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Abstract

To address the issues of mis-extraction and mis-matching in traditional ORB algorithms for fea-
ture point extraction and matching, as well as the inadequacies in semantic SLAM applications,
this paper proposes a semantic feature point extraction and matching algorithm based on deep
learning. Firstly, the semantic information of matching images is obtained using a semantic seg-
mentation network, and then combined with a quad-tree allocation and adaptive extraction thre-
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shold algorithm to achieve uniformly distributed semantic feature points. Secondly, to eliminate
mis-matches in the feature point matching process, a semantic angle histogram matching optimi-
zation algorithm is designed, which combines the angle and semantic information of matching
semantic feature points to eliminate mis-matches, thus obtaining accurate matching feature point
pairs. Finally, through comparative experiments, the results demonstrate that the proposed se-
mantic feature point algorithm effectively eliminates mis-matches and achieves a uniform distri-
bution of extracted feature points, proving the superior performance of the algorithm in various
scenarios and meeting the requirements of semantic SLAM systems.
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1. 5|15

BEE THE AL AN G AR B R ) R R, BURRHIEVCRCAE Vi 2 e, Al o [m) 22 5 A 5 3 T )
# & (Simultaneous Localization and Mapping, SLAM) [1]. ARG EGHHE. YRS, ERRE
BER . JCHAEM S, PLF5 0 B AR D C S 2 IR W SR AR AR LA & ) SB[ 2] . MR LR 3= 2500 9
IR P UCFCAVRRAE s UCAC 3], HA B TRHME S VCEC 7V B A R isoe e, XTEMGREE. Bede. Jeli
WA RIS, BN T 4a5E SLAM =3 i) R VLS 77

XPHRFAIE P2 B F R R R IR i A ORI E, X I FEAEAR Rt TR 1, 7E 2004 4 Lowe %5 [4]
SEEE SR R AN AR RRAE U AC 575 (Scale Invariant Feature Transform, SIFT), FJ i 25 43 A b b4 i 2k
P& 785 RO 25 [R] RS2 R REEAS YRR AE i, J8 I BGRE L B IR 128 4EHGARSRF, Hit
S AR, L SIFT LR VLS 18] 518 o R It , Bay 25 A\ 7E 2006 £E[S]HEH 1 ns A2 fd R iE (Speeded
up Robust Features, SURF) 1%, 15158 H SR I A3 AR 7 44 =y 30 RS 23 [R) Sk cad SIFT Bk AE fRuE A
BN, JPRRRTT AN 128 ZEREARE] 64 4E, $w 1 HIEAILERCR . 2011 4, Rublee S[6 0 AT i
WFIE SR 55075 7] (Features from Accelerated Segment Test, FAST) A1 3k fill &4 S 37 R 1E A 18] (Bi-
nary Robust Independent Elementary Features, BRIEF)E4T G, $&H T B A et A28 M [P RFAE i $E B VL
(Oriented FAST and Rotated BRIEF, ORB), 1451258 F — i il ik 1) 2 7 45 6100 B R 5 S B R PRkt DL
SEIGR B, ORB HIEMUCEC#E FE L SURF. SIFT Sk LR 10 f5 LA F[9].

B 7 X Se g0 g P RHAIE SRR AL, AR BEAT G AR AR s BE T SRR U K R, E 2017 4F, B
Mur-Artal 5 A\ [10]7EHA2 ) ORB-SLAM 53k b i Al H DU SO 73 e 5025 ECE R AIE 2041 35 AR IR I O
T G REAE 5 DA SR AR T 3 B R U o) 8, AR AR A SRR 2 A SLAML 753K . 2348 [ 11 7EXT SURF HHE
MEERFERE E, $EH T R AN RAE — 2 B L (Progressive Sample Consensus, PROSAC) % k& 1% VL L 55 %
P RSORESRE, 2SRRI TR AR RS E I, $RE T UL RS . ZEERRSE[ 12N B{EANT-XI ORB
SRR AT OO 8 U AN [ R B LAV R AN [R5 2 AN A EHR AR SR BB SR o 7 2022 4F, #FUESE N
[13]% GMS Fykat A dE ORB FHIE s s B2, i ik Y SORS 43 lic S35 ST BURHIE ROOFAE A, JF R E GMS
FIESIBRRILAD, HAREUTHC SRR T 545 ORB &% .
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B R L 27 SRR SLAM HORBIREA , 25 S22 2% (K13 3L SLAM Bz T AR il & e . A
T SUE B AR GRS AL R SR Jo VR B A e 45 BB IR IL RS, KA IEH] 118 3 SLAM H, R A ST HiE
YT R R 2 ST T SCRFAE PR IL E 53, DA AL TE 3L SLAM R G/ K . 1Z5ESE 618 X1
W0 22 R SCE DY SOM 73 RS0, SEBIVRAAE ROSR B TE SCIAI 54k, R A S A B2 7 11 5 926 i a DL e
FHIE RS o SEIRVE 7R, SAEGEFMN, WM R A B VL A AR 1, T
i L SLAM R ZEi K, IS $i i R VL ACHE i VA A f ik BT S 2

