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Improved UAYV scene matching algorithm based
on FAST corner and FREAK descriptor
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Abstract ;: In the process of unmanned aerial vehicle (UAV) return without a reference map, the scene matching between the real-time
map and the waypoint is the key to the success of the UAV return. In order to improve the real-time and robustness of scene matching,
a UAV scene matching algorithm based on FAST corner detection and FREAK descriptor is proposed. Firstly, in order to improve the
shortcomings of FAST corner detection method such as no scale invariance and redundant feature points, a multi-scale gridded feature
detection method based on FAST corner is proposed. Next, the FREAK binary descriptor is simplified to improve the matching speed.
Then, the K-nearest neighbor ratio method and RANSAC method are used for the initial and fine matching of the features, and a
positioning model is established to obtain the actual distance between the waypoint and the current position of the UAV and orientation
information. Finally, experiments are performed to verify the performance of the algorithm. The deviation of the positioning direction of
the proposed algorithm is within 1 °, and the deviation of the image plane distance is stable within 0. 6 pixels, the running time is
0.43 s, which is much shorter than the processing time of SIFT and SURF algorithms. In the case of conditions such as scale
transformation and noise, compared with algorithms such as SIFT and SURF, the proposed algorithm has achieved a better correct
matching rate and better robustness. The experimental results show that the proposed algorithm is robust and fast, especially in
perspective transformation, it is more suitable for UAV vision-assisted navigation.

Keywords: UAV; scene matching; FAST corner; FREAK descriptor

Wik H . 2020-01-08  Received Date: 2020-01-08
* FEATH . E K @ RFLE 4 (6186010041 ) ¥ BT H



5 4 3

FHF FAST 1,5 FREAK #3845 8 A9 Jo AHL = 4 UL Fe 5 vk 103 -

0 35

il

BT RU0E 1) 57 S VT e Bl M 3 496 /T LAS Bl e AL
FE GPS KA HIE I T 18 5 AL 2R A . B4
SERVCHCHAR | SR TR G AE Ay v AT DR B, (H X
P P o7 TR, ST, A BE A TR, 45 T ALK
P Ab FRATHSE I TARK M S ST IRIMERI T
BLR MU 52t TR I 58 . %05 584 A A AT
R AT, 7R PR BB RHIE I B 1S S R
DCC ) RS ITHE S L 8% 25, SRS SR T 57 R DL B BOR TR 1R
AU S B ] T 32— 3k S A, DT S8 A 2 4 ik
e i IC AL B D, B 5 ELAT S R g e
{ipe JUNIGRERFITA LS| 0 6 N

A A3 R VT IE 7 325 £ 200 PR 430 g 2k T
TR P S G2 DG i 7 2 R TARAE SR 2 I il ikt 2%
TR EE W 5 G IR IC )5 12545 5 32 A ORDIG B AR A 55 R 3R 5
M), 15 L AR B RS TR a4 ) X6 e A ML 4 Bl T AN Kl
o BRIz 1 72 B TR AR ) S R UL Jy vk, 3
A4 BT B A RFAE (ARG I 53 1 06T A1 A R AOE R G
LT S TR AR A SRR B B SR X
15 B 1 FRAE 1, 32 B0y ko s 0 B i 0
( Laplacian of Gaussian, LoG ) . Hessian %H [F 17 %1 2{
( determinant of Hessian, DoH) TP B R NS R e
B9 (scale-invariant feature transform, SIFT) BT fs FH Y =2
#2243 F (difference of Gaussian, DoG) 1o RS0
e ST PREIGHEA T 22 B 3 A A4S B e g 4 R B R
Ze Rt Bay 2004 d S B RRAE 551 (speeded up
robust features, SURF) X it [6] gk 47 £ 4k, 1B %F F 3£ i S
BE, AT LK, BT 2 3205 ) S SURRAE [] £, 5 30
WRICHCHE 22 FETCHEME I 1Y e R T ie i 7 v, 5 BE AT
VG JSC P A 19 PEAGR [m) U5 AH 30 B B 1 P4, L i 1) DG e 1Y)
PEIG5 o TR PRTAGOAH HE A B8 B g A, 75 Y 2 b 3
FAIE SO A EUG AR BB, T3 T B SRR R G U
SRR AT SR VT RCAT I H 0 R AR A B /D DR e 2R
) JRURSE 18 K, 4 48 A B R B s R R A B X K i
FHAB B 55 T AR s R IR A I 5 25 T B 3

BT U AE AN AR B L R fF R 2
Rl R T Harris M SR IR T 255 H ARG R 4R
A AR DI AR A1 8 JRy ¥ IR RE A2 A E S A4 1
MRE iSRS, i KA O M Susan £ A
G DU ] FH AP JZ Ok AR - R AZ A AR AR, XY J7 2054k 4
S, BMEERR S AR ARG 0, W RE A A7 A 3R I, (H R 3 22
15 (L P 41 7 75 2 A O £ A, ROROST AR T AR IR e 4
K12 o NN 43 E) K M 4E AE ( features from accelerated
segment test, FAST) J& H1 Rosten %5 F 2006 4E4& Y, I

