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Abstract: Aiming at the problems of large number of redundant points, poor real-time performance and low ability to resist geometric
transformations for the scene matching algorithm based on traditional local invariant feature, an unmanned aerial vehicle (UAV) scene
matching algorithm based on CenSurE-star is proposed. Firstly, the CenSurE-star filter is adopted to exiract the feature points in the
reference image and real-time image, and then FREAK binary descriptors are generated. Secondly, the Hamming distance is taken as
the similarity measurement of the feature points, and the K-Nearest Neighbor distance ratio method is used to extract the matching point
pairs. Finally, the positioning model based on RANSAC is utilized to obtain the space geometric transformation relations, the image
matching is achieved, and the latitude and longitude coordinates of the positioning points are obtained. The algorithm performance
evaluation experiments show that compared with SIFT, SURF and ORB algorithms, the proposed algorithm has better robustness in
dealing with various image transformations; and compared with the improved SIFT and SURF algorithms, the processing time of the
proposed algorithm is greatly shortened. The positioning error of the algorithm is within 0. 8 pixels, the scale error is within 0. 02 times,
and the rotation angle error is within 0. 04 degrees. Based on the proposed algorithm, a field flight experiment was conducted. The
experiment results prove that the proposed algorithm has high positioning accuracy, can adapt to the environment with less landform
information, and meets the requirements of UAV vision aided navigation.

Keywords ; unmanned aerial vehicle (UAV) scene; CenSurE-star feature; FREAK (fast retina keypoints) descriptor; spatial geometric

transformation ; image matching

sk H 19 :2016-07 Received Date: 2016-07
« FEGTH : [H 5 A R BRI 4 (61361006) | I P [ 48 B2 Hk 4 (2015GXNSFBAI39251) | ™ 7 [ 2k 0 £ AR 5 10 2% B S0 0 % 4
(YQ14203) J" Vo =i JC AMLIE I TE o5 9200 %8 41364 (WRJ2015ZR02 ) i H %% Bl



%23 FRIEF 45 2T CenSurE-star $51E 1) o A ML 5L 4 VEFE A % 463
LA A5 FEFGARBURR I Ak, JEF kI IR AR ) —

[
L
i

TETC AU B3 U088, 5% 52 DG e H AR H &1 15 4%
JEARTE AT b R P R A 1 ST R 5 5 T o 1) B e
EUEIEAT UL EC T3, NI ARASRG B0 OO0 & S A5 5L, BASE
B BPE AT 1R 25 B 1E, AT R KR S MR 2. i T
WA AT R LA AR A A, SR A — T e S i
PR B AT SRR Y 4 G C A6 SR 1 R B AT R
i

TERZ SR VEIE Iy v, AL GE ) B T K P Fn B 7748
eI 1) 7 0 R A JR) AN S R AE R AR R, AR DR C
LR UG )7 A5 R e 46 L LA SO B AR
SRR, LA B A )i 0 X LASE T 6 AL B 3
IR ST B S Y % N S 1R e ULy RV DA E R E|
P Jr B D 15 A T R i, A B R P4, DR o i
WA BT, Ok 2 1 2 B L

