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Abstract-An automa tic analysis system has been developed and used to analyze photographs obtained 
by high-speed microphotography, the final aim being to derive spatial resolved size distributions of drops 
in sprays. 

The problem of determining whether photographic images of parti cles are in focus or not is solved by 
obtaining a calibration of geometrie parameters ofpartic1e images as functions both ofthe partic1e position 
in the camera's field of view and of the partic1e diameter. On the basis of the results of this calibration 
on the particular photographic system being used, the drops are automatically rejected or sized and 
counted. 

This is done through a procedure based on the geometrical characterization of drop images at different 
ranges of gray leve1s. The main body of such a procedure is constituted by an algorithm of originai design 
(connected components detection algorithm) which allows for the simultaneous detection of the 
boundaries of drop images at different gray levels and generates a hierarchical structure among them. 

Size distributions obtained by means of the procedure described in the paper offer significant reduction 
in experimental time as well as improvement in experimental accuracy, in relation to manual sizing and 
counling techniques. 

INTRODUCTlON 

The characterization of liquid sprays requires 
detailed quantitative information of drop size and 
velocity distributions throughout the spray as a 
function of space and time. For the study of dynamic 
events in sprays a system is required that provides 
high opti ca I resolution over large volumes for very 
short time periods. 

The methods available for drop size measurement 
in sprays have been reviewed by Chigier (1983, 1986). 
Among them, optical techniques, including imaging 
by photography and holography, laser anemometry 
and laser diffraction methods, are widely used. The 
Fraunhofer diffraction particle sizer developed at the 
University of Sheffield by Swithenbank et al. (1977) 
and commercially available through Malvern Instru­
ments, is proving to be one of the most convenient 
and reliable instruments. It is particularly useful for 
testing global characteristics of sprays (Meyer and 
Chigier, 1986; Andreussi et al., 1990). The mai n 
limitation of the Malvern particle sizer is its co arse 
resolution due to its line-of-sight measurement. 
Efforts have been made to solve this spatial resolution 
problem by numerical inversion ofthe measured data 
(Yule et al., 1981; Zhu et al., 1987). A more generai 
problem for laser techniques is represented by light 
extinction and multiple scattering encountered in 
many practical dense sprays. 

In order to measure local size distribution in dense 
spray, direct photography with narro w depths offield 

may be used to accurately measure particles larger 
than IO f.lm. The essential advantages as well as 
problems of photomicrography in spray analysis have 
been addressed in a previous paper (Chella et al., 
1986). Although reliable, this technique poses a 
number of drawbacks, for instance, a large number of 
parti cles needs to be counted to obtain statistical\y 
representative samples, and the manual analysis of 
photographs is often tedious, time-consuming and 
subject to human error. 

On the other hand, the need of a detailed spatial 
resolution, obtained by using a narrow depth of field, 
adds further problems since the spray photographs 
are charcterized by the simultaneous presence of drop 
images with a wide range of "sharpness" of focus. 
This is not the case of bubbles (Schrodt and 
Saunders, 1981) and emulsions (Hazlett et al., 1985; 
Kamel et al., 1987) for which automated and/or 
interactive image anaJysis procedures have been 
developed and applied. Thus for the frequently used 
semi-automated analysis techniques, the need for the 
operator to choose "in-focus" drop images in photo­
graphs, on the basis of his own opinion, is Iikely to 
be' a serious source of error. 

As a matter of fact, the drop image is sharpest for 
drops Iying in the pIane which is focused on the 
photographic plate of the optical system. As this 
piane is infinitely thin, it is not possible to measure 
size distributions by counting only those drops which 
lie exactly in this pIane. As a drop is moved away 
from this pIane the sharpness of its image decreases, 
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