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Three-dimensional reconstruction of large-scale scene

based on depth camera
LIU Dong-sheng, CHEN Jian-lin, FEI Dian, ZHANG Zhi-jiang”

(Key Laboratory of Specialty Fiber Optics and Optical Access Networks,
Shanghai University, Shanghai 200444, China)

% Corresponding author, E-mail: zjzhang@ shu. edu. cn

Abstract: Aiming at the problem of camera drift and low-quality reconstruction caused by accumulated
errors in pose estimation for large-scale reconstruction, we proposed a method to reduce accumulated
errors. First, based on the model fused by the latest K depth and color images, the geometric and
photometric error of the input RGB-D image were minimized to track the camera. Then, if the dis-
tance between the camera position and the subvolume center was more than a given threshold, the
subvolume was shifted by multiples of voxel size, the camera was continuously tracked and the local
scene model was reconstructed based on the newly created subvolume. Finally, the corresponding sur-
face points were searched by the iterative step method between subvolumes, and the global camera
trajectory was optimized by Euclidean distance and photometric error between the correspondence.
The experimental results based on the dataset show that the camera pose estimation accuracy is im-

proved by 14. 1% than the current method, and the global trajectory optimization accuracy is improved
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by 8%. The system designed in this paper can also reduce the accumulated errors in pose estimation

and reconstruct a high-quality scene model for self-collected data.

Key words: computer vision; depth camera; accumulated error; three-dimensional reconstruction
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Tab. 2 Reconstruction time for four different methods
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Tab. 3 Influence of different weight 6 on ATE (m)
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Tab. 4 Influence of iterative step e on ATE (m)
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RMSE 0.161 7 0.122 3 0. 112 6

F b AR 2 0 2 2R TR AR SR Y Y = A R
T3 AT s AL Al T v i R AR 22 L 15 B R AR AL
L TIOR8

BtxE RIS A L AR BLAL A TR BB R
26 B PLIERS | F AR AR R B i IR A [ AL 4R T
ST REFPLA B = 4E g BT % . Xt
T D TL AR 45 K9 R IE 14 37 5 b o AU R B2 A B
R EZ AL 55 T 2 WO Ta) AL, 405 45 TR B DR (8 0 i
AR 5 8 14 7 3R IR AR AL 5 &1 X 6 224 31 vh A7
1E RERZE R A5 & TRIE AR G f5 B LRl &
J7 s AE R Bl A Al v 41 3k AU R U 5 4R
B THIDOE IO I LGS 7 A5, 8 B I B 8 R JBE £ 6
N AR ARAL R AL 2

AR SCAE AL e = 4 A QLA L B2 TR
OfERERG T R I e R AT A RS
K m TAAPLPLE BORTB6 . 52 T IR AL
{1 B A D7 ¥E X LG, AR SR Y A B 7 IR AR LB
KEBERTT 14, 106 5 T 52 bR BN 52 36, AR SCT5 vk
AE 52 IR 6 Y AH LR 2% , 5 8 vy o o 1) 3 SR AL
W R SEPR B 5 oK . AR SCHY Bk 5L T B AT CPU
S A A B TR I AR SO I — 4l
PRZ RIS 2R = 4k 5 AT IH AR R, DRI BR ) T



242

s

K% TR

5 28

EAN R RN, 5 S T AE BB R k3
CUDA ¥ &, i F GPU hn#, [& Wi Oc-

S Uk

(1]

(2]

(3]

[4]

(6]

(7]

(8]

[10]

[11]

NEWCOMBE R A, 1ZADI S, HILLIGES O, et
al.. Kinect
Mapping and Tracking[C]. IEEE Computer Socie-
ty, 2011:127-136.

SZYMON RUSINKIEWICZ, MARC LEVOY. Ef-

ficient variants of the icp algorithm[]].

Fusion: Real-Time Dense Surface

Interna-
tional Conference on 3D Digital Imaging Model -
ing. 2001.:145-152.

H ROTH, M VONA. Moving Volume Kinect Fu-
sion[ C]. Proceedings of British Machine Vision
Conference, 2012:1-11.

WHELAN T, KAESS M, JOHANNSSON H, et
al.. Real-time large-scale dense RGB-D SLAM
with volumetric fusion[ ]J]. International Jouwrnal
of Robotics Research, 2014, 34(4-5) :598-626.
FIORAIO N, TAYLOR J, FITZGIBBON A, e
al.. Large-scale and drift-free surface reconstruc-
tion using online subvolume registration[]J]. IEEE
Computer Vision & Pattern Recognition, 2015:
4475-4483.