TEJRFRAERHAE T, BEAURRE LR F iR e v S
PUMERE ST )z W T S G DG B vk o, L 2 AR D
00 Sk B B 7 78 T ( Laplacian of Gaussian, LoG)
Fi1 Hessian 40 (447412 ( determinant of Hessian, DoH) ,{H
PR A0t . BT AR N AMIF IS — BAE IR R B R
Y HE L AN Lowe D. G. 48 AN $2 s i ROBE A AR 4
AIE #3087 ( scale-invariant feature transform, SIFT) ,i% &
R E 22 /38 1 (difference of Gaussian, DoG) 3 i
1ol LoG , 45546 B2 B 7 KR 58 MR R RO 34 L (BT 05 5
IERE S8, THR R, S AN AZ T, Morel J. M.
25 NVAR L O ST A LA TR ASTFT (affine-SIFT ) 45
2% BT A R RE A A ALy 28 1k ok S R
A5 i S VCAC; Dellinger F 45 A 4 28 T4 i AL A2 75 35
('synthetic aperture radar, SAR) A1 H{E 6 B R EE 25 [R] 1)
SAR-SIFT 33k , 1% 75 1A RS v IR e P W 75 ) DC e 245 R 1
UM, B VE ORI THE S A N R
T T ARG BIE , R R g B HLAR 5 (sparse random
projection, SRP) J5 i H& BURHIE [7] 7 i) SRP-SIFT 553k , 7
VERCHERS A 2 1 I 00 T i — 48T Tk s Bay H
2 NV AR o 3 G FR R AE 8 1 (speeded up robust
features, SURF) ,iZ3:4E DoH J5 i 1 Bt b FI FHARS
EHGA RO = 1 3R B 24> 07 ) 42 UK RHAE
[ B, 2 FEARILACH 25 Li L % A" 76 SURF Bk
F L5 DAISY 58 RF A Az B 32 77 ) AL 1] 5, LA 920>
KA P e i 4 R AR DE I 5 2R A7 06 2 AU 3R A
Krawtchouk JE A= i FFE [ 5 19 75 ¥ R gt SURF 512,
P AL T VCELE ], Agrawal M 25 A 3 T AL
I ZEH ( center surround extremas, CenSurE ) $F1iE 7%,
{68 FFIRUZ 8 25 2 AL LoG, A6 00 Bisf i) K oA 4 i (HL H: %

B & B il 37 B R 45 AR 32 5 ((binary robust independent
element feature, BRIEF) '™ o3}t T BRIEF %3 5 1) HE§4
BEME (%) ORB (oriented FAST and rotated BRIEF) 2 3157
RS AL PO i S 4 5 420 1 (fast retina keypoints, FREAK) (el
SRR B, KR R AR T ARAE DS R A I ), {H TR
FH 0 8 43 20 K I 4R 1 ( features from accelerated segment
test, FAST) RpAiEAG I J5 5 , A5 58 i AP AE AN Hodg ROBEAR
ARSI NI KRR T AR AR A A R JE AL
¢ UNIGERBIVASES

FRIRIE T B SRR 1) 5% 4 T 0 B3k IR AR
Ji&  {H BREERE A% 18 1 Jo AL SR A0k i i 4a 18 15 b
Tk R AR TIE A LA R W PR ORI AR 0, LB IR B 2 70
G IB T[] SR , ATH SR 2 TG AL 5 4 VG FC 5 12 4k
W AR S8 A A DR RO MER . O, $E T — R AL T CenSurE-
star [ BE AU RRAEARIN 7 ¥, 455 FREAK — i i R E il iR
52 CVE BC A TC AL 5 4 VT 5125, S S ik B A SCOR0 vk il
BER R S T TS RE ORI Y E LR

2  E-F CenSurE-star I AN SR CHE £

2.1 CenSurE-star $54F

CenSurE FFAE A — FoHT (1 Jay B8 HE s FRAE, & {87 FH 3L
JZ U AR R AR g S L R R A, RS M T RACR .
{H2 AZGEH) CenSurk FRAESEHCR 7 FIUE P 2 , 1 ALIE
PEas AR NERE AL AL R R, IR AE IR, 45° I PERE [
B X LA IE IO e RS IO 1 R A A e AL
SRVCHC, MUk, # e B AR AR R B R AE A, 322
AR 3 AR L

1) O 0 b 2 ) e RUE 25 )

CenSurk 4] 7t RURE 2 [1H] IF >R FH fa7 52014 002 I8 # R
ML P B T, &1 R O O BN A, SRR
CenSurE-DOB, CenSurE-DOB Jg I %5 B N AZ R ~F 8 (2n
+1) x 2n+1) IMERSFR (4n+1) x (4n+1) , &
I, HNEREZRE, 0, WIMIAE RE N 7 X FE
P nt) DC W Ry O AT 2285 i 2 S X

I,(2n+1)* =0,(4n +1)° (1)
X RBEEHATIH—1k -
I(2n+1) =1 _,(2(n+1) +1)° (2)
2n+1
4n+1

