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Research on automatic vertical landing method using the flat spin of a fix-wing
UAV
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The study on the utilization of flat spin for automatic vertical landing of

a Ffix-wing small unmanned aerial vehicle(UAV) has been conducted. Several devices for obtaining the
air data and motion data during a flat spin in flight tests have been developed. We have constructed
an aerodynamic model of a flat spin using the flight data of a test bed fixed-wing UAV. We have
also developed a flat spin simulator using a six degree of freedom equations of motion and the
developed aerodyamic model considering surface wind including ground boudary layer. The control law
for the automatic vertical landing to a specified point on the ground has been also designed. In the
Montecarlo simulation with a start altitude of 150m and the scattered holizontal start position
within a circle of 30m in radius, it has been confirmed that the UAV can land on the ground within a
circle of 10m in radius.

unmanned aerial vehicles fixed-wing UAV drones flat spin Vertical landing flight testing
aerodynamic model simulation



¥ X C—19,. F—19—1, 2—19 (58

1. WHZERAR Y I DV 5

/NRUE E B A2t (UAV) ZHWEEAI v v g UI2BW T, RTS8 28I OUT < 1258
UIRBERPNHLHEITIFLE A LR, 202 ENEERE AMLHEORRILREZHIT TV
FERO—DTHDHEZEZOLND. —F, BEERMZEKIILIT 7 v NAE Y LIS, @ Xk
FBRE, HDHWVIIERARISEEOEI NS D, T REE, RSB EOEE 7 L0
ANV aFE—DT L —ROLIIZEER LN OMENE T HEBTHD. — KT 7T >
hAE ATHET D RETEFHTH DN, T E BRI HIE T 2 HFIESMENL T X UL, WEEKI
PRTERWVE D /B W T mEEENARELE 725, 61T, ThaHENEL TESRE
BENAIREZR STk L U CHENLT D 2 E N TE T, BEEBREANEFFILRICoORnE EEZ BN
5.

2. WMEOER

7Ty NAVUVERALZBBEEEREROZDIZ, UTFTOZ 2B E L.

< NVUEERE A AEERIIC 7 Ty N A Y X5 HIEORES

7Ty RAE U, FORITREE 2 HIE5 2 FIE O

7Ty MAEUVEEBRICET 2 BRI T NV ERITRERT — & ) DS

CRER S NETAERRIA L7 Ty PAE Y S 2 L—Z O

CHERE LT Ty PAE VI 2 Lb—XERHLEZT T v b A UK E ESICTEET D
i fE I oD 3R B

7Ty hAE VR o L= X D HIE R O R
 FRATRBR(Z L 2 I R O A 20 O feRE

3. WHEDIE

AR LR 5 S, BRI ETIVOMEE TIIT A My FEIC L 2T B2 %
ML, 7Ty FAE L HRDERT)  BRIDET NV ERIT T — 2 NOHET L LI L->TITH.
BonEZK5 e v EHCIUL 6 HHREOMZEKOER FREXICL>TT7 7y PAE U
2 LB ERET LN TEDL. BELET7 Ty FAE V2 2 L—Z &2, Bl il
ik 2 BB EEAEOHIEN AR L, Trohlud I alb—3 g 0l X HHIERE O
Z1T 5. AN, RITRBRIC X - THIBHRI OB M2 iR+ 5.

4. BFFERR
Trans/ition Pﬂase

(1) 77y PACYABREAEO 2 LT | i

77y FACYCHBEEARET Fig.l (TRT X
5 5 J&?ﬁﬁ%ﬁ_‘%ﬁ)g = ? b4 }‘ A l:°‘/ﬁl$§ﬁ"9’"5£§f%b (r7 Guidance Phase
F v NAE VYT =— X, Transition Phase)
L. 7Ty FAEVRICE L s R E B T LI =
X0, KEHmIZEEHTLE— LT E— ) ZHH N i
U UAV 2R A o MRS 5 B (LBt A Landingphaseg
v hhiE 7 = — X, Guidance Phase), FHFEICIH 2 %

