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Abstract 

In order to effectively solve the problem of recognition and positioning of embedded 
navigation aids under luminous conditions, the light-emitting port recognition 
algorithm based on monocular camera is studied. First, the camera is calibrated 
according to the lighting characteristics of the embedded lamps on the airport runway 
at night and external interference factors, and then the boundary tracking algorithm 
based on digital binary images is used to identify the contour of the light-emitting port 
and determine the contour and center point of the light-emitting port coordinate. Finally, 
in the night environment, the luminaire's light-emitting port recognition and positioning 
algorithm was tested experimentally. The experimental results show that the proposed 
algorithm can accurately identify the outline of the light-emitting port and meet the 
positioning accuracy requirements. 
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1. Introduction 

When the aircraft is flying at night and the visibility of the runway is low, the airport runway 
navigation aids are required to provide the pilot with visual guidance signals. However, in daily 
work, the lamps and lanterns will be polluted to different degrees, resulting in their luminous 
intensity [1] can not achieve the expected effect, which will seriously affect the aircraft's take-
off and landing safety, so it needs to be cleaned regularly. At present, airports are generally 
cleaned manually by professional cleaning company employees, and a small number of airports 
will use semi-automatic cleaning devices. 

At present, there is still a lack of a fully automatic cleaning device for navigation aids. How to 
accurately and quickly determine the outline of the light-emitting port is the key to the cleaning 
of the lamp. Aiming at the problem of contour detection, Jun Hoo Cho [2] of Seoul National 
University proposed automatic target recognition with additional feature CNN, and used 
training samples collected in advance to obtain appropriate weights to detect the position of 
the target radar. In addition, Ding Dongyan and other scholars [3] used the maximum between-
class variance method OTSU to detect the contour of the laser image and minimize the energy 
at the edge, but it could not solve the problem of uneven illumination. Literature [4,5] designed 
boundary tracking algorithms for target objects, which greatly shortened the boundary 
tracking time, but the boundary tracking effect was poor. Ma Yingchun [6] uses wavelet 
transform to extract the contours of objects, which is only suitable for objects with higher 
visibility. Therefore under night conditions,The above method has the shortcomings of 
accuracy, practicability and real-time performance in the recognition of the light-emitting port 
of the embedded navigation aid lamp. Therefore, an image boundary tracking algorithm based 
on digital binarization is proposed. 
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2. Camera Calibration 

In computer vision, if you want to locate the position of the target, you must restore the three-
dimensional information of the scene where the target is located from the image. On the basis 
of understanding the camera imaging model, you must also use camera parameters to 
quantitatively describe the imaging process. Camera calibration [7] is the process of calculating 
camera parameters. Camera parameters are divided into two types: internal parameters and 
external parameters.The internal parameters can describe the internal geometrical and optical 
characteristics of the camera, mainly including the position of the center point of the captured 
image, the focal length of the camera, and the optical distortion of the lens; the external 
parameters describe the position and direction relationship between the camera coordinate 
system and a specific world coordinate system. 

2.1. Camera Model 

Camera calibration usually uses four kinds of coordinate systems, namely world coordinate 
system, image coordinate system, pixel coordinate system and camera coordinate system.As 
shown below. 

 
Figure 1 Correspondence of coordinate system 

According to the figure above, the conversion relationship between the world coordinate 
system and the image coordinate system can be obtained, 
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Where (u,v) are the pixel coordinates of the target feature point, W W W(X ,Y ,Z ) is the world 

coordinate of the target feature point, 0 0(u , v ) is the pixel coordinate of the principal point,

x xf / d  , yf / dy  , f is the focal length of the camera, The actual physical size of each pixel of 

the image in the x and y directions is xd and yd ,The camera coordinates are converted into world 

coordinates through the rotation matrix R and the translation vector T. The camera calibration 
is to determine the internal and external parameters, where the internal parameters are: 
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2.2. Camera Calibration 

In the camera calibration process, the calibration methods can be divided into three categories[8] 
according to the number of constraints: traditional calibration methods, self-calibration 
methods, and active vision calibration methods. 
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This paper adopts the current mainstream method, Zhang Zhengyou's checkerboard calibration 
method [9], using a checkerboard plane target to obtain images of the target at multiple different 
angles, analyze the images, and finally complete the camera calibration. A total of 12 chessboard 
diagrams were collected, as shown in Figure 2. 

