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Adaptive reduced-order GPEBO based trajectory tracking control for
quadrotor UAYV unknown velocity measurement
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(1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 211044, China;
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Abstract: Aiming at the uncertainty problems of unknown speed measurement and multi-source disturbances in the
trajectory tracking process of a quadrotor UAV, a composite non-singular fast terminal sliding mode control scheme
based on an adaptive reduced-order generalized parameter estimation-based observer (GPEBO) is proposed. Firstly,
considering the position and attitude loop characteristics of the system, a linear regression equation is constructed after
the system is re-parameterized to transform the state estimation of the system into parameter estimation. Next, the
adaptive reduced-order GPEBO with finite-time convergence is designed by introducing dynamic regression extension
and mixing theory to reconstruct the unknown speed measurement value and estimate the lumped interference. Then, a
dynamic non-singular fast terminal sliding surface is constructed based on the reconstructed state, and a composite non-
singular fast terminal sliding mode controller with finite-time convergence is designed in the position and attitude loops
based on the estimated lumped interference information combined with a non-singular fast terminal sliding mode
controller. The Lyapunov method proves the finite-time convergence proof of the closed-loop system. Finally, the
simulation results show that the proposed method has a faster convergence speed and better anti-disturbance ability than
the composite control based on an extended state observer.
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TAGTH B B P T B Al A e bR 2 i v A
ISR PR AIE SR B R 22 A A BRI (] WSl 22 0, i Je ik W 1]
KRG E M.
el e
8 (7) A (48), HiE 4 R BhAS HE A S PR £
S R

S, =e, + 1/azem™ /™ 1/ B,erile,
1=2,Y,2,0,0,. (49)

Hrp: o, > 0; 8, > 0; my~ nu~ pis ¢ ¥INIEZTEL H
WL < pi/g <mi/ng < 2; e Fé 5 RN IR
BR iR 22 M PR R 2 AR A Al THA.

%@ 3 BPRFEC(7) RIS B R R ZE TR,
THINS =818 52 A AR Ay e bR 28 S 1 B2 A -

31

lﬁzzp

BIER &M GPEBO &t A%

o= B /P (L, f(am, e/t -
faw + &9+ Ky /My + kS, + kaysign(S,),
=By, /Dy€2 "/ (1+m, / (cvyn, e/ ™) —
Ty + 3§ + ke/mis, + k,, S, + k,,sign(S,),

u,=f, qz/pz 52 p=/az (14+m, /(a n.)e" mz/nz 71)_
foo + 244k, /M3y, + k., S. + k.,sign(S.),

(50)
Tﬁiﬂﬁﬁ*ﬁééée e, ﬁfﬂﬁﬁﬂ‘l‘ﬁw&ﬁli 0. Hr:
k., k. ij*iﬂz i=1,2; NN E [A]

E%qj/ﬁﬁéﬁﬁ’]_ﬁu TAEs €un €y eﬁﬂnzm» Thay~ T2z
53 BT BT B & ST GPEBO HEAL 3RS

B4 B (7) PR ERRE TR, %
THRER S ARHAAT LA B s 7T P 52 55 A T S DR 246 I 9 462
P4, B
U,
(Bato/pacs ™" (L my/(amy)ey ™ )~
fao + O + kel /L + o, Sy + Koysign(S,)) L,
U, =
(59%/11662 pg/qe(l + me/(aene)e;ne/ne -
flap + 0% + kolding /I, + ko, S + ko,sign(Sy))1,,
U, =
(B /Doty ™™ (14 my /(aymy el ™ )=

Moy + U + koo /L. + Ky, Sy + ky,sign(S,)) L.,
(51)




