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Fully online stereo direct vision SLAM algorithm

JIA Yan-han*23T, ZOU Feng-shan1’2’4, XU Fang1’2’4, DU Zhen-jun1’2’4, LIU Ming-minl’g’4

(1. State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016,
China; 2. Institutes for Robotics and Intelligent Manufacturing, Chinese Academy of Sciences, Shenyang 110169,
China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Shenyang SIASUN Robot &
Automation Co., LTD., Shenyang 110168, China)

Abstract: Visual simultaneous localization and mapping (SLAM) plays an important role in the outdoor work of robots,
such as field exploration, positioning and reconnaissance. In order to make the robots work better outdoors, this paper
proposes a fully online real-time binocular direcnt vision SLAM algorithm which is not limited by the fixed vocabulary
of the bag of word. As a direct vision SLAM, the system mentioned in this paper can make use of any image pixel
with sufficient intensity gradient to make it still have strong robustness in the area lacking feature points. The system
algorithm introduces binocular static residual constraint and sliding window optimization to remove occlusion to enhance
the tracking accuracy of the system, adds closed-loop detection and pose map optimization modules, and establishes an
online bag of word, so that the system can still work in a large-scale and unfamiliar environment. The performance of this
algorithm is evaluated on the public EuRoC dataset and KITTI dataset. The positioning accuracy of the proposed system
is better than the most advanced direct visual SLAM system, and is robust to indoor scenes and outdoor scenes.
Keywords: stereo direct method; online bag of word; loop detection; remove occlusion
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B TR RS 25 137 5N HEAT RS B SOR AT LE.
F1 MRBRIPEEINLATE  #0m

Seq.  length SVO!"Y  sereoDSO  OV2-SLAM'®  ours
MHO1  79.84  0.04 0.05 0.05 0.04
MHO02 7275 0.05 0.05 0.04 0.05
MHO03 130.58  0.06 0.07 0.05 0.06
MHO04  91.55 X 0.16 0.12 0.11
MHO05 9732 0.2 0.08 0.10 0.07
V101 5851 0.05 0.05 0.09 0.05
V102 7572 0.05 0.06 0.08 0.06
V103 7877 X 0.22 0.17 0.18
V201 3634 005 0.04 0.10 0.05
V202 83.01 X 0.10 0.10 0.08

Fz2 MEESLAMABEXLEATE  Hfi:m

Seq. ORB-SLAM2®' ORB-SLAM2(RT)!'" OvV2-SLAM!"" ours

MH 01 0.04 0.14 0.04 0.04
MH 02 0.02 0.12 0.04 0.05
MH 03 0.03 0.31 0.04 0.04
MH 04 0.12 0.25 0.06 0.05
MH 05 0.06 0.28 0.07 0.06
V101 0.04 0.18 0.09 0.05
V102 0.02 X 0.07 0.06
V103 0.05 X 0.09 0.07
V201 0.04 0.29 0.07 0.05
V202 0.04 X 0.06 0.06

3.2 KITTIHIRE
321 JHRSRLS

KITTI AR S 52 6L T = 40 KM 5 i 0 H P
FIIE 4 PR MG . 78 KITTI R 2 B s i

oS B 23 G B T AL IR 25 BRIE 24 2 I P A
TURR7 28 Pl e AR ABE P 4 28 1) A8 Y ) HEAT 31
S, BIE A58 73 SO ) SR ROR.

R3 TRALKHNE BRI SLAME A HRSIE

Seq.  ORB-SLAM2'®' ORB-SLAM2RT)!'Y 0Ov2-SLAM!'"Y ours

MH 01 0.04 0.14 0.04 0.04
MH 02 0.02 0.12 0.04 0.05
MH 03 0.03 0.31 0.04 0.04
MH 04 0.12 0.25 0.06 0.05
MH 05 0.06 0.28 0.07 0.06
V101 0.04 0.18 0.09 0.05
V102 0.02 X 0.07 0.06
V103 0.05 X 0.09 0.07
V201 0.04 0.29 0.07 0.05
V202 0.04 X 0.06 0.06

MFE 3T LLE H, 6 X H DSO 2 Bk — 2 44 4 G
P BLRR T ALK BE R AR B T — E 4T 12
BN PG AR SR A A 28 B LA 2 i, 76 R DAl 28]
IR 7 51 b, SR G010 58 AR FEAR 3 T BRI R T,
BEAR T A 5 SR 10 B iR 2. 76 B 4k i S A O
ARSI R P PR ) 08, 09 7 41) -, A FH 9 2 ] SR A5 1Y 11
ZRGRE B RS L FL AR U AR b TS B R AR Ak, T A
FATE 281 S8 R [R5 L, 7E 08, 09 1X B A IE FH - 58
2 1A SR I PR B 7 ) L AR SR AT LIRS I 1) PR I 3
AT AL EARAL, AT B T A 5 80R
322 S5IARXEHMHENLSLAM B R

