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Abstract: Accurate, robust, and fast feature representation and automatic registration are urgent needs for far infrared
image in aerial scenes. Since the existing Multiple Line Descriptors (MLD) have the problems of “isolated feature” and
“limited scale transformation”, thus a feature description method that combines feature points and line descriptors parti-
tion statistics is proposed. This paper refers to the feature descriptor as the Segmented MLD (sMLD). Combining the
characteristics that sSMLD feature connect with each other to form a mesh topology structure, a coarse-to-fine branch ac-
celerated matching (RF-BA) algorithm is also proposed. The RF-BA coarse matching improves the matching efficiency
by making full use of the topology structure and local optimal algorithm. The RF-BA fine matching improves the regis-
tration accuracy by using the minimum circumscribed convex quadrilateral principle and GMS verification principle. Ex-
perimental results show that compared with other existing registration methods, the method has better performance in

018

terms of registration accuracy and running time.

Key words: far infrared, aerial image, image registration, feature extraction, feature matching

51

il

PG I HE 2 0 B8 — S5 5% DIl AN () A
WAy B A% SR AR AT Y 22 M P B e L AT L 5410 i
KAM R, BRI R R PHE RlG R f
R A5 T A ARG AIEERE o PR T B AG
IE B 3 OMTIE JiE , BRIV P P45 P 0 5238 R, o
TRWOFFRIB N ARAT . SR 5 T UL B IR AT /Y

Wi B #5:2022- 09- 19, & [E] H #8:2023- 04- 18

AR R i S A R B o7 B LT SC &, PR K
PG A LU R AT R4 T DR IE , LAY v JIR 12 450 fy Mg
TG 2 2 J L] 2k B RS
FI A 5E TR B R HE T L 51 T2 1T
E"Jf“ ZRTE . BN, Lowe ™ $& 1 T SIFT FRAIE£2 B
V5 HEAT R AR A2 H 128 4EHY
fF EH R FF A R K . Bay 58 AW 42 1 T SURF

Received date:2022- 09- 19, revised date:2023- 04- 18

HEWB . KD ARFFEES (kq2208286) ;5 [H 5K [ SR BF -5 4R 3L 4 e BT H (61502537)

Foundation items: Supported by Changsha Municipal Natural Science Foundation (kq2208286) ;

(61502537).
{EHZ BT (Biography ) : 58¥% (1982-), %, WIrg W =N,
1B IF{EE (Corresponding author) : E-mail: fanguo@csu. edu. cn

National Natural Science Foundation of China

Rz, 1, N E RS ERAEFETT [m IRFSY . Email: guofancsu@163. com



am S5 LT ML R RO LT SIS P QMR 2 550

S AR L SIFT #2874 35 A4y, M REIRA T
F#. Rublee %% A4 H T ORB L1, ORB 575 J& 45
Bt I T R ) R AST AG I R0 L e i AN AR
() BRIEF 3 45 (1) — Bl i 20 0 R Ak A 4535 (R
FTC o v Mk RUBE ZZ (0] 8 . B J5 , Leutenegger 5%
N7 H T BRISK, Alahi 25 A *'$2 H) T FREAK , Saha
S N T ALOHA 25 = 6] A9 RRAE Hi AR 5 7 .
BT DA B RRAE SR IBOCR G, SO — SRR A S 4R
o BN Alcantarilla 55 AN f) KAZA Bk FHARZ
PERUBE 25 [R) 30 S 30 FORBOR A 5 2%, (15 580k g
PATH AP EEEME. h T 425 KAZE BT R0%,
Accelerated KAZE (AKAZE) & "B H . AKA-
ZE 51 ) PEH s IR S A 2R SR A AT LA
e 1] D AR RUBE 28 Rl 2803 . IRl i, R 5] AAH G
R R AT, AR DR e e AN 728 P R BE R AR 2 )
L, A JLAESR , Boyraz %6 NI EE T 23 FhARFAIF $2 HL
B A A & PLSIFT ZENR 25 A& R
WERA 1Y, 1T 45 & FAST K il #% F1 BRIEF 4 & 177 (1
ORB By 75 I A b 3 B2 2 e A9 . WUk, Bian 5%
NPT —FR T A Z s g CMS B, It
TR R A% 7 AT 5T i DA SR 1 [R5 v 52 B S s Y
VERC . A LR s e v WO EGRh BA R
IR A T 2L A EMR T A B, |
H AT PR A

