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A1

S10  During a take-off process of an unmanned aerial vehicle, collect images
photographed by the unmanned aerial vehicle at different flight
altitudes and including a take-off point, and take the collected
images including the take-off point as reference images

S11  During a landing process of the unmanned aerial vehicle, repeat the step
of template matching until the unmanned aerial vehicle lands
at the take-off point

(57) Abstract: An unmanned aerial vehicle landing method and apparatus, and an unmanned aerial vehicle. By means of collecting
reference images photographed by an unmanned aerial vehicle during a take-off process and including a take-off point, and performing
template matching by stages during a landing process of the unmanned aerial vehicle, a sensor error of the unmanned aerial vehicle can
be eliminated and the distance of the unmanned aerial vehicle deviating from the take-off point can be acquired in real time, thereby
controlling the unmanned aerial vehicle to continuously approach the take-off point during the landing process and to finally land at
the take-off point accurately. During the whole landing process of the unmanned aerial vehicle, no other auxiliary devices are needed,
and the landing effect is good, and the requirements on the accuracy of a sensor carried by the unmanned aerial vehicle are not high.
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Bk, RIR KA AN EEE, FRFBRANG LS, SHEDER LA Z
T REBELAFREAZE, MERLEROEZTLEA (Au, Av), 18
MR AFEE (AOASEIE) H K, RAURIELEEA R, HE B GR E AT
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AR TS (XY,Z2), N
T T
(X,Y,h) =RTK s (Au, Av, 1)
RBEFRANETE ATEHE h, KBRE s, M@ TTUFEEHE X F2 Y,
B RAAGE B A5 XY 5@ Lo KPES,
S117. AR$EAL & E AL IFR TANIEAL R EMIES, HH LA TEHALTE

AL PiBIT R ERANAERL AT BB LR ENEZER, £EL
AN AR T AT N BAER LA, RRBHRAANGERBIRE, FHK
R ANAR B AR EAIES , ATdE ) LA F A2 0 Ry A Uk,
RAAFRIE R AATE L,

A

ﬂ>\.ﬂ

ol 4 iR, KREPERET —FAAMEEEE 20, ZEE 20 &35

REAE 21, ATERARANALCTIEY, REFELANETRF AT
SAETHEG SR GERK, FRIARER AT L SFT AR T S
B A SE R, AR

BRI EARES 22, AT AR AANGERTR Y, &2 EEGHIE,
AEFTARANERZAAARTCE;, HF, PR LAk 22 €45

RBAES 221, F TRBFTERANAE S A AT & EIE GBI, AR

KRG Pk AN G 3T AT & L IR Bedd A% B

I ERAL SR 225, A TP ik RAMIE S 8] % AT & /5 103k 69 B85 F BT ik A
AL AT RAT & B IR B e A B BATAR IR BT, VA SRER AT IR AT K B 69 AR AT T
B RAMGEATEAC K EHIER; AR

FEH A 226, B TARYE ik A2 R 249 AR R PTiIE LAAEE AT i A2 & 2 49 JE
B, W PTA LA G Pk AL« &,

iy, B REAR 21 B4R T

HRRIED, RE—MEOLPTEAT EGEML.

Tk eg, ATRFURIES A 1 K,

Tike) T, FTAREAR 21 LA T
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TR FANAL KT, YR RAMNG ATHERFHRSEN, R
FREGLPTEATR GBI,

ik, PTERRR G EA 15 k.

Tk ey, PTRALR IE B Ak 22 3% .45

AR 220, BRFFRRAMNG TG EAETLY S ELERN.

Tikdy, PTRL AT RANG B ’AT & 5 I B ed A B4R 2 BT AL
ARk, EHALTITGEMRNG ITEETRENAF AL,

ke, PTRAPTE R ANY B KAT & A I B e A% BR8P AL
ARCERY, EHE SN ATHARBLG ITHATREGSE AR,

ik by, PR ARAR I e s 22 iF €35

LIL A RARYE 223, ) T AR P E S BT ANE 7T AT & LI B el B ik A
FEBNGGFOER, EF, FEGTNEANOELEFE G F R EH
R, AR

RIS 224, A FHRABEFTAG T3], RIRFTE AN L AT KAITHAE
F035 64 P iR B 09 S AE ) VA BPT iR AL T % AT & B IR B 49 BT iR A B 1R
FAEE; M)

