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 Autonomous landing of a UAV on a runway is a challenging task. In this work runway 
recognition, position and attitude estimation of a UAV using vision based approach for 
autonomous landing of a UAV on a runway is presented. The UAV position and 
orientation relative to the runway is estimated using the geometry of the runway 
images. The width of the runway is a priori information required to estimate the altitude 
of the UAV above the runway. The runway can be identified in successive image 
frames using Scale Invariant Feature Transform (SIFT) based feature matching method. 
Once the runway is recognized the position estimation algorithm is triggered in the host 
computer and the position and lateral deviation of the UAV relative to the runway is 
estimated. The proposed algorithm is verified by interfacing with flightgear flight 
simulation software. Simulation results show the proposed algorithm is accurate and 
fast. 

 
INTRODUCTION 

 
Vision based autonomous landing a UAV on runway has gained more importance. Nowadays, it can be 

observed a significant increase in a number of UAV applications. The civil applications of UAV are inspection 
of terrain, buildings, pipelines, bridges etc. The military applications of UAVs are surveillance, reconnaissance 
etc. We presented an algorithm to recognize the runway and estimate the position of UAV relative to the 
runway. Our algorithm has been evaluated by interfacing with flightgear flight simulation software. Vision 
based state estimation and landing techniques for UAV autonomous landing have been proposed and studied 
extensively (Anitha and Gireeshkumar (2012), Anitha et al., 2008, Anitha and Shanmugam (2008), Anitha et 
al., 2012, Saripalli et al., 2002, Miller et al., 2008, Johnson et al., 2005, Xiang et al., 2008). Doehler, et al. 
(2003) has used runway images for position estimation of an aircraft. Tang, et al. (2011) has used feature points 
distributed on the ground for attitude and position estimation of UAV. Sharp, et al. (2001) has used a known 
landing target and land unmanned aerial vehicle on it autonomously with the aid of suitable computer vision 
system. Yang, et al. (1998) developed a vision algorithm to derive the position and the orientation of the 
landmark with respect to the vehicle by a single image. 

 
Runway recognition: 

The runway recognition based on vision is an important component in the landing process of unmanned 
aerial vehicle. The acquired image size is 640×480 pixels. In the preprocessing stage the image is resized to a 
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size of 256×256 pixels. Our database consists of 100 frames of runway images known as the reference images. 
The test runway image in the flight gear simulation could be acquired by the camera connected to the host 
computer. The test image and reference image are then compared by computing the Euclidean distance between 
the SIFT keypoints descriptor. Minimum and maximum number of SIFT keypoints vary between 600 and 850 in 
our experiments. In case large number of SIFT keypoints are matched between the reference image and test 
image based on suitable distance threshold then it’s concluded that both the reference image and test image are 
matching with each other i.e., identified the runway. 
 
UAV Position Estimation:  

The position of a UAV relative to the runway could be determined based on the estimation of deviations 
from the runway centerline and altitude of the UAV above the runway. The causes of course deviation from the 
runway centre line might be intentional due to quick turns or unintentional due to adverse wind conditions. A 
suitable feedback signal could be applied to the controller of the UAV to align it with the runway centerline. 
The Perspective projection of the runway stripe is shown in Figure 1.Two parallel lines of the runway would 
intersect at an infinite point in the image plane called vanishing point V. The camera mounted on the UAV 
would rotate around the vanishing point. This vanishing point could be found in the runway image by extracting 
the two parallel lines of the runway border. The vanishing point could provide orientation of the UAV. These 
parallel lines will intersect at vanishing point. From Figure 1.a. The ratio between the horizontal distance h and 
vertical distance d from the vanishing point can be derived mathematically as   

tan
h

d
ψ=

                                 (1) 

When the UAV align with the centerline of the runway with zero lateral offset the altitude A is given by 

t a n

H
A ψ=

                        (2) 

Where H denotes lateral distance from centre line. 
If the width of the runway is known (w=2H), the altitude is given by 

