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SLAM Algorithm Based on Point-line—plane Feature Fusion in
Structured Environment
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Abstract; In structured scenes, there are artificial environments characterized by low textured surfaces, so it is difficult for the SLAM
( Simultaneous Localization and Mapping) algorithm based on point feature to get enough matching point pairs, which leads to the failure
of camera motion estimation. In addition to points, structured environments provide a number of geometric features, such as lines and
planes. Therefore,a SLAM algorithm based on point,line and surface feature fusion is proposed. The algorithm combines the SuperPoint
features based on deep learning with the traditional line—plane features,and utilizes the features of structured scenes to refine the position
and pose decoupling. First, the MW ( Manhattan World) coordinate system is constructed by using line and plane features, and the
rotation matrix between the cameras is obtained by using the relative rotation between the cameras and the MW coordinate system at each
moment. Then,the reprojection error function of point, line and plane features is constructed, and the translation matrix is obtained by
minimizing the joint error function. Finally,constraint functions are added according to the vertical and parallel characteristics between
planes in the structured environment. In order to compensate for the non-strict compliance with the MW hypothesis in the environment,
the local map constructed by key frames is projected to the current frame to further optimize the pose. On TUM open dataset, the
proposed algorithm can effectively improve the localization accuracy of SLAM in structured low—texture environment compared with the
mainstream methods.

Key words: point-line—plane feature ; SuperPoint; SLAM ; structured environment ; reprojection error

—

0 5 5

T4k | 05 7] i 22 12 5 i 44 22 ( Simultaneous
Localization and Mapping , SLAM ) 4 7K J& 1138 AL 1 3¢
AL NS — R WF 5 R HoAZ O A TR B pL A

Y #5 H#5:2022-07-24 f&E B #1.2022-11-24

E&mH -?‘J& i E ORI H (2021E007)

EE =T
(F7625G) WG 0] R S LS AL SE SLAM,

N A = 280 A RN B 7 223 0 ] R R 1 L AT 4%

. TERETHHE A WL5E SLAM Hh | R IF PR 45 4
Eﬁﬂ@%%éa_mﬁ a FH, R SRR TR A
PTAM'" ORBSLAM ' | iffi 1t 14 4 4 ik 46 0] 445 925 4 Bt

— W (1971 -) , 5, WA B EAR, BF S5 19 9 SLAM BR HLds A B s AL HOR B8 % (1997 -) , 5, BT L #F 58 2E , CCF 2 i



. 86 - HEPLH AR &R

5533 &

EUZR i 25 A R, AR A e B 45015 RT3
SR | F5 S5 AR 50 DGR NG 10 ) 3 IR iR 2
Ahr, B T REAR TR A ) 1Y R TR 4 ) DL H AR
BURME S B R E SR RS S R AT 2 LI
THRIE SO0 S AR MR 325 | B s A D00 R0 P45 43 1) 45 45
WAE TR RS R 2] A TR A
KR i B B 232 S A 9 ) — KRS R, dn
SuperPoint_SLAM "' fifi ] #1 2 [ 4% $£ JiU SuperPoint 4§
TEAS SRR G T T ARTHRRAE , #5018 07 1A B
BN, BT ARMER D R IE TR BT i b AEL
AR B R AR R B e MR A
ghty s Wik b T RE Y — , 254l SR
SPARME R HARE | 224 2 1 JL AT A Ak R A AR
W EIEAR s BE i 118 FIA 4555, X Fhg
S MRS R T O FRIE ) NS FREE S 2 B R (% N
15355 MELUER IR R 08 2 Y RRIE R0, A T RFM R
— RS RAAE S BN R A2 B 48 T 2k
HEARSS A B9 77, i Pumarola %57 7F ORBSLAM [ 3t
filh AR, JF 4 R LA AR 1T R W) IR 1k
9771, Gomez—Ojeda %5 #& Hi 3L T XL H Y 45 £RFRAE
SLAM J7 2, 75 [al BRI AL e vhfim A JF AU 1 8 2 47
fiE 2Rk 20 SR — R U S 500 7 SRR 25 Al
2 I SRR G LA 2 Al T AR PG 2 A A%
s T A LIS B P AR R IR R, Yang Gao
VOV Y RGB -D AHBIL T 5 T 2 1 4 iE A9 40
AR ST — P T RRAE A4 DR C 7 75 KO- TR AR
iR 22 F 78 ik, Zhang 551 HR Y 2 N IR BE R 2
F A TE ) RGB-D SLAM, A -1 34 fin 1 P-4 7 Ak ELAY
ZUROCR, 28U F 5 4R A JE T £ R AE Y
PLP-SLAM, H g FRAE I T X L8 A S 150 67 L 21747
Al GNP AR R A MR 5 B (B
AR S M AR AR S B AE AL, 2k THTRFIE 7R S5 A8 1k
78 L Rk E M OB o Rl A i) (I B2 = L e (R T DY
FROESL A AT SLAM R 40, 3 i 38 ineefiE i 4o
e v N A RIS B

