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A Study of Visual SLAM Based on ORB+PROSAC Mismatch Elimination Algorithm
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( College of Mechanical Engineering,University of Shanghai for Science and Technology,Shanghai 200093,China)

Abstract:In the process of feature point matching in the front of visual SLAM,a series of problems have been found

when using the RANSAC algorithm to eliminate the mismatched feature points,such as unstable iterations,low efficiency and

robust phase difference,resulting in an impact on camera positioning.Combined with the ORB algorithm,this paper introduces

a progressive sampling consensus algorithm,PROSAC (Progressive Sampling Consensus),to eliminate the instability of

iteration times.Using the Kinect v2 camera with the improved RGB-D SLAM algorithm,the 3D point cloud map and camera

trajectory can be obtained in the experiment and the mismatch elimination algorithm of ORB+PROSAC can be realized.

Compared with the combination with ORB+RANSAC,the proposed algorithm verifies the robustness better with a stronger

real-time performance.
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1 5| (Introduction)

B LA N9 5 i 5 i B i 2 (Simultaneous
Localization and Mapping, SLAM) 2SI A A %
PR KRR AR . PIESLAME T1& SR A& N5, AR
REREFINE B8 SR, ok IE T,

MAESLAMH] b R e, B 1% 7 VG fil i 7% o 52 31| g 7=
T, SRFEERERAIRITE, FWAANEN., R TR
L3 SLAM Fi b A 2 VE AL RS B 1, 38 3 # D fc o 7% o
AFEHLRAE—E B, BIRANSAC(Random Sampling
Consensus)™, xR PLL ST 5. RANSACHEZHibLIT
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HEFEREFANIIZG, THHERBSI,

3 SL A MU 3 1] 45 DT Fic BE 52 995 JE G 4 2 0K, [l
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5| A —Fp i R AR — Btk 53k, RIPROSAC(Progressive
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EIFIAELEGE, HEMUE T ORB+PROSA CHERI R
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ORB(Oriented FAST and Rotated BRIEF)4HF ekt T
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CHEHIBRIEFHA T, Al AR R U

B 1 FASTHAE & 48]
Fig.1 FAST feature point detection
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(WEEEG g R o, BRIIKEE AL,

Q)BE FIMET,
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2.3 FHESTA
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BB RN T W FRAE Z B A AR AR BE L 72 55 Bz A Hr AT DA
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TR R EANTRFEAALE N SRR E S BCERKR, £ 771t
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(FLANN) &7 0L i,

B2 4 4L 5 IE AL
Fig.2 Feature point matching
3 ETF PROSAC HJiRT &L 5 & % (Mismatch-
based culling algorithm based on PROSAC)
3.1 RANSACE£/HIE
RANSA CHER T Z4E-F1E EX LS AT R S
W—kEY, HAEREE. BN 4P sl A, &
PR AT L, BOE PR IE , 40 5T 58T T H At S
BH&MWIEE, UEEE/NTREBRMER, WP N A 4
BRSO T BE R, BRI, R E SRR
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RANSACHEHLR LR,
Y’

A3 RANSAC M ALK #
Fig.3 RANSAC random sampling
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RS HTORB+PROSACIRILHACY R HIA RIS SLAMBT 5T 1

RANSACHEFEEMZICHL A, T ARFRITHE S5 ",
PREIEFICACRY N R, HEPP IR R,
#1 RANSACE LS B
Tab.1 Steps of RANSAC algorithm

B BOGERYEL,, FIBTN SRR o, € WA H BIET
iy FAEREH

(DBERLIEE P CAC A, THE B S H
Q) LR puxd SR G , Eoft SARYE R, THA RN AL

OGN HAL S R AR ZEe, HARZEMRR 6 W, e<o AWK, K
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(IR RS H G ABOE R H A TR, STHREEER b, K2
BARWEONL, EE AR,

O)VEFNREH UG, FRITE ARG, PARRBUIA A
(O)A LA EL<L,, , R PRI [ Z BERURAF £

Hep, mRERREOTER:
In(l - p)
Py, (6)
X, eRRNAEHE/FEARSEHEH, BINAE ., &Rt A
ERIEW R VC RO A B, RIE bid v 8 B OE R
3.2 PROSACH ZEIE
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RABRIERH R EZ N A, H IR AR S A a3 0,
ERKFCRFEE . PROSACEIEFIRANSA CHEEA B,
HERF A ST IR, AR AR AR, AR
VERCAE A AT A, XA AR ) kA kg, FLBERY TE 6
e, E4PHEV AP G EL SRS, T fsg
FHRAN A3 A TANER Ay, TEFEAT IR S, RN
o WA REEL, WE4RTR HPROSACHEHLFR

B4 PROSACH AR A
Fig.4 PROSAC random sampling
PROSA CHEATE EIME Y DL IE H m] DA 2 5 5 152 DL e
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Tab.2 Steps of PROSAC algorithm
I BOERUEL, , IR RIRZERBR 6 , B0E WA BIET
Hh: FNIEREH
(DU FAFAE A 5 MR IR B, SRARRREIE B LA B 5
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ZRIIRL
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BARREINL, ERE iR,