284 M 3 % AT 8 g %Y GPEBO 93 BN 214 K 40 9 5% AP SR 37 4% ) 2597
ATREBRIFIR T e, o e, RN TRIRSLE 0. 37 1 V2 V2 1]
Koo koo Ky MIESEHG 0= 1,2; 7. 64, N 4 4 4 U/Cy
‘ st 2 A A ma A . 1 2 2 1
[m] % R 2R 1 B oy €s~ Egn ewﬂjnw\ Tl2o~ T)2qp Z \z/; _\4/; Z UQ/(ZCT)
Sy BIMIFT L EERIFENT GPEBO HFy 35t 1 oviovio | |ogaen |
MR A7 B 0] 2 P SR A A ) 8wy, wy, w, RS HY 4 4 4 4
U,/C,,
FRFHIUS, S U, ~ U, 2 (1) 5t e R 1 vz V2ol
Bk 47 IR s
Fir e 3T B 3& M FE M GPEBO I E & JF&r 7
.
(@ @ @ @] = B A S 7 R A 3 R,
U; e 3%
i
ez SR A2 SR S
S |k | UnUnlUs . |(52)] [
W BR A o AUE T
i %% (50) il &% (51) wE (RG] &l [Bx
3 |
i, |0 B ti,mz,mz e o [k
= |7 %2 ELE R fElw |5z
X, 7y2 i, %ng}/lx Bl B
x,. |7, “ | GPEBO
%%g BERFHI TR
7
GPEBO
B FR A 1 7 %
B3 EFEEREM GPEBO M A IEST R IR i SEmE5 R
32 Rt — 511 (ke Sy + kg, sign(S,))+

FH o7 B R4 A [ i E T S 40k JR 1 3R (9) ~
(11) AT (12) ~ (14) E B R FRE R, HEE &N
[ GPEBO F#E i1 th 2 % BRI 30, B4, 4% i) 4%
(50) F1 (51) 2 X FRIE . FIEE, 5w SO R, A
F5 L DA VR I 8 o A5 X 2 i 28 i AR e M AT IR B,
DU AIE A T A BRI A 22 e, AT PRI TRV UAC SR 0. LR
5y 3B HHTIEH: 1) RGURE(E B o, MES T
Noo AP HREHAIHAT, RGREH I, 2) RAREF
B o IR, BB T, WA TR S, H
PR SR 2 0; 3) AR BN 0 5, RERE
7 BIR A T AT S 22~ 18 .

step 1: RIVIREAE B o A LT KK
Wl AT, RGUREH T

#8330 (48), ¥ (51) FHIEHIEAN (), F
4R (7), TEE

6y =

€ap — k l€A¢/I — k¢15¢ — k‘¢,zsign(s¢)—

Bots/Pots relte (14 m¢/(a¢n¢)€;ﬂ¢/% .
HHEFI (48), KT (53) AHAPMAIER S, 71455
g, =

(53)

Do/ (Bodo)€s? ™ (eay — €as —
ap(14+my/(agng)es ™.
&I~ Lyapunov BRI
V=(e+é+52)/2.
TV, XTI (53) Al (54) R S, 1755
V=e,é,+ 48, + 8,8, =
— €4(ky, Sy + ky,sign(S,))—

2-pe/d6

kcl6A¢/Iz)_

€464 + €4€44
my/ng—

(I+my/(agng)es ™ )%»%%/m%

kleaso/ I, — ps/(Bods)és holte ™l x

(Ko, S5+ Ko, |S6]) + po/ (Bsds) €5 nelt T %
(€4 — €ap — kleas/1,)S,—
€aoSo(1+my/(agny)es* ™).