 
Figure 2 Template calibration diagram 

After calibrating the above figure in matlab, the results can be obtained as follows: 
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3. Boundary tracking and contour extraction of light-emitting port 

3.1. Principle of Border Tracking 

Before proceeding with boundary recognition, first define some concepts and symbols. First of 
all, this algorithm uses a 0-1 binary image, and the pixel values in each image are only 0 and 1. 
These 0 and 1 pixels are called 0-pixels and 1-pixels. The pixel located in the i-th row and j-th 
column is represented by (i, j). The pixel coordinate system is shown in Figure 3. 
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Figure 3 Pixel coordinate system 

0O is the origin of the image, 1O  is a point in the image. The two coordinate conversion relations 

are: 
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The uppermost row, the lowermost row, the leftmost column, and the rightmost column of a 
picture constitute the frame of the picture. The connected domain composed of 1-pixels is called 
1-component, and the connected domain composed of 0-pixels is called 0-component. If the 0-
connected domain S contains the frame, then S is called the background, otherwise it is called 
the hole. In order to avoid topological contradictions, 1-pixel and 0-pixel cannot be processed 
by the same connection, that is, if 1-pixel (0-pixel) is processed by four-connectivity, then 0-
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pixel (1-pixel) must be processed by eight-connectivity. This article assumes that the frame is 
filled with 0 pixels. 

The boundaries between connected regions are defined as follows: 

The first definition boundary point: in the case of four-connectivity (eight-connectivity), a 1-
pixel (i, j) appears as a boundary point in its domain with 0-pixels. 

The second definition Surrounding connected domain: There are two component S1 and S2 in 
a binary image. If any pixel in S1 reaches the frame from any direction (4 directions), there is a 
pixel in S2, we call it S2 surrounds S1. If S2 surrounds S1 and there is a boundary point between 
S2 and S1, then we call S2 directly surround S1. 

The third definition Outer boundary and hole boundary: Assume that there is 1 connected 
domain S1 and 0 connected domain S2. If S2 directly surrounds S1, the boundary between S2 
and S1 is called the outer boundary; if S1 directly surrounds S2, the edge between S2 and S1 is 
called the hole boundary. Note that both the outer boundary and the hole boundary are 
composed of 1 pixel. 

The fourth definition Parent boundary: Suppose there are 1 component S1 and S3, 0 component 
S2, S2 directly surround S1, S3 directly surround S2, the boundary between S1 and S2 is B1, the 
boundary between S2 and S3 is B2, then B2 It is the parent boundary of B1. If S2 is the 
background, then the parent boundary of B1 is the frame. Through the above definition, the 
boundary and component in a picture can form a topological relationship. As shown in Figure 
4 below:  
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Figure 4 Surrounding component and topological relationship diagram 

3.2. Boundary tracking algorithm 

When using tv raster scan input binary image, the image has been preprocessed to achieve the 
desired effect. This article is based on the following algorithm for boundary tracking. 

After the algorithm scans the binary image, when it finds the boundary pixels (i, j) after the 
starting point of the outer boundary (Figure 5(a)) or the hole boundary (Figure 5(b)), the raster 
scan is interrupted. If the pixel (i, j) meets the above conditions, then (i, j) must be regarded as 
the starting point of the outer boundary. From the boundary starting point (i, j), a boundary can 
be obtained by the boundary tracking algorithm, and a new unique number is assigned to this 
boundary B, which is represented by NBD. At the same time, in the raster scan interval, the 
serial number LNBD of the last encountered boundary is retained. 

i

jj-1

0 1 i

j+1j

≥1 0

（a） （b）  
Figure 5 Outer boundary (a) and hole boundary (b) 

Determine the parent boundary of the newly found boundary as follows. The last boundary 
encountered should be the parent boundary of the newly found boundary or have the same 
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parent boundary as the newly found boundary. Therefore, the order of the parent border of the 
newly discovered border and the type of the two borders can be determined according to Table 
1. 

Table 1 The parent boundary determination rules of the current boundary B 

 
Type of boundary B’ whose serial number is LNBD 

Outer boundary Hole boundary 

Type of boundary B 

Outer boundary 
Parent boundary of 

boundary B’ 
Boundary B’ 

Hole boundary Boundary B’ 
Parent boundary of 

boundary B’ 

 

Before the algorithm is executed, first set NBD to 1, i jf ， represents the gray value of the pixel (i, 

j). When the 0i jf ， of a certain pixel is scanned, the following steps are performed, and each 

scan reaches the beginning of a new line of the picture Position, reset LNBD to 1. 

