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e A A2 R Sl A AN L & B SEHZ I 2R, fEZE H b GNSS HAEME N — Rl B S AR S oL E
fr 2 48 o2 L% R G B T8 R G4, S A W UA S LG, BRI LIE i R R RS =, AR5
PR PTG I8¢ PR3k 2 % R AT 2 1 T g g 1), 3000 62t A AATUAR Xt o o PO B8 28, pRn A5 1) RS oz A A
A RATRERE CHLIA AL R EATRE AR B S I RIS R A K, (B 5 32T, 0 HAL AR
T . TR B R T AL S | L SRR R A A XU, S HE SR TE ALK 2
B, HARZE N B AR AR AR L L I B A 52, JF Ho 2 Bl TR 3 i AR 2R

W SR SR ORI L SRR, DABHE SO L, HAb AT BOYRIN A& A RS
A H TSRS L, a5 S ATARGERE IR R SR GRS AR SE L.

SR ULHCAE T 18T 3R T 1, 5 AT R SR il — P L S ALEOR Bl SERILEC S AL (scene
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TGS IR AT B H AR X A DX BRI R R R BEAT DL, BRI RAT e B . X0 3L
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X ERI% S AL Oh 55 ) 52t —Fp R & TR 1) FOE (focus of expansion) 77V 5586 AALYE
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Figure 1 Diagram of UAV scene matching navigation system
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MR B — RG22 R ROGIR A E B, LAIZRAS SEAERG RO B AN T, JF i T DU e 3 e AHL. Hrvh =
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WA 75, Ren 25 29D B 50 7 36 T30 M5 BRI N EFHHLIIAT L 515, Xiong 25 30 #5073
TGN REAS R A AR R PRS0 R Bl e ) P 0 R 9 o A Y5 AR K241 Wia 25 B
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FIIERATE; Zhou % B4 7EXF TIP (tour into a picture) FARBATY IR L, $F2H T —MRERETE R A
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3 ERXIER

S GO E DX HL 130T A 2 — S R SR Bl U AE TR AT O B A R AT DL RS g HR
T A2 BRI R AE 9 AU HE IR, 2L H R ORAIE R AT SRR rP LB AR A% IR SR A R S ) 5 T ik e
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SE AR R, B RERS S e G [X e s M KRR AIE . DCC (X R s M P Frienden 2K AR AL 21 &
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3.2 ERXEREZX

1972 4, Johnson M1 F AR T R R ILECIX B HERIME S . BRI A, Liu 45 121 SR8 FTILAC
BER GO TT R Tr 2 EAHSRIEAFIE . SUEERE R LU OQ &R, e 7 v P A — o B0 1) s i
B, ot XS HORFINTZIEAE B & & T TR R ILAL; An 55 131 0548 f ml ILRC T 5 318 B 6
EHE BRI KR RAEAT 7 I, G BRSOk R ER R T ITACYE; Guo &5 ) Mg T
I T R R UL BCE MR T 6, BASE VG BC 0 S BME B 70 M EH RE; Jiang &5 145] $i2
HY T R R RS )2 R R UL S DX AR U, 78 S 7 RGBSR LA SCame e A B P2, A DG [X 326 B
SR oAt 7 DGHE DX AR B A . SCRR [46] B0E 1 2 PPOIE RC IXAE 2 /AR, I8 R 73
Bridk, B E B MG I S AUPERE, IR F R E FHUERL X, Oy 1 SEBLE R X S HEAE T,
[Fi i L e A DRGE HF B HE ] 5 S PRI UL C RO R 1, AT DRAIEAS E S0, B JE N L AERFIE S R 32
5 UL E MR A2 98 5 45 7 Y TV 2 a0 A SRR R R BIT 7.

3 e X B HUOE R ARy W — 2 iR B0 1005 v, SEik e AN R AR5 E X3, 0 2% X dskfih
TEAC A SS HLAAT & RL X B7~49) 55— SR /N ORI T i, B P R 3R U AT IE BT,
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Table 1 Principles and characteristics of three types of image matching methods

Algorithm type Principle Characteristic

No image segmentation and feature extraction
Gray information for
Based on gray Poor resistance to geometric deformation and interference
similarity measuremet matching
The computation increases with the increase of image size

Feature construction and extraction are complex
Extract points, lines
Feature-based Good adaptability to deformation and occlusion
and regions as features
Incomplete feature extraction leads to low accuracy

Semantic features are difficult to extract
. The relational feature and
Explanation-based Closer to human cognitive ability
semantic network for matching
Can improve the matching accuracy

