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Research on SLAM application with improved ORB extraction
and matching algorithms
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Abstract: As the traditional ORB feature point extraction and matching method is not rich in image texture information
or when the lighting changes drastically, it is very easy to produce feature point loss, uneven distribution and other
problems, which is not conducive to the location and construction of the SLAM system. In this paper, a set of more
robust and higher accuracy extraction matching algorithm is proposed. Firstly, the extraction algorithm is improved
based on the ORB feature points, the adaptive threshold is calculated and the feature points are extracted based on the
grid model, which can improve the robustness of feature point extraction and make its distribution uniform. In
addition, the G-R image matching algorithm is also proposed, which calculates the neighborhood support estimator
based on grid features to distinguish between positive and incorrect matches, and then combines with the RANSAC
algorithm that introduces the evaluation function to further eliminate incorrect matches, which improves the matching
accuracy by 9. 36 % compared with the original matching algorithm of ORB-SLAM2, and reduces the time consumption
by about 13. 6%. Finally, the feature point extraction matching algorithm proposed in this paper is added to the ORB-
SLAM?2 algorithm framework, which is verified by the dataset and the actual scene that the method in this paper can
effectively improve the positioning accuracy of the ORB-SLAM2 system by more than 36. 6% and make the system
more robust.
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B8 )7 51 Contrast parameter SIFT ORB-SLAM2 ORB-SLAM2(AT) AR 3C)7
Graf Feature number 1225 1324 1 892 1948
r
4 Running time/ms 217.0 132.3 144. 2 62.6
Bik Feature number 814 1359 1 804 1872
ike
Running time/ms 318.8 163. 8 158. 2 41.1
Feature number 1 041 1481 1749 1902
Leuven ) )
Running time/ms 208. 2 127.4 134. 9 54. 4
Feature number 1159 1265 1 896 1942
Desk o
Running time/ms 164. 8 83.7 87.1 47.9

T A FR BT FHARAE AL A E 2T R AR AR ) AR S
SRR T BRI N AN W) B ot FR IR B L R4S TR 4 0 3 ST AR RUR
T 7E 55 8037 5 (Desk) H, ORB-SLAM2 £ 4= F fa fil 4y b
£ ST T S 55 280 3 X I A TR I — M T AR S vk
KT AT AR 5 A N E , 7E 59 808 XU LT
ORB-SLAM2 W] W $2 MU 3] T T £ By FRAE 5, HIRAS T 47
WA AR . et RIS RE 7 . 5 S = T SIFT SEhY
PRI 25 5 AR ST ¥R Y LU /D (% B i) AR A 58 0 T AR AF A5 1
5B L, 7E Bike 3 5 P 4H Lk T ORB-SLAM2 #&3# T
74.9%, £ Desk 3 5t M Ltk F ORB-SLAM2 4& #
T 42.8%.,
3.2 G-R B& & &% TE

ISR AR SCHE B G-R B DT L5 R4 Y DG 3
RLERE 10 s M E BT 3T ORB £ 1E S5 £/ W
FLANN. K 3 4B 2 ¥ (k-nearest neighbor, KNN) DI M
ORB-SLAM2 iy [E] 5 I e 53 75 4 X B, 2R A UG e 1E B 6
CMR " 5532 17 i 18] 55 46 b o o M o2 1) 4 T 47 1k AR SCR
FIE 553 VG i 592 Pk B, CMIR (B K, 3 A5 A Ji st 2 J 338, 1 D
B Pk RE Ml . CMR RYMEHE LN -

CMR = % (30)
Horp o B8 DU R IE A A R AF S 8. n RN $EECEI Y
BB RRE AL

B 12 BT E 10H T 0 SEBS 2 SRIGHEAE
R T L B 8% R % L L T FLANN Al KNN AR 5 #6552 F)
FHIE AR 25 T 4R DCFC A5, 2 G i A7 A8 R BEAE LY & 2 45 1)
B BE e 22 L BT LA AT VG e i 4 HE B T 35 &2 RO A IR DL IRE
M7 H ORB-SLAM2 ML kb i FRAHT
RANSAC #EA73%AH2 H T R ok 35 VT g 5, DS E 1F B 2R 1Y
R AR AR R R R T B A R (A e A R
TREAHIRAES L MAEAS GREEPEHEZ T H
FEAE SR B T R ok, HUEE IE#f % & T ORB-SLAM2 f4 It
[T N7

