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Abstract: The spatial-filtering velocimetry method has the advantages of having a simple structure,
good stability, and strong applicability. However, the traditional linear-array Charged Coupled Device
(CCD) spatial-filtering velocity measurement method requires that the direction of the CCD array be
the same as the direction of motion of the object whose velocity is to be measured . Therefore, this
method is not suitable for measuring complex flow fields. To solve this problem, this study proposes
a spatial-filtering velocity- measurement method based on an area-array CCD camera. A series of area-
array CCD output images were collected from the measurement area. Interlaced sampling was
performed in the horizontal and vertical directions of the image to simulate the multi-slit spatial-
filtering characteristics, and an optical non-contact measurement of flow particle velocity around an
obstacle was realized. Moreover, regarding the characteristics of the power spectrum density of
complex flow fields, using an energy center-of-gravity correction spectrum improves system

measurement accuracy. 1he system was calibrated by adjusting the speed of the conveyor to achieve
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measurements at different speeds with an average error of less than 4%. In addition, the debris-flow

velocity-field distribution simulated with glass sand was also measured using this system. Finally, the

influence of spatial period and duration on the measurement results was discussed, which demonstrate

that the measured velocity reaches a plateau for sampling over 0. 5 s and the spatial resolution is

improved to be 1. 28 mm.
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Fig. 1 Schematic diagram of SFV measurement
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Fig. 2 Principle of area CCD velocimetry
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Fig. 4 Belt measurement system
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Fig. 6 Experimental setup for velocity measurement of

debris flow with obstacle

AP IEFATAHA «=40°, =K WY H
BiARHA R 41, O° R SFIE = f B it Wk [ Rk
(SR B A AR AR 7 s, i TR IS shiR o =
1Y B A v 4 A2 A AR A A B A T A2
HEB B o A g R, Hoh AR N R
1 100 pixel X 1 500 pixel, i ki i iz 30 X 88 4
210 pixel X210 pixel HIE . M2 [ & p=
52, X J7 1) 23 (6] JE A8 n=7.Y J [ 25 [6] J&] 39 %
n=>5, bR R A % X R 2 3 7 16
5 X Jrm iy de i, §i k Ronig sh oy m, K E N i
SR, NG RE AT LB W 0k 32 5 R
[ N ) IS P TR AT 2728 i R 7/ W P B 93 0 A N
B =K J7 I AL R . H T B A0 04 52 T,
7 7E T BT A 5 23 7 A — 5 B MEBLRE L B 7
BERA) b0y ORLAS B IR 2R L 38 Bl 1) PR AR AR
INARAR L 5 X r e f ol T0° A . kLI
Sl e A ) 2 T, UKL IZ B 7 ) 5 A ) fi
AL R R0, ELBE B N IR 7 TR L fE R A
A i W UKL AZ Bl 5 [ 5 X 1) S AR 45. 267,
VI JIURE 2 3 7 1) 5 B A4 e 1 B oA 43 . i
WOk T2 2 B AR ML R sE i ARV E Y I
Mz sh, %A X rm LA R . JUR) b A B
BEAE I E O 109, 582 3 em/s, M 58 4 B I R AR



511

o MG A5 52 R U S EE 37 A 1Y 23 1] 8 ) 2637

Yk, BN 95. 31 em/s., BEAFYIAIINA, 15
T UKL Y 32 B T A LA/

1000 ¢ : ¢ ¢
800}
/72.210 /66.890 l
600}
(5]
=
)
>~
400}
200}
—> 95.31 cm/s
% 500 1000

Xlpixel
PR 7 B AR T 25 R

Fig. 7 Particle velocity of debris flow with obstacle
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Fig. 8 Measurement results of flow velocity in different

space cycles
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