1 58 1) 22 R 45 G 0 12538 2 it [R] DG e E #2211
LR B AN AT S i 257 A Rt 2 i S 8UE
PEARHERG  — ol S W 2 A ] A ARG T A7 8 Pl A
RO R 22 AR T X 23 R A AR A, o —
AR AR FR iR 19 7 s S5 M R a2 Bt 25, fE45
e serh YR 22 R BR FE PR RE SS P KA i
ST M B A A, B BT AR RS R =N 1E 32 7 1)
B JUATZE R A A, He T e 18 22 J B iR 25 1 2ok
U5, I LR 5 2 i 5 A A R B B 0T DR AR TG
PERS IR, | DT T] 4205 3 ot 6] 1) e 2 , s /b Rt e i
PR Joo SR G MR Ay 2 A SR AL T

OY S FHERL . MVO U R T — o BRI A
R Or ik T 34k 2 e it FURTAR BL AR AR 2R 22 (] 1 i
FEHERE, OPVO Ht™" i F SF- I A Al 11 2 iy 1 A 22 i)
BITERE |, 7F 22 /0 HAG BN 1E 28 - T A9 PR v, 3 o 43 31
A AR BILIE % AV B dz sh SEBL T s AR iR 22 iR
fliit, Li 2™ 2 1159 RGB-D SLAM &%, 454 £ Fi
P GE JUAAT R E I 0] 2 0ty i 1 AR, 1% R e A R d
1 T AT T I R

£ LR N T IR 4RI 254G AL IR 855 R 1 £ Rl kR
TG B, DA TR S R U IE T 5 bk
S KGR T MR T B TR MR AR A, 2t — b
SuperPoint i FHIE 5 2L FIRFAE AlA 1 SLAM B3k, 7F
T PR TOE K00 1) SR W D T, S L T SR ) 4 437 87
e, A HE FRFAE , JE T = 05 i 5B 1%, A
it S AT S A R R AR T TIE i ok A5 3] o [B] e
U T e I BT R 22, AR i i R g B ME R
MR E IR 2 RBUREERS B 6 I HH EE A L i
o 3 H O RIBER: AT B AR T SAE X AR IE (S B
A ARSI Bt el 1 SR, SRR T T AR A
FACERSE T ARt TSI T - 1 R) %) 3 RS AT 23R
SEFR I8 P S M by % SR b AR A 2 A
TUM A TFEESE S8 1 E 0 R i
TEA AT T S5 AR SO IR (10 8 A B

1 EBETFAL&EBMEMEE SLAM &L
1.1 E&RiE
B ANE 1 R,

——————————————————————————————————

| SuperPoint  LSD+LBD S48 i
Lk ik ik |
I I
I R L e S
! —py—— !

