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Observation of the Flow Pattern and Level Control of a Hopper
by Using the Image Processing

Kenzou WADA, Hitoshi OKA, Tsuyosi SYOUDA and Nobuo HAYANO

Abstract

Recently, the technique of image processing has been used for inspection of industrial products, remote
sensing, chracter recognition, and as a visual sensor for robots, etc.. This report is concerned with level
control of hopper by using an image processing apparatus.

The experimental system consists mainly of the following elements :

a) The controlled object is an asymmetrical hopper with a rectangular cross section.

b) The detecting element is an ordinary video camera.

¢) The actuating element is a slide valve which is made in our laboratory.

d) The controller is a PC-9801 personal computer.

e) SYSTEM9512 is used as the image processing apparatus.

f) For the test material, sand is used (mean diameter 355 ym) .

The flow pattern of granules inside the hopper changes at the transitional bed height (H,r) . Hy is the bed
height at which flow pattern of granules changes from mass flow to core flow or vice versa. The flow
pattirn of granuies is uniformin the upper part of H,.. In this sense, it is easy to control the level of the
hopper, because the surface of granules in the hopper is kept constant (features of mass flow). We
measured H, by video camera and the data of H,, is treated by the image processing unit (SYSTEM
9512) . In this case, it is desired that the level control of granules is performed at the upper part of H,.
The time to transmit the image data to PC-9801, and which is necessary for the image processing, was
reduced to maintain good response wave shapes. In order to do so, the area used for data processing of
the flow pattern is decreased, and the method of extracting the useful information from the image data
is discussed.

The following results were obtained through this experiment.

1) By using the level control system with an image processing unit as a detecting element, the control
of level becomes easier.

2) There is a problem of relative position between video camera and hopper, so, to get good responses,
we treated the problem of relative position by dividing the hopper into three visual areas.

3) It is observed that when inflow rate of granules and width of the hopper are kept constant, H, is
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almost constant. This means that the flow pattern is a mass flow state. Thus, H, becomes the index

of control.

4) When inflow rate is constant and width of the hopper becomes wider, H.. becomes greater and the

area of uniform flow becomes narrower. Then controlling the level of the hopper is rather difficult in

this case.

5) When Qin=Qour, Hir becomes lower than in the case of Q;, =0, and the region of uniform flow becomes

wider. Controlling the level is rather easy in this case.
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Fig. 1 Schematic diagram of experimental
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Table 1 Physical properties

Material Sand
Mean diameter 335um
Bulk density 1.53g/cm®
Angle of repose 39.0deg
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Fig. 2 Relation between outflow rate and
amount of slit opening

I (e LT AL I (3 (R AL PR A BB AR A, % — KR — F, CRT
F—=3IFN, #5—=%, HHEE=Y¥, 7L v }
TAPIAFLEDPLERENTWE, EFtTAXS
&> TESHZ SHATMRIIER LR R I 1 #ml/
MM S TN AETN, ZOMGRIZICEPENIEE L
NIV EAT HREO12 X HEAB0HI KN T — 2 & L TEE A
ENICHBEING, 2L T, TOWDAF 2 EIR 5
H{§) ICHEA2ONBERTILICLIRLELF—2D
MM Zfr) e TES, 72, HEBELE T TS A
IFUHEER DRFEN 2D T 7S5 2 HWTad L7,

EFAAATICE) L6200 Gy eIz
A S NBRRDEIRE) BEFAF—7 v a—
# (VTR) %3 L THBOABEEICRIAT NS, o
T, MR DR E I N2, BB T — F13RS-232
CAv =724 RE2BLT, WM b —-5TH
beA T HEEINDL, ZIT, HLHLOEDHL
NCEEIC & D B R ARER N, D/AT L=
ZHMLTHY—KRE—S2B#HL, X574 Fsn72H
BT A2 iDL ~lldiT- T3,

3. EfRLRx

HHRLIED JEEDD & U TSP CR e, i,
TTILT B LE N DD, RIS R
i:-'é“%f:w:}ﬂw%né,i)éﬁﬂ)’?’:ﬁ]{tﬁ{’?'@i)%.
L2L, Zo2dIC@ifhizsrIncy SR Bont S
T EHILERD L0 KD D B,

AEACHERAE > S R M T A DICEL £
CHOOLNE FIET, EGICEELEL BT ok
Dirbi s, B2, FHEGROMEf OBEL ~L %
Z/(0=Z,SF; O~FI16BRBEOEEL L2 £T) &
L, tZ20~FoOloEEL~LvEeT2E, BET %
WL~V t TREQEE L 2581

B {Zﬁ:F(f;UO&é)
Z2;=0 (f<tnk &) W

Photo. 1 Original image

Photo. 2 Effect of threshold operation

&7 A, Photo. LiZ/5i{§, Photo. 2iZJ5iH {4z {4
{EH#MER M L 2R 2083, “AELBRIFROBE§ I3k o
oNEE L BYRIRDE D, OB BRTEIATY
5.

VRS T AR R S



38 (38) MEHEE - M ¥ AHEE - FHER
— X — X
01 2 3 4 ---5085051 01 2 3 -eccmumm 510511
l 0 - 0 [[a1 {m {faz]p2
1 at |bt a2 [b2]--- 1 |let difle2]d2
y 2 cl |dt fle2 a2 |-— y 2 __-E*
3 - 3 | ]
4 - H PN
AN HAHNE ! '
am1 = | T
478 - 478 | .
478 479 ] S0 R
(a) (b)

Photo. 3 Effect of laplacian opelation

Photo. 4 Detection of level

575 LT yRELIIHER L FHOBMOBEREHRT
EWITBZ2IDTHY, ToBEERBTILICL) AM
TEELV LD EALTH2HS M 3N, H
W SRR PMHIEICET I LT & 5. Photo. 3
I TAEALRIER T o BRI, XBIETTIOT B
ER AT >R 2R, LI Z 17T > 2RIz B
2R L BEDBRDADPBNRTEINTWEDPD
5,

AEBRTRIELORABEY 7 72T THioTwab
728, SEFICHLIOIBELET &3 F0HE
FL, COROEBGUMEBRLHOWLHES AT L%
WRT 5 ErNEEE%b, 22T, UTok) 4k
O 1 LR B ) S 2 X - 7z,

39, P CERACOCTIREY 2R L v
ANy b HEY, BHEHERTEBRT S92 7T, 13k
AXHBERIELVOTHER TSI L2 LA, Tl
fbffEic oW T, HEV L4 DLFIZEELV_ALF
D, FEL L4 RBIIEEL~VODERE L7,
$7, COBMEE2BFEICKH LT DTI3% L, Fig.
Jan k9 icx=1, y=1%3#li & L7za, by, ¢, d,D

Vol.38 No.1 (1987)

Fig. 3 Threshold and laplacian operation
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Fig.7 Relation between vertical velocity of solid and bed height
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