T 2010 4 3 LA 5E 35 By — Fl RSP PR A0 AR a5 AR I
LN HIXF T Harris | Susan f1 s K007 3% B 7 27
TCFABIE . FAR FAST A s K6 00 4507 Ji 3L 07 A, ok
P, B — 5 PG IR AR S FpL EsE AR e 1 BE ) (H2 e
BB EE , R = RS RRE T M sk
5/ E E AORURE | /INRURE T BEAS B I 1 22 07, (B4
R B E 2, BRILZ Ah, FAST £ R I H A R AE
BB Z AHTF BT AN LR = # UG BB K,

X TE AL 52 D B B335 1 S 4 R 5 4 4 ) R
ARSCHEH T —F T FAST /1 £ A FREAK 5 3A 4
SO TN R ICRC S, B 6, 1% FAST £ gk
WL TE RS M R AE SUBCR TOA I B AT T ik
HE B T 3T FAST F1 850010 22 RUBE A% £k A AiF A6 0 5
e, BRIE, KPR AR ) B O 4 A5 (fast retina keypoints,
FREAK) i il 75 047 1 Ak, S DC s B . fie)s
K K AR AE V5 F1 RANSAC 77 3 HEAT 45 4 i 4] T i
FURGVCIC , I 37 8 LAY ARASL IS 5 5 TC AL S Hi oz
B SEBRIE R A LS R . SRR P SR A
PEAF IS S, W] o TE DR MU EE AL B AL S
EIER=

1 ET FAST =I5 REM&&E N7 ix

1.1 FAST sk

A — MR I EE R/ 5 LR Bl — s 4 33 el N 2
e 215 3 K A 22 HE B R, WA 18 R 2 A A
FAST £ 5 FARKG AT 0T

1) ARG AR B — MR R AN R R R 5, 8 L —
NLUIZBE A PO, 2N 3 1B # k. Brenham [RI1E
RS, anfd 1 TR B3R B i & 16 MR R A, i/
PI ’Pz"”vPIGO

D HERMEER PS5 P, P, R EIKIE 2 5 H 4
XHE/INT 3 B, WA PGSR A S5, 765 )
AT —2,

3NHEBMEE P 5 P, Py, P, P, WIRFEIKEZ,
A BT 3 AN E R T 3E BIE, W P AR,
B

MHITEREERE P 52 16 MYRFEIKE2ZE &1
DA o LA R T8 BE, LK P oS E e
fiF 5 . 28 Rosten ZEIRUE™™ | n<9 B, 31 %% 5 5 Wi A
A AN 9 BT, n=9 B KM RE fe e, R
#f FAST-9,,

5) AR KAE 0, TH5 25 B 4) G 36 0 REAE 51
FAST 1543, Bl 16 D BIFME R SRHE S P K EE 2 1 24
X (B AT 25 PSS JE L 3% 3 A3 P 75 401 B K 1 A, )
e[ 73



- 104 - LSRR R e o

5 34

P, P,
Pm P P4
PH D PS
1 P(\
P, \'__,I/ P,
P, P, P

Bl 1 FAST Kl AR
Fig. 1 FAST detection template

1.2 FAST #ill9 & R B R4& B it

BERTRTSCHR 31 9 FAST A 50K DU 540326 A A i B
AR SO FAST Ff s R IR0 HEAT T 22 IRURE AL) 2 A1 19 4% 411
il , AN H B ROEE AR AR | i FLIR 982 T RRAIE 85 7T
A, FHIXTXFHET Y FAST f S B T A 4

B, A RS T T 2 RERE, KBRS
TS 0 2 iCE CLi=0,1, -, n-1, XEEG C, #
17 n JRBERFE RFERUEZ S .

S(C,.):%S(CO) i=1,2,,n-1 (1)

ARSCH n =7, REZ @ 5E 8 )a, %8 E—T
FAST $5HE AT 1) ~4) |, Kl 4% R 23[Rl RRAE 5,
Z R REAE A AT AR ORI, 5 1.1 /N2
BE5) A2 B HUSR R A B ST R E)Z 3x3 46
BN MBI, A R RESS A 18 A~4R 35,
R e KA A E, 75 5

L2 FE7R , Sh s B R AE s B4 67 R0 RS, AR SOk
FAST 8B R AT T WAR RAH(E, FE W8 S T 78
JERH R R E 5 FAST 180 BE 746 (E , 15
) FLIF B8 S0 E AR (B i B RS B B AR AR 6 B 76 % RUBE
05 ) AT — YA (e, A3 B E R U RUEF R

K2 AR B

Fig.2 Schematic diagram of sub-pixel interpolation
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