HASEE oM
2020 4F 9 H

RV N - R

Geomatics and Information Science of Wuhan University

Vol.45 No.9
Sept. 2020

DOI:10.13203/j.whugis20180278 .

XEHS :1671-8860(2020)09-1469-09

— i3k PUE A5 6 22 IR IR 1Y) ElasticFusion
SN =Yt TLL

T W R

oSl F %!

1 FR TR HE B EBE W FBM, 450052

H EXNENITEFENZIR TN R ETERINEA RRAEZFHARXLENEL, BATATRGBDE
REVZUTAFTEHALEHIBEAEEZARE EZBAOLLILRASFFM, WP RV TEXRG IS
HEAMAN, —ZHEFREMIBOEESIAE, Z AN ERHRZE, T, ERIEF E ek
#h b adad ok 3 KR 3T & ik (iterative closest point algorithm, ICP) P IE it & 69 3% SR ok, 3 FHAE A & 3 K
R AR B AR X W@ s X R AR b e SLIR AT F B AN, A ICL-NUIM 5 2 F
FERATERIIE ZEREA RGN EEER TEARALMIIE ST T B A L ERI.

KX #2817 . ElasticFusion F- % ; = 4 & 22, ICP £ % ; LR 5 4h

B 425 . P237; TP391 MRS A

JF AR A ARG B 109 1% 8% 2 2K I3 5t 10 A
i = R AR R AL A N 1 R B S A I F Y A
Mo TEPLES NG b o T S BHL A8 A TE AR M
S H ER D WA A B i b KR
& LA AN B9AT 3l b AR M 5T 7 1] 2 (6]
B 7 5 b B # (simultaneous localization and
mapping, SLAM) . 7E & ¥ B9 b 58 o, PR3 %
P51 R A L R S psf M 220K, 22 i SLAM B 5L
g b # 48 (central processing unit, CPU) 52
1% R 2% 5 L E 5, N A B R AR VA B B
TS b PR AN S e o IR R R B =
oS AR Y s LRI
515 B . 20104F I, TR A wl oA 1 —Fpa] 52
i HOR 4 RGB 5 LA K BE 14 19 RGB-D I
JE 41583k Kinect, R 52 3R PR RS B2 40 HLAUAS IR
B, N T AL AS N 1 S AR A . 1
TR FE GO A e il B0 AE AL BR 5, 36 7T DL AL ) %%
135 =45 B . Newcombe 55"/ F 2011 4F R /g
& 1 JE T RGB-D & 8 i 2 N 52 I = 2 o i 43
% KinectFusion, 5| 9 T Ji5 £ ¢ T & T IR B 1%
Sk = o ER T AR DR e SLAM I IFSY
DA KinectFusion 4y JE i, AH4K M P T Kintinuous™ |

5 B #:2019-05-16

ElasticFusion'® | Voxel Hashing'”’ | BundleFu-
sion " A0 75 (1 % N I 5t = e E A

Tl 2 W A 45 D K 25 N 2 3 55 Y T 4
T, KinectFusion 5 32 {# F ¥ B {5 B 3617 07 B Al
RS BLE 7, B i ROF AT B9 5 e P Ak BE &%
(graphics processing unit, GPU) Lizfr., AN F
1458 SLAM &3 | KinectFusion 2. £ T &% W 47
5 #F % PR #L (truncated signed-distance function,
TSDF) % ik = 4 0 A1 fff ] 2 AR fg o i 30 05
(iterative closest point algorithm, ICP) fifi i {if &
IERlE R o, N DG B AR AT YR
A GPU IR 528 1 % N 37 55 10 S 1 3 4% = 4
A, TR /N 37 5 b ROR B H R R
PEy : O F: T TSDF il % 19 = 4k /% R 7 8 2
G i RO X RE /N 37 55 s QAN ICP
A R AT A Ak T O T 3 5 LA R AR
)RR B, Y d b i IO R A A 25 51
N 2R B 5 A ] B ARG I ASE e, T 12k 512 B A A
Ak s @ % A7 2 &4 i JC i AT A, BRAR IR 22
KA ATk BRFE, R ENIFE T — &
FIBESE TAE - O R T 5 e 37 5 RO i BR ), 2
Th =2 WA B AH BILIZ Bl , B8 M =GR RS B o AN

