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Abstract

The Rotating Prism-Camera Imaging System (RPCIS) demonstrates promising application pros-
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pects in the emerging field of dynamic target tracking and recognition. However, its performance
is limited by motion blur issues. To solve the motion blur problem in the rotating prism-camera
imaging system, developed by motion imaging analysis methods, a motion blurring mathematical
model of the dynamic virtual camera (DVC) is established to characterize the real-time imaging
blurring mechanism. By analyzing the kinematics of DVC based on first-order motion expression
of rotating double-prism scanners, a motion blur kernel estimation method and the algorithm for
motion deblurring are proposed. Based on the proposed method, the motion blur kernel of the
scanning image can be obtained, and then the wiener filtering is combined to eliminate the blur.
Experimental results demonstrate that the proposed motion deblurring method effectively elimi-
nates motion blur and improves the image quality of the real-time scanning imaging system.
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Figure 1. Schematic diagram of the model of the dynamic virtual camera
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Figure 2. Schematic diagram of dynamic virtual camera pose computation
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Figure 3. The kinematics analysis of the dynamic virtual camera based on a first-order centering algorithm
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Figure 4. Schematic diagram of dynamic virtual camera equivalent main section
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Figure 5. Schematic diagram of scanning imaging degradation
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Figure 6. Fluctuation value of point Os on the Zc-axis
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Algorithm 1: Scanning imaging restoration algorithm

Input: I,: scanning image, R[T, f]: Camera, R[f;, 02, w1, ws]: Risley
prism controller

Output: 7,.: motion deblurring image

calibrate the camera via zhang’s camera calibration ;

initialization Psf[Ly,0;

v, radial velocity along the equivalent main section;

v;, perpendicular speed of the equivalent main section;

Read Risley prism controller feedback C[01, 02, w1, wa];

if ((w1 #0) A (w2 # 0)) then

V| — %(uﬂ +U.J2);
vy < V2na(ws — wi)sin( )2);

Ver + V14/ .Z‘()M(t)2 T Y0,c) %

Vey) < 07104y Osl;
Ay < Zos=Zove= fVCJ_T;

Zos —Rove

Ay <« Zos—Zove— fVc//T;

Zos—Zo

Ly + \/AUQ + AvZ;

0y < arctan( 25)

compute Psf(Ly,0p),0 € (0,360°);
I, < IFFT {[(H*(u,v)/|H(u,v)|* + K)]*G(u,v) };
else
‘ IT — Ib;
end
return I,;

Figure 7. The algorithm of the scanning image deblurring
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Table 1. The parameter of the prism and camera
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Figure 8. Scanning image motion deblurring. 1st group: (a) The blurred image, (b) is the motion
deblurring image of (a); 2nd group: (c) The blurred image, (d) is the motion deblurring image of (c)
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Table 2. The relative clarity of blurred image

%= 2. IEHERE AR EME

Group TenenGrad Brenner Variance Square Grad Vollath Window Grad Entropy
1 62.20% 60.03% 86.63% 65.34% 87.33% 58.77% 91.64%
2 34.81% 38.75% 85.41% 35.53% 83.49% 28.14% 92.27%
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