(56)
Falli 0 <a< 1, MXFAEZD BLLFALE

BT

|b]* <14 alb] <1+ |bl. (57)
HI (49), A1 < p;/q; < m;/n; < 2, BIn[153]
é:;qb/qu 1 >0, 3 Pe/d¢ e;w)/%—l > 0,



2598 = % 5

ET <1 ey, el T < 1t fey). (58)
H 2 (57) #1 (58), FI 133
—5¢Q¢/P¢62 p¢/q¢(1+m¢/(a¢"¢) ::d)/% 1)% =
— Boa/Potsy """ (14 my/(cgng)e) ™ ™)+
Bos/Pots """ (14 my/(cgny)es* ™ eas <

Boo/Poleas| (1 +my/(cyng) (1 + |ey])) (14

leaol + IE]). (59)
#20(59) RN (56), AT153
V<

lesol + [€olleas] + Ko, [Sobs| + Ko, |és]+
Boleas| (1 + |eas| +[€5]) (1 + 2/ (1 + |eg]))+
2/BslSsl(1 + leas| + 1€s])(leas| + |€as])+
|eagSs|(1 +2/ay(1+ [ey])). (60)
FE(60) H1, KTFEEL Sy |- |es| |€s]~ [Sses]s |Ss€s
AR eyés | T R EL, 2 Ky~ Ko, P, WK (60) AT
5N
ko, = 2(|eas| + |€as) (1 + eas])/Bst
|eag| (L +2/ay + Bs/(205)) + Ko + [€as]
Ko, = 1+ Koy + 2(leas| + [€ag])/ By + 2leas/
ko, = Boleas| + Boleas|/(20). (61)
HRAZE (56). (60) BLK (61), FI#3Z]
V <k (190] + leo] + [€4]) + ko (1900 |+
[Ss€sl + lesls]) + Koy (62)
AR de < (2 + ) /2, R (62) #— B KL N
V<
W (L4 82)/2 4+ (1+€2)/2+ (1+€2)/2)+
w (S5 +€3)/2+ (5] +€5)/2+ (€ + €3)/2)+
k,, < (2k,, + k,, )V + 3k,, /2 + k,,. (63)
X (63) 121

k
k

V=kV +L, (64)
ot k, = 2k, + ky,o Ly = 3k, /2 + kuy s Koy Ko,
LS K, N IEZL, B

V < (V(0)+ L, /k)e"™ — L, /k,.  (65)

Rk, X TAERER BT, V27 R, BV, e, BL K&
e 1Et < TIN5t

step 2: RIUIRAAE B 2o, FIEE LT3 o, A
v G, HEARAR B BRI T Y8 2 O.

2 R ARG TS, 20 (49) FEVERE.S,
L3 CY ]

Sy = ey + 1/ amel?’™ +1/8,e0%. (66)

* R E40%
A (51) FIEHIFHE A
U, =

m,/n, —1
(5¢Q¢/p¢62 p¢/q¢(1+m¢/(a¢n¢> e’ " )—

Moo + &7+ klioy /I, + kg, S,y + ky,sign(S,)) 1,

(67)
BA R (2) #(7), ¥ahlE (67) AN, i3 3]
€y =
- (1+ m¢/(a¢n¢)e::¢/ v )B¢q¢a/p¢€¢ relte _
ks, Sy — ky,sign(Ss).
(68)

FETT7HE (68), MIHHEL S, (49) 3K F, AI53

Sy = =P/ (Bots)é5""™ ™ (K, Sy + oysign(S,))-
(69)

5 XU Lyapunov BA%Y:
Vi, = $2/2. (70)
HEE (69), X Vs, KT, AIEE]

Vs, =548, =—ps/(Bos)ér?' ™™ <l<:¢1sz+1%15(¢13j
7

Do/ (Bogo)el?’ ™ B (71) L H
VS¢ = —F(é4)(kg,S2 + ko, |S4]). (72)
LR 70 RS 018
1) Hé, #Onf. HFp,flg, NIEFEL, 1 < p,/
dy, E_6¢ 7é O’ ﬁ

LF(é,) =

R D L N
ZRE Ly >0, po~ qu ¥ NIETE, HF(é,) > 0,
HCEAETE 93 /1 IE 6 50 A2
F(é,) > p >0, 74
BESER (71). (73) LA (74), A5
V = —2pk,, Vs, — V2k,upt Vs, (73)