XINGYIN F. FENG Z. QINGXIAO W. et al..
Real-time large-scale dense mapping with surfels
[J]. Sensors, 2018, 18(5):1-19.

ZHOU Q Y, MILLER S, KOLTUN V. Elastic
Fragments for Dense Scene Reconstruction [ C].
IEEE International Conference on Computer Vi-
sion, 2013:473-480.

CHOI NS, ZHOU Q Y, KOLTUN V. Robust Re-
construction of Indoor Scenes[ CJ. IEEE Confer-
ence on Computer Vision and Pattern Recognition,
2015:5556-5565.

DAT A, MATTHIAS NIEBNER,
ZOLLHOFER,

MICHAEL
et al.. BundleFusion: real-time
globally consistent 3D reconstruction using on-the-
fly surface re-integration[ J]. ACM Transactions on
Graphics, 2017, 36(4) . 3054739.

CURLESS B. LEVOY M. A volumetric method
for building complex models from range images
[J]. In SIGGRAPH International Conference,
1996:303-312.

LORENSEN W E. CLINE H E. Marching cubes:

a high resolution 3D surface construction algorithm

treel"™ 5 Voxel Hashing™ 3 3 7~ 8 @t 23 7] , LA
fEE# T KI5,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J]. ACM Siggraph Computer Graphics, 1987,
21(4):163-169.

ERIK BYLOW, OLSSON, FREDRIK
KAHL. Robust Camera Tracking by Combining
Color and Depth Measurements[ C]. IEEE Inter-

CARL

national Conference on Paltern Recognilion,
2014:4038-4043.

WHELAN T, JOHANNSSON H, KAESS M, et
al.. Robust Real-Time Visual Odometry for Dense
RGB-D Mapping[ C]. IEEE International Confer-
ence on Robotics and Automation, 2013:5724-5731.

BYLOW E, JURGEN STURM, KERL C, et al. .
Real-time camera tracking and 3d reconstruction u-
sing signed distance functions[J]. Robotics: Sci-
ence and Systems, 2013:35-42.

Fy, 4, 585, F. RESRLUEH Y
AT GPSHB AN E B =4 E#[]]. £F #
% 142, 2017, 25(6): 1607-1618.

ZHANG ] Q, JIANG T, GONG ZH H, et al..
GPS-supported 3D reconstruction of UAV images
based on robust Lie-algebraic rotation averaging
[J]. Opt. Precision Eng. , 2017, 25(6): 1607-
1618. (in Chinese)

B, B, KA. BT RO %L 4
ERSHMA] LF HE &, 2017.2503):
555-561.

XUE T, RUAN W P, ZHANG SH J. 3D recon-
struction and optimization of dense bubbly flow
based on laser scanning[J]. Opt. Precision Eng. ,
2017, 25(3): 555-561. (in Chinese)

BEF, TR, BT, F. G E A AR
GRS A E AL k¥ HE T, 2018,
26(1). 184-192.

GAOZHY,GUY Y, LUY Y, etal.. Face re-
construction fused with generic morphable model
[J]. Opt. Precision Eng. , 2018, 26 (1); 184-
192.
LIU H, LI C, CHEN G, et al.. Robust key-
frame-based dense slam with an RGB-D camera
[J]. IEEE Computer Vision and Pattern Recog-
nition, 2015:1-12.

FRANK STEINBRUCKER, KERL C, CREM-
ERS D. Large-Scale Multi-resolution Surface Re-
IEEE

(in Chinese)

construction from RGB-D Sequences [ C].



551 XIARA A B T IR AL R 5 = e st 243

International Conference on Computer Vision,
2013:3264-3271.
[20] NIENER M, ZOLLHFER M, IZADI S, et al..

EEE A

XFRAE1994—), 55, WAL +HEA BTk
WF5EAE . 2017 45T B lg o AR A 24 &
A, FENF AN S = e i
FHE A, E-mail: liudongsheng 10
@163. com

Real-time 3D reconstruction at scale using voxel
hashing [ J]. ACM Transactions on Graphics,
2013, 32(6):1-11.

BIiEE .

L1968 —), B, Bl AL W, #
Bt R0, 1991 4E T i RIERHE
REEHAG T2 2 22 7, 1996 4R 1999
AR TR IR I ok K 2% 43 3] 3R A2
AT 2l 2, 32 28 A BT b 3L
B8R BT 4 R =4 1 R S T T
FYBTSE . E-mail: zjzhang@shu. edu. cn



