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Abstract. In order to quantitatively analyze the influence of vibration on the imaging quality of 
aerial cameras, the optical transfer function is used to evaluate the image of vibration on imaging 
quality. The dynamic Modulation Transfer Function(MTF) is used to evaluate the degree of blurring 
of the image. And the linear portion of the Phase Transfer Function(PTF) is used to characterize the 
geometric deformation of the image. 

Introduction  

Aerial photography is a long-range,non-contact target detection technology. Aerial camera as one 
of the main loads in the field of remote sensing. The aerial camera acquires ground scene 
information through optical imaging, which has the characteristics of strong timeliness, high 
measurement accuracy and wide detection area.[1,2]  

Aviation remote sensing technology plays an increasingly important role in resource exploration, 
disaster monitoring and ground mapping[3]. When the aerial camera is photographed, the vibration 
of the aircraft components and the camera itself and the fluctuation of the vibration caused by 
airflow will affect the imaging quality of the camera and reduce the resolution of the image, 
especially for large-field and long-focus imaging systems[4].On the one hand, due to the large 
bandwidth and frequency-intensive vibration in the working environment, the vibration of the carrier 
will be transmitted to the optical system through the platform, causing the vibration of the optical 
system. On the other hand, because the system often uses mechanical rotation to achieve functions 
such as expanding the imaging range, assembly errors and transmission errors of mechanical 
components can cause vibration of the optical device[5,6]. 

This paper briefly introduces the root cause of image quality--image motion. And it is of great 
significance to analyze the influence of vibration on camera imaging quality and measurement 
accuracy for predicting the imaging and measurement performance of aeronautical cameras in the 
vibration environment and guiding the design of camera vibration isolation system. 

Image Motion 

At the moment of aerial photography exposure, the movement of the image on the imaging medium 
is called image motion.The image motion changes the shape and hue of the image, which reduces the 
sharpness of the image. When the image motion is large, the image is blurred. 

The image motion in aerial camera photography is mainly caused by the movement of the aircraft 
with the aircraft at the moment of exposure[7]. The forward motion, unstable motion and self-
vibration of the aircraft will produce image motion. 

Taking the linear motion along the heading as an example, the aerial camera is affected by the 
flying speed of the aircraft when the ground scene is photographed, and the flight vibration of the 
aircraft is also affected, causing a relative displacement between the target object and the imaged 
medium. Causes the image to be blurred, called the image shift. As shown in Fig. 1, the aerial 
camera photographs the object B. During the exposure time t , the aircraft reaches point A' from 
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point A, and the imaging on the CCD also changes from point C to point C', and CC' is image 
motion. 

The pixels on the CCD sensor change depending on where the lens axis is swept. Set the image 
surface to be mounted at the focal length f . Define   as the sweep angle of the optical axis. In the 
direction of flight, the image motion velocity due to the forward motion of the aircraft is 

cos
H

f
VVi                                                                                                                                    (1) 

where iV  is the image motion velocity ; V  is the flight velocity; f is the focal length and H  is the 
flight height.  

If the exposure time t  is determined, the magnitude of the image motion   can be calculated. 

t
H

f
V   cos                                                                                                                                 (2) 

The Optical Transfer Function(OTF) 

In order to quantitatively analyze the influence of vibration on the imaging quality of aerial cameras, 
it is necessary to establish an evaluation model of the influence of vibration on the imaging quality of 
the camera. This paper uses OTF to establish this model. 

The Optical Transfer Function(OTF) is a function that characterizes the relative change in 
modulation and lateral phase shift during imaging using spatial frequency as a variable. The optical 
transfer function is the filtering transformation of the spatial spectrum of the optical system. 