B3 1™ BZAEAE—A Lyapunov BBV, A, >
0, >0H0<p<1,1fif5

V+>\V+>\2V”<O (76)

[i] Tsjj
In(1+ (A /X)) ~°V(0))
ML= p) ’
WRIESI B 1, T p Mk, ko, BN IERL BV,
A B I R B, BRI DL T Vs, A BRI TR) S8l
% 0.
2) Heé, = ORf. ¥e, = OFRNTTHE (66), AT 135
= —ky, Sy — ky,sign(Sy). (78)

T, <

(77)
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% & AT B E RN GPEBO 49 & M2 18 A 4 w9 7% 3T AN IR IZ 42 4

2599

HFe, =0, H6,=0. [, BFk, #0fk, #
0, HS, =0, HUL A F I~ AR AT & S, A
PR TENYS SR %2 0.
25 b, E 2 Ry, YOS TS, WA R S, A
PR TENYS SR %2 0.
step 3: WA BN E 0 J5, RGUIRESH R
T AT 00 2 S 1 1.
BT AR S, A BRI S 0, &
ey + 1/amel ™ +1/8,é0% = 0. (79)
13X (66) B2, I15 £
€y =
(=Bses — Bo/argey *"*) el =
de, _
dt
(=Bs) e/reely ™ (14 1 aey @™o )relme =
e;%/%d% =
(=B (14 1 ey /™o yalredt. (80)
H T 8,>0, 1<py/qs<my/n,<2, egd’/n‘”’l >0,
H =X (80), M5
e, """ de, < —Bi*/"at. (81)
3 (81) PRI RSy, AT 45 2]

e,(t)' 77 /Pe <
¢

%(tl)l_%/% - (p¢ - %)/%ﬁﬁ (t—t). (82)
2 (82) TTA, e, () ~90/Pe g R 1R 38 ok o £, XA
es(t) 790/Pe >0, B ey(t)' oe/ro B i L B 2=
ey(t)! 9e/re =0, B4t > ¢, I, e, A BRI A WS 2
0.

25 L RTIR, {EBH step 1 ~ step 3: U RGIRE(E
B BV R T Homo, WS B AGTHAT, REREA L
T Al vE 5 IR ER R 2 e, A BRI TR SR 2 0. B, P
P FET H & N BB GPEBO [ & AR 4 P &
i VB R4S 1) 7 R S RO BRI — R n R

1) fEFT & A 35 H 28 (50) A1 (51) 1. MR S
FR [16] FASCHR [19] F3E &7 e bR Jd 28 oy g A5 4 1) 2
Bk B o, By, my, iy, iy g AL TE R
A BT IR U BRI AT, 6T R AR SRR A K
KT ke, ~ /N hes, 8 038 R GUIR AS USSR 20 1T |,
SR, KK, AT RE2x 9 LRI e S . DRtk 72 R4 1)
WAL S AT 75 R B A

2) K FH e B 1 R E B 2 B 0 OE B BB
GPEBO K E 14 R4t (2) 18 B I & A5 R 1 o, AU AR
T Hn.,. — MRS, KEINSN R G 5 (2

SAPERE AT BT R B (43) WL Y, Ky
FLB I A 5 2 H R 0, (R T K e
ke K o . FRtE, R 6 I SR IR 7 R
W 1 3 R IR B LT A 0 ay, by, K
g, INHIb, B R AT A PERY, R, %
7 G519 375 T L

4 PiEHFR
41 MHEBE

DNGAIE B e th 2R T B 1 N [ Fr GPEBO I E &
B S PR 2% it 7 A% % ] (CNFTSM + ARGPEBO)
T3 A AL, AT 5T RS W
28 1 A AR A S P £ i W AR 4% ) (CNFTSM +
ESO) 77 5¢ LA B AN 55 S0 I 245 B4 3 7 S PR 24 o 1 AL
] (NFTSM) J7 ST BB, 6 bl e 1
5 BRE, R A R BSR4 5 B, PAORIE S )
(e, BV R HCN

sign(S;), |Si| > d;
sat(S;,d) = { S,
Ea
Hrhd=0.2.