I i, £ =

MWALER 5

AL MWAL bR 3R
TR BE FERom

it 55 () e 4% R
Jai s Pl

it S B o

YIRILET
& FLAPAT T

————— L e
A1 SkEkas

Sk E LD T IUREE 2% 2 1Y SuperPoint 5 4 11E Fl

fEH 28 HRHIEAR S &, DL S S Fa b s e A Bl 20

BRG] it

LAt




57

P S LIREE T T A R LS 9 SLAM 5575 - 87 -

it S B R B v E A R R B AR M, TR D
RGB-D HIHLAK U RGB-D FMEAE Ay it sk it 3 it
SuperPoint 5 ¥R BUS AR | LSD 83 B R
S A Bk P AR B MR A . o R AE A9 DL i
1 SuperPoint 34 ¥ 2 [6] (¥ 5 25 F LBD #ifi ik 7 2 [H]
B9 RE 5 434S 2] ST T AR AAE A4 DG P A8 e S T 2 i Y
FEEG P EIRITE AT E] R PR | TR g
et SR AL R 2R ek SR T g 2 e SR AR AR R Y
AFXT JRE 2 > ] 42245 380 T 5 it =2 1] P AL X T % R, SRS
R0 it 2 T P F AR R 12 25 R R, AR A R TSR i it
PRECED AT AR 7% ¢« ARIE S, A ki 5N 1 1 [R] AH B
T BHFPPAT R PEAS I A R R B LA 2 RISy i
ADEREE r R AN A 10 S 2 it B i O i
FH DG TAL) 1 JR) 350 b 1 45 52 31 > i it 2 — 2 1k
¥,
1.2 HEXFHERRIE LA
1.2.1 SuperPoint &4 4

SuperPoint f&—FhSEHE A H T HREAE SR I LA & it
AR T B M HESE , By MagicPoint £ Homographic
PAER T2 A  Hi A2 ] TR AR SR T 1) BT VGG i
M2, J5 3 e T T A U E S B3R . SuperPoint
X EREE O BRI A8 A 1Y) B e i LS AR 2, AE
Hpatches 3455 I iy ¥ BE L T ORB | SIFT %1% 4¢
F T ¥ A4 ME, 7€ SuperPoint_SLAM | i% SLAM
F 0K 1 ORBSLAM2 ™ (U HESE >R ] SuperPoint s
TER 5 ORB RURHIE , HAE 5 2 (103 50 8 R IR
T ORBSLAM2,, SCHR L 2N FITE S5 H AL AR T
s NS @Y w2, & TR B )
SuperPoint & 4 i 5 £& T 47 1F A7 45 & 6 A 24 =
SLAM JE i RS BE . 643 B SRR IE AU R 7 2 5
T A IR R B e SRR IE Z R A DL , FEFRHR
U h B 4 SURRIE S AR A DL A 2RI B2 (B H
SRS ARAFXT R, = 4k 25 (] 5, S5 AL SO R R T
HLELAY SuperPoint fSAFAEUNA 2 B

A2 ZMIEILINE T 4RI SuperPoint % 4F 4L
1.2.2  £4FfEfe dg 4 A
S b R A TEAR SR T O AR AR R A

TEFREE , SURFIE SR OAR 21 80 R DA I DL D R
rE BT AT A AR IE . SRR AT
FH LSD 53 MG #4575 31, {1 F LBD 5945 %)
LR R T AR 4 38 B 2 58 iU R 2Z [A] 1Y
VERC, FUASFRIE—HFE, S R BGE R 8 =4k, H
1 T RGB-D AHHLAS 2 A TR FE P AE W R 30 Ak 25 1 2R
IREEANESE DS RN 55 3, Ftb S AFAE TR T AR
SEEEAUER I B, A e IRk A s G0 Y 520 1 3C
X 3D Ze AT R, B il if RANSAC 19 )7 kX4 B |
HYAh R AT AR

RGB-D MR g9 2 A 7 1 i = i 3
P YNt L o B A TTIE S 1 S N S A T
hassion (S E TR ik 7= (n",d) ,Hrhn=
(n,,n ,n)" EVHEPHAERE, d(d > 0) ZHHL
SR BNz IR RE RS, P IAS I 2 {8 SCER[ 10 ]
TP B DI ik AT 1 T DG, BV - T ) e
F/NT 10 FE RS RPHEE R d 22/ F 0.1 K, It
A IR IR ZR Sy P ] w7 P TR >4 i ot A 0 8
ST Z ] OC FR, LATE A AR AL 222 B & A 1 29 5
SR ARSI T SRR TR RN 3 TR