2

t a n

w
A ψ=

             (3)  

The altitude of the UAV above the runway for different lateral offsets is given by 

1 2tan tan

w
A

ψ ψ
=

+                (4) 

 
Where w is the width of the runway and Ψ1, Ψ2 are the two yaw angles measured from the runway image as 

shown in Figure 1.b. 
Lateral offset L is given by   

tan 22

w
L A ψ= −

           (5) 

Where w is the width of the runway, A is the altitude of the UAV above the runway and Ψ is the heading or 
yaw angle.     
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(c) 

 
Fig. 1: Perspective Projection of the Runway Stripe: 

(a).Image plane (b).Lateral offset to the runway centerline (c).Above the runway centre line. 
 

Position Estimation Algorithm: 
The following steps are carried to estimate the position of the UAV from images: 
Step1:  Converting RGB image into grayscale image. 
The image is first converted to gray scale by eliminating the color information. 
Step 2: Then increase the contrast of the image. 
Step 3:  Detecting the edges in the image by using canny edge detection method 
Step4: Hough transform algorithm (Duda et al., 1972) is applied to the edge detected image to detect 

straight lines in the runway images. 
Step5: Estimate the position and orientation of UAV. 

 
Interface with Flightgear Flight Simulator: 

The hardware system required to interface with flightgear flight simulator are a camera with a resolution of 
about 640×480 pixels, host computer in which the position estimation algorithm is stored as triggered subsystem 
and called in simulink block using s-function (runsfunc) and another computer to run the flight gear flight 
simulation software. The latitude, longitude and altitude (position) values as well as euler angles (Roll, pitch, 
Yaw) were given as reference input values from the FG interface block  in the host computer to the Flightgear 
flight simulation software installed in another computer. The Flight-Gear screen should display a view from the 
aircraft for the given attitude and position (LLA) values. The hardware setup required to interface with flight gear 
is shown in Figure.2.The camera focused on the second PC where FG simulation software is installed. Once the 
FG interface in the host computer is started, the host computer starts executing the reference values i.e., LLA and 
Euler angles for the aircraft chosen in the FG system. 

 
 

Fig. 2: Hardware setup (Flight gear interface). 
 
The camera connected to the host computer will capture the video of runway which will be converted into 

frames of size 256×256 pixels. For each frame the subsystem is triggered and starts to execute the position 
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estimation algorithm encoded in it. The connection between two computer system can be established with UDP 
(user datagram protocol).The roll angle, yaw angle and altitude values are calculated from the runway image 
and displayed in the simulink block which will be compared against the reference values for verification and 
validation. The master computer (host computer) will send the FDM (flight dynamic model) to another 
computer where FGFS is installed. The host computer will provide input to the slave. This is done using the 
following command line options: 

--native-fdm=socket, in, 5, 192.168.104.71, udp 
--native-fdm=external 
 
In the above command ‘192.168.104.71’ indicates the IP address of the FG system. The flightgear flight 

simulator and the position estimation algorithm can be run in the same system by using the following command 
line option: 

 
--native-fdm=socket, in, 5, localhost, udp 
 --native-fdm=external 
 
Both Matlab/Simulink and Microsoft Flightgear flight Simulator are computationally-intensive applications. 

Although it is possible to run both on the same computer, it’s recommended executing them on separate 
machines. For UDP communication with the host computer, the IP address of the host computer 
(192.168.104.71) was entered in the flight gear as shown in Figure 3.Flight gear interface in the aerosim 
blockset must be compatible with the version of flight gear simulation software in the other computer. The 
simulink model to interface with flightgear flight simulator is shown in Figure.11.Flightgear version 0.9.8 is 
installed in another system. The same flight gear version block should be used in the Simulink model. These 
Flightgear interface blocks are available in aerosim blockset. The AeroSim aeronautical simulation blockset 
provides a complete set of tools for the rapid development of nonlinear 6-degrees of freedom aircraft dynamic 
models. 