2. FHEREESHEMEIRIe Bl
2.1. Oriented FAST 8 5,

ORB 3% /& i1 Oriented FAST £ /5[ 14]F1 Rotated BRIEF ik 7[8 4145 & 4L i s, X Rh L B 7
G R PR R, TN ORAR v PR 1 A B 1k

Oriented FAST ff] ;ifE FAST A1 sUFEEA B3I 7 A4p Ak sO0 ROBERIERE (1438, FAST A sidid Hh i
Z R T R A A 3 K P AR I 22 Sl ke s 1), B RCm R I e . BN &1 1 o, B fRan

1) EBUEER p, WHREEENT, .

2) WESERMET, HAEHI, 1 20%.

3) LMEE p AL, IEECEAE N 3B ERIIE L 16 MEZFR S
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Figure 1. FAST corner detection
B 1. FAST f @

BEXI I FAST A s 4772 (@ ILIE 17 A, 50k ) Oriented FAST A a3 i v 550 F82 J5 0o S I e 2 A
Bk EERBMIh AN EGS B, & RGN 1 PR,

ml’q = Z xpqu(X,Y)sp,CI:O,l (1)

x,yeB

R 1L (x, ) FRAER R AR, ) BRI, pq B0 8% 1, m, TR BRI H R IS
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c{ﬂ%ﬂq @)
Myy My

DOI: 10.12677/sea.2023.123051 518 B TR S N



https://doi.org/10.12677/sea.2023.123051

FEANKL, it

SEREAEREYL B 1 JUT 0 O RUKEERR L C BT J7 [ [ 8 OC , [HIk FAST 1 51075 17 f1 2R 9
6 = arctan (my, /m,,) 3)

2214 kR Oriented FAST #£ RUBEMUEAEAZ e N BAT AR, SIS 1A i A8 5 Ffr gy 5t P I 0R E
71, MM 7 &,

2.2. Rotated BRIEF }§iAF
Rotated BRIEF i1/ 256 {7 — i3kl 5~ ﬁ ik, AR DIRIT : 78 DURSIE SR o PO B &R
X3k P, BEALIERE—XHME R A, X ENIMKEAERAT I, SRR T ¢ 0287 beRe A i b ifE -
t(p;a,b) { “4)

X4 (a)Zrla )oIRBEAE, 1(b) R b MKEM. BT 256 MR Z mIIRTEL, STV 256 4 it
T B Y TR E S BRIEF #5R 7, = 5 fios:

f(P)= 3 2"'t(p;a,b) 5)
1<i<256
2 HT1S 2% BRIEF & 73#A Jr 1, midid 5o 77 1m 6 v LLSEEE Rotated BRIEF #i& 1. AbAi]m]
PLEH 2 x 256 HiFFE S RKon:
5= a;,a,,  ,yse (6)
- blsbza"'ab256
I 6 BN A FE 07 1) @ AT LATHEO R R e H B R, ik 7:
cos@ —siné
(oo <m0 0
sind cosé

RS T7 M, WSR-S,
S, =R, *§ 8)

ik ) Rotated BRIEF $ifii& 7RI ] FAST 1 si AESR UM BOREL Ay s 77 {5 B, {8 ORB HFAE s 4
AT AE BRI B R R e e AN AR

231 LA Rotated BRIEF ##id 17456 1 FAST f1 fAE SR U BORAFHI M 507 145 2, {45 ORB i
R MG OR A TR I Ry HE B A e AN 32k o A Rotated BRIEF ifiid 1 0 280 T SRS A O RAAIE
VLS, IXAERLSE AR AT B R E EAIE .

2.3, JENSTEIMLE

TEARSCE SURFIE A 507, SR A YOLACT+H+MIZ4[ 1542 BUAIEE A5 B . YOLACT+H+M 4% & —Ff i
L A B SEIHE X B4, f# ] Resnet101-FPN /E A T4, f# 7 MSCOCO #E4 114545 2
(1) /9 26 Z B AT AR o (B8 YOLACT++MIZ i N f&— /> x x y x 3 [] RGB EUZAERE, U”JI_JQ%EI’Jiﬁ
Had— x <y > n BHFERSHERE, b n 2 EUETEREE. X T MR ERIE MMt EEmen,
AR B — AN REIFERDHERE, 1% P48 PR E R 2 s,

MRIE K 2 77D, YOLACT+MIZ8orElda i 7 kHny, BEEES Hine g, HimhasRERT M
EREAH R D BIBER, YRR PRI KTk 5 A 3 B .
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Figure 2. Segmentation results of the YOLACT++ network
B 2. YOLACT++R4E 5> S R &

Figure 3. Visualization of object masks

B 3. iR L E

MR ] 3 A RS, A SCAESRHL ORB RHE R, FRAE FA B ATE SUAE B B R SR U 8L 11 AE
B OREEMRHIE IR AR UE R, ATTSEEL T ORB RFHIE RUHTE AL

3. BHIEN ORB E3%
3.1. iHiE X ORB $HE SRR

ASSCHEH 20 ORB 15 SURFAE A8 FIAE SUAE S IR 5 & ot DU SOy oSk, BARSRIRE QA 4.

