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Design and Simulation on Autonomous Landing of a Quad Tilt Rotor

Abstract

Abstract: Aiming at the under-actuation of general quadrotors, a novel quad tilt rotor model is proposed.
The model decouples the y-direction translation and roll rotation of a quadrotor by the four servos used
respectively for the tilting control of the four propellers to realized the tilt hover and tilt flight of the UAV,
the UAV can keep a tilt attitude which increases the maneuverability and the precise pose position and
attitude control of the tilt UAV and ensures a good performance on the trajectory tracking and landing. A
5-degree polynomial optimization is used in UAV trajectory planning for the strong robustness and
optimal distance. The quad tilt rotor model is verified by Matlab/Simulink, and the results show that the
aircraft with the proposed model could land on a slope or moving platform more quickly and accurately.
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Abstract: Aiming at the under-actuation of general quadrotors, a novel quad tilt rotor model is proposed.
The model decouples the y-direction translation and roll rotation of a quadrotor by the four servos used
respectively for the tilting control of the four propellers to realized the tilt hover and tilt flight of the UAV,
the UAV can keep a tilt attitude which increases the maneuverability and the precise pose position and
attitude control of the tilt UAV and ensures a good performance on the trajectory tracking and landing. A
S-degree polynomial optimization is used in UAV trajectory planning for the strong robustness and
optimal distance. The quad tilt rotor model is verified by Matlab/Simulink, and the results show that the
aircraft with the proposed model could land on a slope or moving platform more quickly and accurately.

Keywords: quadrotor; tilt rotor; landing; decoupling control; trajectory planning

55 H o T NI B 3= F57% 72 T AN B 5T b E o &
B —HB 53, BT AR R B PR B0 T8 AL 2 |
PEREAN BRI P RR SO & A R 2K . e
R L Z2shirim b & s B YRRE AT
Yieka 09 2018-03-13 fEE A 2020-03-13; S PR A A AR b 1 B

HEWH: HxARBEEIESE(51579204), HKE S

PUie 3 e AMLE T H A RN AT
PEAR AR SR i, SRS MT 3 =2 1

fl}:l‘yii‘l'ﬁu(2018YFC1407405); ]j\] 9[‘#%‘%’[’5@%&@@?& E *ﬂ?ﬁ\i)ﬂ” IEJ /:E@jﬁ'/fi:
TEZ i BEF01985-), J, e, #h4, TR, I@([l]lﬁﬁ‘T#ﬂJEﬁ%@%Egﬁ%

BHFLT7 I M5 B AR S] SCoeHi(1975-), 5, Wl

T Wk HE WS BT EnE BB A T, E R SRR
G .

http: // www.china-simulation.com

* 1676 ¢

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 9, Art. 5

3265 9 M
2020 49 H

AT, JFERIE 2 H R . SCER[2152
T MRy B BRI I TR AR I B PR RN R
PR BT, P [T RUBOUT I SR e 3 A R $
e BT KGR o SCHR[3THE 17—l DU e 38 7 JE A\ it
SRR SNk S Q0 A R e AT A N VA
R AR PR 73 o B B P R A DY e 3Rt 25
i U 2 1 DY e 3R AT BT ML 28 254
FELE DU Jie B FE AT MIE B0 T X 28 3 AT 42 Ml i
VUi BAS D PR AE T o SCHR[4192 1 — FhERR
OUHE L 2% F T DU Jie 38 o 7 A6 i AR ARCT 5 1K 7
R, 27 P E AT DU e 3 RAT B 3B
REST o B PRTE RS 2 B BL: AR B BT
anf, TN & B TR, S0k)m T an ke
Vi o SCHR[S-812 T D Jie B AL Iz )T &
RV T3 B LB A TS 3T & B xt
B85y, BRI 2RI R RS L, X
S REATIRER . STIRO13R Y 7 —Fh iz ah il
THASEE, R A S A R B 2 ) A AL ol 5 00
PR R GG, DU IS IR R S B 1 2 T
B I I ) A0 55 5 A 1 1) D e 3 e A HLAE 3 ELIIR &
FEERE TR

HOUL B DY e 3 TE LA — s & AR Lt
ARG, 1370 AHUAE P I e v ] B X o AN 28 2
AT RE R A5 0 IRXE o AR ST (R DY
Ji€ F e NHURE R T 2 ) 2 Geoxt i B AL 35347 1
SR, FERSILREAT 7R, SR T BN R
T e SE PRI MR ) F T A0 R I A2 201 i b