T e TG RE fRe A, PR LA Dy 0o ) XA D e [XC 15054,

XFTA 1 RINE, et @ RO /NBUSERYE Mumford-Shah #7 KI) 43 tH VT RC AR € X BUAR E X,
LI Y — 5 AR S IE L X, S0 I 43 B DXOE I R Fi A (10 5 CHEAT i, 0 e & HROIE S X, XA ik
b A fil Bt LA Y, (B A 46 R T PIE X A2 BE AL 52 1), AT ) e 2 (A I (X (67 B AN 2 4 Pl e
PU. XT3 2 KI5k, REIEE R T B R s 3 AT R A%, e e IUIE T s, I DA 0 e g 1
BEDX. XA E TSR BT R, — T DA B 2 B R L I X

4 [ERITE

KR ILAC (image matching) fEHE A ) AN 7] A S8 78 7] — DX SR H Ay g g PB4 A2 =3 18] B3k AT
XFHE, DATE H 3 79 1 PR R AR o B 0% AR o e, JHe ) o 4 2R S PR AR A 3 o P A v ) e £
DLECAL B 5253) iy T — MO0 T 3 RUCEC H B ST R g Re R it e B2 L Wi S5 40 B A5 8., 7E Filkb 3
R DA S R BEAT I IE AR B, AR IE Jm R S [ 5 S PR ) e e, RUEZ2 57— ORI ZE AN K,
I H SR ULRCR A A B B SARFERBEAT UL AT, AL 5 R VLRGN FR ILRC ) — MR BEXERER
VLHC SRR G, NS 1V 2 RURULRC 5 2, X L8 7 iR F AT Loy gk TR P X IR UL e 7 v L 2
TAFER UL BC T A TR MR UL vk 3 26, 31X 3 SRR UL HC 7 ik R B A Rs ik 1 s,

4.1 ETFREXIEALTE 5%

B P DX I VL AC 7 i1 ELEA Y BB B AR R AT ARALL R B DL, Lk i 3 B T AR
P S A 2 SRS e 5, X REEIE H AT OO R BB . W AR R SRE A Py ang 25
% PRI SR A AR P SRR SR . AR B AR . PUE Fourier A28 H . AH
REAIREEE USROGV . BB B 5% . BB BT B S B IEE . B o Wrikds. HalfE 4T
A AT PR A3 AR R X3P UL ] 592 3 A P a2 on 22 B AN — AL B SR SR

BET R PE X SR UE e Ty i SR B ] B, AN 5 AT BB B R AR AEAR L, B TR E 5%
R AL L MRS R M AN R R T30, A AR EAS I T LT R AE A AR B PEAR E , L) LI AR T fE
J122, FLUURCE (A AN RT SE Ml LAORAIE. RT3 G P9 s Pl r A 68 2 50 3 K P PR ARV P B
2o M INRh e b S DA N IR IBYES DN

511



RARIESE: T NHLR RILEAL I SHTER 758

4.2 ETHFEMTE G A

FTHRFAERIULECTTVE 15 5o AV HC B A SR EURFAE, ORI FRUAH AU B2 MR 2 4 SR 2% A 2 S
PR AESEHE BB TP A B 2R EEE AT DASI AN TH UL E B R LA R ML, AT DL e i B
PUEB LR B RIBE ), A ROHER T8 5t BRSO FES5 18 B 1 = 048 5 R 1 SR AR DL A
BT RHER ULEC T VEAS B2 AT AT, A2 bR B H] okl 3z

RFAIE DT 309 G 0 TR 2 BB 4T B R AE SR BRI FE VT T, RS BB B, ZERAFAE 25 20 A6
W, HS BRI FS  ASTEABUR. FERHIEVL SR B, i T g sk A AR B B AR IR B AN A, R — )
JS2 AN [ RO BT AR5 28, 8] b S SRR UE 08 3% AR AL el 290 K 6 TR 3. R AR RS AIE U TE B2 5
framers . B eR 5 R Z 5 BAT — s KB, (BSEPr R i H RTIE 53 2 —Fh BE 6 22 5 Al S
SORMIVLEC SR, — AR AR T RIRFAE R A R, X6 Ry 5 (10 IS FH 2R 55 R FH R B A 2 g DG e S92

AT TR AR A UL RS T VE KA R 70 931 i 2k XIS RAAE UL RE T V.

