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Modeling and localization method for ventilation ducts based
on point and line features
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(1. College of Automation, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2. School of Instrument Science and Engineering , Southeast University, Nanjing 210096, China)

Abstract: To address the issues of limited scene configuration and sparse traditional visual feature points in a ventilation duct
environment, a method for modeling and localization of pipes based on point and line features is proposed by using two monocular
cameras and two-line scan lidars as the primary sensing devices. Firstly, the LaneNet network and an improved random sample consensus
algorithm are utilized to extract four wall-edge line features. Then, geomeltric and spatial constraints are employed to filter the detection
results of the line segment detector algorithm, obtaining two vertical line features at the pipe joints. Next, the pipe width and robot yaw
angle are calculated by using the line scan lidars. The depth information of the line features at the pipe joints is recovered and solved to
obtain the height of the pipe. By combining the camera projection equations, the world coordinates of the line segment endpoints are
obtained, and the pipe height is estimated. Finally, a pipe map coordinate system is established, and the two-dimensional robot position
and pipe length are estimated. The experimental results show that the relative positioning error is within 9.8 c¢m, and the relative
modeling error is within 2. 9 ¢m, which could meet the requirements for pipe modeling and localization during robot inspection operations
in the ducts.
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Fig. 3 Illustration of line feature extraction at pipe junctions

BRI PEAGA 5'c P i 30008 D 2 Bk PRT 5% o g e
P R B R DR B O 2 B 45 B, LSD Bk
SRR ZR SRR E R /N 1) 1) 22 A R AG I L2k B
s LA G N IR R, P S R Canny 1 2046
ST ARG IR SRR ) (B AR RS PR AT B
K, LSD Sk BRI A5 R AN 3 (b) s, i T4 IE %
FEARIR IR A T R R, S A KR R A
it S — AP AR 2R

RS A AN LR R AT, A
HAL IR DX P 7 2% T T 2 RN R KT LR AL, 5 R
)t FL AL T 7K V-2 A A5 B 9 8 B O SR i
BOELRBURPR A D, Tk S AR, MAh, BeE
LB BI(E D, ol S A7 e W s BE T S B0 A, KRR
INT D, RN T D, R BSIBR R S RANTE 3 (¢)
T R B RO R T

RS E HARR A RHE R BT A0, M
SRS TR IV A3 A T I ) 2 A W) EL 531 0 7 A ey A
LA LV L « = %, J9 FOR BRI 9 22 AT AN X
S, A DI 5 T e LA R B 1 F) LSD A0
SRR AT REN L, TR I AEAR D DI P 1 18 FL R
RIS A R T A BE 10 A ) S AT A T SR A 52 A A
PRAIEATZ B A BEES BT 7 A A DX 3 A B 1
FHIT A P A28 i A b, A2 E AT B B B AL 20 3 o, T



24

T A LT AR LR AE (38 WU I S A A E (8 T 275

.y, AR (8) WA IZ LI TE AR VE L, 75 A K
A N REY e
g G (8)
right | = 10

VG TAC B 0 P T 2L A8 5 A B ) B ) B2 R A T =R 18
SRHIE, il 3(d) s ie M AE EARER R (u,,0,) 2

‘dleﬂ -d

FRA (uy,,0,,)
2 Pl AEGITSEERE
FEFEEUE B AL s R AR AR, 25 A LA A AR

M43 2 FE ) 42 SOE TR IR AT RILAR A AE — 42 [N 1Y
LRHEERGE BT R NE 4 s,

KRR (uy, 0,) AT SRR (u,, 0,,) AT AR

/T amworER N
[ #Zm A
| REH AR
E-YN=E BN | |

HE&HA HEMA

ERRER/PEIRR

/ PR AR T 5 R A

JERLHIAL
B B AR RFAE

FENLA SRS

FANLAR AR R T
JH—fh A bR

B AR ERUE

o |rrammmmmas)
. .

~ -

FAFLARE T
=R

e

K4 HLEs ALLEAhH 5 E d A7 58

Fig.4 Robot pose estimation and pipe modeling method
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