BT if IE BeAfsk 225 5Pk TAMIE S AT K AT & /5 103569 B a9 45 12 B 5 BT
i A ARG 4 AR B BEATAR SR N B,

ity PTR LA AR 223 BAKA] T

REFTE G P RAAE B RAT & B T B e Bk B e — A58 B

WABFTE— AR, SRIRFTE 5 BTk AN BT AT 3 B I B 6 A H
Beq A AT B

WRBPTEME AT E, PIBPTESEA T BYREFEGFOEIEF G
FE AR T KT —HikE;

FA, MAWATELEBBEAGHTAREFTESF.

kA, BT RANIE ST ®AT &8 1048 09 B R a9 45 4 B Fu 5 BT 1L AL
LA AT SR R ALY BT A AR A AE ) @5 — AR L A

ik dy, TR AN G AT ’AT 5B 04809 B R a9 45 AR B Fu 5 BT A AL
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L ATHE LR TRLSE R HERL QERER.

ik 6y, PR SUEH E AR 223 i A T

EOTRME A 7 AP R AT EAE BEN RO EFERANERK
T A ik & —FRAA;

0|, FEIRFTAL PR AL BT AT & E Bt 5 B A B

A T iR AR B, RIRAT IR BTk RANLE AT % AT & B IR BL ey A
ReGE A B,

WA P RS B B, FIBT TR AR B o B P R AT iR 3 9 B F 5 42
JEHME R E KT 5 ZFR AL,

FEAR, NPT SE BN QT ALERRGF .

Tk ey, TR RAMNE S8 AT S B0 B R4 B 5 Bk 2 B 1R
W AER Gl AR A

L6, BTk SR AR 223 LA T

EAME AT B Y RETAAEEBRN G FHAEFGRAGERK
TR S ZHRAL, MNAATRLAF BEANNGFALKEGF.

TEARK G F50)F, REB 2 T RANISR G BEIRE, Fodn
WA, AR IE Bk 22 T VAR AN GG (processor ) RF P 44z
iZ 411 %] (Field Programmable Gate Array, FPGA ), H ¥, 3KEBAEHER 221, &
BuAfdk 225, dx 4483k 226 T A A R AME) ®A5E R . AR 222 T AR A
8 & A R 2R, SR A AL SR 223 T R R AN AL S

eIl B KIZEE P A AR 6 R R ST AR RAMIE B ik F 693k,
T BAR,

AREPLAR BT —FF AN 30, 4B 5B, EEAAN 30 GiEpg 31,
Hhug 31 Ak a9 A 32, REBAENA 32 —siedsh AR E 33. HLg 31 484
WEE 35 5EE 35 RN HBRIRE 34 ABL B LAY 31 MegLIER 36 F
Bk 3 37.

EREHRBY, P 32 8 EH 4, PEATRAWRERTE, AL
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TREAYFEAEB P, M 32 (9 E LT AN 3. 6. 8. 10 F., KA 30 LT 1L
REMTH IR, BloeBACITE., . AATRHE, BTLELANFLA
WA,

HAKE 33 QIR B AN 32 —5865 8 332 LA L S 332 #9455 4b4E
G 3EE R 331, WAL 332 494E RSl A Bh 3R R 331 At A e LA 30
R

=4 35 A TRBEZNRE A EE 3B HEBLHGIRE 34 69k3h, ARIE
BIXE 34 #6905 203 AL T F U6 B R SR ALA.

AR 34 TR E BBk R HEME k. DN RBIREE . BAAE
Bk & BFAEFEMGIRE. SRS 34 TULABEHERELAMN 30 £, &
TAB T R ERBI T T = 6 35 HERELANI0 £, &6 35 AFHREE
34 A0%FF AN 30 L5V —A-dhE ),

AFE R 36 TN S AR EL, 4o, AT ITE WITEAG T
EHEL, ATRANBARG BARRA LT, A TRZEHE BARGRIEE T, A
F FA VAT B W FHE AL (B4 GPS (Global Positioning System). Jt-+). VAKX
B TR EAAXIERILE (e, BRIEE 34) PTRIRGIRITAZ B4 B A B # T,
%

BAER 36 T A BT, ot BRI BIATR, AT R
PATERE 1-B 3 AT b9 £ 6] F PR 6 7 ik,

AL P ERB T —Frit BT AMAR, BHATANERS, FETE
ARtk AL PR BPATHS, BIFPF AL RIUTAR 1-B 3 Pty L0 F rig
2

AAR IR LB HARA T 7T VASLAE I 3R T 266 7 ik P 44 430 RA 0 RAE,
R TR AL AR R A A AR A AR R AR, PR G9AR 7 T 4T —AE )
KM FAGT RGN T, EARF APATH, T @i L& T ik 6 Fak
Bl6RAE. P, TR ey G RENJR T A RERE. . RiE44104Kk (Read-Only
Memory, ROM) .

