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ABSTRACT

This paper proposes a statistic model for estimating the bubble size
distribution in foam images based on uniform scanning and edge analysis.
It also presentsthe algorithm for cal cul ating the bubbl e size distribution of
circular bubblesaswell asoval bubbles, completewith aweighted statitical
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algorithm of bubble size distribution under the condition of multi-directioned
uniform scanning. The simulation results indicate that the widths of the
bubble’s section lines and bubble sizes are identically distributed, and the
estimated number of bubbles in the foam image is similar to the actual

value.

INTRODUCTION

Foamimagesarewidely used insuch many fields
aschemica industry, metalurgical operation, water con-
servancy, shipping and nuclear industry, etc.4. Itisa
very important measureto judgethe manufacturing state
intherelated industries by automatically detecting the
bubblefeaturesand classifying them by usng computer-
alded image processing technology so astoredizethe
industrial procedure control and to optimizethe deci-
son-making>7.

Therearetwo main existing methodsused to ana-
lyzethefoam size distribution. Oneisbased onimage
segmentation. Yang Chunhuaet a haveresearched on
afoam image segmentation technology and made a
quantitative description of thefoam shape plusitssize
features, which offersthe datasupport for theflotation
process®. Shao Jianbin et d applied watershed method
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to ssgment thefoamimageshbut couldn’t effectively solve
the segmentation problem™®. Zeng Rong et a applied
foam edge scanning method to segment theimages, re-
sulting in aproblem of under-segmentation™?. Such
methodsenjoy ahighrecognition rateof imagefestures,
but itsalgorithm iscomplex and therea -time perfor-
manceisnot good. The other mgjor type of methodis
based on foam feature determination. Bartolacci used
gray level concurrence matrix and wavel et anaysisto
extract foam patterns, and applied the least square
method to establish an empirical mode of the concen-
trate oregrades, thusrealizing afeedback control over
theflotation process. Mool man proposed amethod
to obtain the average size of the copper oreflotation
foam based on image color analysisand fast Fourier
transform a gorithm, but the method cannot be used to
match theflotation conditions'?. Thesefeature deter-
mination agorithmsarere aively smple, withagood
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redl-timeperformance; but the ca culationisroughwith
bigger errors, thuslacking determination of the essen-
tia foam characteristics.

In responseto the deficiency of theexisting methods
to determine the bubble size features, this paper pro-
posesan dgorithm of determining thebubblesizefea
turesbased on gtatisticsthrough an edge scanning of the
bubbl esto establish abubble combination mode which
isapplied to estimate the number of bubblesaswell as
their Szedistribution by using statistica gpproaches.

BUBBLE EDGE SCANNING OF THE FOAM
IMAGE

Hotation processisamethod of separationwiddy
used inthewastewater treatment and minera process-
ingindustries. An efficient method to automtic monitor-
ing flotation processisto captureitsfoam imageon
time. Figure 1 showsthe aluminum flotation process
withimage sensor.

A foamimage consistsof anumber of bubblesina
background, and Figure 2 showsatypica foamimage
of dluminum flotation process. Generdly, workersde-
terminecondition of dluminumflotation processby es-
timating thedistribution of bubble sizeand number(*3,

Thefoamimageisscanned betweenevenintervas
fromacertain angleto produce anumber of scanlines,
each of which might penetrate variousbubbles. At the
sametime, a bubble might be penetrated by various
scanlines, withitswidthindirect proportionto thenum-
ber of scanlines. If thescanning interva issmdler than
thewidth of thesmallest bubble, then abubblemust be
crossed by at least ascan lineaccording to thesmallest
drawer principle.

FHgure3 showsaframeof typicd foamimage, which
isgreyfied and then evenly scanned verticaly.

The scan line goes across different bubbles, and
thenumber aswd | asthewidthsof bubblesectionlines
can be cal cul ated through abubbl e edge detection of
scanlines.
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Figure?2: Atypical foamimage

Figure3: Vertical scan linesof thefoam image
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STATISTICMODEL FOR CALCULATING
THE BUBBLE SIZEDISTRIBUTION OF
FOAM IMAGES

Theshapesof bubblesmainly fdl into two catego-
ries— circular or oval. We can establish a statistical
model for calculating the bubble size distribution ac-
cording to bubble section linewidthsand their number
which arescanned evenly in different directions.

