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• Background:

Displacement measurement method provides quantitative information for 

structural safety assessment and maintenance. In order to overcome the 

difficulty of outdoor measurement of long-span bridges, the UAV digital 

image correlation method is developed to realize deflection detection. 

This method is based on the fast robust feature (SURF) algorithm to 

correct the position of the UAV (including three displacements and three 

angles), so as to obtain the true deflection of the measured object.

• The basic principle of UAV calibration method:

As shown in the figure, the UAV is in position 1 at time 1 and position 2 at 

time 2, and the matrix H is a homography matrix describing the posture 

changes of the two images.

Where H is the homography transformation matrix between two 

coordinate systems. Taking the position of the first image as the world 

coordinate system, the homography transformation matrix between the 

two images can be obtained. A single strain matrix reflects the geometric 

transformation between two images, usually including rotation, translation, 

scaling and other transformations.

• Design of identification mark:

Multi-point mark patterns are designed, which are evenly distributed 

around the image and better reflect the motion state of the camera. The 

first part of the pattern is the digital part, which can avoid confusion 

between similar areas. The second part is the concentric circle, which can 

accurately locate the center of the circle. The steps are as follows:

➢ Cut the first frame image, and SURF match the whole cut image,

➢ Filter the detected feature points for the second time, and then 

introduce the equation to iteratively solve the matrix H,

➢ Calculate the displacement of the corrected image by digital 

image correlation method, and get the real displacement value of 

the target object which is not affected by the UAV movement.
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• Theoretical accuracy verification:

Generate a series of digital pictures with standard spots and marked 

areas. After the image has been translated and rotated many times, this 

method is used to correct and calculate the residual error. The minimum 

residual error of the simulation is close to 0.05 pixels, and the maximum 

residual error is close to 0.19 pixels. This method has high correction 

accuracy under ideal conditions, and can basically meet the sub-pixel 

accuracy requirements.

X displacement Y displacement X rotation Y rotation Z rotation

field[pixel] 0.04755 0.18931 0.10511 0.09609 0.15883

Rotate the camera along the XYZ axis to repeat the above experiment. 

The experimental error of XY axis rotation is basically less than 0.8 pixel, 

and the overall correction accuracy is high. The z-axis rotation residual 

error is the largest, about 1.5 pixels, which is still within the acceptable 

range. But the rotation experiment can basically meet the sub-pixel 

accuracy requirements.
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• Image correction verification experiment:

The validity of the correction method is verified by using the linear 

guideway sliding table of stepping motor. The digital image correlation 

method is used to track the displacement of the slider, and the camera 

translates XYZ in three directions through a three-degree-of-freedom 

displacement platform to simulate the translational motion of the UAV. 

Calculate the horizontal displacement u and vertical displacement v of the 

slider. It can be seen that the average error of the correction is lower than 

0.32 pixels, which has high correction accuracy. The error caused by Z-

direction displacement is relatively large.
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U field [pixel] V field [pixel]

X-axis rotation 0.41397 0.66204

Y-axis rotation 0.38363 0.36149

Z-axis rotation 0.80519 1.30786

• Conclusion:

In order to solve the instability of UAV as a dynamic displacement 

measurement platform, an image correction method based on SURF 

algorithm is established. Numerical simulation shows that the maximum 

error of displacement measurement can be controlled within 0.2 pixel. 

Laboratory calibration experiments show that the overall correction 

accuracy of displacement measurement is about 1.3 pixels. However, if 

the damping mechanism can be used to suppress the rotation of the UAV, 

the maximum error of displacement measurement can be reduced to 

about 0.3 pixels.