1 {602 VY e B A HLzh /) AR 2

1.1 2R RS

AR SCAE R DY Jie 3 /N L T8 A ALEEAT EE A )
SRR, E BT UL B AN

(1) VYT 3 /NETE NI HE A S5 46 A I A

(2) PUEE NI ANEA T KT L O
SELRHR;

(3) Wi IAE e B R v ] sE AN AT AL

BERAr, S BRI B EFFER BT S0 R

Vol. 32 No. 9
Sep., 2020

(4) AN IEHER B 3 S ARG, AN R IR e
KA TR

N 1 PR EESL 3 AN AR, 23 0l ORI AR BR
R O0,(x,,90,2,) s IUEBER R O, (x,, vy, 2. ) FTHIHLAL
RO, (x,,y,.2,) -

BRE AN, FHRRELA 7 = (v, 0,¢) Fox
NI 3 AN TThiffe v, 0 Fl g5l mfifa . i
A FRIREIR i1 o T AHUAE S AR R ] — A
IEAZHERE R(y,0,¢) KBRS TEFHERE Ry RonPLAk

HERR R O, BIRILARKR 3 O, B . BRI
R =

COCy CySgSO-SyCé  CySOCH+SySe
COSy SySOsing+CyCgd SySOCH-CySe
-SO S¢Co CgCo

e

b B RE RD ONHFLALER R O, BINLARAL R R
Oy W 4; CO N cos; Cy N cosy; CP N cosd;
SO AN sinf; Sy N siny; S® N sind. H
cosaa 0 sina
0 1 0

—sina 0 cosa
A FEREFERE R, N HNLARER R O, BINUAAFR &
O, et Rl

R =R’R} 3)

R’ =

)

K1 bR RS

Fig. 1 Coordinate system

http: / www.china-simulation.com

<1677+

https://dc-china-simulation.researchcommons.org/journal/vol32/iss9/5
DOI: 10.16182/j.issn1004731x.joss.18-0135



Xiu et al.: Design and Simulation on Autonomous Landing of a Quad Tilt Rotor

#3285 9
2020 £ 9 H

1.2 B S72AER
1.2.1 B3h %58
FRAE AR M 58 — @ v 15

u 0
m| v |=R,T-| 0 @)
w mg
p cosd 0 —cosgsind ] ¢
gl=| 0 1 sin¢ 0 (5)
r sind 0 cos¢cosf ||y

m(it —rv+gw) =siny(-1; sing; — T, sina, +
Isino, + 1 sina, ) —mgsind
m(v— pw+ru)=sin y(T sine; — T, sinat, — ©

Iysino, + 1 sina, ) —mgsingcos @

m(w—qu+ pv) =—siny(T, cose, + T, cosat, +

T; cosay + 1T, cos o) +mg cosgcos @

X m NEANRE; u, vo w NKHIAEFRR T
3ANFRIRE; T=XT,; T, NIZHer=Em
HeT1s pr g r NGEHUIARALRR R 3 Nl 5 3 A
B o NMENLBURR MRS, =45
1.2.2 BN IFTE

RRH7 77 R s

I1Q=-0xIQ+T (7

R &
I=

db(e; cos 6, — w; cos6,) + k(e sin 6] + @} sin6,)
db(} cos 6, — a3 cos6,) + k(w3 sin b, + w; sin6,) ®)
k() cos 6, — a3 cos b, + w; cos 6, — ; cos 6,)
AT A H R 15 A 4
I=1,+md 9)
Kb n=(a, B,y) NAE—FeBhBREAINS T A4 4R 4l
(R ) AR 5L 5K
[xx _Ixy _Ixz a
ilz(a ﬂ 7/) _Iyx Iyy _Iyz ﬁ (10)
-1, -1, I 4