1B & B B R E ST (2017YFB0503500) 5 1 7 44 BHE BIHT T30 (142101510005) 5 [ 5K A S8R 22 58 4 5 - 5 4 (41801317)
FE—EE: THR, LA, TEAFHLE AE D miFs . 809741461@qq.com

BIAES ek 11 #0020 youarexiong@163.com



1470 ) G ==

fi B F 2 R 2020 49 H

Z 53 R\ SR B 25 A8 D 55 %
FEMHRAGR ' @ T W/ %t F 3 50U {5 B 4K
i, ml G ICP B e P s B2 3T (fast odometry
from vision, FOVIS) \RGB-D 3 F i & iR &5 77 % ,
N 22 B @ T SEEL MUK I B T
HH 1] 4% 1 (distributed bag of words, DBoW ) 4 il
P A I 6, s o 3 TR R AT AR AR s @O T ekt
A7 2% BT H TR RS 1 o B8ORS &R IR Y
B A SRR BRI ICP Akt S ik, UL
T Ik T M T A 2 A TR TR A £k R A T 24 R
WA B R AR @ T R A R LAY
SO R TR B RIRFOR & 58 73 T W5 W k%
Fik gy sy Jr X T JC (surfels) £k 3 5%, TH
JCAL T SR R RO kSR R R A R
g N R BN R (S E N S B DA
PR B2 1 FH T = d i o180

E 1R BCHE T AR, 2015 4 42 1 19 Elastic-
Fusion % ¥4 fff FH 11 T 2 35 & 5t 7] DL 47 Ml o 4
KA 50 2B T BB T TSDF X F 5 R
JEE A BT 5 i ATL R 3502 1) 5 ) A A A 285 ik 2 1 A
BRI E5E " A T TR R AR . H
Wi AL G B ok 7 PAD A A T ABE e | 1 g T8O RATS AN
J DBoW , BR il T ElasticFusion % 32 1) 5 % {1 fig
71,9t B ETE ) G 28 = BC e B Bk ] T 48
[CP B8 v & T 505 1 18 BV JiE s XF i 7 =X, 5
R 2 3 A B S RO BN MR LR T
UL AR > A7 7 [0 30 1 37 S, 25 i BRASE AL Ry
AR 22 R 00, B AR KA S A
iof o S AU A L A

AR SRR XT3 N/ RS 3 S Ry AR AL i A AL
IR 2 1 ) L, 7 £ UE 8 30 S PR 0 JE A 1 GE

i B A TCP 5595 Hh DU E A A9 38 ORI, 42 T A6
RO EE R AOR R L B S B RS JE

1 ElasticFusion &£ N 48

ElasticFusion % 3 fff % T LA KinectFusion 24
ARFE 1 2 AR 4 08 SLAM B8k 1 20 MLHE 28 | 7
7o 43 GPU (116 DL F % FH OpenGL 5 ¥ 4, =
BT A 5 R o ElasticFusion 8.3 £ F 1
JC AR 3 5K 3 5 Al H A 382 {9 TSDF £
RUR 5 sz, B T UART R o FE — BobE R 47 067 234
THIEIN LA A, 1] B K O 28 i 4 170 5 70 AR 4 T i
1 B ] A 0, 0] 43 o > i A AR R B gl X DA
KATESHIAA T RARIE s X 8k, 51 A T REAL
BROZ T SC BL mI A A 5 e B T RGNS
R