A At 5 2H A v b 4 TR TR A O 3k i AT DG C 52 56
B 13 B T AR LA RS 5T W ICE E 63, B
P8 1~5 43R T HAHRS A 1~5 MEAGR SRS 0K

AN [ 55 3% VG T 1 R X L

& 12

oK BRI #EAT VLT, A 3R T 45 580 1 UG T IF 8 2%
CMR B, AT LIB BN T Gral (B850, M T4 4
M5 5 BRI AEMMK K, SR EHEAR T
W AHAR 30 G-R 5334 Lb T R 26 LAt 53 325 475 i R e 4 X 4
5 B IEHR, %FF Bike BRI LA & Leuven (O B8 AEfb) i,
AR R IR E L VL I 00 SR HEFE 9590 LA 1L X S h
T2 3h M A% 1Y R4, IF 3R DC e S A5 8 TR X A,
Desk (33 803D 3 5 AR SCEL L FE AN TR Ff B R WA 1
s, BASKE . 7E 20 SRR SCI . AR ORI G-R
BVLTT IR IE # R A I T ORB-SLAM2 i IE it & 1k - 1
$09.36% .9 HAL I W48 F KNN &k 5 FLANN &k,
R TR PR 85 7T VG e i) o i 1 o8 ) 2 R AR B itk — 25 i
FHARME T AT SELRIIE
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T # K

BAT B W F
§ X
: :
B # °r + FLANN
g 8 40l - KNN
! H = ORB-SLAM2
e &= 201 +G-R
= Bl
0 I T S E—
1 2 3 4 5
(b) BEH (Bike)
100
§ : 80
: :
E E 401
e £ 20r
0 0
1 2 3 4 5 1 2 3 4 5
(c) JEHEZR AL (Leuven) (d) FEE (Desk)

13 S[R3 vk DU E IE A %

F 2 BN T & W BRI AR AN [ 5k R D S T VA RE
BB ) FE Graf (B 22850 g 5 rh i THIRAI R £
FRIE S S BB EBRENKZ . AL GRBEEML T2
B KNN 5k 428 2 58 %, #H H+ ORB-SLAM?2 VG i 55 3%
P 14. 8%, fF Bike (WD L)L & Leuven OGBS0 5
L G-R B M LT ORB-SLAM2 VL4 B £ 058 K, B
T BARIFAE A Desk (S8 D) 5, G-R B kiz
A7 B A T HAB SR % AH BT ORB-SLAMZ2 DG fit 5.3k
BATRENZIRRAR 19. 6% . WA KBTS P, G-R BEME
F ORB-SLAM2 JCELSE L2 1T #ERT I REAS 13. 6% . &
B A HT AR AR 30 G-R BB TE AR IR i VT T 22 1Y (6] B A7 4
AR I A DR T R T S A

®2 AREETERE ms

B4 % FLANN  KNN  ORBSLAM2  GR
Graf 9.6 11. 2 5.4 4.6
Bike 5.6 7.2 3.6 3.2
Leuven 5.9 8.1 3.4 3.1
Desk 7.2 9.5 4.6 3.7

3.3 SLAM Rz F iU iE

AT I IEA SR B A R R AT TR N M iR E
574 (1) RRAE A 4R DS C 95 in A B ORB-SLAM2 ik #E
2 TUM B4 4 047 A0 o8 BB 310k 2 e, A A
evaluate PUPE T2 B b H3E 47 7 00 9, 4 4 X 030 13 2
(absolute trajectory error, APE) 2 ¥ J #0 3& B 72 31 9 kG
B IF A ORB-SLAMS3™ #f 17 % H il i . ORB-SLAM3
EFEPLIF B h R BE K E T 2020 4E PR 2. B T InA
T 2B G M1t ORB-SLAM2 BA W4 1 & S 3UR .
Kl 14 B~ T LA frl_desk.frl_desk2.frl_desk_with_person
.5 ORB-SLAM2 Hl ORB-SLAMS3 ) £ X #1505 1% 2%
Xt e A i, b B A 1 2R 0 3 ground _truth EL 528 Fh#
0, S 2 AR R AN T Y A 5 AR L 2 Br A A B R IX
AR 4 XTI 1R 22 5 10 KN, B 52 DX R ) R 3 1R 2
AR 5 LB . PR T A SCBREE B I R AT 4R BB
AR 8 174 DG G T 5 %, T LU S BGHE S 1 ORB-SLAM2
B F R T AR SO REAE A B2 TR DG e 530 3, T v R 1E 0 B
PEBE I B2 THIT SLAM 7 2% %045 % 19 ground_truth E B AH