(RVEHN AU, PRI AIEH , DA IRIGH P4
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IERUEILIE A0, B
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1, BRIEARUSL
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TS EE

ERUE

|HEE LI R 2 P
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it s AR
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BARZH

B5 PROSACH x#m42 A
Fig.5 PROSAC algorithm flow chart
3.3 ORB+PROSAC5ORB+RANSACHEE &5 #iM SC1e
T BAFORBHYE /3 B IR ANSA CH: FIPROSA CEvE
GEAA R, 15 O0penCV T EMEATXF L SLH, S5 54N
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(a)ICAL 501

(b) PLFE [ 202
BHe 1R H
Fig.6 Experimental original image
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7 ORB# 2 & 42
Fig.7 ORB feature point detection

B8 ORB#/E & IL AL
Fig.8 ORB feature point matching

A9 RANSACH| PRz IE fie % )5 IE e 4 R
Fig.9 RANSAC rejects mismatched points and

matches results

A10 PROS;(-“:%'J BRI AL & G I L2
Fig.10 PROSAC rejects mismatched points and
matches results

1E TSI FRELF|ORB4+RANSA CAIORB+PROSAC[12]/T
e 77 SR RAAE S ECH . SR H FIVE RS ], DERCEE SR AT L
W3,

%<3 ORB+RANSACHIORB+PROSACE AL AL 45 R 3T EE
Tab.3 ORB+RANSAC and ORB+PROSAC algorithm

matching results comparison

Jitk FRAEEL P PERCI ]
ORB+RANSAC 280 146 110.478ms
ORB+PROSAC 280 90 80.726ms

mE6HrR A LI I R, a0 7T S F ORBAFIE
PEATAR I AR, a0 B8 i 7 A Fil F OR BAFAIE #E 47 DL L A 3%
B, AR 9FT R HORBSRANSA C&5 & T4 AE 46 T 5 DT L
B, 10577 HORBS5PROSA C45 & #ET R A6 5
VEFERYROR . MR AE s PEFEST HL g5 SR T 41, PROSAC P A
FERANSACEAK, [ ULTEFRE VT BE AT B P45 LR ANSAC
A BRI S, ORB+PROSACH RBCREAM T

ORB+RANSACHI T =,
4 EFRGB-DEE=ERI3D SLAM3D SLAM based

on RGB-D sensor)
4.1 MEMEHIEENIRE

SEMRAFFEIREU S LR 2 5, FTARYE © 2 VTR AY FFAEXT AH
BLEEATIZ SN AT, MR E RS BARTR, 7T A% R2D AR
P B A3DASRE B . 2DARARAE S AT AM EE h B R AL,
3DABFRIEEE (5 S AT DA A Ho Ay kB, BN E AHAL AT DA
=T IREL, RGB—DAZ RS v] DA B 353 1 1R R 1%
S5RGBEMBGEHEIR . KFFHVE3hE =M. 2D-2D,
3D—2D#13D—3D, 2D—2DAHMLALEAG T 53 il A 15 2 TR 1Y)
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SR, SRIARANL, IRt R B, S A RIS AL
iz, AEEEAAANBHE, AR NE=AF%, W
F—MREAHET, &RFREENTEZ D FERHE G N
H, BERALAEENASELITE, 3D-2DM kR
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3D—3DJy ¥k 2 TE = 4k 2 8] p XT B I AL 28 dE AT 13 3 Al
T, HALEA S R i B ME S R SRR, FR
mF:

arg]vmin Zu X —-r1x | (10)

Hor, iRIRBINFAE R, TR PR 0 67 548 e/ 1
X X T =4 B FF IR AR, BARTEL RN
X=[xy21]",

4.2 ICPE%

E AR & (Iterative  Closest Points, ICP)& VR
TXF AN D, RIEFEWHS NP MNP Rz, BT
Fr RN e/ IMECR RS A R = R AR 4, R T 1 S A
o/ NG FIF R R T, FEWIZH R =P AP, P RTE—E 1Y
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Kb, NREABIL A, PRIP A bR S = P UL AL A
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& LR SLAME T i A HE 2t Ak i o SN e AT 44k
BERBAR, 5B 7 AL 7735 AT PASE BARY LR 260
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RS HTORB+PROSACIRILHACY R HIA RIS SLAMBT 5T 13

SR, EIHRTT RN, pose T AFAMPLLLEL,
point™7 SUARFARYLVLIN BN A3, AR PAST SR 24
W, EEWEE)E, MIABEMILE S AWML R, 1
WRZE R BEFA P R R 2RI E . BT I LRISLAM
ARGy WAL, BIRTRAUS . FERTbG T, FFEMALR
T RE PR BULMT YT, AR B R R, f)m, W
1 E R S A, FER R, SRS EE, %R
A1 B AT AGE T LA 2SR DR s A K AL . RFSLAMA SR 1 &
IR Z G W RF R R, BFRRIRETA RSN,
CLFEARPLY B 203, AN ZEM AR U 0, Wil
WHT RGP AR 2R, ME2ME B3R, J5&
AT RIS B AR OO P AR B 2931, AN 11 FR . dl s
EEAr T X ARG RE R, NmA#EE—
ESGRR LN

