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Measuring Relative High-Speed Rotation of Wheel
with Low-Speed Camera
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School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China

Abstract Measuring the rotating velocity of the wheel with machine vision is efficient and straightforward.
Measuring the high-speed rotation with a high-speed camera can generate massive data. In order to reduce the
massive data, we propose a method to measure the relative high-speed rotation of the wheel by a low-speed
electronic rolling shutter camera. This method bases on that the effect of rolling shutter can induce geometric
distortion in the image when the wheel is rotating fast. The information in the distortion image can be used to get
the rotating velocity of the wheel, and the purpose of measuring relative high-speed rotation with low-speed camera
is realized at the same time. The proposed algorithm is validated in a simulation model which reveals the relationship
between the rotation and the distortion image. In order to eliminate the dualistic caused by the spatial wheel
photographed by a single camera, the rotation property of the wheel is researched. Finally, the verification
experiment is carried out. The result of the experiment shows that this method can detect the rotating velocity
which is higher than the speed of the camera, and the relative error is less than 4% .

Key words measurement; instrumentation; rotating velocity measurement; image processing; electronic rolling
shutter
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Fig. 1 Work schematic of the ERS camera. (a) Rigid rod
moves fast from left to right; (b) rod image

captured by the ERS camera
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Fig. 2 Schematic of the rotating object captured
by the ERS camera. (a) Rigid rod rotates clockwise;
(b) rotating rod image captured by the ERS camera;
(c¢) eight-spoke wheel rotates clockwise; (d) rotating

wheel image captured by the ERS camera
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Fig. 3 Simulated images of the wheel that rotates at different
velocities. (a) Static; (b) 0.5 r*s™'; (¢) 1 res™'; (d) 2 res™!
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Fig. 4 Exposure of the spoke edge. (a) Exposure

processing of point C; (b) positions of points C, and C,
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Fig. 6 Experimental system for rotation measurement.

(a) Experimental setup; (b) measured wheel
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Fig. 7 Wheel rotates at different velocities. (a) 5 res ';

(b) 10 res™'; (¢) 20 res™ ' (d) 30 res™!
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