[ FE o
8r —REAH i
| — daxipudiRs

-0.5 0 0.5 1.0 15
x/m

-0.5 0 0.5 1.0 1.5
x/m
Improved ORB-SLAM2

Cl — i

ORB-SLAM3

x/m x/m

Improved ORB-SLAM?2

(b) fr1_desk2
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it ORB 42 BUIE fe 5 ik 49 SLAM w8 #F 1

-0.5 0 0.5 1.0 1.5
x/m
ORB-SLAM2

-0.5 0 0.5 1.0 1.5

x/m x/m
ORB-SLAM3

Improved ORB-SLAM2

(c) fr2_desk_with_person

PR 14 2 I R 2 X LA

AT HE R/ APE 122, HoE (0 CR B  AE T 5 i ORB-
SLLAM2 il ORB-SLLAM3,

T SR AR 3 PE I AR SCRDE X T ORB-SLAM2 Y
RS RE 3 TH R A8 0 2 i Bod 42 R 04T L S CR B
7 HR #% 2 (root mean square error, RMSE) Fl #5 #E 22
(standard deviation, STD) # 47 ¥EH#y, RMSE 5 STD A {i
B R By 3 R R 22 BUM R 1R 22 %2, AL, RMSE #l
STD ] L4 LG 35 8 1 o (B 4 b 32 7 3R 40 0 6 1 1 R AR
FEME. IFHA T AR R 2% SR BRI L S, R

R B ICE S E4T 3 WR M BE . BRI S5 4
B 3 s, TEEPESE r2_desk _with_person H, 2l E
J& B ORB-SLAM2 R T 55 4 W W, AH Lb R 45 89 ORB-
SLAM2,RMSE /N T 63.2%,STD W/ T 58.8% ., &
# 5 ORB-SLAM2 787X 24 545 45 739 RMSE /N T
48.8% ,STD Wi/N T 46. 2% , HAHLLF ORB-SLAMS3 L4
EERI, SGEE 14 ML 3 UL T 48 303 i 3% 98 5
Ui AR 8 PSR MR A 7 L BB A SR UE SLAM R S8 78 91 1R b
58 JG R MR AR R R A T 4 SR TR o

R3I HESHBEN

1275 ORB-SLAM?2 ORB-SLAM3 Improve ORB-SLAM?2 Improvement
RMSE/mm STD/mm RMSE/mm STD/mm RMSE/mm STD/mm RMSE/% STD/%

fr1_desk 41. 4 22.7 36.0 18.5 26. 4 12.5 36. 6 45.0
fr1_desk2 47.9 24.8 28.6 16. 3 19.7 13.1 58.9 47.1
fr1_room 75.2 39.3 68. 7 25.5 44. 4 23.0 41.0 41.5
frl_xyz 62.6 32.4 57.2 26.3 38.5 19.2 38.5 40. 8
fr2_desk_with_person 94.9 49.7 79.0 35. 4 34.9 20.5 63. 2 58.8
fr2_large_with_loop 12.0 8.8 10. 6 5.9 5. 48 4.92 54.3 44. 1

T RE 28 AR SO R ) ORB-SLAM2 & i 16 5
Pras IR BE T 1058 O i, 36 T APE R BN % R4
FEX A HAE N ST T E NI, T
PRETNF LIV A RERAFWME 15 Fia, /N H
SR B AT AL . A R SR T A R LR A A
B MR2000, 7EULFE il BT %3 T Intel D4351 ¥ & A
ML Zids HWT605-6 it IMU JE ] PUfH F-V111-RTK Filkh
K CPU-Intel 17,1817 AF 16 G B T ALK . T4 41
¥eVE R 40 Ubuntul8. 04, %1 B 1) ROS HLAS N BRVE R SN
Melodic, #FATIK M 2 IR 58  24, A & S5 L 1 8 4T
N EBE AR IE R LA B SRR AE 4 /0 1 8RR, O ST A 1 T
BIEMENAR S, 1% T % BA JC N F R )
T R KNG HE AT 525G

E 16a) A TR BN = F BN B4 Bk 8 i
ST S E L NENE LA AL 1.5 m/s (9735 3
LERITHT AT — BRI R A LA IEE, B 16(h) A

Fl15 Sc8e /4 e 5 PrREmBE

GHEE YR L WK N RS R Lk OB K BU 3L N
MKIT & 283 4% 2 2 Inl B 28 3 A B8 2 A7 38— B Il 3
KT FERL A, & 16 Hh B0 i 2 X % GNSS B 4,
2 Br o3 AR E F 1E ORB-SLAM2, ORB-SLAM3 Fll £ 7% 3¢
Bkt B ORB-SLAM2 57 ZRYBLE., T LAH H, ik
ORB-SLAM2 £ & 2%, ORB-SLAM3 2 Bl b& 07, i 3 J§
B ORB-SLAM2 222 55/ , 76 B AR 4 1 B A B (E Bl
o) Bl

¢« 00 .