The Optical Transfer Function(OTF) is an ideal method for evaluating the imaging quality of 
optical systems. It has a rigorous theory and can be extended to all aspects of imaging. For example, 
atmospheric disturbance, detector performance, vibration, etc. have an impact on the overall imaging 
performance of the system. According to the transfer function theory of the linear system, Robert D. 
Fiete[8,9] established the link model of the imaging system , evaluating the overall imaging 
performance of the system. It can be expressed in the following form: 

 vibrationCCDatmosphereopticsystem OTFOTFOTFOTFOTF  

Where systemOTF is the transfer function of the optical system, atmosphereOTF is the transfer function in 

the atmospheric transmission, CCDOTF  is the transfer function of the CCD detector, and vibrationOTF  is 
the optical transfer function caused by the vibration. 

Evaluation Model of the Influence of Vibration on Imaging Quality of Aerial Cameras 

For an optical imaging system, a point on the object surface is modulated by the atmosphere, an 
optical system, a detector, etc., and a defocused spot having a certain width is formed on the image 
surface. The center of the defocused spot is the position of the object after geometric imaging. The 
defocused spot normalized energy distribution is the point spread function of the imaging system. As 
shown in Figure 1, when there is vibration image motion, the position of the image point changes. 
On the one hand, the width of the defocused spot becomes larger, making the image blurred, and on 
the other hand, the center position of the defocused spot changes, resulting in geometric distortion of 
the image. As shown in Figure 1. 
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Figure 1. Image Motion Generation 

For a one-dimensional space, the line spread function(LSF) is )(Xh when there is no vibration 
image motion. Let the vibration image motion to )(tx , at which point the diffusion function of the 
imaging system becomes )]([*)( txXxh  . The actual imaging result of the optical system is the 
superposition of energy during the exposure time. The line spread function should then be a 
normalized energy distribution[10]. It be expressed in the following form: 
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where st  is the initial exposure time and et  is the exposure time. 

 
Figure 2. Diagrammatic sketch of the effect of vibration image motion on image quality 

Exchange the order of integral and convolution in Equation 2,  
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Therefore, the line spread function generated by the vibration image motion during the exposure 
time is: 
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The Fourier transform of the line spread function can be used to obtain the optical transfer 
function under vibration conditions: 





 dXfXjXLSFfOTF v )2exp()()(                                                                                               (6) 

Where f is the spatial frequency. Substituting formula 4 into formula 5, we can get 
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The Modulation Transfer Function(MTF) is usually used to evaluate the degree of image blur 
caused by vibration[11].  
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The linear portion of the Phase Transfer Function(PTF) is used to represent the the image motion 
caused by the vibration. 

Taylor's series expansion is performed by the integral function in formula 7,  
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Substitute Equation 8 into Equation 7, the expression of the Optical Transfer Function is 
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where nm is the thn order statistical moment of the vibration image shift function )(tx . By subtracting 
the second-order term and terms above second-order, an approximate phase transfer function can be 
obtained: 

)2arctan()( 1fmjfPTF                                                                                                             (12) 
Also based on Taylor series expansion, 
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By subtracting the second-order term and terms above second-order, an approximate phase 
transfer function can be obtained: 

12)( fmfPTF                                                                                                                          (14) 
It can be seen that the linear portion of the phase transfer function is only related to the first-order 

statistical moment of the image motion function during the exposure time. Aerial cameras are usually 
imaged using TDICCD with Pendulum sweep mechanism. The captured image is obtained by 
exposure of the detector at different times. Due to the difference in the overall offset of the image 
from the ideal position caused by the vibration at different exposure times, the image will be 
geometrically deformed. Since the first-order statistical moment of the image motion function during 
the exposure time indicates the overall offset of the image from the ideal position due to vibration, it 
can be used to evaluate the geometric deformation of the image.  

Conclusion 

The Modulation Transfer Function(MTF) is usually used to evaluate the degree of image blur caused 
by vibration. the linear portion of the Phase Transfer Function(PTF) is used to characterize the 
geometric deformation of the image. According to this model, the image quality degradation under 
different conditions can be analyzed more intuitively.  

In the follow-up study, through the analysis of the influence of the angular vibration error of the 
camera and the inter-carrier damper on the target positioning accuracy, it can give measures to 
improve the accuracy of target positioning. 
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