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Abstract 

The image preprocessing method of visual SLAM algorithm determines the quality of 
data association in SLAM. At present, the visual feature matching algorithm based on 
feature point method is relatively mature and applicable to a wide range of applications, 
but the algorithm based on point feature has a large amount of calculation and requires 
a large space for map storageIn structured artificial environment, only use the 
characteristic point matching is easy to appear a large number of false matching, this 
paper puts forward a kind of point, line feature fusion visual SLAM algorithm, in this 
environment the midline characteristics is rich, has a good illumination invariant and 
rotation invariance, affected by the environment is small, can good recovery in map 
building structural information in the environment Experiments on EUROC data set 
show that the localization accuracy of the proposed SLAM algorithm is significantly 
higher than that of the pure feature point method. 
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1. Introduction 

Characteristic point by point feature extracting in the image and calculate the descriptor, match again, 

pose estimation, according to the correlation information algorithm is more complex Direct method 

directly using the image pixels with strong gradient, pose estimation error by minimizing the 

luminosity, although this part of the large amount of calculation, but it need not calculate descriptor, 

save a lot of time About SLAM scheme based on feature point method, In 2007, Davison A J proposed 

the first real-time monocular visual SLAM system Mono SLAM [2], which tracked sparse feature 

points at the front end through extended Kalman filter EKF [3] as the back end to achieve real-time 

positioning and mapping Mur-ArtalIn 2015, orB-SLAM was proposed by et al. [4], which is one of 

the most perfect systems in CURRENT SLAM systems. It innovatively uses tracking mapping 

loopback to detect the pose estimation of the three-thread system, which has good positioning 
accuracy and robustness and can ensure global consistency In July 2020, they opened source ORB-

Slam3 [5], which greatly improved the performance compared to the previous version. Based on this, 

this paper integrates line features to make the system perform better in structured environment. 

2. Description of line characteristics 

When the camera moves, the number of point and line features extracted from the surrounding 

environment is constantly changing. Generally speaking, the number of line features extracted from 
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the structured environment is large, and line features are less affected by light changes and have good 

Angle invariance. As a large-scale feature, line features can describe the surrounding environment in 

detail. 

2.1 Line feature extraction 

In the current Line feature detection algorithm, LSD[6](Line Segment Detector, LSD) is the most 

widely used algorithm, its accuracy can reach sub-pixel level Similar characteristics in its main idea 

is to specific area of the pixel to merge, and the detection error of certain constraints, ensure that the 

correct line segment detection LSD does not need to adjust the additional parameters extraction speed, 
line accuracy is high and the main direction of high performanceThe detection effect is shown in 

Figure 1. 

 

Fig. 1 LSD algorithm detects line features 

2.2 Line feature descriptor 

Feature extraction is followed by feature description and matching. Lilian Zhang et al. improved 
MSLD descriptor [7] by adding Gaussian weight coefficient and proposed LBD descriptor [8], which 

has faster calculation speed, rotation invariance and better matching effect. 

2.2.1 Line segments support strip representation of domains 

An LBD descriptor is a detailed description of a Line Support Region (LSR). A Line Support Region 

is divided into a group of strips 1 2 m
B B B{ , ,..., } . The LSR region is divided into m strips, each of 

which has a pixel width of w. Similar to MSLD, it defines two directions to form a local 2D coordinate 

system to distinguish parallel lines with opposite gradient directions and keep the rotation of 

descriptors unchanged. Let's say the line is going in the direction of L
d , The orthogonal direction d   

is defined as the direction clockwise and perpendicular to L
d , and the midpoint of the strip is defined 

as the origin of the local coordinate system. The global Gaussian function g
f acting on the d   

direction of LSR makes it insensitive to small changes away from the line along the d   direction. 

By applying the local Gaussian function g
f  to adjacent strips, the edge effect is reduced and the 

sudden change of descriptor is avoided when pixels move from one strip to the next.As shown in 

Figure 2, the line support domain is divided into five strips, each with a width of 3. 

 

Fig. 2 The line support region of the LBD descriptor 
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2.2.2 Construct the LBD strip descriptor 

The descriptor j
BD  of each strip consists of strips j-1

BD  and j+1
BD of the two nearest adjacent rows. 