ElasticFusion 8% 32 243y 4 DB . D %k
i SR B 55 b 38 5 o R B AR R AR AR LR B R
RGB EM&, I8 A0 =2 55 =, 15 21 0 =4k
Ap bR ] g O A7 2 AT K Y HT Y = 4E R
5O EEBR TR ME, JL AT i ICP &
AR TR AL RGB BHRAE 6 B LK 31 (4
F — M DL 24 S Ak A A 145 S 5 D 2 iy i
PG 2t % 5 ] B A 00, 1) R it AL ik B 0 o 1) G )
B R 2 57 it PR R AT G 4, L 2 518 5 > A7
it S B T s B4 L %) 5040 P2 4 A7 LR T DRI >4 i o
HE 75 15 o G B ot L K Y A ot 5 & A AR R B A
8 1] 55 (5 A7 [0 5, R R A% B 0 2 8 g A5
RIDL R AL B SR ATIA) s @ R = Al A B S
it K HCAY 05 = 5 A A BT Rl TR &
7N, R — C A AR B AR S . B R A A L
i

K1 ElasticFusion & ¥ i 4 A&
Fig.1 Flowchart of the ElasticFusion Algorithm

2 i ElasticFusion & %

20 HMEHNERHROEESNT
S = 2 AT T A ORI R R PR
— I W) B A 2 BE RS R, TR DAL A A oA A AR

B o FE N 2 e UE By B, ElasticFusion 3 i fff F L
o] S 8600 B — B0k 29 ol SE B oE o AE M 3R A
Wb 7 P Bt ALk B39, HE 32 it R Bk A A0
TAETE T 3 5 1 25 7 P B ARG 0SS e vl kg 3]
R, SRR ZIT AR . B, 2 &



545 &5 9 W

T B F 45— gk DG i A5 36k BRI 1Y) ElasticFusion 28 N = 4k & #E H % 1471

/N Bz W0 4 E T B B A Y R BR R 2 R B e AL
SRR ANG BE T B AR A A UR
2.2 ElasticFusion F1 8 ICP & £ i A

ICP Bz N T i = B e b, 7 B8 %
SLAM Hr A7 2 A8 11 09 8 F 5 25 it 02 8 i 48 52 1%
B 2 6 Y DR E G &R, I H] e /s — 3 i At A5 3
[ORISNENS > N L A (70 R DA A & 3 N |
ICPRIEMA MMM LSRR A AN HES
o S A]RE U/ 0 S 2 R B Y R 22 RE S IR
FREE ML B e @ R T S B A 5EH
SR o TR 2R [ A 2 X DG R AT Y A B R
M %5 ICP 5k A7 i m BCERRS B . AR SCHE & i
ICP 533 DT S w3 X 1 HOHE et 1) K& Ay L, i i DC e
TR DN IR R 25 X0 T A s B HE R 52
2.2.1 PEEERIRG %

2 8 B FH 20 T[] 57 23 AR Ak AH XD GE R
K A% 5275 BE B IC P 383k T 7 B A D IC 50T o 14 2
Sy FH AR PR i [ 0 1B B BB (DL 48R 0K ) .
AH B % 252 PR TR B 1 R85 {5 B 2 6 m o il 46
K K+ 1, 5 Fir i As b5 RS Qo0 TEIEHIT
ME XTI, DA Qe A 2E U, ] 45 5% 425 30T ) 32 B
g+ 5 puAE R VEBC SORE A7 07 S A 55

2 Bk e O iE s B I
Fig.2 Illustration of Search of the Matching Points of the

Given Pose Points Using Projection Method
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Fig.3 Illustration of the Distance from the Given Pose

Points to the Current Plane
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Fig.4 Tllustration of Search of Matching Points Using

Circles with Different Centers

DAL 4 3% B p, B DR C A5 R 481, 7F © A DRI A
qu Hy LAk - ,%%'Jiﬁm(p4\q4 w\])—z/h(h ':F"\Jl 1774%7

3 . . .
B L AR AR r= | pag |91 BB 2 % X Q

(50 0 0 B B 5K K B 2 1
Ve A5 ), X A W 25 5 A B 48 2% 35 Y 1 R
A AR R 13 2 g, (g, € Q) SR A KA F -
/g) = 2N ()N (p:) (9)
srb A AT A T 5 N (%) T L R
FE 14 52 7 1 77 2 D5 0 O ) k160 Ay
O S R D I R A £ (g ) BT A5 A T 3 DC

