a6 % W1 2/ M Fx % W Vol. 46 No. 1
202541 H Chinese Journal of Scientific Instrument Jan. 2025

DOLI:10. 19650/j. enki. cjsi. J2413520

MEEREEMS L RIHNLTIL
SHIMSIRETE"

MEE xR B RFERE
(1 FET RN TR BN 2211165 2. Bk TR IR A RA R L& 100120)

T E S R EOEE A S AU AL A 0 BRI, (H B AT ERR E T IR TEIE 2 AR IR 56 A 1 R L R s —
FbRERE ARG, ik, 3 —F & B0 B ZRE RPN BEANS A Blibn i T ik, T EA NS A TR TERE
LT 2R AR LSRR 2 7 WE B0 8, o7 B ML ERS A sh L BAN S G Webr . B 0E, 56 | T BON R F AR LSS R, B
FETCHNA | B S5 550 5 B0 R RO G TR 38 R S 3R S ALK B 8 =2 [0 (4 DG I P 3 ot g e e KA B Y | o L e R AR
FH A I B o (AR SR A AN S 0, DT T e 30 S5 R AR AT, LR, 50 2 B BOR A& ZRRIE 2919 S S M Am e, B
FIFRHOE TR TR FAHBLEREU sl -2k f-TH -T2 R A HOCR IS | Y BaR1B0Y4 2 ORI ICP Bikme/ M S = 3D JL
FHIE S5 EE 2D JUMIFHEZ BN B IR 2 USRS IR AR B, 55, 36T A i 09482 B AR e A (R B A T R 1E )
RN E 2R E NINAEE T T T OS5 e 3R 50, 45 R 2 B it th idm 7 ik vl IR w0 15 00, iR A shi 3 ot
IR GAHMLAN S | IR e B 3 e ARG AR Pk

K WO LSS5 E  BARE  ZAHELR

FESES: TH74 MEARIRES . A EXRREFRISEKRE; 460.40

Extrinsic calibration of LiDAR and camera through mutual
information integrated multi-feature constraints

Liu Wanli',Liu Yang',Zhang Xueliang®
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Abstract: Extrinsic calibration is a key prerequisite for the data fusion of LiDAR and camera. However, the current calibration methods
still face several challenges such as dependence on prior conditions, single feature constraints, and low calibration accuracy. To address
these issues, this paper proposes a two-stage automatic exirinsic calibration method that integrates the mutual information and multi-
feature constraints. It combines the advantages of mutual information and multi-feature constraints methods. Firstly, by constructing a
mutual information maximization model, the first stage is the coarse extrinsic calibration based on mutual information. This stage obtains
the initial extrinsic calibration parameters according to the correlation between LiDAR reflectance and camera grayscale values, not
depending on the initial values, set values, or any other prior conditions. Additionally, we design an adaptive gradient algorithm to
refine the initial values of the extrinsic parameters. Secondly, the following stage involves the fine calibration of extrinsic parameters with
multi-feature constraints, which uses the multiply constraints including the point-to-line, point-to-plane and line-to-plane, to optimize
the initial extrinsic parameters obtained from the first stage. Also, the iterative closest point (ICP) algorithm is utilized to minimize the
reprojection error between the 3D geometric features of the point cloud and the 2D geometric features of the image. Finally, we conducted
the extrinsic calibration experiments in both indoor and outdoor challenging environments using a special-designed hollow circular
calibration board, which simultaneously possesses the multi-feature constraints: point, line, and plane. The experimental results proved

that the proposed calibration method can automatically and precisely achieve the extrinsic parameters of LIDAR and camera not depending
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on initial values. Additionally, the method exhibits higher accuracy and stability.

Keywords: LiDAR; camera; external calibration; mutual information; multi-feature constraints
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Fig. 1 Overall technical framework
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Fig.2 Schematic diagram of LiDAR and camera external

parameter calibration
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Fig.3 Comparison of LiDAR and camera image projection
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Fig.4 Schematic diagram of the style of the special

calibration plate
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Fig.5 Schematic diagram of anomaly removal
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Table 3 Proportion of residuals for different

outdoor methods
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