When the top strip 1
B  and the bottom strip m

B  are calculated, the parts outside the LSR region are 

not considered in the algorithm. The descriptors of all strips are combined, and the total descriptors 

are expressed as (1): 

T T T T
1 2 m

LBD = (BD ,BD ,...,BD )                             (1) 

The line supports the gradient projection of each pixel in the domain into this local two-dimensional 

coordinate system as (2): 

L

T T T

L d d
g g d g d g gT= ( , ) ( , )


                             (2) 

Where, g  is the pixel gradient in the image. 

The calculation of j
BD  is essentially to describe the Gaussian weight in the four directions of upper, 

lower, left and right, and the k-th line of the strip is expressed as (3) : 

d d
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Where,  g l
= f (k) f(k)  is the Gaussian coefficient. 

By accumulating gradient information of all rows associated with strip j
BD , a strip descriptor matrix 

j
BDM  was constructed to represent the description information of the j-th strip. 
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Calculating the mean variance 
T
j
M  and the mean vector 

T

j
S  of j

BDM  yields the descriptor 

TT T
j j j

BD (M ,S ) .Therefore, the general descriptor is: 

T 8m

1 1 2 2 m m
RT T T T T TLBD (M ,S ,M ,S ,...,M ,S )                    (5) 

In order to improve the accuracy and speed of calculation, the floating-point descriptors are replaced 

by binary descriptors, and hamming distance is used as the distance measurement to judge the 

similarity quickly, thus improving the matching efficiency. 

2.3 Algorithm detailed process 

Let's define the total state vector to be 
T

T T T T T T
1 2 n 1 2 m

X = S ,S ,...,S ,F ,F ,...,F 
  , Where, 

T
i
F  is the 

coordinates of map points in dimension 3×1, i
S  is the state vector of camera in dimension 6×1, and 

it is the pose of camera in frame i , expressed as: 

wi

i

T
c T T

i w c
S = R , P 

 
                             (6) 

Where, ic

w
R  represents the rotation of the world system and the camera system, and 

w

i

T
c
P  represents 

the position of the camera in the world system. 
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Optimization is carried out by minimizing the residuals of all feature points and feature lines: 

T T

I KX
X*

i i i i i i i l cw w i l cw w
arg min((f - (S F )) (f - (S F )) (l - K H L ) (l - K H L ))        (7) 

Where, i
f  represents camera observation, ( )  represents projection from camera system to image 

plane, cw
H  represents change matrix between world system and camera system, i

l  represents 

observation of line features, w
L  represents reprojection from line features to image plane, and   

represents covariance matrix. 

In feature location estimation, due to the influence of noise, the reprojection of feature points and 

feature lines will not coincide with their observed values in the image. The nonlinear optimization 

problem as shown in Equation (7) is constructed to solve the pose and position of the camera as well 
as the position of feature points and feature lines. The whole problem is solved by the Gauss-Newton 

method in G2O [9] library. 

3. Experimental results and analysis 

In order to quantitatively evaluate the visual front-end method of point-line fusion proposed in this 

paper, the proposed point-line feature fusion visual SLAM algorithm and THE ORB-Slam2 [10] 

algorithm were tested on the open source data set EUROC data set respectively. The image feature 

detection effect and graph construction of the two algorithms on the EUROC data set are shown in 

Figure 3. 

 

 

(a) Location and mapping of ORB-SLAM2 

 

(b) Location and mapping of point-line fusion algorithm 

Fig. 3 Two algorithms SLAM cases 

 

In this paper, when comparing the effects of ORB-SLAM2 based on feature point method and the 

algorithm in this paper on the data set, the true value of sensor motion track provided by the data set 

is loaded, and the positioning error curves of the two algorithms are drawn, as shown in Figure 4. 
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(a) ORB-SLAM2              (b) point-line fusion algorithm 

Fig. 4 Positioning error curve 

4. Conclusion 

In order to solve the problem of low localization accuracy of visual SLAM system based on feature 

point method in highly structured scenes, we propose a vision front-end tracking strategy that 

integrates point and line features. Experiments on EUROC data set show that the localization 

accuracy of the proposed algorithm is significantly higher than that of the pure feature point method 

The next step is to integrate IMU into the system proposed in this paper, so that the system can 

effectively cope with the scene of fast camera movement or low light. 
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