B3 MRS TR & B4
1.3 (&t
1.3.1 A& T Zob 40 # AR R 04 7 246 3t

MR HUE SRR I, MR 25 0 TR R E R 1 IE SRS
FEPE R R SCHR [ 20 ] H i 77 v P PR 40 A g 0 iy i
THE AL S ok 35K T 2 1 R vk R A 1 T 5 2 T A2 A
RZ M e & R, N 4 fios, Hd, ¢
Ch . CM MRS ZI LIS kR k + 1 BEARALAG O 2
H 5 & s Ak br RS X R 0 R Ry,
Reyy Ry o

RCKHM , Ck+l

k
™) R va C

M
@%h,ACO

A4 RT2obm R A AR R 6y a4t

12 FRTFRIEE b Ak o+ 1 W5 2 WA A AR R 22 1]
RIS eSS A RAE A 30 (1) BT UG 3 & 3
k+ 1 WIRIHER R o o

Regr = Rewy Ry (D

AR T G AR AR 2 55 2 WA AL B 8 2 18] R4 O 22
Ry HIZAE(2) 80 AT LAAS B B — I 2R AL T 5 A
PRA T B BERE R DL




.88 - HEPLH AR &R

5533 &

R.y =R, R,y (2)
o, Ry 48 I R (L7

o 50 T R 5 A T R
W3 PR | R AL T L T LR £
S N I R ey
SRS T ek B
1.3.2 F&B44

FE ST IS e I 3 T 4 528
T ) T 432 B R A R AR 3 o B 7
B B HEICRRAFI B W0 1 = 4 A TR
SRR H T 0 A B

e‘,:d =p, - H(RMP/. + tk,j> (3)
St TI ) WA ORE, P, IS5 WP AR p,
SRR E AR, R, J5% U 5 0 ek
KR IELE 1 v o B 2R ), L7 R A 31
WM RS o, BT, X 2R, G
b FATT— L2 B SR T

Prsre X Pens
" Tpaa | Tpn )

SRS 3 A 2 B T P 0
B R X TR B 2 B T 5002 BT
LN

ei__j = l(l_I(R,wPSmrt + t,w) + 1_[(1_1’k,jPP"d + tk_j) )

(5)

ST, 4 T B P AT S T
NBHU, FRH g(m) = (o p,d) il ¢ R g 2
WA 7 R AR P T

l

qg(m)=(¢ = arctan(%) , =arcsin(n,) ,d) (6)

PRI, 225 Wi (8 S 18T 77, 55 22 i T b 1
Z IR AR 25 PRE T R R

ef, =q(m,) —q(T. 7)) (7)
Hop ) o R A AR AR R BN AHPL AR AR R A AS I, Fe X
IR B iR 25 PRETT AR N

M
E, = argmin pr(e’,:,f Zpilei_j) +
;

2ole, D) + e Xowel)
(8)
Hep, Yop7 o D Y T A B Fe R LR AR
TES kWi AP 7 22560, p, L p, « p, 3 IERARIER G
% 2% PREIC R A5 28 T RRAE 6T I A4 B Huber pRR
fJ5 {# | LM ( Levenberg —Marquart ) 532 fiz /M
AR 2Z pRAL E, SRS R
1.4 (&R
SRR T, ST ) R T H AT R,

I — 45, P Hb P e ) S T8RN 24 R TG 30 £ 1
TET VAR N LR AT (9 29 0 29 SRR BN s

ert = lq.(n) = q,(Ryn,) | (9)

er, = llq.(R, n) —q,(Ryn,) | (10)
o, q.(m) = (@) o XHFEATEEMFm K
VAL TiEss 90 B2 ( R, ) AR HER 22 pR AL, [F] I 9 4
R RETE AL B A 5 20 (8) RSB A IR 22 1R
B, GERACIREE T AALIZ 35 B T 4 G <5 S 0 i
T B 2 o A A 0K BE R R, IR % SR
ORBSLAM2 1 5 s 17 1% JC S Wi - 2 7 & A o 2k LT
P14 Jry S ], 35 Jy 08t P 88 52 380 4 i ot ) 5 s R A
A% B RS BE

