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Improvement of Image Processing Technique for Drop Size Measurement
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Abstract

In the present work, the image processing technique for measurement of drop sizes has been

improved. Firstly, the local processing concept was adopted in addition to the global processing

technique to take account of non-uniformity of the illumination intensity ; thereby, basically, the

measurement error can be reduced. Also, the unfocussed image of drops can be eliminated more

precisely since the elimination process is based on the local normalized contrast. Secondly, the

algorithms to process the partially detected or overlapped drop images and the non-spherical

drop images were developed. Finally, the improved algorithm was tested by using an artificially

prepared image-frame, where the partial or overlapped particles and the non-spherical particles

are mixed with the normal spherical ones (with their true size-distributions known a priori). The

results showed that both the recognition rate of the number of particles and the measurement

accuracy were improved prominently.
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Fig. 4 Graphic illustration of global and local proces-
sing procedures for overlapped drop images.
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Table 1 Overall algorithm of image processing.

Global Process

Contents
Determination of Threshold Level
Threshold=Intersection of Gray Level
1 | Image Thresholding
Pixel (x, y) =0 if Pixel(x, y) < Threshold
Pixel (x, y) =1 if Pixel(x, y) > Threshold

Step

Boundary Detection
Boundary (x, y) =Pixel(x, y) x [4—Pixel

(x—1, y) —Pixel(x+1, y) —Pixel(x, y
5 —1) —Pixel(x, y+1) ]
Boundary (x, y) =0
if Pixel(x, y) is at inner or outer region
Boundary (x, y =1
if Pixel(x, y) is at boundary region
Separation of Particles
Identification of a particle by making
3 Pixel (%, ¥)
array which uses Boundary (x, y)’s con-
nectivity

Determination of Threshold Level

C (52 Ve
s enter (xc, ye) *(W;x’“ NEY ")

Radius =13/ Genmxe) o+ (yu—y)?
N& k ¢ Ve — Ve

|

Local Process

Step Contents

Local Window for One Particle

Rectangle (Left, Top, Right, Bottom)

5 | Left, Top=Center (x, y) +1.2 xRadius

Right, Bottom = Center(x, y)—1.2 X
Radius

Determination of Threshold Level

Local Threshold = LBG—0.5 X (LBG
6 —OMG)
Image Thresholding
Pixel (x, y) =0 if Pixel(x, y) < Threshold
Pixel (x, y) =1 if Pixel(x, y) = Threshold
Boundary Detection
Separation of Particles
7 Circle Detection (Circumcenter)

Overlapped Particle Handling
Out-of-Focus Particle Deletion
Calculate Mean Diameter and Velocity
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data shown in Fig. 10 and Table 2
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Table 2 Performance comparison between new

and old algorithm experimentally.

True value

Old Algorithm 1

Drops No. : 750

Recognized : 505 (67.3%)

Dy[pm] 3386 Dy[pm]  :36.15 (6.8%)
SMD[ 4m]38.55 SMD[m] : 43.01(11.6%)
Old Algorithm 2 New Algorithm

Recognized : 605(80.7%)
Dy[um] 3681 (8.7%)
SMD{ zm] 44.50 (15.4%)

Recognized : 686 (91.5%)
Dy[pm] 13521 (4.0%)

(a>

SMD[pm] : 40.06 (3.9%)

(b)

Fig. 12 Sample image recognized as one drop.
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