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Machine vision-based multi-dimensional environmental mapping method for
legged robots with global large-scale and local high-resolution capabilities

Chen Chen,Wang Jinyu, You Bo,Li Jiayu,Zhang Shuzhen

(School of Automation, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: Addressing the issues of single-dimensional environmental information perception, inefficient dense map creation, and
insufficient environmental detail information in sparse maps during visual perception of external environmental changes for legged robots
in outdoor environments, this paper proposes a machine vision-based multi-dimensional environmental mapping method for legged robots
that achieves global large-scale and local high-resolution capabilities. The method employs a visual SLAM algorithm combined with RGB
images and depth information to achieve camera pose estimation and generate environmental point clouds. Furthermore, by employing the
improved voxel filtering to reduce point cloud density and utilizing ray projection to create virtual points, the method realizes global large-
scale and local high-resolution environmental geometric dimension map creation. Based on this foundation, targeting the requirements for
environmental physical dimension information perception of outdoor legged robots, the method implements high-precision semantic
segmentation of outdoor terrain environments through an improved SegNet network. It further utilizes terrain optical characteristics and
surface structural features to establish a mapping from terrain semantics to terrain physical layer attribute parameters through a decision
model, thereby achieving the creation of terrain physical dimension maps. Finally, through the fusion of terrain geometric dimension
maps and physical dimension maps, the creation of multi-dimensional environmental map for outdoor legged robots is accomplished. The

rationality and effectiveness of the proposed mapping method are validated through physical platform mapping experiments. The
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experimental results demonstrate that the proposed multi-dimensional environmental mapping method exhibits significant advantages over

traditional mapping methods in terms of mapping performance, environmental key information extraction, and perception dimensions. It

is more suitable for improving legged robots’ comprehensive non-contact understanding of environmental information during outdoor

movement, thereby enhancing the environmental adaptability of legged robots in outdoor environments.

Keywords :legged robots; environmental information perception; improved voxel filtering; multi-dimensional environmental map
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Fig. 12 Jethexa visual hexapod robot
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Table 2 ORB-SLAM2 environment configuration

L/ hA
python 3.8
Eigen 3.2.10
panglion 0.6
OpenCV 3.4

PCL 1.9
octomap 1.8
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Fig. 13 Image sequence and voxel filtering
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Table 3 Point cloud quantity after voxel filtering in

different experimental scenarios

SRR BIREREEE BORRIEE BRI
Y5l 66 094 36 963 18 472
Y2 54 675 37 685 14 767
Y3 58 169 36 720 24 577
Yisc 4 65 170 35 107 18 472
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Fig. 14  Creation of global large-scale and local high-resolution

environmental geometric feature map
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Fig. 15 Map construction comparison between

FAST-LIO2 and ORB-SLAM2
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Table 4 Average time for system to process a

single keyframe
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Y5t 1 65 238 194 324 224 148
BE2 073 287 176 296 165 108
Y53 88 325 156 339 186 115
g4 152 449 302 286 154 97

25 LR ARSI A SR RORUEE | JR) 0 i 0 Bk 10 36
S8 JLART A5 it P 7 5K o 1 50 ] B B2 114 - 2% BT 1)
FH PO I8 5 b 25 — 26 HAH I TSl e B
BRI, A AR T R UL AR A B A PR S Y
TR RCR G S, 6 K CHLAs N BF A1 35 858 2 151 A
SRR

3.2 Block-SegNet M£&iXI8 54 RO

1) BOE R BE U PEA $5 B

Segs b {2 JF AN S 48 RELLIS-3D X Block-
SegNet FEATYIZRAIIMIR " . RELLIS-3D J&—>%& N Bf4h
BLER AWV A E R4, B A S RE o R
FE ESHHEARNI R, ZEAHE R T AQM K2
M Rellis £ XCRAR s 1 ARGHHE A2 P R85 B8
FALE 6 235 7K RGB KM $24I TR ERL UG ERM A =
T SURRES 5 B 20 AN, 5 e T WEATHE KB IR
IR A b T A AR, AR SO FZ s S
11 Fb IS5 K BRI 2 vk 3 251 sk IR s il
SRAER 1 943 FRIEMGAL A IALE