TiEFH OB ZH 0N m=2kg, g=
9.8m/s?, I, = I, = 1.25kg - m* [,=2.5kg - m? =
0.35m, k,=0.035N/(m/s)?, k,=0.011 N-m(m/s)*,
Cr =1.105 x 10°, C,, = 1.779 x 107.

Ve 38 e AHLII W IR A BEANE AR E N 0, &
BRI R) FBEE R B

x% = cos(0.5t), y* =sin(0.5t), 2¢ = 0.1t + 2,
* = 1/3sin(0.5t).

Jr# tf CNFTSM + ARGPEBO J5 & 1, 151 %
AL &S50 T .

1) 47 B o] B P 28 2 80N

a,=o,=a, =1, 6,=0=080=1,
m,=m,=m, =7, N, =n, =N, =9,
Pe=py =p. =15, ¢. = ¢, = ¢. = 13,
k., =k, =k, =1 k,=k, =k, =038.
2) LS AR SR S HON
oy =0y =0, =13, B, =By = B, = 15,
My =My =My =9, Ny =Ny =N, =5,
Do =Po =Py =95, 4y = o = qy = 3,
ky, = ko, =40, ky, =30, ky, = ko, = ky, = 3.
3) i B 0] 5 G RLFERT GPEBO 280N
A=A, =X, =500, v, =7, =7. =048,
Gy, =y, =a,, = 70000, b,, =0b, =0b,, =4.5,



2600 = % 5

*x R £40%

Oy = Gy, = G, = 250, b,, =b,, =b,, =2000.
4) 35 [l & M £ F GPEBO 24
Ao = Ao = Ay =000, 74 =7 =7, =04,
= ay, = 300000, by, = by, =b,, =11,
= ay, = 250, b, = by, = b,, = 2000.
E %t EeT7 & A& WL 25 1Y) NFTSM 42 1l 77
F, Hopz ) s vt 8 2 IUE 5 BT $ L T 32 v )
A M BT CNFTSM + ESO 7 R i,
il & 50 23 55 B Rt UV R g > — 2K £ ESO
BT, [FRE ARV EIE S, it e i R prs:
2 =2 — Bug(z — 9),
2y = 23 — Biags(21 — @) + boyUs,

Ay, = Qg

Ay, = Qg,

Zg = —Pisg(21 — 9), 2 = Cza Zy = Tlog-

BEARIE L, % 8 TE DL &5 R 75 N

Biie = 15, Pio. = 75, Prs. = 125,

Biy =15, Pio, = 75, Bz, = 125,

Bi1. = 15, B, =75, B, = 125,

B, = 60, Bz, = 1200, B3, = 8000,

Bi1e = 60, B9 = 1200, G136 = 8000,

Biry = 60, Bia, = 1200, B3, = 8000,

bo. = by, = bo. =1, by, = byy = 0.8, by, = 0.4.
A B AN E T (A E A0 &E N

0, 0 <t<10;

3, 10 <t < 20;

3—0.2¢, 20 <t < 305
3+ 3sin(t), 30 <t < 40;
0, 40 <t < 50.
0, 0 <t <10;
2, 10 <t < 20;
2 4 2sin(t), 20 < t < 30;
—2, 30 <t <40
0, 40 <t < 50.