AR A - R 7 R, 7% R BB A AN g 32 f
RN, TG

RGTE AR

Journal of System Simulation

Vol. 32 No. 9
Sep., 2020

I.p=
(,, —1.,)qr — I, siny(a,m, cosa, —
o, cosay)+ I, sin 7(6124: ()", cosa, +
r(o sina, — wy sinay))+ cégly(lméél — 1. 05)+
sin y (L gy &y — I 0y) +d cos y (=T, cosa; —
T, cosa, +Tycosay + T, cosa,)+cosy
(O sing; -0, sina, —Q;sina, + 0, sinay) (11)
1,4=
(1, =L )pr— I, siny(eo cosa; —
4
@5 cosay) — I . SIN y(pz ()" @, cosa; +
i=1
r(o,sina, — o, sina,))+siny (1,0 —
T @l3) + €08 y (I Oy = I 0ly) +
dcosy(Tlycosa, —T,cosa, —T;cosa; +
T, cosa,)+cosy(—Q,sina; — O, sina, +
O;sina; + O, sinay) (12)
Izz};' =
(I —1,,)pq — I (o siney — a0, sina, +
oy sina, — oy, sinay) + I (—p(@ sing; +
w;sinay) +q(w, sina, — @, sinay)) +
(Tysing; + T, sina, + Ty sinay + T, sinay, ) +
(Q, cosa, — O, cosa, + Qs cosa; —Q, cosar,)  (13)
K Lo Ly L 73 A2 T AN THUARARAR 2R x0
Voo 2o SHEFESN I s Troe AL BN d O
TENNURER ;@ NIRHESR T -

WER e 2 7 £ I 3 77 AN FHAE 2 B A A P )
AL . B AT KRR i L& IR
BRI, BN T —APHRRAS, R B SR
FEEARIN 0. AL, FEIX B2 E L AL,
HCHE T AR 7T BLE SOM3TR -

T, =ba} (14)

O =ka (15)
s b=05pACR*, k=0.5pAC,R*: p N%
SERE: R OARMRAR: A=nRPARBER: Cr
NI ZEG Co NHIFEREL

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

* 1678 ¢



Journal of System Simulation, Vol. 32 [2020], Iss. 9, Art. 5

3265 9 M
2020 49 H

1.3 B RGHRE

FRFE FE /R EE T e, B Rl B B L BB AKX [B] 2%
{1ty El A 5 R T DA A,
La dla +iaRa + Cewe = ua (16)
det

A L, WX i WA HLIL R, AKX HE
BH; Co NHENLEEL o, FIHINLERIE: u, 9K
HLZHLAT LA R M, T USRS

M,=C,i, (17)
X G, AN R % Bl B35
AU IRy

Jm%:Me—MC (18)

A T, NS E: M, TR, X
HUBAR/DN, R IR T 45

ia = (ua _Cewe )/Ra (19)

AT DA 305 N\ 42 ) PR S e R R o0 R
. CmCe 2 Cm

J,0,=—""0,-nw, +—"u, (20)

H s n AR R 5 ARYE A 20(16)-(20), 7/E MATLAB/
Simulink HFEE. X B DU JiE 3 0 A N3 i Al
FTC R ALY

1.4 HEERSH

B e R A S B AR, RHEURH Y e R EN
PLEEAT VAT 2, HEESHUE 1 s,

R BRMZH
Tab. 1 Model parameters

S AT il
- apiipeyics m-s? 9.81
TRE R kg'm™ 1.29
LAy e m 0.165
EAUETAIS m 0.018
BB TH m’ 0.085
LAV EEE kg 2.15
x G )5 kg-m? 0.082
y Wi E & kg-m? 0.082
z SR kg-m? 0.149
FLHLE B0 kg'm? 0.005
iR m 0.450
i EOMAEY 4 0.004 8
e R E 0.000 235

BERAr, S BRI B EFFER BT S0 R

Vol. 32 No. 9
Sep., 2020

2 ERIRZRGT

NSEDACTBBANEZS i, A2 )5 A Y
fie B af A RN 4 SREHLI IR E, 2Rl T 4
ANV AR 5 5 T AR R, SN e T RERE A
SEHLGE K WV BT £ s e . 2end g
8, 12 DU Jiie 3 4544 R DR ORFF — MU I R &
EECT

2.1 #EHIRG

B R 2 Pros, REZEEELUH
JUANER . BHEEAL B ARSI MBS &
AP WA AN S B e AR
HIEE S e N RO AL M, LT &
B RAETUR B SR o A7 B P i R 2 A s il 2
2T PID (Proportion Integration Differentiation)
P .

