i ] ¥ —= i 2k
s B TN TE s
dF, JIF.
Fig. 8 Curves of manipulation‘derivatives (7—{;:’ ag;
2.4.1 HREIE

Bl 5 BRT Ous 0l 8uf X KAT ZRHE VR J15H
P EED RGO, B L BEE AT 1) R A 3 0. 1
S MY R BE 2 16 5. WK O A 0., FEHEAE
05 2 3 e v s 1 5 A BRI S 0l
PEVEL 7 BIR T S M O X RAT 2T A R AL
KRS B AR Xk, BAFFEER BN A
BEE B BIIE R, O PR OASRTE VR 15 38 18 1% W %
K o 7T 7 i UL 308 T R R T A O AT RN A A
I VRS E  RRE TR R G G, B R R oL
AR, [a) B 4 v A IR & A S ACBR L 1 HL7E
AP R RE R TR Y. W 5 A5 B Ad.
PP BACT A, R T FEUI e i 7 b fifi 4%
il 75 0 1R TC I W 2 7 LB R oL gl
TS AL FL 25 A R R E AR R BT

1/500 u<<15

10

N

P 3
K — J [1— u 15J/soo 15 < u< 25

u_> 25
(68)

(1 B 15 o Qe F50 A 28R WY A AR e e T LS A LG
BV AR AT 72 A 0 T B I R R 5 A R 6.
Wit 2 B2 1) i v, SR A ROR B 22 | i L 5 i
T v A8 A B P 2R BTG AR AL, 6. A Su R
5 H At 0 8 TG Y R O T RE RS AR A T A 1k
i AR FIH LB PR AT T LA Su $2 i L3 2 0
[ R AR T PR P I 6. B B AR
AR AT 38 AR PR R BN R

J 1 u<<15
Khlon = 17 u_15

15 L ul 35

[ 20
0 u_> 35
70)
u/15 <15
Kplon = { (71)
1 u=>15

24,3 A fiaEE

B 7 BIRT Ous Ou Fll Oua X AT 25 A 1) #52
RCRIG O, . BEAE A ] 2 BE 52 i , 42 1 0R
Wi AR 25 RAT AR T AR P, O RO R
M ELAE S, w=20 m/s BF T I 45 90 2% 8 il M
B 5 A B O TR NS0 i B8 119 i sy T
KB gf M H A Bo ALK 5 [F] N B B Y
FE 6o XF TRAT A% AT 1w 2R 2 50 A 5 e B ok sk 1
. ST A S X B R R B A TE
J T R G TE I S5 G A S S A R A 0 R
SrE. UL BT, S 1EIEARL 5 R YRR IT
AR, B2 u=20m/s B 58 180 [ FE S 0. BROELIR
MO TFAR » 2 w=20m/s VT4 58 B e fi A 36 3
R R EAF

u<15

J 1/10
_18)
K = [1 *u—BJ/lo 15 << u<< 20

L

u_> 20
72)
—u/15 u<<15
Kpr\]d - { (73)
—1 u=15
2.4.4  RBEEIE

B8 7R 1 & XF TRAT % I 1] 8 E o0 112 [ 3



%9

ST TUAF U R B RAT & 0 AR A R 0 I SR

2025

JE w BB YRR, LB H A B A 2 b R A
PEBEE B B 72 A 5 I 15 G\ AS S5 W) T o) 2
A0 5 W e [ S B2 AR SCE 5 o A EE b (3] S i
PO PSR GE R

A LA B0 0 E SR s, QAT 4% B TUAT R
fie TG B 4 T A A L SR e BN TR
Fr il , 4 Gl B P ws wen M e XF I
A RN T ROCR AT A ) o A G Bl
w BB 3 5 L 5 R AR BT B, T T I S HK L
B9 Fro . 3 R RATRE R A A R 5 e AT
e P [0 228 2 s i R 5 R I BRI A ) A
PRI R AT A [ — 2 il 5 55 BLAS [ AT R 5t
I TRAT R AT A B AR