Fdz:de:Fdz:

Tap = Tae = Tay =

42 HEEEREMT

4 ~ & 9 3N AN TR I 7 T DY e 30 A
BU R R ot 2 v i e )97t 2. 6T 4 FEL 5 43000 K
I PR R PR B R 2 e It . DT MW SB0ER FE
PO BN 5 TH K 53

D BT HrEgE: HE 4 FE ST £ 0~ 10s
H140 ~ 50 s TETPIF, =F 05 1E T i i 28 A
H A, X R H A S HUL A 0, 725 TR,
Frd 7 AT CNFTSM + ESO 5 NFTSM $ii T

Ptk e e I, CNFTSM + ESO k2., T NFTSM %
AT HAMEI, T B 280w 25 1A, PLTH i 59;
1E 20 ~ 40 s AETERT BT HLIT, Bt 75 vk 5 i 25
55388 70 B 4230, CNFTSM + ESO ik 25 1818 2
F Uk, BIPT T AR 59, NFTSM B 4™ 5 1k 25 4
HEL T,

2) W S B B 4 Bon: BTt TR T
CNFTSM + ESO 5 NFTSM 7 ¥ {8 M 28 30 A
A SRS SIGH BT HA A 3 Ah U7 VR R R ZE
BAAE S99 0.1 my 1 m BLE 2 m. B 6 Afila f
Wi o7 R R 5 22 i 28, I 6 AT L, 3 R 5 iA TR
AR e S PR AR R AR e . & 7 R A A A
AR, =5, AXESHEEREN. ©
8 FHE 9 43 B AANR 75 ¥ T 20 5 5 R A5 A 11 1)
SR, 1 8 AN 9 BT UL, B4Rt 75 i e % R vk
il v S 2 ok R AN AR R, A T g o R gt 2 K R A
Et CNFTSM + ESO 5 5.

2 -
; ol ,f,’// ?\/J/\Z \ ,;/’EC:Y
,2 N L ) .
0 10 20 30 40 50
t/'s
(a) XHIE PR BEm B ih 2%
2 L
E / N\
~ OF ‘::f:::::; /\ /\Q \ )
\;\ ,’/ \ \ /
-2 1 N L )
0 10 20 30 40 50
t/s
(b) YIHIER BN ih £
8
o w )
8 4 /
Tl M
207
oL - - . .
0 10 20 30 40 50

t/'s
(c) Z i PR a7 il 28

- --- Reference CNFTSM+ARGPEBO
—— CNFTSM+ESO NFTSM

&4 {LE IRERNR N 2k
AN, SINE AR ZE RS (ISE) 48 S H 5% 2 F1
4 (IAE) K€ miF M Pm IR EE RS B, 2 1 f13k 2 43
A5 T ISE M IAE [ME, Hat &R a0 pis:
By = ftl eQ(t)dt, Eng = ftl |€(t)’dt'

et ¢ T 45 50 0 20 T 6 I 1) o s
e(t) MRS BB .




% 84 M ¥R 5 AT B E S EY GPEBO #93% 315 K 40 v9 7% 3 T AN IE IR, 32 35 4 2601
1 80 .
ok\ D 40t
E v g A Va .
3 Z | / f
oot S Qe --\Q;Z-{%;;;7‘=x----r--+s=>~-——
2 10 20 30 20 50 405 10 20 30 20 50
t/'s t/s
(a) XIB 0 R R R 22 M 1 i 28 (a) TREYVA AR EELE T BE 28
40
1
)
0 F— . [\ N e e B O Ogr=emm
: | aa : NV
B S 40
2| 80 - - Y
0 10 20 30 20 50 0 10 20 30 40 30
t/s
t/s
; FE B N Bl 2k
(b) Y ERER R AW LL (b) AR A2
---- Reference —— CNFTSM+ARGPEBO
2 \ —— CNFTSM+ESO NFTSM
AN A BT SRR AR
~~ Or AY T
_1 -
_2 L . . . ) r;\ 1 B
0 10 20 30 40 50 =
E 0
t/S ;
(c) ZBIEFRERRZEWIN 14 4l
—— CNFTSM+ESO —— CNFTSM+ARGPEBO L L L L
NFTSM 0 10 20 30 40 50
t/'s
o 0 R
B fERERENNHS (a) ORI R I 2
1
50t /7 \ =
. /7 //\ /\\ /A_ E o,
S 0r [\ / \ / BN
N / \ \ ol
3 / Y /
-50F A4 \/ \/ -1 L L L L
. . . . 0 10 20 30 40 50
0 10 20 30 40 50 /s
t/s (b) Y I L R A 2%
- --- Reference —— CNFTSM+ARGPEBO
—— CNFTSM+ESO NFTSM
(a) oA A SR L 1 2 = 1
g
r | /_M i
Q Ao | Ny
3: 0 L *1 . . t y
o« ool 0 10 20 30 40 50
4 ) ) ) ) t/'s
0 10 20 30 40 50 (c) ZIBIBLEEE K H Al T m B fh 2%
t/s —— ARGPEBO Estimation Value
(b) A £ PR B 2 1 157 bl 2% —— ESO Estimation Value
---- Real Value
—— CNFTSM+ESO CNFTSM+ARGPEBO
NFTSM B8 {rE[EREIRERIGIT