Q7 Qu P I P AT 5 4 6 6 45 g, W8 0 41 2
Hp, (SRR DL £ ¢ < max (AN (¢.)-N (p.))-

4 0 0K T I 1 3 0 900 D
MM 25 T 4 g S I 45 g fE—
R 1 = | pugldr = | pg, [PUBR K
B A0 5 TR

B5 TR VT e i B BDC e s 2 1R
Fig.5 Tllustration of Search of Matching Points Without

an Initial Matching Point

2R A8 TR I B A 2 AT B B (A
6 Jir s ), /N TCP 5335 I o5 AUEE i 48 SRk
[TO T4 M A $12 O B B dle b i) 1L 2R AR AR DR 45 &
6 E — B AT AL A T

& 6

ML AT DL A

Illustration of Search of Matching Points when

Fig.6

Parallel Point Clouds Exist

24 FARDERFINS=FLEEL
ElasticFusion 8.3 . H T2 N 3 5w, il T
TR FE AR Sk 78 R 4 5008 IF 2t B AR e Y 1A
U B R B DA BON o B AR AR A 5k R A N
B, s AR A rp L LR, 25 ) B T AL
AN T sy, b T HIFRA Y 5 T
A A BR R SR , B] R AR ) 3 eR AROKR 18 £ b



545 &5 9 W

T B F 45— gk DG i A5 36k BRI 1Y) ElasticFusion 28 N = 4k & #E H % 1473

A AR LR, DR TR B AR .

XF T AL R Z OBy AR, T ik AR AT L S I KL
P o LR A A d5c 3 A S R R L DX B T
AR BRILAT A5 R, SR JH b B30 3 7 DR TE L ART R AIE £
A $ T e AR b S DA R AL R AR 18]
it pR 5 e At i = A AR 2R R s AL R B AR
M E W S BT R TR R BT
FLA b o T2 TR F 0 L 2 520 0k
B R AT R R B AR B TR R O e
I, HAE EOE B O ORI, PRI AR SR
AR 1) s R 50 7 B =t T A 7

AL B A TAE 2 g W2, — 2 2 U
TE i WU I S AL X B, TR E
AT FLAIR DX R A 1) 2 R B E AT B 4D o 1 4R R
I8 52 iz BOE S AL X B A 48 SR
C19 TR REARL, ) AT ok 1) i 0 s 4 fF e M 2 =
A v 3 i A T A RO £ IO SR i o R Al
AW R ME A IR B BE AR R R AEAR S . LA
5 BOHE HIGEL 2 O SRR A5 48 SR 20 1Ay 8
AL 0 TC 1 A 5L A I 4 ICRL R AT B T OF
AR 2 0] 9 40 O R 2 LI i 5

e AU T 580 72 Je, M T AR 1) 2 o 50 BLAL
T Ah o 1207 150 T 501 1 XS AOR W 3 (HAE
it 28 A 5 K 1 by LA 2 A IR SR
PRI, X6t AT 35 BE R K A i 45 DX JsA o B T
(EYCIE 4 Qi) Wi TR DS B 4 N £ 4R
X LR 2 8 BEAT G o FE T A% 1) A eR R Y B
il 77 R TR R R

F(n)—i;w[ga(nq,)wLP(n) (11)

Af 0 R B il T L AT — 5 g, Sk B ST i T
T 5 9 R B A5, 5 o, i SRR A — — X B A A
P(n) AR Y n 5 AR AR (n,, oy, no) #8 FE B9 OF 1 5
o(n— g.) M A8 1 2 bR L . R U5 MR A B 24 T
PR AL 9 FLIR 22 00 1o B i T, 5 AL IR B 4

3 X I

AR SR H 2 FF EHE 42 ICL-NUIM (https://
www.doc.ic.ac.uk/~ahanda/VaFRIC/iclnuim.ht-
ml) LA K 53k 09 B 91 3 B dyson _lab.klg (https://
wp.doc.ic.ac.uk/robotvision/ , H 9 [ 77 & B T. %%
B 3 A% S0 50 2 AR A ), X e JE B AR R AT S I
B, 43 51 DA ASE 72 S 25 SR R A 30 XoF LL PR T
TP o SE U0 7 FH A9 28 10 A Ha Bk AC o CPU In-
tel Core i7-7820HK 2.9 GHz. 16 GB W 1% DA M