ME 4 w5, ERAER G, PR RS Hrh— A SOR BRI ARZ M2, DISRER
PRI UG RBHERE 53— ST R EAT FUAC B, MR e 3B, D9 SI3R UM mifilr e 45
FEEIG AL B RE A, 15 50 = IHIE ) RGB FIREE 0 0 HIHIE A AR PR 135 R FH 4 e B0 20 A e 2
TERBRZN R AT I AL 22, K 9:

Q(x,y)=ﬁexp(—[x2;f jj ©)
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Figure 4. Flowchart for improved ORB semantic feature point extraction

& 4. Bt ORB & 4FE =R EUARTZE

BRI AR 9 P, HhSH p Rt a, HAESEREBRERCHEERIELL . Btob,
ZIRETIRENY T 8 EEGE T, BARULBEN 1.2, I MR E 107 2ORPRIE RO -
A B 8, MBI AEAS [ RUSE T KA BE S IE A UL -

3.2. BN SEEE

Bt ORB AL RUSE 2 BRI 73 FE AN 38 73, FESRIT B, D 1 a8 SR ik s SRS TS v i) ) 7L,
Bk ORB RHAIE R SA ST 128 1 GBI M Rl BUT 20, BB BB B AN B BB 8 T P HReR
ANPERE, SIELLHE 30 x 30 RE M NIRHL FAST A A BB BT, JF HX T EEREAZ 30 BRIIX
K, # ﬁﬂ%ﬁwm ANEBEOHATIRE O T IRAEIRSOR X SR BE S A SO B FAST fni, ACiRH
TR T RS B G N RME S SRR E I B SRR T, BT S, ZBEN
BEE T A

T=—2(I(x)—m)2+t[ (10)

10 o, REBEBIABR SREEL m FoREGIE R TIME, 1(x) RALE x AR KK EAE,
T ¢, JARIAR BIAEL, P36 i | S N B T 3l /N T BUR U UL 5 . ARG, ¢ M EN 10,
A P S BB S, AT AR AN ) SUEE A P P PR SRR P AR 2 P BB B i, AT A S i e
B ORB Sk BE 5 E N A R SCHAF AL (A 5E, 1M AE AR B G B AT RE BRI 5 1E UE 1) FAST £ i

AT B E N B R R R DR SR IR 1 2 W8 1) FAST fad. BRIk, fEfifRF
RECEREOLT, & EORBU M 3T i, MREEAI A S A RIFIRE. ik, A3CR
FI T DU SR 23 BE 520 SRR FAST A1 R BEAT Ui o iZSE R KRB QA 5 s

K5 iR OO RN RHIE /L B Gl XONIF IR 2RI, HRMARAZI T

1) R B DX B AR AE sl AN S rh I SR a6 R AT AR AR 9 R

2) R 2R R A DX I DY SO BR300 ) 20 DA DO B R R S R PR ORI AR i
Iy BCZE S ML) 575 A
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Figure 5. Flowchart of quad tree allocation algorithm
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Figure 6. Illustration of edge and corner points
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Figure 8. [llustration of angle histogram filtering
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Figure 9. Illustration of feature point matching filtering effect
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Figure 10. Extraction effect of regular ORB algorithm
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Table 1. Total number of extracted feature points
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Figure 11. Distribution effect of feature point extraction
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Figure 12. Illustration of experimental scene image
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A B S0 K Y = AN [RIPR R UL IE UG SR BRI AR 500 AMRFAE A, SKRHT 50, 65, 80 =il fE, VLT
JIEAE AT B 4 UL HE LA I8 ORB 532, DU SO 73 e i 5 A SO SURFIE /i SR A AE A UL A
FEUERE, = FhSk A LR RHE BRI 2 P

Table 2. Number of matching feature points in three different scenarios

F*®2. IR TERFHESHE

= fr1_rpy/ M4 fr2_desk// M fi3_sitting xyz//M
N RYaR7S
50 65 80 50 65 80 50 65 80
il ORB ik 172 363 480 211 338 462 217 327 461
VU SR T5 ik 72 204 370 133 256 429 117 204 393
ARILTTI 51 87 110 114 154 179 107 127 163

2 O AN FIDERE 7 A P = B R A DL s B, 7T DU R EEAT # S1AL K il ORB J5 ¥ =
X UG PE P 1 = BB (DL 5 i B AR AT BRI e . 1 12 D938 ORB J5i%kfE 65 ULHACEI{E T IULAC
m, FEER Pk B ULEC G, A2 B UL RE B A DL RC AR AE s X

(b) fr2_desk
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Figure 13. Illustration of matching points using regular ORB method
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Figure 14. Comparison of matching feature points between two algorithms
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Figure 15. Illustration of image feature point matching under two thresholds
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