0 T T T r ; r 0
2 2 +a-l"f.l!a“|ill 1
~200p “"\. «-3M/3u, 1-12
—400+ : ——3dM/3u_,] 4 F
. <
& -6 36 =
:‘; -800¢ ] =48 93"
-1000F -60 =’
s}
-1200F -
7T e I s e PR -
0 5 10 15 20 25 30 35 40 4550 4
iR/ (m/s)
o G OM, IM, IM.
B9 e o0 M IM o

b b
It I ton, I iy
Fig. 9 Curves of manipulation derivatives

IM, OM, IM.
D D I s

3 £EXITHERIE

FI 2 3 PID CE B 430 o0 ) 45 il O i 14
I V0 3 A ) 2 S o A T A A
N3 BC SRS Sy L 45 TU R BRI ] T 3R 3l kAT 4%
a3l DL UE 2 A 20 #9043 60 5 w19 5 211 R
A 2 P X G A A 1) AT 5

15 B 2P X G2 AR PID 45 il i A5 AL |
53 TC 5 W AR T A 8 2T 4 il 48 A AL 4n
Bl 10 Fios , AR LM X AR 3 18] 2 19 Simulink £
FURERY, PID 44 il 5 455 70 38 3 o0 25 25 P9 [ 38 A 3
TR A 1] % A o 24 5 5 9N 4 TC SR s AT 7R 4 2 (68) ~
KT RAR T 2R AT 4 A R A 5
IEBL IR W F = 3 AN (8 NI B2 2V K 520
] RALASE 2 1 ok O LRSS 2 TR R AL A
R ] BT AU R 1] 34 Bk R 4 R DA
B HLRE RGE K, 30 s M B 1 m/s 5
10s, 885 10 B 4 % 90° (ALK 8 4R, 1 LA
Tm/s$* MR 15s, RATHRE X 15 m/s JF¥# AF K
R Tos T b 3E AR B DL wy =37/
IR 5 +-307s T 58 AT A A RAPLB X, ff 4
35m/s T K 108 JE I H F] 45 m/s #F A ALK
L AT SRS LA I AT AR SR T A RIS 2 3
TR, B BB, B E BT R . fE T
ORI 2ok U v PR AF IR R BB N Om/s, DASEHL
JE AT, A BERAT AR B R an ] 11~ &
16 Frs.

HI 11 7 L 00 T 3 AT 45 A S5 3 EL T HL
R PR A R X = B] P AR U e, 18] 12

h 4
p—

v

Y
p—

Y

v

- -
@—D In time flight emd V., V. 1»
= u ]

Clock GB

v,

*

Flight controller

¥ » & >
v
Sn

1]
Y ”3;1\\

A J
L
R

EOD 300

Flight emd

h 4
W
v

Bl“

Assistant Tilt-rotor

Bl 10 0 e 3 TR AT f A AR X TR AT F i 4 4 TR

Fig. 10  Control block diagram of tilt-rotor aircraft full-mode flight



2026 i o= 3 1 % i o528 %
100 AR A R B Y PRI PN TR 13 TR AT A AT )
80 F / JEE RN 1) 3 R 55 4 E i 4 PR A — B, BB IR 22 /N,
60| 4 K14~ 16 Jy AT a4 L2285 0 | 45 1l s fa o 48
= ul YUNRLIR 7 TR TR A 1 K. th 1
< TR 2 ] QAL ASE 20 5 ok 3 o A b, i 3R R IR
20+ N
/ \ AR 2 #1900 185 000 42 ) 2 s A 1 ] A0 A
0 B2 2 VT OB/ 5 04 {0 A 45 DRI e B 9 A 1) ] 40 AR
=20 I TR Tt I L L
0 30 60 90 120 150 180 210 240 100 T r T r T T T 9
tls | —e—0
B sop 20 16
B1L AR R A ALl £ v
Fig. 11 Curve of nacelle angle f.. 60 3
g 40 0 s
Sn — T T T T T T T 3 = [ Ei
-V 20 3 &
40t v {2 -
—— | Qb | Dl eSS " -6
30f o5
- 4 E =20 PR T S T i TR T R S & S g9
= =. a0 60 90 1207150 180 210 240
f‘ -, t/s
Bl 14 RAT R 8 Am A A A i 2k
Fig. 14" Curves of three-axis attitude angle of aircraft
30
~10 I i | M SO T 3
0 0 60 90 120 150 180 210240 25
ts .
_ L 20t
B 12 RATESLIE V. A8V, JE TV 2 s
s 25 {2 =
Fig. 12 Curves of north,east and vertical velocities % 10
V., V,.,V. of aitcraft BE 5
0
50 T L} 1 T T ‘l T LI ﬁ
—-— U =] -5 I i i L I ) |
o a0 60 90 120 150 180 210 240
40F o, e
—e—v
30F —— ¥, P& 15 U3 o s

