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Feature points are the basis of multi-view 3D recovery, and can be extracted and matched to
achieve image correspondence and geometric information from different views. Therefore, by
extracting key points or points of interest with significant features in two images for matching,
a correspondence can be established between the two images, and the accuracy and speed of
their extraction and matching directly affect the accuracy and real-time performance of
subsequent tasks. However, the number of extracted feature points is low and a large number
of false matches can be generated due to specific environments such as low texture and
illumination. When using RANSAC (Random Sample Consensus), all samples need to be
randomly selected for iterative solving, which greatly affects the matching speed, and the
presence of a large number of false matches in the initial matching can be detrimental to the
matching accuracy of multi-level matching. To this end, this thesis has further investigated the
feature extraction and matching methods, and the main results achieved can be summarized as
follows:

Firstly, an improved ORB (Oriented FAST and Rotated BRIEF) algorithm is proposed to

extract feature points from capsule endoscopy images for the problem that it is difficult to
extract feature points in regions with insignificant changes in capsule endoscopy images using
a fixed threshold, and that redundancy of feature points occurs in significant regions. The
method first uses variance coefficients to calculate adaptive thresholds in the feature point
extraction stage to improve the algorithm's ability to extract feature points in homogeneous
regions. Then, the feature points are filtered using a quadtree approach to eliminate over-
concentrated and overlapping feature points. Finally, BEBLID (Boosted Efficient Binary Local
Image Descriptor) binary descriptors are used to construct binary descriptors with strong
descriptions, and RANSAC is used to avoid mismatches.
Secondly, to address the problem of the need to randomly select all the samples to iteratively
solve the optimal model of RANSAC, which leads to a time-consuming method of rejecting
false matches, a fusion of GMS (Grid-based Motion Statistics) and RANSAC is proposed to
facilitate the speedup of visual SLAM (Simultaneous Localization and Mapping). The method
first obtains the number of matching pairs in the neighborhood of a matching pair based on the
GMS algorithm, and uses this as a confidence level to rank and group the matching pairs, and
then uses the RANSAC algorithm to further reject false matches, converting the time-
consuming problem of randomly selecting all matching pairs into a problem of prioritizing the
selection of samples from pairs with high confidence levels, and then implementing the iterative
solution of the optimal model.

Thirdly, to address the problem that when resampling-based methods are used in multi-level
matching methods to reject false matches, the resampling-based methods are affected by the
low initial matching accuracy, resulting in reduced matching accuracy. A new feature matching
method based on a multi-stage fine matching strategy is established, known as the KTGP-ORB
method. The method uses the similarity of local appearance of feature descriptors in Hamming

space to generate the initial correspondence, and combines the local image motion smoothness
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constraint with the GMS algorithm to improve the initial matching accuracy; finally, the
PROSAC (Progressive Sampling Consensus) algorithm is used to optimize the matching and
obtain an accurate matching based on the global grey-scale information in Euclidean space.

This thesis investigates the different problems of feature extraction and matching in different
scenes, improving the problems of difficult feature extraction, slow matching and low matching
accuracy in complex scenes, supporting the application of SLAM and SFM (Structure from
Motion) techniques in a wider range of fields, and enriching the methodology and technical
system of multi-view geometry.

Thanks to the National Natural Science Foundation of China (No. 62172190), Jiangsu
Province " Innovative and Entrepreneurial Talent" Program (Certificate No. JSSCRC2021532)
and Wuxi "Taihu Talents - Innovation Leaders" Program (Certificate Date: 202110) for their
support!

Keywords: feature extraction; feature matching; random sample consensus; ORB algorithm;
GMS algorithm
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o BARNA T AT INERNSLIRE, M ARIZ O, BIWIGE R R HRITES)
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B BESRE, REXESCIHT TR, MR T MR T AR LUAR
YR a)E, HRH T VER R BRYE S ARk TAEM T W), R JiE S AT i — e i WURT L %
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FE—SBRFRR S 1 I HE N BT8R 18 i i, LB 18 il B R Tl SURAR AT Rl
BTSRRI IR, AT 118 F [ € BIE. ORB Sy M LR R B 2 W RF Ak, H
FEARAL K XA IR IE i R R S, BT SLAM =4k Z AN
SENL S TARTCVRMRIIT Je o AL, A B R @ e At e R R B8 A P A 22 1] 110 22 5 PR 32
BURFE /L RIFER , SHRFAE 5 O SR R R BEAT W 5T, TR FURFAE 55 132 S T AT IR A
SRt — MU I SE BT %, SIE BRI HE Y BB R b R DRI AG 2 SRR 78 2 1 3 A1 1Y
STHRRAE RO H A