Nvidia GeForce GTX1070 GPU(8 GB . 7£ ) , #
YE £ %4}y Ubuntul6.04,
31 ZHEFEEENHIE

XoF 5 2H B0 HEAT SE G, 43 i) RS A i R
PV #E AT Hr o B S dyson _lab.klg A
(85 4l HE AT — 2 o 0 (I B I A $ L 3
() A B |, {0 RE DA A A5 AL () B R AR b OE
) 7R LU FE 3 5 oo AL B I 2
BT, D50 5 vk EE AR AR B LR — B 4
POt S A AR R — Bk R R AR
B 556 B A A — o R A B R i R
FH PG, Stk 5 800 B 020 S5 i PAD BRI £ B (1], 5
P 0 2R T A R 22

Bl 7 FIH dyson _lab 4 5256 X L &
Fig.7 Comparison Results Using dyson_lab Data

ICL-NUIM #§ 95 4 th o [ 75 [ B T2 e 5
T OR 24 T ST MG B TR 2 A B, R T
Moo BT =N S 4EE @ DL M SLAM B k4 A
SR FE TAE™ ik I B Hie 4 B 7 ik o H 5
T2 A RO AR ASE He 9 1 B2 T 56 9 6 B9 1 e ik A
. H ElasticFusion 5 % & ICL-NUIM #{ #i 4
Y1 02 o 0 [ A ] B A e B AL A ) R 4R
Fb 6 B Bk SR A . A T TUM-RGBD %t
P 4, ICL-NUIM %045 48 19 55 20 50805 24 ok 25 PN 3
oy s AR D AEAE RLER AT DL g Ml il A2 S 50
Ko IF Bz BE 45 H A = 9 3 S i e PR o, S
Lo SV R A2 s i N1 S S 1
ICL-NUIM %85 42 42 1 19 RGB 1% IR % LA
J A MLENL I ) B AE SC A (ground truth) #F 47 52 56
XL Z B SE A SULEE 4 M i B 5t (living-
room, Ir_kt) DL & Jp 28 & 3 5 (officeroom , or _kt)
A SOG4 2L BUHE

Pl 8 2 ffi FH Ir_ktO 5040 11 552 50 5 R % L, 9



1474 RN A YN S S

fi B F 2 R 2020 4£ 9 H

Sy A BILLSEE X L P (A B M G AR WL S 4 i
5 00, K AH BIL I B S5 28 2 oy P AT LU XS,
S0 ML LI LA, &% €008 SR AR B3 1 Bl Al 3
{6, W o ek Ja Sk BB A ED . B8, o
A AT RO B BN AORA W AR T 9
e, R 5 ME Y TR R0 B B A T BBk R

2 M 22 Y1 TR S R ) P ot Ay 22 it Sz 55 T R
U K S i 22 X 5 AT A E A R AR R SR R
Wi o AR DA 1 R Y SRR L R A
L, B X HE o 5k A A5 B IX B fi 22 W] LR
B e S B9 R PL B S 0 L {E S

Wi

B8l Ir_ktO Zi 40 5 50 % Lo [
Fig.8 Comparison Results Using Ir_ktO Data

19 Ir_ktOEdh AL X L ]
Fig.9 Comparison Chart of the Camera Trajectories Us-

ing Ir_ktO Data

P10 B 2 4 Ir kel B3040 19 52 50 RUR X L
P P11 O Ir ket B0 B9 A BIL e 3o LE T
TEXF T G50 JLA 25 40 i) B b DG Sk BERE A
ROV 1 B Sr A b 5 i R R T R 4
O B I AT LR o 3 e b AT Rk ]
L1 rf, Bk 30k B B 5 S B ) 45

10 fi A Ir kel Hiods 546 %3 e A
Fig.10  Comparison Results Using Ir_kt1 Data

P12 S il P Ir ket 3 B dhs ) S BCR XS 1L, I 13
AT Ir_kee3 B4 B9 AR LS X LI o JRUAR B 1k