4.2.1 S4SEITHED

BT sURFAEIRIUC AT 77 V22 e R B M I A o 1% R 2R X B0 S s SR RFAE, SR JE AT REAE
VGHL. sURFAE I VCEL 75 v = B Hausdorff B BSULEL /735 FASMUGEL /792 . Hough ARHelLEL /5%
DA R VCTC R R A58 Horh Hausdorff BEESTHEARAE, AT B U8 RORSBAULED, X R S 4R A LR
TEAEUR, IHAE SR ILED PR EE T THAS 2] 2 . (B4 34 HausdortF BF 25 5R F R 5 K dse /)N BR800
HERS s R P RS UK, B P A R AR H AR, DB A s A7 AE ] B2 S B B SR 7™ B A
W YFL T S AT 503k, W Huttenlocher 25 P4 $2 Hi# 3 Hausdorff (partial Hausdorff distance,
PHD) FH B R AL A7 7 B 4 SOR AL ) 3 1 B T Leng 55 59 Je 3R HUH U 114 2 s B4y SR
AE 55, AR I 2 5N STRFAE % Hausdorft A [7] B B8 DTk i) K /NAN R, SRS INAL Hausdorff #5725
(weighted Hausdorff distance, WHD) BEATEUERUCHD, SRS 7 8Car pgh . T et 6 b st UG e AR 7R st fs
N FH sz B2 SRR DUECE FER PR, SCHR [56] 45 H T Hopfield 1148 W25 SR R Fa st il R 1)
— M, ST AEATTBR I ThRE. SCER [57,58] FIH Hopfield #1128 M 48 SEHL | s RFAEULEL. Taha
2 OO SR T —F T FORE B Hausdorff BRSO 51%, THRER A EHE 261, /R KEBARERNTHR P RILR
If. Chen %5 160] 2 H T Rk in A8 R 5% (LLS) THH Hausdorff P&, FIH T s L0025 (A4 B AE .,
BERCT IFHE 4. Deng 55 O 21 T SR HMFAE (point-to-point local topology, PPLT),
A AR RHEANE R AL st ek 1 SR CUC LB (PPM), 325 1 VLAC 1) R A fff 2

4.2.2 ZHFEITHD

ST ERAFEVLEC T VAR R IR H 2 . HFRFCER 2 . T8 % S T8 % O 25 1) S5 A A AE, 285 R
FERGUTEC . IEMIA /N IR T /NI A . FFAE— 2 (feature consensus) PA K Fourier ik 7554
ARIBEATILHEC. SCHR [62] $2H 1 F S ik A A7 B O 28 5 Js it 2 I P AR T T 4 P P st DL E R,
RAZ 79024 UG (R A AE e e AR A I O RAR 2. STk [63] 3 HY 1R FH 2R A AN 7 Az R sth UL e 02,
A DUk TR ] e A% £ B STk [64] TR FARFAE — SovE AR, IR 180 o B 25 W R A L 25 1) B3 40 AT
L7 B AR AR R A T UG IRV e e A 2. SCRIR [65) A FH SRR AIE 1) S5 A A B R AR LA AR 1
PR, ST B2 K B2 P L7 AN A B2 72 BT At B AR S 8. R TR R DL S 22 BRI ] T %
F AN P L AN VS5 RE R, 1 S v BRI R AR AR e e TR 7, SRS S SLARFAE ) (R 0 B 6 R, o
AR MSHL. TR [66]) WK HFE A AR SCI R IULED. SCER [67) B0 AR T HE B AR 4
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WL AR L ARTY « M A 1A A, AP R 2 SRS A A 2 L ARG (T I e 2RI R, SRt — A as &
B IR 5 7] 44 R RIS R AR 2 AR VL B 50, mT S ot 28 UG IR % W R ERARFAIE ) 22 36 22 VL.

4.2.3 [XIS4SFEITHE

FE T DXIURFAE UL C 5 V25 A2 SR BCEL A J0 25 R AAE P AT R X3, 7K e« W S S S B R A 1)
JE B DX EE, R 5 ELHER ] A8 AOR AL FE2 8 o 5 O8] S STARRAIE DX SRR AR 6 2R, e AN AR R 4
A, W Hu A2RHE L Zernike i STFT 3R 15850 XIHEAT H Gt id, 0 R AL 138 1 AR DG 1k i
SERFAEMI0S R &, TR E R AR e 28 Wik [69] R SIFT 57 700 HATX RUEE L T A
TR R4 AL, R — S TR TSR R B AR PR VL EE %, SOk [71] 78 BURFE s bt
R JRI P8 DX SAE . Hu ANBRHE IR 1, R BB AR 0T ML Pt 38 1 22 T RO R AU P S S STARFAE 55 2 8]
PLRCOG AR, SCHR [72] 48 T R (virtual circles) DXIRARFE, MEAU B I GAFER RN A VIR, BA
LA

TR UL B AR 2 A, BRI, i HAEE b TR SR 2 4, S BUE
INIRES

4.3 ETHENERLTERSZ

BETARE IR R UL S 7 v 2 S ST AE X PR I Wi AR (R J i B, ¥ oeme B SR, DA AT 53
SCAL AR AR BB 5 2 18] ARS8 5k 2R, R R B B S5 A RS AR OGRS AR AR RIS R, 2 S B rp 4
AR AR, A I S 2% . HESREEAR AAL 1R 53 SR A R DL IC 17 AL, (H H BT UL BC 7 R A B,