Satistical model for scanningcircular bubbles

Supposethesmallest diameter of therecognizable
bubbleis2.e.
According tothe diameters, the bubblesareclassi-

fiedinto“m” types with the diameter of each type of
bubblesbeing

(i+2)-e>R>(i+1)-e
Wherei =1,2,---,m
Similarly, wed assify the evenly scanned bubble sec-

tionlinesinto “m” types, and the width of every type of
sectionlineis:

(i+2)-e> Liz(i+1)-e @)
Wherei =1,2,--

Figure4 showsthe situation of type “i” circular
bubblesbeing scanned verticaly. Theheight of therect-

angular AB,C,D,(j=1,2,3,4,.)is(j+1)-e,sothe
smallest section linewidth crossing therectangular is
(j+1)-e,i.e,thesectionlineisof thetypek(k > j),
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Figure4: Vertical scanningof thecircular bubble
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and therectangular width isjust the effective width of
ttype k(k > j) sectionlinesbeing scanned vertically.

If D;(i=12--mj=12,
fective width of k(k> j)section lines of type “i”
bubbles, then

D, = (i +1)° =(j+1) 3
Wherei =1,2,---,m; j =1,2,---,i

D, =0, butweset D, =0 for aconvenient cal-
culation.
If B(i=L12--,m; j=12,--,i)isset asthe ef-

fectivewidth of type“ ”” section lines of type “i” bubbles
being scanned, then

,1)isset asthe ef-

R =D,=D, = (i +97 - F i+ (142 e
4

R=D,.-Dj=v2i+le

Wherei =1,2,---,m; j =12,---,i

If the scanning density is set as d, then when an
type““i” bubble is scanned, the expected times of the
width of the section line being the same asthat of type

(1342

7 section line will be:

El:%=(\/(i 1) —4—(i +1)2—9)-

olo

R . 2 .5 . 2 . 2
E”:#:(\/(Hl) —j —\/(|+1) -(j+1) )g
©)
Ei=%=\/2-i+1-§
Wherei =1,2,---,m; j =1,2,---,i

Calculation of the size distribution of circular
bubbles

Through uniform scanning, acertain number of
bubbleswill besegmented by different scanlines, or on
the other way round, every bubbleis approximateto
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the combination of severa sectionlines. If the number
of bubblesinthefoamimageGisU, (i=1,2,---,m),
then the number of different typesof sectionlinesis
\Y (i=12,-

Vi = z Eij 'Uj
]=l
Wherei =1,2,---,m.
E; Istheknown coefficient. We can get thea go-

-, M) .s0,

©)

rithmformulaof U, fromformula(6):

U, = —tn
Emm
V. .- P U
U I m-1 E m,m-1 m
m-1,m-1
Vi - Z PIJ UJ
U, = —d=ixt
' E; @
Vi - Z PZJ U i
U, = -2
' E.,

It’s easy to solve formula (7) so in turn we can get
the product U, (i =m,m-1,---,1) and it isthe mere

one. The product of U, cannot be negative, or there-

sult would beimpractical . Takinginto account of the
fact that the bubbles areimpossibleto be standard cir-
cular, we should permit an error inthe calculation, so

that U, can have anon-whole-number product. But
theerror shouldn’t be too big, i.e., the value of U, can’t
be too small. Therefore, U, should be confined

toU, > 4, inwhich 2 referstothebubble’s approxi-

mate ca culation threshold valueintherange[0.7,0.9] .
The processof solving theformulaisasfollows:

Step 1: supposei = m.

Step 2: if | <= 0, thenweturn to step 8 and then the

processisover.

V,

E

Step3:if = <4, thenV_, =V_ +V,,V. =0, U, =

i =i —1, and wego to step2.

(a) Angle of 0°

(b) Angle of 45°

(c) Angle of 90°

(d) Angle of 135°
Figure5: Multi-dimension scanning and edge analysisof afoamimage
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Vv
Step 2 and 3 will berepeated until E > A orthepro-

CESSisove.
\

Step 4: supposeW = E -

Step 5: calculate
ij:Vj_F)jJrl,j 'W(j:lzs“'si_l)' If

W, <0(j=12:--,i-1), then w =W -1, and we
turntostep 7

Step 6: if U = ,
| Eii

V;=W,(j=12,...,i-1),j=i-1,weturnto

step 2.

Step 7: if W > 0, then weturn to step 5; otherwise,

V.,=V,+V,V,=0,U,=0,j=j-1,wewill turn

to step 2.