&1 CenSurE-DOB
Fig.1 CenSurE-DOB



464 (O A

i
e

Eibd 438 %

AP AT, B CenSurE-star, Hy J5 R 3% i 4 F1— 4>
45 ° Tkl i)y RSN AR AL AR, W 2 R, MR R
SR L PRGERG IR /NI e 1A, F D AR R TR R 45°
TERE AU IR & 45 5] . CenSurE-star A i R 23 [] i
SRR T A REE R TR R — MR R DGR 55
BAATEBUS S, IR R 2 EGs Sk, I 3k
WOZAZ Z 6 0 R (1233 TR, 96 P13 38045 RO (8 mT 74531
IERIF LoG Z5[H]

&2 CenSurE-star
Fig.2 CenSurE-star

2) i R R ARL A

K FARAR AR 5] Ay e A I RUBE =45 B AR (R AR
RIEFAE S o W REESS MR R S S AR Z 1 8 4>
LRI S LT AR AR RUEE 2 A 18 S &P el 25 47 M 7 (L
FLAsE, BB/ N T B AR AL o

3)  UEBRINZ L RAERE A

KRB I8 W Harris J5 5015 R, k00

Lo YLL,
oy, yr
Arfre L, (L KA L AE x Fy J7 ) 0S8 AL T
BH, (R A T8 2RI AT AR AR N 1) T2 R il R
HI N 10 PERBR KT (R 1) Ao 25 o5, B 590 B 301 2% vl 7
Tl 2% P Ao 2 o5 B SR B B T o N RUBE {5 EL 1) CenSurE-
star FH{IE R
2.2 FREAK #id%

FREAK #8555 52 N0 2R 48 1 e & e i, % F
FEIT N R ) Ak B A 8 B F F N A, SR AFE AR TR [ 3
TR . Hidr Fovea XXt m b B KIS (5 b AT AL BE,
Para [X & XHEORS B 1 PG A S AT b 201020

KRR DURRAE A5 O A 2 7 2 RO R, RO
[ P~ A2 1 S5 R AE A A RUBE BCIE LG, B B B
LEMRPEAI Y 6 I RAE s . e EE FREAK $RFFRS , 15
X SRR v ) JT A SRATE s AT R 0T, PR SR AR A
XoF 0 A LA 28 SRAR U A bl LR F, HL A
K(4) ((5) PR o R RAE SR A A IR 45 A0 e Pk 1
SEHHEIY G T 512 bit /RSN BRARHIE £LK FREAK

H ] (3)

K3 FREAK il fF R AR R
Fig.3  Sampling model of FREAK descriptor

F= 3 27(P,) (4)
(P, = {1, (ICP) - I(P7) >0) (5)
0, XAt

s P, RIORRAE R, o Fom R 2B, N &
ARHRAFICEE , 1P ) AP ) JE WA SRR 2 X3 K
A

1T FREAK $3R 55 (1 [BE X FR R AL 25 44 i JL B A
JERE ARV | SRAE 110 A2 ok 2 A8 It 2 L A b fofi L L
A REAAEE S B RAT s AT = JrAsm), (L B A —
SE MBI R, AE i 3R I LA R S S B R
Peo P, ASCRH 2R FREAK Z JE 3 3849 3 5 52
PE B RPEEORE R I TE AL R R IR
2.3 KiE4BibfE%

)Xo 35 o I A S T AR AE A5 F HE FREAK
R Z G AFBI AR S . H TR K JT4RLL
TEEX PR 5 JEATUCAC . 1 5, R DU B B
PERRAE s AR IR BE B, PSSR 3R 745 B =2 (]
PRI BE 3 fh e L AT S B AR S B, G4 2R 1 /Y
AECERONER B A5 R  HW R AT KOESRH I (K =2) 1533
fREBEVEIC R o TR T2 S RS E R F R3] 55
B UG AN RAE s DU B 5 B /N B 2 A i, BRI 4P A
FIUE B RGeS, (o FH e 0 R I B 85 1 LU (B R A T 1
BT , W= (6) Frm , A3 B I 4 VT L s 4 o

D <N (6)

D A IRUT AP BB B, D,y A U4 55,10 BH
BiBg, N N B
2.4 ETF RANSAC H7E(rtasy

RFIVCREL S 2 i, B RANSAC 8367 p JE e 2t
ST S G VU R S AV A R | TR AS AN BB A 3 35 v 1 5 S e [
Z 1B B A 7 R, R BRDCTE 5 A i i S5 0, i BE B 15 51
AT