X.V,Z
J W) 40y 4
+_ ' v
i il Py 14 g
ep| O I Bk [
frE 5, 9, B
&AL B €00 /S ‘511/,9‘(/’ %14 =
O e
_I R O
w,0,0

K2 EHRGHER
Fig. 2 Control system block diagram

i NS RAAL B i 2 5. AL B
W AN, JHEA B P R KHAIRR O, T,
TANB R E R AL E P, RIENVEMIRR O,
N, TR EHI AR O, AAFR R SE R,
IR P, 403 O AR R T . M B HIAN S
NALE w7, B

e =F,; =Ry p,; (i=x..2) €2y

BRBHIB I HNE e,(i =y, 0,4) E SCHIAE
LAREGIALIESEM, BESHE R Mt E.

fr BANEE PID T AR

http: / www.china-simulation.com

<1679+

https://dc-china-simulation.researchcommons.org/journal/vol32/iss9/5
DOI: 10.16182/j.issn1004731x.joss.18-0135



Xiu et al.: Design and Simulation on Autonomous Landing of a Quad Tilt Rotor

532 %5 9 ] R Vol. 32 No. 9
2020 9 Journal of System Simulation Sep., 2020
kpzez + kizjezdt + kdzéz 2°3 %%Uﬁmﬁ@
S ke, +ky [e,dit kg, rh LA A 2
% kpges + kg [ epdt + kgl @) (11 1 1) cd
% 17 k0 ke sk fodia. i (22) o (11 -1 -1 0,
59 p@( - ( pxex + ixjex t.+ dx€x )) + a)32 = 1 -1 -] 1 0959 (26)
Sy ki@.l.eedt * ko0 o) 1 -1 1 -1)\¢,09,
K€y + i, [, de 4y, 8, AEHLIGTES f P MR A
Kbt 8, 6,0 O, AT ANLEE(p,0,0)8 a) (B) (1
I PID it S, 6, AT AN EEHI(Y,2) @Bl e s) @
N \ -1 Y
J7m R PID i, MWARXTH s, s S 7 % ﬁ} .
a, 4

So s ky NRGHEHIH R LL BRI R kN RS
P AR 45 11 R kg R G I B 4
HREG €8 e Y.

2.2 HRAME

sl 3 fros, HUARSE X, s — NN,
HUARAEBURPIRS S, AL TAE, BT E Pk
M &AE vy Bl PR T30 71, O T AERIARAE KT
T _EAN AN RS, TR X, i B AP ENL ™ A
T’ HARE By A s, LA I OT7 1R AR A 05k 4R
HiZE sy,

Tisin f§ = ~(Fp —Fy,)

{ Tysin fy = (Fg, — Fy ) 23)
N T AL By =—p,» WE@23) AL -
(i =T3)sin f = Fy =mgsing (24)
[, FI133)

(T, —T,)sin p, = Fy =mgsin® (25)

B3 R LR M EEAMEE A

Fig. 3 Angle compensation diagramat of tilted standstill

3 RBEEFRRH

FEFREFE AR, O 7 A BR R S Rk B R
MU CAT P BP0, AMUERTE AN B
EELEAE BEESE, T HL B R s B BE LR 7R
AL 2 Feg i 78 v 75 BRI AT 0 L RE | e
B A MR MENLA FERT AL KT i
ZOBR, TS 7 B B N S bR R G
3.1 it BiRASH

R TC AL B A5 LR B9 3 5%, 38 H B
MG 3 FplEvE Y.

(1) [E5E ST BB TTANUMALE A ST
BRI& BN E B P TH L.

(2) [EH5E SR R TTANALE A ST
REv5 20 E B R L.

(3) BEN I BRI FET: AN A miBETE R
SN BRI HPRE R B ALE.

FH U P AR 2 AT T B AR S 4L

(1) TN B35 55 B BIAR L B AR T8
FEXT AN BE#B A 0.

(2) TN 5 5 B HIAF T 28 25 FUMR K 3
FEH 06

N T R FH AR SR 2 ST AU D i 3R AR AR S g
ERI MBI LIRS, TEZEITLANIE
BN R BR I, A SCRIBETE BT R BT TR R
FIRTHE:

Published by Journal of System Simulation, 2020

http: // www.china-simulation.com

* 1680 »



Journal of System Simulation, Vol. 32 [2020], Iss. 9, Art. 5

3265 9 M
2020 49 H

(1) P& 5 B i 2, TANLA
it B0 H AT R ER R T

(2) BRETANERIG R A Ak OV - i
My =0), REMERSREPHRIEAZ.