2 X I
2.1 LHFERYIBEENA

S0 BT FH 7 R i R 4 IC . CPU A Inter Core 15—
9400F ,6 #ALFRES 4% 2.9 GHz, N1F 8 GB,GPU N
1050Ti, #4t 4 Ubuntul6. 04, fii Jf TUM RGB-D 4
THECE S B DU S5 48 A 37 5 00 e ) R AT 92 36 3K, G
1 fr3 —structure—texture —far , fr3 —structure —texture —near
R A5 A B BLEA B | i3 — structure — notexture — far | fr3 —
structure—notexture—near A Z5 F AL AR SO IAEE | LA 7
WM st—far st—near snot—far Fll snot—near'™’ ,
2.2 KBERESH

T B uESE Y5 TR BE 2 2 1) SuperPoint s5HF
MES AL G T AAEAN S & BEUE A R THE M AL IR T
SLAM JE {5535 B BE K BT 2 5575 5 56 T ORB s e
fiE /) ORBSLAM2, #t F SuperPoint #i ¢ fE [
SuperPoint_ SLAM™' | % T f% 4t i 1 ¥ 1E (f) PP _
SLAM'" BEF 1555 i L I FFE ) PLANAR_SLAM >
YEXT L 43 B, 48 X B3 % 25 ( Absolute Trajectory
Error, ATE) EEITH 5 MM /9 K92 {H 5 SLAM E
MR RIS THE Z 22 AERBIE Y 42 R — Bk | b v
JEHIE AT SLAM REUPERE, n=t(11)

1 N j ,
ATE:JNZ Ilog (T,, 'T..)" Il (11)
i=1

Hoer, 7, RS, T, RESEPGE, =12,
N o SR LA T LR I A 4 X I e Y e
W,

EPP SLAM =PLANAR_SLAM Hours

o N B~ O ©

snot-far snot-near st-far  st-near

BS5 JUAFE ke bR £ it

EFEiRZE/deg



557 3]

P S LIREE T T A R LS 9 SLAM 5575

.89 .

W 5 Fios, Bk st-near 751, BT 38 B3 e HiAth Fp
1) - (AT 2 1R 2 A WY AR T X L B, R WA Bl =2 0
5T P AR 25 SR Al 57 223 v e 7% RE 8% A7 580k D e 1
FitiRzE,

Xof T4 3 1R 2 AT A3 AT, A0 A B A AL A% R
IEEHRER T I ERyE sl K6 2 LR R L
FEAANTFH LRIz shl M sSSPk Xt b, AT LUE
1T B TR A 5 A A TR P B B v L H il B B G
T EAE, R PR S L A Sk SO PR S T 1 A BT
o e 1 B A LA Ak o X I 15 2 1) ELARRRAE,
AR X ARALAL 2 Al THE 5 S E 2 T Y 22
S BB BN B AR B B . AR 1 B AT
1 snot — far, snot — near J¥ %1 #', ORBSLAM2 #i

-0.10
—— groundtruth
,,,,, PP_SLAM
ALY+ PLANAR _SLAM
— ours
E 020
>
-0.25
-0.30

-0.80 -0.75 -0.70 -0.65 -0.60 -0.55 -0.50 -0.45 -0.40
X /m

(a)snot-far JT-#1 N [ 43 BLzsx ) by

SuperPoint_SLAM i F K i s5 4R 4E , 78 3R 91 R A5
REAF SR IO B B U o D S BURER Bk TR
IRFET A Z P RRE, YRAN TR — SRR A IR S B
IS5 BRER R 0 [l B O FL 48 0 B0 1 22 AR5 7
BN F B T 4 S L AR S5 A AL AR S B A BT T 1
AT R = SLAM 8 RS BE . E st—far  st—near J¥
Girp, SRR L8R &, H ORBSLAM2 | SuperPoint _
SLAM PP_SLAM "' & 47 4> Js) BA B3, ffi 15 B7 42 43
BAEX AP A h R i — 25 (R L Z R A &R
BA #3 () PLANAR_SLAM , JIr #2484 5 il 15 25 B /)N | 4l
PRI T T SuperPoint s5 FFAE 5 £ T RRAE 25 & A X T
1R 58 R TR 25 A R