20 = = =

uf{m/s)
vfim/fs)

=10 L .
0 30 60

i L f i L -6
90 120 150 180 210 240
tls
B 13 TRAT R ET A w0 B o
XF b i &
Fig. 13 Comparison curves of forward and

lateral velocities uand vof aircraft

B R A AT R AT AR AL R AR
i, BRE Bl L B/ L R TR AT e AR AR ) e AR
T RERRE AT, LA o R v e B T R KR
ZEAUH 0. 1m/s, ©AT S R R AE 7] — 15 B2 RAT. A/
) 3R 5 2 (65) 1Y A 1] Hr o 3R AR AR — B TR

Fig. 15 Curves of four-channel controller output

- 3“_ . 5‘_ —5—5”_

HHHASC)

‘\ Yy g

_5 i l I NN i
0 D 60 90 120 150 180 210 240
tls
& 16 TUA Y T #5 9 f AE b T 46

Fig. 16

Curves of rudder manipulate of

redundant input



%9

ST TUAF U R B RAT & 0 AR A R 0 I SR

2027

B AR Ry 0, Fh B A 2 0 L D A7 2R 98 1 4R Sk
J DL ORAEART AR 7 6 00 7. itE A RBL AT RS
Wi 5 1T [0 3R 38 0, PR S B AR 38 iR T B A ST
YR 2T ) T D S ok R T R N O R X R o 20
W B AE T B A RS T A S A ALY
[ B, 0 & B 6 AT 88 7 AT AR A R A AR fL i 2 th
PR I o R R 5 L 2 W i B R AT R I
5225 M LA TRl — B 2tk PID 45 i 4% 2 50K 3|
B AR 45 R L T 6 S B AT R LS R
AT 4 RS AR Ak o oo 425 1) 245455 1) 1 B RO B2, Wi/
B, BT it AT T S BB PID 45 il 4 L &
% PID #5588 4 22 PID #5551 2% 8 g PID #4
a5 5 2 ARG — D e 3.

4 #& 8

1) #7750 e 35 RAT A% AY e 3 PLEE L AL
B R TH A LT R 2 R AR e itk R S B AL A
RATE SRR A B T e 2 F R C R O
B 2R IR S T B M AR A0 S OH M. BT 57 Y
R AR G E T AR AT 05 1L BE i
TRREBIL AT P2 ] A 12 S 7 O IE R S AR
27 HpEx 4, ik IR I SRR A RO He
SRR - IR R AR 1R D R T AR

2) B XHBURE e 3 AT AR BT L R AT AR
5L AT U 6] 1 52 20 6% e A L AR L
IR T T RN BT R o A A R R AL A
T BRI IC AW L i D T TR R T S R AT
i Th I DCTC | B F il ef A A5 1) T 7 Ak 1 O
TRATARE T B R A

3) S ULLNE PID 1 i BB {5054 g 38 AT 4%
ot IS RE P T a0 T 4% ) ) o 45 O\ 0 I R T
i BE S AT P LR SE AT, U AT 7 LA
TEAE R W BIT 4 I B 00 IC SR AT L 2
BT GE— 1 i 4% A5 A T A TR AT B U TRAT 4
il RORREAR T AT F 1 25 A BT XL

4) AW FE R O Jm S it PID # il 4 =
Ropa Pl gy TR E Lk GRS E T g
S A2 M AR A

SEH:

(1] EMeE, @iE. s m I HL T R ]. €47 J1 %, 2005,
23(1):38-42.
WANG Huanjin, GAO Zheng. Research on the scheme of a
high-speed helicopter[ J]. Flight Dynamics, 2005, 23 (1)
38-42. (in Chinese)

2] BRIE,ZWEM, K E&K. MR OB AR KRR«

[4]

[5]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

11 J1%,2007,25(1) ; 5-8.

CHEN Heng, ZUO Xiaoyang, ZHANG Yuzhuo. Tiltrotor
aircraft key technology developing research[ ] ]. Flight Dy-
namics,2007,25(1) :5-8. (in Chinese)

Hwang S, Choi S. Ironbird ground test for tilt rotor un-
manned aerial vehicle[ ] ]. International Journal of Aero-
nautical and Space Science,2010,11(4):313-318.

