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Abstract This work describes a, single-camera, optical bubble-measurement-
system (BMS), which features a template-based bubble detection method. The 
motivation for the proposed approach is the poor performance of conventional 
methods towards bubble detection in dense dispersions of bubbles. The, poor, 
performance of such conventional approaches is reviewed, demonstrated and 
explained. The proposed approach utilizes templates to increase bubble-
detection robustness and an image scale-space to detect bubbles independently 
of their size. In addition, this scale-space is utilized to estimate the level of  focus 
of each depicted bubble and, thus, extract only bubbles that are focused in the 
image. The size of  these, focused, bubbles can be then directly estimated from 
their size in the image since their distance is known (focus distance). Finally, 
future word regarding the usage of the proposed approach to bubble detection in 
the tracking of bubbles is discussed along with technical and experimental 
improvements that concern the optimization of the system's performance, in 
terms of precision and computational complexity.

Left: the bubble measurement apparatus; only bubbles at the focus distance will appear 
focused in the image. Right: an 2560 1920 image obtained from this apparatus.

Details of two original and edge images. Reflections, occlusions, shadows, and highlights 
give rise to complex edge images that are difficult to directly use to estimate bubble shape.

As a result, typical contrast-based segmentation techniques do not suffice for bubble-
detection purposes. The images above, show an original image and its watershed 
segmentation for two different numbers of iterations. 

Similarly, poor performance is encountered when the, conventional, Hough circle-detection 
method is employed. The reasons are the poor occurrence of edges around the outline of 
bubbles and the dense dispersion of bubbles in the image. This latter factor causes the 
detection of spurious bubbles which are formed by (and in-between) the outline segments of 
multiple neighboring bubbles. In order to eliminate such spurious detections a high voting 
threshold is required from the Hough method. However, such a high threshold eliminates valid 
bubbles as well. The figures above demonstrate the Hough circle detection method.

Employing template matching includes the manual (or automatic, using the Hough 
method) selection of a few bubbles in the image and their usage as prototypes to, 
automatically, detect the rest. The process of template matching for a single prototype is 
as follows. The (small) image patch is exhaustively compared, as to visual similarity, with 
all possible (overlapping) image neighborhoods. The similarity metric used is the 
Normalized Cross Correlation of the image intensity values. To detect bubbles 
independently of their size, the selected prototype is iteratively resized, in order to 
evaluate occurrences of the prototype in a wide range of scales. The normalization of 
cross correlation facilitates the detection of prototypes despite global image intensity 
(brightness/contrast) changes. In the figure above the similarity space across a range of 
scales for an image is shown, with grayscale values being linearly mapped to similarity 
values. To avoid detecting multiple (overlapping) matches per bubble, the highest 
scorring local maximum across scale for each image pixel is selected. The above 
procedure is repeated for each prototype and the results (detected bubbles) 
concatenated into a data structures. However, since a single bubble may be detected by 
usage of multiple prototypes, this data structure is processed in order to eliminate 
multiple occurrences of the same bubble.

The images above and on the left demonstrate 
the performance of the proposed method by 
marking the detected (focused) bubbles. As it 
can be observed, the method not only 
discriminates between focused and unfocused 
bubbles but is robust against bubble overlap, 
which is typical in dense dispersions.
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• conserve computational power by performing a coarse-to-fine (resolution-wise) search for 
the NCC local maxima.
• compensate for the radial distortion of the lens to improve detection and measurement 
precision.

The method described in this work is to be utilized in the tracking of bubbles in image 
sequences. At each frame bubbles will be detected using this method and corresponded to 
those in the next frame. Derivation of the bubble locus with respect to time provides the 
velocity and acceleration information. However, since new bubbles may entered the 
observed scene, the detection method is invoked at each time frame. The accuracy of the 
tracking process is to be enhanced by application of Kalman filtering for motion tracking.

Improvements of this method that are 
warranted in future work are to:
• refine focus estimation based on edge-
focusing of the image gradient
• obtain invariance to rotation, by considering 
all 360  bubble rotations (in case that the light 
source is so close that bubbles exhibit their 
shadows at different eccentricities along their 
circumferences).