ATERIQH AR (1) 80 T — AT a5 RARE R ORB ik, #itk
TE R HE 9 5155 MG R BRI 70 2 FRARRAE 20 (2) SRS T DU OB IR 7 VA N RRAE R idE AT
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— AN AT N B TR, WELBL e —DMIREY, MENANRHIL RGN T
BITCIR . TosE UG Im R G A2 W T B O A (HA2, o RS RIE
LIz, FHESATE WCE e N I BARAL B0, BT WCE F 2R
FIEN AP IGEAT e A7, X PR T 2 5 D R A& R, AT R 20t NP2 A R 2,
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TE AR I ) v G AT () (AR 2 R B E TR UM R B P 8. fEARF R, $2HH 7 —Fh
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5 E MR A BB E A A RHE SR X

p AL, TFERERN 3 AR 16 MER SIKEEHS p b FIX EAF Z U
IEF DT RS 9 1 3] 160 RX 16 MEE AT E N MESKBR A ST OERAp 1
IKFE R AERHE R T2ET ¢ G ABUED, MIAE MG ER S p NRHIE R FESEBRR
TP AR, TR p AEBE 1. 5. 90 13 ZEMIKEE, MEE=AAKT
BUNT e 225, WE—0 5 HABR R IEAT IO . WA R 5%, T B AR A po

(B 58 B 1) 7 122 i S AT B, el SRR A, E R IR A 90 AR B AR AL
B RN B R A BRI R R IE A PR BRI AR T R AR 5 RO R
(B e 50X — I ek 3] | 3 R ) 7R 2

5 RECRME R AT BRI — DN — R, AT DUF SR AT R SR R SR R AR
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FIH AR RO H IS FE R, B AR HE 1508 B A% RN AN USRI AT XA I
4, B WIRAE R — AL UL X3 . FERRANS RS AR B ¢ SRR (2-2) R
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Hp, D, RIRMIE § FARER SR EE AR, M, RoR S § TP AR s K FE ) °F
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a :M—i. (2-3)
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For, M7 RRIR R 2 R B OB T A, n, FoRPU © R I,
f(xy) RRRRE § F0n I BIRAEE, f(x,y)  FoRFUE © o RE R o f
(%), FRIURS 1 RRE (OB

2.3.2 FHE RIS
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2.4 ER 5

AT I S 50 R g R A TR ) T VAR IR N B R B RTAT L R S e T
R I BR Ee i, EENA IR EbR G HOREIREE. KRS R S WAE T
IR SEIG ST L AT . AT SR EIE T Intel i7-4710MQ AbHESS. 8GB A7, 500GB fif
A E. Ubuntul8.04 RGHIZEICA M FiFT,

2.4.1 BHRERRE

REFTE PillCam RAEM—4 120 MNRZEN BIEAIEIE 4 AT VR4, RN
576%576 155, MISTERGEN 1] K20 2.5 A/NEE, 3t 45000 T, 65 58 B 48 R
TEN BT AT IR 0 A I FEAA . X WA A 5 B R PillCam FRZE P B B R AR 11T K
M ECSE RS . ZBIRE S ILEIE KR E . 45AVNg = AN AL AR, A2 L d
/IR IR B SR AT S0 PPN, K 18 RN GE [ AT B HEBR 7E AR 72 2
AR

2.4.2 TPrIRbRIEHE

RER) LR R T UMV AR R B DS ERFIE AR, MERRENR
RIRFAE m PR IR B3 b5 22—

BRI ERE, HRARXWMKQ-)HR:

precision = % *100% (2-7)

Hrp, m, R IEFRUILECHIVLECECE, m R R IRILEC I VE AL

A TEPR R E], AT 5V o BN ) AR AR AR s SR BN ) L i B[] A0 DG P P
] o A5 R N\ Ah HH R 8] A0 A S T

SRR R TT R 2, H SO @ VLR AT HRFIE s AT R NG 2R, PR HHAE
PRI (B BB 3N, AERARAE RN RILEC I AAAE, BT DAK S BHLH)iz 30 5 B sk
HIZ B 2 [ AFAE R 22 H o
2.4.3 SEIOEER

FEAER 73 H B UEAS B B 5 AE IR FE N B R LR PT AT . i T H BT AMAAE IR A
T A SR R B s A, R st A8 SR AR AN T F) g e AR R VAL TR B . AR
KH T Spyrou 25 NPSAHE PR T75, BRI, 1 IIRZEN B4 A k45
—HBARENERIMT, LA Sfps Y MIE 252 A HS 4 4 rh gt g AT AT Jie e AR 45 1/ B 4 i
e, SRIE, MPMTENR PR BURE £, FFEH] RANSAC #5E IR AR LSRN i e 40 A7
T2 T B8 A0S MO R, i IR B R SG AR, Al — AR R, TP ER UM B Y i
AN/ B AR TR TR 5o BT, DR X S S5 AH N ) C A N AR AT Ee S, AN T 1
W& s (J7 1) A/ ERAL A% (A RO iR 22