BORELEZE—F (SD EF—F) CHTFT5EE
( 7 =—X], Landing Phase) &\ 3 DDB  Figl: 75 v k2L HBTRESED
AR TEIIND. )
a7 b
(2) 77 v NAEURIATRER & 2R 1T IVIEE
FRATRBR (2 L 7= 8%

& Phoenix DAME & HEIA Table 1: Phonix &5t

#T% Fig.2 KU Tablel - -
WZENENRT . AR
1%, Emimco 7 a Y L
VN A — o ERE 4 m] 15
LCHRan-t—%— -

2 [m] 2.8

7T 4 %= UAN Th
D, FFIC7 7y hABUIZ
AR E 72D X o iE L e
TeOlF Tidew. Fig.2:

Hf&[m?] 0.58
T#E AR 12.7

Phoenix @*%%4—‘5’1‘%%




OFRATRRBRE

Fig. 3 ICRATRBRIZCL > TH B
728D F— K (FR) & LTE— R (F)
ORI DM 6 1ZER T
BREOWAMAK E~d. SD T— KD
CL, CD, Cm I3 o IZXLT
MRS L. —F, LT E— KD
CL, CD, CY, Cm |34 o ITxt
L CIERIE DD IEE H 72 22K J11%38%
Thb.

80 00 40 60 80 100

T 60
aldeg] aldeg)

@ZER N ETILDRIE e
X G.1D~@.6) &, EEHIE 2) . . . . e "
OF, FiE L L2258 DIER Fig.3: A a3 548 6 /5 /122K IR O EAR X

XU

80 100 40

CL=Cry+Cr,a+Cp,0°+Cr,g+ Cr,.0e  (3.1)
Cp = Cp, + Cp,a+ Cp_,0® + Cp,q+ Cp,.de  (3.2)
Cim = Crg + Crnp + Cry g + Cps. e (3.3)
Cy =Cyy + Oy, f+ Cy,, B+ Cy,p + Cy;, d¢ (3.4)
(}:QVH%6+Q#ﬂ%%B+Qm (3.5)
Cn = CTL(] + Cnﬂ;B + Cn&é + Cnéﬁ =+ Cnﬁﬁ (36)

et & IEEE M, HAA KO L EIL
BPE7e E BB L TS LTI-22R
ETFNTHD. ZBRNETNDKZE
JIPEREI X E R AT X - THEE
T 5.

Fig. 4 1 IRITHBRICL > TH LR
7o 28R R () (B 1) ~(3.6)
DIELZIETT ANSHEE LT=22% )
B Gk 2 L= <h 5.
. (3.1)~(3.6) DIEHILIELHERR

WAFIEIZ L - T, LT — Pk IS ,
F % 785 DIRRIAE R I G " R g
EFULENT V.
Fig.4: LT £— NIZBT 20 o295 6 55 /125570

@77y hAEYIalb—FD FRECDHEE N & TR O Hoie
T

Bk DR HET VAR L CHEELEZT T e e
FAE Y YR 2 L—ZOFEFHERA Fig. 5, Fig 6 FLTAVAYATAYA:
\RT. Fig. 5 OFEROBRBRE (£) Ly Ia1 = |,

—va CORRIERE F) 1285568 LT £—RT
U, T 5L EL 0BT EAEDENELMIC
FEHLTEBY, LT T— K2y Ial—ya ik
> CEMEMICHEB L TWA. Fig. 6 XM JE M %1
wHA ¢ PR mET =2y §e( )
EBRIIDKERS Xh (F) L7 T77Th
0, =L _X—FheA L EEIIC 2 bS5 2 LTk
> TZER IRy 2 AL L - THER S, K
FHcBE+ s LT T— NOMEEE Ia1L—
a VN E S TEMHMICHEHE TE TV,

(4) B BYHEE A O 72D OFIFIHIEEEE « FREE
OFIE R E _ Uyl

AR L7277y hAE U HHREZRED 3 DD " mest T
Tx—=AD )LD ERERA V FFEET ==X D Figs LT T— NcBI5ER(E) &SI 2
A TEICOWTHAT 5. 207 2 — X% Fig. 7 ) -
RT T Y SRR ST, BD TR T A s VT3 R OREREO ik
bHOMNLD TR S 5 AE (Predicted




Position) & GPS (T » TEHI &N 5 EEDAE
(Measured Position) & ®DFE&H 74— KX 27 L, LT
T— NOEITHNEBHELZRET D LX—F A
 PHIET S Z LI X o> THERMEFHIEZIT .