(3) BRWAETC AL RV 2 T s i B2 e,
Fo AN E B W e I HL o AL A2 P T B A
RRAEARIZF)
3.2 BRI ERER

N BREL— AN B A AT I Ak
R RV , X A B SR Ay B A T 2 5 5 T (R WD SR B
AL Ab S5, WG A FI 2% N g FE{E .
A 6 NAF AR, BIERA 5 IR 1

q() =gy +bi (1 —15) + by (1= 1) +by(t 1) +

by(t—1,)" +b(t—1,) (28)
q(t) =40,9(t) = q
q(1y) = vp,q(t;) = v, (29)

q(ty) = a9, (1) = a,
b b NZILREG v NERESE o, WIESE,
T=t~ty, h=q,=q-
BT x, y, z ZAALETTRIM roll %452 flHE
(1, HORT Rl 5 Ik 2 e T JR) o AR AR
RFBR M AR LR E (u,v,w) <Sm/s , IESE
(ax,ay,az)<3m/s2 VRS AEE (p,q,7)<0.81ad/s ,

i f 6<0.5rad , BEIEM o <lrad , FENLEL A
(a;,i=1,2,3,4) e[-1,1] rad -

4 PIRERE5IH

7E Matlab/Simulink H¥$2 6 5 I 26N
UL o, BRI B s m B L R G 4
FOP KL 0.001 s, KAFETTERH oded. 737 H
FHI 3 Bl & 7 e it AT
4.1 [ & R/AKPH R RERE

TP A ftH R BEE BT B b %
A SUREN: & =[0,0,201"m, & =[0,0,0]"m/s ,
£ =10,0,0]"m/s>, 7, =[0,0,0]"rad , B sRZEN:
& =[10,150]"m, & =[0,0,0"m/s, & =[0,0,0]" m/s?,
17, =[0,0,0]" rad -

BERAr, S BRI B EFFER BT S0 R

Vol. 32 No. 9
Sep., 2020

iEH 5 E WK A fE] B A, B
RIS H A GO)FTIR.
X, (1) =y + byl + bt + bt + byt + b
V() =quo+byt+b " +bt’ +b,t* +b,58° (30)

%mz%w¢m+@f+@f+@f+@f

A x,(0),y,(0),2,(0) RIFEHLER x, y, z 2445
By E, SE A R(28)~(29)FIFEI KT ¢
PR A b 2 o SR P e B A 2 T 2 e 4 ) B S e
JIERIRNENTE, [ PID Fihl SRR 3B
AT ERER o P 4~6 D/ B 3 FEE I FEE K A
BRIER 12 o BRIk FEVI U0 BR R A R s 41, £ B
IR JBE R R AT o

15 : . .
10 |— Planning —--- Tracking
£ st
=0
-5 . . . .
0 2 4 6 8 10
20 : " " -
£10 /
=,
0 I . . I i
0 2 4 6 8 10
20 ' ' ' '
g
w10 \
00 2 4 6 8 10

t/s

B4 JE mi Rk AL B IR ER 22

Fig. 4 Position tracking curves of fixed point

x'/(m/s)
(e

V/(m/s)
(e

Z'/(m/s)
=

— Planning ——— Tracking
0 2 4 6 8 10
t/s
D5 5 e vk P2 R B 2
Fig. 5 Speed tracking curves of fixed point

http: / www.china-simulation.com

* 1681 »

https://dc-china-simulation.researchcommons.org/journal/vol32/iss9/5

DOI: 10.16182/j.issn1004731x.joss.18-0135



Xiu et al.: Design and Simulation on Autonomous Landing of a Quad Tilt Rotor

5532 %55 9 1 R Vol. 32 No. 9
2020 9 Journal of System Simulation Sep., 2020
5 . : : : s .
% —— Planning ———- Tracking B AUREN: & =[10,15,0.5]"m, &, =[0,0,0]" m/s ,
g 0 .
= =[0,0,0]'ms*, 7, =[0,0.8,0]"rad, 7, =[0,0,0]" rad/s .
- s 2 ™h 2
0 2 4 6 8 10 B s kAR A SE B AT, B
S~ J T
N& | 25” K .
g o—— ] STRUE AT
g ‘ X, () =Gy + byt +bot” +bt’ +bt* +bs°
0 2 4 6 8 10
S . | V()= +byt +b,r +bt’ +bt* +b an
20 P 2, ()= g bt + bt + bt + bt b
s ; : : : n Do) =Gy + byt + bt + byt + bt + byt

t/s

K6 5 i B v I P SRR T 2

Fig. 6 Acceleration tracking curves of fixed point

R 2 NTNNLIE HGE R SR S BN s bn 2
B IR, WIRERPATLUE ), $ASEORER
N o MERHIETT AR AR IR 1 y JF RS S AIRRIR
S H R TRE 1 x J7 s sh AR i 24
7 S 12 91E B S 7 1 PRI A R R 2 | S R S IR
HERFEE R TE ML AT AR
K2 R ASHENEER