—— groundtruth
-0.10 PP_SLAM
-+ PLANAR_SLAM
~0.15 —— ours
g
-
>-0.20
-0.25

-1.70 -1.65 -1.60 —1.55 —1.50 —1.45 -1.40 —-1.35 —-1.30
X/ m

(b)snot-near 341 [ 43- BUi it L

‘? — groundtruth 0.15 —— groundtruth
152 S N SuperPoint SLAM O\ N P\~ = SuperPoint SLAM
-+ ORBSLAM2 0.14 -~ ORBSLAM?2
150 S PP.SLAM [ N\ imyN Y| PP_SLAM
g -—- PLANAR_SLAM g 013 ~—- PLANAR_SLAM
148 = @i = —— ours
0.12
1.46
0.11
1.44 S NS =
—0.46 —0.44 —0.42 —0.40 —0.38 —0.36 —0.34 —0.32 _1.72 ~1.70 "_1‘68 i _1.66 _1.64
ey . . e . b
(c)st-far J7F R 143 Fhids st bk (d)st-near JTF R 111353 iz X bl
A6 JUAH EE TUM HKIEE 55 T 69305 3id
k1 JURRHE E e 3T R £ 3Tk cm
TUM $4li4E ORBSLAM2 SuperPoint_SLAM PP_SLAM PLANAR_SLAM ours
snot—far - - 2.37 2.53 1.74
snot—near —— —— 2.65 2.39 2.17
st—far 1.11 0.98 1.09 1.82 1.68
st—near 1.07 1.09 2.46 3.57 2.97

E AT ENRBIEE T B ERBRAER S REE K

3 HARiE

P T — A T T AR AR AL G Y SLAM GE 37
B ZRRHIEARSS G st o R T AR T I RRIELR B
ffDR T Al R URREAE RSO AR T IR R py Il
I TR 2% > ) SuperPoint 347 AE 5 1% Gt 26 T A AEAH
a5G RIS AL FR BT AR | £ Bl 2 e it A 5 ik 2
TRIMRE, LR K TG Z MR G 1Y
Ik ZEEA A T @RS T B A

RV . TEARRBIBITE 85 I A 2 Ry AL LA
Lz ml PRSI | A — 2 i T3k 2 A F) o Af P A

BRI,

B2k

[1] KLEIN G, MURRAY D. Parallel tracking and mapping for
small AR workspaces| C]//6th IEEE and ACM international
symposium on mixed and augmented reality. Nara: IEEE,

2007 :225-234.



.90 -

HHRHLEAR S AR

5533 &

[2]

(3]

[4]

[7]

(8]

[10]

[11]

[12]

[16]

MUR-ARTAL R,MONTIEL J] M M, TARDOS J D. ORB-
SLAM:a versatile and accurate monocular SLAM system
[J]. IEEE Transactions on Robotics,2015,31 (5):1147 -
1163.

AR A B 3ET SuperPoint 5% & FAFAE & N A
THERF 2 [T]. AP E LRGN T, 2021,30 (11) : 310 -
316.

DENG C, QIU K, XIONG R, et al. Comparative study of
deep learning based features in SLAM[ C]//2019 4th Asia-
Pacific conference on intelligent robot systems ( ACIRS).
Nagoya:IEEE,2019 ;250-254.

DETONE D, MALISIEWICZ T, RABINOVICH A. Super-
point: self—supervised interest point detection and description
[ C]//Proceedings of the IEEE conference on computer vi-
sion and pattern recognition workshops. Salt Lake City:
IEEE,2018 :224-236.

ZHOU H,ZOU D, PEI L,et al. StructSLAM ; visual SLAM
with building structure lines[ J ]. IEEE Transactions on Ve-
hicular Technology ,2015,64(4) :1364-1375.

PUMAROLA A, VAKHITOV A, AGUDO A, et al. PL -
SLAM :real - time monocular visual SLAM with points and
lines[ C]//2017 1EEE international conference on robotics
and automation ( ICRA ). Singapore; IEEE, 2017 4503 -
4508.

GOMEZ-OJEDA R,MORENO F A,ZUNIGA-NOEL D, et
al. PL-SLAM :a stereo SLAM system through the combina-
tion of points and line segments[ J]. IEEE Transactions on
Robotics,2019,35(3) :734-746.

BEYAE, B RIET RS AR A H
FEH[I]. A HLEOR 5 4 ,2021,31 (1) :48-53.
PROENCA P F, GAO Y. Probabilistic RGB —D odometry
based on points, lines and planes under depth uncertainty
[J]. Robotics and Autonomous Systems,2018,104 :25-39.
ZHANG X,WANG W, QI X, et al. Point—plane SLAM using
supposed planes for indoor environments[ J]. Sensors,2019,
19(17) :3795.

