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Abstract: To improve the efficiency of internal inspections in power plants, this paper proposes an inspection scheme
based on intelligent robots. Given the complexity of power plant environments, achieving efficient and accurate
autonomous mapping by robots in unknown settings is crucial. We designed an active SLAM method using composite
exploration points, incorporating plane segmentation and vector synthesis to guide exploration trajectories, thereby
reducing map uncertainty from random exploration. The boundary point evaluation function is enhanced by considering
boundary length gain to improve exploration efficiency. The method involves using plane segmentation to search for
boundary points around the target, with an evaluation function based on movement distance and boundary length to
determine the optimal boundary point with the largest exploration range. Composite exploration points are created
through vector synthesis of the optimal boundary and target points, guiding the robot for simultaneous mapping and
tracking. Real-time positioning and mapping technology is used to construct the current environmental grid map.
achieving target point tracking and autonomous mapping through sequential exploration points. By setting new target
points, tracking and expanding the mapping range are achieved. The proposed algorithm exhibits a tendency towards
exploration, performing depth-first search on the grid map while considering the traction effect of target points,
thereby avoiding multiple trajectory overlaps and loops. Experimental results demonstrate that this method achieves
target tracking and high-precision mapping in unknown environments with fewer exploration steps and shorter paths.

Keywords: autonomous mobile robots; active SLAM; planar segmentation; composite exploration points;

autonomous mapping
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Fig. 3 Grid states and boundary lines
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Fig. 4 Segmentation of exploration region

3.3 BRBG R

X320 S 1 B AT PEAR L G AR R ACH (2 3
TR AL AT A AR IR Rl ag R . A7 AU
9 T 5 ML AR N 2 A7 A A B DU 3
IR R AR B RG 5 AR AR IR 2R g T a5 S R Y BRI



2 X E AFELSHEERENEIHSLAMERBF FHR

BT

P B ) oA ok ) 81 K AR 8 g 5 £ R i g PR R O AL
A NBRIZ AL E G T REARAT 09 W a5 7 0 LR AT PP A L 38
17 0SB i BT A ) 20 5 BT i ) B A A 2 R
DCBRAT DR &R A o B B g i A EL AR L T

Frontier-Based B AN DLE B iR, A SO 50 A 4k
A I 19 B0 S A 8 AT
af?
/ Bfi +uf:

Horpr, f20F0 Y oy R R 0 S TR B R K
FE AL NS F S A mEE R AR S s s i
EIRE B . a B 4350 A5 B AR TR SRR A A AL
1l ZRBW D W SRR AT SRR
fER 8 IR R EWE R CE R m . DR S
iEH: f. = Argmax(C(f,)),
3.4 EAREREFIT

f£ Frontier-Based $i 1% L # 16 IRUHE 25 AL 8% A7 B fx 3

WA SRR AR

Fouw=arg min (/(z =27+ —y,)") D

Hrp, (x,y,) AP AT SR, F, 28241574k 53
B30 AR . %7 iR AT LU AT g b 4 TR g R (H R AR
A

ASCHIAT HAngE 51 ML, 8 2 A 2 7 UR E AR A
REAMRBEGRE S ZHEGEAHZIET B A&,
E R ENEZS R L RPN R N R PN VS N &t
KERME . NOEE & T HLEF AT PR 55 48 1k 1) 18 R BE T
WA R D T H T S AN R A R I SR BT 5 R Y P A
}\TT{?ﬁTHuE’J«U\ﬁ WE s iR, HREA R FRE T .

5, =L,—L.+L,—L, ®

4
.7

N 4

pd

\ .]4

N
N
AN
N|e

K5 HEEWRAEVRER

Fig. 5 Generation of composite exploration point
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