TEBE I e 1] A B A ROR B AT R Ok R S
ARGy MRS I b AT R AK o FEAHBLALL X HE |
It 5 A5 8 W ) A O DR B0 Y I A A B
WA 22 o FERE Y EE A T RS SRk X T A
ARG R 25 T [ — R Rk b
LR T R B Y A U B T T
FLAE B, (45 AR R ROR TR L

PIIL i e kel Bdis i AR AL AL X L 5]
Fig.11 Comparison Chart of the Camera

Trajectories Using Ir_ktl Data

FEXT ICL-NUIM #5040 42 8 41 £ 4 47 ) 55 0%
R S B = dE S R A W B AR T R
TR — Y R R R R B S A X T
DG SFEA— R A 2 480 ORI T
AN AR AR /) 91 PR B B — ) A g R AR
WOHE 5 O 3 A B A ROR AR WA R T, (AAE
AHALBLT AL 177 10, , 8 2H H b vh ket Jig 4 2k BT Ak
T 09 ARAL B 3 5 Bk EE AR I S A

ARSI R, R R AE A R BSUR DA
KRB AL T 5 1 R R A B A R . 34



545 &5 9 W

FEERAE . — Pt DT A5 X 1k R I Y ElasticFusion % Py = 4 & #4401k 1475

O HORIEA A TR S5 b, R R 7
PR ANE R U RAE R B A E W R E 1

SH AR AR W] WA % 5,
JEL OGBS oSOt I SR 1 A R RO A R R T

12 T Ir_ke3 odls 5230 00 Le &)
Fig.12 The Comparison Results Using Ir_kt3 Data

P13 (R I k3 B By AL BT %) L 4]
Fig.13 Comparison Chart of the Camera

Trajectories Using Ir_kt3 Data

32 RBRBFLEEAEZR

it T oA 55 3 A B R AR B A Oy S 4K
i, X 30 X B FL R #EA T #b o 3 dyson_lab.
klg B4 A m i) = ZEA R AT Ay S 56 B A L SE 50 X T
w14 pros B 14(a) 2 R bE 55 = B8 5] 14(b)

HALTAE A G B R S B S m BT X T )
A JHE 454 7 A B LR 8 P ol 58l Ir_ktO BT A= 1SRG
Lz BT g S0 50N , S 3 X L i 18T 15 s
i iR D o VR DA ER R B I
Az s e TR A 5 v AT LA 0 b = 4
B R v A A B AL o %07 T O P 3R AL
TR A8 AN & R P 7 (R0 8 b il 3 5 O s A ML
25 A A S A Y R s AL AT — S R BR T

P14 13 DB 2 LR B AR S 56 06 E ]
Fig.14 The Comparison Results of Points Cloud Hole
Repairing in the Flat Area

FI15 R ACIERS 7= A 14 552 FLARE b 52 8 % L PR

Fig.15 Comparison Results of Point Clouds Hole Repairing Caused by Object Occlusion

4 4 iF

7% 3¢ £ B X ElasticFusion 2 v 7F — 4 55 4t
ok R v I SR S A R e A A L A R O 3k
TR I, I X = i A5 50 v R ) AR G 4 Ak 2 B

RN AR b 5 R R i B8 S = fLR R AT B
L DR TEE N s SRR AR . R
TR B AR AL 2 Ak 9 TCP 53k AT, X DR il
SN IROSR W R AT T Rk . e R R T kB
DE P X 1% Aty -, A 48 2R DI, il o g



1476 ) G ==

fi B F 2 R 2020 49 H

B DX PN BT A0 3 a5 AR DG C A5G 9% ] i 3 Y
P EN VT L 5 6 o 78 ICP B3k B 00 b B B L 38 1k 51
N 87 BRI 52 B T HE T Sy o A 1Y DG G A
FIOE B A AE AN ok Z2 I RETT S B JR By T4 T I
UE 75k 1 S

XF LS FR B 7 LT ARE (S B F 5 5 5
R R B TGO A AR S R RO I R A AR HLEL
T AR T I A R B R R T . e A T
PR Bk S Ao ) Sl T LA 3 o A
VT L S PR T BRI . RS R
e B 2R TR N B S (1 40 7 b AR AE KA
FEPAT 8% 1 b T Y A A B 3 S LR R AE
FRANEEMELT A JCE A EE AR, F
I, £ el ik IS 5 3k o A A AR AR ) AR 1) S R
HOre i e Xl T A ik S B 2 AR 1 L A&
A 2P TE T AR A R OR .