2

KET 43T CenSurE-star FFAEAYTC AN Z T ECA L 465

S G DU R ] 5 S TR A A 3 i A 4, A8 4 5
hll hl2 hl3
hZI h’22 h23

(ES IS
{y] (7)
h‘Sl h32 h}} 1

K (o',y") FoRBEMERGR R AR, (v,y) FRENE

{}’,} i H[y] i
1 1

hll h‘12 — N iy
%%%ﬁqh B T BN i

21 22

e, Thy 1" FmFPRBAER, [hy  hy,] P EBRAL
e, by = hy = O RO ST A . THH & hyy = 1K
A — AR

RANSAC J&— Bl AL A6 36 T7 i , BE A8 (T e b
AR AL, I X A TR HEAT IR . i 45 RANSAC 55
LR A, SR IR SN MR H 75 10 2 i
MREE SR 2 o KR H AERE 8 MRS, 2=/
i 8 AL R, B &/ 4 AHDCIC . AL BRI
LE

1) 2.3 F5 455 (4 DT BE o0 FPEEHLA 4 41, 315
H AR H 2 R M

2) TR VERC AT ST M BGEIR 2E A IR 22/
TR &, VERC AU A S5 TR AR

i (xr _ hyx, + hyy, + h13)2 +
=1 i hyx; + hyyy, + hag

(yri _ hyx; + hyy, + h23)2 <e (8)
hyx; + hyyy, + Ry

3) J M4 AIVCREC X, R PR 1) 2) 5

4) IR HT N R AR LR DN BOR TR N R 4R, U B
BURTA A R A AR, EEAAQEOR T & B

LA foe (10 A A 4 9 A8 i B H 1K) 2 5B
IR AARHRS R, AT 2 v 1] 5 2 AT 2 8] Y o
ARSI o N R LS R A DT TEC R X, A R R R T
B, JFE T Al Bk, 2F — 8w T 5 5L U0 IE 33k 1 e
{738

RHUKF AT, DA BIL AL AR 4 55 Y S [ Y
L5 AT AR O, R R AR ARIEAE (x.y) o
B AR WA T, AR FEUE ] AP L s AR R A (7
y') S  HEERRE 5 R F A bR i A2 4 28 s s (9) Bw,
A (10) AIFHAH AT AR 0 RAT AL

maxLon l— minlLon + minLon (9)

— ’
Lon, = &', X

, maxLat — minLat
Lat, = maxLat —y', X e E—

K Lon, B RATERATEN S, Lat, Jy RATER LG BEALE
LA DT R RAEL, b S 5 IR R S B, ik
VE E] DX A8l 7 A8 B minLon |
YhemsE.

(10)

maxLon | minLat . maxLat

3 CIOISE

SZIGHE Intel Corei54210U CPU,2.40 GHz,4 G A%,
Windows7 #:/F Z& 4t #1 VS2012 & T, 45 i OpenCV
2. 4. 8RB HE 7R S R SEVE I AT K, SE 50 oK Google
Earth {E B UE ], SCFE i DIT #f 3F = 81000 + /\JiE 3
KATER $E K Canon 5D ark ITARHLAT A 21, I EIG K
H T Mikolajezyk %5 A7 FOFRHEMR G E ™
3.1 EEREEE

AR SCRVEAEDT FC i 1 0 8 3 A% b, i S 0 S AT
XoF g T AR A & B 2 1 LU AR A T 180 07 i , K )5 2 T
RANSAC 7L T RC i 4352 152 22 BEAT 19 (B 075 26 , DA 171 B
FEIRAVCIC R, HOIE B N FIR 22 B & 45 BCE /D,
AT RE B IR VL IC R BOERR , A B E R, & S B
VeIt EADAFAERE TRV T i R, 7 3 1 6 BR800 TR
HVCHC Y IEAA 3 = Ak 1E A DT 50 8 B VT FORS B2, 8 U
TERf DE K 5 R DE FCEO e, AN F

recision = correct matches (11)
P all matches

SR PR HEI AT 1528 14 RURE Je e e A 4 5 5 B2 AR Al
AT I, 300 2 T4 P A BRAEL PR K0S, 15 1 8 5 IR A
VERCARAY R FR , LR R AN 4 FTR o