@R =2 L —X & ffio - HENREEAEDMRAE

77y NAVYUVHBIEEERO AN MEZE VT
e Ial—a o CEMETA. 75y R &
VrHBREESEEOE T ALY I 2L — g T
BWC, T LRBERERDIOIFRNAOP S X & TGPS
FoFY T — NBLOMNEREICLD YTy MR
EUBBMEOIEL X THDH. EADW L X n #
DEFZR DT L LTHRT.
F72, 77 v P A UBIAALE IXE R B A B E L EAR
DB RN D AR g apmax OMHNINDG T X NIRE
Ehb. Table2 IFEFVTH LB I a2l — gV DFE
1TEAETHY, Fig.8, Fig 9 I1TFDETH D, Fig.8
NG, BOP S XML S, BERA VMM
o T EFIMERB TETCWDLZ ERXDhD. F77,
Fig.9 b3 I 2l —3 3 D5 Table2 DR,
ERERA L MIBERA R BE T LN O
WK 90% TFAET D2 EMmymd.
PLEDOFERNS, 7T v b AV HEREEREO ST
= ADZYME L EEAEARREE Y I 2L —Y g v
LAYV TTHERT D Z E N TE T2

Wind

Predicted Position

| Vrsne: Oe
Tpre | Controller }—-| UAV

X
Measured Position

x)Tl
: . = N L. ZE) > > . Y
Fig7t 77w MAECOMERIEICET27 2y 7
50
40
30
E 20
v
®< 10
0
10
=20
-80 -60 -40 -20 0 20
Ye [m]
180
160 -
140 AN !
120 [ N N
E100- { S
o |
Z 80- ;
= 60 - = ey
40 -| Numberof Simulation Loop is 1000.
Mean Error of Landing Point is 3.5 m 3 5
20 [ Start Pint -20
Landing Point
Trajectory
01/ A 1deal Start Point
% Ideal Landing Point
Ideal Trajectory
—
b a 40
20 0 Xe [m]
Ye [m]
: . N Sl > I > N P St
Fig8 =T 7hirnyIalb—y 3 rDFET

R (o =4ml/s)

—Experiment|
— Simulation

de[deg]
0
330_ o 30
300 i 60
60
80
270 90
240 120

210

330

300

270

240

210 150
180

Fig.6: LT &— FIZRTF BB HIL ¢
WXt b L_—&ftfy de (b)), 2
RIVKFESy Xh (F) OFEBRE I

2 b—3 g VDR

20

Cumulative Proportion[%]

(=

0 5 10
Distance from Target [m]

Fig9: =ErFhroiIal—v
3 RN T BRSNS B B HEEEL

TIZHFAE LTV B SRS 0 E &



Shin-Ichiro Higashino; Kota Nakama; Yuki Sumitomo 20

Experimental Study on the Application of Flat Spin to Vertical Landing of a Fixed-Wing Small 2022

UAV

Transactions of the JSASS / Aerospace Technology Japan 1-9
DOI

10.2322/tastj.20.1

MIYAZONO Kohki NAKAMA Kota SUMITOMO Yuki HIGASHINO Shin-Ichiro 19

Study on a Fixed Point Vertical Landing Method Using the Flat Spin for a Fixed-wing UAV 2020

AEROSPACE TECHNOLOGY JAPAN, THE JAPAN SOCIETY FOR AERONAUTICAL AND SPACE SCIENCES 131 140
DOI

10.2322/astj . JSASS-D-20-00002

UAV

2021

UAV

2021




UAV

2020

2020

Masanao TOGUCHI, lori Mimasaka, Shin-Ichiro HI- GASHINO

The Development of a Flight Simulator for Automatic Vertical Landing of a UAV Using a Flat Spin

Asia-Pacific International Symposium on Aerospace Technology 2022

2022

2022

2022