Step 8: processover.
Satistical model for scanning oval bubbles

Supposethe shape of bubblesfit general eliptic
equaions.

a-x’+b-x-y+c-y°-1=0 ®)

Supposethefoamimageis scanned mtimeswith
dope k (i =1, 2,...,m),and h (i=1, 2,..., m)section
linesareobtained. Then

. T
hdesint +2)
2

©)

X

h-d-cos(k +7)
- 2
Calculate the elliptic curve by least squares
method™¥. Let 9 bethe angle betweenthelongaxis
andtheverticd direction (y-axis) and » beeccentric-
ity. Then

0:}~arctanL
2 a-c¢
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(10)

Y

(1)

2

1+ 2+ (12)

J(@a-c)*+b?
Satisticmodd for calculatingthesizedigtribution
of oval bubbles

If thebubblesarecircular, then thetotal number of
bubbl es being scanned from any anglewill dwaysbe
thesame.

If the bubbles are oval, then the total number of
bubbles being scanned from different angleswill aso
bedifferent. If the scanning directionisthesameasthe
long oval axisthen thetotal times of bubbles being
scanned would bethe smallest with alargest average
width of the section linewhilethe estimated val ue of
bubbleswould befairly low with afairly too big aver-
agebubblesize. If thescanning directionisthesameas
the short oval axis, the total times of bubbles being
scanned would bethelargest with asmallest average
width of the section linewhiletheestimated number of
bubbleswould betoo high with the bubbles’ average
Szebeingrdaively smal.

If the number of bubbles scanned along thelong
ova axisis u , and the number of bubbles scanned
along the short oval axisis v, and thefoam imageis
evenly scanned from different anglesfor k times, we
cd culate according to the method suggested in part 3.2
and get the bubble size distribution which isrespec-

thE'y gij(i=1,2,"',k) j=112)'“)m)l
:uSgIJ SV(I ::Lzlykl J:lzllm)&)wecan
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Figure6: Fitted oval curve(ep.: 0.2859. @ = 0.4280)
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get theestimating formulafor ca culating the number of
bubblesinafoam image asisshown below:

_ 1 k m
€=E-ZZGU

i=1 j=1

(13)

Theweighted bubble sizedistribution of thefoam
imageis

(14)

SIMULATED CALCULATION

Thefoamimagein Figure 1isevenly scanned from
directionsof 0°,45°,90°, and 135°with a interval of
h=10, and the smallest threshold value of the section
line’s width is d= 10. The edge test results are shown in
figure5.

Whichthewhitepoint, isthedividing point of sec-
tion lines. The number of section linesobtained from
sub graph (a), (b), (c), (d) are 1383, 1161, 1095, 1218.

With equation (8), (9), (10), (11), (12), we can
estimatethefitted oval curveasshowninFigure6.

The numbersof bubblesobtained from 4 different
scanning angles are respectively 72.1351, 58.4746,
58.5100, 71.0316, and the bubble sizedistributionis
showninFigure?.

According to thedistribution state, we can seethat
the more big bubblesthere arein thefoamimage, the
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more long section lines; while thefewer big bubbles,
thefewer long section lines. Sothesectionline’s width
distribution dso reflectsthe bubble size distribution.

Figure 8indicatesahigh degreeof similarity be-
tweenthesectionline’s width distribution curve and the
bubble sizedistribution curve. Thisturnsout to accord
with theactud state.
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Figure8: Bubblesizedistribution

Theestimated number of bubblesis65.0378, which
is nearly the same as 66 which representsthe artifi-
cialy-ca culated number of the bubbles.

CONCLUSION

Multi-dimension even scanningismadeonthefoam
image so asto get the section linewidth distribution,
and the bubbl e size distribution can be deduced ac-
cordingto statistical principles. Thesimulation results
indicateahigh degree of similarity betweenthesection
line’s width distribution curve and the bubble size dis-
tribution curve.

Wei ghted cal culation is made on the bubble size
distribution scanned from different directionsso asto
get theresults of the bubbl e size distribution of foam
imagewith asimulation result indicating the estimated
bubbles zedigtribution of thefoamimage gpproximates
totheactud value.

Thispaper proposesan accurate a gorithm model
for cal culating the bubble s ze distribution based on even
scanning and edge detection. Theamount of calcula-
tionissmall, whiletheresultsare satisfactory. Soiit can
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bewd | appliedin suchrelaed fid dsasonlinemonitor-
ingandindustria control of thebubblesizedistribution
characteristicsof foamimages.
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