H S R 5 S HE BRI AR N 1) L AR SR AN IR, 28 TAC PR IE o Sl B 4R 5 kv Pl 1R 22
TSR ARG AN FIRERE R L ZE00) LT R el 5 RUBEAR AL A%, TR 5 3 SR iR UL S, i,
WERFANHR T — R ANt 595 382 Ini B A S A6 . AR ARSI, SR AR B A br « [R5
JEEBANAR R T ANAEHE S Fourier-Mellin 224 A BLE A BT B AN R4S D5 1250 0 R 3t AT 28 4t
SR FEHEAT DL RC AR BE R v e 55 ROBEARAL RIS, O T f s BUMR DL BC e AL L, 4t T PRI Fourier
At HARLAHSR L e/ 3% Bayes SEULECT A, Dyt — DA BB VLRGSR B S M1, W70k
&R LR AN 2 7 X RS A J UM A R R R S I3 SR BR . AR AR o XAl LT 295 DA% 22 L
e — S e B A8 SR S e i R D T A AT S B PR R AR A DL

M S LR 2 P R B VO AR, XS ORI UL BC T 5. Bl Rl D48 28 2 (R A e
e VEEC T R i, N ATTARZR SR T SR BRI (0 5535 (SSDA) L 2 BRI ILEL . & 735 2 7hHF R
R AR R0 R TR SR S WO A SR U (A6 18 2 SRR S B (R ) PR DL T (83~51,

5 RRLECFAEN

R ILHC SRHUEOR d1 T BAE AR AN B 1w S s Mo 32 BT s B EA, JFAE N AT 48
HESHUPARR] TR RIS TR Tk BN F PR R A% IRt S RO i 5 ) 1R
I ST SN BUEAF A R S SR R AT LU, RS 5 AT B B DU IR A %
7=, [ Al AR A3 O Ar BAR BORTE BRI T RGN 8] TAE R AR, B AT 45 1 ST E AL
FEREA B k.
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SCHR [86] AN AL 22 G0 IR &5 R AR B2 2 D9 At ol FH XU 52 /N AR 4 7 1%, 1 52 /N A
s R A AR AR FE B N Tt RILEC R G rh, S 100 T BUR B i #e R A BOR G S R L
We 77, oo T SE AR XS ELRE « DGR AR S5 T UG LR I B o i itk SCHR [87) & th 17—t
TR RULECIMRAR —4E e 1 71, B Jei AT AR5 IR, SRIRBCRE [ e XS s 1. AR5 5= T
FEVCHC EVE R TE s RUTHC. f fo 4@ H AR AR i B A e B A T v, R SEIRMTTAE RAAR — 4k e fir. STk [88]
B KA CenSurE FREE BIJEH A% (CenSurE-star) $& U AE BRI SZ B FR RFE &, FF4E X FREAK
TR RE; AR5 Hamming PR EAENRHE RUR AR 20 B B, SR K AR B LU R 1) 7 54
HRUCHC siont; s e A 2T RANSAC W@ A A4S 21 2 8] LA AR # 5G 28, B MR VL C I 3R BUE 7
AR ARRR. SCHR [89] B 5 % UL L Hh 2 2 ] AR M RN G I AR P kit v e A, i s RS B 0 L
P DT A IR0 MR B ShAR B X Uk s, B S 5 FE R AT VLG, 5 i ) P A7 56 28 4 de /M e o 1 22
IARAL T T AW E 7. 5 RIULEL ST E A7 AR [ 25 R BRAERYE () 37 50t 7, ane e84k
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Review of scene matching visual navigation for unmanned aerial
vehicles
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Abstract High precision location and navigation is one of the key techniques of autonomous flight, efficient
reconnaissance, and precision strike of unmanned aerial vehicles (UAVs). Combined with inertial system, scene
matching visual navigation technology can be used in a highly precise autonomous navigation system because of its
simple structure, passive working mode, and high locating precision. Many previous studies on visual navigation
systems of UAVs focus on extracting information of aircraft attitude and navigation using visual information, or
the combination of the navigation system and IMU sensors. In China, numerous researches have focused on the
technologies of the inertial-combined navigation, 3D map reconstruction with image or laser, and visual navigation
landing application. In this study, we summarize the characteristics, categories, and analytical methods of scene
matching visual navigation for UAVs. Then, we conclude the primary techniques in high precision, strong real-
time, robust and continuous visual navigation tasks under different time, visual angle, illumination, resolution,

platform, and sensor.

Keywords unmanned aerial vehicle, visual navigation, scene matching, image matching, inertial navigation
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