Z £ x #

[1] Mur-Artal R, Montiel ] M M, Tardos J D. ORB-
SLAM: A Versatile and Accurate Monocular
SLAM System[J]. IEEE Transactions on Robotics,
2017, 31(5):1 147-1 163

[2] Engel J, Schops T, Cremers D. LSD-SLAM:
Large-Scale Direct Monocular SLAM[ C]. European
Conference on Computer Vision, Cham, Zurich,
Switzerland, 2014

[3] Forster C, Zhang Z, Gassner M, et al. SVO: Semi-
direct Visual Odometry for Monocular and Multi-
camera Systems[J]. IEEE Transactions on Robotics,
2017, 33(2):249-265

[4] Newcombe R A, Izadi S, Hilliges O, et al. Kinect
Fusion: Real-Time Dense Surface Mapping and
Tracking [C].
Mixed and Augmented Reality, Switzerland, 2011

[5] Whelan T, Kaess M, Fallon M, et al. Kintinuous:
Spatially Extended KinectFusion [J]. Robotics &
Autonomous Systems, 2012, 69(C) :3-14

[6] Whelan T, Leutenegger S, Moreno R S, et al.
ElasticFusion: Dense SLAM Without a Pose Graph

IEEE International Symposium on

[C]. Robotics: Science and Systems, Rome, Italy,
2015

[7] lzadi S, Stamminger M. Real-Time 3D Reconstruc-
tion at Scale Using Voxel Hashing [J]. ACM
Transactions on Graphics, 2013, 32(6):1-11

[8] Dai A, Izadi S, Theobalt C. BundleFusion: Real-
Time Globally Consistent 3D Reconstruction Using
On-the-Fly Surface Re-integration[J]. ACM Trans-
actions on Graphics, 2017, 36(3) : Article 24

[9] Zeng M, Zhao F, Zheng J, et al. A Memory-Effi-
cient KinectFusion Using Octree [C]. International
Conference on Computational Visual Media, Bei~
jing, China, 2012

[10] Zhu Xiaoxiao, Cao Qixin, Yang Yang, et al. An Im-
proved KinectFusion 3D Reconstruction Algorithm
[J]. Robot, 2014, 36(2) :129-136 (AR5, # H
B, s, — R Y KinectFusion = 4 5 #4) &
LI WA, 2014, 36(2):129-136)

[11] Ye Qin, Yao Yahui, Gui Popo. Kinect Point Cloud
Registration Method Based on Epipolar and Point-to-
Plane Constraints [J]. Geomatics and Information
Science of Wuhan University, 2017, 42(9) :1 271-
1277, Wk 2, FEB . HE TR Kt 2y
HFAT Y Kineet s = FCHE 7] sRBUR 4R -
fif BB, 2017, 42(9):1 2711 277)

[12] Newcombe R A, Fox D, Seitz S M. DynamicFu-
sion: Reconstruction and Tracking of Non-rigid
Scenes in Real-Time [C]. IEEE Computer Vision
and Pattern Recognition, Boston, MA, USA, 2015

[13] Liu Haomin, Zhang Guofeng, Bao Hujun. A Sur-
vey of Monocular Simultaneous Localization and
Mapping[J]. Jowrnal of Computer-Aided Design &
Computer Graphics, 2016, 28 (6) : 855-868 ( X i
i, mEE, EE . TR AR RN ENS
b PRI RG £ 5 vk Rk [T ). TSR AL B i i 5 EDE 4
4R, 2016, 28(6) :855-868)