N T AT PR R Z A e, A B T Opency HIE RANSAC FERSEI .
N T HAE IR R AR, b 2 R ECE 2 RIS, RIS RE 7 30 SES:, B30
SR B~ P B A E PR 2
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Kl 2-3 /MBI e A BT 1R
K 2-3 RESEHIRFE N BIR R, Pl ZEULHC AR RO AE S5 N B85 IR i 5t
fift 38 e AR B . SR, FFILEA RGP — M2 A s
AREATHEG K T 8 DAFMIIER ML, 5 KR 45 )&, e b KN 5 . Ji—
FhEAE 8 AR IS fiy EEFR AL b, R BB 3% 0.9 [ ELGIEAT 4878 VLBCEs Ran B 2-
4. B 2-5 fhow, BRI SR IR UL BCAS RATHE IR VL ECEE R o SRR UL BT IR,
ARS F NN SV

Kl 2-4 Jieks 8 /MR L UL RC &5 R
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Kl 2-5 fighk 8 ML IF 0.9 ELBIARTS I VL B 4h R

K 2-4, 18] 2-5 70 9 AE DL G R o 18] 2-4 SRoR TR IR N B BB e 8 M
JEREAT IR SE B BRI RCROR, 18] 2-5 SR 1A IR e N B3 MG e e 8 A T %
0.9 LuBI 4ot AT M Sk i R UL SRR, B IEs ROV R4, B B~ A
RIRIE R I 2-4 FE 2-5 A R] DL Y, A B 17 SRR 4 TROMEAT AN 7] B Jie e ¥ i
TABGEE L, AREIRIGE S MR R, JFRESSAILAC . (HAVLHCES R ELBARLL, A
DNEWLIX 73 257 . N 7 Bt S Vi RE 22 7, e B 8 A IR i~ F B e x
TR ZERAT G, W3R 2-1 Fron. AHECT EARMINIRZE, BHRBIIRES TN, At
ITHETHON IR ZEAEAE 5 FEH 20 FEZ TR 2 LUBURE), MEHT 487805 RAA1E 5 BEN 2 L
e o

R 2-1 JFURELBIAN 0. 9 ELB TR ek 1 BE Al ih iR 22
SRR ekt fi TGS (94 A AT T

X7 TR 22 X7 IR 22
5 21.4035 13.3594
10 4.3211 0.2672
15 36.0287 6.7480
20 35.1488 2.0812
25 2.0323 0.6260
30 3.8051 0.3977
35 4.7720 5.5424
40 3.7651 4.5578

2.4.4 FPIEXT AT

AR A FE R AR B A4 H 1 D RN A A Ty VR e B P BB AR R A Bk L
SRR, DA S BT A AR B 58 5 VR R B . fESRER R, IR A ORB. 4Rl if
FIFE TS RFE AL B H R ORB_SLAM3 HH 4GRS EN 5 vEPRIAR B 58 H i itk o vk
1E 5.3 Y SRR T SR B L A R
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MM febR R, AR RE BARRHESEE R 500, % 2-2 EIL T ORB.
ORB_SLAM3 H [FJRFIESE U7 VR AN AR B (1) D7 RS- B RHE s i, PP A2 8 4HsK
WP E . PATE LT, ORB S BUHIRHIE k-5 & 407 v 187 AT 159 A,
ORB_SLAM3 H FRHIESE U7 VAR B R AE s~ 2802530 9 478 1 476, miis A2
FEHUELR, AT Uk I VAR AN [B] () A FE AR 4 DUSCH Te 4 T 3 55 T S 0 H AR e s 2
ABEVCER HFREH . s n LA M, AZESuH#E ORB FIAEREN TG EIE L
(R B SR AR T ORB Al ORB_SLAM3 H (K] 512

#* 2-2 ORB. ORB_SLAM3 HRFIESE T iEFIAR 55 77 VAR B RRAIE R B0

N ORB ORB_SLAM3 AL AT T
SE bR RS £ - : - — — —
T4 B4R TCHR TR EEE ToHE T EEE)
5 148 136 464 459 507 507
10 171 139 468 480 507 505
15 170 143 482 474 507 505
20 172 143 482 483 507 506
25 199 169 482 482 507 506
30 208 175 486 482 507 507
35 218 177 484 481 507 503
40 210 191 477 474 504 503
FEIME 187 159 478 476 507 505

