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Development of Hybrid Image Stabilization System for a Mobile Robot
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Abstract: This paper proposes a hybrid image stabilizing system which uses both optical image stabilizing system based on EKF
(Extended Kalman Filter) and digital image stabilization based on SURF (Speeded Up Robust Feature). Though image information is
one of the most efficient data for object recognition, it is susceptible to noise which results from internal vibration as well as external
factors. The blurred image obtained by the camera mounted on a robot makes it difficult for the robot to recognize its environment.
The proposed system estimates shaking angle through EKF based on the information from inclinometer and gyro sensor to stabilize
the image. In addition, extracting the feature points around rotation axis using SURF which is robust to change in scale or rotation
enhances processing speed by removing unnecessary operations using Hessian matrix. The experimental results using the proposed

hybrid system shows its effectiveness in extended frequency range.
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Fig. 2. Block matching motion detection.
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Table 1. Comparison of conventional image stabilization Methods
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Fig. 5. The vibration model.
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Fig. 6. Estimation of vibration angle in SURF.
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Table 2. The comparison of simulation results (1).

0.25Hz 0.5Hz 2.5Hz 5.0Hz
ot -0.003424 | -0.017394 | -0.283652 | -0.557989

® 3 AEdeld 23 Blal ().
Table 3. The comparison of experiment results (2).
0.1Hz | 0.25Hz 0.5Hz 2.5Hz 5.0Hz

IS 98.2% | 90.0% | 89.4% | 84.2% | 54.4%
IS+EKF| 99.4% | 97.6% | 93.4% | 90.5% | 82.8%

(c) Matching image using SURF.
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Fig. 9. Experiment result of digital image stabilization based on
speeded Up robust features.
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3 |0.25Hz| 0.5Hz | 1.0Hz | 2.5Hz | 5.0Hz | 10Hz

Amp. 10° 10° 10° 10° 10° 5°

OIS 98.2% | 90.0% | 89.4% | 84.2% | 54.4% -

EKF+O0IS | 99.4% | 97.6% | 93.4% | 90.5% | 82.8% | 94.3%

DIS 98.6% | 98.4% | 98.0% | 97.1% | 81.3% | 75.3%

HIS 99.6% | 99.6% | 99.5% | 98.8% | 89.5% | 94.6%
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Fig. 14. Experiment result at 1Hz (10deg/s).
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