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COMPUTER VISION SYSTEM FOR FROTH FLOTATION BASED ON CENTROID

A lot of classic research talked about the process of controlling the flotation process. Using classical mathematical
methods, for example, find the edge detection and measure the size, color and speed of the bubbles in the froth. However,
not been touched to take the signature of the froth as one part. Through systems which can control state to decide the ki-
netic and making the right decision to correct processing of the flotation, or judgment on the course of its progress, if they
are. Therefore, this research proposes and discusses the possibility of finding this signature, by measuring the deviation at
the mass center of a series of successive images, for one minute at a rate of scene per 2 seconds of time(30 scene/minute),
from the point of origin of the scene (Image). Introduced signature on an expert system has been pre-instruction, we can
see the status of the entire the processing and perpetuate the results of the control system is responsible for the operation.
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Floatation Processing

The process begins with the grinding circuit, where
the ore first crushed, and then milled to obtain a particle
size distribution that is typically sub 100mm. The de-
sired particle size distribution differs from mine to
mine, and is typically a function of the mineralogy of
the ore) [1].

The reason for the grinding is to liberate the grains
of the desired mineral(s) [2]. Water added to the mills to
transport the ore through the mill and onwards to the
classification section. The mix of ore and water known
as slurry. Closed loop control milling achieved by using
a classification circuit. This typically achieved using
either hydro-cyclones or a set of screens.

Hydro-cyclones are density separation devices that
have an underflow of coarse particles and an overflow
of fine particles. For a screen, the fine particles pass
through the screen, while the coarse particles do not. In
both cases, the coarse particles fed back to the mill for
re-grinding. The fine particles passed on to the flotation
section. It is not common to have multiple mills, screens
and hydro-cyclones in the grinding circuit.

The slurry pumped from the conditioning tanks
into the first flotation cell. A Flotation cell is essentially
a large tank that contains an impeller to agitate the
slurry/air mix, and by so doing, promote contacting be-
tween air bubbles and particles in the slurry. In some
flotation cells, the rate at which air, is fixed, while in
other models it is possible to set an airflow rate to a de-
sired amount.

The agitation from the impeller creates turbulence
within the flotation cell. The turbulence in turn pro-
motes particle-bubble collisions. Hydrophobic particles

will attach to the air bubbles, and rise to the surface.
The air bubbles form a froth layer on top of the pulp
(slurry). The froth layer overflows the top of the cell
into a launder, where the concentrated material is col-
lected. The upward motion of the air bubbles results in
the unselective transport of particles to the froth layer in
the bubbles slipstream.

Flotation banks generally arranged in banks to al-
low multistage treatment of the slurry, with recycle
loops to ensure that no excess of valuables is lost in the
final tailings. The floatation process shown in fig. 1.

Fig. 1. The floatation process

Difficulties with flotation control

The variables that affect the flotation process are
numerous and varied [3]. They include:

* Feed characteristics (mass flow rate, mineral
composition, liberation size, particle size dis-tribution,
specific gravity, etc.).
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* Physico-chemical factors (water quality, tem-
perature, reagent types and concentrations, interactions
between reagents and particles, etc.).

* Hydrodynamics (flotation circuit design, cell
type, aeration rate, spatial distribution of bubbles and
particles, etc.)

This plethora of variables makes control of the flo-
tation process an extremely difficult task. As a result.
Control usually affected manually by human operators,
who base most of their decisions, on the visual appear-
ance of the froth. This often leads to sub- optimal con-
trol, owing to factors such as operator inexperience or
the inability to act promptly at the first sign of aberrant
plant behavior [4].

1L Froth color

Through extraction of the hue, saturation and in-
tensity (HIS), red, green and blue (RGB) or hue, satura-
tion and values (HSV) from color images, the froth
color can defined. Useful information on the bubble
loading could give by this particularly when the miner-
als loaded have a distinguishable color [5].

1. Segmentation:

For suitable segmentation to be obtain from using the
Watershed Transform on froth images, a certain amount of
image preprocessing must performed [5]. The result will be
monochrome image (each pixel get either 1, or 0).

1II. Bubbles size:

The size of the bubbles is very easy to infer
through the ratio (c) of the number of units distributed
on the total number of image pixels [6]. The size of the
bubbles inversely proportional to the number of ones
(1’s) distributed in the monochrome image after seg-
mentation. The ratio (c) depends on the accuracy of the
camera (resolution), the image size and the distance
between the camera and froth.

Centroid Signature

Finding, this signature, by measuring the deviation
at the center of a series of quantitative successive im-
ages, for one minute at a rate of scene per 2 seconds of
time, from the point of origin of the scene. To obtaining
the distance between origin pointe I, and centers of
successive scenes. The two-dimensional (p + q)th order
moments of a digital shape are defined as [7, 8]:

mpq=ZZX"yql(x,y) p,q=0,12,... (1)
Xy

The center of mass of the shape then given by
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center of image i, and n is a number of scene. Finally,
the signature vector will get by dividing ¢; by dpax,
where, d.x diagonal length of image. The fig. 2 — 7 are
show the signatures of different images!

1V. Bubble Speed:
The approximate speed (S) of the bubbles in froth,
we can get it from the total distances (d) between the

centers (xci Yo ), divided by the total period of the
film (T) by S=d/T and the total distances d:

=3 J([(x)]ci_, —xg ) O, e ) @
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Where n, number of scene.

Result and Discussion

In the search six different sequences of Images for
different froth [9, 10], as shown in fig. 2 the signatures
they got from them, shown in fig. 3 — 8 respectively.