VA B PR ZH A 69 BT ARAFAETT ARATAE Z 69404, A FE, K3
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EAR KA ) BATARSFAETA T AL e LA ARBATHAE, R, R B
NG INA T G, AR BINA ARSI H LR TEE

VAL BT IR AR AT R I 6 U FaeTr N, HA8R 404 Bk Foifan,
{e R E s AR A 3T KA F AL B 69, A48 e R, T AR
LRBEAAR RN, EXPERLAMGHIRT, LT A E T EH I

b, XARETARLAGRPICE., Bk, KXW EF 6GHRIP T E E A BTH AL
Al 2R A .
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BAZR

I, — A RAMNGEE T %, EHEET, Z7 %05

EFERAMA IR Y, REFELANERE KATZHE T 1 04
AREEMER, TR R R R 0BT 4 P AL R R 6 BARAE h A B

FEFFR FAMIE S T2 F, EAMBMERG TR, AEMELANERZE
PridAe kb, B, PRk AR TR a5

REFTIE AN B 7] % AT & B 106G B R

RIR G BTk T AN G 7T AT & IR Be ey 5% B4,

K BT R AN L7 AT & 20 B AR S Ao T ALY 7T’ AT & A B
B o A B BEATARAR IS B, vASRIROBT A AT & B A 4R 3R B3R B AHUEE B i A
KB AGIE R

ARIEPTEA R B LAFRITE RANGEPT AR K ENIES, 8 EALA
AR B PR AL R A

2. RBAA IR | FFRGRANGE 7 %, BFELT, TEAEREALA
PR Y, REMBAANLERRE ATEHE T WG Lo T EGBKE,
.36

HARARXIED, RE—EOLLTRA T EGEL.

3. ARIBARAIZ K 2 FTiL 6 RAMNIE R 7 ik, HAFIEAT, T BURIER A
1 XK.

4, HAFEAFER 13 FE—REGIANEE T %, LHEET, &5
RIL 6L 45

EFTERAMA KLY, LBHFERAMG ATHERTHK
W RE QL PTEA TR GBI,

5. RBAAIZR 4 BTR G RANEE Tk, HAFIEAT, PPEATRGAER

R, 4

3

15 k.

6. WRIFEBA|ZK -5 PAE—IRATR LAMIEL 7%, LFEET, EPF
EAIRIRFT &AM LB AT 5 E IR G BARZ AT, Frid 7 kil L%

BT IR AR 3] 89 ®AT S B A TR G S ESCE A,
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7. RFBRAZR 1-6 FHE—TATEGRANGEE 7k, HFMEET, PFik
A RAME T kTS A LR SE BERAFELANLCEIRY, £5
ik 5 37 K AT & AR F 69 kAT S AT R R AL B,

8. BB AIEZK 1-6 PAE—IRAPTL RANEZL F ik, LFEET, PFE
Ao R AME B AT R LB AF BRI EFARANA T IERY, £
ik 3 8T kAT S A RIBE W KATGE T RENAZ B,

9. ARBAA|FZK 1-8 PAE—TATERG RAMEE F %, HHFMEAET, AT
AR I BT 6,46

B %P E 5 PR R ANE BT AT & B8 FT A A H BN 893 09 K 5,
b, iR R AR QR E TG T RAERRG T

HIEFTE YT a9 R 7], RBTE AN 3 AT G ER G T L BKR
AR VA B G PR RANLE B —AT & IR B o ATt 28 BAR A 45 AR A ;

W], BT R3S BT iR RAME S 8T ’AT & B F04R 69 B AR b Fo BT ik R ANLS AT &
AT & L R B by B E B R BEATAEAR IR B, €145

W BT R AN B8] AT & A 03869 B R e 4 AE B 55 PR A E B AR a9 45 42
B AT AR I B

10. HBRFIZK 9 Frif e RANSEE T ik, HAFIEAT, ATEAEATE
R RAMS A AT S A LR AT RN T RA, e

BRI L P RANE 8] % AT & B R ALy A BAR 6 — AR L

A T i — AR B, SRIRATIE B BT i R AL AT % AT & L L B ey A
ReGH AT B,

A A T R A L B B, FVBT AT EARE B o B P R AT iR R e I F F AR
WA R T KT % —FkME;

FEA, MAWPTESEBEENGHTALEFE T F.