Tab. 2 Parametric table at landing point

ZH WM S FrE R
X 10 10.05 0.05
frEm) vy 15 15 0
z 0 0 0
p 0 —0.03 -0.03
W ms)  q 0 -0.002 -0.002
r 0 -0.015 -0.015
T ¥ 0 -0.05 -0.05
2 y 0
(m/s”) : 0
0 0 0.005 0.005
fifE@rad) ¢ 0
¥ 0
. u 0
i v 0 -0.05 -0.05
(rad/s)
W 0 0 0

4.2 [EE REARHE bR

TN A st R BB R B b )
A FREN: & =[0,0,20]"m, & =[0,0,0]"m/s ,
£ =[0,0,0]'m/s*, 7,=[0,0,0]"rad, 7, =[0,0,0]"rad’s .

X x, (0, y,(0), z,(0) ZHEHLH x, y,
z AR LRI B @, (1) R BRIR M R,
b X (Q28)~29) 18 B KT8] ¢ LA h
2R o SR FH RUB T2 TA) B4 A R BE S A AR T VR
RIS, A FH PID 428 il 50325 60 o 0 Kl 0 328 A7
HRIER

Bl 7~9 o B TR AR R K R R
2R o RN FE )R BRER G B R B s Ah, AR R R
RORARE T - Bl 10 BT s A R0 A P 40K
FERER M2k, v DUE AR R B 9% i s B B
AHUEZS S 0 B8 1 21 5 R4 M BEAR R, 2Eim
BV AERIE b MEVEAD y J7 IS ShA MRS, X 3
3 S EAT SR s o), AT LR o e ) S R A
T B

15 - - i "
10 t— Planning ——— Tracking
£st
20 1
-5 L L L L
0 2 4 6 8 10
20 - ' " "
£ 10 /
=~ 0 : . . . i
0 2 4 6 8 10
20 ' ' ' '
g I
0 \
O L L L
0 2 4 6 8 10

t/s
Bl 7 5 s R R o 2 R ot 2

Fig. 7 Position tracking curves of tilting surface

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

* 1682 ¢



Journal of System Simulation, Vol. 32 [2020], Iss. 9, Art. 5

3265 9 M Vol. 32 No. 9
2020 459 A &z kb, & e E | ERFEERRITF SR Sep., 2020
5

x'(m/s)
[

-5
0 2 4 6 8 10
5 : : : :
@& | T |
g 0
= s .
0 2 4 6 8 10
5

— Planning ———-Tracking,
0 2 4 6 8 10
t's

B8 E s AR% I AR v P32 JEE R T 2

Fig. 8 Speed tracking curves of tilting surface

— Planhing ———- Tracking'

ol 2 4 6 8 10
o~ 5 '
Lo ——
:N _5 L

0 2 4 6 8 10

t/s

9 KR D R 1A T e PR R 2

Fig. 9 Acceleration tracking curves of tilting surface

1.0 : ; : :
— Planning ———- Tracking
< 057
g
s 0
0.5 : : : .
0 2 4 6 8 10
1.0 T "
% 0.5 /‘\:
g
S0
S

|
o
W

(=)
\S]
&~ F
[=))
=)

10
t/s

10 52 U I 8 7 1A 4265 9 RV 3k R BRI o 2
Fig. 10 Attitude and angular speed tracking curves of tilting
surface

R 3 NENHE B R E S BN bR 2
HO IR, MRHIRR P AT BUE Y, Bk L B R 22

[0,0.05] m, 3#JFiE2[0.008,0.03] m/s, NNk iR~
[0.036,0.06] m/s”, %25 HIRF2[0,0.02] rad, Fi5
7% 72[0.02,0.06] rad/s, Jo ANLAT LR 4f Hb [& 75 75050
RERHE .