E 11 AaAuiLm 2 % T o945 L4k

Fig.11 Pose optimization under camera observation

constraints

B 12 B3R A 3R 49 R T W AR LA AL AL
Fig.12 Camera pose optimization under local closed—loop

constraints

B13 & B R R T a9 44t

Fig.13 Pose optimization under global loop—close

constraints
4.4 HiEIGE
i P g 4 7 TRT DA 43 Ay SR S I R 4 SR M TR B B . R
FRHB I R B T 24 1 7 B PP R R, X SRR E R S
T T VEBC R A RIARBLAL A AR AL A A2 30 5 A it
ARWTHINFER , BARAES R A2 K, H TR E T A
PAPRAIE R GE SE bt . ARy I ) @00 s B R IE S IR B

S 3 o P P 0 R DR T T RLES A B E AL AT AR

A, RGAE AL B EAE P ARBOCBE WL, AT R BT IL T &

#. WAHBundle Adjustment, BA)Jy =LA SEMITLHL A

WERPIRE, BHTHE S XENRTTRN, FEXXH#

WiHEAT R, ARERAaeEtE., B, BEZnA

TR —BRMHEILEGE, BLTIARERGE, REEER

3DARKR AR TP TR T B AR, A AR AR R s HL ]

5 EJFkinect v2iJ SLAMSEL %15 5 #r(Design
and analysis of SLAM experiment based on
kinect v2)

5.1 EFORB+PROSACHHIIZENHISLAMZ SAELE
WE 14778 HRGB-D SLAM RGeS, S A F2 A

P, BIEFHAERN ., izshfhitt, ICPRE . HT By

A A A, FlH Kinectf& B35 SREUR & B B ATRGB &

%, {5 FHORBHEFATFFAEA I, [F1H ] FHPROSA CHRETE

PR AE s DERC T A BR Oh L, SRAS SERE B A VL C A, HERR A

HHPLEZN, R T RGN 2R RS S, E

WREA TR T 28, RBUREER, WAERERE

EE3D M Hi A,

RGBK ]—

PROSACHh
Hkk S5 HIaEk

Kinects &

= (SR sy
e

14 X FKinectHAAHRGB-D SLAM & AER
Fig.14 RGB—D SLAM system framework based on
Kinect camera
52 EWBHEFA
J KK ORB+PROSA CHHE MU VL FLSEVE 5K Fris TR

I F e b g i i Kinect V2AHHL, PAKNFF4GB. CPUN
Intel i5 4210M, 2.6GHz, - #Intel HD4600% A &~
ICA VR R RE R &, TESRIR S PR5E R B AT 52 Bn )
i WA 1SPTR N Kinect V2L,

kN el

IIPCﬁtPcIT_EEE

B 15 Kinect v248HL

Fig.15 Kinect v2 camera
5.3 SERERKSH
o T B D SRR A XA AL BEAT IR B, TR RS B &
B ZIAHALA B 5 B B 2 BIRE ., MiBIT8RK
&, RGB—D SLAMBIEREBAR M HBEATHI ML, Hm sk
BHZAT, Q16 PR AHNLTERRE SR BRI B AR E , B &
W R WIRIIE O, BEAh, 7RI AEI r BLRE G X AH B S
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AT RV, A RS RERE, B EITMELS

JI 7R SE R BT ARAE R R AN 3D s ML IR, R S ik
ORB+PROSACT AR R, S,

“9t4@EHPHT

()i 5wl

*ot@HPIHY

(C)IBATF5Imi3 (Q)izf77 54
16 %3 F 3% T A FKinect v269RGB—D SLAMIE AT R
Fig.16 Kinect v2 based RGB—D SLAM operation effect

in laboratory environment

(7
A
4’((‘,{

P mk,,,“L’
i | \

B17 XAEWSIE b5 45 4 5 3 B

Fig.17 Key frame trajectory and feature point map

B18 i F3D L= HE

Fig.18 Lab 3D point cloud map
6 ZEit(Conclusion)

A SCMRANSA CHVEFIPROSA CHER T HL A0 HT AF,
MBI HT A FIR ANSA CERERIREATE . PEESRAR,
PROSACEIATIA T B H ¥, i K 5 J i o i)
MR AR R 7 5, s B R s AR, Bkt
SR AL . 84 ORBAFAE i VEFCE5 75 W A SR Se g xf
e, 5 HPROSACHZEM TRANSACH T, HKinect v2FH#L

MUHERIRGB—D SLAMBAIATSLFrislT, HRIG=4Em =il
FEIAFAPLEGE, HEiM%iE T ORB+PROSA CHATEM HSLAM
AR SRR, SRR,
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