R WA, BB fi. PLP—SLAM ; 3£ 40 £k | TR AE
Al BORLSE SLAM J5 3% [J]. HL#% A ,2017,39(2) ;214 -
220.

Fart AR B, 5F. ZURS SLAM 1930k 5 Bk
B[], EE SRR 4Rk ,2022,27(2) :368-389.
PRAETT, T B A, 1 I BT IOt G S Mo ISR £ P ikt
PL-SLAM B35 [J]. FF2:4,2022,50(3) :608-618.
COUGHLAN J M, YUILLE A L. Manhattan world ; compass
direction from a single image by Bayesian inference [ C]//
Proceedings of the seventh IEEE international conference on
computer vision. Kerkyra :IEEE, 1999 :941-947.

KIM P,COLTIN B,KIM H J. Low—drift visual odometry in
structured environments by decoupling rotational and transla-

tional motion [ C]//2018 IEEE international conference on

[17]

[19]

[20]

[22]

[23]

[24]

[27]

(28]

[29]

robotics and automation ( ICRA ). Brisbane: IEEE, 2018 .
7247-7253.

JOO K,OH T H,KIM J, et al. Globally optimal Manhattan
frame estimation in real-time[ C]//Proceedings of the IEEE
conference on computer vision and pattern recognition. Las
Vegas:IEEE,2016.1763-1771.

ZHOU Y ,KNEIP L ,RODRIGUEZ C,et al. Divide and con-
quer : efficient density—based tracking of 3D sensors in Man-
hattan worlds [ C ]//Asian conference on computer vision.
Taiwan, China ; Springer,2016 :3-19.

KIM P,COLTIN B,KIM H J. Visual odometry with drift—
free rotation estimation using indoor scene regularities| C|//
British machine vision conference. London;BMVC,2017.7.
LI Y, YUNUS R,BRASCH N, et al. RGB-D SLAM with
structural regularities [ C ]//2021 IEEE international confer-
ence on robotics and automation ( ICRA). Xi’ an: IEEE,
2021.11581-11587.

VON GIOI R G, JAKUBOWICZ J, MOREL J M, et al.
LSD:a fast line segment detector with a false detection con-
trol[ J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence ,2008 ,32(4) :722-732.

TREVOR A J B,GEDIKLI S,RUSU R B, et al. Efficient or-
ganized point cloud segmentation with connected components
[C]//2013 semantic perception mapping and exploration
(SPME) . New York:IEEE,2013:1-6.

BALNTAS V,LENC K, VEDALDI A, et al. HPatches: a
benchmark and evaluation of handcrafted and learned local
descriptors [ C ]//Proceedings of the IEEE conference on
computer vision and pattern recognition. Honolulu: IEEE,
2017.5173-5182.

MUR - ARTAL R, TARDOS J D. Orb - slam2; an open —
source slam system for monocular, stereo ,and rgb—d cameras
[J]. IEEE Transactions on Robotics,2017,33 (5) ;1255 -
1262.

AHMINE Y, CARON G, CHOUIREB F, et al. Continuous
scale—space direct image alignment for visual odometry from
RGB-D images[ J]. IEEE Robotics and Automation Letters ,
2021,6(2) :2264-2271.

X% e hH B Bl —Fh SURF-FREAK HH1E iR 22 45
RIS AR [T]. AL R 5 %, 2022,32(3) - 8-
14.

B R, FUER Pl S R T AR 5 H ) D
S EERIRIE I L[ T]. JeE 24,2021 ,41 (12) : 171 -
178.

PREEXG E B PR . sEkma WO E E LS 2 2 4
FEA L T]. PPN ST ,2022,39(3) :956-960.
STURM J,ENGELHARD N,ENDRES F,et al. A benchmark
for the evaluation of RGB-D SLAM systems [ C ]//2012
IEEE/RS]J international conference on intelligent robots and

systems. Vilamoura; IEEE,2012 :573-580.



	
	页 1
	页 2

	
	页 1
	页 2