[El6 A=) A ERERIR A 2k

H3% 1 AT AR, Bt 7 vEAH T CNFTSM +
ESO 5 NFTSM 7E X il I, %k R K 5 43 ) 4
T 84.57% F1 97.44%. 1EY fh L B3R & T 97.77%
H199.68%, £ Z%h L7 7lF2 e 1 58.29% H1 90.98%;
B3 2 1) TAE 7] LLA H, B8 7 A b T o Ah
PO EAE Xl E 2 R & T 78.2% 92.91%, TEY il
IR T 85.82% 1 95.81%, £ Z#h |43 ) #7

1 68.58% 1 89.17%. R BT H 5 v2: 45 8 Uf i ik
THRE DL RS RE
5 & ®

AT o B A S DN A AR R AN S
(19 VU e 3 I8 A MU0 BR R i) @ AT T OO, R
H 7 — R T BiE R B GPEBO R A L& ik
TR 2% i A A 02 R B A ) T L BT U U O 2 SR
FHOG G 1) i R A SR A 2 R e A 5 AR, G H 2



*

R £40%

2602 = % 5
5
'g 0 u__\y\‘/\\_,k,.___
<
"‘S: 75.
0 10 20 30 40 50
tl's
(a) MEVR A LAk v B i 28
-
s
=
(.%" i
0 10 20 30 40 50
tl's

(b) DA T P52 o E A i 7 B 2

w, i/ (rad/s)

t/'s
(c) (mALAR IE FE S Ak v 7 it 22

—— ARGPEBO Estimation Value
— ESO Estimation Value

---- Real Value
E9 ZEXEREAEREGET
Fz1 3 #iTHlF AR ISE &
A G NFTSM CNFTSM +ESO  CNFTSM + ARGPEBO
X 30.17 5.002 0.7719
Y 30.94 4362 0.09855
Z 33.72 7.291 3.041
2 3T AR IAE B
AF i NFTSM CNFTSM + ESO CNFTSM + ARGPEBO
X 27.74 9.029 1.968
Y 27.72 8.094 1.148
Z 29.57 10.19 3.202

RORZE A N S Hfliit, 285 R DREM 2 it
Bt A BRI TRJ AT S R0 0 >k EEA) 2 458 AN T
FEAREARFNSH AT 2 T3 5O W 25 1
R ETHT7 R, Frit bzl U7 58 BA 1 PRI A 5 4L
ST SR R 1, L AT B BRGS0 S B 4 1) T
T,

AR TAERIE A TT TR 1) TEAHLAE
RATIE R A S B R B R k4%
e 5 R A A 475 ) 28 2R AT AL LAORAIE TE A DL ER 82
AT, 2) BRI WL I F AT BRI (8] i SI0X — WF 72 %
2, ARAE SCHR [317 H 45 3R o R G0 TR A2 i IR
R 54 BB S i 78 3 2 A
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