[14] Glocker B, Shotton J, Criminisi A, et al. Real-
Time RGB-D Camera Relocalization via Randomized
Ferns for Keyframe Encoding[J]. IEEE Trans Vis
Comput Graph, 2015, 21(5) :571-583

[15] Rusinkiewicz S. Efficient Variant of the ICP Algo-
rithm [ C]. 3rd International and Conference on 3D
Digital Imaging and Modeling, Quebec City, Cana-
da, 2001

[16] Tan Xin. Global Optimization for 3D Reconstruction
Based on KinectFusion [D]. Hangzhou: Zhejiang
University, 2015(i##k . KinectFusion = 4 & # i) ff
PEAELD]. BUIN TR, 2015)

[17] Liu Yongmei, Li Fengxia, Lei Zhengchao, et al.
New Hole Filling Algorithm Based on Boundary-
Feature Growing[J]. Jouwrnal of System Simulation,
2014, 26(9) : 1 916-1 921 (X vk # , 2= X, & IE
AR BT BURHE R R LI B R AR [T]. &R
Giflf H2E R, 2014, 26(9):1916-1921)

[18] Savchenko V V, Pasko A A, Okunev O G, et al.
Function Representation of Solids Reconstructed
from Scattered Surface Points and Contours [J].
Computer Graphics Forum, 1995, 14(4):181-188

[19] Niuchter A, Hertzberg J. Towards Semantic Maps



5545 5 9 W T B F 45— gk DG i A5 36k BRI 1Y) ElasticFusion 28 N = 4k & #E H % 1477

for Mobile Robots[J]. Robotics & Autonomous Sys- ANEIL R D]. B #T Tk K2, 2009)

tems, 2008, 56(11):915-926 [22] Yan Haiping. Research of Boundary Extraction and
[20] Yan Haiping, Wu Lushen, Chen Huawei. Hole Re- Hole Repairing Algorithm Based on Scattered Point

pairing Algorithm in Scattered Point Cloud Based on Cloud[D]. Nanchang : Nanchang University, 2014

Radial Basis Function [J]. Computer Engineering (2057 . BOEL A 2 SR B LA G B B 9T

and Design, 2014, 35(4) : 1 253-1 257 (2, % [D]. E&:FE KR, 2014)

FRAE, BRAEHE . BT AR ) R ol A HCRL A = AL B [23] Handa A, Whelan T, Mcdonald J, et al. A Bench-

SR BN T ARSI, 2014, 35(4):1 253- mark for RGB-D Visual Odometry, 3D Reconstruc-

1257) tion and SLAM[C]. IEEE International Conference
[21] Chen Mao. A Hole Repairing Algorithm for 3D on Robotics and Automation, Hong Kong, China,

Skull Model [D]. Hangzhou: Zhejiang University of 2014

Tcehnology, 2009 (R . = 4k fii -5 45 24 1) L i 1&

ElasticFusion for Indoor 3D Reconstruction with an Improved Matching
Points Selection Strategy

WANG Weigi' YOU Xiong' YANG Jian' LI Qin'

1 Institute of Geospatial Information, Information Engineering University, Zhengzhou 450052, China

Abstract: Real-time and high-quality 3D reconstruction of indoor scenes has been a research focus in the
field of augmented reality and robotics. However, the 3D reconstruction methods using RGB-D sensors suf-
fer from weaknesses such as poor local model quality and producing holes in points cloud models. The two
key factors that affect the quality of 3D reconstruction are the accuracy of the pose parameters derived from
points cloud registration and the accuracy of loop closure. Firstly, an improved ElasticFusion algorithm is
proposed to achieve better reconstruction quality in real time, which is achieved by improving the strategy
of searching matching points in the iterative closest point (ICP) algorithm. Furthermore, radial basis
functions are used to construct implicit surfaces in order to fill holes in the point clouds models that are
generated in the previous step. In the end, benchmarks such as ICLL.-NUIM are used to evaluate the pro-
posed algorithm. The experimental results have shown that our algorithm can significantly improve the
quality of model reconstruction and the accuracy of the camera trajectory estimation.
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