K P Z8 45 1) PR PR R SRR A7 28 PR A A e,
P AR 1356 4 5 X H DSO.ORB-SLAM2 [ 3 B
FETE LSD AL 5 BLRR THHEAT PRI, K 2 VP Ay 45 R
AP, 5 NALHIEEXH DSO. ORB-SLAM2
7£00. 04,0509 /741 _F- [R5k 5 b

x4 MREEHHEEILL

stereoDSO'®! ORB-SLAM2'®! LSD-vO®! ours
Seq.
tre1/% et /(°/100m)  tre1 /%  Tre /(C7100m)  tre /% Trer/(°/100m)  tee1/%  7rer/(°/100m)

00 0.84 0.26 0.83 0.29 1.09 0.42 0.79 0.27
01 1.43 0.09 1.38 0.20 2.13 0.37 1.41 0.16
02 0.78 0.21 0.81 0.28 1.09 0.37 0.73 0.25
03 0.92 0.16 0.71 0.17 1.16 0.32 091 0.15
04 0.65 0.15 0.45 0.18 0.42 0.34 0.68 0.12
05 0.68 0.19 0.64 0.26 0.90 0.34 0.61 0.22
06 0.67 0.20 0.82 0.25 1.28 0.53 0.72 0.18
07 0.83 0.36 0.78 0.42 1.25 0.79 0.76 0.32
08 0.98 0.25 1.07 0.31 1.24 0.38 1.03 0.22
09 0.98 0.18 0.82 0.25 1.22 0.28 0.92 0.18
10 0.49 0.18 0.58 0.28 0.75 0.34 0.65 0.22
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BART S, A SCEIE R E ALK B RIEFRK
P AR AR A B 4 £ o B4R T XU H DSO 5%, 15 ORB-
SLAM?2 53 11 K FE 2% S AH 24, {H ORB-SLAM2 3%
HAEAE AT DU e ARG B ORIE SR T & BA AL, H
W TT CAE W 7R 3 & DAl FE v, 25 B ds— e

HOH AR A AT DASR = DA AR, S g A L.
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x5 FHBEXERNSLAM RSB EXLE

ORB-SLAM2!%! LSD-SLAM"! ours (B£k)
Seq.
tret/%  tre/(C/100m)  taps/m tpe/%  Tre/(C/100m)  tape/m trel/%  Tret/(°/100m)  tape/m
00 0.70 0.25 1.3 0.63 0.2 1.0 0.62 0.23 0.9
01 1.39 0.21 10.4 2.36 0.6 9.0 1.42 0.10 8.7
02 0.76 0.23 5.7 0.79 0.2 2.6 0.74 0.22 5.0
03 0.71 0.18 0.6 1.01 0.2 12 0.69 0.14 0.6
04 0.48 0.13 0.2 0.38 0.3 0.2 0.51 0.16 0.3
05 0.40 0.16 0.8 0.64 0.1 1.5 0.44 0.15 0.8
06 0.51 0.15 0.8 0.71 0.1 1.3 0.53 0.17 1.0
07 0.50 0.28 0.5 0.56 0.2 0.5 0.48 0.30 0.4
08 1.05 0.32 3.6 1.11 0.3 3.9 0.96 0.22 32
09 1.05 0.32 3.6 1.11 0.3 3.9 0.96 0.22 32
10 0.60 0.27 1.0 0.72 0.3 1.5 0.68 0.24 12

MRS H AT LUE A S I B R B T
ORB-SLAM2 Ff1LSD-SLAM #.7%, H ORB-SLAM2 %}
TR AIE R SR, A 59 SO Bl | X b R 2
R AR T AR SCRLEAL A AR R MGG FE R ZE 1)
J71:, AT LA 4 55 S0 X 0 AL T B A S

47T LU, 78 B A PR3 [ I B0 4 b, AR S 1
ARG R B AR T X H DSO H.y%, 6 Bor 7 007
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ORB-SLAM2!!% Ov2-SLAM!™! ours
Seq. ours(F£5)
RT(10 Hz) RT(5 Hz) RT(10Hz) RT(5 Hz) RT(10 Hz) RT(5 Hz)

00 0.9 10.74% 3.79 1.17 10 0.94 0.88
01 8.7 341.81 71.62 31.95 26.34 22.62 18.34
02 5.0 X 34.26 6.24 6.45 6.04 5.68
03 0.6 2.55 0.58 1.25 12 0.55 0.60
04 0.3 5.76% 3.86 1.18 1.7 0.95 0.65
05 0.8 9.15 3.70 1.44 1.3 0.73 1.25
06 1.0 x 4.92 1.27 0.17 1.34 0.64
07 0.4 1.07 0.53 0.37 0.3 0.25 0.32
08 32 5.41% 3.81 3.68 3.7 3.10 2.56
09 32 5.11% 2.92 1.59 1.8 1.32 1.22
10 12 2.91% 1.11 0.66 0.64 0.78 0.84
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