Algorithm description: Step 1: Choose according to the following three situations: 

①If 1i jf ， and , 1 0i jf   as shown in Figure 5(a), then (i, j) is the starting point of the outer 

boundary,NBD+=1, 2 2( , ) ( , 1)i j i j  ; 

②If 1i jf ， and , 1 0i jf   as shown in Figure 5(b), then (i, j) is the starting point of the hole 

boundary,NBD+=1, 2 2( , ) ( , 1)i j i j  ,if 1i jf ， , LNBD i jf ， ; 

③In other cases, go to step 4; 

Step 2: According to the previous boundary B’ and the type of boundary B currently 
encountered, the parent boundary of the current boundary B can be obtained. The judgment 
rules are shown in Table 1. 

Step 3: Detect the boundary from the starting point (i, j), and the specific steps are implemented 
from (3.1) to (3.5). 

(3.1)Using 2 2( , )i j as the starting point, search the neighborhood of (i, j) in a clockwise direction, 

and look for a non-zero pixel point. The first non-zero point found is recorded as

1 1( , )i j ,otherwise set NBDi jf  ， ,and go to step 4; 

(3.2) 2 2 1 1( , ) ( , )i j i j , 3 3( , ) ( , )i j i j ; 

(3.3)Using 3 3( , )i j as the center point, in the counterclockwise direction, and the starting point 

is the next element of 2 2( , )i j ,find a non-zero pixel and record the first non-zero pixel found as

4 4( , )i j .  

(3.4)Modify the value of 3 3( , )i j  according to the following rules 

①If it is checked in (3.3) that point 3 3( , 1)i j   is a zero pixel point,then 3, 3 NBDi jf   ; 

②If it is checked in (3.3) that point 3 3( , 1)i j   is not a zero pixel point,and 3, 3 1i jf  ,then 

3, 3 NBDi jf  ; 

③Otherwise,don not change 3, 3i jf ; 

(3.5)If 4 4( , ) ( , )i j i j and 3 3 1 1( , ) ( , )i j i j (back to the starting point of the boundary),go to step 

4;otherwise set 2 2 3 3( , ) ( , )i j i j , 3 3 4 4( , ) ( , )i j i j ,go back to(3.3); 
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Step 4:If 1i jf ， , LNBD i jf ， , Rescan from point ( , 1)i j  , It ends when the scan reaches the 

point in the lower right corner of the picture. 

4. Experiment and Analysis 

The embedded navigation aid lamps glow at night as shown in Figure 7. 

 
Figure 7 Night luminescence diagram of navigation aid lamps 

Using the digital binarization boundary tracking algorithm, experiments under night conditions, 
the experimental results are shown in Figure 8 and Figure 9. 

 
Figure 8 Identification under no interference conditions 

 
Figure 9 Recognition under interference conditions 

It can be seen from the above figure that the light-emitting port can be accurately detected and 
the outline can be extracted with or without external light source interference. 

By randomly placing the position of the lamp, the difference between the actual position of the 
center point of the light-emitting port and the experimental position is shown in Table 2: 

Table 2 The error table of the center coordinate of the light-emitting port of the improved 
algorithm 

Camera extract coordinates(x,y) actual value(x,y) error(x,y) 

(114,116) (118,122) (4,6) 

(142,166) (136,174) (6,8) 
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(-102,-120) (-109,-126) (7,6) 

(-152,-146) (-161,-141) (9,5) 

(-211,247) (-221,238) (10,9) 

(-196,-251) (-187,-257) (9,6) 

(199,245) (192,234) (7,11) 

(253,-191) (263,-183) (10,8) 

The data in the analysis table can be found that the maximum coordinate error on the X-axis is 
10mm, the minimum error is 4mm, and the average error is 7.75mm; the maximum error in the 
Y-axis direction is 11mm, the minimum is 5mm, and the average error is 7.375mm; it meets 
cleaning and positioning Claim. 

In summary, the use of digital binary image boundary tracking algorithm can accurately identify 
the outline of the light-emitting port, and extract the coordinates of the center point of the light-
emitting port. 

5. Conclusion 

In this paper, through the camera calibration and the boundary tracking algorithm of the digital 
binary image, the recognition of the contour of the light-emitting port of the embedded lamp is 
realized. The experiment shows that the algorithm can accurately extract the contour of the 
light-emitting port and obtain the average error of the X-axis of the center point of the light-
emitting port. The average error of Y-axis is 7.75mm, and the average error of Y-axis is 
7.375mm. Both the X-axis and Y-axis errors meet the positioning accuracy, which is conducive 
to further achieving the goal of automatic cleaning of embedded lamps. 
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