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Abstract: To ensure accurate motion control and safe operation of unmanned engineering vehicles in
complex terrain, the construction of high—precision semantic map is one of the key tasks. Firstly, the
unstructured terrain scanning was performed by UAV tilt photography, and a continuous terrain point cloud
model was obtained by implementing the filter denoising and hole completion. Then, a Sobel-G operator
was introduced to establish the digital gradient model, and combined with actual vehicle driving state in
vehicle—terrain dynamic model, the key safety—assured semantic information was further extracted. Finally,
a multi—layer map is constructed, which including terrain point cloud model, digital elevation model, 2D
RGB model, digital gradient model, risk obstacle and driving safety semantic informations. Experimental
verification is conducted in an unstructured terrain environment, and the effectiveness of semantic map is
validated through terrain mapping and semantic segmentation. The experimental results show that the
intersection over union of risk obstacle semantic segmentation reaches 81%. The extended steady-state
margin angle based on the vehicle—terrain coupling model accurately characterizes the unstable motion state
of engineering vehicles and can effectively achieve the semantic segmentation of regional driving safety
levels. This work further enriches the semantic information layer of unstructured terrain and provides more
decision—-making basis for the autonomous driving of unmanned engineering vehicles, which improves the
operating efficiency of autonomous construction.
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Fig.1 Construction scheme for unstructured terrain
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Fig.2 Format model based on terrain point cloud
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Fig. 3 Safety semantic segmentation considering

vehicle—terrain coupling model
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Fig.5 Coordinate system of articulated engineering vehicle
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Table 1 Main parameters of engineering

vehicle prototype

L,/m 048 || L,/m 0.48

H/m 0.23 || W/m 0.32

M,/kg 23.6 G,/m (0,0.32,0.08)
M./kg 2.6 G,/m (0,0.23,0.21)
M,/kg 31.9 G,/m (0,—0.24,0.20)
(M,/M;)/kg  16.8 (G,/G;)/m  (0,£0.48,—0.03)

JRUIGG: I ek 4 v o 5 2 i B R A 0 3B AR
TR 400 100 i 25 0 R A 2 A 11 6 Fr 7

o ,)H;.,) [B::El[
Bl

3 ol e

(a) AR (b) Ut (c) UES
Ele KEIBEMHHSMMIRE

Fig. 6 Static rollover process of articulated

engineering vehicle
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Fig.7 Semantic segmentation of risk obstacle
2.3 XEREERENSE

SO AR S MBI v B A B 22 4 N ik — 20 7 B
EW S Z M SBBN KR, EHEE6ME
W s SRl R AR S e
F A T ] it 09 I R AR A AR i 1 (Steady-state
margin angle, SSMA) fig i 4 &4 & fiF £ 4% 0 T2
A S M BAR E . T SSMA TR
G RSB AR ABT, 2 e 5 AR 2 1fT , 42 th —
Pk B9 i SSMA WP 8 BT .

W 8(a) fr s, 24 4 A T A8 R AW, &

(0) KR

(2) ERE (b) —&R%

B8 yRIRSRER
Fig. 8 Extended steady-state margin angle

R E X E AN, WE 8(b) TR, 4E H FAT
i SF i AGP,P,. AGP.P,, AGP P, . AGP,.P,,
AGP, P, 21 150 0T DX ] PN B, 22 4 0 6] 28 A )
A5 2 1 O 002 2, s Ah T — R RRCIRZS .
B 8(c) i, ik A I F i F 1 AGP P,
AGP,\ P, . AGP, P, Fl AG PP, 41 1 4 e N5 X
] B, ZE 3 i A R AR e AR A
N T RGP R SSMA, 75 8 4% SF 1 9 1)
W, — G RO T A B 1) A 7 = { s, ps
Nace,p, ) AL IE BT T 205
tisorp. = GPy X GP, disop,p. = GP,, X GP,
(13)
TG RSOV T B 1) AT e 2R A
S, B 77 F VRT3 ik 4 0 i T RR [ o R AR
CIRYE R

F=M(g+a) (14)
i 1,97 SSMA W 3RIR
Fu, n
¢ = max| arccos| ||~ &
’F‘ n, 2
(15)
Fon, n
¢, = max| arccos| ———— | |~ &
‘F s 2

Krfg W —HREREM, EGNRES —REK
T V- T Z (8] (4 e /NI A 5 o T RS R R L R
B R R R T T 2 IR A /NI A

BTV R SSMA, B4 TR 417 3R &
Efﬁ‘ﬂ?f%:®¢1<O,¢2<Oﬁd‘ﬂ‘7%%>’ﬁ7§;@‘/}1
>0, 0B R —FRBRE; D¢, =>0,¢,>00f
h T GORFRRAS ol AR IR R S R
O I AR BEHE S I A B, AT LA S IR B0 250K i A5 2
PR SSMA . 454 (7))~ (10), /] LATFA H 44
TS R 5 8 XY AR R, R T o T e R A
RUHEAT RG], DL B ATE Z J7 ) b i R
&, 455 (13)~(15) 38 i _F iR Aspr Al LAgR 1S
B A RS T A 325 1) R4 7 1) i, DTG S R 4 4
TR A I R RS A B

28 RO 40 N [ B =) By T 9 atd =7 N [ O
0 42 b, 13, SRy SRR B A A2 A A Ak 1 i A AT B X
S PR P B R RS K AR T AR R BT
i KA 1) R0 B KA B 1) 3 I B, A AL 1) A



- 1284 - THRXFEFFHR(OT FR)

% 56 %

BCE AR B P LU RS AR YA AT AR L 84
Jriml o RARR T 24 MR A G R E E TR
A3z 2 J7 1) T AR AR A AR &L 9 B /i SRfigk I ik
B 24 B2 & v A7 IR S B 22 B9 97 SSMA ] Iy

B9 EXHMETHXIE

Fig.9 Driving area calculated by orthogonal solution

i A 7 - TR A R R R AR T SSMA,
T i 25 XIS B B ) B9 Btk b, E— 0 2 IR AT
B A B A58 S REE 75 RHIHOE Tbs T I X
G A G S, AN 10 B s AR AR T DR A s X R
173022 Al SCor R 3G 7 X — G
I DX SR — R FE I X sk NIRRT DL M BB
s I JEE F) HE AT, — £ A I8 DX SR 2 A R X R
B G 22, HL g0 I X 30 R R Y AR
W HBIE v, (A5 A 00 38 XS, 7 A b R AT B 2 4
PG R B AR, O AR 42 AT A A 2 de it 1

fE B T AR R

i

(b) —~FREKEADA

Slope
() M R BB

(o) ZHREREAIAM (d) RIBRE%Y
E10 RBZREZERHELHE

Fig. 10 Semantic segmentation of driving safety level
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Fig. 11 Multi-layer map for unstructured terrain
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Table 2 Checkpoint error of terrain model
;A 1 2 /m R A o P22 /m

1 0.064 14 0.072
2 0.086 15 0.038
3 0.036 16 0.056
4 0.052 17 0.044
5 0.102 18 0.046
6 0.106 19 0.066
7 0.084 20 0.052
8 0.042 21 0.030
9 0.012 22 0.072
10 0.032 23 0.066
11 0.084 24 0.090
12 0.070 25 0.062
13 0.046
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Fig. 13 Comparison of semantic segmentation of risk
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