When both flightgear flight simulator and position estimation algorithm is installed in the same system then 
advanced input/output options should be entered as shown in the Figure.8 

Flight Gear flight simulator interface provides a visual output of the aircraft position and altitude. The 
position of the aircraft in air was chosen from a certain altitude from ground. The LLA and Euler angles at that 
instant were given to the Flight Gear interface. 

Figures 4 – 6.Shows the various look-up tables to be generated to interface with Flightgear simulation 
software. A look-up table is generated to make the aircraft descend from the given point in space to the touch 
down point on the ground. These are the reference values and they are stored in the workspace for reference. 

In the Simulink block, the actual and calculated attitude values (roll & yaw angle) are obtained. 
 

Attitude Estimation: 
The left and right runway border lines are extracted from the runway image of size 256×256 pixels using 

Hough transform algorithm. These parallel lines will intersect the image at infinity in the image plane. The point 
where these two runway border lines will meet is called the vanishing point. The camera mounted on the UAV 
will rotate around the vanishing point.  

The roll angle of the vehicle can be computed by 
 
Roll=atan (x,y)                                           (6) 

 
Where x and y are the vanishing point coordinates.  
The Yaw angle can be computed by 

 
Yaw=atan (d/L)                                                      (7) 

 
Where d denotes the vertical distance from the vanishing point (see Figure 1.a) and L denotes the lateral 

offset from the runway centerline. 
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Fig. 3: Flightgear-Advanced options 

 

 
Fig. 4: Latitude lookup table 

 

 
 
Fig. 5: Longitude lookup table 
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Fig. 6: Altitude lookup table 

 

 
 
Fig. 7: Flightgear (input/output) options 
 

RESULTS AND DISCUSSION 
 
The output is obtained by simulation using MATLAB tool. We have provided the runway recognition 

results of the test images in Figure 9.These test images are specifically the images of airport runway in the 
flightgear software. Experimental results show that the SIFT feature matching is robust for runway 
identification. Using this method the acquired test frames are matched with the reference frames. More number 
of SIFT keypoints can be detected between two frames with similar visual content. For similar runway frames 
more number of feature points was detected and the matching algorithm gives a high matching score. But for 
dissimilar runway images only less number of feature points are extracted which results in a low matching 
score. Figure 8.shows the matched sift features between reference image and test image. The total number of 
keypoints extracted using sift algorithm from the test frame is 630 keypoints and from the reference frame is 
819 keypoints. The matches between the two frames are then calculated based on the Euclidean distance of their 
feature vectors. The extracted SIFT features are shown in Figure 9. Using the hardware setup shown in Figure 2, 
the landing scenario is attempted and the Figure 10. (a)- (g) are the simulation algorithm outputs for discrete 
images attempted in airport runway in the Flight gear simulation software. Position estimation output while 
interfacing with Flightgear is shown in Figure 11. 
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Fig. 8: Matched SIFT features in images. 
 

 
 
Fig. 9: Input image with SIFT keypoints 

 

 
(a).Runway image (RGB) 
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(b).Grayscale image  
 

 
(c).Sobel edge detection 
 

 
    (d).Plot of ρ & θ in parametric space 
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         (e).Hough peaks 
 

 
 
(f).Hough lines& algorithm output 
                                                                                                                                                                                   

 
 
(g).Lateral deviation from the runway centerline  

 
Fig. 10: Algorithm output 
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Fig. 11: Algorithm output while interfacing with Flightgear 
 
Conclusion: 

In this work, runway recognition using SIFT features and position estimation of a UAV using runway 
geometry is presented. UAV’s position is obtained by measuring the geometric properties of the runway such as 
runway width and runway offset. Altitude of the UAV is estimated with known runway width. Our method 
computes roll and yaw angles of UAV using the vanishing point detected in the runway images. Flightgear 
flight simulation software is used to validate our algorithm.  The course deviation of the UAV can be used as an 
input to a linear feedback control loop to maintain correct flight path. 
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