11, ARERAZR 10 e RANGEEF %, EHAELT, TELANLE
LA RAT & L AR 00 B AR A4 IE B Fo by AT IR RAHUE BT —AT & L IR B 64 BF i A
% B G S IE ) S — AR A

12, ARFEAFIZK 11 PR sy RANE R 77 ik, L4 ET, A LANE
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LB K AT F B AT 0 B 645 IR B Fo b5 BT iR B AN S BT % AT & B IE B 69 BT ik A
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13, AREM A 2K 10-12 FAE—RETER G AN A F 3, LoFiefe T, &
P 45 B 7 B P R P R e 3 F 8 A2 A R KT P ik 5 —Fk 18,
BT ik 77 iR 3L 6, 4%

RIFT R G FT i RADE 3] ’AT & 8 IR Aoy 2k B ey I A B

AR T Z AR BB, BRIR PR 5 PRk AN G 77 ©AT & A KB 6§ 54 B
Beg AL A B

WAEFTAEME A Z B, FIBPrEAEA S B Y REEGROEEF A
LA R T KT % =k

A, NPT PTESE BARA 69 = A K BARYG F .

14, ARBESFZR 13 TR RAMEE 7%, THEET, PTELANE
LA AT 5 8R0S eG4 AR B G P iR A MR e A AR @45 I AR A

15. ARERAZR 13 R 14 FFRGRANEE Tk, LHEET, EHAE
MEAK B Y REAALAEARENGGTORBEFERANERIK TS =
TIRAE, NRIBTPTEAH EIR N GG T AHLLEGF,

16, —HAAMGERE, LHEET, HRKEOHE:

REAE, A TEERLANA TR, REFELAIETRR TG
B THB e e B, FEMERER AL @ ifA R E AR
Y h B B, AR

BRI EAR R, AT AEARANGER IS, TAAREARNG TR, A
ERHRAAMERLErEAR TS, o, PR g & 4

RERAES, A FRERITE LAMAE LT R ATHEBBOBEE, AR

KI5 BTk T AMG 3T AT & IR e ey 5% B 1%,

B AR, B TP AN B3] AT & L A0 B AR S A2 BT iE AL
L3 AT Z L IE B ) A B S ATARAR IS B, vAGRER BT iR AL & B 4G AR AR R AT iR
TAMEEATIAAL TR EMFEE; AR

AR, R TARYEPT i AL & S0 AR AR T IR RAANUEE AT R AL & R AYIE B,
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FHR TR LA KG FTAA T A,

17. HBAERAIZK | FIEGEAANGERE, LFEET, TERERE
HARA T

HRTKIED, RE—MEOLPTEAT GBI,

18. ARFAAZRK 17 TR RANERZLE, LHEAET, PRETHRIES
AR,

19. ARFBAF|ZK 16-18 FAE—IRFF LG RANEERE, H4SEAT, 7
R EAR T A T

EFTETAMAL KT, SR RAMNG ATEGEKR T HE
FRE QP AT R GEKL.

20 HRAERFIZR 19 AT RANIEEELE, LHEAT, PrEBRES A
H 15 K.

21, ARFBEAANZR 1620 FAE—RAT R RAMNGELE, H4FEET, T
AAZAR T BAR AT €L 45

AR, TR RANG A6 AT S AR S ETLEA,

22, RABRAIER 1621 FAE—TFF LG RANEELEE, LEIEAET, FF
& 5 PR RAME A AT &R LB A E BRI R R AR LR, £
5 prik AT kAT EHEA R G AT HE T R R0 A BA.

23, ARAERAEK 16-21 AT ARG RANGERLE, LFEET, AT
A B R AN R AT HE LR ST BRI A ELANL LT, £
SRk SR kAT HERBLA KATHE T REN AT BA.

24, BIFHAIZR 16-23 FAE—RAFRGRANEHEKE, LML T, FF
AARAR L BLAR AL €L 45

IR A, AT ARATRL TR ALY 5T % AT & A L B 4g AT iR A
Bgn ez kn, L, A Reis sl E: 599 % R EHR
Gy, AR

REBE, B TARBEAEG T LR, RITEXANIE S AT AT SH/EIE
FE 44 FT R AR 69 45 A B oA BT A AN S BT RAT & B IE Be 64 BT iR A% B 1R 89 4%
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