5 ubIRE, 2140 EG B B AE A 58 I AR ok RS
T—Se R R a0 Alam S54RI FH 3 TR6 BE 1) FiC oE
A ok A T BT 3R BB 21 A RS i 22 T8 A R A% o
Wang 8 N4 T —Fp 0K B AR 3 5 MR IE S k0%
Witk 2140 EIRT 51, 8K 5 1 2 T SURF 2l
[ 75 1 o X 8 21 A G AT L 1fE o Dong 458 A4
T s ) 9 3 R Y e v R e R AL R
XFET AN EMGBELE 0 B e e o T o BT U
FHARRLAR SR 25 A A SR Ty i, SE M 21 40 BIE
PYRCAE . FE - AE NS T — R R 48 R AR 5L
P 21 A0 R A 0 e BT AR DL BE . A SC A7
Shi %5 A" #9224 AL 3R 4F (Multiple Line
Descriptors, MLD)FEAIE (1Y) & , 51 X5 22 21 4 i 25 &
5 BRI 25 8 L BE I R LRI, 0 B RICR A
W1, H B K S5 s M B4 A, [F] B AR AT
PG E A sf 3 4 B (R I L DTG R PR A M a5
e T —Fh 3T sMLD (Segmented MLD ) F#4iF [ 78
ZLAMLZS BB BCHE R . AR SO FEETTmkan T -

DAL S0 I RRAE 5 5 34 32 02 X R AIE A 2R 38 (5

BHATET, X 5 7 BTN = 2 Rk
AT AR T BB S AT &R Ik RUE Ay m 455 8 . T
WP OE S o 2 B SR ER R B b 1A 2UE B RS
AR B IR AT o AN AT SRR, SRR AS S BRI
A HERR A RUBEFN 5 ) 4545 8 o {H MLD $¢4iE A7 7
PR DI, A RURE AR 48 A7 BR A4 [R) R, Ay AR S 4
T — i A RRAE 5 DL R 2R R R 45 43 B g 1Y
sMLD FHEfRITT %

2) 45 A T4 sMILD 5 AiF AH T 142 22 4 1 X AR £ 1
SER AR R — AR BB R B R0 40 Y
A3 SN U e 77 2 RF-BA 8 65 M S2 30 T G R 1F
DEFCL . Hiv, RF-BA FLVC BE 78 20 F) FH #0 F0 1E] G &5
Fa 38 3 Sy 0 AR B v DT BE A 350% s RF-BA K
5 D0) 1) FH 5 7N 2 1 D 30 T D00 0 GMLS 5 565 Dt
W), BT P RS JE <

1 E T sMLD ${EBViE 21 5 in = B 5 B 7
Hik
1.1 EZRBERE

TEMAAG ST, ETHLE KT o 1~ 2
ke, FAFR I B B , (R 1A 52 6 Ji) R A Y BR
il R I ZLAMHAIL , 0 82 B2 A 8 ~ 14 pom, X R AY
LLANER KB, T AL EIG S i o P AR
TR SRS TSR B, DL LTl WO I ok U, 1]
TR0 73 B AR 22 0 O A I G BEAE , B 20R
B AR, TR RO B ERE B R K Lroh
SR BLLAMH EEAR UL, i T B LI AN M B b S A
PR3 v 3l A T (0 R L MR S L TE 3 BRI A
EEOE, B LR LA PR E M BE AR X B . [
I, (eI 20 AMiL S BB 2 ot IXRAR ) AR A
JE 22 A AR A DRI PR AR A D 2 i JRE A7 A W 3
5 AR E MR B4 1, OF B g A
RHE DT BE AP ARV 22 50, 5 B0 FE 1 L Al JBE A
L3NS

BETE H LDE 03 21 A 2 AR B AN [R] T
— e b B R C o, ALTE g 28 Pl RS2 Ui
SO, e e LR A, A SR R Bk . DR, A
25 BMG B BC v S AR EE G B 1, 7 2 —Fh i
PRVEAIEIE o AR SO R Hh A9 T sMLD F ik Yz £1
SIS R B HE S L AR A 1L s o il i &l AT
R, MBI B P A A — b ot Y MILD
ik, 22 R R AT, IR L2 5 M AR 9 D 4
Fg o TR RRAE DEBC B B , B $2 07 VA 45 G IR RS
SR ORLERS ™ (9 SR A 1 — M SR 38 54



560 AN NS 0 N ok 42 %

SVEAR R VT SR A ICHE )T 12 RF-BA

RN FrRCHE EI5

i |

|
| |
| |
i o Ry e A [ |
| |
[ |
| |
| |

1 LMY ES e B s
Fig. 1

images

[EEALR

Registration algorithm flow chart of far infrared aerial

1.2 ETLXARMAFHEREERE
1.2.1 ETFHEBERFH MLD £k

LD 43 AiF A 00 s A 000 28] (1% i 1F o5 #4002 30 2 £
Bt 5 Z AR SO o A LT A 28 SRR
MLD F¢ ik B AT B9 iy G e vk B2 EDgG i T
MLD $FAE B TE A0 2544 .

o Image o Image
R ilh Pl @
(a) (®) (©)

