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Spatial filtering method based on array CCD for granular flow
velocity measurement

WANG Bide, CUl Yu, HE Guoqing, ZHAO Zhengbiao, LI Ran, YANG Hui

(School of Optical—Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China)

Abstract: Spatial filtering method (SFM) based on linear CCD cannot directly measure the velocity
distribution of granular flow in a rotating drum, meanwhile, it is difficult to measure accurately the
velocity at the single-point region with complex velocity in the granular flow. In view of that, a new
granular flow measurement method based on array CCD spatial filtering was proposed. Captured images
were divided so as to form simulated sub-filters, SFM was performed separately at each sub-filter
region, and then, the velocity distribution of granular flow in the rotating drum could be measured. For
the end wall region with complex velocity variation in the rotating drum, an orthogonal vector algorithm
was used for the velocity vector sum operation, which could avoid errors caused by the angle
measurement, thereby improve the accuracy of single-point region velocity measurement. Finally, an
experimental rig was set up to verify the method.Resolution and accuracy were analyzed, as well. The
results show that array CCD-based SFM can measure the velocity distribution of granular flow in the

rotating drum, and the measurement error is lower than 2%.
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Fig.1 Principle of spatial filtering velocimetry
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Fig.2 Velocity measurement system of granular flow in the
rotating drum
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Tab.1 Comparison results of several angle velocity
measurements ( area S1)
12 V3o Error/ Vys/ Error/ Vo Error/
(cms')  (ems ) % (cm's ™) % (cm's ') %
1 1.01 1.00 1.00 0.00 0.99 1.00
2 1.99 0.50 1.98 1.00 2.02 1.00
3 3.00 0.00 3.05 1.70 3.02 0.67
4 4.03 0.75 3.96 1.00 4.01 0.25
5 5.01 0.20 5.04 0.80 4.98 0.40
6 5.96 0.67 5.99 0.20 6.12 2.00
7 7.11 1.60 7.03 0.43 6.95 0.71
8 7.98 0.25 8.01 0.13 8.07 0.88
9 9.04 0.44 9.08 0.89 8.92 0.89
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Tab.2 Comparison results of  multi-point  velocity
measurement ( angle 30° )
v/ Vsi/ Error/ Vao! Error/ Vss/ Error/
(ems')  (em's) % (em's") % (em's ") %
1 1.01 1.00 0.99 1.00 1.00 0.00
2 1.99 0.50 1.99 0.50 2.03 1.50
3 3.00 0.00 3.04 1.30 2.96 1.30
4 4.03 0.75 3.98 0.50 4.05 1.30
5 5.01 0.20 5.06 1.20 5.02 0.40
6 5.96 0.67 6.03 0.50 6.02 0.33
7 7.02 0.29 7.05 0.71 6.97 0.43
8 7.98 0.25 7.96 0.50 8.06 0.75
9 9.04 0.44 8.98 0.22 9.02 0.22
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Fig.4 Output signal spectrum at different frame rates
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Fig. 6 Granular flow velocity distribution in the rotating
drum at 2.5 r/min, 40% filling degree
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Fig.7 Velocity distribution of granular flow in the black square area in fig. 6
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