R3 EENSENIEE
Tab. 3 Parametric table at landing point

S HAEEME SEPRME PR
x 10 10.05 0.05
{7 # /m y 15 15
z 0.5 0.5
p 0 -0.03 -0.03
W/ (m/s) ¢ 0 0.002 0.002
r 0 -0.008 -0.008
% 0 -0.06 -0.06
nis &
N 7 0 ~0.036 -0.036
/(m/s) .
3 0 -0.038 -0.038
0 0 0.003 0.003
fiE/rad @ 0.8 0.8 0
v 0 -0.02 -0.02
u 0 -0.06 -0.06
o S
AEN v 0 0.03 0.03
/(rad/s)
w 0 -0.02 -0.02

43 T ANVREEEEIFFE L

BB G aEES: L R rER Ligsh, 8
AT AL, TANIEHRIE FJ7 20 m &b, A 5 K
% DO FREHEAT 0 G, X FLdhAT PR IR S B 7
G2 b

REva LA 7 N 2 ANB B

(1) HFEANLERE h>h1 B, PR B IE I B,
IXFIZ B & B B AT PR EE I PR o

() BEANLEE h<<hl I, HFaEREIENE,
XHIE B G B BRI A AT BRI P T

PEEL h1=5 m, [ 11~13 JALE . AN
FEEFIKI R R R Y 26 o o3 s R 4 B R A T 1R B
Gb, HARRESURAE LT B 14 RTEANATIZS)
AR ASRER M 2R, 7T LU MAEREE IS — AN
BRMNER AN 0, RIFIRSIREHZE) T 6
TE B V5 55 B BOWZ 37 & I3 A R0 A R 3
ITERER, 10 IREIMG AL E A — Bk, nTLL

http: / www.china-simulation.com

* 1683 ¢

https://dc-china-simulation.researchcommons.org/journal/vol32/iss9/5
DOI: 10.16182/j.issn1004731x.joss.18-0135



Xiu et al.: Design and Simulation on Autonomous Landing of a Quad Tilt Rotor

#3285 9
2020 £ 9 H

B AN ARG RA B SR B 154
TNBERAEIZE T & R =2E 2.

15

10— Plaﬁning ———I-Trackin'g I
g g Pomine T Teing ]
20 ]
-5 . " . .
0 5 10 15 20 25
40 f ' ' ' '
E 92| i
3\20 '//_—
0 . . . ) 4
0 5 10 15 20 25
20 I l ' I ]
£10 M/\_/
N
00 5 10 15 20 25

t/s

11 B8 6 & R E 2

Fig. 11 Position curves of moving platform

x'/(m/s)
[w]

0 5 10 15 20 25

V'/(m/s)
()

0 5 10 15 20 25
) 5 ' ) " "
E 0/\~/\~J“f\\/
W 5 — Planning ——— Tracking
0 5 10 15 20 25

t/s
Bl 12 1B3)°F 6 B b h 2k

Fig. 12 Speed curves of moving platform

— Planhing ———-'Tracking'

0 5 10 15 20 25

=0 5 10 15 20 25
_ 5
% 0F i}
= 1y
™ -5 L | L L L
0 5 10 15 20 25
t/s

B 13 18301 & RV Ik i 2k

Fig. 13 Acceleration curves of moving platform

RGTE AR

Journal of System Simulation

Vol. 32 No. 9
Sep., 2020

0.5

T qutform — UAV ‘
0 5 10 15 20 25

o'/(rad/s)

|
o
W

10 15 20 25
t/s

K14 AN ZET 6 OSSR ER
Fig. 14  Attitude of the UAV tracking moving platform

<
w

—-—-Platform
—UAV
15
E10
[N
5
0
0 40

10 /
x/m 15 0 yim

K15 izsh ¥ o s m =42
Fig. 15 Three-dimensional curve of landing of the moving
platform

5 4w

A RAPWNGIREE Y7 S7 8 Ak oL I EE i i e X (BF
AN BEAZ B AL G WP (10 2L, ST 1 i
VUJie 3 Jo AHL 2 S AR Y K d2e i )R ¢, 8 5
R AR L VR PIE, 254 PID f2| 5kt
MRIBOL AT BRIER, R T TE A LEMURY I A 28
BT BRI EORMER . 2205 FRIE, 4%
U it 386 N AL RE NS DU | A 1 B i 7E 22 4Ris 3 1
=

AEER SR RS M PID HYE, #T
SR X 42 Rl SRE AT St D IR M B AL &
PR AR R A A A0 T

SEZ k-
[1] XUFH. R I N TSR e FEES 24 T

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

- 1684 «



Journal of System Simulation, Vol. 32 [2020], Iss. 9, Art. 5

3265 9 M

2020 49 J BERAR, S MU DR B B BT 505 R

(8]

WHFE[D]. Jbat: fedbHi Jke, 2015.