K AT (mean intersection over union, mloU)
FE R IR ZE S PPN e bR . P35I L 218 o E A
WERE R, 1 0 1 I 265 (1) S ARG B 5 58 - BL e LS N il
MHEPI N EA S S B2 L, K, RN H &
B BB AT A PR 28 O 1 RE AR 5 S 258 I LU A i A 2 )
I I, TR A= (14) FiR

1 & e,

mloU =52, TP+ FN, + FP, (14)
Ao, N R RIEL, AR T NN 11; TP,
FORPEFRBN S m FMG F B FN, FRAHIE
BERSHER m SRR R FP, R AN Z I Bk
WHIREE m BAG R EE

2) Block-SegNet 575 431 45

ARl FH 2k Y Block-SegNet B 2% HEAT 5286, IF 5
SegNet LA L, 78 RELLIS-3D #d 4 b Il g Azt
SR 32 IF L AR R i e W] 16 TR, SegNet 1Y
SRS I ol 73.70% , I 2R A0 Ok B AU B & 0. 126
Block-SegNet [ F-338 I LIk 5 75. 11% , I 2 2k fe &
SR 0.091, MHZ T, Block-SegNet FS-3432 I L 2
FHT 1.41% , H A58 eR BB 55K, 38 B 2l 2 1% Block-
SegNet 45 FETE S EIT 55 b HAT S I i I ik M
W E A ERE . 7E RELLIS-3D B8 42 38 o) 28 45 751 43
FNGERWE 17 Fron % IR RN B AN b i 5 2 U Ak
IR, AR SCHEH 6 5KAS ] A BT A/t 6 RS AE 360 55 1 5l
AR K RS 45 2 R e | N Hnl LUE 5848
SegNet P28 AH LL A, A< SCH 3 A9 202E 1Y Block-SegNet 9]
25 0F RELLIS-3D s 48 i i 45 I HoA Har i PERE, /N
RUE EAR o F0RG o & S AU E . 255 R 16 17
ALLE AR SCHR A9 3E T i A9 Block-SegNet 151 7Y
I 24 ik e g 1) B0 BRS8N i 1 Al S 2 R
FRAEA A ROR) L, 38 3 A [R) 42 2% B2 11 SegNet £33k
PRI S T A R R E BEEURE 1, A Rk i oy
SR L, T LS b ) T T B AR ERBE v i 42 S I AR
W,




224 e M & 2

a6t

o
n

—s=— Block-SegNet
— SegNet

BURIPHIZIEL
o o
(TS

<
o

o
=

0 20 10 % 0 100
B 74
16 Bilkf) SegNet ML 258 L 2k

Fig. 16 Improved SegNet network loss and mloU curves
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Fig. 17 Network model segmentation results
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Table 5 Block-segnet comparison with other network models

GES mloU/ %
UNet 71.04
DeepLabV3+ 74. 65
SegNet 73.70

Block-SegNet 75.11
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Fig. 18 ORB-SLAM2 feature point extraction
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Fig. 19 Semantic segmentation results
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Fig. 20  Global large-scale, local high-resolution

multi-dimensional environmental map creation
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Table 6 Storage space of multi-dimensional environmental

map construction under different datasets (MB)
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Table 7 Average processing time per keyframe in

SLAM system (ms)
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Fig. 21  Friction and stiffness mapping
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Table 8 Friction coefficient level

1 <0.1

2 0.10~0. 25
3 0.25~0.50
4 0.50~0.70
5 0.70~0. 80
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Table 9 Stiffness level

FR R/ (N-m™")

1 <0.1

2 1.3%x10% ~3. 4x10°

3 1.7x10°~9. 5x10°

4 2.3x107 ~3.4x10°
4 #
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