K2 MLD$FAE AR 5
Fig. 2 The schematic diagram of MLD feature description

W 2 (a) 7 , MLD FRAE i SR 45 s i
B AT 3 — XA 55 5% J 2k B, L2k Rl R 75 ]
2(b) PRI . RIG IR IELBEKIE N L, %5 An
B ARG n el AR P (r=0,1,2,-,n)0 HEHEN
I s RS SR A T R T R A
I BB a x o R/NEHR P SR R R EEAA , Horph
B P o FIZK LI R MR R a = kL + c]o
e Xt e P B P, AR SR EUS B BAG Zam EE ER/N, #
JEERTATENE 1, S0 E O, FAREMAH—Tn
ALY SRR . 75 MLD ##-Eh , — 3K % AT
B EEIE S BB A AR IR S A TIE LR L X
AT AE— B« AR 0 o 4R BRI 5 40 s £
PR R T, SCBR_RAE S RO P s iR T A B
i, T AVRRIEAS 6] T s FRAE , FRAE S AH B2 3
TR 2 AR BCES BRE FRIE SR NAS,
MIAEAE N(N=-1) /2 RER B, BRI RE S ARk 10
figt R st 1) 52 2% B 3k 1 4 ) 0, MLLD) SRR E X6 R AIE i 22
V1) 3% 2 ) K BE A T IR ), T LA 45 A AR AIE o S35

R b OB K 2(a) s, b ¢ 2 — AN
B, L SEPRARAT XN A Z3E AR 7o 75 Rl PR il
PN, T CAERG N, 4D B R TR AR 1 R ok >
FEfi i AR o VE FL AR (W] 24 R B B 3
Pl R R 2 AR AR (0 ROBE AN AR 1 . 2 T A R AiE
SR M ROk WS WA — S R AR FR S5,
B12(c) FiR . MLD RRAERE L ] e A7 76 22 b A1 Y
MSTARFAE A5, LA AT T 1 B A 32 09 JUAS R A S5 PR
PECRRAEPRE ", X JE BRI LR BEYE sl . ARk LB
G 00 381 %) R 1T A B B 22 B 434 2450 RV AT Sk A, H
XTI LLAMEUG I &, FR S AR w2
1.2.2  Bi#H9 sMLD $5EH A

MLD #5H Shy [ AP B[] 52 2% 32 0k 4 B B kA 7
TR EE T SE (L, Lo ) FEBROANBUE 53504
128,256, i i A K B S HOE H v A7 R0 >
WRAFEL A, AE [ htn 23 BR A RBE AN B M b, Hh
FREM L, = 128, UL 25 3050 B RRAIE 250K T 7k
F4 1 MLD $FAE 33X SEBR B ASFI T J5 B2 5 /N BT
& v SR LR B PR R SRR B . R, AR
SCHRE H — R Y sSMLD R AE | 32 B8 A A A5
Ph BB 42 B g3 B, FRZ 08 sMLD 4 1 (Segmented
MLD) . #H [t T MLD %§ i A & B4 7 2k K 0 [
(Lo Lo ) = (128,256) Z 9 B9 FEAE , A% SCHE 3 A9
sMLD $#1iF 244 BiAb AS[F] -

D) R FFIE A o T S0 TP 5
W 1S PE A A R A RO TR a
Y R B SR 2R R FE AR, 17 a AR A Lt Je 2k
KFa=kL+cl. WA 3)FR, BEARTARE
AL, AR RRE S AB BT AE AR, Bl a x o K/NE
GBI B N, FEAE LA AR AR S5, SCBR AR A i
PR T USRS B 7E R — A BRI N 1Y
FEAE A5, HAR B LA KRR 200, B i 51 3
(a) 7R K KR o 1 BRI N I BT A R AR s R
S —NFREAE S, T DA AN 2 R A 2 ] B A 2K
DA AR AT B

S
— ~ LR A
A £ £ AR
R B
(a) (b)

B3 RGRFIE T B 5 TR AT 6 Ao B
Fig. 3

and the relationship between endpoints and descriptors

The schematic diagram of aggregated feature points
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The schematic diagram of RF-BA precise matching
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Fig. 6 Far infrared image feature detection data set
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Table 1 Registration results for the far infrared image pairs shown in Fig. 10 (b)

Error matching

Error matching

Method Matching points RMSE Accuracy/% Runtime/s
points rate /%

SURF+BF 36 14 11 61.1 38.9 2.034
SURF+RANSAC 34 8 17 86.7 13.3 1.545
SURF+FLANN+RANSAC 29 6 15 79.3 20.7 1. 059
AKAZE+BF 30 13 5 56.7 43.3 2.341
AKAZE+RANSAC 27 6 13 77.8 22.2 1.756
AKAZE+FLANN+RANSAC 25 6 7 76.0 24.0 1. 473
FREAK+BF 32 8 12 75.0 25.0 1.941
FREAK+RANSAC 31 8 10 88.5 11.5 1.423
FREAK+FLANN+RANSAC 26 6 8 87.0 13.0 0. 868
ORB+GMS 24 3 9 87.5 12.5 0.301
Ours(FAST+sMLD+RF-BA) 18 1 3 94. 4 5.6 0.563
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