Liu Yang. Research on Autonomous Take-off, Landing
and Flight Safety of UAV|[D]. Beijing: North China
Electric Power University, 2015.

PURLTE, SZheR, R, DUeR T AN A ER 3
BITERTFI]. tHREPLRIE, 2017, 44(11): 520-523.
Jia Peiyang, Peng Xiaodong, Zhou Wugen. Research on
Autonomous Landing of Quad-rotor UAV [J]. Computer
Science, 2017, 44(11): 520-523.

Jin C, Zhu M, Sun L, et al. Relative Motion Modeling
and Control for a Quadrotor Landing on an Unmanned
Vessel[J]. AIAA Guidance, Navigation, and Control
Conference (S0001-1452), 2017: 1522-1539.

Wang L, Bai X. Quadrotor Autonomous Approaching
and Landing on a Vessel Deck[J]. Journal of Intelligent &
Robotic Systems (S0921-0296), 2017(1/2): 1-19.

Hu B, Mishra S. A time-optimal trajectory generation
algorithm for quadrotor landing onto a moving platform,
American Control Conference (S0743-1619), 2017:
4183-4188.

Ji B AN G B FRERER M FE[D]. TH%: %
LT RHER S, 2014,

Wan Li.
Unmanned Aerial Vehicle[D]. Xi’an: Xi Dian University,
2014.

Target Location and Landing Based on

Bi Y, Duan H. Implementation of autonomous visual
tracking and landing for a low-cost quadrotor[J].
Optik-International Journal for Light and Electron Optics
(S0030-4026), 2013, 124(18): 3296-3300.

Ghommam J, Saad M. Autonomous Landing of a Quad

[9]

Vol. 32 No. 9
Sep., 2020

rotor on a Moving Platform[J]. IEEE Transactions on
Aecrospace & Electronic Systems (S0018-9251), 2017,
53(3): 1504-1519.

Hu B, Lu L, Mishra S. A Control Architecture for
Time-Optimal Landing of a Quadrotor Onto a Moving
Platform[J]. Asian Journal of Control (S1561-8625),
2018, 20(6): 1-12.

[10] T/%%, B, xR, & X PR T AL

[11] ZEzhka. DUjER /N T N BT E &R I 2 BT 7T (D).

o VU G . R G AR ).
3057-3062.
Ding Shaobin, Xiao Changshi, Liu Jingen. Modeling and

2015, 27(12):

Quaternion Control of X-Type Quadrotor[J]. Journal of
System Simulation, 2015, 27(12): 3057-3062.

i EIRASE R, 2014,

Li Jinsong. Reserch on Adaptive Inverse Control of
Small
Shanghai: Shanghai Jiao Tong University, 2014.

Scale Unmanned Quad-rotor Helicopter[D].

[12] Oosedo A, Abiko S, Narasaki S. Large attitude change

flight of a quad tilt rotor unmanned aerial vehicle[J].
Advanced Robotics (S0169-1864), 2016, 30(5): 326-337.

[13] Michael N, Mellinger D, Lindsey Q, et al. The GRASP

Multiple Micro-UAV Testbed[J]. IEEE Robotics &
Automation Magazine (S1070-9932), 2010, 17(3): 56-65.

[14] FKmK, &5, MM, 55 T ERRBTEANE =

FEUERRTR RG[T]. 523k, 2018, 39(10): 213-221.
Zhang Mi, Zhao Yong, Bu Shuhui, et al. Multi-level
marker based autonomous landing system for UAVs[J].
Acta Aeronautica et Astronautica Sinica, 2018, 39(10):
213-221.

http: / www.china-simulation.com

* 1685 ¢

https://dc-china-simulation.researchcommons.org/journal/vol32/iss9/5
DOI: 10.16182/j.issn1004731x.joss.18-0135

10



	Design and Simulation on Autonomous Landing of a Quad Tilt Rotor
	Design and Simulation on Autonomous Landing of a Quad Tilt Rotor
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/FJ3anz8Cvv/tmp.1688103004.pdf.zlQCh