Through signatures, bubble color, bubble size, and
bubble speed, into expert system, to control the system
of floatation froth [11]. Therefore, the on-line system
must be high speed; this work will decrease the time for
pressing, because of mathematical operations is simple
and less than others are.

Fig. 2. Show the first Image of six sequences
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Fig. 3. Signature of sequences image 1
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Fig. 4. Signature of sequences image 2
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Fig. 5. Signature of sequences image 3
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Fig. 7. Signature of sequences image 5

1. Haavisto O. Optical spectrum based measurement of
flotation slurry contents / O. Haavisto, J. Kaartinen, H. Hyy-
tyniemi // International Journal of Mineral Processing
[online], 2008. — 88 (3-4), 80-88. — Available from:
http://'www.sciencedirect.com/science/article/pii/S0301751608
001026, Accessed 25 March 2014.

2. Beucher S. The morphological approach to segmenta- Haoiiwuna 0o peoronezii 20.10.2014
tion: The watershed transform / S. Beucher, F. Meyer //

E.R. Dougherty, editor, Mathematical Morphology in Image  Penensenr: 1-p TexH. Hayk, npod. B.M. Pymuunekuii, Yep-
Processing. Marcel-Dekker, 1992. KacbKUil iepyKaBHUM TEXHOIOTYHUN YHIBepcHTeT, UepKacH.

KOMIMIOTEPHA BIOQEOCUCTEMA ANSA ®NOTALT NMIHU HA BA31 CENTROID
Anb-JIxanabi Axin baxp Tapkxan

B b6acamvox docnidsicennax nogioomMascmoscs npo npoyec ynpaguinua gromayii ninu. Bukopucmosyioms knacuuni mame-
MAmuyHi Memoou, HanpuKkiao, Osl 3HAX0O0CEHHs 2panuyi 006’ cKmy ma eumipy pomipy, Koabopy ma weuokocmi 0y1boauox 6
@romayiiniu nini. Ane dcoone 3 docniodicenb 062080pI0BAN0 ompumamu nionucu romayiunoi ninu, K €Ounoi wacmunu. 3a
00NOMO20I0 CUCTEMU MOJICHA YNPAGIAMU CMAHOM ONsl NPUUHAMM PIUeHHs w000 OUHAMIMHOCII MA KOPUSY8AHH Npoyecy
@nomayii, abo eunpasients NOMUIOK, AKWO 80HU €. Memoio 0anozo docniodicents € 002060PeHHs MOACTUBOCT NOULYKY YbO2O
nionucy 3 0ONOMO2010 BUMIPIOBAHHSL BIOXULEHb YEHMPY MAC pady NOCTIO0BHUX 300padicenb, 3a 00HY XGUIUHY 3 nepioduunicmio 1
6 2 cexynou (30 306padicenv 3a Xunumy), 3 mouku aopecu nouamxy 010Ky (300padicents). Bukopucmanuii arcopumm na excne-
PpmHuIL cucmemi € NepeUHHOIO THCMPYKYIEIO, MU MOICEMO RODAUUMY CMAH 00 '€KMa 8 OGHULL MOMEHN Ma 3aKPINUmu pe3yibmamu
KOHMPOMIOI04OT cucmemu, KA 8i0N0GIOATbHA 3a NPoyec.

Knrouosi cnosa: komn tomepna sioeocucmema, o6pobra ghnomayii 300pasicenns nionucy, o6pobka 306pasicens, gromayis.

KOMMbIOTEPHAA BUOAEOCUCTEMA AJ1A ®JIOTALUNU NEHbI HA BA3E CENTROID
Anb-JIxxanabu Axun baxp TapkxaH

Bo mmoeux uccnedosanusx coobwjaemes o npoyecce ynpaginenus gaomayuu nenwl. Fcnonb3ylom kiaccuueckue mamemamii-
yeckue Memoodl, Hanpumep, O HAXOXHCOEHUs, ZPAHUYbL 00bEKMA U UMEPEHUs. pa3mepd, Yeema u CKOPOCmu ny3blpbKog 8 (aoma-
yuonnou nene. Ho nu 00Ho uz uccnedosanuii ne 06¢cysicoano nonyuenue NOORUCU QromayoHHoOU netbvl, KaKk eOUuHCMEeHHOU Yacmu.
C nomowpio cucmemvl MOJCHO YRPAGIAMb COCIMOSHUEM OisL RPUHAMUS PEULEHUs. OMHOCUMENbHO OUHAMUYHOCTIU U KOPPEKYUU NPO-
yecca promayuu, unu ucnpasnenus owuboK, eciu oy ecmo. Lenvio dannoeo ucciedosanus A6aemcs 00CytcoeHue 03MOACHOCIU
ROUCKA MOt NOONUCU ¢ NOMOWBIO UZMEDEHUsI OMKTIOHEHUI YEHMPA MACC PAOA NOCIE00BAMENbHBIX U300PAdCEHUL, 3a OOHY MUHYNTY
¢ nepuoouunocmuio 1 6 2 cexynoul (30 uzobpadsicenuii 3a munymy), uz mouku aopeca navana 6noka (usoopasicenue). Hcnonvzosan-
HblIl QI2OPUMM HA IKCNEPWHOU CUCeME ABTAEMC NEPEUHOU UHCIPYKYUET, Mbl MOJICEM YBUOeNTb COCMOsIHUE 00beKma 8 OaHHbII
MOMEHM U 3aKPEenuntb pe3yibmanivbl KOHMPOIUPYIoujell CUCeMbl, OMBEEMCcMEEeHHOU 3a NPOYecc.

Knrouesvie cnosa: xomnviomepnas eudeocucmema, obpabomxa gnomayuu uzobpadicenus noonucu, o6pabomxka u3oopa-
Jrcenuti, promayusl.