—6— N=0.50 —8— N=0.55 —A— N=0.60
—%— N=0.65 —%—N=0.70 —6— N=0.75

1.00
it 0.98
EIE /’K//x
E 0.96

0.94 G/e/?—/_.i

&=3 e=l4 &=5 =6
(a) REENERAAL T

(a) Under scale and rotation change
&

1.00
098
£ 096
% 004 */*,/4(—)(
) ©
0.92 041\/‘;0.50 —8— N=0.55 —A— N=0.60
—*%— N=0.65 —%— N=0.70 —6— N=0.75
0.90 s s H h s
e=3 =4 &e=5 =6

(b) FEREAZALT
(b) Under luminance change
P4 TR UE DR Y (A A 2k
Fig.4 The curves of correct matching rate vs.

threshold value

MELEREE AT LUA i, 155 R VT i 8 5 25 57 LA
AR e BEARAE T O , LA BI{EL N = 0. 55 i)
F14 TE B D P R T AU, 2R 2E BUfEL & =5 I, I T
BCRAFRIRMEIE T, Z I =TI ZE . L, A SR ]
N =0.55 {0 LM BR(E, & =5 1R IR ZEBIE



466 % # X

x ¥ 38 %

3.2 BEREMESERBEHESRE

R ENL ST R ] Google Earth Hrp Akl H WU
TR EURAE AR HE IR, B R/ ok 800 x 623, 52 ] Hy
DJT S1000 + /\Jie3 &1748 s B FadRrs 2, & 7 K/
b 446 x 420, VCELZ5 AN 5 Fis .

K5 FkDUECS: R

Fig.5 The matching result of the proposed algorithm

HIPE S rp o A 15 Sy 18] |45 DUPC s 2 AT I, 4%

RPALE i VG JC 7 5 VR 0T 7 ), TG R DT E , S5 I P 7 v
Pl g DL BC 7 BT @I RERR Y
E N SR T L PR AR Y

0.999 941  0.000 034 14.007 816
H =| -0.000004 0.999993 3.995372 | (12)
0 0 1

Hy SR RO AT, o s R A AR O (277,264 ),
W (7) | (12) WS4 BRI P R R A bR
(291,268) , 24 SRR A R A2 e 24 3, BI K (9)
(10) ATFHA R AT & 19 RAT A2 B 222 110°17725. 38",
i 25°16'31.79",

SIS A DIL A3} 2= S1000 + /\JERL ATa8, 1k &
FOL R 25—l 45°/h, T T R E 6 RUE T T ) 5 )
LU AEZE A o PRS0 S SR P A T R 1 e
JETERAZAT RE R A5 AT B R R S St &, B3k T
BeZE AR ML 1 P

®1 HELEBHEIBRER

Table 1 The matching accuracy experiment result of the algorithm
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Fig. 6 The repeatability curves of feature detectors
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Table 3 Test result of scale and rotation change group
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Table 4 Test result of luminance change group
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Table 6 Test result of viewing angle change group
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Table 7 Matching time comparison of different algorithms

. SN PN SURF 53.3% BT SIFT 5353817 F SURF S3kiB17
Sk SHRETHRY s SETSRREHII/S e AT F e % R F %
AR 0.085 0.923 0.156 90.8 45.5
SCER[9] 0.529 0.892 0.531 40.7 -
SCEk[12] 0.822 1.334 0.987 - 16.7

3.6 LKW

R 55 UE B A SR R AR, fi A DIT 81000 + /\JiE
FORATAE) VA FEARTT B i b A R AT S B kAT S8
Ko RATAFEER DIT A2 &f5 M pf il Z15-5D I =Hl =
B R AR, He IR e e 1 10 M S iE AT R
TTEHE 5 S MR ISR AR, 6T = BE AU 7 300 m, 34y
SEIEUER B T B .

BT Bl it S ]

Fig.7 The real-time images for partial waypoints
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Fig. 8 Positioning results of the proposed scene

matching method and GPS method
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