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Abstract: Teleoperated driving is an important approach for efficient lunar rover exploration. However,
communication delays may cause a temporal mismatch between environmental perception and command
execution, increasing safety risks during rover operation. To address this problem, this paper proposes an
incremental lunar orthophoto map stitching and risk anticipation method for continuous teleoperated driving.
Considering the near-field blind zones of lunar rovers, discontinuous environmental representation across
successive fields of view, and the vulnerability of image features under weak texture and strong illumination
variations, an incremental orthophoto mapping framework is developed. The framework integrates stereo
reconstruction, local orthophoto generation, multi-frame point cloud registration, and incremental fusion to

achieve coordinated stitching of terrain geometry and image texture, as well as continuous environmental map
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updating. Furthermore, terrain slope, roughness, and texture information are fused to construct a risk cost

map, which is overlaid with rover trajectory and heading information to generate a motion-aware situational

map. Experimental results show that the proposed method can stably generate orthophoto preview maps with

good geometric consistency and spatial continuity in complex lunar surface environments, providing intuitive

and continuous risk anticipation support for ground-based lunar rover teleoperation.

Key words: lunar exploration; teleoperated driving; binocular vision; incremental orthophoto mapping; risk

awareness
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Fig.1 Scene schematic of lunar rover teleoperation system
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Fig.3 Experimental system for continuous teleoperated driv-

ing on lunar surface

WCH AL PR B E N 192015 K X1 08014
ELKEW A 757, WH LK E N 0.24 m, M
ML 42 32 /A0 /4 o 20°, DEM 43 3 %3% 5 0.02 m,

IE 5 & 43 BE R 5 DEM f 4 — 350, X AR R %
5018 F /m. A ARIE A B —20hE XH BB 5
LR TR ) 25 B 2 A7 G b B S5 K TR 2B i)
] 7 % 4 0.08 s, S5 #F Ubuntu 20.04 5 ROS #
B R is 47, kb B 2% 4 Intel Core i7-12700H, N 7% 1
32 GB, MG AL B | 85 2 e o 55 b 121 44 32 28 AR
OpenCV 5 PCL %8,

SRy M1 AR 67 $H 5 A 05 R v M R I
K A 1 S B T 5 2 TS I AEE 3 R 2 G 1 T R
BL o IERRE AT, &G04 3 itk B 1 it £ 4 g ok
DR BT 5 5 12 Wi TR R 2= B8 I S PR R0 76 R R
e I8 TC TR JOT 0 AN W R ORI A A 4, UG A 408
ST ED FF RS A BT I G B T Ak S A B B AR A
K7 F 3 b Y BT iR 25, AE S B TR B Ll |
AN 5 GICP Jay #f JUART AR 1E 5 24 T o BT 5 A 2 I,
DR A A (AR R AR e 3 i BB 7 2. R G
H B DEM B IF 59 18 4 R Sr B P & )R
IR DX 35k ] B 25 44 TR, % A 380 o 82 D i 28 802
HEAT A3 AT 5 Bk
3.2 EBMESHEERERDH

Jry F8 UE S L AR T S A S ) S 2 4 )R PR
[ 3 2P, PR B e R B L AT K 52 5 JRy A A A5 14
GERAIEAT TR . LI R W], 7R BH M2 A T IEHE
M W R I LR AR B R DEM BB
B AR BR 210 05 H% 1w B R AR, O 5 S0 Br il
R REF— B LS R | 5 iR 3
PR 285k 1E S 5% 5 w] B sy g — L 2R 5k, A
T A 28080 55 A0 AL A 2 ok 1 JLART g A% o [ 4 25
TEIR BB IR 25 5 DL e Bt 1 55 ] 22 8] Y
X R 56 Z T LA H AL IE S LR R 2 B 2 g
PR A G 1 T AT — BOME TN SO 4 24 L O I 4 2 i
PHEFE AL AT SRS A o

W
' '! !
LTS BRI

DEMHE
4 Jey O S R AR g AR 4 SRR A

Fig.4 Schematic diagram of generation process and results
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Fig.5 Schematic diagram of sequential orthophoto mosaic
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