T # K

(a) TR (b) W I K
P16 S BR PR B3 R L 1B

A GIE AL M R T TR Bk A PR IR T Y E
PLRR AR I RMSE 1l STD 15 B4 28, £ T Il

/NG T R ORB-SLAMZ 1 TR 4 3 (1 ##1iF 5
/b BAFAE R 2 VR UL IE . 52 ) ) 38 85 58 v v ff i g stk
J& 1 ORB-SLAM2 5735 4% B #2 7+ B 2, 38 7 AR iR 22 0/
58. 0%, b #E 22 Wk /N 33.7%, I H X B AL £ T ORB-
SLAMS, fE 4 [ 36 19 /N 50T i F 4 2 55 80 Y ol g 2%
RS & B S N s Rl =R DA (S 7 u 1 B2 5N S =
SHERAR AR BN AR R E AR 2 S
ORB-SLAM2 S0 BE B0, fE Rt T R el i B &
KB T 4y K %, TR i ORB-SLAM2 1 ORB-SLAMS3
HARIRZE AN 2.01 m F1 1. 61 m, Z54E 16 fIE 4 %
W BB SRAA SO g 5 ) ORB-SLAM?2 ® ik B0
U B HE R BN GE LR B

4 TERINE ATERE3TLEE

1275 51 ORB-SLLAM?2 ORB-SLLAM3 Improved ORB-SLLAM2 Improvement
RMSE/m STD/m RMSE/m STD/m RMSE/m STD/m RMSE/ % STD/ %
TG B 3 /N 53¢ 3.05 1.01 2. 65 1.22 1.28 0. 67 58.0 33.7
AR YN b8 2.01 0. 89 1.61 0. 66 0. 87 0.43 56.7 51.7
. SLAM algorithms: A survey from 2010 to 2016[J].
4 % e

& GE R AF A5 B BVG L 3509 78 55 808 L il B 2 O TR
AR ZL SR IR BT T 28 5) 51 A R AE 025 2R R ] 4R I o 2R K
ST, T S B0 SLAM RS MR A, 4 adix
BER IR, A SCHE T T — B3 T ORB W& B ki K S
BYRFAE PRIV FL SRk . 1 e 76 RR AR ST ER B T, A5 S 4R
TS T DO A A IR (9 RRAE A 4R SR W, I AR R S OR B MR
BTEE EGE B B R AE 55 AR IE T 3 B R E Tk A2y
S, AN SCR IR T G-R EMSICHE B . i SR TN
K6 AR AE T B 40 S S R A T o i AT IE R AR X 4y, PR EE ST T
M PRI — 25 00 52 5 B 5 ik RANSAC 83k 2% AR
T 3 B 2 0% 1E B VG B o5, 7E 45 R B0 4R bl i SR R
UE T A SCHE BUODE B S vk i R e HE R I IE B K. A T
R H A SLAM TR R T >k i S B as 21, FAT T Hom
AZ|Z M) ORB-SLAM2 FLHESL, 7F TUM BdE4E 5 A
SRAEIES T AT T A SE I I, I 5 F 4 b ol % 22
R 4 07 HR 5 22 5 bR e 2248 T S 40, 5 3 09 W
SLAM B3k 647 XF b GiE B T A4S SCH2 HS 19 FRAF p5 $2 BUDE L
BLBEVI SR E L SLAM & 85 B R B R BE L /MR 22
HEARRY R TRASRIFMREE., FWHELZLG T .
W AE =AM S AR A 2R AE N T AR L i e, 3h
AT A BB Wit (A DG e 55 0 Al 1, S — e R
RGN . R % 80 b B ARk I Bk, 45 A 1R
SCAR B X T T ) Bl A X G AR A S BN U 1 S0 B DT
TESA I T WAE M 4/ — B H 5]
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