Miller M, Narkiewicz J. Tiltrotor modelling for simulation
in various flight conditions[J]. Journal of Theoretical and
Applied Mechanics,2006,44(4) :881-906.

Rozovski D. Control reversal mitigation and situational
awareness improvement for tiltrotor aircraft pilots via re-
design of the thrust/power control interface[ D]. Urbana-
Champaign, US: University of Illinois at Urbana-Cham-
paign, 2008.

Johnson W, Yamauchi G K, Watts M E. NASA heavy lift
rotorcraft systems investigation [ R ]. NASA TP-2005-
213467,2005.

Barkai S M,Rand O,Peyran R J,et-al. Modeling and analy-
sis of tilt-rotor aeromechanical phenomenal J . Mathemati-
cal_and Computer Modelling.1998 <27 (12)417-43.

Kim M7Kim S,Kim W, et al. Flow ¢entrol of tiltrotor un-
nianned-aerial-vehicle airfoils using synthetic jets[J]. Jour-
nal of Aircraft,2011,48(3):1045-1057.

Calise A-J Rysdyk R /T. Nonlinear adaptive flight control
using neural networks [ J]. Control Systems Magazine,
1998,18(6) : 14-25.

Peng-€C, Hwang T S, Chen S W, et al. ZPETC path-
tracking gain-scheduling design and real-time multi-task
flight simulation for the automatic transition of tilt-rotor
aircraft[ C] // Proceedings of Robotics Automation and
Mechatronics. Singapore: IEEE,2010:118-123.

Maisel M D, Giulianetti D J,Dugan D C. The history of the
XV-15 tilt rotor research aircraft[R]. NASA SP-2000-
4517,2000.

B2 R R WU RS AT A% e 3 X LI ) A 1
SRR i zs 3 S5 4 . 2011, 26(2) 1 468-474.

CAO Yunyun, CHEN Renliang. Mathematical model for
calculation wing download of tiltrotor aircraft[]J]. Journal
of Aerospace Power,2011,26(2):468-474. (in Chinese)
SOV R EE B, B AT /R TG G e AL A TR AT
BRI L], P UL 28 0 K R 27 2 i, 2009, 41 (4)
439-444.

GUO Jiandong, SONG Yanguo. XIA Pingi. Full envelope
flight control method for small unmanned tilt rotor aircraft
[J]. Journal of Nanjing University of Aeronautics and As-
tronautics,2009,41(4):439-444. (in Chinese)

Dong L, Yang W, Xia P. Multi-body aeroelastic stability
analysis of tiltrotor aircraft in helicopter mode[ ] ]. Trans-
actions of Nanjing University of Aeronautics and Astro-
nautics,2006,23(3) :161-167.

Kim C,Lee J Y. Numerical analysis of hovering tilt-rotor
UAYV for minimum download and ground effect analysis

[R]. ATAA-2007-1400,2007.



2028

1o AR

5 28 &

[16]

[17]

FIE, BRAT R, H AL AT E) M. db st BRI R
#t,2003.

ik, SRR T, . UG e S AL o 8 B 1 A A e AR
WEoEL)]. ®47J1%,2011,29(1) : 30-33.

CHEN Yong, GONG Huajun, WANG Biao. Research on
longitudinal attitude control technology of tilt rotor during
transition[ J ]. Flight Dynamics, 2011, 29 (1): 30-33. (in
Chinese)

[18]

[19]

Choi S,Kang Y,Chang S, et al. Development and conver-
sion flight test of a small tiltrotor unmanned aerial vehicle
[J]. Journal of Aircraft.2010,47(2):730-732.

Lin Y J,Hwang T S,Peng C C,et al. Neural network path-
tracking and real-time multi-task flight simulation for the
automatic transition of tilt-rotor aircraft[ C]// Proceedings
of 2011 8th Asian Control Conference ( ASSC). Kaohsi-
ung:IEEE,2011:459-464.