BV RS R, AT ORB_SLAM3 [ HVEMIAZE I ik, ORB &
RAER BN B B ERIURE SR> TIRZ, RUNAE TR S 2R BUE %I
FRAE & B R PRAE VS EC RS 2R, FrCUKE ORB 7 vAHEBR7ESR, KX ORB_SLAM3 H
T EMAFEIR BT, SLIRE5 R WNEE 3 Phos, 24U IEAL T, ORB_SLAM3 1
PVRFE SR B V)~ 3RS T 268 51.7150%, ARERITTIEN 54.7703%. (EH 467800 DL
N, RERFIERCFEREFE L ORB. SLAM3 H S EHR I VAR T 1.8157%, {HIEMA
FERINIE LR, AR BRI TV R AR, 76 5-15 B2 Z (A4S A 22 48 51 1 0.9233%

# 2-3 ORB. ORB_SLAM3 [HJRFFSEEL 572 AA 55 7 v (1) UL RO RS %

ORB SLAM3(%) ORB SLAM3(%) A& J7(%) AT J7E(%)

KBRS ST i T R
5 62.5430 52.8986 61.4458 54.2587

10 50.1832 453571 52.7508 45.5975

15 48.9437 54.0146 52.4845 55.1839

20 51.2027 58.5185 55.3459 52.9032

25 49.1525 54.6387 57.4675 55.1155

30 54.5139 53.9855 51.7886 51.3245

35 49.3243 56.8905 53.3762 47.5570

40 47.8571 53.0466 53.5032 52.8846
“FEIME 51.7150 53.6688 54.7703 51.8531

= AREAE I R], S2E6 R AaniE 2-6 Fian, AFESGHE ORB J774F ORB_SLAM3
H ) AT BN AR ST ORB 7% . (H% &3] ORB $RHUIRHIE S E D IR %2, Al
AT AHERRTESL . EAREALJE 1 ORB B2 SR EUH B LU AR A AT B2, (HAE S8R B8 4 1 1%
LR AT LAFT ORB_SLAM3 A 7R KF JL AR IR o BN (] ] DAY f2 58 49 1) S 1



5 E MR A BB E A A RHE SR X

FIUANFR RS T MR E, £ 2-4 B8 T ORB. ORB_SLAM3 H (R4S AE SR ER 7 v AIA
BRINEEA LR OL T 8 M Ry Rz . Hd, SFIERR 8 MY
Y f 77 I iR 22 T35 ME . K 2-4 FTDUE tH, ERA9EEIEGL T, ORB MISFIiRZEN
28.2001 &, ORB_SLAM3 HIBFEHRE /775N 15.4883 &, A&FFIHTEA 13.9095 &,
MFE 2-5 LA, EERBIEN T, ORB [ FHiR% N 14.5736 £, ORB_SLAM3
W RIE SR V508 21.2225 J&, KRERITIERE 41975 5. SLIGEE R, A=W
2T ORB F1 ORB_SLAM3 H 7715, TERENFGEEG FEA—2rgst.

420
- —— [ 24]-no scale
) J
E 400 --- [24]-scale
g —— ours-no scale
5 390+ --- ours-scale
/’,‘\\\
380 - L .
RN I,d R "'\\"‘\
e -7 Sl ’,’ }'1‘ S ‘\\\
370 - P et - - S, R
- ST T Rt
5 10 15 20 25 30 35 40

angle(degree)

K 2-6 =Rl VEAEAT ARG DL T2 ) 4R HUR [R)
R 2-4 =FPJNEAE ARG DL N 48360 J5 TR 2

KRR F ORB  ORB SLAM3 A& Jjik

5 26.6887 20.1484 21.4035
10 34.4837 11.3446 4.3211
15 80.6692 40.2004 36.0287
20 6.6569 7.6963 35.1488
25 24.9077 13.7508 2.0323
30 23.3149 9.3273 3.8051
35 28.7053 19.8742 4.7720
40 0.1743 1.5647 3.7651
FIME 28.2001 15.4883 13.9095

R 2-5 ZFINEAEGIIG DL T BP S 260 7 [ iR 2

KB e 1 ORB  ORB SLAM3 K#EJjik

5 0.3835 37.5493 13.3594
10 16.9175 11.0954 0.2672
15 2.6067 17.0243 6.7480
20 35.5334 23.4020 2.0812
25 5.1912 45.4308 0.6260
30 11.3170 2.8833 0.3977
35 26.4908 31.7732 5.5424
40 18.1486 0.6219 4.5578
P 14.5736 21.2225 4.1975

25 AE/NG
R FH 58 Ak TR R MR A AL RS BOR R BEAT IER L FE N BB (WCED E AL, A3d i
MRERF ISR IS AR > B E . ARE SR T — A T /80 E G N A DY X 7R
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FEEL S VTS A5 SLAMIO-021eh () e S B RN A FE R D 08, HLRIRTE A AI 18] . AS[AJAIL A
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HEG. SRS E B0 R#R, Fh SLAM JEEEMAENLES T AR
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$2FF, IO A SLAM K JE IS Bz —.
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